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Approved via OPR Letter 04-TED-007. 

B. D. Zimmerman 

2/18/04  
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TED-009. 
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5/19/04 
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5/19/04 
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by the ORP 241-C Tank Farm 200-Series tank retrieval project 
Readiness Assessment Team.  Implementation of the SB 
Amendment will close Unreviewed Safety Question  
TF-04-1104, which was declared June 24, 2004.  Approved 
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6/29/04 
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6/29/04 

0-F Incorporate ECN #721530 – Amends the Safety Basis to 
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Letter 04-TED-042. 

BD Zimmerman 

8/30/04 

RJ Stevens 

8/31/04 

1 Incorporate ECN# 722027 R0 - Re-issue of entire document in 
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TSR-006). Approved via ORP Letter 04-TED-078. 

TA Tomaszewski 
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RJ Stevens 

09/29/04 
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BD Zimmerman  

12/01/04 

RJ Stevens  

12/01/04 

1-B Incorporate ECN# 722153 R0 – Amends the Safety Basis to 
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RJ Stevens  
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RJ Stevens 

06/28/05 

1-K Incorporates ECN #722900 R0 – Amendment incorporates 
ORP approved changes for: closure of USQ TF-04-1068-D for 
uncovered solids; the 2005 Annual Update; and revising the 
surveillance frequency for tank SST 241-C-103 to 30 days.  
ORP authorized the changes via letters  
05-TED-056, 05-TED-057, and 05-TED-064.   

LJ Kripps 

10/03/05 

RJ Stevens 

10/03/05 

1-L Incorporates ECN #722857 R0 – Amendment incorporates 
ORP approved changes associated with double valve isolation, 
and changes to implement DOE-STD-1186-2004, “Specific 
Administrative Controls.”  ORP authorized the changes via 
letters  
05-TED-053 and 05-TED-061. 

LJ Kripps 

10/24/05 

RJ Stevens 

10/25/05 

1-M Incorporates ECN #722560 R0 – Amendment incorporates 
changes to resolve inconsistencies related to Tank Farm 
instrumentation control.  ORP authorized the changes via 
letter 05-TED-067. 

LJ Kripps 

11/16/05 

RJ Stevens 

11/21/05 
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1-N Incorporates ECN #723556 R0. – Amendment incorporates 
changes to support the Tank 241-S-102 sodium thiosulfate 
leak injection test in support of the Hanford Federal Facility 
Agreement and Consent Order Milestone M-45-00B.  ORP 
authorized the changes via letter 05-TED-088. 

RD Smith 

12/20/06 

RJ Stevens 

12/20/06 

1-O Incorporates ECN #723823 R0. – Amendment incorporates 
changes for NaOH addition to 100-Series SSTs to facilitate 
waste retrieval.  ORP authorized the changes via letter 06-
TED-036. 

R.D. Smith 

05/30/06 

S.J. Eberlein 

05/30/06 

1-P Incorporates ECN #722693 R0. – Amendment incorporates 
miscellaneous changes.  ORP approved changes via letter 06-
TED-044. 

T. G. Goetz 

07/26/06 

S. J. Eberlein 

07/26/06 

1-Q Incorporates ECN #723971 R0. – Amendment incorporates 
CY2006 Annual Update.  ORP approved changes via letter 06-
TED-056. 

T. G. Goetz 

09/12/06 

S. J. Eberlein 

09/12/06 

1-R Incorporates ECN #723615 R0. – Amendment incorporates 
changes addressing flammable gas hazards, accidents, and 
controls; and includes the resolution of three USQs: TF-06-
0482-D, TF-05-1473-D, and  
TF-05-1452-D.  ORP approved changes via letter 06-TED-
052. 

L. J. Kripps 

11/16/06 

 

S. J. Eberlein 

11/16/06 

1-S Incorporates ECN #724075 R0. – Amendment incorporates 
changes addressing minimum operations shift complement.  
ORP approved changes via letter 06-TED-076. 

L. J. Kripps 

12/20/06 

 

S. J. Eberlein 

12/20/06 

 

1-T  Incorporates ECN 724142 R0. – Amendment incorporates the 
revised toxicological source term methodology for tank farms 
safety analyses.  ORP approved changes via letter 06-TED-
067. 

J. M. Grigsby 

1/17/07 

S. J. Eberlein 

1/23/07 

1-U Incorporates ECN 724434 R0. – Amendment incorporates 
changes documenting the hazard and accident analysis 
conclusion that accidents involving 702-AZ ventilation system 
condensate, including corrosion inhibiting chemicals, 
ventilation system flush (caustic) solutions, and other 
contaminants, do not pose a potential nuclear safety hazard.  
ORP approved changes via letter 07-TED-011. 

J. M. Grigsby 

3/7/07 

 

S. J. Eberlein 

3/7/07 

1-V Incorporates ECN 724374 R0. – Amendment incorporates the 
revised waste chemistry limits in Administrative Control 5.16 
for Double-Shell Tank 241-AN-107 interstitial liquid.  ORP 
approved changes via letter 07-TED-015. 

T. G. Goetz 

04/02/07 

S. J. Eberlein 

04/03/07 

2 Incorporates ECN 724415 R0. – Amendment revises the 
method for implementing the controls on vehicle restrictions 
and aboveground transfer system vehicle barriers, and makes 
other miscellaneous changes.  ORP approved changes via 
letters 07-TED-18 and 07-TED-028. 

T. G. Goetz 

06/26/07 

S. J. Eberlein 

06/26/07 

2-A Incorporates ECN 724645 R0. – Amendment incorporates 
CY2007 annual update.  ORP approved changes via letter 07-
TED-033. 

M. J. Higuera 

08/28/07 

S. J. Eberlein 

08/28/07  

2-B Incorporates ECN 725165 R0. - Amendment excludes 
condensate generated in the inactive 241-SX ventilation 
system from the definition of waste.  ORP approved changes 
via letter 07-TED-047. 

L. J. Kripps 

11/14/07 

S. J. Eberlein 

11/14/07 
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2-C Incorporates ECN 725208 R0. - Amendment incorporates 
changes based on RPP-5926, Rev. 7.  ORP approved changes 
via letter 07-TED-053. 

L. J. Kripps 

12/14/07 

S. J. Eberlein 

12/14/07 

2-D Incorporates ECN 725163 R0.  Amendment excludes Tank 
Farm condensates from the definition of waste.  ORP 
approved changes via letter 08-TED-002. 

J. M Grigsby 

01/31/08 

S. J. Eberlein 

01/31/08 

2-E Incorporates ECN 725150 R0.  Amendment incorporates 
change in Chapters 3 and 5 to reflect the new controls for 
evaluating annulus ventilation system effectiveness approved 
for Administrative Control 5.16.  ORP approved changes via 
letter 07-TED-055. 

T. G. Goetz 

03/19/08 

L. L. Eppler 

03/19/08 

2-F Incorporates ECN 724857 R0.  Amendment incorporates 
changes in Chapters 3, and 4 to allow operation of the W-314 
exhausters in the 241-AN Tank Farm.  ORP approved changes 
via letter 08-TED-009. 

T. G. Goetz 

05/08/08 

L. L. Eppler 

05/08/08 

2-G Incorporates ECN 725479 R0. - Amendment revises the waste 
chemistry limits in  
AC 5.16 for DST 241-AN-102.  ORP approved changes via 
letter 08-NSD-014. 

T. G. Goetz 

06/16/08 

 

L. L. Eppler 

06/16/08 

2-H Incorporates ECN 725358 R0. - Amendment clarifies 
minimum staff requirements in the DSA.  ORP approved 
changes via letter  
08-NSD-010. 

T. G. Goetz 

07/14/08 

L. L. Eppler 

07/14/08 

2-I Incorporates ECN 725654 R0. - Amendment adds “Air Blow 
Accidents” and associated changes.  ORP approved changes 
via letter 08-NSD-037. 

T. G. Goetz 

07/29/08 

L. L. Eppler 

07/29/08 

2-J Incorporates ECN 725488 R0. - Amendment incorporate 
changes to allow operation of the W-314 exhausters in the 
241-AW Tank Farm.  ORP approved changes via letter  
08-NSD-025. 

TG Goetz 

08/20/08 

LL Eppler 

08/20/08 

2-K Incorporates ECN 725710 R0 - Amendment incorporates 
changes to close the variable frequency drive overspeed 
Unreviewed Safety Question and to allow retrieval of Tank  
241-C-110. 
ORP approved changes via letter 08-NSD-046. 

J.M. Grigsby 

09/04/08 

L.L. Eppler 

09/04/08 

2-L Incorporates ECN 725683 R0. - Amendment incorporate 
changes to allow liquid removal from Tank 240-S-302. 
ORP approved changes via letter 08-NSD-045. 

BD Zimmerman 

09/16/08 

LL Eppler 

09/16/08 

2-M Incorporates ECN 725817 R0. - Amendment revises the 
HIHTL blowout accident analysis and controls to incorporate 
Conditions of Approval received in ORP letter 08-NSD-037. 
ORP approved changes via letter 08-NSD-048. 

TG Goetz 

11/10/08 

 

LL Eppler 

11/11/08 

2-N Incorporates ECN 726066 R0. - Amendment incorporates 
changes to support 241-C-04B Heel Pit Waste Transfer. 
ORP approved changes via letter 08-NSD-007. 

JM Grigsby 

02/09/09 

LL Eppler 

02/09/09 

3 Incorporates ECN 725346 R0. - Amendment incorporates 
changes to revise the applicability of waste transfer controls as 
approved via ORP letter 08-NSD-043, deletion of Tank 240-S-
302 controls as approved via ORP letter 09-NSD-011, and 
incorporation of CY2008 Annual Update as approved via ORP 
letter 08-NSD-079. 

EC Heubach II 

03/02/09 

LL Eppler 

03/02/09 
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3-A Incorporates ECN 725936 R0. - Amendment incorporates 
changes resulting from the revision of the Tank Farms Safety 
Analyses Chemical Source Term Methodology (RPP-30604). 
ORP approved changes via letter 09-NSD-009. 

JP Harris III 

03/25/09 

LL Eppler 

03/25/09 

3-B Incorporates ECN 725860 R0. - Amendment incorporates 
changes to hose-in-hose transfer line blowout safety basis 
amendment extent of condition prohibitions. 
ORP approved changes via letter 09-NSD-022. 

JP Harris III 

05/07/09 

LL Eppler 

05/07/09 

3-C Incorporates ECN 726222 R0. – Includes changes for ISMS 
Phase I verification, updates from negative USQDs completed 
since previous DSA annual update, and editorial corrections 
throughout document.  USQ  
TF-09-0500-D, Rev. 1, concluded none of these changes 
constitute a positive USQ. 

EC Heubach II 

05/26/09 

LL Eppler 

05/26/09 

3-D Incorporates ECN 726305 R0. - Amendment incorporates 
changes that eliminate Administrative Control 5.16 and allow 
the corrosion mitigation controls to be moved to an operating 
specification document (OSD). 
ORP approved changes via letter 09-NSD-024. 

TG Goetz 

07/20/09 

LL Eppler 

07/20/09 

3-E Incorporates ECN 725645 R0. - Amendment incorporates 
changes to add TSR Administrative Control 5.19, “Waste 
Leak Evaluation Program.” 
ORP approved changes via letter 09-NSD-029. 

LJ Kripps 

08/05/09 

LL Eppler 

08/05/09 

3-F Incorporates ECN 724854 R0. - Amendment incorporates 
changes to support waste retrieval from single-shell tank 241-
C-104 using a modified sluicing waste retrieval system. 
ORP approved changes via letter 09-NSD-047. 

EC Heubach II 

09/17/09 

LL Eppler 

09/17/09 

3-G Incorporates ECN 726972 R0.  Amendment incorporates page 
changes to the DSA as a result of three negative USQ 
Determinations (TF-09-1628 R0, TF-09-1300 R8, and 
TF-09-1840 R0) that support waste retrieval from single-shell 
tank 241-C-104 to double-shell tank 241-AN-101 using a 
modified sluicing waste retrieval system. 

RD Smith 

10/14/10 

LL Eppler 

10/14/10 

4 Incorporates ECN 726532 R0.  Amendment incorporates 
changes to implemement DOE-STD-3009 Change Notice No. 
3.  ORP approved these changes via letter 09-NSD-068. 
 
Amendment also incorporates changes to address ORP 
Operational Awareness report finding/observation.  ORP 
approved these changes via letter 10-NSD-022. 
 
In addition, amendment incorporates pages changes from three 
negative USQ Determinations (TF-10-0185, TF-10-0215, 
EV-10-0013). 

TG Goetz 

03/26/10 

LL Eppler 

03/26/10 

4-A Incorporates ECN 727675 R0.  Incorporates changes that 
revise the 4-hour unexpected absence provision in the 
minimum operations shift complement requirements to include 
the shift manager as requested via letter WRPS-1001369, 
dated June 16, 2010. 
ORP approved changes via letter 10-NSD-050. 

TG Goetz 

06/22/10 

 

LL Eppler 

06/22/10 
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4-B Incorporates ECN 10-000311 R0.  Incorporates changes that 
support the 242-A Evaporator Fiscal Year 2010 Waste 
Processing Campaign(s). 
ORP approved changes via letter 10-NSD-054. 

JM Grigsby 

07/21/10 

LL Eppler 

07/21/10 

4-C Incorporates ECN 10-000586 R0.  Incorporates changes to 
support 241-C-111 retrieval operations approved by ORP in 
letter 10-NSD-060 and to address the water hammer PISA 
declared in Occurrence Report EM-RP--WRPS-TANKFARM-
2010-0007. 

JM Grigsby 

08/24/10 

LL Eppler 

08/25/10 

4-D Incorporates ECN 10-000693 R0.  Incorporates changes to 
support the addition of Defense-In-Depth feature ‘Interfacing 
Water System Overpressure Protection’ approved by ORP in 
letter 10-NSD-065.   

TG Goetz 

10/11/10 

LL Eppler 

10/11/10 

4-E Incorporates ECN 10-001415 R0.  Incorporates changes to 
support pneumatic testing of waste transfer primary piping 
system encasements approved by ORP in letter 10-NSD-070 
and change pages from several negative USQ Determinations. 

BD Zimmerman 

11/22/10 

 

LL Eppler 

11/22/10 

 

4-F Incorporates ECN-10-001417. 
Incorporates completion of Planned Design/Operational 
Improvements 1 and 3, items from a Tank Operations 
Contractor (TOC) specialty assessment of Specific 
Administrative Controls (SAC) that required improvements or 
clarifications of the TSRs, and other changes approved by 
ORP in letter 11-NSD-004.  The DSA changes also 
incorporate change pages from negative USQ Determinations 
listed in the ECN. 

JM Grigsby 

3/29/11 

LL Eppler 

4/4/11 

4-G Incorporates ECN-10-001422. 
Incorporates changes to address ORP directed actions from 
deletion of the multiple barrier criteria and other changes.  The 
DSA changes also incorporate changes pages from negative 
USQ Determinations listed in the ECN. 

LJ Kripps 

4/26/11 

LL Eppler 

4/26/11 

4-H Incorporates ECN-10-001418. 
Incorporates changes to address pneumatic testing of HIHTL 
and/or waste transfer primary piping system connections in 
tank farms.  The DSA changes also incorporate change pages 
from negative USQ Determinations listed in the ECN. 

LJ Kripps 

5/11/11 

LL Eppler 

5/11/11 

4-I Incorporates ECN-10-001423. 
Incorporates changes approved by ORP in letter 11-NSD-049 
to address compressed air system pressure relieving device 
POR315-IA-PRV-101. 

RD Smith 

7/21/11 

LL Eppler 

7/28/11 

4-J Incorporates ECN-11-001148. 
Incorporates changes to address non-technical issues on 
consistency with DOE-STD-3009 and DOE-STD-1186.  The 
DSA changes also incorporate change pages from negative 
USQ Determinations listed in the ECN. 

LJ Kripps 

9/12/11 

LL Eppler 

9/12/11 

4-K Incorporates ECN-11-001151. 
Incorporates changes approved by ORP in letter 11-NSD-078 
to address the SST 241-C-112 extended reach sluicer waste 
retrieval system. 

RD Smith 

12/12/11 

LL Eppler 

12/12/11 

4-L Incorporates ECN-11-001156. 
Incorporates USQ change pages including those for the 
retrieval of SST 241-C-107 using the mobile arm retrieval 
system (MARS) and the retrieval of SST 241-C-112. 

LJ Kripps 

1/18/12 

DM Cato 

1/18/12 

RPP-13033 1/29/2015 - 12:56 PM 13 of 1079



Tank Farm Contractor (TFC) 

RECORD OF REVISION 

(1) Document Number: 
Page _7 of 8__ 

RPP-13033 
 

A-6003-835 (REV 5) 

Change Control Record 

(3) 
Revision 

(4) Description of Change – Replace, Add, and Delete Pages 

Authorized for Release 

(5) Author. 
(print/sign/date) 

(6) Resp. Mgr. (print/sign/date) 

4-M Incorporates ECN-11-001152. 
Incorporates changes approved by ORP in letter 12-NSD-0013 
which include changes to address the flammable gas hazard 
when waste-intruding equipment is opened/breached or raised 
above the waste surface in a tank or waste transfer-associated 
structure.  The changes also incorporate change pages from 
negative USQ Determinations listed in the ECN. 

LJ Kripps 

2/24/12 

DM Cato 

2/24/12 

4-N Incorporates ECN-12-000013. 
Incorporates USQ change pages including a major revision to 
Chapter 17 reflecting the revised TFC-CHARTER-01. 

TG Goetz 

7/27/12 

 

DM Cato 

7/27/12 

 

4-O Incorporates ECN-12-000017. 
Incorporates changes approved by ORP in letter 12-NSD-0053 
which include changes to allow leakage from the mobile arm 
retrieval system (MARS) rotary union. 

LJ Kripps 

8/23/12 

DM Cato 

8/23/12 

4-P Incorporates ECN-12-000020.  
Incorporates changes approved by ORP in letter 12-NSD-0057 
which include changes to address commitments to the Defense 
Nuclear Facilities Safety Board on waste transfer systems. 

LJ Kripps 

11/15/12 

DM Cato 

11/15/12 

4-Q Incorporates ECN-12-000014. 
Incorporates changes approved by ORP in letter 12-NDS-0058 
to resolve and close the Unreviewed Safety Questions (USQ) 
and Justifications for Continued Operation (JCO) on water 
hammer, freezing, and solids precipitation/deposition. 

LJ Kripps 

11/15/12 

 

DM Cato 

11/16/12 

 

4-R Incorporates ECN-12-000012. 
Includes changes approved by ORP in letter 12-NSD-0061 to 
incorporate ORP directed changes to the Limiting Conditions 
for Operation (LCO) and to reflect updates of the time to 
lower flammability limit (LFL) analyses. 

LJ Kripps 

12/17/12 

DM Cato 

12/17/12 

4-S Incorporates ECN-10-001414. 
Includes changes approved by ORP in letters 11-NSD-082, 
12-NSD-0071, and 13-NSD-0003 for the safety-significant 
designation of double-shell tank (DST) primary tank 
ventilation systems; and page changes from negative 
unreviewed safety questions (USQ). 

LJ Kripps 

02/20/13 

DM Cato 

02/20/13 

4-T Incorporates ECN-12-000022. 
Includes changes approved by ORP in letter 13-NSD-0001 for 
SST 241-C-107 retrieval with the mobile arm retrieval system 
(MARS); and page changes from a negative unreviewed safety 
question (USQ). 

LJ Kripps 

3/5/13 

DM Cato 

3/5/13 

5 Incorporates ECN-13-000560. 
Rev. 5 is a clean version of the DSA, with reformatting of 
Chapter 4.0, and incorporates change pages from negative 
unreviewed safety question (USQ) evaluations. 

LJ Kripps 

3/21/13 

DM Cato 

3/21/13 

 

5-A Incorporates ECN-13-000562. 
Includes changes approved by ORP in letter 13-NSD-0035 
that allows removal of waste from single-shell tank (SST) 
retrieval system aboveground manifold boxes and the 
replacement cross-site transfer system (RCSTS) Diversion 
Box 6241-A and Vent Station 6241-V with the installed sump 
pumps; and deletes the safety-significant 241-C-112 Extended 
Reach Sluicer System (ERSS) hydraulic system pressure 
relieving device. 

LJ Kripps 

10/31/13 

DM Cato 

10/31/13 
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5-B Incorporates ECN-13-000566. 
Incorporates change pages from negative USQs. 

LJ Kripps 

12/9/13 

DM Cato 

12/9/13 

5-C Incorporates ECN-12-000023. 
Incorporates changes approved by ORP in letter 13-NSD-0030 
that support implementation of the upgraded 242-A 
Evaporator Safety Basis to meet DOE-STD-3009 Change 
Notice 3. 

LJ Kripps 

1/8/14 

DM Cato 

1/8/14 

 

5-D Incorporates ECN-13-000565. 
Incorporates changes approved by ORP in letter 13-NSD-0039 
that revise the time to lower flammability limit (LFL) analysis 
methodology for double-shell tank (DST) annuli and include 
TSR improvements and changes resulting from WRPS and 
ORP personnel feedback. 

LJ Kripps 

2/6/14 

DM Cato 

2/7/14 

5-E Incorporated ECN-13-000994. 
Incorporates the Safety Basis amendment approved by ORP in 
letter 14-NSD-0001.  The SB amendment supports retrieval of 
SST 241-C-105 using the MARS-V and adds new safety-
significant SST 241-C-105 waste transfer freeze protection 
automated temperature monitoring systems (ATMS), new 
safety-significant MARS-V WAT waste high temperature 
control system, and new SAC SST 241-C-105 Waste Transfer 
System Freeze Protection Using Automated Temperature 
Monitoring Systems (ATMS).  Change pages from negative 
USQs are also incorporated. 
 

JM Grigsby 

3/21/14 

DM Cato 

3/21/14 

5-F Incorporates ECN-14-000314. 
Incorporates changes approved by ORP in letter 14-NSD-
0023, which modifies minimum staffing requirements for 
consistency with the 242-A Evaporator safety basis 
amendment to address the fire PISA. 
 

JM Grigsby 

6/25/14 

 

DM Cato 

6/25/14 

 

5-G Incorporates ECN-14-000315. 
Incorporates changes approved by ORP in letter 14-NSD-
0027, which address positive USQ TF-13-0060-D, "Review of 
PISA, EM-RP--WRPS-TANKFARM-2012-0014, Potential 
Exists for a Large Spontaneous Gas Release Event in Deep 
Settled Waste Sludge.”   

JM Grigsby 

7/15/14 

DM Cato 

7/15/14 

5-H Incorporates ECN-14-000318. 
Incorporated miscellaneous changes as described in 
ECN-14-000318. 

RD Smith DM Cato 

5-I The document provides the basis for demonstrating that tank 
farm facilities and operations comply with the requirements of 
10 CFR 830, "Nuclear Safety Management."  Revision 5-I 
incorporates the Safety Instrumented Alarm concept and other 
miscellaneous changes approved by ORP in letter  
14-NSD-0040. 

TG Goetz DM Cato 
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EXECUTIVE SUMMARY 1 
 2 
 3 
 4 
This documented safety analysis establishes the safety basis for the tank farms by documenting 5 
the results of the hazard and accident analyses for the tank farm facilities and operations and 6 
describing the significant features and programs that prevent or mitigate the identified hazards.  7 
The documented safety analysis also establishes the envelope within which the tank farm 8 
facilities can continue to operate safely. 9 
 10 
This documented safety analysis and the associated technical safety requirements document 11 
(HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements) are prepared in 12 
accordance with Title 10, Code of Federal Regulations, Part 830 (10 CFR 830), Subpart B, 13 
“Safety Basis Requirements;” DOE-STD-3009-94, Preparation Guide for U.S. Department of 14 
Energy Nonreactor Nuclear Facility Documented Safety Analyses; and DOE-STD-1027-92, 15 
Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 16 
5480.23, Nuclear Safety Analysis Reports. 17 
 18 
 19 
ES.1 FACILITY BACKGROUND AND MISSION 20 
 21 
The Hanford Site covers an area of 560 square miles and is located in south-central Washington 22 
State (Figure ES-1).  Most of the Hanford Site is a limited-access area under the control of the 23 
U.S. Department of Energy.  The tank farm facilities addressed in this documented safety 24 
analysis are primarily located in the 200 East and 200 West areas (Figure ES-2), near the center 25 
of the Hanford Site on a relatively flat terrace known as the 200 Area Plateau.  These tank farm 26 
facilities are comprised of 177 large underground tanks designed to store the radioactive and 27 
hazardous wastes that were generated during production of defense-related materials at the 28 
Hanford Site from the 1940s through the late 1980s.  The 200 East and 200 West areas occupy 29 
approximately 6 square miles of the Hanford Site.  30 
 31 
During the defense mission, chemical processing of irradiated uranium fuels generated solutions 32 
and slurries containing heavy metals, organic solvents, inorganic compounds, uranium, mixed 33 
fission products, and low concentrations of plutonium.  These wastes were transferred from the 34 
processing facilities to the tank farms for storage.  Cooling water, condensates, and other 35 
low-level waste from processing operations were disposed of in cribs and by other means 36 
according to the health, safety, and environmental requirements that prevailed at the time.  The 37 
process waste was treated with various chemical compounds, which produced the alkaline, heavy 38 
metal solutions, slurries, and inorganic salts now stored in the tanks. 39 
 40 
Over 50 million gallons of waste are stored in the tank farms.  The tanks contain a mixture of 41 
liquid, sludge, and saltcake waste with both radioactive and chemically hazardous constituents.  42 
Liquids in the tanks exist as supernatant (liquid above solids) and interstitial liquid (liquid filling 43 
the voids between solids).  Sludge consists primarily of solids (hydrous metal oxides) 44 
precipitated by the neutralization of acid wastes.  Saltcake, when present, generally exists 45 
between the supernatant and the sludge and consists of the various salts formed by the 46 

RPP-13033 1/29/2015 - 12:56 PM 24 of 1079



RPP-13033 REV 5 
 
 

 
 ES-2  

evaporation of water from the waste.  These waste types do not necessarily exist as distinct 1 
layers but may be intermingled at the interface. 2 
 3 
The overall mission of the Tank Operations Contractor is the continuing management of highly 4 
radioactive tank waste; the retrieval, pretreatment, immobilization, interim storage, and disposal 5 
of tank waste; and the performance of operations necessary for closure of the tanks after removal 6 
of the waste.  This documented safety analysis primarily addresses mission activities related to 7 
the continued safe storage of tank waste, single-shell tank retrieval, double-shell 8 
tank-to-double-shell tank waste transfers to support 242-A Evaporator campaigns and to meet 9 
double-shell tank space management objectives, waste transfers (feed) to the 242-A Evaporator, 10 
and waste receipt from the 242-A Evaporator and the 222-S Laboratory. 11 
 12 
 13 
ES.2 FACILITY OVERVIEW 14 
 15 
A high-level overview of the major tank farm facilities and activities is provided in the following 16 
sections.   17 
 18 
 19 
ES.2.1 Single-Shell and Double-Shell Tank Farms and 20 

Waste Transfer Systems 21 
 22 
The 177 underground waste storage tanks were constructed in groups of similarly designed tanks 23 
that are called tank farms (e.g., the 241-AP Tank Farm consists of eight double-shell tanks).  24 
Figure ES-3 provides an aerial photograph of a typical tank farm.  Eighteen tank farms are 25 
distributed between the 200 East and 200 West areas and are connected by a cross-site transfer 26 
line, operated by the Tank Operations Contractor, that allows for waste transfers between the 27 
areas. 28 
 29 
Single-Shell Tanks.  Of the 18 tank farms, 12 are single-shell tank farms that contain 149 of the 30 
177 tanks.  The single-shell tank farms, constructed between 1943 and 1964, are in groups of 4 to 31 
18 tanks and are divided equally between the 200 East and 200 West areas.  The original 32 
single-shell tank design was a reinforced concrete shell and dome with an internal liner 33 
(structurally independent from the reinforced concrete tank) of mild carbon steel covering the 34 
bottom and sidewalls.  The first single-shell tanks were designed with operating volumes of 35 
530,000 gallons.  The succeeding generations of single-shell tanks were built with operating 36 
volumes of 758,000 gallons and 1 million gallons.  Included among the 149 single-shell tanks are 37 
16 smaller tanks that share the same design as the larger tanks, but have operating volumes of 38 
only 55,000 gallons.  A typical single-shell tank configuration is shown in Figure ES-4.  39 
 40 
Tank surveillance data indicates that a number of single-shell tanks have leaked waste 41 
(i.e., waste has leaked through the carbon-steel liner and concrete shell and has entered the 42 
surrounding soil).  To reduce the potential for additional leakage, free liquids were removed from 43 
the single-shell tanks and pumped to double-shell tanks via a process referred to as “interim 44 
stabilization.”  The current mission includes retrieval of the remaining wastes from single-shell 45 
tanks. 46 
 47 
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Double-Shell Tanks.  To provide additional storage capacity, 28 double-shell tanks were built in 1 
six tank farms between 1968 and 1986.  Five of these tank farms are located in the 200 East 2 
Area, and one is located in the 200 West Area.  All double-shell tanks are similar in design and 3 
each has a storage capacity of approximately 1 million gallons.  A typical double-shell tank 4 
configuration is shown in Figure ES-5.  5 
 6 
Designed to minimize the potential for leaks of radioactive liquids to the environment, each 7 
double-shell tank consists of a carbon-steel primary tank and a carbon-steel secondary tank 8 
within a protective reinforced concrete shell.  The primary tank contains waste, is freestanding, 9 
and rests on an insulating concrete pad.  The insulating pad rests on the secondary tank and was 10 
cast with air distribution and drain grids to provide for leak detection, to maintain a uniform tank 11 
bottom temperature, to facilitate heat removal, and to eliminate pockets of water condensation.  12 
The secondary tank is 5 feet larger in diameter than the primary tank, providing an air space, or 13 
annulus, that separates the two steel tank walls.  The secondary tank serves as a barrier to the 14 
environment in case the primary tank leaks.  15 
 16 
Waste Transfer System.  The waste transfer system consists of a network of transfer pipelines 17 
and structures (e.g., process pits, valve pits, diversion boxes) that provides a means for 18 
transferring liquid waste among the Tank Operations Contractor facilities.   19 
 20 
Catch Tanks.  Catch tanks are underground storage tanks that were used to collect small 21 
amounts of waste drained from waste transfer systems and double-shell tank equipment.  Catch 22 
tank volumes range from less than 1,000 up to about 45,000 gallons.  With one exception, 23 
204-AR-TK-1, catch tanks have been removed from service (i.e., no further waste additions are 24 
allowed) and are stabilized and isolated in accordance with environmental management program 25 
requirements.  Catch tank 204-AR-TK-1 is located in the 204-AR Waste Unloading Facility 26 
which is not currently authorized to receive waste. 27 
 28 
Double-Contained Receiver Tanks.  A double-contained receiver tank, together with its related 29 
equipment, was formerly used as an interim short-term waste storage and transfer facility.  30 
Double-contained receiver tanks have capacities that range from about 20,000 to 31,000 gallons.  31 
Double-contained receiver tanks have been removed from service (i.e., no further waste 32 
additions are allowed) and have been stabilized and isolated in accordance with environmental 33 
management program requirements. 34 
 35 
204-AR Waste Unloading Facility.  The 204-AR Waste Unloading Facility was designed to 36 
receive transport containers carrying liquid radioactive waste and was used to transfer this waste 37 
into the tank farms.  The facility is configured to receive rail tank cars as well as casks and cargo 38 
tankers, but rail tank cars are no longer used to transport radioactive waste to the tank farms.  39 
Waste transfers into the 204-AR Waste Unloading Facility are not currently authorized and there 40 
are no near-term plans to use this facility for waste transfers. 41 
 42 
 43 
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ES.2.2 Other Tank Farm Facilities 1 
 2 
Additional tank farm facilities are described below. 3 
 4 
244-AR Vault.  The 244-AR Vault was originally designed to receive, treat, and transfer sludge 5 
from the Plutonium-Uranium Extraction Facility to B Plant for fission product removal; to 6 
provide interim storage for acid waste feed going from the Plutonium-Uranium Extraction 7 
Facility to B Plant; and to receive and distribute the neutralized high-level waste from B Plant.  8 
The vault has been isolated from additional waste transfers in accordance with environmental 9 
management program requirements, and the four tanks housed in the vault are inactive.  As part 10 
of interim stabilization of the 244-AR Vault, liquids in the four tanks were removed and only 11 
small quantities of pumpable liquids remain in each tank. 12 
 13 
244-CR Vault.  The 244-CR Vault was operated for the uranium recovery and the ferrocyanide 14 
programs.  It was also used for interim storage and transfer of waste from B Plant, Hot 15 
Semiworks, and Plutonium-Uranium Extraction Facility.  The vault has been isolated from 16 
additional waste transfers in accordance with environmental management program requirements, 17 
and the tanks are inactive.  All abovegrade portions of the facility including steam and air supply 18 
lines have been removed. 19 
 20 
Inactive Miscellaneous Underground Storage Tanks.  Inactive miscellaneous underground 21 
storage tanks are radioactively contaminated, inactive, and abandoned underground storage 22 
tanks.  These tanks may be directly buried in the ground or contained in vaults.  Inactive 23 
miscellaneous underground storage tanks typically contain small volumes (< 50,000 gallons) of 24 
waste.  Note that inactive miscellaneous underground storage tanks are a subset of miscellaneous 25 
inactive storage facilities, which includes both inactive tanks and structures that may be 26 
underground or aboveground.  The inactive miscellaneous underground storage tanks are the 27 
only miscellaneous inactive storage facilities that are radioactively contaminated. 28 
 29 
Cribs, Ditches, and Ponds.  Cribs, which are all inactive, were subsurface liquid distribution 30 
systems primarily used to dispose of low-level liquid effluents so that radionuclides (if any) were 31 
absorbed and held in the soil beneath the crib.  Most cribs were gravel-filled trenches covered 32 
with a vapor barrier and soil.  Gravel-lined ditches were used for transporting wastewater to the 33 
ponds.   Ponds received the discharge of wastewater generated from operating facilities in the 34 
200 East and 200 West areas, and the ponds under Tank Operations Contractor control are 35 
inactive. 36 
 37 
Miscellaneous Inactive Processing Facilities.  Miscellaneous inactive processing facilities are 38 
former process facilities, which were not used for waste storage, and are at least partly 39 
aboveground.  These facilities include: 241-AX-IX (ion exchanger), ITS-1 (in-tank 40 
solidification), 241-SX-401 (condenser shielding building), 241-SX-402 (condenser shielding 41 
building), 241-A-431 (fan house), and 241-C-801 (cesium loadout).  Activities such as 42 
processing vapors from storage tanks and removing radioactive ions from waste streams were 43 
conducted in these facilities.  44 
 45 
242-T and 242-S Evaporators.  The 242-T Evaporator and the 242-S Evaporator facilities have 46 
been shutdown since the early 1980s.  However, the “cold side” of the 242-S Evaporator is still 47 
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being used to support tank farm operations (e.g., it contains a control room for the replacement 1 
cross-site transfer system).     2 
 3 
616 Facility.  The 616 Facility consists of the 616 Building and the adjacent fenced area.  It is 4 
used for temporary storage of low-level, radioactive, hazardous, and mixed waste.    5 
 6 
Vertical Storage Units.  Vertical storage units were used to store dry, radioactively 7 
contaminated equipment within the tank farm.  These facilities are now inactive. 8 
 9 
Unplanned Waste Release Sites.  Unplanned waste release sites are areas where there was an 10 
unintentional release of radioactivity to the environment.  These releases resulted from incidents 11 
such as tank or transfer line leaks, spills, and unintentional discharges from facilities.  In most 12 
cases, the amount of radioactivity associated with these sites is small.  However, some sites, 13 
particularly those created by tank leaks or waste leaks from transfer lines, may contain 14 
significant radionuclide inventories.  15 
 16 
 17 
ES.2.3 Tank Farm Operations 18 
 19 
Major tank farm operations include waste transfers, waste characterization, chemical 20 
adjustments, and waste concentration.  Waste transfer operations include single-shell tank 21 
retrieval and transfer to a double-shell tank, double-shell tank-to-double-shell tank waste 22 
transfers to support 242-A Evaporator campaigns and to meet double-shell tank space 23 
management objectives, waste transfers (feed) to the 242-A Evaporator, and waste receipt from 24 
the 242-A Evaporator and the 222-S Laboratory.  Waste characterization includes the sampling 25 
(e.g., push mode core sampling) and monitoring activities that are conducted to identify the type, 26 
form, and quantity of the tank waste.  Chemical adjustments are made based on characterization 27 
data and involve additions of either sodium hydroxide or sodium nitrite for corrosion control.  28 
Waste concentration (i.e., the removal of water to increase the available storage volume in the 29 
double-shell tanks) is conducted in the 242-A Evaporator which is operated by the Tank 30 
Operations Contractor but has an independent documented safety analysis (HNF-14755, 242-A 31 
Evaporator Documented Safety Analysis).  However, the transfer of waste to and the receipt of 32 
waste from the 242-A Evaporator is included within the scope of this documented safety 33 
analysis. 34 
 35 
 36 
ES.2.4 Interfaces and Relationships 37 
 38 
The tank farms receive waste from the 222-S Laboratory, which is operated by the Tank 39 
Operations Contractor but has an independent documented safety analysis (HNF-12125, 222-S 40 
Laboratory Documented Safety Analysis).  The tank farms also transfer waste to the 242-A 41 
Evaporator for concentration and receives the concentrated product.  Although the 242-A 42 
Evaporator is operated by the Tank Operations Contractor, it has an independent documented 43 
safety analysis (HNF-14755).  The interfacing operations for these facilities (i.e., receipt of waste 44 
transfers from the 222-S Laboratory and waste transfers to and from the 242-A Evaporator) are 45 
addressed in this documented safety analysis.  Other former processing facilities (i.e., Plutonium 46 
Finishing Plant, Reduction Oxidation Facility, Plutonium-Uranium Extraction Facility, T Plant, 47 
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B Plant, and U Plant) are also located within the 200 East and 200 West areas, but are not 1 
controlled by the Tank Operations Contractor.  These facilities are shut down and do not transfer 2 
waste to the tank farms. 3 
 4 
A number of services that support the tank farms are provided on a Hanford Sitewide basis.  5 
These services include emergency preparedness, fire protection, medical, security, and utilities 6 
(electricity and water). 7 
 8 
 9 
ES.3 FACILITY HAZARD CATEGORIZATION 10 
 11 
The final hazard categorization of the tank farm facilities was determined based on the 12 
requirements of 10 CFR 830 and the methodology of DOE-STD-1027-92.  The final hazard 13 
categorization of single-shell tanks, double-shell tanks, the associated waste-transfer systems, 14 
204-AR Waste Unloading Facility, 244-AR Vault, and 244-CR Vault is Hazard Category 2. 15 
 16 
There are numerous other facilities within tank farms (e.g., cribs, ditches, and ponds, 17 
miscellaneous inactive processing facilities, miscellaneous inactive storage facilities  18 
[specifically the inactive miscellaneous underground storage tanks], unplanned waste release 19 
sites) that are considered independent segments (i.e., hazardous materials in one facility cannot 20 
interact with hazardous materials in another facility) for the purpose of hazard categorization.  21 
Chapter 3.0 provides the individual hazard categorization for facilities designated as Hazard 22 
Category 3 or Hazard Category 2. 23 
 24 
 25 
ES.4 SAFETY ANALYSIS OVERVIEW 26 
 27 
The safety analysis of tank farm facilities and operations addresses the risks of normal operations 28 
and the risks from abnormal events and postulated accidents.  An overview of major tank farm 29 
operations that were analyzed is provided in Section ES.2.3.  A summary of the safety analysis 30 
results including the preventive and mitigative features identified to protect the public, the 31 
workers, and the environment is provided in the following sections. 32 
 33 
 34 
ES.4.1 Risks of Normal Operations 35 
 36 
The Tank Operations Contractor manages radioactive and hazardous wastes.  Exposure to 37 
radiation, hazardous materials, and standard industrial hazards are the primary risks to facility 38 
workers from normal operations.  The safety management programs described in this 39 
documented safety analysis provide the primary protection for the facility worker from these 40 
normal operating hazards.  41 
 42 
The design of the tank farm facilities and requirements of the Tank Operations Contractor 43 
Radiological Control Program ensure that radiation exposures to workers from tank farm 44 
operations are maintained below radiation protection standards and U.S. Department of Energy 45 
administrative limits, and are As Low As Reasonably Achievable.  The tank farm design 46 
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(e.g., buried underground tanks) includes an emphasis on shielding.  Administrative controls that 1 
limit radiation exposure include access control, contamination control, and dosimetry. 2 
 3 
Worker exposures to hazardous materials is addressed by the Tank Operations Contractor Safety 4 
and Health Program which integrates industrial hygiene and other safety programs.  The goal of 5 
the safety and health program is to control employee exposures to chemical and physical agents 6 
to levels prescribed by the U.S. Department of Energy, professional industrial hygiene practices 7 
and principles, and As Low As Reasonably Achievable.  To achieve this goal, engineered 8 
features such as hazardous material containment, encapsulation and abatement (asbestos), and 9 
barricades are used.  Monitoring and personal protective equipment are also used, as required, to 10 
protect against exposures during routine operations. 11 
 12 
Radioactive and hazardous wastes generated by the Tank Operations Contractor are managed 13 
through the waste management program.  The Tank Operations Contractor manages radioactive 14 
(high-level, low-level, and transuranic), hazardous, and mixed waste from solid, liquid, and 15 
gaseous waste streams and sources in accordance with the applicable regulations.   16 
 17 
There are other occupational hazards posed by normal operations that do not involve tank waste 18 
(e.g., electrical hazards, high noise levels, working at heights).  These hazards are addressed by 19 
U.S. Department of Energy-prescribed occupational safety and health programs implemented 20 
through safety management programs. 21 
 22 
 23 
ES.4.2 Risks from Abnormal Events and Postulated 24 

Accidents 25 
 26 
A qualitative hazard analysis of tank farm operations was performed to identify and evaluate 27 
potential hazardous conditions caused by internal events, external events, and natural events.  28 
The operations evaluated were those associated with the continued safe storage of tank waste, 29 
single-shell tank retrieval, internal tank farm waste transfers, and waste transfers to and/or from 30 
interfacing facilities (i.e., the 242-A Evaporator and 222-S Laboratory).  The identified 31 
hazardous conditions fall into two basic groups: occupational and non-routine.  Occupational 32 
hazards include common industrial hazards and chemical hazards with no radiological 33 
component.  These hazards are regulated by U.S. Department of Energy-prescribed occupational 34 
safety and health standards as implemented through the tank farm safety management 35 
programs.  Specific analyses of those hazards are not required in the documented safety analysis.  36 
Non-routine hazards identified for tank farm operations involve uncontrolled release of 37 
radioactive material or other hazardous material with some radiological component (e.g., 38 
ammonia release from tank waste). 39 
 40 
For non-routine hazards, the hazard analysis (1) identifies hazardous conditions that could result 41 
in the uncontrolled release of radioactive and other hazardous material, (2) identifies the 42 
potential causes of the condition, (3) assigns qualitative frequency and consequence levels based 43 
on a scenario without controls, and (4) identifies preventive and mitigative controls (design and 44 
administrative).  The hazardous conditions are grouped into representative accidents based on 45 
similarities in accident phenomonology.  These representative accidents are qualitatively 46 
evaluated for radiological and toxicological exposures to the offsite public, onsite workers, and 47 

RPP-13033 1/29/2015 - 12:56 PM 30 of 1079



RPP-13033 REV 5 
 
 

 
 ES-8  

facility workers (except for offsite radiological exposures that are quantitatively evaluated as 1 
described below).  Table ES-1 shows the representative accidents that are evaluated in detail in 2 
Chapter 3.0 and identifies the assigned frequency, the onsite radiological and onsite and offsite 3 
toxicological consequences of each accident, and the qualitative judgment on whether the 4 
accident poses a significant risk to the facility worker.   5 
 6 
Offsite radiological consequences are quantitatively analyzed for a limited subset of the highest 7 
consequence accidents (which for simplicity are referred to as the design basis accidents) and are 8 
compared to the Evaluation Guideline of 25 rem total effective dose that is specified in 9 
DOE-STD-3009-94, Appendix A, “Evaluation Guideline.”  This comparison is required and is 10 
used to determine the need for safety-class structures, systems, and components.  Offsite 11 
radiological consequences were quantitatively estimated for the following accidents: 12 
 13 

 Flammable gas accidents 14 
 Waste transfer leak 15 
 External events (aircraft crash) 16 
 Natural events. 17 

 18 
The offsite radiological consequence is less than 5 rem for these accidents except for flammable 19 
gas accidents where the estimated consequence is about 7 rem .  These consequences do not 20 
challenge the Evaluation Guideline, except for the flammable gas accidents which are described 21 
below. 22 
 23 
 24 
ES.4.3 Preventive and Mitigative Features 25 
 26 
As noted in the preceding section, selection of safety-class controls is based on the comparison 27 
of the offsite radiological consequences for the bounding accidents to the Evaluation Guideline 28 
of 25 rem.  The bounding accidents were estimated to have consequences that were less than 29 
5 rem except for flammable gas accidents where the estimated consequence is about 7 rem.  This 30 
accident challenges the Evaluation Guideline and the need for safety-class controls was 31 
considered.  However, because of the low frequency (≤ 10-6 /yr) of the bounding accident (a 32 
flammable gas detonation) and the fact that the controls selected to prevent the more frequent but 33 
less severe flammable gas deflagration also prevent the detonation, it was determined that no 34 
safety-class controls are required. 35 
 36 
Safety-significant structures, systems, and components and/or technical safety requirements were 37 
selected based on the qualitative evaluation of the representative accidents (assuming no 38 
controls).  The approach used during documented safety analysis development was that accidents 39 
with consequences that exceed 100 rem or Protective Action Criteria-3 to the onsite worker or 40 
exceed Protective Action Criteria-2 to the offsite public require the designation of 41 
safety-significant structures, systems, and components and/or technical safety requirements.  42 
This level of control was also applied to hazardous conditions qualitatively judged to result in 43 
prompt death, serious injury, or significant radiological or chemical exposure to the facility 44 
worker.  The defense-in-depth philosophy was included in the selection of safety-significant 45 
structures, systems, and components and technical safety requirements for the higher risk 46 
accidents.  For example, the technical safety requirement requiring that covers are installed or 47 
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doors are closed on waste transfer-associated structures is an important contributor to 1 
defense-in-depth for fine spray leak accidents.  2 
 3 
In addition to these controls, there are tank farm design and administrative features that provide 4 
additional defense-in-depth but are not designated as safety-significant structures, systems, and 5 
components or technical safety requirements.  These design and administrative features are 6 
managed by the Tank Operations Contractor through procedures, standards, and change control 7 
processes (e.g., double-shell tank primary ventilation systems, transfer leak detection/alarm 8 
response). 9 
 10 
 11 
ES.5 ORGANIZATIONS 12 
 13 
Washington River Protection Solutions LLC is the Tank Operations Contractor and is 14 
responsible for the management of the tank farm facilities and operations, including projects and 15 
activities that support waste retrieval and tank closure.  Chapter 17.0 details the organizational 16 
structure of the Tank Operations Contractor and identifies the organizations that provide the 17 
necessary services that support tank farm operations. 18 
 19 
 20 
ES.6 SAFETY ANALYSIS CONCLUSIONS 21 
 22 
The documented safety analysis and the technical safety requirements establish an adequate 23 
safety basis for managing the risk from the analyzed tank farm facilities and operations.  24 
Included within the documented safety analysis are: a comprehensive and systematic 25 
identification of hazardous conditions; an evaluation of the frequency and potential 26 
consequences of the postulated accidents; and an identification of safety-significant structures, 27 
systems, and components, technical safety requirements, and other defense-in-depth design and 28 
administrative features.  It is important to note that the estimated offsite radiological 29 
consequence for each of the bounding accidents was less than 5 rem except for flammable gas 30 
accidents where the estimated consequence was about 7 rem   This accident challenges the 31 
Evaluation Guideline, but after considering the need for controls it was determined that no 32 
safety-class structures, systems, and components are required.  The identified controls protect the 33 
health and safety of the public, workers, and the environment.  34 
 35 
 36 
ES.7 DOCUMENTED SAFETY ANALYSIS 37 

ORGANIZATION 38 
 39 
This safety analysis of tank farm facilities and operations addresses safety analysis topics 40 
required by DOE-STD-3009-94 in the prescribed 17-chapter format.    41 
 42 
 43 
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Figure ES-1.  Hanford Site Map. 1 
 2 

 3 
4 
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Figure ES-2.  200 Area Waste Storage Tanks and Various Related Facilities. 1 
 2 

 3 
4 
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Figure ES-3.  Aerial View of a Typical Tank Farm. 1 
 2 

 3 
There are eight large tanks beneath the white covers. 4 

 5 
 6 

7 
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Figure ES-4.  Single-Shell Tanks. 1 
 2 

 3 
4 
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Figure ES-5.  Double-Shell Tanks. 1 
 2 

3 
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Table ES-1.  Representative Accidents Without Controls Summary. 

Accident Frequency 
Onsite 

radiological 
consequence 

Onsite 
toxicological 
consequence 

Offsite 
toxicological 
consequence 

Significant 
impact to 

facility 
workera 

Flammable Gas 
Accidents 

Anticipated < 100 rem TED < PAC-3 < PAC-2 Yes 

Nuclear Criticality Beyond 
Extremely 
Unlikely 

< 100 rem TED < PAC-3 < PAC-2 No 

Waste Transfer Leak Anticipated > 100 rem TED > PAC-3 < PAC-2 Yes 

Release from 
Contaminated Facility  

Anticipated < 100 rem TED < PAC-3 < PAC-2 Yes 

Air Blow Accidents Anticipated < 100 rem TED > PAC-3 < PAC-2 No    

External Events b b b b b 

Natural Events b b b b b 

Notes: 
aQualitatively judged to result in prompt death, serious injury, or significant radiological or chemical 

exposure to the facility worker. 
bExternal events and natural events are initiators of operational accidents listed above, but do not create 

unique accidents.  Natural events can initiate multiple common cause accidents (e.g., more than one flammable 
gas deflagration), but do not increase the cumulative consequences beyond those shown above. 

 
PAC = Protective Action Criteria. 
TED = total effective dose. 
 

  1 
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1.0 SITE CHARACTERISTICS 1 
 2 
 3 
 4 
1.1 INTRODUCTION 5 
 6 
This chapter provides a description of site characteristics of the Hanford Site and specific tank 7 
farm facility environs important to the safety basis.  Much of the site characteristics information 8 
used in this chapter is based on PNL-6415, Hanford Site National Environmental Policy Act 9 
(NEPA) Characterization, and DOE/EIS-0189, Tank Waste Remediation System, Hanford Site, 10 
Richland, Washington, Final Environmental Impact Statement. 11 
 12 
The figures provided in this chapter have been included for informational purposes only and are 13 
not design documents.   14 
 15 
 16 
1.2 REQUIREMENTS 17 
 18 
Design codes, standards, regulations, and DOE Orders required for establishing the facility 19 
safety basis specific to this chapter and pertinent to the safety analysis include the following: 20 
 21 

 Title 10, Code of Federal Regulations, Part 830 (10 CFR 830), “Nuclear Safety 22 
Management” 23 

 24 
 American Society of Civil Engineers (ASCE) Standard 7, Minimum Design Loads for 25 

Buildings and Other Structures (ASCE 7) 26 
 27 

 DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety 28 
Analyses to Meet Subpart B of 10 CFR 830 29 

 30 
 DOE-STD-1020-2002, Natural Phenomena Hazards Design and Evaluation Criteria for 31 

Department of Energy Facilities 32 
 33 

 DOE-STD-1022-94, Natural Phenomena Hazards Site Characterization Criteria 34 
 35 

 DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria 36 
 37 

 DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor 38 
Nuclear Facility Documented Safety Analyses 39 
 40 

  41 
1.3 SITE DESCRIPTION 42 
 43 
The following sections address the geography and demography of the area encompassed by, and 44 
surrounding, the Hanford Site.  Regional land and water use outside the Hanford Site boundary is 45 
discussed. 46 

RPP-13033 1/29/2015 - 12:56 PM 46 of 1079



RPP-13033 REV 5 
 
 

 
 1-2  

 1 
 2 
1.3.1 Geography 3 
 4 
1.3.1.1  Hanford Site Vicinity.  The Hanford Site is a 560 mi2 area located in the state of 5 
Washington, as depicted in Figure 1.3.1.1-1.  The Columbia River enters the Hanford Site 6 
boundary at the northwest corner and crosses over to form the eastern boundary as it flows 7 
southward.  The section of the river that forms the eastern boundary is a free flowing stretch 8 
commonly referred to as the Hanford Reach.  This portion of the Columbia River was designated 9 
as the Hanford Reach National Monument in 2000.  The Yakima River flows from west to east, 10 
south of the Hanford Site, and empties into the Columbia River at the conjoined cities of 11 
Kennewick, Pasco, and Richland as shown in Figure 1.3.1.1-1. 12 
 13 
The Hanford Site is bordered on the north by the Saddle Mountains and on the west by the 14 
Rattlesnake Hills.  Dominant natural features of the Hanford Site include the Columbia River, 15 
anticlinal ridges of basalt in and around the site boundary, and sand dunes near the Columbia 16 
River.  The surrounding basaltic ridges rise to 3,600 ft.  Figure 1.3.1.1-2 shows some of the 17 
prominent natural features in and around the Hanford Site. 18 
 19 
The location of the Hanford Site with respect to local counties and regional highways is shown in 20 
Figure 1.3.1.1-3.  The Hanford Site extends into Benton, Franklin, Grant, and Adams counties.  21 
State Highway 240 passes through the Hanford Site and within 1 mi of the 200 West Area 22 
facilities and within 2.65 mi of the nearest tank farm facility. 23 
 24 
1.3.1.2  Hanford Site.  The majority of the land within the Hanford Site boundary is a limited 25 
access area under DOE control for use in environmental restoration and remediation efforts.  The 26 
DOE nuclear and nonnuclear industrial activities within a 5 mi radius of the tank farm facilities 27 
are described in detail in Section 1.7.  DOE nuclear facilities are located in what are called 28 
operational areas.  Hanford Site operational areas are identified by area numbers and letters.  29 
These areas are shown in Figure 1.3.1.2-1.  Several other areas at the Hanford Site are managed 30 
under a multipurpose concept and serve to isolate the areas of DOE nuclear activities 31 
(Figure 1.3.1.2-1).  All industrial activities on Hanford Site leased land must be compatible with 32 
DOE activities and must be approved by DOE. 33 
  34 
With the exception of subsurface contamination (e.g., underground plumes) caused by releases 35 
(inadvertent or planned) and the relatively isolated location of the Hanford Site (away from 36 
major population centers), there are no other unique or special features associated with the 37 
Hanford Site.  The hydrogeology of the Hanford Site including summary discussions of 38 
contaminated subsurface plumes is discussed in Section 1.4.2.  Existing subsurface and surface 39 
contamination areas and radiological and toxicological constituents are identified and described 40 
in DOE/EIS-0189; DOE/RL-92-19, 200 East Groundwater Aggregate Area Management Study 41 
Report; and DOE/RL-92-16, 200 West Groundwater Aggregate Area Management Study Report. 42 
 43 
Public access to the Hanford Site is controlled for DOE at the Wye and Yakima Barricades 44 
(Figure 1.3.1.2-2).  Traffic counts in 1996 indicate that an average of 61 vehicles per hour 45 
traverse State Highway 240.  Approximately 10% of these are driven by members of the public.  46 
Hanford Patrol, the Hanford Site security organization, is responsible for control at the 47 
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barricades.  An additional access point to the 200 East and 200 West areas from State 1 
Highway 240, with limited hours of operation, is located near the southeast corner of the 2 
200 West Area.  Public access through the Hanford Site on State Highways 24, 240, and 243 is 3 
not DOE controlled under normal circumstances.  Traffic on the Columbia River, in the airspace 4 
over the Hanford Site, and on onsite access routes to areas used by non-DOE organizations (e.g., 5 
U.S. Ecology, Incorporated; Energy Northwest) is also not subject to DOE controls under normal 6 
circumstances.  Under emergency plan conditions, all access to the Hanford Site (with the 7 
exception of the Columbia River) will be DOE controlled and all Hanford Site routes to traffic 8 
not associated with official and approved activities may be closed. 9 
 10 
1.3.1.2.1  Hanford Site Areas.  In 1943, the U.S. Army Corps of Engineers selected the Hanford 11 
Site for the construction of nuclear reactors and chemical processing facilities in support of the 12 
war effort.  The current mission is the management, storage, and disposal of radioactive and 13 
hazardous wastes.  Approximately 6% of the total available Hanford Site land area is occupied 14 
within DOE operational areas (Figure 1.3.1.2-1).  The remaining 94% of the Hanford Site land 15 
area is unoccupied and managed by DOE.  Hanford Site operating areas are identified by area 16 
numbers and are briefly described below. 17 
 18 
100 Area.  Nine facilities/plants (100-B and -C, 100-D and -DR, 100-F, 100-H, 100-KW and 19 
-KE, 100-N) border directly on the Columbia River in the northernmost portion of the Hanford 20 
Site.  The nine graphite moderated plutonium production reactors (awaiting decontamination and 21 
decommissioning) are located in this area.  The 100 Area covers about 4 mi2. 22 
 23 
200 Areas.  The 200 East and 200 West areas are located near the center of the Hanford Site on a 24 
relatively flat terrace known as the 200 Areas Plateau (Figure 1.3.1.2.1-1).  Waste management 25 
and storage facilities in the 200 Areas include 149 large single-shell tanks (SST) and 28 large 26 
double-shell tanks (DST) used to store radioactive and hazardous waste (Figures 1.3.1.2.1-2 and 27 
1.3.1.2.1-3).  In addition to the 177 large underground storage tanks, there are other smaller 28 
volume (< 50,000 gal) active and inactive underground storage tanks in the 200 Areas that 29 
contain small quantities of radioactive and hazardous waste.  The 200 Areas are the location of 30 
several fuel processing facilities that are inactive or scheduled for deactivation (i.e., Reduction 31 
Oxidation Facility, Plutonium-Uranium Extraction [PUREX] Facility, T Plant, B Plant, U Plant, 32 
and Plutonium Finishing Plant [PFP]) and the Waste Treatment Plant (WTP) that is under 33 
construction.  See Section 1.7 for additional discussion of other 200 Area facilities.  The tank 34 
farm facilities addressed in this report are located in the 200 East Area and 200 West Area 35 
(Figures 1.3.1.2.1-2 and 1.3.1.2.1-3), which cover approximately 6 mi2. 36 
 37 
300 Area.  The 300 Area, located north of the city of Richland, is the site of nuclear research and 38 
development.  The 300 Area covers 0.6 mi2. 39 
 40 
400 Area.  The 400 Area is located northwest of the city of Richland and is the site of the Fast 41 
Flux Test Facility (FFTF).  The 400 Area covers 0.6 mi2. 42 
 43 
600 Area.  The 600 Area includes all of the Hanford Site that is not part of the 100, 200 East, 44 
200 West, 300, or 400 areas.  A cross-site transfer line, operated by the Tank Operations 45 
Contractor (TOC), traverses the 600 Area and is used to transfer liquid wastes between 46 
underground storage tanks located in the 200 East and 200 West areas.   47 

RPP-13033 1/29/2015 - 12:56 PM 48 of 1079



RPP-13033 REV 5 
 
 

 
 1-4  

 1 
Figures 1.3.1.2-1 and 1.3.1.2-2 show the location of the following areas within the Hanford Site. 2 
 3 

Fitzner-Eberhardt Arid Lands Ecology Reserve.  The Fitzner-Eberhardt Arid Lands 4 
Ecology Reserve occupies the southwest segment of the Hanford Site.  This area is a 5 
limited access area managed by Pacific Northwest National Laboratory and has been set 6 
aside for ecological studies.  This area covers 120 mi2.  The Big Bend Alberta Company 7 
owns mineral rights to several parcels of land in the reserve and holds the right to 8 
perform exploratory drilling. 9 

 10 
 State of Washington.  A segment covering 1.5 mi2 is leased by Washington State.  A 11 

part of this segment between the 200 East and 200 West areas is used for commercial 12 
low-level radioactive waste disposal.  U.S. Ecology, Incorporated, is a privately-owned 13 
company that is responsible for managing disposal of the solid, low-level radioactive 14 
waste from commercial (not Hanford Site) sources in this area.  Another segment of this 15 
area measuring 1 mi2 has been transferred to Washington State as a potential site for 16 
disposal of nonradioactive hazardous wastes. 17 

 18 
 Energy Northwest.  An area measuring 1.6 mi2 is used by Energy Northwest (formerly 19 

known as the Supply System) for commercial nuclear power plants.  This area is located 20 
approximately 10.5 mi southeast of the 200 East Area and approximately 3 mi west of the 21 
Columbia River.  Columbia Generating Station, a boiling water reactor, is in operation at 22 
this location. 23 

 24 
 Saddle Mountains National Wildlife Refuge.  About 50 mi2 of land north of the 25 

Columbia River is managed under a revocable use permit by the U.S. Fish and Wildlife 26 
Service.  This area is designated as the U.S. Fish and Wildlife Service Saddle Mountains 27 
National Wildlife Refuge.  The U.S. Fish and Wildlife Service also manages seven 28 
islands in the Hanford Reach section of the Columbia River as part of the McNary 29 
National Wildlife Refuge. 30 

 31 
 McNary National Wildlife Refuge.  The area located near the confluence of the 32 

Columbia and Snake rivers includes three divisions:  Burbank Slough, Strawberry Island, 33 
and Hanford Islands.  Only the Hanford Islands Division is within the boundaries of the 34 
Hanford Site.  The Hanford Islands Division contains six islands in the Columbia River 35 
and is located upstream from the city of Richland.  The Hanford Islands extend a distance 36 
of 9 river miles and contain 350 acres.  The islands are closed to the public during 37 
waterfowl nesting season to protect breeding waterfowl, particularly Aleutian Canada 38 
Geese, a federal and state endangered species. 39 

 40 
Wahluke Wildlife Recreational Area.  An area measuring 87 mi2 is under a revocable 41 
use permit to the Washington State Department of Wildlife for recreational game 42 
management.  This area is also located north of the Columbia River and is designated as 43 
the Wahluke Wildlife Recreational Area.  Public outdoor recreational use is permitted in 44 
this area. 45 

 46 
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 Bonneville Power Administration.  Support facilities for the controlled access areas and 1 
an electrical transmission substation at Midway, Washington, near the northwest corner 2 
of the Hanford Site, are maintained by the Bonneville Power Administration.  Hanford 3 
Site transmission lines are also maintained by the Bonneville Power Administration. 4 

 5 
The facilities in each area are accessible via existing Hanford Site streets and railroad lines, and 6 
most have utilities (i.e., steam, raw water, electricity, communications) and radioactive waste 7 
pipelines.  The roads and rail lines in the 200 East and 200 West areas and Route 3 in the 8 
600 Area are shown in Figures 1.3.1.2.1-2 and 1.3.1.2.1-3.  Electrical distribution systems (i.e., 9 
transmission lines and substations) are discussed in Chapter 2.0, Section 2.8.4. 10 
 11 
1.3.1.2.2  Hanford Site Boundary.  The Hanford Site boundary that has been established for 12 
calculating impacts of potential Hanford Site facility accidents is shown in Figure 1.3.1.2-1.  13 
TOC activities in the 200 East, 200 West, and 600 areas are within this zone.  The 200 Areas and 14 
the 600 Area are surrounded by a security fence that limits general access to these areas.  DOE 15 
has the authority to regulate all activities in this zone including exclusion or removal of 16 
personnel and property.  There are no permanent residences in this zone or elsewhere on the 17 
Hanford Site.  The minimum distance to the Hanford Site boundary, as shown in Chapter 3.0, 18 
Table 3.4.1-1; and the location of the Maximum Offsite Individual (MOI) was determined by 19 
RPP-13482, Atmospheric Dispersion Coefficients and Radiological and Toxicological Exposure 20 
Methodology for Use in Tank Farms.  Because DOE controls the land on either side of State 21 
Highway 240, public usage is considered to be transient for safety analysis purposes (Scott 1995, 22 
“Clarification of Hanford Site Boundaries for Current and Future Use in Safety Analyses”).  23 
Consequences for the hypothetical receptor on Highway 240 are not evaluated as part of the 24 
safety analysis but are assessed by the emergency response planning process (RPP-23226, Tank 25 
Farms Emergency Planning Hazards Assessment). 26 
 27 
 28 
1.3.2 Demography 29 
 30 
The population density on the Hanford Site is very low as a result of the federal ownership of the 31 
land, and the population distribution in the area surrounding the Hanford Site is not uniform.  32 
Most of the adjacent area east, north, and west of the Hanford Site is used for farm or range land 33 
and is populated with scattered farming communities. 34 
 35 
Benton and Franklin counties, which are adjacent to the Hanford Site, make up the Kennewick, 36 
Pasco, and Richland metropolitan statistical area.  Other cities within Benton County include 37 
Benton City, Prosser, and West Richland.  The second largest city in Franklin County is Connell.  38 
Other counties in the vicinity of the Hanford Site include Yakima, Walla Walla, Adams, and 39 
Grant counties in Washington State, and Umatilla and Morrow counties in the state of Oregon 40 
(Figure 1.3.2-1).  Table 1.3.2-1 lists the Kennewick, Pasco, and Richland metropolitan statistical 41 
area population for 1980 through 1995 and the 2000 census data for this area. 42 
 43 
The emergency preparedness program described in Chapter 15.0 addresses evacuating and 44 
sheltering Hanford Site areas (including the areas where tank farm facilities are located) and to 45 
prevent or minimize the exposure of the offsite public. 46 
 47 
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Regional population (residential and transient) distribution data is used by the DOE, Richland 1 
Operations Office (RL) for emergency response planning.  Accident consequences are calculated 2 
to an MOI located nearest to the 200 East or 200 West areas (Section 1.3.1.2.2).  The 3 
consequence data can be used in emergency response planning to determine offsite evacuation 4 
routes and mitigative features (i.e., shielding or shelters) required to protect the public.  The 5 
emergency response activities are described in Chapter 15.0. 6 
 7 
Note that the metropolitan statistical area population figures presented in Table 1.3.2-1 do not 8 
identify transient populations (e.g., onsite public recreational users and migrant workers).  In 9 
addition to recreational users and migrant workers not in the employ of Hanford Site contractors, 10 
transient onsite public includes individuals using public roadways that traverse the Hanford Site.  11 
Evacuation time studies performed in support of Energy Northwest emergency planning indicate 12 
that to the east of the Energy Northwest operating reactor, migrant worker populations are 13 
roughly two times the recreational user populations (Mogle 1987, WNP 1, 2 Ten Mile EPZ 14 
Evacuation Time Assessment Study).  To the northwest of the reactor (i.e., in the direction of the 15 
200 East and 200 West areas) the transient population predominantly comprises recreational user 16 
populations (e.g., boaters).  No hospitals, nursing homes, schools, or penal institutions operate 17 
within 12 mi of the tank farm facilities. 18 
 19 
Individuals on State Highways 24, 240, and 243 are considered transient.  Access to the 20 
highways is not controlled, except during emergency conditions. 21 
 22 
Individuals from tribal organizations, universities, or other federal, state, or local government 23 
agencies, who have received approval from RL to access areas within the Hanford Site (e.g., 24 
Fitzner-Eberhardt Arid Lands Ecology Reserve) are also considered transient.  The RL, in 25 
accordance with DOE/RLID-1210.1, Hanford Visitor Policies and Procedures, may permit 26 
uncontrolled access to the Hanford Site; however, all individuals, permitted either controlled or 27 
uncontrolled access, are required to receive emergency preparedness training. 28 
 29 
Approximately 10,700 persons were employed on the Hanford Site in September 2001.  This 30 
includes contractor employees and the onsite public.  The onsite public is defined as employees 31 
who are not in the direct employ of the contractor but who support the onsite contractor.  Some 32 
Hanford Site work assignments include shift and weekend coverage; therefore, the total number 33 
of persons on the Hanford Site at any one time varies with the time of day, the staffing 34 
requirements for active projects, and daily fluctuations in employee work attendance patterns. 35 
 36 
 37 
1.4 ENVIRONMENTAL DESCRIPTION 38 
 39 
The following sections briefly describe the meteorology, hydrology, and geology of the Hanford 40 
Site.  This information has been used in evaluating impacts of postulated tank farm facility 41 
accidents to receptors (i.e., onsite, offsite, environmental) and in evaluating facility needs for 42 
adequate response to natural events.  See Chapter 3.0 for results of these evaluations. 43 
 44 
 45 
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1.4.1 Meteorology 1 
 2 
This section summarizes Hanford Site-specific meteorology data.  This information is used in 3 
hazard and accident analyses (e.g., wind, tornado, precipitation) in accordance with 4 
DOE-STD-1023-95, and to verify the applicability of existing natural phenomena hazard codes 5 
and standards.  The Hanford Site average wind speeds are used to develop postulated accident 6 
consequences and to perform consequence determinations in Chapter 3.0.  Criteria from 7 
DOE-STD-1020-2002 are identified in the applicable subsections of this chapter. 8 
 9 
An extensive meteorological monitoring program is conducted at the Hanford Site.  Various 10 
meteorological data are measured, observed, and stored as part of this program.  Program data 11 
are used in the preparation of safety documentation and in the preparation of emergency response 12 
planning.  A wide range of meteorological variables is measured or observed at the Hanford 13 
Meteorological Station (HMS), including temperature, relative humidity, precipitation, 14 
atmospheric pressure, solar radiation, cloud cover, visibility, and subsurface temperature.  Wind 15 
data is measured at various levels on a 410-ft tower located 1,614 ft east of the HMS.  Wind and 16 
temperature measurements are recorded at various levels at three 197-ft towers in the 300, 400, 17 
and 100 N areas and at 26 active 30-ft towers distributed on the Hanford Site and in the nearby 18 
vicinity (Figure 1.4.1-1).  Data from all towers is telemetered to the HMS.  The towers and the 19 
HMS make up the Hanford Site meteorological monitoring network.  The Hanford Site 20 
monitoring network is described in detail in PNL-6684, The Data Collection Component of the 21 
Hanford Meteorological Monitoring Program. 22 
 23 
Meteorological data collected at the HMS since 1945 is available.  Data from the HMS is 24 
representative of the general meteorological conditions for the Hanford Site, and specifically for 25 
the 200 Areas Plateau.  Local variation in the topography of the Hanford Site may cause some 26 
aspect of the climate at portions of the Hanford Site to differ significantly from those at the 27 
HMS.  For example, winds near the Columbia River are different from those at the HMS, and, 28 
similarly, precipitation along the slopes of the Rattlesnake Hills differs from that at the HMS.  29 
Information contained in this section and the associated subsections is taken primarily from 30 
PNNL-14616, Hanford Site Climatological Data Summary 2003 with Historical Data, and 31 
PNL-4622, Climatological Summary for the Hanford Area.  32 
 33 
1.4.1.1  Regional Climate.  The climate of the Hanford Site region can be classified as 34 
mid-latitude semiarid, mid-latitude desert, or semiarid shrub steppe depending on the 35 
climatological classification scheme used (Critchfield 1974, General Climatology).  Summers 36 
are warm and dry with abundant sunshine.  Large diurnal temperature variation results from 37 
intense solar heating during the day and radiational cooling at night.  Daytime high temperatures 38 
in June, July, and August periodically exceed 100°F.  Winters are cool with occasional 39 
precipitation.  Cold air associated with modified arctic air masses can reach the area and cause 40 
temperatures to drop below 0°F.  Overcast skies and fog periodically occur during the winter 41 
season (PNL-4622). 42 
 43 
Topographic features have a significant impact on the Hanford Site climate.  All air masses that 44 
reach the region undergo some modification as a result of passage over the complex Pacific 45 
Northwest terrain.  The climate of the region is strongly influenced by the Pacific Ocean and the 46 
Cascade Range.  The relatively low annual average rainfall of 7.0 in. is caused largely by the rain 47 
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shadow created by the Cascade Range.  This mountain range limits much of the maritime 1 
influence of the Pacific Ocean that would exist if the mountains were not present.  Maritime 2 
influences are experienced in the region during the passage of frontal systems that pass through 3 
gaps (e.g., Columbia River Gorge) in the Cascade Range. 4 
 5 
The Rocky Mountains to the east and north of the Hanford Site also impact the regional climate 6 
by protecting the region from the severe winter storms and the extremely low temperatures 7 
associated with modified arctic air masses that move southward through Canada.  Yakima Ridge, 8 
Rattlesnake Hills, Horse Heaven Hills, Saddle Mountains, and the Columbia River are other 9 
topographic features that impact the local climate (Figure 1.4.1.1-1). 10 
 11 
The position of the jet stream directs storm systems into Washington State during the cooler 12 
months.  These storm systems cause the majority of the precipitation at the Hanford Site.  The 13 
cold, or occluded, fronts associated with these storm systems originate in maritime polar, 14 
continental polar, or arctic air masses.  Warm fronts occur as warmer maritime air flows over 15 
colder continental air.  An average of 10 identifiable warm fronts and 52 cold fronts pass through 16 
the region each year, the majority of which occur during the colder months (PNL-4622).  The 17 
passage of fronts leads to increased frequency and intensity of precipitation.  Persistent 18 
high-pressure ridges in the upper troposphere also periodically occur in the cool season.  The 19 
high-pressure ridges can trap cold air near the surface and cause extended periods of wintertime 20 
air stagnation. 21 
 22 
The position of the jet stream directs most storm systems north of Washington State during the 23 
warm months, which results in fewer and weaker frontal passages than in the cool months.  High 24 
pressure with stable, subsiding air is the dominant meteorological condition during the warmer 25 
period.  Warm weather precipitation tends to be associated with convective activity and the 26 
advection of moist, maritime air into the region (PNL-4622). 27 
 28 
1.4.1.1.1  Temperature.  Average and extreme temperatures recorded at the HMS are listed in 29 
Table 1.4.1.1.1-1.  The annual average temperature is 53°F.  July is typically the warmest month 30 
with an average maximum temperature of 91°F, an average minimum temperature of 61°F, and a 31 
monthly average temperature of 76°F.  January tends to be the coolest month with an average 32 
maximum temperature of 39°F, an average minimum temperature of 25°F, and a monthly 33 
average temperature of 32°F.  Observed temperature extremes for the Hanford Site since 1944 34 
range from 113°F to -23°F.  The highest temperature ever recorded on the Hanford Site was 35 
115°F on July 27, 1939.  The lowest temperature ever recorded on the Hanford Site was –27°F 36 
on December 12, 1919.  The high and low temperatures recorded before the HMS was 37 
operational are not included in Table 1.4.1.1.1-1. 38 
 39 
Table 1.4.1.1.1-2 shows the average number of days that maximum and minimum temperatures 40 
at the HMS were above or below specified limits.  Maximum temperatures greater than or equal 41 
to 100°F occur an average of 12 days/yr with a range of 1 to 28 days.  Maximum temperatures 42 
greater than or equal to 90°F occur an average of 52 days/yr with a range of 29 to 79 days.  43 
Maximum temperatures less than or equal to 32°F occur an average of 23 days/yr with a range of 44 
2 to 58 days.  Minimum temperatures less than or equal to 32°F occur an average of 106 days/yr 45 
with a range of 70 to 143 days.  Minimum temperatures less than or equal to 0°F occur an 46 
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average of 3 days/yr with a range of 0 to 18 days.  An average of 181 days/yr are free of freezing 1 
temperatures with the recorded range being 142 to 216 days. 2 
 3 
Severe and abrupt temperature changes occur in the Hanford Site vicinity.  During winter, rapid 4 
temperature increases, accompanied by surface winds varying from calm to greater than 20 mi/h, 5 
frequently occur.  This phenomenon, known as a Chinook wind, may produce dramatic 6 
temperature variations.  For example, on February 10, 1971, a 16.2°F rise in 12 min was 7 
observed at the HMS (PNL-4622). 8 
 9 
1.4.1.1.2  Precipitation.  The annual average precipitation at the Hanford Site is 7.0 in., with 10 
12.3 in. in the wettest year (1995) and 3 in. in the driest year (1976).  Monthly averaged and 11 
annual extreme precipitation amounts recorded at the Hanford Site are listed in Table 1.4.1.1.2-1.  12 
On average, 52% of normal annual precipitation falls during the months of November through 13 
February.  November is the wettest month with 1 in., and July is the driest month with 0.2 in.  14 
The wettest month on record is June 1950 with 2.9 in.  July 2003, September 1999, 15 
September 1991, August 1988, and August 1955 are the driest months on record with no 16 
precipitation.  A trace (i.e., less than 0.005 in.) or more of precipitation falls an average of 17 
125 days/yr.  The average number of days per month in which a trace or more of precipitation 18 
falls ranges from 16 days in January to 5 days in July and August.  Precipitation totaling 0.1 in. 19 
or more in a day occurs 24 days/yr.  During a 58-yr period of record (1945 through 2003), 20 
precipitation totaling 1 in. or more in a day has occurred 80 times.  The greatest recorded 1-day 21 
precipitation was 1.6 in. on October 1, 1957 (PNNL-14616). 22 
 23 
Hansen et al. 1994, Probable Maximum Precipitation – Pacific Northwest States, documents a 24 
recent cooperative study by the National Oceanic and Atmospheric Administration, the Bureau 25 
of Reclamation, and the U.S. Army Corps of Engineers, which updates the probable maximum 26 
precipitation estimates for the Pacific Northwest.  This study supersedes earlier work done by the 27 
three organizations.  The probable maximum precipitation values, shown in Table 1.4.1.1.2-2, 28 
are estimates of the maximum precipitation physically possible for both general storms (i.e., 29 
large air mass interactions) and local storms (i.e., unstable air, thunderstorms).  Hansen et al. 30 
(1994) shows that at the Hanford Site the probable maximum precipitation for a 6-hr local storm 31 
produces more precipitation than that produced in the probable maximum for a 24-hr general 32 
storm.  The probable maximum precipitation for a 6-hr local storm is related to the area of the 33 
storm, the smaller area yielding the most intense storm and highest precipitation.  Data is 34 
presented for the 1 mi2 and the 10 mi2 storm.  No annual probability of exceedance is given in 35 
Hansen et al. (1994) for the probable maximum precipitation for either storm.  The probable 36 
maximum precipitation is conservatively assumed to have a less than 1 x 10-6 annual probability 37 
of exceedance based on ASCE 7.  38 
 39 
The probable 6-hr maximum precipitation for more frequent storms is based on the analysis of 40 
extreme values from 22 yr of Hanford Site meteorological data (Table 1.4.1.1.2-2).  The 41 
precipitation estimates for 100- and 1,000-yr return periods are based on HMS data.  Although 42 
the estimated values cannot be compared directly with the 1-mi2 local storm or the 10-mi2 43 
general storm, the values do provide a data-based estimate for extreme precipitation on the 44 
200 Areas Plateau.  The 6-hr precipitation hazard curve has been estimated using the 100- and 45 
1,000-yr average return period values (1 x 10-2 and 1 x 10-3 annual probability exceedance, 46 
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respectively) from BNWL-1605, Climatography of the Hanford Area, and using the 6-hr 1 
probable maximum precipitation at an assumed frequency of 1 x 10-6 (Figure 1.4.1.1.2-1). 2 
 3 
Total annual snowfall (i.e., all frozen precipitation) varies from 0.3 in. to 56 in.  The average 4 
snowfall is 14.5 in. a year.  Table 1.4.1.1.2-3 presents the monthly average and seasonal 5 
maximum snowfalls.  The maximum snow depth recorded at HMS (15.6 in.) occurred in 6 
December 1985, but the maximum recorded snow depth for the Hanford Site (24 in.) occurred in 7 
February 1916.  The record number of days with snow depth greater than or equal to 6 in. was 8 
43 days in the winter of 1992 – 1993.  The probability that the depth of snow on the ground will 9 
exceed 6 in. is 30% during the winter season.  The scatter plot in Figure 1.4.1.1.2-2 shows 10 
Hanford Site snow depth probabilities based on the maximum depths of snow on the ground at 11 
the Hanford Site that were recorded from the winter of 1946 – 1947 to the winter of 1980 – 1981. 12 
 13 
Model building codes and standards specify the design criteria for snow loads 14 
(DOE-STD-1020-2002).  The building standards for snow loads are found in ASCE 7.  The 15 
design snow load for the Hanford Site is 15 lb/ft2. 16 
 17 
Glaze ice is a coating of ice formed when rain or drizzle freezes on contact with any surface 18 
having a temperature that is below freezing.  The annual average number of days with glaze ice 19 
is six.  Glaze ice generally occurs between November and March.  The highest number of days 20 
with glaze ice in any winter season is 18.  The lowest number of days with glaze ice in any 21 
winter season is one.  The highest number of days with glaze ice in any given month was nine in 22 
January 1970.  Rime ice (i.e., supercooled droplets that freeze on contact with solid objects) is 23 
another type of icing phenomenon that is generally associated with supercooled fog in the nearby 24 
hills or along the banks of the Columbia River. 25 
  26 
1.4.1.1.3  Thunderstorms.  A thunderstorm day is a calendar day in which thunder is heard at 27 
the HMS observing station one or more times.  Table 1.4.1.1.3-1 shows the average number of 28 
thunderstorm days recorded at the HMS per month and per year.  The average number of 29 
thunderstorm days per year is 10, with the total of days varying from a low of 3 to a high of 23.  30 
The largest number of thunderstorm days in a single month was 8.  Thunderstorm season is 31 
essentially from April through September, but thunderstorms can occur during any month of the 32 
year.  No thunderstorms have been observed in November or January. 33 
 34 
Thunderstorms are classified as “severe” by the National Weather Service when wind gusts 35 
exceed 58 mi/h or when hail diameter equals or exceeds 1 in.  Of all thunderstorm events 36 
observed at the HMS, 1.9% have been “severe” (PNL-6415).  Of the 1.9%, all of the “severe” 37 
storm events met the wind gust classification criteria, but hail was seldom observed.  The 38 
maximum recorded number of days with hail in a year is two. 39 
 40 
Thunderstorm speed at the Hanford Site is not quantified by a specific study because of the 41 
infrequent occurrences of these storms.  In addition, travel speed is complicated by vertical wind 42 
speeds within the storm and the storm type.  A typical thunderstorm in the Hanford area is a 43 
single-cell variety.  Travel speeds of 20 mi/h are reasonable for storms of this nature, based on 44 
multicell storm speeds in the midwest (Marwitz 1972, “The Structure and Motion of Severe 45 
Hailstorms, Part II Multi-Cell Storms”). 46 
 47 

RPP-13033 1/29/2015 - 12:56 PM 55 of 1079



RPP-13033 REV 5-C 
 
 

 
 1-11  

Large differences in electrical potential between cloud and earth can occur during thunderstorms 1 
and can lead to lightning strikes.  There is an average of 0.06 lightning strikes per year per square 2 
kilometer at the Hanford Site (WHC-SD-WM-ES-387, Probability, Consequences, and 3 
Mitigation for Lightning Strikes to Hanford High Level Waste Tanks).  The probability of 4 
lightning directly striking one of 161 tanks (i.e., the 16 smaller SSTs excluded) was calculated as 5 
3 x 10-5 every year.  Considering all 177 tanks, the probability of a lightning strike in some tank 6 
farm area is about 1 x 10-2 strikes a year.  Lightning strikes in the tank farms have not been 7 
documented. 8 
 9 
1.4.1.1.4  Extreme Winds and Tornadoes.  The maximum peak gusts recorded at the HMS are 10 
shown in Table 1.4.1.1.4-1.  The highest peak gust, measured at 50 ft above ground level, was 11 
80 mi/h in January 1972.  Peak wind gusts at the other 23 meteorological towers located 12 
throughout the Hanford Site have been observed to be as high as 91 mi/h.  On the basis of peak 13 
gusts observed from 1945 through 1980, an extreme peak gust at 50 ft, 100-yr return period, is 14 
estimated in PNL-4622 to be 86 mi/h, and an extreme peak gust at 50 ft, 10-yr return period, is 15 
estimated to be 70 mi/h. 16 
 17 
Three probabilistic wind hazard assessments have been completed for the Hanford Site.  The first 18 
assessment, UCRL-53526, Natural Phenomena Hazards Modeling Project:  Extreme 19 
Wind/Tornado Hazard Models for Department of Energy Sites, is based on more than 30 yr of 20 
pre-1979 Hanford Site wind data.  The results of the assessment addressed in UCRL-53526 are 21 
shown in Figure 1.4.1.1.4-1. 22 
 23 
NUREG/CR-4492, Methodology for Estimating Extreme Winds for Probabilistic Risk 24 
Assessments, is another probabilistic wind hazard assessment that describes a procedure for 25 
estimating extreme wind probabilities.  The application of this methodology to Hanford Site 26 
data, including post-1979 data, resulted in the hazard curves shown in Figure 1.4.1.1.4-1. 27 
 28 
HNF-3329, Hanford Site Peak Gust Wind Speeds, presents an updated site-specific probabilistic 29 
straight wind hazard assessment.  The assessment concluded that site-specific extreme wind 30 
estimates fall well below the design wind speeds set forth in the DOE directives and other 31 
industry standards.  (See also HNF-SD-GN-ER-501, Natural Phenomena Hazards, Hanford Site, 32 
Washington.) 33 
 34 
The wind hazard annual probability of exceedance for Performance Category 1 is 2 x 10-2 and 35 
the peak (three-second gust) wind speed for the Hanford Site is 85 mi/h (DOE-STD-1020-2002).  36 
For Performance Category 2 the annual probability of exceedance and peak wind speed are 37 
1 x 10-2 and 91 mi/h.  The previous Hanford Site design basis wind speed for Performance 38 
Categories 1 and 2 was a straight (fastest mile) wind speed of 70 mi/h.  There are no wind 39 
missile criteria for Performance Categories 1 and 2.  There are no Performance Category 3 or 40 
Performance Category 4 tank farm facilities.  (See TFC-ENG-STD-06, Design Loads for Tank 41 
Farm Facilities, for additional details). 42 
 43 
Note: DOE-STD-1020-2002 provides “nominal” design wind speeds for use with national 44 

consensus codes and standards.  Several recent codes and standards have modified the 45 
wind design methodology to reflect an “ultimate” design wind speed.  To reconcile the 46 
mismatch between DOE-STD-1020-2002 and these codes and standards, ultimate design 47 
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wind speeds of 110 mi/h and 115 mi/h have been selected for Performance Categories 1 1 
and 2, respectively.  See HNF-SD-GN-ER-501, Natural Phenomena Hazards, Hanford 2 
Site, Washington, for additional details. 3 

  4 
The point at which the straight wind and tornado hazard curves intersect determines whether 5 
tornadoes should be included in the wind design and evaluation criteria (DOE-STD-1020-2002).  6 
If the exceedance probability at the intersection is less than 2 x 10-5, straight winds control the 7 
design criteria.  In Figure 1.4.1.1.4-1, the intersection is at 3 x 10-6 on the UCRL-53526 curve 8 
and 8 x 10-6 on the NUREG/CR-4492 curve.  Therefore, following DOE guidance, the Hanford 9 
Site does not have a DOE design-basis tornado (DOE-STD-1020-2002).  (See also  10 
HNF-SD-GN-ER-501.) 11 
 12 
1.4.1.1.5  Dust and Blowing Dust.  Dust and blowing dust conditions occur with some 13 
frequency at the Hanford Site.  Dust and blowing dust conditions are recorded at the HMS when 14 
horizontal visibility is reduced to 6 mi or less.  Dust conditions occur when dust is carried into 15 
the area from distant sources.  Dust conditions may or may not occur during strong winds and 16 
have been observed with wind speeds ranging from 4 mi/h to 30 mi/h.  Blowing dust conditions 17 
occur when dust is being picked up locally and occurs with strong winds.  Wind speeds during 18 
blowing dust conditions range from 19 mi/h to 80 mi/h.  Dust and blowing dust conditions occur 19 
at the HMS, but blowing dust is most common.  Table 1.4.1.1.5-1 shows the average number of 20 
days of dust or blowing dust conditions recorded at the HMS.  The average number of days per 21 
year with dust or blowing dust conditions is five.  The greatest number of such days in any year 22 
has been 20, while the fewest has been zero.  The greatest number of days with dust or blowing 23 
dust in any month was 9 days in May 1980.  Dust and blowing dust conditions occur most 24 
frequently between March and May, and again in September, and occur least frequently during 25 
November and December.  There is no specific design basis criteria associated with dust and 26 
blowing dust.  Past evaluation of dust and blowing dust has been similar to volcanic ash for 27 
design and evaluation purposes. 28 
 29 
1.4.1.1.6  Fog and Cloud Cover.  Fog conditions are recorded at the HMS any time horizontal 30 
visibility is reduced to 6 mi or less because of suspension of water droplets in the surface layer of 31 
the atmosphere.  Table 1.4.1.1.6-1 shows the average monthly and annual number of days with 32 
fog and dense fog at the Hanford Site.  Dense fog conditions are recorded when horizontal 33 
visibility is reduced to 0.25 mi or less.  Most of the fog recorded at the HMS is a common type 34 
of fog that forms on nights with light wind, clear sky, and moist air in the lower levels of the 35 
atmosphere.  Nearly 90% of fog and dense fog conditions occur during the late autumn and 36 
winter months.  The longest recorded duration of fog was 114 hr in December 1985, and the 37 
longest duration of dense fog was 47 hr in December 1957 (PNNL-14616). 38 
 39 
Cloud cover is a term used to express the condition when a portion of the celestial dome is 40 
(1) covered but not necessarily hidden by clouds or obscuring phenomena aloft; (2) hidden by an 41 
obscuring phenomenon on the ground (e.g., fog, smoke); or (3) a combination of (1) and (2).  42 
Cloud cover at the HMS is measured hourly by scanning the sky and estimating the number of 43 
tenths that are covered.  Cloud cover designation on a given day is based on the cloud cover 44 
average from sunrise to sunset.  Cloud cover designations are as follows: 45 
 46 

 Clear (zero to three tenths) 47 
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 Partly cloudy (four to seven tenths) 1 
 Cloudy (eight to 10 tenths). 2 

 3 
Table 1.4.1.1.6-2 shows the average monthly sky cover, sunrise to sunset, from 1954 through 4 
2003; and Table 1.4.1.1.6-3 shows the average number of clear, partly cloudy, and cloudy days 5 
from 1954 through 2003.  During the period of record (1954 through 2003), an average of 202 6 
sunny days (sum of clear and partly cloudy days) was recorded per year at the HMS. 7 
 8 
1.4.1.1.7  Relative Humidity.  The annual mean relative humidity recorded at the HMS is 55%, 9 
with the highest average monthly relative humidity (80%) occurring in December and the lowest 10 
average monthly relative humidity (33%) occurring in July.  Daily relative humidity can change 11 
20% to 30% between early morning and late afternoon.  Changes in relative humidity are less 12 
pronounced during the winter months (PNL-4622).  Higher relative humidity can be expected at 13 
locations near the Columbia River and at some locations on the Hanford Site periphery where 14 
there is increased airborne water vapor from the Columbia River and from irrigated land. 15 
 16 
1.4.1.1.8  Dispersion Climatology.  Atmospheric dispersion, the transport and diffusion of gases 17 
and particles within the atmosphere, is a function of wind speed, duration and direction of wind, 18 
the intensity of atmospheric turbulence (i.e., wind motion at very small time scales that acts to 19 
disperse gas and particles rather than transport them downwind), and mixing layer.  Atmospheric 20 
turbulence often cannot be measured directly and is estimated by the atmospheric stability.  21 
Atmospheric stability is the thermal stratification or vertical temperature structure of the 22 
atmosphere.  The more unstable the atmosphere, the more atmospheric turbulence. 23 
 24 
Conditions are favorable for dispersion when (1) the atmosphere is considered to be unstable or 25 
neutral, (2) the winds are moderate to strong, and (3) the mixing layer is deep.  Favorable 26 
dispersion conditions are most common in the summer when neutral and unstable stratification 27 
exists about 56% of the time, while moderately to extremely stable stratification (which is 28 
unfavorable for dispersion) exists about 44% of the time (PNL-4622).  Less favorable dispersion 29 
conditions may occur when the wind speed is light and the mixing layer is shallow.  Less 30 
favorable conditions are most common during the winter when neutral and unstable stratification 31 
exists only about 34% of the time, while moderately to extremely stable stratification exists 32 
about 66% of the time (PNL-4622).  Less favorable conditions also occur periodically for surface 33 
and low-level releases in all seasons from around sunset to around an hour after sunrise as a 34 
result of ground-based temperature inversions and shallow mixing layers.  There are occasional 35 
extended periods of poor dispersion conditions associated with stagnant air in stationary 36 
high-pressure systems, primarily during the winter months (PNL-4622).  Table 1.4.1.1.8-1 37 
provides a summary of the mixing-layer thicknesses by season and time of day. 38 
 39 
Estimates of the probability of extended periods of poor dispersion conditions are documented in 40 
BNWL-1605.  The probability of an inversion, once established, persisting more than 12 hr 41 
varies from a low of about 10% in May and June to a high of about 64% in September and 42 
October.  These probabilities decrease rapidly for durations of more than 12 hr.  43 
Table 1.4.1.1.8-2 contains the probabilities (percent) associated with extended periods of 44 
surface-based inversions.  Table 1.4.1.1.8-3 provides the percent frequency of occurrence of 45 
atmospheric stability. 46 
 47 
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To estimate atmospheric diffusion factors, the dispersion models used in the tank farm facilities 1 
accident analyses required a joint frequency distribution of wind speed, wind direction, and 2 
atmospheric stability.  The meteorological information is described in RPP-13482. 3 
 4 
 5 
1.4.2 Hydrology 6 
 7 
This section presents the hydrogeology (water and soil characteristics) of the Hanford Site, 8 
focusing on the characteristics of the unsaturated zone or vadose zone and the saturated zone or 9 
groundwater.  Summary discussions of actual or estimated liquid plume travel times through the 10 
zones are included.  These discussions are based on observed data for known release locations 11 
and release mechanisms.  See Section 1.4.3 for a detailed discussion of Hanford Site geology. 12 
 13 
This hydrostratigraphy data has been used in the tank farm facilities hazard and accident analyses 14 
to evaluate releases to the soil column.  The data has been used to model and calculate the 15 
consequences of associated surface pools (i.e., infiltration), near-surface plumes (i.e., 16 
adsorption), or deep underground plumes (i.e., travel times through the unsaturated and saturated 17 
zones). 18 
 19 
The Columbia River and its tributary, the Yakima River, are the primary Hanford Site surface 20 
water features (Figure 1.4.2-1).  Located on the Fitzner-Eberhardt Arid Lands Ecology Reserve 21 
are two small spring-fed streams.  West Lake, about 0.02 mi2 and less than 3 ft deep, is the only 22 
natural lake to the south of the Columbia River on the Hanford Site.  To the north of the 23 
Columbia River and on the Hanford Site are natural and seepage lakes.  Artificial surface water 24 
bodies include ponds and ditches created and used for wastewater disposal. 25 
 26 
The vadose zone (i.e., zone of unsaturated sediments between the water table and the ground 27 
surface) at the Hanford Site mainly comprises unconsolidated gravels and sands.  The thickness 28 
of the vadose zone ranges from 0 ft at the Columbia River bank and West Lake to more than 29 
328 ft at the 200 East and 200 West areas. 30 
 31 
Sand- and gravel-dominated stratigraphic units form aquifers, and fine-grained deposits form 32 
aquitards in the unconfined aquifer system.  The shallowest suprabasalt aquifer is the unconfined 33 
system beneath most of the Hanford Site.  Saturated sediments make up a series of aquifers (i.e., 34 
permeable bodies of rock) and aquitards (i.e., beds of low permeability adjacent to an aquifer).  35 
Confined aquifers are present in sedimentary interbeds and interflow zones between dense basalt 36 
flows.  The main water-bearing portions (aquifers) of the interflow zones are networks of 37 
interconnecting vesicles and fractures of the flow tops and flow bottoms. 38 
 39 
1.4.2.1  Surface Water.  An overview of flood potential from natural and artificial surface water 40 
bodies in and around the 200 East and 200 West areas is presented in the following subsections. 41 
 42 
1.4.2.1.1  Columbia River.  The Columbia River originates in the mountains of eastern British 43 
Columbia, Canada, and drains an area of approximately 27,300 mi2 enroute to the Pacific Ocean 44 
(Figure 1.4.2.1.1-1).  Columbia River flow at the U. S. Geological Survey gauging station, 45 
located just west of the Hanford Site boundary (located downstream of Priest Rapids Dam), has 46 
been measured since 1917.  These data show an average discharge of 120,000 ft3/s.  The 47 
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historical maximum discharge recorded at this location was 812,000 ft3/s, the historical minimum 1 
discharge 39,500 ft3/s.  The river elevation is approximately 396 ft near the 100 B and C areas 2 
and approximately 343 ft at the 300 Area (see Figure 1.3.1.2-1 for area locations). 3 
 4 
PNL-7500, 1988 Hanford Riverbank Springs Characterization Report, contains a comparison of 5 
Columbia River water quality upstream and downstream of the Hanford Site.  Most radioactive 6 
constituents were not detected or were detected in similar concentrations at both sampling 7 
locations.  Only tritium and technetium concentrations were higher downstream.  Tritium was 8 
measured at 580 ± 180 pCi/L at the downstream location, compared with 180 ± 170 pCi/L 9 
upstream.  The minimum (0.6 ± 1.2 pCi/L) and maximum (1.8 ± 1.2 pCi/L) levels of technetium 10 
overlapped; therefore, no environmental impact due to technetium is apparent. 11 
 12 
Flow on the Columbia River is regulated by three upstream dams in Canada and by seven 13 
upstream dams in the United States (Figure 1.4.2.1.1-1).  The Hanford Reach, approximately 14 
50 mi long, extends from Priest Rapids Dam to just north of the 300 Area.  Flow through the 15 
Hanford Reach fluctuates significantly and is controlled at Priest Rapids Dam.  The three dams 16 
with the largest reservoirs upstream from the Hanford Site are the Mica and Hugh Keenleyside 17 
dams in Canada and the Grand Coulee Dam in the United States.  The controlled flow of the 18 
Columbia River caused by these dams results in a lower flood hazard for high-probability floods 19 
(e.g., 100-yr floods); however, dam-failure scenarios are significant contributors that result in 20 
high flood flows. 21 
 22 
The U.S. Army Corps of Engineers evaluated a number of scenarios on the effects of failures of 23 
Grand Coulee Dam, assuming flow conditions on the order of 400,000 ft3/s.  The discharge 24 
resulting from a 50% breach at the outfall of Grand Coulee Dam was determined to be 21 million 25 
ft3/s.  No determinations were made for breaches greater than 50% of Grand Coulee Dam, for 26 
failures of dams upstream, or for associated failures downstream of Grand Coulee.  Based on a 27 
1951 U.S. Army Corps of Engineers study (COE 1951, Artificial Flood Possibilities on the 28 
Columbia River), the 50% scenario was believed to represent the largest realistically conceivable 29 
flow resulting from either a natural or human-induced breach (DOE-RW-0070, Environmental 30 
Assessment, Reference Repository Location, Richland, Washington).  The original 1951 study 31 
was not reviewed for the purposes of this documented safety analysis (DSA). 32 
 33 
A flood scenario of a 50% breach of Grand Coulee Dam results in a flood level of about 470 ft 34 
above mean sea level at Columbia River mile 365; this low point is the closest flood route to the 35 
200 Areas Plateau (Figure 1.4.2.1.1-2).  River mile 365 is about 150 ft below the ground surface 36 
of the lowest elevation tank farm.  The 50% breach of the Grand Coulee Dam would not impact 37 
the 200 East and 200 West areas or the land within the 600 Area (i.e., between the 200 East and 38 
200 West areas) occupied by tank farm facilities.  Therefore, this scenario bounds all other 39 
Columbia River flood scenarios.  UCRL-21069, Probabilistic Flood Hazard Assessment for the 40 
N Reactor, Hanford, Washington, provides a detailed hazard assessment of other flood scenarios. 41 
 42 
1.4.2.1.2  Yakima River.  The Yakima River is approximately 12 mi south of and greater than 43 
200 ft in elevation below the 200 East and 200 West areas.  The Yakima River is not a flood 44 
hazard for the tank farm facilities. 45 
 46 
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1.4.2.1.3  Cold Creek.  Cold Creek and its tributary, Dry Creek, are ephemeral, discontinuous 1 
streams in the Yakima River drainage basin (Figure 1.4.2.1.3-1).  The Cold Creek watershed, 2 
located in the southwestern portion of the Hanford Site, extends about 10 mi up the Cold Creek 3 
and Dry Creek valleys.  A flood risk analysis of Cold Creek, documented in RHO-BWI-C-120, 4 
Flood Risk Analysis of Cold Creek Near the Hanford Site, was conducted in 1980 to determine 5 
the probable maximum precipitation flood for the Cold Creek system.  A map of the extent of the 6 
probable maximum flood determined in the risk analysis is presented in Figure 1.4.2.1.3-1.  A 7 
recurrence interval is not estimated for this flood, but any occurrence would be a flash flood of 8 
short duration.  The postulated probable maximum precipitation flood reaches an elevation of 9 
about 640 ft above mean sea level on the southwestern portion of the 200 West Area.  Because 10 
the surface elevation of the lowest elevation tank farms (i.e., 241-S, 241-SY, 241-SX, 241-U) is 11 
660 to 670 ft above mean sea level, surface flooding is not anticipated; however, the bottoms of 12 
the tanks are below the flood level.  Because of the expected short duration of a flash flood, a 13 
significant rise in the water table in these areas is not anticipated; therefore, some contaminants 14 
from previous waste leak discharges may be mobilized, but the tanks would not be impacted. 15 
 16 
1.4.2.1.4  Artificial Water Bodies.  In the past, numerous artificial surface water bodies 17 
(e.g., cribs, ditches, ponds) existed in the 200 East and 200 West areas.  Effluent disposal 18 
wastewater infiltrated the ground and, in many instances, affected groundwater flow and 19 
chemistry.  Today, only the Treated Effluent Disposal Facility located east of the 200 East Area 20 
and the state-approved land disposal site located in the 200 West Area receive significant 21 
volumes of effluent. 22 
 23 
1.4.2.2  Vadose Zone.  The vadose zone extends from the ground surface to the top of the 24 
saturated sediments of the unconfined aquifer (Figure 1.4.2.2-1).  The rate, extent, and direction 25 
of liquid flow downward from the surface are based on the characteristics of the vadose zone.  26 
This zone variably includes the Hanford formation and locally includes the Ringold Formation 27 
Unit E Gravel.  In the 200 West Area, the vadose zone is approximately 240 ft thick 28 
(DOE/RL-92-16).  In the 200 East Area, the vadose zone is over 300 ft thick, based on the 1991 29 
depth to water level of the unconfined aquifer (DOE/RL-92-19). 30 
 31 
The following sections have been taken from DOE/EIS-0189 and provide a description of the 32 
vadose zone characteristics (infiltration, perched water, and soil moisture) and vadose zone 33 
contamination. 34 
 35 
1.4.2.2.1  Infiltration.  The thick vadose zone, combined with the general aridity of the climate 36 
in the area, result in natural infiltration ranging from near zero (below detection) to 37 
approximately 4.3 in/yr (Gee et al. 1992, Variations in Recharge at the Hanford Site).  Some 38 
episodic recharge of groundwater may occur following periods of high precipitation, especially if 39 
combined with topographic depressions, highly permeable surface deposits such as gravel, and 40 
where the land is denuded of vegetation.  Also, present conditions (bare ground and coarse sand 41 
and gravel surfaces) within the tank farms are conducive to higher infiltration than would be 42 
expected on undisturbed ground within the 200 Areas.  For such conditions, infiltration near the 43 
upper range of 4.0 in/yr would not be unreasonable.  44 
 45 
The total natural recharge in the 200 West Area is estimated to be approximately 3.4 x 107 gal/yr 46 
(DOE/RL-92-16).  This is based on an average recharge rate of 0.04 in/yr through fine-textured 47 
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soil with deep-rooted vegetation.  This value is approximately 10 times lower than recharge 1 
volumes from artificial sources. 2 
 3 
The current principal sources of artificial recharge in the 200 West Area are four cribs and one 4 
ditch associated with the U Plant area located in the eastern portion of the 200 West Area 5 
(DOE/RL-92-16).  There are also four septic tanks and drain fields that actively discharge water 6 
to the soil.  The combined volume discharge from these drain fields is estimated to be 7 
3,200 gal/day.  The total wastewater discharged from these facilities from 1944 to 1992, 8 
including the U Plant cribs and ditches, is estimated to have been 4.5 x 1010 gal.  T Plant and 9 
S Plant operations also resulted in large volumes of wastewater discharged to the soil.  Liquid is 10 
no longer discharged to the soil column from U, T, or S plants. 11 
 12 
Natural recharge in the 200 East Area is estimated to be approximately 5 x 106 gal 13 
(DOE/RL-92-19).  This is based on a similar average natural recharge rate through fine-textured 14 
soil with deep-rooted vegetation, as noted previously for the 200 West Area.  Artificial recharge 15 
in the 200 East Area is associated with approximately 140 ponds, trenches, cribs, and drains that 16 
were used to dispose of approximately 3 x 1011 gal of wastewater.  The wastewater is not directly 17 
discharged to the ground.  The wastewater is treated to meet Washington State groundwater 18 
standards and piped to a common discharge location in the 200 Areas for discharge to the soil 19 
column.  Currently, there are 11 active waste management units and 20 active drain fields.  20 
These waste management units are associated with B Plant and the PUREX Facility and are 21 
located east and northeast of the 200 East Area tank farm facilities site (DOE/RL-92-19).  The 22 
primary recipients of the wastewater from three waste management units were the ponds and 23 
trenches associated with B Plant and PUREX Facility; the 216-A-25 and B-3 Ponds received 24 
approximately 1.8 x 1011 gal.  Liquid is no longer discharged to the soil column from B Plant or 25 
the PUREX Facility. 26 
 27 
Wastewater, such as the condensate removed from tank waste by the 242-A Evaporator, which is 28 
located in the eastern portion of the 200 East Area, is transferred by pipeline to the Effluent 29 
Treatment Facility, also located in the 200 East Area.  The treated effluent from the Effluent 30 
Treatment Facility is then transferred by pipeline and discharged to the ground at the 31 
state-approved land disposal site located north of the 200 West Area.  The treated wastewater 32 
meets all state groundwater discharge requirements except for tritium.  The water is disposed of 33 
at this location farther to the west so that the tritium contamination will decay to below drinking 34 
water standards in the groundwater before it reaches the Columbia River. 35 
 36 
1.4.2.2.2  Perched Water.  Perched water may occur within the vadose zone in the 37 
200 West Area upon the caliche layer, approximately 180 ft beneath the ground surface 38 
(DOE/RL-92-16).  Measured hydraulic conductivities of this unit range from 0.003 to 0.3 ft/day.  39 
Caliche layers have not been encountered in the 200 East Area, and perched groundwater is not 40 
as likely to occur except in localized areas (WHC-SD-EN-TI-037, Summary of the Geology of 41 
the 200-BP-1 Operable Unit).  Perched water has been reported in the vicinity of B Pond within 42 
the lower part of the Hanford formation. 43 
 44 
1.4.2.2.3  Soil Moisture.  In areas where artificial recharge is occurring from ponds and 45 
trenches, soil is expected to be close to saturation and would not likely be capable of holding 46 
substantial amounts of additional liquid.  In addition, groundwater mounds have developed 47 
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beneath these recharge areas.  Where there is no artificial recharge, soil in the 200 Areas has a 1 
large moisture-holding capacity (DOE/RL-92-19).  The potential effect of recharge from 2 
Hanford Site wastewater disposal activities is discussed in DOE/EIS-0189, Appendix K. 3 
 4 
1.4.2.2.4  Vadose Zone Contamination.  Contaminants in the vadose zone in the 200 Areas are 5 
believed to be associated primarily with waste disposal practices that use engineered structures 6 
such as cribs, drains, septic tanks and associated drain fields, and reverse wells (wells that do not 7 
penetrate to the groundwater); percolation from ponds, ditches, and trenches such as B Pond and 8 
U Pond; and unplanned releases such as leaks from SSTs.  The vadose zone is expected to be 9 
impacted by these past (and in some cases ongoing) waste management practices in the area 10 
immediately beneath the discharging facility and in an undetermined adjacent area (due to 11 
spreading as liquid percolates downward).  Emerging data regarding vadose zone contamination 12 
from past SST leaks is provided in DOE/EIS-0189, Appendices F and K. 13 
 14 
In 1997, DOE established the Hanford Site Groundwater/Vadose Zone Integration Project to 15 
determine the potential effects that contaminates in the Hanford soil and groundwater could have 16 
on people and the environment (DOE/RL-98-48, Groundwater/Vadose Zone Integration Project 17 
Science and Technology Summary Description (Volume 3)).  The types of contaminants 18 
potentially present in the vadose zone near planned and unplanned release sites can be inferred 19 
by contaminants detected in the underlying groundwater, contaminants that are reported in waste 20 
disposal inventories, or from the Tank Radioactive Component inventory system used for SSTs 21 
that may be leaking.  Table 1.4.2.2.4-1 (excerpted from DOE/EIS-0189 with minor corrections 22 
made) lists these contaminants, which include both radioactive materials (transuranic isotopes, 23 
uranium, and fission products) and nonradioactive materials (metals, volatile organics, 24 
semivolatile organics, and inorganics). 25 
 26 
1.4.2.3  Aquifers.  Two major aquifer systems, the suprabasalt aquifer system and the confined 27 
interbeds in the basalt aquifer system, lie beneath the 200 East and 200 West areas 28 
(Figure 1.4.2.2-1).  The stratigraphy of the 200 East and 200 West areas is discussed in greater 29 
detail in Section 1.4.3. 30 
 31 
1.4.2.3.1  Suprabasalt and Interbed Aquifer System.  The suprabasalt aquifer system at the 32 
200 East and 200 West areas occurs primarily in the Ringold Formation and lower part of the 33 
Hanford formation stratigraphic segments.  The sediment in these segments contains interlayered 34 
coarse- and fine-grained units, forming a series of aquifers and aquitards.  The suprabasalt 35 
aquifer system is called the unconfined aquifer because typically there is no upper confining 36 
boundary.  The depth to the water table below ground surface ranges from less than 122 ft near 37 
B Pond in the 200 East Area to approximately 341 ft south of 200 East Area. 38 
 39 
The uppermost part of the aquifer is in a sand and gravel unit and is more than 246 ft thick 40 
(WHC-SD-ER-TI-003, Geology and Hydrology of Hanford Site:  A Standardized Text for Use in 41 
Westinghouse Hanford Company Documents and Reports).  The lower part of the unconfined 42 
aquifer is semi-confined and occurs in the fine-grained sediments of the Lower Mud unit 43 
stratigraphic segment.  The thickness of this semi-confined zone ranges from less than 20 ft 44 
beneath the northern portion of the 200 West Area to greater than 49 ft in the southern portion of 45 
that area (PNL-6820, Hydrogeology of the 200 Areas Low Level Burial Grounds).  The entire 46 
suprabasalt aquifer system is unconfined in the northern portion of the 200 West Area. 47 
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The suprabasalt aquifer system at the 200 East Area occurs in the Ringold Formation and parts of 1 
the Hanford formation.  The suprabasalt aquifer system ranges in thickness from zero where 2 
basalt is present above the water table to 197 ft in the south and west portions of the 3 
200 East Area. 4 
 5 
Horizontal hydraulic conductivity of units within the suprabasalt aquifer system varies 6 
considerably (Table 1.4.2.3.1-1).  WHC-SD-EN-TI-019, Hydrogeologic Model for the 200 East 7 
Groundwater Aggregate Area, compiles and maps hydraulic conductivity data for the upper 8 
portion of the uppermost aquifer in the 200 East and 200 West areas.  The highest conductivity 9 
occurs in a channel stretching northwest to southeast across the 200 East Area. 10 
 11 
Groundwater flow beneath the 200 East Area is complex because of the convergence of flow 12 
from the natural groundwater flow system from the groundwater mound that remains from the 13 
now deactivated U Pond in the 200 West Area and the artificial recharge from B Pond from the 14 
200 East Area which has also resulted in a large groundwater mound.  The high transmissivity 15 
beneath most of the 200 East Area causes hydraulic gradients to be very small.  Groundwater in 16 
the suprabasalt aquifer generally flows from west to east beneath the 200 West Area.  17 
Figure 1.4.2.3.1-1 shows groundwater contours and steady streamlines from the 200 East and 18 
200 West areas waste sites to the Columbia River.  Contaminant plume maps of the 200 East and 19 
200 West areas are indicative of the effects of wastewater disposal on the Hanford Site since the 20 
mid-1940s and indicate a north-to-northwest direction of flow in the extreme north-central 21 
portion of the 200 East Area and a south-to-southeast direction of flow in the southeast portion of 22 
the 200 East Area (BNWL-2000, “An Investigation of Regional Flow Patterns Over an Area of 23 
Complex Terrain”). 24 
 25 
Groundwater in the suprabasalt aquifer system at the 200 East and 200 West areas is 26 
contaminated with various hazardous and radioactive constituents.  The most significant 27 
contaminants include nitrate, carbon tetrachloride, tritium, and technetium (BNWL-2000).  28 
PNL-6328, Estimation of Ground-Water Travel Time at the Hanford Site:  Description, Past 29 
Work, and Future Needs, compiles various estimates of groundwater travel times from the 30 
200 East and 200 West areas to the Columbia River. 31 
 32 
Travel time through the aquifer is much easier to determine than travel time through the vadose 33 
zone.  Groundwater flow through the saturated zone is easier to model and, at the Hanford Site, 34 
the historical movement of plumes in the groundwater provides direct information on travel 35 
times and a set of data that can be used to calibrate flow and transport models.  Groundwater 36 
velocity (average pore velocity) through the aquifer from the 200 East Area is 11 ft/day based on 37 
the movement of the tritium plume from the PUREX Facility cribs to well 699-24-33.  This 38 
results in a groundwater travel time of approximately 16 yr from the 200 East Area to the 39 
Columbia River (PNL-10550, Environmental Settings for Selected U.S. Department of Energy 40 
Installations – Support Information for the Programmatic Environmental Impact Statement and 41 
the Baseline Environmental Management Report).  Groundwater travel time from the 200 West 42 
Area is greater because of the lower permeability of sediments in the saturated zone.  The 43 
average pore velocity near 200 West Area is calculated at 0.7 ft/day based on movement of the 44 
nitrate plume in this area.  The groundwater travel time from 200 West Area tank farms to the 45 
more permeable sediments near 200 East Area is calculated at 55 yr (PNL-10550), and the total 46 
groundwater travel time from the 200 West area to the Columbia River is 71 yr.  The estimate for 47 
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the 200 East Area to the Columbia River is comparable to those of USGS (1987a), Subsurface 1 
Transport of Radionuclides in Shallow Deposits of the Hanford Nuclear Reservation – Review of 2 
Selected Previous Work and Suggestions for Further Study, and PNL-6328 which estimate 10 to 3 
20 yr and 21 to 23 yr, respectively, from the 200 East Area to the Columbia River.  4 
ARH-ST-149, Hanford Pathline Calculational Program – Theory, Error Analysis and 5 
Applications, estimates a minimum groundwater travel time of 27 yr from 200 East Area and 6 
84 yr from 200 West Area on the basis of modeling.  Assuming travel times through the vadose 7 
zone to the groundwater of 25 to 30 yr for the 200 West and 200 East areas, respectively, the 8 
estimated total travel times from the surface of the 200 East and 200 West areas to the Columbia 9 
River are roughly 45 and 100 yr, respectively. 10 
 11 
1.4.2.3.2  Sedimentary and Interbed and Aquifer System.  The basalt flows and associated 12 
sedimentary interbeds form a series of aquifers and aquitards.  The dense basalt flows generally 13 
form aquitards and the sedimentary interbeds and the vesicular flows on top of the basalt form 14 
aquifers.  The uppermost extensive confined aquifer beneath the 200 East and 200 West areas 15 
comprises a single interbed and adjacent permeable basalt.  The interbed, called the Rattlesnake 16 
Ridge interbed, is 49 to 82 ft thick beneath the 200 East and 200 West areas and generally 17 
thickens toward the west (RHO-ST-42, Hydrology of the Separations Area; RHO-RE-ST-12P, 18 
An Assessment of Aquifer Intercommunication with B Pond-Gable Mountain Pond Area of the 19 
Hanford Site).  Recharge to the Rattlesnake Ridge interbed aquifer occurs in the higher 20 
elevations to the west, north, and northeast of the 200 East and 200 West Areas.  Groundwater 21 
generally flows toward the west to west-northwest beneath the 200 West Area and toward the 22 
northeast beneath the 200 East Area (WHC-SD-ER-TI-003). 23 
 24 
The Rattlesnake Ridge aquifer is generally separated from the suprabasalt aquifer system by a 25 
basalt flow known as the Elephant Mountain Member that is up to 115 ft thick.  The Elephant 26 
Mountain Member north of the 200 East Area has been locally removed by erosion.  Erosion of 27 
this member has allowed for hydraulic communication between the Rattlesnake Ridge aquifer 28 
and the suprabasalt aquifer system.  Contamination found in the Rattlesnake Ridge interbed 29 
aquifer results from intercommunication through erosional windows in the Elephant Mountain 30 
Member between the interbed and the overlying unconfined aquifer (RHO-RE-ST-12P).  31 
Transmissivity rates of the Rattlesnake Ridge interbed and the Elephant Mountain Member 32 
interflow zone are included in Table 1.4.2.3.1-1. 33 
 34 
 35 
1.4.3 Geology 36 
 37 
This section provides a summary of the geologic processes that have occurred and continue to 38 
occur in and around the Hanford Site.  Included are discussions summarizing historical and 39 
recent geologic events that have defined the Hanford Site stratigraphy as it relates to the 40 
geohydrological and seismic characteristics.  These events include volcanism, flooding, and 41 
tectonic deformation (seismic).  The Hanford Site stratigraphy, developed from borehole data, 42 
provides the bases for the conclusions and observations of the liquid plume travel times through 43 
the saturated and unsaturated zones discussed in Section 1.4.2.  The structural and seismic data is 44 
used to identify and develop a seismic hazard evaluation in accordance with the guidance 45 
provided in DOE-STD-1023-95.  The volcanic activity discussion provides data for the volcanic 46 
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hazard evaluation to be used in accident analyses (i.e., roof loading and loss of high-efficiency 1 
particulate air [HEPA] filters). 2 
 3 
The Hanford Site lies in the Pasco Basin, one of the largest sub-basins of the Columbia Plateau, 4 
in Washington State.  The Columbia Plateau is a broad plain situated between the Cascade Range 5 
to the west and the Rocky Mountains to the east (Figure 1.4.3-1).  There are no nearby mountains 6 
to the north or south.  The Columbia Plateau is often called the Columbia Basin.  In the central 7 
and western sections of the Columbia Basin, the Miocene Epoch Columbia River Basalt Group 8 
(CRBG) is underlain predominantly by continental sedimentary rocks from the Tertiary Period 9 
and overlain by fluvial and glaciofluvial deposits from the Tertiary and Quaternary Periods. 10 
 11 
1.4.3.1  Physiography.  The physiography of the Hanford Site is dominated by the low-relief 12 
plains of the Central Plains physiographic region and the anticlinal ridges of the Yakima Folds 13 
physiographic region (Figure 1.4.3.1-1).  The physiography of the Columbia Basin is the result 14 
of late Cenozoic faulting and folding of the CRBG and overlying sediments of the Ringold 15 
Formation.  The surface topography of the Hanford Site has been modified in the past several 16 
million years by geomorphic processes related to (1) Pleistocene Epoch cataclysmic floods, 17 
(2) Holocene Epoch eolian activity, (3) continuous landslides, and (4) Columbia River erosion. 18 
 19 
1.4.3.2  Stratigraphy.  The stratigraphy of the Pacific Northwest comprises a collection of 20 
accreted terrane rocks added onto the North American craton between the Precambrian and early 21 
Cenozoic Eras that are now mostly covered by Cenozoic Era volcanic rocks.  Sedimentary rocks 22 
derived from eroding uplands areas are intercalated with the volcanic rocks in structural basins 23 
that developed along the evolving continental margin. 24 
 25 
The generalized stratigraphy of the CRBG is shown in Figure 1.4.3.2-1.  The principal bedrock 26 
of the Hanford Site is basalt and intercalated and overlying sedimentary rocks.  Rocks older than 27 
the CRBG are exposed primarily along the margin of the Columbia Basin and vary widely in 28 
age, lithology, and structure.  The complex stratigraphy and structure that underlie the CRBG at 29 
the Columbia Basin are the probable sources for seismic hazards under the basalt.  Because of 30 
the thick basalt cover, the stratigraphy and types of structure under the Hanford Site are poorly 31 
constrained.  The sedimentary rocks that overlie the CRBG are principally the fluvial deposits of 32 
the Ringold Formation and the Pleistocene Epoch cataclysmic flood deposits of the Hanford Site 33 
formation. 34 
 35 
1.4.3.2.1  Columbia River Basalt Group.  The CRBG is a series of tholeiitic flood basalt flows 36 
that were erupted between 17 and 6 million years ago (Figure 1.4.3.2-1).  The CRBG covers 37 
approximately 63,304 mi2 and consists of 67,164 mi3 of basalt (Tolan, et al. 1989, “Revisions to 38 
the Estimates of the Areal Extent and Volume of the Columbia River Basalt Group”).  The 39 
CRBG flows were erupted from north-northwest-trending fissures or linear vent systems in 40 
north-central and northeastern Oregon, eastern Washington, and western Idaho (USGS 1979, 41 
Revisions in Stratigraphic Nomenclature of the Columbia River Basalt Group). 42 
 43 
1.4.3.2.2  Stratigraphy of Intercalated and Overlying Sediments.  The Hanford Site is 44 
situated on a sequence of sedimentary units that overlie the CRBG.  These sediments are 45 
confined largely to the synclinal valleys and basins of the western Columbia Basin.  Although 46 
the sedimentary record is incomplete, it is a direct reflection of the structural development of the 47 
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area (Fecht et al. 1987, “Paleodrainage of the Columbia River System on the Columbia Plateau 1 
of Washington State – A Summary”).  The upper Miocene Epoch to middle Pliocene Epoch 2 
record of the Columbia River system in the Columbia Basin is represented by the upper 3 
Ellensburg Formation, Ringold Formation, and Snipes Mountain conglomerate.  Except for local 4 
deposits (e.g., the Plio-Pleistocene unit and the Early Palouse soils unit) there is a hiatus (caused 5 
by erosion or lack of sedimentation) in the stratigraphic record between the end of the Ringold 6 
(3.4 million years ago) and the Pleistocene Epoch cataclysmic flood deposits (1.6 million years 7 
ago) (DOE-RW-0164, Site Characterization Plan Reference Repository Location, Hanford Site, 8 
Washington). 9 
 10 
Pleistocene Epoch to Recent Epoch sediments overlying the CRBG at the Hanford Site include 11 
cataclysmic flood gravels and slackwater sediments of the Hanford formation; terrace gravels of 12 
the Columbia River and adjacent rivers (i.e., Snake and Yakima); and eolian deposits. 13 
 14 
Late Neogene Sediments.  Two main late Neogene Period sedimentary units, the Ellensburg 15 
Formation and the Ringold Formation, occur in the Hanford Site region (Figure 1.4.3.2-1).  The 16 
Ellensburg Formation includes epiclastic and volcaniclastic sedimentary rocks that are 17 
intercalated with and overlie the CRBG (Waters 1961, “Stratigraphic and Lithologic Variations 18 
in the Columbia River Basalt;” USGS 1979).  At the Hanford Site, the Ellensburg Formation is 19 
mixed with sediments deposited by the ancestral Clearwater and Columbia rivers.  The 20 
stratigraphy of the Ellensburg Formation at the Hanford Site is discussed in RHO-BWI-ST-14, 21 
Subsurface Geology of the Cold Creek Syncline, and Fecht et al. (1987). 22 
 23 
Fluvial sediments of the Ringold Formation were those that continued to be deposited in most 24 
synclinal valleys of the central Columbia Basin long after the eruptions of the CRBG.  Although 25 
exposures of the Ringold Formation are limited to the White Bluffs on the east side of the 26 
Hanford Site and isolated exposures on the west side, extensive data on the Ringold Formation is 27 
available from boreholes at the Hanford Site. 28 
 29 
The Ringold Formation consists of semi-indurated clay, silt, pedogenically altered sediment, 30 
fine-to-coarse-grained sand, and granule-to-cobble gravel layers.  Strata of the Ringold 31 
Formation are typically below the water table.  The textural variations of the strata influence 32 
groundwater flow. 33 
 34 
The upper part of the Ringold Formation consists of a sequence of fluvial sands, overbank 35 
deposits, and lacustrine sediments.  The fluvial sand facies is the principal facies of the upper 36 
Ringold Formation under the tank farms.  The fluvial sand facies consists of quartzo-feldspathic, 37 
cross-bedded, and cross-laminated sands that are intercalated with lenticular silty sands, clays, 38 
and thin gravels.  These sands usually contain less than 15% basalt lithic fragments, and fining 39 
upwards sequences are common.  Strata were deposited in wide, shallow channels. 40 
 41 
1.4.3.2.3  Quaternary Period Stratigraphy.  Sediment layers of the Quaternary Period, as thick 42 
as 100 m (328 ft) in the Pasco Basin, overlie the Ringold Formation and are the main layers 43 
beneath the tank farms.  In the Hanford formation, the most extensive Quaternary Period layer is 44 
the Pleistocene-aged cataclysmic flood deposits (Figure 1.4.3.2.3-1).  The Hanford formation and 45 
underlying Ringold Formation are separated locally by several laterally discontinuous and 46 
informally defined units. 47 
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 1 
Fluvial deposits from major rivers (i.e., Yakima, Snake, Columbia) are represented in the Pasco 2 
Basin, dating since at least the late Tertiary Period (Baker et al. 1991, “Quaternary Geology of 3 
the Columbia Plateau”).  Two main alluvial units, the Plio-Pleistocene unit and the Pre-Missoula 4 
gravels unit, are recognized at the Hanford Site.  In the central Pasco Basin, mainstream alluvium 5 
lies stratigraphically between the Ringold Formation and the Hanford formation.  The 6 
Pre-Missoula gravels unit, a thick sheet of well-rounded and well-sorted gravel, disconformably 7 
overlies the Ringold Formation in much of the central Pasco Basin.  This unit is interpreted to be 8 
of the early Pleistocene Epoch on the basis of magnetic polarity and stratigraphic position.  The 9 
mainstream alluvium of probable early Pleistocene Epoch is exposed along Cold Creek and the 10 
Yakima Bluffs. 11 
  12 
Overlying the tilted and truncated Ringold Formation in an unconformable relationship, in the 13 
western Cold Creek syncline (near the 200 West Area) is the laterally discontinuous 14 
Plio-Pleistocene unit (DOE-RW-0164).  The Plio-Pleistocene unit appears to be correlative to 15 
other sidestream alluvial and pedogenic deposits found near the base of the ridges bounding the 16 
Pasco Basin on the north, west, and south.  These sidestream alluvial and pedogenic deposits are 17 
inferred to be of the late Pliocene to early Pleistocene Epoch on the basis of stratigraphic position 18 
and magnetic polarity of interfingering loess units. 19 
 20 
Eolian Deposits.  Loess deposits at the Hanford Site contain a detailed Quaternary record.  Five 21 
units of the Quaternary record are represented in the Pasco Basin (WHC-MR-0391, Field Trip 22 
Guide to the Hanford Site).  These units are informally referred to as L1 through L5 and are 23 
differentiated on the basis of position relative to other stratigraphic units, color, soil 24 
development, and paleomagnetic polarity. 25 
 26 
The main eolian unit in the subsurface at the Hanford Site is the Early Palouse soils.  The Early 27 
Palouse soils unit consists of up to 66 ft of massive, brown-yellow, compact loess-like silt and 28 
minor fine-grained sand (RHO-ST-23, Geology of the Separations Areas, Hanford Site, 29 
South-Central Washington; RHO-BWI-ST-14; DOE-RW-0164).  Granule-sized grains, 30 
consisting primarily of basalt, are common in this unit.  These deposits overlie the 31 
Plio-Pleistocene unit in the western Cold Creek syncline around the 200 West Area.  See 32 
Figure 1.4.3.2.3-1 for a graphic representation of this stratigraphy.  The main eolian unit is 33 
differentiated from overlying graded rhythmites by greater calcium carbonate content, massive 34 
structure in core, and high natural gamma response in geophysical logs (DOE-RW-0164).  The 35 
upper contact of the eolian unit is poorly defined, and the unit may graduate into silty strata 36 
commonly found in the lower part of the Hanford formation.  The unit is inferred to be of the 37 
early Pleistocene Epoch on the basis of a predominantly reversed polarity. 38 
 39 
The Plio-Pleistocene Epoch deposits and Early Palouse soils form a fine-grained unit in the 40 
vadose zone that results in increased lateral spreading of downward moving moisture. 41 
 42 
Hanford Formation.  Hanford formation is the informal name given to all cataclysmic flood 43 
deposits from the Pleistocene Epoch.  The Hanford formation is the main stratigraphic unit at the 44 
surface of the tank farms.  The formation consists of pebble-to-boulder gravel, 45 
fine-to-coarse-grained sand, and silt.  These deposits are divided into the (1) gravel-dominated, 46 
(2) sand-dominated, and (3) silty facies.  These facies are referred to as coarse-grained deposits, 47 
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plane-laminated sand facies, and rhythmite facies, respectively (RHO-BW-SA-563A, 1 
Quaternary Geology of the Pasco Basin, Washington).  The rhythmite facies are also referred to 2 
as the “Touchet beds.”  The Hanford formation is thickest in the vicinity of the 200 East and 3 
200 West areas (up to 213 ft thick).  Hanford formation deposits are absent on ridges above 4 
approximately 1,263 ft above sea level, the highest level of cataclysmic flooding in the Pasco 5 
Basin (RHO-BW-SA-563A). 6 
 7 
Volcanic Ash Deposits.  Volcanism in the Cascade Range was active throughout the Pleistocene 8 
Epoch and has continued through the Holocene Epoch (10,000 yr before present to present).  The 9 
eruption history of the current Holocene Epoch best characterizes the most likely types of 10 
activity in the next 100 yr.  Many of the Cascade Range volcanoes have been active in the last 11 
10,000 yr, including Mount Mazama (Crater Lake) and Mount Hood in Oregon; and 12 
Mount St. Helens, Mount Adams, and Mount Rainier in Washington.  These eruptions are 13 
recorded in the Quaternary sediments in the form of ash deposits that are interlayered with the 14 
sediments.   15 
 16 
1.4.3.3  History of Cataclysmic Flooding in the Pasco Basin.  Cataclysmic floods inundated 17 
the Pasco Basin several times during the Pleistocene Epoch when ice dams failed in northern 18 
Washington.  Net erosion caused by these floods was minimal and is assumed to have been 19 
associated with only the earliest floods.  Later floods partially incised older flood deposits before 20 
backfilling.  Deciphering the history of cataclysmic flooding in the Pasco Basin is complicated 21 
due to the probable occurrence of numerous smaller individual floods.  Evidence for cataclysmic 22 
flooding in the Pasco Basin, besides the sediments, includes high-water marks and faint 23 
strandlines along the basin margins.  Floods from multiple sources and the paths of Missoula 24 
floodwaters migrated and changed course with the advance and retreat of the Cordilleran ice 25 
sheet.  The best preserved cataclysmic flood record is that of the last Missoula flood. 26 
 27 
1.4.3.4  Geologic Structures of the Columbia Basin.  The geologic structure of the Pacific 28 
Northwest is controlled by a basement rock assemblage of accreted terranes fused onto the 29 
structurally complex North American craton from the early Mesozoic to early Cenozoic Eras.  30 
The accreted terranes form the backbone of the Cascade Range, Okanogan Highlands, and the 31 
Blue Mountains.  The terranes are now extensively covered by Cenozoic Era rocks that were 32 
folded and faulted in a north-south-oriented compressive regime.  North-south compression is 33 
continuing in the Pacific Northwest east of the Cascades.  This pattern of Cenozoic Era 34 
deformation is expected to continue into the future. 35 
 36 
The Columbia Basin is a structurally and topographically low area surrounded by mountains 37 
ranging in age from the late Mesozoic Era to Recent Epoch.  The Columbia Basin has two major 38 
structural subdivisions or subprovinces:  the Yakima Fold Belt (YFB) and the Palouse Slope 39 
(Figure 1.4.3.1-1).  The YFB is a series of anticlinal ridges and synclinal valleys in the western 40 
and central Columbia Basin.  The Hanford Site is in the east part of the YFB.  The Palouse Slope 41 
forms the eastern part of the Columbia Basin and is mainly a westward-tilting paleoslope.  The 42 
west boundary of the Palouse Slope is at the east boundary of the Hanford Site. 43 
 44 
1.4.3.4.1  Major Structural Features of the Columbia Basin.  Three major structural features 45 
cross-cut the Columbia Basin and influence the geology of the Hanford Site.  These are the 46 
Olympic-Wallowa lineament, the Hog Ranch-Naneum Ridge anticline, and the YFB.  The 47 
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Olympic-Wallowa lineament passes along the southern boundary of the Hanford Site and the 1 
Hog Ranch-Naneum Ridge anticline forms the western structural boundary of the Pasco Basin.  2 
A map of these major structural features of the YFB is shown in Figure 1.4.3.4.1-1. 3 
 4 
Olympic-Wallowa Lineament.  The Olympic-Wallowa lineament (Figure 1.4.3.4.1-1) is a 5 
major topographic feature in Washington and Oregon that crosscuts the Columbia Basin and 6 
forms the southern boundary of the Hanford Site.  The alignment of the topographic features of 7 
this lineament parallels prebasalt structural trends along the northwest margin of the Columbia 8 
Basin, but it has not been linked to any individual structure (Campbell 1989, Structural and 9 
Stratigraphic Interpretation of Rocks Under the Yakima Fold Belt, Columbia Basin, Based on 10 
Recent Surface Mapping and Well Detail; Reidel and Campbell 1989, “Structure of the Yakima 11 
Fold Belt, Central Washington”). 12 
 13 
The portion of the Olympic-Wallowa lineament that crosses the Columbia Basin is called the 14 
Cle Elum-Wallula lineament (Keinle et al. 1978, “Geologic Reconnaissance in the Cle 15 
Elum-Wallula Lineament and Related Structures”).  It is a 6 mi wide, moderately diffuse zone of 16 
anticlines that has a N 50° W orientation.  As defined in Keinle et al. (1978), the 17 
Cle Elum-Wallula lineament consists of three structural parts:  (1) a broad zone of deflected or 18 
anomalous fold and fault trends extending south from the city of Cle Elum to Rattlesnake 19 
Mountain; (2) a narrow belt of topographically aligned domes and doubly plunging anticlines 20 
extending from Rattlesnake Mountain to Wallula Gap; and (3) the Wallula fault zone extending 21 
from Wallula Gap to the Blue Mountains. 22 
 23 
The structural significance of the Olympic-Wallowa lineament has been called into question by 24 
two recent geophysical studies.  Neither a seismic profiling survey nor a gravity survey revealed 25 
any obvious geophysical signatures of this lineament below the CRBG  (Jarchow 1991, 26 
Investigations of Magmatic Underplating Beneath the Northwestern Basin and Range Province, 27 
Nevada, Seismic Data Acquisition and Tectonic Problems of the Columbia Plateau, Washington 28 
and the Nature of the Mohorovicic Discontinuity Worldwide). 29 
 30 
Hog Ranch-Naneum Ridge Anticline.  The western structural boundary of the Pasco Basin is 31 
the Hog Ranch-Naneum Ridge anticline (Figure 1.4.3.4.1-1).  This anticline is a broad 32 
south-trending anticline in the CRBG that crosses the YFB in a north-south direction.  This south 33 
plunging structure passes through five YFB folds and the Olympic-Wallowa lineament.  The 34 
Hog Ranch-Naneum Ridge anticline was active in the late to middle Miocene Epoch as 35 
demonstrated by thinning of basalt flows across it (Reidel et al. 1989, “The Geologic Evolution 36 
of the Central Columbia Plateau”).  The east trending YFB folds show no apparent offset by the 37 
cross-structure (Campbell 1989; Keinle et al. 1978; Reidel et al. 1989), nor is the Hog 38 
Ranch-Naneum Ridge anticline offset where the Olympic-Wallowa lineament and Cle 39 
Elum-Wallula lineament cross it.  Growth of the Hog Ranch-Naneum Ridge anticline continued 40 
from the Miocene Epoch to Recent Epoch and is now marked by the highest structural points 41 
along the ridges that cross it. 42 
 43 
Yakima Fold Belt.  The YFB subprovince covers about 5,404 mi2 of the western Columbia 44 
Basin (Figure 1.4.3.4.1-1).  The YFB formed as basalt flows and intercalated sediments were 45 
folded and faulted under north-south directed compression.  The Pasco Basin is near the eastern 46 
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border of the YFB.  The YFB gives the Hanford Site its principal physiographic features and has 1 
been the primary structure influencing Hanford Site geohydrologic conditions. 2 
 3 
1.4.3.4.2  Structure of the Hanford Site.  The Cold Creek syncline, shown in 4 
Figure 1.4.3.4.1-1, lies between the Umtanum Ridge-Gable Mountain uplift and the Yakima 5 
Ridge uplift and is an asymmetric and relatively flat-bottomed structure.  The 200 East and 6 
200 West areas lie on the northern flank of the Cold Creek syncline where the bedrock dips 7 
approximately 5 degrees to the south.  The 300 Area lies at the east end of the Cold Creek 8 
syncline where it merges with the Pasco Basin syncline. 9 
 10 
The Wahluke syncline is the principal structural unit that underlies the 100 Areas 11 
(Figure 1.4.3.4.2-1).  The Wahluke syncline is an asymmetric and relatively flat-bottomed 12 
structure similar to the Cold Creek syncline.  The northern limb dips approximately 5 degrees to 13 
the south.  The steepest limb of the Wahluke syncline is adjacent to the Umtanum Ridge-Gable 14 
Mountain structure. 15 
 16 
The Umtanum Ridge-Gable Mountain structural trend is a segmented anticlinal ridge extending 17 
for a length of 68 mi in an east-west direction and passes north of the 200 East, 200 West, and 18 
300 areas and south of the 100 Area.  The Umtanum Ridge plunges from west to east and joins 19 
the Gable Mountain-Gable Butte segment just east of the west boundary of the Hanford Site.  20 
The easternmost segment of the Umtanum Ridge, the Southeast anticline, trends southeast off the 21 
east boundary of the Gable Mountain-Gable Butte segment. 22 
 23 
The 200 East, 200 West, and 300 areas are situated on the south flank of the Umtanum 24 
Ridge-Gable Mountain anticline where the Miocene-aged basalt bedrock dips to the southwest 25 
into the Cold Creek syncline.  The 100 Areas lie north of the Umtanum Ridge-Gable Mountain 26 
anticline in the Wahluke syncline.  The deepest parts of the Cold Creek syncline, the Wye 27 
Barricade depression and the Cold Creek depression, are approximately 12 km (8 mi) southeast 28 
of the 200 East and 200 West areas.  The Cold Creek syncline and Cold Creek depression are 29 
under the 200 West Area. 30 
 31 
Geologic Structure of the 200 East Area.  The general geology and geologic stratigraphy of the 32 
200 East Area are depicted in Figures 1.4.3.4.2-2, 1.4.3.4.2-3, and 1.4.3.4.2-4.  Suprabasalt 33 
sediments under this area consist of the Ringold Formation and Hanford formation.  The Ringold 34 
Formation conforms to the basalt bedrock surface and tilts southeast toward the axis of the Cold 35 
Creek syncline.  The Ringold Formation is dominated by gravel units E and A (i.e., the main 36 
unconfined aquifers) that are separated by the Lower Mud unit.  The Ringold Formation thins 37 
from 164 ft at the south end to nearly pinching out at the north end of the area.  The units have 38 
been truncated and are unconformably overlain by the Hanford formation.  The Hanford 39 
formation is between 246 and 328 ft thick at the 200 East Area. 40 
 41 
Geologic Structure of the 200 West Area.  The geology and geologic stratigraphy of the 42 
200 West Area are depicted in Figures 1.4.3.4.2-2, 1.4.3.4.2-4, and 1.4.3.4.2-5.  The Elephant 43 
Mountain Member of the CRBG forms the bedrock under the 200 West Area.  Tank farms 44 
located in the 200 West Area overlie sediments that rest on the CRBG. 45 
 46 

RPP-13033 1/29/2015 - 12:56 PM 71 of 1079



RPP-13033 REV 5-C 
 
 

 
 1-27  

The suprabasalt sediments at the 200 West Area consist of the Ringold Formation, 1 
Plio-Pleistocene/Early Palouse soils, and Hanford formation.  The sediments conform to the 2 
basalt bedrock surface and tilt south toward the axis of the Cold Creek syncline.  The Ringold 3 
Formation thins slightly from north to south and is dominated by gravel units E and A, which are 4 
separated by the Lower Mud unit.  The Ringold Formation varies from 361 to 427 ft thick, and 5 
gravel units A and E are the main unconfined aquifers.  The upper Ringold unit is present only in 6 
the northern part of the 200 West Area and mainly comprises sands.  The Plio-Pleistocene/Early 7 
Palouse soils overlie the Ringold Formation and are present throughout the 200 West Area.  The 8 
Hanford formation overlies the Plio-Pleistocene and Early Palouse soils units and thickens from 9 
north to south.  The Hanford formation varies from about 33 to 131 ft in thickness. 10 
 11 
1.4.3.5  Tectonic Development of the Hanford Site.  The geologic history of the Hanford Site 12 
from the Precambrian Period to the present significantly impacts hazard analyses 13 
(WHC-SD-W236A-TI-002, Probabilistic Seismic Hazard Analysis, DOE Hanford Site, 14 
Washington).  This section summarizes the principal geologic events in the development of the 15 
Hanford Site geology. 16 
 17 
The present structure of the Columbia Basin is the product of north-south compression that 18 
began in the early Tertiary Period before the eruption of the CRBG and continues today.  The 19 
Columbia Basin comprises two fundamental subprovinces:  the Palouse Slope and the YFB. 20 
 21 
The pattern of deformation in the Columbia Basin has been dominated by north-south 22 
compression and subsidence.  The YFB is the principal product of the compression and 23 
subsidence.  This deformation has controlled the location of the Columbia River system since the 24 
late Miocene Epoch and has also controlled the depositional pattern of the post-basalt sediments. 25 
 26 
The rates of deformation, both regional subsidence and rate of local uplift, in the Columbia Basin 27 
have declined since the early Tertiary Period.  The present rate of subsidence in the basin is 28 
estimated at 1.0 x 10-4 in/yr, and the rate of ridge growth is estimated at 2.0 x 10-3 in/yr. 29 
 30 
Microseismicity (i.e., high in-situ stress conditions) and the geometry of Quaternary-Holocene 31 
Epoch faulting indicate that the Columbia Basin is still experiencing north-south compression.  32 
Although known late Cenozoic faults are found exclusively on the anticlinal ridges, earthquake 33 
focal mechanisms and strain measurements suggest that most stress release is occurring in the 34 
synclinal areas.  The high in-situ stress in the Cold Creek syncline explains the microseismicity 35 
in that region, but the absence of microseismicity associated with the anticlinal ridges may result 36 
from weakened fault zones lubricated with groundwater, or the fault zones may be locked up. 37 
 38 
1.4.3.6  Contemporary Stress and Strain from Seismicity.  Seismic monitoring at the Hanford 39 
Site began in 1969 when the U.S. Geological Survey installed a small array of seismograph 40 
stations around the Hanford Site.  A closely spaced seismic network was installed at the Hanford 41 
Site in 1982 to characterize Hanford Site microseismicity for a possible high-level waste 42 
repository.  The complete network operated until 1988 when the number of stations in the 43 
network was reduced to its present size of 21 sites.  Earthquakes of Richter magnitude 2.5 and 44 
larger do occur throughout most of eastern Washington State. 45 
 46 
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Earthquakes at the Hanford Site can be related to three crustal layers and five general sources 1 
(Tables 1.4.3.6-1 and 1.4.3.6-2).  All layers and sources are monitored at the Hanford Site except 2 
the Cascadia Subduction Zone source, which is monitored at the University of Washington. 3 
 4 
1.4.3.6.1  Vertical Patterns.  There are three horizontal layers of stratigraphy related to 5 
seismicity at the Hanford Site and vicinity:  the CRBG, the prebasalt sediments, and the 6 
crystalline basement (Table 1.4.3.6-1).  About 75% of Hanford Site earthquake events originate 7 
in the CRBG layer.  The prebasalt sedimentary layer has been the origin of 8% of the events, and 8 
the crystalline basement has been the origin of 17% of these events. 9 
 10 
Shallow Earthquakes in the Basalt.  The majority of the seismicity at the Hanford Site and the 11 
surrounding area originates from the basalt layer that extends from the surface to approximately 12 
3 mi belowground. 13 
 14 
Earthquakes in Sedimentary Rock Below the Basalt.  The seismicity in the pre-CRBG 15 
sedimentary rock under the Hanford Site is relatively low when compared with the basalt layer, 16 
but may be related to localized detachment zones that have resulted from the growth of anticlinal 17 
structures. 18 
 19 
Earthquakes in the Crystalline Basement.  Deep earthquakes below 6 mi appear to be 20 
concentrated in the west and southwest portion of the Hanford Site.  The deepest earthquakes 21 
located below the Hanford Site are shallower than 19 mi (WHC-SD-W236A-TI-002). 22 
 23 
1.4.3.6.2  Spacial Patterns.  There are five different tectonic environments (i.e., earthquake 24 
sources) where earthquakes can occur at the Hanford Site (Table 1.4.3.6-2).  The five 25 
environments are as follows: 26 
 27 

 Reverse and thrust faults in the CRBG associated with major anticlinal ridges (e.g., 28 
Rattlesnake Mountain, Yakima Ridge, and Umtanum Ridge) 29 

 30 
 Secondary faults occurring on the major anticlinal ridges 31 

 32 
 Small geographic areas of unknown geologic structure that produce clusters of events, 33 

called swarms, usually in the CRBG in synclinal valleys 34 
 35 

 Basement source structures 36 
 37 

 The Cascadia Subduction Zone. 38 
 39 
Very little is known about geologic structures in the crystalline basement beneath the Hanford 40 
Site; therefore, earthquakes cannot be directly tied to a mapped fault or other basement structure.  41 
The Cascadia Subduction Zone has recently been postulated to be capable of producing a Richter 42 
magnitude 5.6 earthquake (WHC-SD-W236A-TI-002). 43 
 44 
Floating Earthquakes.  Because of a special tectonic environment covering the entire Columbia 45 
Basin, the basin is considered a “floating” earthquake region.  A floating earthquake is one that, 46 
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for seismic design purposes, can occur anywhere in a tectonic province, is not associated with 1 
any known geologic structure, and can therefore “float” anywhere in the province. 2 
 3 
Earthquake Swarm Areas.  The major source of earthquakes at the Hanford Site is swarm 4 
activity.  The location and activity of shallow, intermediate, and deep swarms are described in 5 
Supply System 1981, Final Safety Analysis Report WPPSS Nuclear Project No. 2.  Swarm 6 
activity originates in synclinal areas in the YFB.  Earthquake swarm events provide evidence for 7 
the stress regime in the Pasco Basin.  Swarm events do not pose a significant hazard to the 8 
Hanford Site because these are of relatively small magnitude.  There are four general areas of 9 
significant swarm activity that can impact the Hanford Site:  the Wooded Island Swarm Area, 10 
Coyote Rapids Swarm Area, Cold Creek, and the West Saddle Mountains Swarm Area (see 11 
Figure 1.4.3.6.2-1). 12 
 13 
The Wooded Island Swarm Area, located near the 300 Area, occurs at the eastern edge of the 14 
YFB where it abuts with the Palouse Slope.  This boundary marks the suture zone between the 15 
old accreted terranes to the west and the stable Precambrian-Paleozoic craton to the east 16 
(Reidel et al. 1994, “Late Cenozoic Structure and Stratigraphy of South-Central Washington”).  17 
This zone is also marked by an abrupt increase in thickness of basalt and sub-basalt sediment 18 
over the accreted terranes and abrupt thinning of basalt and sediment over the craton. 19 
 20 
The Coyote Rapids swarm area is located at the horn of the Columbia River between the 100-K 21 
and 100-N areas.  The swarm area occurs over no known geologic structure, but does lie at the 22 
intersection of two paleoslopes that make a northeast-southwest trough extending from the city 23 
of Spokane, through the Hanford Site, to the Columbia River Gorge.  This intersection zone may 24 
be a basement weakness zone, but no reason is known for swarms to occur in the present position 25 
of the intersection zone. 26 
 27 
The Saddle Mountains swarm area is located along the north side of the Saddle Mountains.  The 28 
swarm area is located north of the Saddle Mountains fault zone in an area that has no mapped 29 
geologic structures.  Although evidence of recent faulting exists (past 13,000 yr) on the Saddle 30 
Mountains fault, no evidence exists of faults at the Saddle Mountains swarm area.  The cause of 31 
the earthquake swarm is not known. 32 
 33 
Magnitude of Earthquakes.  Since July 1982, approximately 650 earthquakes between Richter 34 
magnitudes 0.0 and 3.8 have been recorded on and around the Hanford Site.  The pattern of 35 
earthquake activity in the Hanford Site area between 1990 and 1995 is shown in 36 
Figure 1.4.3.6.2-2.  The greatest seismic activity is in the low-Richter magnitude range, with 37 
only five events exceeding a magnitude of 3.0.  The largest regional earthquake recorded was 38 
Richter magnitude 5.7 on July 16, 1936, 62 mi southeast of the Hanford Site.  The 1936 39 
earthquake was estimated to have a peak acceleration of 0.03 g. 40 
 41 
The largest earthquake recorded on the Hanford Site was Richter magnitude 3.8 near the Coyote 42 
Rapids on the Columbia River, near the N Reactor and 9 mi from the nearest tank farm facilities.  43 
The largest felt earthquake was Richter magnitude 3.3 on June 12, 1995, in the Wooded Island 44 
Swarm Area.  Very shallow earthquakes of 3.8 Richter magnitude in soils similar to the Hanford 45 
Site would be expected to produce a ground motion of 0.01 to 0.05 g at a distance of 3 mi.  There 46 
is very high uncertainty with ground motions of small earthquakes because of the limited data.  47 
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As shown in Table 1.4.3.6.2-1, 15 earthquakes with a Richter magnitude of 3.0 or greater have 1 
been recorded on the Hanford Site between 1969 and 1995.  None of the recorded earthquakes 2 
was centered in the areas occupied by tank farm facilities.  The records do not include any 3 
specific data on resulting actual ground motion at tank farm facilities. 4 
 5 
Contemporary Stress in the Cold Creek Syncline.  Contemporary stress in the Cold Creek 6 
syncline is expressed principally as horizontal shortening and subsidence.  Geodetic surveys 7 
were performed across the Pasco Basin to determine rates of shortening (Prescott and Savage 8 
1984, Crustal Deformation Near Hanford, Washington).  The data suggests north-south 9 
shortening, but the rate of shortening is not statistically significant at the 95% confidence level. 10 
 11 
Contemporary stress measurements were performed at the Hanford Site as part of the Basalt 12 
Waste Isolation Project.  Hydraulic fracturing tests were conducted in boreholes drilled in the 13 
Cold Creek syncline at about 0.6 mi depth (DOE-RW-0164).  The results indicated high in-situ 14 
stress.  The maximum horizontal stress was shown to range from 7,630 to 9,780 lbf/in2 and the 15 
minimum horizontal stress ranges from 4,400 to 5,180 lbf/in2 with a mean horizontal-to-vertical 16 
ratio of 1.77 ± 0.20.  The mean orientation of induced fractures, and the direction of the 17 
maximum horizontal stress are consistent with north-south compression. 18 
 19 
Subsidence has been occurring in the Pasco Basin since at least the Eocene Epoch.  Estimates of 20 
subsidence since the middle Miocene Epoch (17 million years ago) indicate the rates of 21 
subsidence have declined to the present.  From 17 to about 15.6 million years ago, the rate of 22 
subsidence was about 0.4 to 0.3 in/yr.  This subsidence rate decreased to about 0.01 in/yr 15.6 to 23 
14.5 million years ago.  The present rate of ridge growth is estimated at 0.02 in/yr, and the rate of 24 
subsidence in the basin is estimated at 0.0001 in/yr. 25 
 26 
The patterns of subsidence in the Cold Creek syncline are shown in Figure 1.4.3.6.2-3.  The two 27 
broad areas of subsidence in the Cold Creek syncline include the Wye Barricade depression and 28 
the Cold Creek depression.  Both areas have had a long, slow history of subsidence 29 
(RHO-BWI-ST-19, Preliminary Interpretation of Tectonic Stability of the Reference Repository 30 
Location – Cold Creek Syncline, Hanford Site), but neither is located near the 200 East or 31 
200 West areas. 32 
  33 
1.4.3.7  Geologic Hazards.  The geologic hazards that affect the performance of tank farm 34 
facility activities have been assessed on the basis of the geologic data addressed in previous 35 
sections.  These hazards are discussed below and, where appropriate, are quantified for use in the 36 
structural evaluations and safety analyses for the tank farm facilities addressed in this report. 37 
 38 
1.4.3.7.1  Seismic Hazard Assessment.  A seismic hazard analysis was completed in 1996 for 39 
the DOE-controlled areas on the Hanford Site (WHC-SD-W236A-TI-002).  Potential seismic 40 
crustal sources determined to be major contributors to the seismic hazard in and around the 41 
Hanford Site are as follows: 42 
  43 

 Fault sources related to the YFB 44 
 45 

 Shallow basalt sources that account for the observed seismicity in the CRBG and not 46 
associated with the anticlines 47 
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 1 
 Crystalline basement source region. 2 

 3 
Updated characterizations of the stratigraphy and dynamic material properties of the materials 4 
underlying the 200 East Area of the Hanford Site were subsequently developed in PNNL-15089, 5 
Site-Specific Seismic Site Response Model for the Waste Treatment Plant, Hanford, Washington.  6 
The new site characterization information and updated site response methods in PNNL-15089 7 
were then used to develop updated surface response spectra for tank farm facilities in the 8 
200 East and 200 West areas (RPP-RPT-27570, Development of PC2 Surface Spectra for 9 
Double-Shell Tank Facilities, DOE Hanford Site in Washington State). 10 
 11 
To protect DOE facilities from seismic hazards, DOE-STD-1020-2002 provides seismic criteria 12 
for the evaluation, modification, or upgrade of existing facilities and DOE-STD-1189-2008, 13 
Integration of Safety into the Design Process, provides seismic criteria for the design of new or 14 
major modifications to Hazard Category 1, 2, and 3 nuclear facilities.  The goal of these criteria 15 
is to ensure that DOE facilities can withstand the effects of earthquakes.  Table 1.4.3.7.1-1 shows 16 
the seismic performance categories and seismic hazard exceedance levels identified in DOE-17 
STD-1020-2002.  As seen in Table 1.4.3.7.1-1, the seismic design or evaluation of Performance 18 
Category 1 and Performance Category 2 facilities is based on the current version of the 19 
International Building Code for Seismic Use Group I and III, respectively.  Ground motions for 20 
Performance Category 1 and Performance Category 2 are developed for 2/3 of the Maximum 21 
Considered Earthquake.  The maximum considered earthquake ground motion is defined as the 22 
ground motion with a mean annual frequency of exceedance of 4 x 10-4 (2% probability of 23 
exceedance in 50 yr or a 2,500 yr return period).  Site-specific surface response spectra 24 
developed in RPP-RPT-27570, rather than the International Building Code motion maps, are 25 
used for tank farm facilities.  There are no Performance Category 3 or Performance Category 4 26 
tank farm facilities.  (See TFC-ENG-STD-06, Design Loads for Tank Farm Facilities, for 27 
additional details.) 28 
 29 
DOE-STD-1189-2008, Appendix A, “Safety System Design Criteria,” Section A.1, “Seismic 30 
Design Basis,” specifies how to apply the following two standards for the seismic design of DOE 31 
non-reactor nuclear facilities. 32 
 33 

 ANSI/ANS 2.26-2004, Categorization of Nuclear Facility Structures, Systems, and 34 
Components for Seismic Design. 35 

 36 
 ASCE/SEI 43-05, Seismic Design Criteria for Structures, Systems, and Components in 37 

Nuclear Facilities. 38 
 39 
Table 1.4.3.7.1-2 from DOE-STD-1189-2008 provides guidance for selecting the ANS 40 
Standard 2.26 seismic design category (SDC) based on the unmitigated radiological 41 
consequences of failures of structures, systems, and components (SSC) in a seismic event.  ANS 42 
Standard 2.26 provides requirements and guidance for selecting the appropriate limit state (LS) 43 
for SSCs performing safety functions.  The resulting SDC and LS define the seismic design basis 44 
to be implemented in the design using ASCE/SEI 43-05 (see Table 1.4.3.7.1-3). 45 
 46 
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1.4.3.7.2  Volcanic Hazard Assessment.  Two types of volcanic hazards have affected the 1 
Hanford Site in the past 20 million years.  The hazards were (1) continental flood basalt 2 
volcanism that produced the CRBG and (2) volcanism associated with the Cascade Range.   3 
 4 
Several volcanoes in the Cascade Range are currently considered to be active, but activity 5 
associated with flood basalt volcanism has ceased. 6 
 7 
The flood basalt volcanism that produced the CRBG occurred between 17 and 6 million years 8 
ago.  Most of the lava was extruded during the first 2 to 2.5 million years of the 11-million-year 9 
volcanic episode.  Volcanic activity has not recurred during the last 6 million years, suggesting 10 
that the tectonic processes that created the episode have ceased.  The recurrence of CRBG 11 
volcanism is not considered to be a credible volcanic hazard (DOE-RW-0164). 12 
 13 
Volcanism in the Cascade Range was active throughout the Pleistocene Epoch and has remained 14 
active through the Holocene Epoch.  The eruption history of the current Holocene Epoch best 15 
characterizes the most likely types of activity in the next 100 yr.  Many of the volcanoes have 16 
been active in the last 10,000 yr, including Mount Mazama (Crater Lake) and Mount Hood in 17 
Oregon; and Mount Saint Helens, Mount Adams, and Mount Rainier in Washington.  The 18 
Hanford Site is approximately 93 mi from Mount Adams, 109 mi from Mount Rainier, and 124 19 
mi from Mount Saint Helens, the three closest active volcanoes.  At these distances, the tephra 20 
(ash) is the only hazard.  Mount Saint Helens has been considerably more active throughout the 21 
Holocene Epoch than Mount Rainier or Mount Adams, which is the least active of the three.  22 
WHC-SD-GN-ER-30038, Volcano Ashfall Loads for the Hanford Site, concludes that the 23 
Hanford Site is sufficiently distant from the Cascade Range volcanoes that hazards from lava 24 
flows, pyroclastic flows and surges, landslides, lahars, and ballistic projectiles are below a 25 
probability of concern. 26 
 27 
Small fragments of lava or rock blasted into the atmosphere may be carried great distances in a 28 
windborne cloud before falling back to the earth to form a volcanic ash deposit.  Tephra deposits 29 
may vary widely in thickness and in constituent particle size, depending on distance from the 30 
source and magnitude and character of the eruption.  Besides the hazard of added structural load 31 
from a large tephra deposit (i.e., ash fall load), even small tephra clouds bring abrasive airborne 32 
particles that can clog filters and interfere with ventilation and combustion processes, impair 33 
visibility, and greatly increase wear in any exposed machinery.  Fresh ash with any moisture may 34 
be somewhat corrosive, and sufficiently conductive to cause shorting in exposed electrical 35 
equipment.  The structural loads due to ash fallout as calculated in WHC-SD-GN-ER-30038 are 36 
shown in Table 1.4.3.7.2-1.  Airborne ash concentration estimates are also developed in 37 
WHC-SD-GN-ER-30038 for both the initial ash fall event (assumed to be 12 hours in duration) 38 
and separately for ash resuspension due to wind or mechanical action.  Considering that surface 39 
winds or other resuspension effects may occur during the initial ash fallout period, for estimating 40 
total ash concentration the two components are combined by superposition in  41 
HNF-SD-GN-ER-501.  Total airborne ash concentration is shown in Figure 1.4.3.7.2-1 for the 42 
first 48 hours after the start of ash fall.  Momentary peak ash concentrations (at the end of the 43 
initial fallout period) are 370 mg/m3 and 1,325 mg/m3 for Performance Category 1 and 2, 44 
respectively.  Figure 1.4.3.7.2-2 shows airborne concentration of resuspended ash from day 2 45 
after start of ash fall.  46 
  47 
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1.4.3.7.3  Subsurface Stability.  The tank farms and associated facilities are all on the 200 Areas 1 
Plateau, a large flood bar formed by cataclysmic flooding during the Pleistocene Epoch.  The 2 
foundation material is predominantly the sand-dominated facies of the Hanford formation with 3 
varying amounts of gravel.  The backfill used at the tank farm sites consists of native soil that 4 
has been compacted.  Though the 200 Areas Plateau soils have the same genesis, variations in 5 
the depositional energy results in textural variation across the plateau.  The static and dynamic 6 
properties of the plateau soils are quite similar, but the specific characteristics at each tank farm 7 
must be evaluated for certain analyses. 8 
 9 
Soils investigations completed at a site near the west boundary of the 200 East Area and at a site 10 
in the 200 West Area for proposed new tanks provided information on static, dynamic, and 11 
general soil characteristics (ICF KH 1995a, Geotechnical Investigation KEH W-236A, 12 
Multi-Function Waste Tank Facility, 200 East Area, Hanford Site, Richland, Washington; 13 
ICF KH 1995b, Geotechnical Investigation KEH W-236A, Multi-Function Waste Tank Facility, 14 
200 West Area, Hanford Site, Richland, Washington).  Tables 1.4.3.7.3-1 and 1.4.3.7.3-2 15 
summarize the static soil properties near the 200 East and 200 West areas.  The dynamic soil 16 
properties for the two areas are shown in Tables 1.4.3.7.3-3 and 1.4.3.7.3-4.  These property lists 17 
illustrate the general characteristics of the 200 Areas Plateau soils. 18 
 19 
Soil properties are presented in these tables for several strata.  Stratum 1 is the loose wind-blown 20 
surface material that is characterized as loose to dense silt with sand and is not considered a 21 
structural foundation material.  Stratum 2, the next underlying layer, is medium dense to very 22 
dense, fine to coarse gravel.  The next lower layer is Stratum 3, a dense to very dense, fine to 23 
medium sand.  Materials lying below the Hanford formation sands and gravels are shown in 24 
Figure 1.4.3.4.2-4.  Tables 1.4.3.7.3-1, 1.4.3.7.3-2, 1.4.3.7.3-3, and 1.4.3.7.3-4 refer to materials 25 
below elevation 140 ft as bedrock.  Backfill is excavated material from Strata 2 and 3, which has 26 
been mixed-conditioned and then placed as engineered fill. 27 
 28 
Field and laboratory studies that have been completed at many of the tank farm sites are 29 
summarized in WHC-SD-GN-ER-30009, Bibliography and Summary of Geotechnical Studies at 30 
the Hanford Site.  These studies reveal that there are no areas of potential surface or subsurface 31 
subsidence, uplift, or collapse at the Hanford Site, with the minor exceptions of the Cold Creek 32 
and Wye Barricade depressions discussed previously.  With the exception of the loose superficial 33 
wind-deposited silt and sand in some locations, the in-place soils are competent and form good 34 
foundations. 35 
 36 
Liquefaction is the sudden decrease of shearing resistance of a cohesionless soil, caused by the 37 
collapse of the structure by shock or strain, and is associated with a sudden but temporary 38 
increase of the pore fluid pressure.  Saturated or near-saturated soil (sediments) are required for 39 
liquefaction to occur.  Therefore, liquefaction of soils beneath the tank farms is not a credible 40 
hazard because the water table is greater than 213 ft below ground surface.  41 
 42 
 43 
1.5 NATURAL EVENT ACCIDENT INITIATORS 44 
 45 
The meteorology, hydrology, geology, seismology, and geotechnical site information presented 46 
in previous sections of this chapter are summaries of the data required by DOE-STD-1022-94.  47 
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This data provides the fundamental input for development of the natural phenomena hazards 1 
following guidance in DOE-STD-1023-95.  Hazard curves were developed and are presented for 2 
straight wind and tornado, local precipitation, seismic ground motion, and volcanic ash. 3 
 4 
DOE-STD-1020-2002 presents a graded approach to hazard mitigation, including graded 5 
performance goals based on the structures, systems, or components (SSC) safety classification 6 
and hazard of the facility, design guidance for the natural phenomena hazards, and a probability 7 
of exceedance for each hazard. 8 
 9 
The following natural events have been discussed in the preceding sections and require 10 
evaluation in the hazard and accident analysis:  11 
 12 

 Temperature – No design or evaluation guidance is provided for evaluation of extreme 13 
temperatures.  Although extreme temperatures are not considered initiating events, 14 
extreme temperature is considered during the evaluation of systems important to safety. 15 

 16 
 Precipitation – No design or evaluation guidance, with the exception of that for 17 

snowfall, is provided for the evaluation of maximum precipitation.  However, in addition 18 
to snow loading, as a potential initiator, the impacts associated with flash flooding of the 19 
Cold Creek are evaluated. 20 

 21 
 Thunderstorms – No design or evaluation guidance is provided for the evaluation of 22 

thunderstorms; however, the phenomena associated with thunderstorms (i.e., hail and 23 
lightning) are appropriate for consideration.  There have been limited observances of hail 24 
on the Hanford Site (maximum observance is 2 days in 1 yr); however, because of the 25 
potential for lightning strikes and the potential for lightning to be an initiating event, 26 
thunderstorms are evaluated. 27 

 28 
 Extreme Winds and Tornadoes – Design or evaluation guidance is provided for the 29 

evaluation of extreme winds and tornadoes and wind-generated missiles.  High winds are 30 
considered an initiating event and dispersion mechanism.  Tornadoes are not considered 31 
credible following the methodology prescribed in UCRL-53526. 32 

 33 
 Dust and Blowing Dust – No design or evaluation guidance is provided for the 34 

evaluation of dust or blowing dust.  These phenomena will have similar impacts 35 
associated with blowing or falling volcanic ash and are addressed similarly. 36 

  37 
 Fog and Cloud Cover – No design or evaluation guidance is provided for the evaluation 38 

of fog and cloud cover.  This is not considered an initiating event; however, fog and 39 
cloud cover may impact dose consequence evaluations. 40 

 41 
 Relative Humidity – No design or evaluation guidance is provided for the evaluation of 42 

relative humidity.  Although these are not considered initiating events, humidity is 43 
considered during evaluation of systems important to safety. 44 

 45 
 Dispersion Climatology – This data is used to determine consequences to receptors, 46 

plume travel times and distances, and contaminant concentration levels.  This data is 47 
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provided as joint frequency data, which is input into dose consequence models used in 1 
Chapter 3.0. 2 

 3 
 Hydrology – No design or evaluation guidance is provided for the evaluation of 4 

hydrogeologic properties, including infiltration rates, liquid travel times through the 5 
vadose zone and the groundwater, and flooding.  The discussion associated with liquid 6 
travel times is presented to provide an understanding of the potential impacts of releases 7 
to the soil column for consideration in the hazard and accident analysis.  Dam flooding is 8 
not considered credible because of the elevation of the 200 East, 200 West, and 600 areas 9 
with respect to the Columbia River.  As identified in the maximum precipitation 10 
discussion, the impacts associated with flash flooding of the Cold Creek are evaluated. 11 

 12 
 Seismic Hazards – Seismic events are considered credible accident initiators at the 13 

Hanford Site and are evaluated.  Design or evaluation guidance, specific to the Hanford 14 
Site, is provided for the evaluation of seismic events.  All events (i.e., low- and 15 
high-magnitude earthquakes) are considered in the hazard and accident analyses. 16 

 17 
 Volcanic Hazards – Design or evaluation guidance is provided for the evaluation of 18 

ashfall loading as a potential initiating event.  Although no criteria are provided for 19 
blowing or falling ash, ash is evaluated as an initiating event (e.g., loss of ventilation 20 
systems). 21 

 22 
 Subsurface Stability – No design or evaluation guidance is provided for the subsurface 23 

stability.  The discussion associated with subsurface stability is presented to provide an 24 
understanding of the potential for impacts to facilities or structures from long-term 25 
(40+ yr) settling of compacted soils. 26 

 27 
 28 
1.6 MAN-MADE EXTERNAL EVENT ACCIDENT 29 

INITIATORS 30 
 31 
This section identifies and investigates specific man-made external events associated with tank 32 
farm facilities that are considered to be potential accident initiators, exclusive of sabotage and 33 
terrorism.  Transportation activities discussed separately include potential accidents from 34 
roadway vehicles, railcars, and aircraft. 35 
 36 
The highways traversing the Hanford Site and the restricted-access Hanford Site roadways are 37 
transportation routes for trucks delivering gasoline, diesel fuel, and chemicals.  Because of the 38 
distance from these highways to the tank farm facilities, highway accidents involving toxic and 39 
hazardous chemicals will not initiate any postulated tank farm accidents but could require tank 40 
farm personnel to take protective actions as prescribed by the Emergency Preparedness Program.  41 
The restricted access onsite roadways are routinely used for transporting personnel to and from 42 
tank farm facilities and for delivery and removal of parts, process chemicals, and solid or liquid 43 
waste.  Many of these roadways are adjacent to (i.e., within 50 ft of a facility or tank farm gate) 44 
and provide access to the facilities.  Therefore, external event vehicle accidents that can 45 
potentially initiate postulated tank farm accidents are addressed in Chapter 3.0.  46 
 47 
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The main line of the Hanford Site railroad passes within about 820 ft of the 241-T, 241-TX, and 1 
241-TY tank farms (Figure 1.3.1.2.1-3).  Potential impacts to the tank farms from rail accidents 2 
are addressed in Chapter 3.0. 3 
 4 
No commercial refineries or major oil, ammunition, or explosive storage facilities are located 5 
within 15 mi of tank farm facilities.  The nearest natural gas transmission pipeline is 6 
approximately 30 mi from the facilities.  The distance of the refineries, storage facilities, and the 7 
pipeline from the 200 East and 200 West areas makes the hazard from explosions or fires at the 8 
commercial refineries and storage facilities almost nonexistent. 9 
 10 
There are nine active airports within an approximate 23-mi radius of tank farm facilities.  None 11 
of these airports is closer than 10 mi.  Eight of these are small airports that serve only general 12 
aviation aircraft.  The Richland Airport, approximately 21 mi southeast of the tank farm 13 
facilities, primarily supports general aviation operations, but commercial freight carriers also use 14 
the airport.  The nearest airport with significant commercial and military air activity is the 15 
Tri-Cities Airport, approximately 29 mi southeast of the tank farm facilities.  The probability that 16 
aircraft would adversely impact tank farm facilities is remote, given the low air traffic volume 17 
and the distance of the airports from the 200 East and 200 West areas.  The potential risk of an 18 
aircraft crash is discussed in Chapter 3.0. 19 
 20 
Range fires are external events that have the potential to initiate accidents within the tank farm 21 
facilities.  Although range fires are often caused by human activities, range fires can also be 22 
caused by natural events such as lightning strikes.  Hazards to tank farm facilities from range 23 
fires are addressed in Chapter 3.0. 24 
 25 
 26 
1.7 NEARBY FACILITIES 27 
 28 
Accidents in certain nearby facilities have the potential to impact tank farm facilities and 29 
operations.  Conversely, certain nearby facilities can be affected by accidents in tank farm 30 
facilities. 31 
  32 
 33 
1.7.1 Potential Effects from Nearby Facilities 34 
 35 
Potential hazards to tank farm facilities from onsite or offsite hazardous operations or facilities 36 
are examined under three general classifications: 37 
 38 

1. Nonreactor nuclear and nonnuclear industrial facilities within 5 mi of the tank farm 39 
facilities, including all activities conducted in and near the 200 East and 200 West areas. 40 

 41 
2. Nuclear reactors within an 5-mi radius of the tank farms. 42 

 43 
3. Military activities. 44 

 45 
1.7.1.1  Hazards to Tank Farm Facilities from Nonreactor Nuclear Facilities.  Safety 46 
documentation for facilities not part of this DSA scope were reviewed for hazard potential.  The 47 
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facilities selected are those believed to pose significant risk to safe operations of tank farm 1 
facilities.  The selected facilities were those (1) currently operating, (2) recently operating, or 2 
(3) with potential to affect tank farm facilities in the 200 East and 200 West areas.  Safety 3 
analysis reports and accident analyses prepared for the nonreactor nuclear facilities were 4 
reviewed to determine possible hazards (e.g., radiological doses to personnel resulting from 5 
direct radiation, release of airborne radioactive material, exposure to toxic chemicals). 6 
 7 
Hazard potential was considered from the burial grounds, inactive cribs, ditches, and ponds, 8 
Liquid Effluent Retention Facility, Effluent Treatment Facility, T Plant, U Plant, Reduction 9 
Oxidation Facility, 222-S Laboratory, Grout Treatment Facility, and the 209-E Building (also 10 
known as the Critical Mass Laboratory).  These facilities have insufficient radiological or 11 
toxicological inventories to cause an accident that could significantly affect tank farm facilities 12 
operations.  Facilities reviewed for hazard potential include the following: 13 
 14 

 PUREX Facility (200 East) 15 
 B Plant (200 East) 16 
 Waste Encapsulation and Storage Facility (200 East) 17 
 242-A Evaporator (200 East) 18 
 PFP (200 West) 19 
 Low-Level Waste Disposal Site (200 West) 20 
 K Basins (100-KE and 100-KW Areas) 21 
 2727-W Sodium Storage Facility (200 West) 22 
 Canister Storage Building (200 East) 23 
 Cold Vacuum Drying Facility (100-K Area) 24 
 200 Area Interim Storage Area (200 East) 25 
 Waste Treatment Plant (200 East). 26 

 27 
With the exception of the 242-A Evaporator, none of these facilities is currently interconnected 28 
with the tank farms and thus are not credible initiators of tank farm accidents.  Postulated tank 29 
farm accidents that are initiated via interconnection to the 242-A Evaporator (e.g., evaporator 30 
dump, steam intrusion from interfacing systems) were evaluated and shown to present limited 31 
risk.  Postulated accidents in the other listed facilities (or postulated accidents in the 242-A 32 
Evaporator that do not involve interaction with the tank farms) will only affect tank farm 33 
operations insofar as emergency protective actions (e.g., take cover, evacuation) are directed.  34 
For these types of accidental releases, the impacts and response actions (facility or Hanford Site) 35 
are identified in the facility (where the release originated), tank farm, and Hanford Site 36 
emergency response procedures (see Chapter 15.0). 37 
 38 
1.7.1.1.1  Plutonium-Uranium Extraction Facility.  The PUREX Facility is located in the 39 
200 East Area, southwest of the 241-AW Tank Farm.  This facility is the most recently 40 
constructed of the irradiated fuel separation facilities and was used for processing N Reactor 41 
fuel.  The principal product was a solution of plutonium nitrate that was transferred to the PFP 42 
for further processing.  Another product was uranyl nitrate solution, which was processed at the 43 
Uranium Oxide Plant.  The PUREX Facility is shut down and awaiting decontamination and 44 
decommissioning.  The postulated PUREX Facility accidents having the most severe radiological 45 
consequences to a maximally exposed individual are associated with a loss of active ventilation 46 
in conjunction with an external event (i.e., natural or human-made) with sufficient energy to 47 
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suspend surface contamination (fixed or loose).  These accidents will not initiate any postulated 1 
tank farms accidents but could require tank farm personnel to take protective actions as 2 
prescribed by the Emergency Preparedness Program. 3 
 4 
1.7.1.1.2  B Plant Facility.  The B Plant is located in the 200 East Area southwest of the 5 
241-BX Tank Farm.  B Plant was operated as a fuel separation facility until 1952.  In 1968, the 6 
plant was converted to a waste fractionation plant to remove cesium-137 and strontium-90 from 7 
radioactive waste streams to reduce the heat load in the DSTs.  The B Plant now provides 8 
essential support to the Waste Encapsulation and Storage Facility and is undergoing preparations 9 
for a transition to shutdown status.  The most credible accident at B Plant results from the 10 
simultaneous occurrence of (1) a solvent fire in which hot gases from the fire heat filters and 11 
drive off material on the filters, and (2) a blow back of solution into the pipe gallery from tank 12 
pressurization (WHC-SD-WM-TI-385, B Plant Preliminary Accident Analysis).  These accidents 13 
will not initiate any postulated tank farms accidents but could require tank farm personnel to take 14 
protective actions as prescribed by the Emergency Preparedness Program. 15 
 16 
1.7.1.1.3  Waste Encapsulation and Storage Facility.  The Waste Encapsulation and Storage 17 
Facility is distinct from B Plant even though it shares a common wall at the west end of B Plant.  18 
Historically, activities at the Waste Encapsulation and Storage Facility involved converting 19 
cesium and strontium into cesium chloride and strontium fluoride salts.  These materials were 20 
then encapsulated in double-walled metal containers and stored in a water-filled cooling basin.  21 
Cesium chloride and strontium fluoride capsules are still being stored at the facility in the 22 
cooling basin, but no new capsules are being produced.  The worst-case credible accidents 23 
postulated for B Plant involve a truck fire with a leaking gas tank that catches fire in the plant 24 
truck port and causes an extended loss of water in the pool cells.  These accidents will not initiate 25 
any postulated tank farms accidents but could require tank farm personnel to take protective 26 
actions as prescribed by the Emergency Preparedness Program. 27 
 28 
1.7.1.1.4  242-A Evaporator.  The 242-A Evaporator is located directly south of the 29 
241-A Tank Farm and directly north of the 241-AW Tank Farm.  The 242-A Evaporator receives 30 
waste from the tank farms and returns the concentrated product to the tank farms.  Although the 31 
242-A Evaporator is operated by the TOC, it has an independent documented safety analysis 32 
(HNF-14755, 242-A Evaporator Documented Safety Analysis).  Tank Farm accidents initiated 33 
through interaction with the 242-A Evaporator were evaluated and shown to present limited risk.  34 
 35 
The 242-A Evaporator design basis accidents (i.e., accidents internal to the 242-A Evaporator 36 
that do not initiate tank farms accidents) are analyzed in HNF-14755.  The worst-case accident 37 
scenarios at the 242-A Evaporator could require tank farm personnel to take protective actions as 38 
prescribed by the Emergency Preparedness Program. 39 
 40 
1.7.1.1.5  Plutonium Finishing Plant.  The PFP is located near the western boundary of the 41 
Hanford Site in the 200 West Area, southwest of the 241-TX Tank Farm.  The original mission 42 
of the facility was to convert plutonium nitrate solution to plutonium metal, and to perform 43 
plutonium handling and storage operations.  The present mission is the deactivation and 44 
decommissioning of the PFP facilities.  Included in the mission are handling, packaging, storage, 45 
and shipment of the stabilized plutonium materials and the dismantlement/demolition and 46 
removal of all equipment, systems, and structures.  The worst-case accident scenario documented 47 
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in HNF-15500, Plutonium Finishing Plant Deactivation and Decommissioning Documented 1 
Safety Analysis, is a seismic event that causes many of the gloveboxes to topple, suspending 2 
plutonium.  The seismic event would also result in a loss of confinement.  Plutonium would be 3 
transported out of the facility due to spills, impacts, and the action of wind acting on the facility 4 
(resuspension).  This accident could require tank farm personnel to take protective actions as 5 
prescribed by the Emergency Preparedness Program. 6 
 7 
1.7.1.1.6  Low-Level Waste Disposal Site.  The commercial low-level waste disposal site, 8 
operated by U.S. Ecology, Incorporated, is the only non-DOE industrial facility within 5 mi of 9 
the nearest tank farm facility.  The disposal site is on land leased from Washington State (see 10 
Section 1.3.1.2).  The low-level waste is buried in lined containers.  Groundwater, vegetation, 11 
and other activities are monitored as required by the facility U.S. Nuclear Regulatory 12 
Commission operating license and environmental impact statement.  Accidents at the Low-Level 13 
Waste Disposal Site will not initiate any postulated tank farms accidents but could require tank 14 
farm personnel to take protective actions as prescribed by the Emergency Preparedness Program. 15 
 16 
1.7.1.1.7  K Basins.  The K Basins include the fuel storage pools located in the 100-KE and 17 
100-KW area fuel storage facilities.  The facilities were constructed as storage for spent nuclear 18 
fuel following irradiation in 100-KE and 100-KW reactors before processing.  To address safety 19 
and environmental issues associated with the deteriorating spent nuclear fuel (primarily from 20 
N Reactor) stored underwater in the K Basins, there are a series of projects to construct and 21 
operate systems and facilities to manage the safe removal of K Basins fuel.  22 
HNF-SD-WM-SAR-062, K Basins Safety Analysis Report, contains the safety analysis of the 23 
K Basins facilities and operations for storing, handling, cleaning, and removing the spent fuel.  24 
A review of HNF-SD-WM-SAR-062 indicates that the worst-case design basis accidents are a 25 
rapid oxidation of fuel fines or a fire.  These and other postulated accidents could release 26 
radioactive material from the spent fuel and basin sludge.  These accidents will not initiate any 27 
postulated tank farms accidents but could require tank farm personnel to take protective actions 28 
as prescribed by the Emergency Preparedness Program. 29 
 30 
1.7.1.1.8  2727-W Sodium Storage Facility.  The sodium storage facility is located in the 31 
200 West Area about 260 ft north of the 16th St. rail crossing.  The facility houses five stainless 32 
steel tanks of solidified sodium in a pre-engineered, self-framing steel building on a raised 33 
concrete foundation.  The tanks have a total sodium inventory of less than 278,000 lb.  The 34 
sodium is slightly contaminated with sodium-22 (estimated 0.005 Ci).  The radiological 35 
consequences of a postulated accident are negligible, as documented in WHC-SD-WM-CN-045, 36 
Consequence Analysis of a Postulated NaOH Release from the 2727-W Sodium Storage Facility.  37 
The toxicological consequences are within guidelines and pose no hazards to TOC employees.  38 
The accident impacts to nearby facilities are limited to the effects of a fire.  The only facilities 39 
within 660 ft are the 2727-WA Building which stores miscellaneous contaminated components 40 
and the adjacent outdoor fenced laydown area for contaminated equipment.  Fires originating in 41 
the sodium storage facility that propagate into range fires are addressed in Chapter 3.0. 42 
 43 
1.7.1.1.9  Canister Storage Building.  The Canister Storage Building is part of a series of 44 
projects to construct and operate systems and facilities to manage the safe removal of K Basins 45 
fuel.  It is located in the 200 East Area west of B Plant.  The Canister Storage Building receives, 46 
handles, and provides interim storage of multi-canister overpacks (MCO) containing spent 47 
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nuclear fuel primarily from K Basins.  The safety analysis of the Canister Storage Building 1 
(HNF-3553 Annex A, Spent Nuclear Fuel Project Canister Storage Building Final Safety 2 
Analysis Report) identifies and evaluates six design basis accidents that could release radioactive 3 
material from the spent nuclear fuel in an MCO.  These postulated accidents include mechanical 4 
damage of the MCO, gaseous release from the MCO, MCO internal and external hydrogen 5 
deflagrations, thermal runaway reactions inside the MCO, and violation of design temperature 6 
criteria.  These accidents will not initiate any postulated tank farms accidents but could require 7 
tank farm personnel to take protective actions as prescribed by the Emergency Preparedness 8 
Program. 9 
 10 
1.7.1.1.10  Cold Vacuum Drying Facility.  The Cold Vacuum Drying Facility is another one of 11 
the projects to construct and operate systems and facilities to manage the safe removal of 12 
K Basins fuel.  The Cold Vacuum Drying Facility is located to the west of the K Basins in the 13 
100 K Area.  Spent nuclear fuel is transported in MCOs from the K Basins to the Cold Vacuum 14 
Drying Facility where free water is removed from the fuel by draining the bulk of the water and 15 
subsequent vacuum drying to remove the remaining water.  The MCO is then evacuated and 16 
backfilled with an inert gas, sealed and leak tested, and transported to the Canister Storage 17 
Building.  A review of HNF-3553 Annex B, Cold Vacuum Drying Facility Final Safety Analysis 18 
Report, indicates radioactive material releases could occur from postulated gaseous or liquid 19 
release accidents, MCO internal hydrogen deflagration and MCO external hydrogen explosions, 20 
an MCO thermal runaway reaction, and MCO overpressurization.  These accidents will not 21 
initiate any postulated tank farms accidents but could require tank farm personnel to take 22 
protective actions as prescribed by the Emergency Preparedness Program. 23 
 24 
1.7.1.1.11  200 Area Interim Storage Area.  The 200 Area Interim Storage Area is located just 25 
west of the Canister Storage Building and provides interim storage of non-defense reactor spent 26 
nuclear fuel housed in aboveground dry cask storage systems.  The spent nuclear fuel stored at 27 
the 200 Area Interim Storage Area includes FFTF fuel; Neutron Radiography Facility Training, 28 
Research, and Isotope Production, General Atomics (TRIGA) fuel; and commercial light water 29 
reactor fuel.  There are seven design basis accidents analyzed in HNF-3553, Spent Nuclear Fuel 30 
Project Annex D – 200 Area Interim Storage Area Final Safety Analysis Report:  cask 31 
handling/drop, mobile crane mechanical failure, cask tip over, fuel rod rupture, seismic event, 32 
tornado/wind, and fire.  The consequences from these postulated accidents include the release of 33 
radioactive material from the stored spent nuclear fuel.  These accidents will not initiate any 34 
postulated tank farms accidents but could require tank farm personnel to take protective actions 35 
as prescribed by the Emergency Preparedness Program. 36 
 37 
1.7.1.1.12  Waste Treatment Plant.  The WTP is being constructed east of the 241-AP Tank 38 
Farm.  The WTP will vitrify tank farm waste to immobilize and isolate it from the environment.  39 
Vitrification is a process where glass-making materials such as silica are added to tank farm 40 
waste and the mixture is then heated to nearly 2,000°F in an electric melter to form an 41 
exceptionally sturdy and stable form of glass.  WTP construction activities are not a potential 42 
hazard to tank farm facilities or operations.  Safety documents of the WTP will be reviewed for 43 
potential external hazards to the tank farms prior to operation of the WTP.  The WTP will also be 44 
an interfacing facility with the tank farms, which will require the identification and evaluation of 45 
potential interfacing hazards and interfacing controls in Chapter 3.0. 46 
 47 
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1.7.1.2  Hazards to Tank Farm Facilities from Nonnuclear Industrial Facilities.  A number 1 
of nonnuclear industrial facilities operating in the 200 East and 200 West areas pose the potential 2 
for accidental fires, explosions, or releases of toxic fumes.  These facilities include the essential 3 
materials warehouse (Building 275-EA), oil and paint storage buildings, fabrication shops, gas 4 
cylinder storage buildings, the spare parts and electrical warehouse, B Plant storage buildings, 5 
maintenance facilities, gasoline service stations, the powerhouse complexes (284-E and 284-W), 6 
and the water treatment facilities (283-E and 283-W).  Fires or toxic releases originating in these 7 
facilities could require tank farm personnel to take protective actions as prescribed by the 8 
Emergency Preparedness Program.  Fires originating in these facilities that propagate into range 9 
fires are addressed in Chapter 3.0. 10 
 11 
Building 275-EA is an essential materials warehouse that is considered representative of most 12 
warehouses and fabrication shops on the Hanford Site.  The building is located approximately 13 
500 ft north of the PUREX Facility and approximately 328 ft southwest of the 204-AR Waste 14 
Unloading Facility.  Building 275-EA is classified as an unprotected wood frame structure and is 15 
susceptible to collapse as a result of an external event (e.g., earthquake, wind, snow, or ash 16 
loading) or an internal event (e.g., forklift collision with a bearing wall or fire).  More than 17 
100 different types of potentially hazardous solids and liquids are currently stored in 18 
Building 275-EA.  The solids and liquids include acids, bases, solvents, fluorides, pesticides, and 19 
herbicides.  Radioactive materials are not stored in this building.   20 
 21 
The three boilers in the 242-A Package Boiler System provide steam for evaporator operation 22 
and building heat loads.  The system description and potential hazardous conditions to tank farm 23 
facilities were discussed and evaluated in HNF-1727, Hazard Evaluation of the 242-A Package 24 
Boiler System Impact on Tank Farms.  Based on the evaluation, the 242-A Package Boiler 25 
System does not increase the frequencies or consequences or present any new or modified 26 
accidents not already addressed by this DSA. 27 
 28 
Other nonnuclear industrial facilities with the potential to impact tank farm facilities operations 29 
are those facilities that provide raw water and electricity.  Raw water is supplied to the 30 
200 East Area from the 282-E Building and in the 200 West Area from the 282-W Building.  31 
Raw water from the 282-E and 282-W reservoirs is piped to the 283-E and 283-W water 32 
treatment facilities to be chlorinated for use as sanitary water.  These systems are not pressurized 33 
and thus do not represent a significant hazard during normal operations.  Only programmatic 34 
impacts (i.e., loss of facility capability) have been identified.   35 
 36 
No other nonnuclear industrial facilities or operations have been identified that may impact tank 37 
farm facilities operations.  The Laser Interferometer Gravitational-Wave Observatory (LIGO) is 38 
located more than 5 mi southeast of the 200 East and 200 West areas (see Figure 1.3.1.2-2) and 39 
there are no hazards at LIGO that could impact tank farm operations. 40 
 41 
1.7.1.3  Hazards to Tank Farm Facilities from Nuclear Reactors.  The N Reactor and FFTF 42 
are reactors that have recently been in operation, but pose no threat to tank farm facilities.  43 
 44 
The N Reactor was a 4,000 MW, dual-purpose, pressure-tube, light-water cooled, 45 
graphite-moderated reactor.  The reactor, which is located in the 100-N Area, began operating in 46 
1964 and was used to produce plutonium for the defense program and steam for electrical power 47 
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generation.  The reactor was shut down in 1987 for safety improvements and then subsequently 1 
defueled and placed in cold standby in 1988.  N Reactor is currently undergoing decontamination 2 
and decommissioning. 3 
 4 
The FFTF is a 400-MW, sodium-cooled, mixed-oxide-fueled, breeder reactor that has been 5 
defueled and is being permanently shut down.  The reactor is located in the 400 Area and is 6 
approximately 4.5 mi from the nearest Hanford Site boundary.   7 
 8 
The only nuclear reactor on the Hanford Site operating during the lifetime of the tank farm 9 
facilities is the Energy Northwest Columbia Generating Station (Figure 1.3.1.2-1).  The 10 
Columbia Generating Station is an operational commercial nuclear power plant using a 11 
boiling-water reactor steam supply system.  Worst-case accidents at the Columbia Generating 12 
Station reactor do not carry any potential for adversely impacting tank farm facilities operations 13 
or personnel. 14 
 15 
1.7.1.4  Hazards to Tank Farm Facilities from Military Facilities.  There are two military 16 
facilities within 50 mi of the Hanford Site:  the Umatilla Army Depot and the Yakima Firing 17 
Center.  Both facilities pose potential hazards to the Hanford Site; however, the Yakima Firing 18 
Center is directly adjacent to the Hanford Site and has performed military exercises near the 19 
Hanford Site.  For this reason, only the Yakima Firing Center is discussed further.   20 
 21 
The Yakima Firing Center, a subinstallation under the command of Fort Lewis (Tacoma, 22 
Washington), is the site of the only significant military activity in the vicinity of the Hanford Site 23 
(DOA 1979, Final Environmental Impact Statement – Fort Lewis Military Installation).  This 24 
installation is located northwest of the western Hanford Site boundary (Figure 1.7.1.4-1).  The 25 
nearest boundary of the firing center is more than 15 mi west of the 200 West Area.  The facility 26 
is primarily used as a training area for large-scale maneuvers, particularly those involving 27 
tracked vehicles and large long-range weapons (DOE-RW-0070).  The multiple launch rocket 28 
system is the only weapon currently in use at the center that is known to present a hazard to 29 
Hanford Site facilities.  With a range of approximately 16 mi, a rocket launched from the system 30 
has the potential to impact the 200 West Area (Figure 1.7.1.4-2); however, the rocket system is 31 
only fired with dummy warheads from the perimeter of the Yakima Firing Center, away from the 32 
Hanford Site, and into a centrally located impact zone. 33 
 34 
A more probable hazard from the Yakima Firing Center to Hanford Site facilities is a scenario in 35 
which a fire starts in the Yakima Firing Center boundary and spreads to the Hanford Site.  36 
Exploding artillery shells and sparks from tracked vehicles or other machines may start brush 37 
fires that, under adverse meteorological conditions, could spread rapidly beyond the firing center 38 
boundaries.  Hazards associated with range fires are discussed in Chapter 3.0. 39 
 40 
 41 
1.7.2 Potential Effects on Nearby Facilities 42 
 43 
Tank farm facility accidents with the potential to affect the maximum onsite individual (which 44 
may include persons at some of the facilities cited in Section 1.7.1) are specifically limited to 45 
those accidents discussed in Chapter 3.0. 46 
 47 
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 1 
1.8 VALIDITY OF EXISTING 2 

ENVIRONMENTAL ANALYSES 3 
 4 
No significant discrepancies have been identified in the site characteristic assumptions for 5 
existing environmental analysis and impact statements (e.g., DOE/EIS-0189) based on the 6 
analysis in this DSA. 7 
 8 
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Figure 1.3.1.1-1.  Location of the Hanford Site, Principal Cities and Towns in the Vicinity of the 1 
Site, and Prominent Natural Features in Washington State.   2 

 3 

 4 
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Figure 1.3.1.1-2.  Prominent Natural Features of the Hanford Site Vicinity. 1 
 2 
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 F1-3  

Figure 1.3.1.1-3.  Location of the Hanford Site with Respect to Local Counties and 1 
Regional Highways. 2 
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Figure 1.3.1.2-1.  Hanford Site Map Showing Operational and Multipurpose Area Boundaries. 1 
 2 
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Figure 1.3.1.2-2.  Hanford Site Map Showing Surrounding Facilities and Access Routes. 1 
 2 

 3 
4 

RPP-13033 1/29/2015 - 12:56 PM 100 of 1079



RPP-13033 REV 5 
 

 
 F1-6  

Figure 1.3.1.2.1-1.  Hanford Site Topographic Map and Cross-Section. 1 
 2 
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 F1-7  

Figure 1.3.1.2.1-2.  Map of the 200 East Area Facilities, Including Tank Farm Facilities. 1 
 2 

 3 
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Figure 1.3.1.2.1-3.  Map of the 200 West Area Facilities, Including Tank Farm Facilities. 1 
 2 

 3 
4 

RPP-13033 1/29/2015 - 12:56 PM 103 of 1079



RPP-13033 REV 5 
 

 
 F1-9  

Figure 1.3.2-1.  Counties and Major Cities Within 50 mi of the Hanford Site. 1 
 2 

 3 
 4 
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Figure 1.4.1-1.  Hanford Site Meteorological Monitoring Network.   1 
 2 

 3 
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Figure 1.4.1.1-1.  Topographical Features that Impact the Hanford Site Climate. 1 
 2 
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Figure 1.4.1.1.2-1.  Six-Hour Maximum Probable Precipitation Hazard Curve. 1 
 2 
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 F1-13  

Figure 1.4.1.1.2-2.  Hanford Site Snow Depth Probabilities Based on the 1 
Greatest Depth of Snow on the Ground at the Site from 2 

Winter of 1946-1947 to Winter 1980-1981. 3 
 4 
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 F1-14  

Figure 1.4.1.1.4-1.  Hanford Site Wind Hazard Curves Based on 1 
Recommended Design Wind Speeds. 2 
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Figure 1.4.2-1.  Location of Surface Water on the Hanford Site. 1 
 2 
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Figure 1.4.2.1.1-1.  Location of Dams on the Columbia River and River Drainage Area. 1 
 2 
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Figure 1.4.2.1.1-2.  Location and Elevation of Columbia River Mile 365. 1 
 2 
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 F1-18  

Figure 1.4.2.1.3-1.  Location of Ephemeral and Discontinuous Cold Creek and Dry Creek and 1 
the Extent of the Probable Maximum Flood in the Cold Creek Area. 2 
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Figure 1.4.2.2-1.  Conceptual Hydrologic Column for the Hanford Site. 1 
 2 
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 F1-20  

Figure 1.4.2.3.1-1.  Groundwater Contours and Stead Streamlines from the 200 East and 1 
200 West Areas Waste Sites to the Columbia River. 2 
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Figure 1.4.3-1.  Location of the Hanford Site, Pasco Basin, and Columbia Plateau. 1 
 2 

 3 
4 

RPP-13033 1/29/2015 - 12:56 PM 116 of 1079



RPP-13033 REV 5 
 

 
 F1-22  

Figure 1.4.3.1-1.  Physiographic Provinces of the Columbia Basin. 1 
 2 
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Figure 1.4.3.2-1.  Generalized Stratigraphy of the Columbia River Basalt Group. 1 
 2 
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Figure 1.4.3.2.3-1.  Idealized Suprabasalt Subsurface Stratigraphy of the Hanford Site. 1 
 2 

 3 
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Figure 1.4.3.4.1-1.  Structural Map of the Yakima Fold Belt.  1 
 2 
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Figure 1.4.3.4.2-1.  Generalized Geologic Map of the Pasco Basin.  1 
 2 

 3 
4 

RPP-13033 1/29/2015 - 12:56 PM 121 of 1079



RPP-13033 REV 5-C 
 

 
 F1-27  

Figure 1.4.3.4.2-2.  Geology of the 200 East and 200 West Areas. 1 
 2 
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Figure 1.4.3.4.2-3.  Geologic Stratigraphy of the 200 East Area. 1 
 2 
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Figure 1.4.3.4.2-4.  Geologic Stratigraphy of the 200 East and 200 West Areas. 1 
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Figure 1.4.3.4.2-5.  Geologic Stratigraphy of the 200 West Area. 1 
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 F1-31  

Figure 1.4.3.6.2-1.  Location of Shallow and Intermediate Swarm Areas in the 1 
Hanford Site Vicinity. 2 
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 F1-32  

Figure 1.4.3.6.2-2.  Patterns of Earthquake Activities at the Hanford Site 1990 through 1995.1 1 
 2 

 3 
4 

                                                 
1 Magnitudes are Richter Magnitude. 
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 F1-33  

Figure 1.4.3.6.2-3.  Patterns of Subsidence in the Cold Creek Syncline. 1 
 2 
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Figure 1.4.3.7.2-1.  Total Airborne Ash Concentration, First 48 Hours.  1 
 2 
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Figure 1.4.3.7.2-2.  Total Airborne Ash Concentration, After Day 2. 1 
 2 
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Figure 1.7.1.4-1.  Location of the Yakima Firing Center with Respect to the Hanford Site. 1 
 2 
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 F1-37  

Figure 1.7.1.4-2.  Range of a Rocket Launched from the Yakima Firing Center 1 
Multiple Launch Rocket System with Respect to the Hanford Site. 2 
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 T1-1  

Table 1.3.2-1.  Population in the Kennewick-Pasco-Richland 
Metropolitan Statistical Area, 1980-1995 and 2000. 

Year 
Metropolitan 

statistical area 
Year 

Metropolitan 
statistical area 

1980 144,469 1989 138,300 

1981 150,100 1990 150,030a 

1982 147,900 1991 153,400 

1983 144,700 1992 157,700 

1984 144,000 1993 163,900 

1985 140,900 1994 169,900 

1986 139,300 1995 175,000 

1987 139,600 2000 195,200b 

1988 139,600  

Notes: 
aPopulations of Benton and Franklin counties were 112,560 and 37,473, respectively. 
bSource:  2000 Census. 
 
DOE/EIS-0189, 1996, Tank Waste Remediation System, Hanford Site, Richland, Washington 

Final Environmental Impact Statement, U.S. Department of Energy, Washington, D.C., and 
Washington State Department of Ecology. 
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Table 1.4.1.1.1-1.  Average Temperatures for 1971-2000 and Extreme Temperatures for 

1945-2003 at the Hanford Meteorological Station.  

Time span 

Average temperature 
(1971-2000) 

Extreme temperature  
(1945-2003) 

Daily 
maximum 

Daily 
minimum 

Monthly Maximum Minimum 

C F C F C F C F C F 

January 4 39 -4 25 0 32 22 72 -30 -22 

February 8 47 -2 29 3 38 22 72 -31 -23 

March 14 58 1 34 8 46 28 83 -14 6 

April 19 67 4 40 12 53 34 94 -6 21 

May 24 75 9 48 17 62 40 104 -2 28 

June 29 84 13 55 21 69 44 111 3 37 

July 33 92 16 61 24 76 45 113 4 39 

August 32 91 16 60 24 75 45 113 5 41 

September 27 81 11 51 19 66 41 106 -1 30 

October 19 66 4 40 12 53 32 89 -14 7 

November 9 49 0 32 4 40 24 76 -25 -13 

December 3 38 -4 25 0 32 21 69 -26 -14 

Year -- -- -- -- 12 53 45 113 -31 -23 

Notes:  
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with Historical Data, Pacific 

Northwest National Laboratory, Richland, Washington. 
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 T1-3  

 
Table 1.4.1.1.1-2.  Average Number of Days that Maximum and Minimum Temperatures 

at the Hanford Meteorological Station were Above or Below Specified Limits (1945-2003). 

Time span 

Maximum temperature Minimum temperature 

>38 C 
(>100 F) 

>32 C 
(>90 F) 

<0 C 
(<32 F) 

<0 C 
(<32 F) 

<-18 C 
(<0 F) 

Number of days 

January 0 0 10 25 1 

February 0 0 2 19 <1 

March 0 0 <1 13 0 

April 0 <1 0 4 0 

May <1 3 0 <1 0 

June 1 8 0 0 0 

July 6 19 0 0 0 

August 4 17 0 0 0 

September <1 6 0 <1 0 

October 0 <1 <1 4 0 

November 0 0 2 15 <1 

December 0 0 9 23 1 

Year 12 52 23 106 3 

Notes:  
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with Historical Data, Pacific 

Northwest National Laboratory, Richland, Washington. 
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Table 1.4.1.1.2-1.  Hanford Site Average Precipitation for 1945-2003 and Extreme 

Precipitation for Specified Years. 
Average Maximum Minimum 

Time span mm in. Year mm in. Year mm in. 

January 23.6 0.93 1970 62.7 2.47 1977 2.00 0.08 

February 16.3 0.64 1961 53.3 2.10 1988 T* T* 

March 12.7 0.50 1957 47.2 1.86 1968 0.50 0.02 

April 12.2 0.48 2003 56.6 2.23 1999 T* T* 

May 12.9 0.51 1972 51.6 2.03 1992 T T 

June 13.5 0.54 1950 74.2 2.92 2003 T* -- 

July 5.3 0.21 1993 44.7 1.76 2003 0.00 0.00 

August 5.8 0.23 1977 34.5 1.36 1988 0.00* 0.00* 

September 7.6 0.30 1947 34.0 1.34 1999 0.00* 0.00 

October 13.5 0.53 1957 69.1 2.72 1987 T* T* 

November 22.6 0.89 1996 67.8 2.67 1976 T T 

December 26.4 1.04 1996 93.7 3.69 1976 2.8 0.11 

Year 172.5 6.79 1995 312.7 12.31 1976 75.9 2.99 

Notes: 
*Most recent of multiple occurrences. 
 
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with Historical Data, Pacific 

Northwest National Laboratory, Richland, Washington. 
 
T = trace (0.1 mm [0.005 in.] or less). 
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Table 1.4.1.1.2-2.  Hanford Site Probable Maximum Precipitation Estimates and Average 
Return Estimates for Specified Precipitation Durations. 

Duration 

PMP 24-h general 
storm 

(10 mi2)a 

PMP local storm 
(1 mi2)a 

PMP local storm 
(10 mi2)a 

25-yr average 
return periodb 

100-yr average 
return periodb 

1,000-yr average 
return periodb 

mm in. mm in. mm in. mm in. mm in. mm in. 

15 min -- -- 102.0 4.0 81.0 3.2 -- -- -- -- -- -- 

20 min -- -- -- -- -- -- 11.9 0.47 15.2 0.60 20.3 0.80 

30 min -- -- 152.0 6.0 122.0 4.8 -- -- -- -- -- -- 

45 min -- -- 183.0 7.2 147.0 5.8 -- -- -- -- -- -- 

1 h 41.0 1.6 203.0 8.0 163.0 6.4 15.8 0.62 20.6 0.81 28.2 1.11 

6 h 119.0 4.7 234.0 9.2 188.0 7.4 30.7 1.21 40.4 1.59 55.9 2.20 

24 h 203.0 8.0 -- -- -- -- 39.6 1.56 50.6 1.99 68.1 2.68 

48 h 244.0 9.6 -- -- -- -- -- -- -- -- -- -- 

72 h 264.0 10.4 -- -- -- -- -- -- -- -- -- -- 

Notes: 
aHansen, E. M., D. D. Fenn, P. Corrigan, J. L. Vogel, L. C. Schreiner, and R. W. Stoch, Probable Maximum Precipitation - Pacific Northwest States. 
bPNL-4622, Climatological Summary for the Hanford Area. 
 
Hansen, E. M., D. D. Fenn, P. Corrigan, J. L. Vogel, L. C. Schreiner, and R. W. Stoch, 1994, Probable Maximum Precipitation - Pacific Northwest States, 

Hydrometeorological Report No. 57, National Weather Service, Silver Spring, Maryland. 
PNL-4622, 1983, Climatological Summary for the Hanford Area, Pacific Northwest Laboratory, Richland, Washington. 
 
PMP = probable maximum precipitation. 
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Table 1.4.1.1.2-3.  Monthly Average and Seasonal Maximum Recorded Snowfall 
at the Hanford Site (1945-2003). 

Time span 
Average Seasonal maximum 24-h maximum 

mm in. Year mm in. Year mm in. 

January 122.0 4.8 1950 594.0 23.4 1954 180.0 7.1 

February 58.0 2.3 1989 432.0 17.0 1993 259.0 10.2 

March 13.0 0.5 1951 107.0 4.2 1989 69.0 2.7 

April T T 1982 25.0 1.0 -- * * 

May 0.0 0.0 -- 0.0 0.0 -- 0.0 0.0 

June 0.0 0.0 -- 0.0 0.0 -- 0.0 0.0 

July 0.0 0.0 -- 0.0 0.0 -- 0.0 0.0 

August 0.0 0.0 -- 0.0 0.0 -- 0.0 0.0 

September 0.0 0.0 -- 0.0 0.0 -- 0.0 0.0 

October 3.0 0.1 1973 38.0 1.5 1973 38.0 1.5 

November 43.2 1.7 1985 465.0 18.3 1985 224.0 8.8 

December 134.6 5.3 1996 574.0 22.6 1985 168.0 6.6 

Year 381.0 14.5 1992- 
1993 

1,425.0 56.1 February 
1993 

259.0 10.2 

Notes: 
*No value given for maximum 24-h snowfall. 
 
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with Historical Data, Pacific 

Northwest National Laboratory, Richland, Washington. 
 
T = trace (0.1 mm [0.005 in.] or less). 
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Table 1.4.1.1.3-1.  Average Number of 

Thunderstorm Days Recorded at the Hanford 
Meteorological Station (1945-2003). 
Time span Thunderstorm days 

January 0.0 

February 0.1 

March 0.2 

April 0.8 

May 1.5 

June 2.2 

July 2.2 

August 2.0 

September 0.7 

October 0.2 

November 0.0 

December 0.1 

Year 9.8 

Notes: 
PNNL-14616, 2004, Hanford Site Climatological Data 

Summary 2003 with Historical Data, Pacific Northwest 
National Laboratory, Richland, Washington. 
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Table 1.4.1.1.4-1.  Maximum Peak Gusts Recorded 50 ft 

Aboveground at the Hanford Meteorological Station (1945-2003). 

Time span 
Peak gust speed

mi/h 
Direction of 

peak 
Year measured 

January 80 SW 1972 

February 65 SW 1971 

March 70 SW 1956 

April 73 SSW 1972 

May 71 SSW 1948 

June 72 SW 1957 

July 69 WSW 1979 

August 66 SW 1961 

September 65 SSW 1953 

October 72 SW 1997 

November 67 WSW 1993 

December 71 SW 1955 

Notes: 
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with 

Historical Data, Pacific Northwest National Laboratory, Richland, Washington. 
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Table 1.4.1.1.5-1.  Average Number of Days of Dust 

or Blowing Dust Recorded at the Hanford 
Meteorological Station (1945-2003). 

Time span Days of dust or blowing dust 

January 0.4 

February 0.4 

March 0.5 

April 0.6 

May 0.7 

June 0.4 

July 0.4 

August 0.2 

September 0.5 

October 0.3 

November 0.2 

December 0.2 

Year 4.6 

Notes: 
PNNL-14616, 2004, Hanford Site Climatological Data 

Summary 2003 with Historical Data, Pacific Northwest 
National Laboratory, Richland, Washington. 
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Table 1.4.1.1.6-1.  Monthly and Annual Number of Days with Fog and Dense Fog 

at the Hanford Site (1945-2003). 

Time span 
Days with fog Days with dense fog 

Average Maximum Minimum Average Maximum Minimum 

January 11.7 25.0 0.0 6.2 15.0 0.0 

February 6.6 20.0 0.0 3.2 11.0 0.0 

March 2.0 10.0 0.0 0.8 5.0 0.0 

April 0.5 3.0 0.0 0.1 1.0 0.0 

May 0.2 3.0 0.0 <0.1 1.0 0.0 

June 0.1 2.0 0.0 <0.1 1.0 0.0 

July  <0.1 1.0 0.0 0.0 0.0 0.0 

August 0.1 1.0 0.0 <0.1 1.0 0.0 

September 0.3 2.0 0.0 0.1 1.0 0.0 

October 2.0 9.0 0.0 1.0 7.0 0.0 

November 9.9 19.0 0.0 5.6 13.0 0.0 

December 14.3 25.0 2.0 7.5 17.0 2.0 

Year 47.5 84.0 22.0 24.8 42.0 9.0 

Notes: 
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with Historical Data, Pacific 

Northwest National Laboratory, Richland, Washington. 
 

RPP-13033 1/29/2015 - 12:56 PM 143 of 1079



RPP-13033 REV 5 
 
 

 
 T1-11  

 
Table 1.4.1.1.6-2.  Average Monthly Sky Cover, Sunrise 

to Sunset, Recorded at the Hanford Meteorological 
Station (1954-2003). 

Time span 
Sky cover (in tenths) 

Maximum Minimum Average 

January 9.2 4.3 8.0 

February 9.3 5.9 7.4 

March 8.5 4.9 6.8 

April 8.1 3.7 6.4 

May 8.1 3.6 5.9 

June 7.0 2.8 5.1 

July 5.0 0.9 3.0 

August 5.9 0.6 3.2 

September 6.7 1.4 3.9 

October 8.0 3.3 5.6 

November 9.1 5.2 7.5 

December 9.3 6.4 8.0 

Year 6.6 5.1 5.9 

Notes: 
PNNL-14616, 2004, Hanford Site Climatological Data 

Summary 2003 with Historical Data, Pacific Northwest National 
Laboratory, Richland, Washington. 
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Table 1.4.1.1.6-3.  Average Number of Clear, Partly Cloudy, and 

Cloudy Days Recorded at the Hanford Meteorological Station 
(1954-2003). 

Time span 
Number of 
clear days 

Number of partly 
cloudy days 

Number of 
cloudy days 

January 3.4 5.2 22.4 

February 4.6 5.4 18.2 

March 6.2 8.3 16.5 

April 6.5 9.1 14.3 

May 8.5 10.3 12.2 

June 10.5 10.0 9.4 

July 19.1 7.6 4.3 

August 18.9 7.4 4.7 

September 15.7 7.4 6.9 

October 10.6 7.9 12.5 

November 4.7 5.8 19.5 

December 3.8 4.5 22.8 

Year 112.9 89.0 163.4 

Notes: 
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with 

Historical Data, Pacific Northwest National Laboratory, Richland, Washington. 
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Table 1.4.1.1.8-1.  Occurrence of Mixing-Layer Thicknesses at the 

Hanford Site by Season and Time of Day. 

Mixing layer 
(ft) 

Winter percent frequency 
Summer percent 

frequency 

Night Day Night Day 

<820 65.7 35.0 48.5 1.2 

820-1,640 24.7 39.8 37.1 9.0 

>1,640 9.6 25.2 14.4 89.9 

Notes: 
PNL-6415, 1994, Hanford Site National Environmental Policy Act (NEPA) 

Characterization, Rev. 6, Pacific Northwest Laboratory, Richland, Washington. 
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Table 1.4.1.1.8-2.  Percent Probabilities for Extended Periods of 

Surface-Based Inversions. 

Time span 
Inversion duration 

12 h (%) 24 h (%) 48 h (%) 

January and February 54.00 2.50 0.28 

March and April 50.00 <0.10 <0.10 

May and June 10.00 <0.10 <0.10 

July and August 18.00 <0.10 <0.10 

September and October 64.00 0.11 <0.10 

November and December 50.00 1.20 0.13 

Notes: 
PNL-6415, 1994, Hanford Site National Environmental Policy Act (NEPA) 

Characterization, Rev. 6, Pacific Northwest Laboratory, Richland, Washington. 
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Table 1.4.1.1.8-3.  Percent Frequency of Occurrence of 

Atmospheric Stability Classes A Through G in the 
200 East and 200 West Areas (1983 to 1991). 

Class Occurrence per year (%)* 

A (extremely unstable) 13.9 

B (moderately unstable) 4.5 

C (slightly unstable) 4.3 

D (neutral) 27.9 

E (slightly stable) 26.0 

F (moderately stable) 15.7 

G (extremely stable) 6.9 

Note:   
*Due to rounding, values may not total to 100%. 

 

RPP-13033 1/29/2015 - 12:56 PM 148 of 1079



RPP-13033 REV 5 
 
 

 
 T1-16  

 
Table 1.4.2.2.4-1.  Isotopes, Metals, and Organic/Inorganic Chemicals of  

Potential Concern at the 200 Areas.  (2 sheets) 
Transuranic Isotopes  
 Americium-241 
 Americium-242 
 Americium-243 
 Curium-244 
 Curium-245 
 Neptunium-237 
 Neptunium-239 
 Plutonium-238 
 Plutonium-239 
 Plutonium-240 
 Plutonium-241 
 
Uranium Isotopes  
 Uranium-233 
 Uranium-234 
 Uranium-235 
 Uranium-236 
 Uranium-238 
 
Fission Products and Other 
Radioisotopes  
 Actinium-225 
 Actinium-227 
 Antimony-125 
 Antimony-126 
 Antimony-126m 
 Barium-133a 
 Barium-137m 
 Bismuth-210 
 Bismuth-211 
 Bismuth-213 
 Bismuth-214 
 Carbon-14 
 Cesium-134 
 Cesium-135 
 Cesium-137 
 Cobalt-60 
 Europium-154 
 Europium-155 
 Francium-221 
 Iodine-129 
 Krypton-85a 
 Lead-209 
 Lead-210 
 Lead-211 
 Lead-214 
 Nickel-59a 
 Nickel-63 

Fission Products and Other 
Radioisotopes (cont’d) 
 Niobium-93 
 Polonium-210 
 Polonium-214  
 Polonium-218 
 Potassium-40 
 Promethium-147b 
 Protactinium-231 
 Radium-223  
 Radium-225 
 Radium-226 
 Radium-228  
 Radon-222 
 Rhodium-106 
 Ruthenium-106  
 Samarium-151  
 Selenium-79  
 Strontium-90 
 Technetium-99 
 Thallium-207 
 Thorium-227 
 Thorium-229 
 Thorium-230 
 Thorium-231 
 Thorium-232a 
 Thorium-234 
 Tritium 
 Yttrium-90 
 Zirconium-93 
 
Metals  
 Antimonyb 
 Barium 
 Beryllium 
 Cadmium 
 Chromium 
 Copper 
 Lead 
 Manganese 
 Mercury 
 Nickel 
 Silver 
 Thalliumb 
 Titaniumb 
 Uranium 
 Vanadium 
 Zinc 

Volatile Organic Compounds 
 Acetone 
 Carbon disulfidea 
 Carbon tetrachloride 
 Chloroform 
 Cyclohexanoneb 
 1,1-Dichloroethane 
 1,2-Dichloroethane 
 cis-1,2-Dichloroetheneb 
 trans-1,2-Dichloroethaneb 
 Methylene chloride 
 Methyl ethyl ketone (MEK)b 

Methyl isobutyl ketone 
hexone  (MIBK)b 

 Styreneb 
 Tetrachloroethylene 
 Toluene 
 1,1,1-Trichloroethane 
 1,1,2-Trichloroethaneb 
 Trichloroethylene 
 Trichloromonofluoromethaneb 
 Hexone (MIBK) 
 Tributyl phosphatea 
 Xylenesa 
 
Semivolatile Organic Compounds 
 Aldrin 
 gamma-BHC 
 Bisphenol Aa 
 Bis(2-ethylhexyl) phthalate 
 Butyl phosphate 
 p-Chloro-m-cresolb 
 Cresolsa 
 2-Chlorophenol 
 DDD 
 DDT 
 Dibutyl phosphate 
 2,4-Dichlorophenol 
 Dieldrin 
 Dimethoate 
 2,4-Dimethylphenol 
 2,4-Dinitrophenolb 
 2,4-Dinitrotolueneb 
 Endrin 
 Heptachlor 
 Hydrazineb 
 n-Nitrodimethylaminea 
 Pentachlorophenol 
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Table 1.4.2.2.4-1.  Isotopes, Metals, and Organic/Inorganic Chemicals of  
Potential Concern at the 200 Areas.  (2 sheets) 

Semivolatile Organic Compounds 
(cont’d) 
 Phenol 
 Pyrene 
 1,2-Propanedialb 
 2,3,4,5-Tetrachlorophenolb 
 2,4,5-Trichlorophenolb 
 Tributyl phosphateb 

Inorganic Compounds 
 Ammonia 
 Ammonium carbonateb 
 Ammonium nitrate 
 Arsenic 
 Boron 
 Cyanide 
 Ferrocyanide 
 Fluoride 

Inorganic Compounds (cont’d) 
 Hydrofluoric acidb 
 Nitrate 
 Nitrite 
 Nitric acidb 
 Seleniumb 
 Sodium dichromateb 
 Sulfuric acida 

Notes:  
a200 West Area only. 
b200 East Area only.  
 
1. Modified from DOE/RL-92-16, 200 West Groundwater Aggregate Area Management Study Report, and  

DOE-RL-92-19, 200 East Groundwater Aggregate Area Management Study Report. 
2. This table has been excerpted from DOE/EIS-0189, Tank Waste Remediation System, Hanford Site, 

Richland, Washington Final Environmental Impact Statement.  Minor corrections, which have not affected the 
intended technical content, have been made to minimize potential reader confusion and to enhance the usage of this 
table within this safety analysis report (i.e., with regard to vadose zone information).  This results in some necessary 
differences between the information presented in this table and the source documentation. (Other changes have not 
been made because they would impact the tie between DOE/EIS-0189 and its source documentation.) 

3. The information contained in this table was not used in the performance of the hazard and accident analyses 
documented in Chapter 3.0. 

 
DOE/EIS-0189, 1996, Tank Waste Remediation System, Hanford Site, Richland, Washington Final 

Environmental Impact Statement, U.S. Department of Energy, Washington, D.C., and Washington State Department 
of Ecology. 

DOE/RL-92-16, 1993, 200 West Groundwater Aggregate Area Management Study Report, Rev. 0, U.S. 
Department of Energy, Richland, Washington. 

DOE/RL-92-19, 1993, 200 East Groundwater Aggregate Area Management Study Report, Rev. 0, 
U.S. Department of Energy, Richland, Washington. 
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Table 1.4.2.3.1-1.  Hydraulic Conductivity of Suprabasalt Aquifer System Units 
Under the 200 East and 200 West Areas. 

Interval 
Hydraulic conductivity 

ft/day 

Transmissivity 

ft2/day 
Data source 

Both 200 East and 200 West Areas 

Elephant Mountain 
Member interflow zone 

-- 2.30 to 1,866.80 RHO-ST-42, 1981, Hydrology of the Separations Area, Rev. 0, Rockwell 
Hanford Operations, Richland, Washington 

Rattlesnake Ridge 
interbed 

-- 2.43 to 354.33 RHO-RE-ST-12P, 1984, An Assessment of Aquifer Intercommunication with 
B Pond-Gable Mountain Pond Area of the Hanford Site, Rev. 0, Rockwell 
Hanford Operations, Richland, Washington 

200 East Area 

Top of unconfined 
aquifer (Hanford and 
Ringold) 

26.25 to 24,934.38 -- WHC-SD-EN-TI-019, 1992, Hydrogeologic Model for the 200 East 
Groundwater Aggregate Area, Rev. 0, Westinghouse Hanford Company, 
Richland, Washington 

200 West Area 

Ringold unconfined 
aquifer 

0.66 to 200.13 -- PNL-6820, 1989, Hydrogeology of the 200 Areas Low Level Burial Grounds, 
Rev. 0, Pacific Northwest Laboratory, Richland, Washington 

0.30 to 1,558.40 -- WHC-SD-EN-TI-019, 1992, Hydrogeologic Model for the 200 East 
Groundwater Aggregate Area, Rev. 0, Westinghouse Hanford Company, 
Richland, Washington 

Ringold Lower Mud 5.24 x 10-5 -- PNL-6820, 1989, Hydrogeology of the 200 Areas Low Level Burial Grounds, 
Rev. 0, Pacific Northwest Laboratory, Richland, Washington 
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Table 1.4.3.6-1.  Three Crustal Layers Related to 
Earthquakes at the Hanford Site. 

Layer 
Depth 

mi 

Columbia River Basalt Group 0-3 

Prebasalt sediments 5 

Crystalline basement >5 
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Table 1.4.3.6-2.  Five General Sources of Earthquakes at the Hanford 

Site. 
Area Layer 

Major reverse faults on ridges Mainly basalt, also prebasalt sediments 

Secondary faults on ridges Basalt 

Swarm area Basalt 

Basement Crystalline basement 

Cascadia Subduction Zone Lithosphere—plate tectonic boundary 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 

and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

April 19, 1969 05:46:03.20 3.1 45.889N 
119.742W 

3.00 -- 

April 20, 1969 02:19:16.04 3.2 48.250N 
119.272W 

5.72 -- 

May 11, 1969 05:50:11.92 3.1 48.194N 
119.228W 

3.0 -- 

August 2, 1969 03:04:16.35 3.4 47.198N 
117.375W 

15.22 -- 

August 31, 1969 16:27:35.05 3.1 46.286N 
120.776W 

1.50 -- 

January 1, 1970 06:44:28.24 3.0 46.324N 
118.396W 

0.68 -- 

July 11, 1970 10:24:31.17 3.0 48.180N 
121.311W 

34.20 -- 

July 29, 1970 20:42:31.56 3.0 48.176N 
119.313W 

3.00 -- 

August 23, 1970 11:11:40.67 3.3 46.745N 
119.345W 

2.08 HS 

September 11, 1970 02:20:54.11 3.5 46.642N 
120.386W 

9.67 -- 

October 2, 1970 15:56:24.73 3.3 46.760N 
119.371W 

3.78 HS 

October 19, 1970 07:15:08.09 3.2 46.904N 
117.684W 

3.00 -- 

November 6, 1970 18:15:16.77 3.1 46.691N 
118.884W 

3.00 -- 

January 26, 1971 10:17:05.02 3.2 46.921N 
119.554W 

1.36 HS 

May 22, 1971 15:57:10.83 3.3 47.788N 
118.964W 

14.54 -- 

July 13, 1971 23:29:24.49 3.5 44.922N 
117.946W 

3.00 -- 

August 18, 1971 23:44:25.96 3.2 47.610N 
120.083W 

1.86 -- 

October 25, 1971 18:52:49.98 3.8 46.709N 
119.548W 

0.07 HS 

November 23, 1971 02:12:15.42 4.1 48.233N  
121.248W 

18.20 -- 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 
and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

June 19, 1972 23:57:57.57 3.2 48.131N 
121.186W 

9.00 -- 

February 6, 1973 07:17:06.89 3.0 46.936N 
120.896W 

8.00 -- 

September 4, 1973 17:56:49.92 3.7 48.239N 
121.165W 

6.10 -- 

December 20, 1973 01:08:28.24 4.4 46.869N  
119.354W 

2.35 -- 

June 15, 1975 17:51:31.49 3.1 46.237N  
119.104W 

0.07 -- 

June 28, 1975 16:33:43.66 3.3 46.129N  
119.702W 

10.67 -- 

June 28, 1975 22:17:52.65 3.8 46.118N  
119.697W 

10.35 -- 

July 1, 1975 05:28:02.24 3.6 45.628N  
120.002W 

1.50 -- 

July 7, 1975 20:41:17.79 3.2 46.074N  
118.449W 

2.50 -- 

September 18, 1975 12:19:28.51 3.5 47.796N  
118.231W 

0.50 -- 

April 13, 1976 00:47:17.1 4.8 ML 

4.5 MB 

45.22N  
120.77W 

15. -- 

April 17, 1976 02:11:44.1 4.2 ML 45.08N  
120.79W 

15. -- 

May 15, 1976 13:04:53.56 3.0 47.707N  
120.033W 

4.58 -- 

June 15, 1976 01:01:45.68 3.0 46.488N  
117.683W 

0.90 -- 

June 15, 1976 09:08:04.90 3.0 47.627N  
120.296W 

0.55 -- 

July 23, 1976 17:59:36.78 3.0 46.080N  
118.745W 

2.70 -- 

August 30, 1976 16:34:01.55 3.0 47.649N  
120.177W 

3.00 -- 

December 13, 1976 08:47:29.41 3.1 47.643N  
120.129W 

5.60 -- 

January 27, 1977 07:47:29.20 3.2 46.939N  
119.593W 

1.40 HS 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 
and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

March 11, 1977 22:50:11.41 3.1 45.895N  
119.675W 

0.08 -- 

July 13, 1977 07:15:05.68 3.8 47.058N  
121.046W 

0.10 -- 

January 25, 1978 01:09:20.80 3.3 47.892N  
120.108W 

1.03 -- 

March 22, 1978 03:08:59.57 3.3 48.090N  
119.492W 

11.96 -- 

April 16, 1978 19:45:16.90 3.3 47.752N  
120.234W 

0.71 -- 

June 11, 1978 02:43:55.05 3.1 46.841N  
120.955W 

0.10 -- 

June 27, 1978 02:19:00.26 3.4 46.938N  
121.137W 

3.10 -- 

October 10, 1978 12:04:27.93 3.1 47.901N  
119.682W 

2.43 -- 

January 19, 1979 14:55:16.97 3.9 47.896N  
119.686W 

6.69 -- 

January 21, 1979 20:40:06.14 3.0 47.895N  
119.682W 

3.19 -- 

January 30, 1979 16:06:45.71 3.0 47.662N  
120.120W 

5.06 -- 

February 17, 1979 08:36:21.41 3.6 46.169N  
119.935W 

9.10 -- 

April 7, 1979 03:47:23.62 3.0 46.956N  
120.412W 

9.83 -- 

April 8, 1979 07:29:37.81 4.2 45.995N  
118.447W 

4.70 -- 

July 28, 1979 02:19:06.94 3.7 46.670N  
120.591W 

0.10 -- 

November 10, 1979 04:53:29.82 3.2 47.720N  
120.057W 

0.09 -- 

November 18, 1979 02:08:45.53 3.1 46.887N  
119.567W 

1.10 HS 

November 24, 1979 11:51:14.98 3.4 46.931N  
119.566W 

0.45 HS 

December 10, 1979 05:40:07.46 3.4 46.657N  
120.575W 

5.10 -- 

November 19, 1980 21:35:24.07 3.3 46.950N  
119.469W 

0.86 HS 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 
and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

February 2, 1981 01:23:18.30 4.0 46.263N  
120.989W 

1.98 -- 

February 18, 1981 06:09:38.71 4.2 47.197N  
120.892W 

3.37 -- 

March 15, 1981 07:23:66.85 3.6 47.987N  
121.493W 

5.35 -- 

May 28, 1981 08:55:62.54 4.6 46.530N  
121.398W 

2.98 -- 

May 28, 1981 09:10:45.90 5.0 46.525N  
121.394W 

3.22 -- 

June 14, 1981 13:12:56.81 3.2 45.962N  
120.507W 

13.58 -- 

July 22, 1981 06:05:50.38 3.0 47.777N  
120.288W 

9.53 -- 

October 25, 1981 03:20:63.67 3.2 47.758N  
120.196W 

7.58 -- 

January 23, 1982 15:31:37.16 3.2 46.546N  
121.378W 

3.33 -- 

September 26, 1982 10:09:23.58 3.4 46.867N  
121.048W 

3.25 -- 

March 22, 1983 12:47:02.37 3.8 45.992N  
118.403W 

7.53 -- 

April 25, 1983 15:48:20.43 3.0 48.630N  
119.567W 

8.03 -- 

October 20, 1983 09:44:58.46 3.4 46.717N  
119.584W 

1.86 HS 

November 14, 1983 11:18:60.40 3.8 46.655N  
120.600W 

7.87 -- 

December 5, 1983 07:24:18.61 3.8 46.915N  
120.713W 

7.76 -- 

January 31, 1984 05:29:17.96 4.0 45.496N  
116.673W 

5.65 -- 

April 11, 1984 03:07:42.05 4.3 47.535N  
120.185W 

8.02 -- 

June 18, 1984 19:34:08.93 3.1 45.486N  
118.840W 

5.96 -- 

August 24, 1984 04:42:67.21 3.0 47.649N  
120.955W 

0.75 -- 

October 10, 1984 03:24:18.24 3.0 47.904N  
119.079W 

15.39 -- 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 
and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

January 9, 1985 05:46:13.26 3.3 47.064N  
120.094W 

0.34 -- 

January 25, 1985 07:28:54.49 3.1 46.500N  
120.632W 

16.63 -- 

January 31, 1985 03:02:35.09 3.3 47.059N  
120.084W 

0.29 -- 

February 10, 1985 20:29:31.72 3.9 45.704N  
119.634W 

18.41 -- 

March 9, 1985 01:31:24.44 3.3 46.984N  
118.590W 

3.41 -- 

April 19, 1985 10:52:44.29 3.2 46.897N  
120.284W 

5.35 -- 

June 9, 1985 01:24:51.45 3.2 46.675N  
118.977W 

3.21 -- 

June 17, 1985 07:00:17.26 3.0 47.058N  
120.077W 

0.28 -- 

July 16, 1985 21:13:16.33 3.2 46.189N  
121.009W 

0.02 -- 

October 1, 1985 05:21:60.00 3.0 46.796N  
120.048W 

1.09 -- 

October 1, 1985 06:53:11.58 3.0 46.789N  
120.047W 

1.71 -- 

October 10, 1985 10:06:40.72 3.2 47.749N  
120.265W 

7.04 -- 

November 22, 1986 18:09:56.76 3.2 47.263N  
119.351W 

20.82 -- 

February 4, 1986 01:58:67.17 3.2 46.044N  
118.810W 

7.80 -- 

April 8, 1986 10:57:37.58 3.3 47.770N  
120.230W 

13.76 -- 

September 1, 1986 21:32:43.95 3.4 46.719N 
119.285W 

14.09 -- 

June 11, 1987 19:50:16.98 3.0 46.778N 
120.694W 

17.23 -- 

December 2, 1987 07:12:57.46 4.1 46.675N 
120.675W 

18.20 -- 

December 2, 1987 09:02:24.27 4.3 46.679N 
120.673W 

17.80 -- 

February 6, 1988 12:51:44.81 3.0 47.666N 
120.024W 

7.15 -- 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 
and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

May 28, 1988 09:02:45.95 3.46 46.806N 
119.420W 

3.96 HS 

July 9, 1988 01:18:11.55 3.7 46.838N 
119.694W 

0.03 HS 

July 14, 1988 12:45:33.46 3.3 46.888N 
119.413W 

1.79 HS 

July 29, 1988 04:59:47.27 4.1 46.855N 
121.914W 

11.83 -- 

July 29, 1988 06:00:08.70 3.8 46.851N 
121.921W 

10.80 -- 

August 12, 1988 12:11:54.32 3.0 46.844N 
121.921W 

10.89 -- 

September 29, 1988 08:09:19.55 3.5 45.850N 
120.260W 

13.92 -- 

March 27, 1989 20:17:22.28 3.1 45.816N 
120.262W 

12.25 -- 

June 13, 1989 23:18:08.79 3.0 46.948N 
118.536W 

11.29 -- 

September 15, 1989 10:28:00.84 3.5 45.373N 
121.707W 

5.22 -- 

March 26, 1990 01:27:18.34 3.0 46.851N 
121.913W 

10.74 -- 

April 29, 1990 00:32:03.14 3.22 46.542N 
119.733 W 

19.47 HS 

June 19, 1990 10:20:31.64 3.3 46.840N 
119.322W 

2.71 -- 

July 28, 1990 09:33:20.70 3.0 46.858N 
121.763W 

0.38 -- 

October 19, 1990 14:13:58.16 3.5 45.341N 
121.686W 

3.5 -- 

October 23, 1990 23:43:04.53 3.0 46.627N 
118.888W 

0.98 -- 

December 22, 1990 03:14:24.45 3.4 46.799N 
119.992W 

3.31 -- 

December 30, 1990 02:20:56.99 3.5 47.474N 
121.812W 

17.07 -- 

January 1, 1991 20:19:15.35 3.4 46.813N 
120.558W 

6.55 -- 

February 14, 1991 19:00:42.05 3.1 47.978N 
119.991W 

7.97 -- 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 
and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

February 22, 1991 20:57:04.49 3.2 46.871N 
120.652W 

13.26 -- 

February 26, 1991 09:16:15.64 3.0 46.718N 
119.884W 

1.52 -- 

March 28, 1991 00:54:34.15 3.3 47.680N 
120.327W 

0.60 -- 

May 16, 1991 02:39:49.35 3.0 46.763N 
121.896W 

11.34 -- 

December 15, 1991 22:14:53.12 3.3 47.595N 
118.329W 

7.98 -- 

January 24, 1992 09:09:54.34 3.4 47.659N 
120.132W 

7.36 -- 

February 18, 1992 16:04:42.79 3.2 46.951N 
119.550W 

2.22 HS 

April 27, 1992 00:48:58.12 3.0 46.624N 
118.906W 

1.04 -- 

July 14, 1992 20:01:51.50 4.1 45.993N 
118.309W 

11.62 -- 

August 7, 1992 17:23:17.83 3.9 45.860N 
119.590W 

0.57 -- 

October 26, 1992 07:56:35.25 3.5 46.857N 
120.721W 

0.04 -- 

January 7, 1993 22:06:42.01 3.4 47.595N 
121.515W 

14.44 -- 

December 16, 1993 12:21:34.50 3.0 45.196N 
120.090W 

6.69 -- 

June 18, 1994 07:01:07.28 4.3 47.621N 
121.270W 

0.04 -- 

September 10, 1994 07:43:11.37 3.9 47.185N 
121.965W 

17.73 -- 

November 13, 1994 16:50:47.20 3.3 46.592N 
119.584W 

28.22 HS 

January 13, 1995 19:38:23.02 3.2 46.579N 
120.711W 

13.17 -- 

March 9, 1995 07:22:36.62 3.0 47.191N 
120.955W 

1.61 -- 

May 20, 1995 12:48:48.20 4.1 46.881N 
121.941W 

13.42 -- 

June 12, 1995 01:48:24.40 3.3 46.405N 
119.263W 

1.05 -- 
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Table 1.4.3.6.2-1.  Instrumentally Located Earthquake Catalog for the Hanford Site 
and Columbia Plateau (see Figure 1.4.3.6.2-1) from 1969 to 1995.  (8 sheets) 

Date Universal time Magnitudea Coordinatesb Depthc 
(km) 

Remarksd 

Earthquakes with magnitude 3, 1969 to 1995 

June 30, 1995 22:17:05.06 3.0 47.107N 
120.528W 

11.23 -- 

July 13, 1995 10:28:50.27 3.7 46.819N 
121.878W 

8.29 -- 

August 29, 1995 13:02:48.76 3.1 46.208N 
119.576W 

15.34 -- 

November 2, 1995 14:30:14.44 3.62 46.150N 
119.579W 

23.31 -- 

Notes:   
aUnless otherwise noted, all magnitudes are Richter magnitudes from coda seismic waves (Rayleigh waves). 
bLatitude and longitude are used to define the location of historical earthquakes. 
cDepth is given in kilometers; to convert kilometers to miles, multiply by 0.622. 
dHS - Hanford Site within 4615'N to 470'N (46.250N to 47.000N) and 11920'W to 11945'W 

(119.333W to 119.750W). 
 
MB = Body-wave magnitude. 
ML = Local (Richter) magnitude. 
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Table 1.4.3.7.1-1.  Seismic Performance Categories and 
Seismic Hazard Exceedance Levels. 

Performance 
category 

Mean seismic hazard 
exceedance levels, PH 

Remarks 

0 No requirements NA 

1 Follow IBC 2000 in its entiretya Use IBC 2000 Seismic Use Group I Criteria - 2/3 
MCE Ground Motion 

2 Follow IBC 2000 in its entiretya Use IBC 2000 Seismic Use Group III Criteria - 2/3 
MCE Ground Motion with Importance Factor of 1.5 

3 4.0 E-04 

(1.0 E-03)b 

Establish DBE per DOE-STD-1023-95 analysis per 
DOE-STD-1020-2002 

4 1.0 E-04 

(2.0 E-04)b 

Establish DBE per DOE-STD-1023-95 analysis per 
DOE-STD-1020-2002 

Notes: 
aBased on MCE Ground Motion – generally 2% Exceedance Probability in 50 yr from the seismic hazard 

maps, modified to account for site effects.  PH = 4.0 E-04. 
bNumbers in parenthesis are for locations near tectonic plate boundaries. 
 
DOE-STD-1020-2002, 2002, Natural Phenomena Hazards Design and Evaluation Criteria for Department 

of Energy Facilities, U.S. Department of Energy, Washington, D.C. 
DOE-STD-1023-95, 2002, Natural Phenomena Hazards Assessment Criteria, Change Notice No. 1, 

U.S. Department of Energy, Washington, D.C. 
 
DBE = design basis earthquake. 
MCE = maximum considered earthquake. 
NA = not applicable. 
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Table 1.4.3.7.1-2.  Guidance for SDC Based on Unmitigated Consequences of SSC Failures in 

a Seismic Event.a 

 Unmitigated Consequence of SSC Failure from a Seismic Event 

Categoryb Collocated Worker Public 

SDC-1 dose < 5 rem Not applicablec 

 

SDC-2 5 rem < dose < 100 rem 5 rem < dose < 25 rem 

 

SDC-3 100 rem < dose 25 rem < dose 

 
Notes:  

aFrom DOE-STD-1189-2008, Appendix A. 
bAs noted in ANS 2.26-2004, the SDCs used in the Standard and in this table are not the same as the SDCs 

referred to in the IBC. 
cA Hazard Category 1, 2, or 3 nuclear facility with consequences to a collocated worker from failure of an 

SSC in a seismic event will require that SSC to be classified as SDC-1 at a minimum.  Therefore, a public 
criterion for SDC-1 is not needed. 

 
ANSI/ANS 2.26-2004, 2004, Categorization of Nuclear Facility Structures, Systems, and Components for 

Seismic Design, American Nuclear Society, La Grange Park, Illinois. 
DOE-STD-1189-2008, 2008, Integration of Safety into the Design Process, U.S. Department of Energy, 

Washington, D.C. 
 
IBC = International Building Code. 
SDC = seismic design category. 
SSC = structures, systems, and components. 
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Table 1.4.3.7.1-3.  SDC-1 and -2 Seismic Design Requirements for Limit States  
A, B, C, and D.a 

SDC 
Limit State 

A B C D 
1 ASCE 7-05 

Occupancy 
Category I or 

II (I=1.0)b 

Ra=Rb 

ASCE 7-05 
Occupancy 

Category I or 
II (I=1.0)b 

Ra= 0.80Rb 

But Ra > 1.0 

ASCE 7-05 
Occupancy 

Category I or 
II (I=1.0)b 

Ra= 0.67Rb 

But Ra > 1.0 
 

ASCE 7-05 
Occupancy 

Category I or 
II (I=1.0)b 

Use Ra
b=1.0 

2 ASCE 7-05 
Occupancy 

Category III or 
or IVc 

Ra=Rb 

ASCE 7-05 
Occupancy 

Category III or 
or IVc 

Ra= 0.80Rb 

But Ra > 1.0 

ASCE 7-05 
Occupancy 

Category III or 
or IVc 

Ra= 0.67Rb 

But Ra > 1.0 

ASCE 7-05 
Occupancy 
Category III  

or IVc 

Use Ra
b=1.0 

Notes: 
aFrom DOE-STD-1189-2008, Appendix A. 
bI = Importance Factor (see Table 11.5-1 of ASCE 7-05).   
R = Response Modifications Coefficient given in ASCE 7-05 (see Tables 12.2-1 and 15.4-2 of  

ASCE 7-05).   
Ra = Actual (reduced) Response Modification Coefficient to be used in the design 

cASCE 7-05 Occupancy Category IV (I=1.5) shall be used if there is a radiological release consequence of 
concern to the public or the environment resulting from an unmitigated failure of the SSC. 

 

ASCE 7-05, 1995, Minimum Design Loads for Buildings and Other Structures, American Society of Civil 
Engineers, Reston, Virginia. 

DOE-STD-1189-2008, 2008, Integration of Safety into the Design Process, U.S. Department of Energy, 
Washington, D.C. 

 
ASCE = American Society of Civil Engineers. 
SDC = seismic design category. 
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Table 1.4.3.7.2-1.  Structural Loads Due to Ash Fallout.  

Performance Category 
Annual Exceedance 

Probability Ash Loada lb/ft2 

1 1 x 10-3 3.2 

2 5 x 10-4 11.8 

Note: 
aDry basis.  When not considered in combination with concurrent moisture loads, an additional 

0.5 lb/ft2 moisture load applies. 
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Table 1.4.3.7.3-1.  Summary of Static Soil Properties West of 200 East Area. 

Material 
(El. in ft) 

Dry 
density 
(lb/ft3) 

Moist 
density 
(lb/ft3) 

Moisture 
content 

(%) 

Friction  
angle 

(degree) 

Elastica,b 
modulus 

(E) 
(ton/ft2) 

Bulka,b 
modulus (B)
(1000 lb/in2) 

Horizontal 
modulus of 
subgrade 
reaction 

(nh)b 
(lb/in3) 

Coefficient 
of subgrade 
reactiona,b 

(Kn)  (lb/in3) 

Vertical 
modulus of 
subgrade 
reactionb,c 

(lb/in3) 

Stratum 2 (gravel) 
 El. 727 to 706 

110 112 2 45  
720 

 
5 

 
30d1 

 
250 

 
30d1 
25d2 

100d3 
Stratum 3 (sand) 
Surface structurese 
 l. 706 to 676 
 l. 676 to 250 (rock) 

110 113 (design) 
115 (mean) 
±3 (range) 

3.0 37 (design) 
41 (mean) 
±4 (range) 

 
 

1,440 
5,760 

 
 

10 
40 

 
 

40 
50 

 
 

500 
2,000 

 
 

100d3 

Stratum 3 (sand) 
Tank structuresf 
 l. 663 to 613 
 l. 613 to 250 (rock) 

110 113 (design) 
115 (mean) 
±3 (range) 

3.0 37 (design) 
41 (mean) 
±4 (range) 

 
 

1,440 
5,760 

 
 

10 
40 

 
 

40 
50 

 
 

500 
2,000 

 
 

100d4 

Backfill 
Depth below surface 
 0-20 ft 
 20-50 ft 
 50 ft 

115 112 12.5g 38  
 

720 
1,440 
5,760 

 
 

5 
10 
40 

 
 

30 
40 
50 

 
 

250 
500 

2,000 

 
 

25d2 

Notes:   
aModuli have been adjusted to be compatible with strain levels anticipated with structural loadings. 
bModulus values may be considered approximate with ± standard deviation values corresponding to ±25%. 
cRange of data (±) based on test data from this report and review of other reports in the 200 East and 200 West areas. 
dDesign moduli of subgrade reaction have been adjusted for anticipated foundation size and location. 
 d1Piping within 6.1 m (20 ft) of ground surface. 
 d2Surface structures and floor slabs. 
 d3Exhaust stack mat. 
 d4Tank mat foundation. 
eParameters apply to soils beneath surface structures. 
fParameters apply to soils beneath tank foundation. 
gMoisture content anticipated during field compaction of backfill. 

 
E = Young's modulus of elasticity. 
El. = elevation. 

RPP-13033 1/29/2015 - 12:56 PM 166 of 1079



 
 

 

R
P

P
-13033 R

E
V

 5-C
 

 
 

T
1-34 

 

 
Table 1.4.3.7.3-2.  Summary of Static Soil Properties Southwest of 200 West Area. 

Material 
(El. in ft) 

Dry 
density 
(lb/ft3) 

Moist 
density 
(lb/ft3) 

Moisture 
content 

(%) 

Friction 
angle 

(degree) 

Elastica, 
modulus 

(E) 
(ton/ft2) 

Bulka 

modulus 
(B) 

(1000 
lb/in2) 

Horizontal 
modulus of 
subgrade 
reaction 

(nh) 
(lb/in3) 

Coefficient 
of subgrade 

reactiona 
(Kn)   

(lb/in3) 

Vertical 
modulus of 
subgrade 
reactionb,c 

(lb/in3) 

Stratum 2 (sand with 
gravel) 
 El. 685 to 670 

110 113 3 37  
 

720 

 
 

5 

 
 

30 

 
 

250 

 
 

25d2 
100d3 

Stratum 3 (sand) 
Surface structurese 

 El. 670 to 640 
 l. 640 to 135 (rock) 

110 113 (design) 
115 (mean) 
±3 (range) 

3.0 37 (design) 
41 (mean) 
±4 (range) 

 
 

1,440 
5,760 

 
 

10 
40 

 
 

40 
50 

 
 

500 
2,000 

 
 

100d3 

Stratum 3 (sand) 
Tank structuresf 

 El. 631 to 581 
 El. 581 to 135 (rock) 

110 113 (design) 
115 (mean) 
±3 (range) 

3.0 37 (design) 
41 (mean) 
±4 (range) 

 
 

1,440 
5,760 

 
 

10 
40 

 
 

40 
50 

 
 

500 
2,000 

 
 

100d4 

Backfill 
Depth below surface 
 0-20 ft 
 20-50 ft 
 >50 ft 

116 130 12.5g 40  
 

720 
1,440 
5,760 

 
 

5 
10 
40 

 
 

30 
40 
50 

 
 

250 
500 

2,000 

 
 

25d2 

Notes:   
aModuli have been adjusted to be compatible with strain levels anticipated with structural loadings. 
bRange of data (±) based on test data from this report and review of other reports in the 200 East and 200 West areas. 
cModulus values may be considered approximate with ± standard deviation values corresponding to ±25%. 
dDesign moduli of subgrade reaction have been adjusted for anticipated foundation size and location. 
 d1Piping within 6.1 m (20 ft) of ground surface. 
 d2Surface structures and floor slabs. 
 d3Exhaust stack mat. 
 d4Tank mat foundation. 
eParameters apply to soils beneath surface structures. 
fParameters apply to soils beneath tank foundation. 
gMoisture content anticipated during field compaction of backfill. 
 
E = Young's modulus of elasticity. 
El. = elevation. 
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Table 1.4.3.7.3-3.  Summary of Dynamic Soil Properties West of 200 East Area. 

Material  
(El. in ft) 

Moist 
density 
(lb/in3) 

Friction 
angle 

(degree) 

Poissonsa ratio 

Small strainb parameters Large strainc parameters 

Va 

(ft/s) 
Vp 

(ft/s) 
G 

(1000 lb/in2) 
G 

(1000 lb/in2) 
Gd 

(1000 lb/in2) 
Ed 

(1000 lb/in2) 

Design 
Approx. 

range 
Design 

Approx.  
range 

Design 
Approx. 

range 
Design 

Approx. 
range 

Design 
Approx. 

range 
Design 

Approx. 
range 

Design 
Approx. 

range 

Stratum 2 (gravel) 
 El. 727 to 706 

112 45 0.27 ±0.06 1,200 ±250 2150 ±500 30 ±15 90 ±30 10 ±5 30 ±10 

Stratum 3 (sand) 
 El. 706 to 663 

113 (design) 
115 (mean) 
±3 (range) 

37 (design) 
41 (mean) 
±4 (range) 

0.27 ±0.06 

1,500 ±250 2,650 ±500 50 ±15 140 ±30 20 ±5 50 ±10 

 El. 666 to 613 1,750 ±200 3,100 ±500 70 ±10 190 ±20 25 ±5 65 ±10 

 El. 613 to 477 2,000 ±200 3,550 ±500 100 ±15 250 ±30 35 ±5 85 ±10 

 El. 477 to 250d,e 2500 ±200 3700 ±500 150 ±15 390 ±30 55 ±5 135 ±10 

Bedrocke 140 45 0.27 -- 4,000f -- 7,400f -- 480 -- 1,230 -- -- -- -- -- 

Backfilla 130 38 0.30 -- 1,000 -- 1,900 -- 30 -- 70 -- 10 -- 25 -- 

Notes:   
aComputed from large strain geophysical crosshole test. 
bSmall strain parameters at 10-4% shear strain. 
cLarge strain parameters at 10-1% shear strain. 
dGroundwater elevation approximately 121.9 m (400 ft). 
eEstimated soil properties include native soils and rock below a depth of 42.7 m (140 ft) (maximum depth of site borings) and backfill. 
fShear and compressional wave relocation estimated from measurements in Shannon and Wilson, Geologic Studies of the Columbia River Basalt Structures and 

Age of Deformation, The Dalles-Umatilla Region, Boardman Nuclear Project.  Shear wave velocities in the basalt ranged from 3,000 to 10,000 ft/s, while 
compressional wave velocities ranged from 5,700 to 79,000 ft/s. 

 
Shannon and Wilson, 1993, Geologic Studies of the Columbia River Basalt Structures and Age of Deformation, The Dalles-Umatilla Region, Boardman Nuclear 

Project, Shannon and Wilson, Inc., Seattle, Washington. 
 
E = Young's modulus of elasticity. 
El. = elevation. 
G = shear modulus. 
Va = shear wave velocity. 
Vp = compressional wave velocity. 
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Table 1.4.3.7.3-4.  Summary of Dynamic Soil Properties Southwest of 200 West Area. 

Material 
(El. in ft) 

Moist 
density 
(lb/in3) 

Friction 
angle 

(degree) 

Poissonsa 
ratio 

Low-strainb parameters High-strainc parameters 

Va 

(ft/s) 
Vp 

(ft/s) 
G 

(1000 lb/in2) 
E 

(1000 lb/in2) 
Ga 

(1000 lb/in2) 
Ea 

(1000 lb/in2) 

Stratum 2 (sand with 
gravel) 
 El. 685 to 670 

113 37 0.27 ± 0.06 1,300 ± 300 2,300 ± 500 40 ± 15 100 ± 40 15 ± 5 40 ± 15 

Stratum 3 (sand) 
 El. 670 to 640 
 El. 640 to 590 
 El. 590 to 500 
 El. 550 to 440d,e 

 El. 440 to 135d,e 

113 (design) 
115 (mean) 
±3 (range) 

37 (design) 
41 (mean) 
±4 (range) 

0.27 ± 0.06 1,600 ± 300 
1,800 ± 250 
2,000 ± 200 
2,250 ± 200 
2,500 ± 200 

2,900 ± 500 
3,300 ± 500 
3,600 ± 500 
4,000 ± 500 
4,500 ± 500 

60 ± 20 
80 ± 20 
100 ± 20 
120 ± 20 
150 ± 20 

160 ± 50 
200 ± 50 
250 ± 50 
310 ± 50 
390 ± 50 

20 ± 10 
30 ± 10 
35 ± 10 
45 ± 10 

55 ± 20 
70 ± 20 
90 ± 20 
115 ± 20 

Bedrocke 140 45 0.27 4,000f 7,400f 480 1,220 -- -- 
Backfille 130 38 0.30 1,000 1,900 30 70 15 35 
Notes:   

Range of values indicated on this table are approximate. 
aComputed from large-strain geophysical crosshole test. 
bLow-strain parameters at 10-4% shear strain. 
cHigh-strain parameters at 10-1% shear strain. 
dGroundwater elevation approximately 76.2 m (250 ft). 
eEstimated soil properties include native soils below a depth of 42.7 m (140 ft) (maximum depth of site borings) and backfill. 
fShear and compressional wave relocation estimated from measurements in Shannon and Wilson, Geologic Studies of the Columbia River Basalt Structures and 

Age of Deformation, The Dalles-Umatilla Region, Boardman Nuclear Project.  Shear wave velocities in the basalt ranged from 3,000 to 10,000 ft/s, while 
compressional wave velocities ranged from 5,700 to 79,000 ft/s. 

 
Shannon and Wilson, 1993, Geologic Studies of the Columbia River Basalt Structures and Age of Deformation, The Dalles-Umatilla Region, Boardman Nuclear 

Project, Shannon and Wilson, Inc., Seattle, Washington.   
 
E = Young's modulus of elasticity. 
El. = elevation. 
G = shear modulus. 
Va = shear wave velocity. 
Vp = compressional wave velocity. 

  1 
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2.0 FACILITY DESCRIPTION 1 
 2 
 3 
 4 
2.1 INTRODUCTION 5 
 6 
The tank farm’s mission is identified in HNF-SD-WM-MAR-008, Tank Farm Contractor 7 
Mission Analysis Report, and consists of a number of operations or functions required to manage 8 
and immobilize waste in a safe, environmentally sound, and cost-effective manner.  The 9 
objective is to isolate waste from the environment and to protect the health and safety of the 10 
facility worker, onsite individuals, and the public.  Major operational activities are summarized 11 
as follows: 12 
 13 

 Store and monitor in-tank liquid waste and waste storage systems 14 
 15 

 Transfer in-tank liquid waste in the tank farm facilities (e.g., from single-shell tanks 16 
[SST] to double-shell tanks [DST], DST to DST) and transfer or receive new liquid waste 17 
from operating facilities (242-A Evaporator and 222-S Laboratory) 18 

 19 
 Identify the type, form, and quantity of radiological and chemical constituents in the 20 

liquid waste 21 
 22 

 Monitor liquid waste leaked or discharged to the soil column and gaseous radiological 23 
and chemical effluents 24 

 25 
 Maintain and upgrade existing facilities and equipment to meet new commitments or 26 

requirements. 27 
 28 
As shown in Figures 2.1-1 and 2.1-2, the tank farm facilities are located in the 200 East Area, 29 
200 West Area, and 600 Area of the Hanford Site.  The tank farm facilities comprise the SST 30 
farms, the DST farms, and associated support facilities, systems, and transfer equipment.   31 
 32 
The tank farm facilities include 177 SSTs and DSTs; double-contained receiver tanks (DCRT); 33 
catch tanks; waste transfer pipelines and associated equipment used in waste transfers 34 
(e.g., diversion boxes, valve pits); miscellaneous inactive storage facilities; waste-handling and 35 
storage facilities; miscellaneous support and administrative facilities; and in-tank, out-of-tank, 36 
and liquid transfer monitoring systems.  Note that the only miscellaneous inactive storage 37 
facilities that are radioactively contaminated are inactive miscellaneous underground storage 38 
tanks (IMUST).   39 
 40 
The documented safety analysis (DSA) hazard and accident analyses specifically address the 41 
following facilities:  42 
 43 

 SSTs 44 
 DSTs 45 
 Catch tanks 46 
 DCRTs 47 
 Inactive miscellaneous underground storage tanks48 
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 204-AR Waste Unloading Facility 1 
 244-AR Vault 2 
 244-CR Vault 3 
 Cribs, ditches, and ponds 4 
 616 Facility 5 
 Vertical storage units 6 
 Waste transfer system  7 
 242-S Evaporator 8 
 242-T Evaporator 9 
 241-AX-IX Ion Exchanger 10 
 ITS-1 In-Tank Solidification System 11 
 241-SX-401 Condenser Shielding Building 12 
 241-SX-402 Condenser Shielding Building 13 
 241-A-431 Ventilation Building 14 
 241-C-801 Cesium Loadout Facility 15 
 Unplanned release sites. 16 

 17 
The 242-A Evaporator and the 222-S Laboratory are also operated by the Tank Operations 18 
Contractor (TOC) but have independent DSAs (HNF-14755, 242-A Evaporator Documented 19 
Safety Analysis, and HNF-12125, 222-S Laboratory Documented Safety Analysis). 20 
 21 
This chapter provides facility and operating descriptions for the tank farms to support 22 
assumptions used in the hazard and accident analyses.  These descriptions focus on all major 23 
facility features necessary to understand the hazard and accident analyses, not just safety 24 
structures, systems, and components (SSC).  The level of detail used in this chapter is based on 25 
the significance of the preventive and mitigative features identified and the degree of complexity 26 
of the systems described; therefore, a general understanding of the facility can be achieved 27 
without extensive consultation of the references cited.  Actual system and equipment design 28 
varies throughout the tank farms, and details for each configuration can be found in the 29 
associated tank farm system design description (see Table 2.1-1).  Chapter 3.0 describes the 30 
hazards and accident analyses, and safety classifications of the SSCs.  Chapter 4.0 describes the 31 
safety-significant SSCs and Specific Administrative Controls in greater detail, and Chapter 5.0 32 
provides the derivation basis for the technical safety requirements. 33 
 34 
 35 
2.2 REQUIREMENTS 36 
 37 
Design codes, standards, regulations, and U.S. Department of Energy (DOE) Orders required for 38 
establishing the facility safety basis specific to this chapter and pertinent to the safety analysis 39 
include the following: 40 
 41 

 Title 10, Code of Federal Regulations, Part 830 (10 CFR 830), “Nuclear Safety 42 
Management” 43 

 44 
 DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety 45 

Analyses to Meet Subpart B of 10 CFR 830 46 
 47 
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 DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor 1 
Nuclear Facility Documented Safety Analyses 2 

 3 
 4 
2.3 FACILITY OVERVIEW 5 
 6 
The tank farm facilities provide the physical means for storing and moving radioactive liquid 7 
wastes between processing and storage facilities.  In this section, an overview of tank farm 8 
facilities configuration is given, the current mission of the tank farm facilities is defined, and the 9 
operations performed in the facilities are briefly described. 10 
 11 
 12 
2.3.1 Current, Historical, and Projected Facility Use 13 
 14 
The current and projected mission of the TOC includes the following (TFC-CHARTER-01, Tank 15 
Operations Contractor Charter): 16 
 17 

 Safely and efficiently maintain tank waste storage  18 
 19 
 Retrieve waste from SSTs and transfer to DSTs or treatment facilities 20 

 21 
 Retrieve waste from DSTs to deliver waste feed to the tank waste treatment facilities 22 

 23 
 Operate treatment facilities 24 

 25 
 Store and disposition treated waste products in accordance with the Waste Treatment 26 

Plant (WTP) schedule and the River Protection Project System Plan 27 
 28 

 Implement effective supplemental treatment technologies that will increase DST space 29 
availability and operate with the WTP to accomplish tank waste treatment 30 
 31 

 Prepare interim stored immobilized high-level waste and packaged transuranic waste for 32 
shipment to the appropriate repository 33 
 34 

 Treat and dispose of secondary waste streams 35 
 36 

 Ship immobilized low activity waste on-site in near-surface disposal facilities 37 
 38 

 Characterize vadose zone contamination related to the tank farms and associated 39 
facilities, and perform barrier installation and soils remediation in coordination with the 40 
Hanford Site groundwater program 41 
 42 

 Close waste management areas including SSTs, DSTs, tank farm facilities, ancillary 43 
equipment, and remediated soils 44 
 45 

 Decommission treatment facilities and equipment after mission completion. 46 
 47 
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This DSA primarily addresses mission activities related to the continued safe storage of tank 1 
waste, SST retrieval, DST-to-DST waste transfers to support 242-A Evaporator campaigns and 2 
to meet DST space management objectives, waste transfers from DST 241-AW-102 to the 242-A 3 
Evaporator, and waste receipt from the 242-A Evaporator or the 222-S Laboratory. 4 
 5 
2.3.1.1  Brief History of Tank Farms Facility Operations.  The production of defense-related 6 
materials at the Hanford Site generated large quantities of solid and liquid radioactive mixed 7 
waste.  Chemical processing of irradiated uranium fuels generated alkaline slurries containing 8 
heavy metals, organic solvents, inorganic salts, uranium, plutonium, and mixed fission products.  9 
High-level waste was placed in the large, steel-lined, underground SSTs for temporary storage.  10 
Over time, design of the high-level waste tanks has improved, and more tanks have been built to 11 
store an increasing volume of waste.  Low-level cooling water, condensates, and other wastes 12 
from processing operations were discharged to the ground (i.e., cribs, ditches, or percolation 13 
ponds). 14 
 15 
The underground waste storage tanks are buried with approximately 6 to 8 ft of soil over the 16 
tanks.  They are grouped into “farms” and are located near the center of the Hanford Site in the 17 
200 East and 200 West areas.  The tanks were buried to shield facility workers and the public 18 
from the radioactive wastes and to prevent or mitigate the consequences of releases of 19 
radioactive materials.  Many of the underground waste storage tanks have been upgraded and are 20 
maintained and surveyed to ensure safe operations.  The underground waste storage tanks are 21 
described briefly in the following paragraphs. 22 
 23 
2.3.1.2  Single-Shell Tank Farms.  Twelve SST farms containing 149 (133 storage tanks 24 
[100-series] and 16 receiver tanks [200-series]) tanks were constructed between 1943 and 1964 25 
and grouped into farms consisting of 4 to 18 tanks.  The farms were divided equally between the 26 
200 East and the 200 West areas and assigned letter identifiers consistent with the area 27 
designations.  The original SST design was a reinforced concrete shell and dome with mild 28 
carbon steel lining the bottom and walls.  Over time, while the basic design remained essentially 29 
the same, the depth of the steel liner within the concrete shell was increased with corresponding 30 
increases in operating depth and storage capacity.  Minor design improvements were made in the 31 
tank bottoms.  Figure 2.3.1.2-1 provides a graphic representation of an SST. 32 
 33 
The first tanks, built concurrently with the bismuth-phosphate processing plants (B Plant and 34 
T Plant), were designed with 18-ft liners and operating volumes of approximately 530,000 gal.  35 
The next tanks were built first with 24-ft liners and operating volumes of approximately 36 
758,000 gal, and finally with liner heights of 32 ft and operating capacities of approximately 37 
1 million gal. 38 
 39 
SST farms are described in detail in Section 2.4. 40 
 41 
2.3.1.3  Double-Shell Tank Farms.  As a result of leakage at the SST farms, construction of 42 
DSTs started in the late 1960s.  The primary walls in the DSTs were made of steel and had a 43 
steel shell or secondary tank and improved leak detection system.  Between 1968 and 1986, 44 
six tank farms were built.  Five of the tank farms containing 25 DSTs are located in the 200 East 45 
Area, and one tank farm containing three DSTs is located in the 200 West Area.  All DSTs are 46 
similar in design and each has a capacity of approximately 1 million gal.  Slight differences in 47 
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the design of the tanks and ancillary equipment were made over the years because of design 1 
improvements and the need to accommodate variations in waste composition. 2 
 3 
The DSTs were constructed to provide intermediate storage for high-level radioactive waste, 4 
including waste capable of boiling because of radioactive decay (aging waste) and waste not 5 
capable of boiling (nonaging waste).  Waste requiring intermediate storage is from Hanford Site 6 
processing facilities.  Figure 2.3.1.3-1 provides a graphic representation of a DST. 7 
 8 
 9 
2.3.2 Facility Configuration 10 
 11 
Tank farm facilities necessary for managing the tank waste are the SST and DST farms and the 12 
tank farm supporting facilities (e.g., waste transfer systems).  External transfers from facilities 13 
that interface with tank farms can also be made.  External transfers consist of transfers from the 14 
222-S Laboratory and transfers to or from the 242-A Evaporator.  Table 2.3.2-1 describes the 15 
tank farms interface with these facilities (RPP-8889, Status of Facility Interfaces with Tank 16 
Farms).   17 
 18 
2.3.2.1  Waste Inventory Generation and Description.  Most wastes stored in the Hanford Site 19 
underground waste tanks are radioactive slurries generated by reprocessing of irradiated uranium 20 
fuel by means of one of the following processes (WHC-MR-0132, A History of the 200 Area 21 
Tank Farms): 22 
 23 

 Bismuth phosphate (BiPO4) 24 
 Reduction and oxidation 25 
 Plutonium-uranium extraction (PUREX) 26 
 Uranium recovery 27 
 Waste fractionation. 28 

 29 
Since 1944, more than 400 million gal of high-level radioactive waste have been generated by 30 
these operations and others.  More than 300 million gal were directed to the SSTs and DSTs.  31 
The remainder of the liquids were discharged to the soil in percolation or evaporating ponds, or 32 
by decanting decontaminated (i.e., very low radioactivity) dilute liquid wastes to the ground.  33 
Waste volume in the tanks has been reduced to approximately 55 million gal by evaporation, 34 
concentration, or both (either in the tanks or externally in evaporators). 35 
 36 
All the fuel processing methods generated acidic waste streams.  To neutralize the acid and 37 
minimize tank corrosion, sodium hydroxide or calcium carbonate was added before the waste 38 
was transferred to the tanks.  Thus, the tanks contain moderate to strong alkaline solutions with 39 
pH values up to 14.  Further post-processing of some of the waste has resulted in the addition of 40 
ferrocyanide and organic compounds listed as hazardous (WHC-MR-0132).  41 
 42 
Waste stored in the tanks consists primarily of inorganic compounds, including sodium 43 
hydroxide; sodium salts of nitrate, nitrite, carbonate, aluminate, and phosphate; and hydrous 44 
oxides of aluminum, iron, and manganese.  The radioactive components in the waste consist 45 
primarily of mixed long-lived fission product radionuclides and actinide elements. 46 
 47 
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Mixed waste in underground waste storage tanks may contain heavy metals such as lead, 1 
chromium, zirconium, potassium, and cadmium.  Detectable amounts of organic compounds are 2 
present.  The portion of waste that is organic (complexed waste) contains the chelating agents 3 
ethylene diamine-tetracetic acid and 2-hydroxyethylethylenediaminetriacetic acid or tributyl 4 
phosphate, which was used in fuel processing. 5 
 6 
The tanks now contain a mixture of liquid, sludge, and saltcake waste types with both radioactive 7 
and chemically toxic hazardous constituents.  Liquids exist as supernatant (liquid above solids) 8 
and interstitial liquid (liquid filling the void between solids) in the tanks.  Sludge consists 9 
primarily of solids (hydrous metal oxides) precipitated by the neutralization of acid wastes.  10 
Saltcake, generally between the supernatant and sludge, consists of the various salts formed by 11 
the evaporation of water from the waste.  These waste types do not necessarily exist as distinct 12 
layers, but rather are intermingled to differing degrees.  Some sludges and saltcake contain 13 
interstitial liquids and are relatively soft; others are drier and harder. 14 
 15 
2.3.2.2  Interfacing Facilities.  Other facilities within the Hanford Site interface with the tank 16 
farm facilities.  These interfaces are controlled to ensure that these other facilities do not impact 17 
the tank farm facilities operations.  Major facilities that interface with the tank farm facilities 18 
(RPP-8889) are shown in Table 2.3.2-1. 19 
 20 
  21 
2.3.3 Basic Facility Processes 22 
 23 
Basic processes performed in the tank farms include waste storage, waste transfers, waste 24 
characterization, waste concentration, and other activities.  Refer to Section 2.5 for more detailed 25 
process descriptions. 26 
 27 
 28 
2.4 FACILITY STRUCTURES 29 
 30 
Tank farm facilities, including administrative buildings, retention basins, and transfer lines are 31 
primarily located in or adjacent to the 200 East and 200 West areas (Figures 2.1-1 and 2.1-2).  32 
Some administrative offices are located in the nearby city of Richland.  Hazard categorization of 33 
TOC facilities is contained in RPP-13329, Tank Farm Facility Hazard Categorization. 34 
 35 
 36 
2.4.1 Waste Tanks 37 
 38 
There are 177 large subsurface waste storage tanks in the tank farms.  Of the 18 tank farms, 39 
12 are SST farms containing 149 tanks, and are divided equally between the 200 East and 40 
200 West areas.  To provide additional storage capacity, 28 DST were subsequently built in 41 
six tank farms.  Five of the DST farms are located in the 200 East Area, and one is located in the 42 
200 West Area.  All of the waste storage tanks are built of carbon steel and reinforced concrete, 43 
but their designs differ.  44 
 45 
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The original SST design was a reinforced concrete shell and dome with an internal liner 1 
(structurally independent from the reinforced concrete tank) of mild carbon steel covering the 2 
bottom and sidewalls.  Of the 149 SSTs, 133 are approximately 75 ft in diameter with operating 3 
volumes of approximately 530,000 gal, 758,000 gal, and 1 million gal.  These tanks are 4 
collectively referred to as 100-series tanks.  Sixteen smaller tanks, or receiver tanks, share the 5 
same design as the larger tanks, but have operating volumes of approximately 55,000 gal.  These 6 
tanks are collectively referred to as 200-series tanks.  Earth cover over each tank provides 7 
shielding.  Heat generated by radioactive decay is dissipated through the walls and bottom to the 8 
surrounding soil.   9 
 10 
The DSTs were designed to minimize the potential for leaks of radioactive liquids to the 11 
environment.  Each DST consists of a carbon steel primary tank and a carbon steel secondary 12 
tank within a protective reinforced concrete shell.  The primary tank contains waste, is 13 
free-standing, and rests on an insulating concrete pad.  The insulating pad rests on the secondary 14 
tank and was cast with air distribution and drain grids to provide for leak detection, to maintain a 15 
uniform tank bottom temperature, to facilitate heat removal, and to eliminate pockets of water 16 
condensation.  The secondary tank is approximately 5 ft larger in diameter than the primary tank, 17 
providing an air space, or annulus, separating the two steel tank walls.  The secondary tank 18 
serves as a barrier to the environment in case the primary tank leaks. 19 
 20 
Reel tapes, conductivity probes, and ENRAFs1 are typically used to monitor the tank level.  Tank 21 
annuli are equipped with ENRAFs to monitor for leakage from the primary tank.  22 
Thermocouples are used to monitor the waste and tank wall temperatures.  Waste tanks and 23 
waste tank annuli are monitored and ventilated.  Waste tank ventilation exhaust is filtered and 24 
monitored to prevent the dispersal of contamination.  Following are specific features of each tank 25 
type. 26 
 27 
2.4.1.1  Waste Tank Designs. 28 
 29 
Single-Shell Tanks.  The primary function of an SST is to confine radioactive liquid waste.  The 30 
concrete shell maintains the structural integrity of the steel liner by protecting it from soil loads 31 
and provides secondary confinement of the waste material.  Each SST shell has an approximate 32 
1-ft thick concrete base slab, dome and cylindrical wall that rests on a circular footing integral 33 
with the tank and base slab.  The reinforced concrete shells of the 100-series tanks are cylindrical 34 
with domed roofs.  The reinforced concrete walls, dome, and base of the shell support the tank 35 
surface live loads, static and dynamic soil loads, and hydrostatic and hydrodynamic loads.  The 36 
reinforced concrete shells of the 200-series SSTs are vertical cylinders constructed of reinforced 37 
concrete.  Each receiver SST shell has an approximate 1-ft thick concrete base slab, dome, and 38 
cylindrical wall integral with the dome and base slab.  The tanks are buried underground to 39 
provide radiation shielding. 40 
 41 
All SST liners are constructed of mild steel.  The thickness of each liner varies from 42 
approximately 0.25 in. to 0.375 in.  For the 100-series tanks, the steel liners extend up the tank 43 
wall to a height of approximately 18, 24, and 32 ft for the 530,000; 758,000; and 1 million-gal 44 

                                                           
1 ENRAF-Nonius Series 854 is a trademark of Enraf-Nonius Corporation, Netherlands. 
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tanks, respectively.  For the smaller 200-series tanks, the steel liner extends approximately  1 
25 ft up the tank wall.  Waste levels were managed at approximately 1 ft below the top edge of 2 
the liner. 3 
 4 
Each SST has numerous dome risers, which are vertical pipes that penetrate the tank domes to 5 
various depths.  Almost all the risers are approximately 4, 12, and 42 in. in diameter.  SSTs  6 
241-C-105 and 241-C-107 have a riser that is approximately 48 in. in diameter.  Dome risers 7 
primarily provide access to the tank interior for a variety of operating and monitoring equipment.  8 
This equipment can include periscopes; still and television cameras; ventilation air supply and 9 
exhaust ducts; and instruments used to measure or monitor temperature, pressure, specific 10 
gravity, liquid levels, dome-space gas concentrations, and sludge (solid) levels.  Some risers are 11 
reserved as spares.  Dome risers are normally capped or covered to prevent uncontrolled 12 
intrusion (e.g., rain and personnel) and to prevent releases of radioactive materials. 13 
 14 
Pumps, monitoring equipment, and transfer systems are typically contained in belowgrade 15 
concrete enclosures (i.e., pits, caissons, diversion boxes) with removable cover blocks.  A vinyl 16 
copolymer paint is applied on the inside surfaces of many of the concrete enclosures and 17 
associated cover blocks.  The protective coating is intended to protect the concrete surfaces of 18 
the pit in the event of a waste leak or spill.  In addition, as part of interim isolation activities, 19 
many of the SST pits were covered with polyurethane foam to prevent liquid intrusion. 20 
 21 
Fully abovegrade enclosures such as the manifold boxes used for modified sluicing of SSTs 22 
serve the same function as belowgrade waste transfer-associated structures.   23 
 24 
The type and number of pits associated with SSTs depend on the type of waste stored and the 25 
function of the SST.  Therefore, not all pits listed here are present at each tank.  Leak detection is 26 
provided in the process and service pits used during transfers.  Process pits of the following types 27 
handle process solutions: 28 
 29 

 Central pump pit – located at the center of the SST dome.  Waste is normally pumped out 30 
of the SST through this pit. 31 

 32 
 Sluice pits – located over off-center tank risers.  A sluice pit is used to route 33 

high-pressure liquids to the sluicer assembly. 34 
 35 

 Condenser pit – located off center.  A condenser pit contains a condenser used to 36 
condense tank vapors. 37 

 38 
 Heel pit – located at the tank center.  A heel pit can be used for equipment installation. 39 

 40 
 Valve pit – allows waste or process solution to be diverted to pipelines by means of 41 

valves, jumpers (temporary piping systems), or both.   42 
 43 
Other pits located adjacent to the SSTs in the tank farms do not handle process solutions and 44 
therefore are not considered process pits.  These pits are as follows: 45 
 46 
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 Flush pit – provides piping through which water is supplied to flush pipelines after a 1 
waste transfer. 2 

 3 
 Leak detection pit – houses level/leak-monitoring instruments (inactive) and collects 4 

liquid from the drainage grid under the SST 241-AX Tank Farm tanks.  A radiation dry 5 
well terminates adjacent to the bottom of the leak detection well. 6 

 7 
Interim surface barriers have been installed to reduce impacts to groundwater from SST leak 8 
plumes in the 241-T and 241-TY tank farms.  The surface barriers reduce the infiltration of 9 
precipitation into the ground which provides the primary driving force for contamination 10 
migration to groundwater.  These barriers are expected to remain in place as an interim measure 11 
until the time of final closure when they will be replaced with a final surface barrier. 12 
 13 
The 241-T Tank Farm interim surface barrier reduces the impact from the SST 241-T-106 leak 14 
plume.  The surface barrier is a thin spray-on liner material consisting of polyurea/polyurethane.  15 
The polyurea/polyurethane is applied to a geotextile substrate anchored to a sloped surface of 16 
compacted fill.  The barrier slopes to drain collected rain and snow melt to an uncontaminated 17 
area outside of the 241-T Tank Farm where it is allowed to infiltrate into uncontaminated soil.    18 
 19 
The 241-TY Tank Farm interim surface barrier reduces the impact of the SST leak plumes 20 
around the 241-TY Tank Farm.  The surface barrier is a 4 in. thick modified asphalt surface.  The 21 
barrier is sloped and drains to an evapotranspiration basin.   22 
 23 
Double-Shell Tanks.  The primary function of DSTs is to confine radioactive liquid and solid 24 
waste.  The carbon steel primary tank is a free-standing, completely enclosed structure that 25 
confines the waste.  The primary tank measures approximately 75 ft in diameter and is 26 
approximately 47 ft high at the dome center.  There is some variation in the maximum volume of 27 
waste that is stored in the different DSTs.  As a group, the DSTs are generically said to have 28 
capacities of 1 million gal.  Operating limits and analyzed limits are given in OSD-T-151-00007, 29 
Operating Specifications for the Double-Shell Storage Tanks. 30 
 31 
A steel plate approximately 1 in. thick and 4 ft in diameter is located at the center of the tank 32 
bottom.  The plate thins at the interfacing weld and extends to a curved, or formed, piece of the 33 
steel plate called the “knuckle” (where the tank bottom joins the tank wall).  The wall meets the 34 
tank dome at the “haunch” junction.  35 
 36 
The primary tank sits on a concrete support pad located between the primary and secondary tank 37 
floors.  During construction, the pad protected the external structural concrete foundation from 38 
excessive temperatures during the thermal stress relief of the primary shell.  The pad was cast 39 
with air distribution and drain slots in a grid pattern.  During regular tank operation, the pad 40 
contributes to a uniform tank bottom temperature, provides a means of heat removal, provides a 41 
means of leak detection, and helps eliminate pockets of water condensation. 42 
 43 
To provide cooling, air is drawn through the drain slots via the annulus ventilation system.  The 44 
drain slots allow any leakage from the primary tank to drain into the annular space, where leak 45 
detection instrumentation is installed in annulus risers.  Leak detection may also be provided via 46 
the continuous air monitor (CAM) in the annulus ventilation exhaust system. 47 
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 1 
The floor of the secondary tank (sometimes called a liner) lies beneath the insulating concrete 2 
pad and is built directly on top of the concrete foundation.  This secondary tank is approximately 3 
5 ft larger in diameter than the primary tank, forming an annular space between the primary and 4 
secondary tanks.  The secondary tank joins the primary tank dome at the upper haunch area, and 5 
these two tanks are enclosed in a reinforced concrete shell.  The secondary tank provides a 6 
second confinement barrier for potential primary tank leaks, thus preventing uncontrolled 7 
releases of waste to the environment. 8 
 9 
Induced-draft ventilation of the annulus between the primary and secondary tank liners removes 10 
heat from the stored waste (i.e., decay heat).  CAMs in the annulus ventilation exhaust stream 11 
may be used to detect airborne radioactivity resulting from primary tank leakage. 12 
 13 
The exterior concrete shell comprises a foundation, walls, and dome that completely enclose the 14 
secondary tank and primary tank dome.  This shell is designed to support soil loading, dead 15 
loads, live loads (equipment, personnel), and seismic loads.  The steel-reinforced shell is 16 
approximately 80 ft in diameter and rests on a separate structural concrete foundation.  The 17 
concrete shell walls rest on steel slide plates supported by the tank foundation.  The concrete 18 
dome and the walls contain a lattice of reinforcement bars and embedded J-bolts.  The J-bolts are 19 
threaded into nuts welded to the steel tank walls and dome. 20 
 21 
The structural foundation contains drain lines and sumps called leak detection wells to collect 22 
leakage from the secondary liner.  The top of the concrete foundation contains slots to drain any 23 
liquid that might leak from the secondary tank (actually, a tertiary leak detection and collection 24 
system).  Any liquid that reached the foundation would drain through the slots to a leak detection 25 
well. 26 
 27 
Risers – Each tank is equipped with riser pipes that penetrate the concrete dome and the top of 28 
the primary or secondary tank.  The risers provide access to the primary tank and to the annulus 29 
space for waste transfer operations, equipment installation or use, and monitoring.  Some risers 30 
are located in covered pits (e.g., central pump pits, annulus pump pits, and drain pits); others are 31 
located at specific predetermined locations at each tank. 32 
 33 
Primary tank dome risers can be used to enable liquid, vapor, and sludge waste sampling and for 34 
instrument access to measure temperature and pressure, derive specific gravity, monitor liquid 35 
and sludge levels, and ventilate and pump the tank.  Other riser uses in primary tanks include 36 
camera inspections, flammable gas sampling, and gamma/neutron measurement. 37 
 38 
Annulus risers provide access for inspection and enable the introduction of liquid leak detection 39 
instruments, periscopes, still and television cameras, ventilation air supply and exhaust ducts, 40 
and temperature monitors. 41 
 42 
Pits – Pits provide access from the surface to process piping and tank risers and are the points 43 
where jumpers (temporary piping systems), pumps, and other equipment are installed to establish 44 
waste transfer routings.  Typically, pump pits are constructed of reinforced concrete walls and 45 
floors located belowgrade and are provided with removable cover blocks located approximately 46 
at grade elevation.  A vinyl copolymer paint is applied on the inside surfaces of many of the 47 
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concrete enclosures and associated cover blocks.  During pit refurbishment activities, other 1 
coatings (e.g., epoxy and polyurea) may be added.  The protective coating is intended to protect 2 
the concrete surfaces of the pit in the event of a waste leak or spill.  Personnel are protected from 3 
radiation by cover blocks.  Leak detection is installed in pits and provides an alarm or is 4 
interlocked to shut down the transfer pump if a leak is detected during transfers.  A shielding 5 
plug is provided that can be removed for observation purposes. 6 
 7 
A prefabricated pump pit such as that installed in riser 007 in DST 241-SY-101, is a fully 8 
abovegrade assembly that serves the same function as a belowgrade pump pit. 9 
 10 
Permanently installed pumps are used to remove liquid waste from primary tanks, and temporary 11 
pumps are used to remove liquid waste from annuli and leak detection pits.  Spare pumps can be 12 
used for either purpose.  However, pumps that become contaminated during a transfer operation 13 
in a particular pit may remain permanently in that pit.  The pits are described below. 14 
 15 

 Central Pump Pits, which are approximately centered on the tanks, have three purposes:  16 
(1) supernatant filling or removal, (2) slurry distribution, and (3) mixer pump installation. 17 
 18 

 Annulus Pump Pits, located over annulus risers, provide a means for pumping out any 19 
liquids that may accumulate in the annular space from a primary tank leak.  Note that 20 
there are no pumps permanently installed in these pits.  If an annulus needs to be pumped, 21 
a pump and any necessary jumpers will be installed on an expedited basis.  Pumps and 22 
jumpers are stored on site expressly for this purpose. 23 

 24 
 Feed Pump Pits are located off center on DSTs 241-AW-102, 241-AP-102, and 25 

241-SY-102 to provide another means of pumping the tank contents.   26 
 27 

 Leak Detection Pits installed in all DST farms house level indicators and leak-monitoring 28 
instruments and collect liquid from the drainage grid at the top of the concrete foundation 29 
(upon which the secondary liner bottom rests).  A radiation dry well terminates adjacent 30 
to the bottom of the leak detection well.  Intrusion water occasionally accumulates in the 31 
leak detection pits and the radiation detection drywells.  Intrusion water may be removed 32 
by pumping over ground to a DST pit that drains to the DST using a hose and a small 33 
pump according to the protocol for pumping the leak detection pit in OSD-T-151-00007.  34 
Inspection of leak detection pit drain lines with a robotic crawler equipped with a video 35 
camera may be used to verify the source of intrusion liquids.  36 

 37 
 Drain Pits are located over an off-center primary tank riser on DSTs 241-AN-101, 38 

241-AP-103, 241-AW-102, and 241-SY-102 to provide a means for returning fluids to 39 
the tank. 40 

 41 
 Sluice Pits are located over off-center primary tank risers on DSTs 241-AY-101, 42 

241-AY-102, 241-AZ-101, and 241-AZ-102.  These pits have floor drains for returning 43 
leaked waste to the tank.  The pits provide a means of injecting a high-pressure liquid 44 
stream directly into the sludge so that the sludge may be broken up, removed, and 45 
transferred to another tank. 46 
 47 
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Air Lift Circulators - Air lift circulators are installed in a number of tanks (e.g., 241-AZ-101 1 
and 241-AW-102) and provide the capability to gently agitate the tank contents by forcing air 2 
into the liquid waste.  The only air lift circulators that are currently operational are those located 3 
in DST 241-AW-102 which may be used to mix waste in preparation for evaporator campaigns. 4 
 5 
Mixer Pumps – Mixer pumps are currently installed in four DSTs (241-SY-101, 241-AP-102, 6 
241-AN-107, and 241-AZ-101).  These tanks have a single mixer pump, except for 7 
DST 241-AZ-101, which has two mixer pumps.  These large submersible pumps blend the waste 8 
layers in a tank.  The mixer pump in DST 241-SY-101 was installed to control spontaneous 9 
flammable gas releases prior to the remediation of this hazard by a series of waste transfers and 10 
dilutions.  The DST 241-AP-102 pump mixed waste in this feed tank for the Grout Treatment 11 
Facility.  The DST 241-AN-107 mixer pump was installed to mix caustic added to the tank.  The 12 
two larger mixer pumps in DST 241-AZ-101 were installed to test mixer pump performance.  13 
Operation of these mixer pumps is not currently authorized.  (Note:  The prohibition on operation 14 
of mixer pumps only applies to the five pumps identified above.  Small submersible pumps that 15 
recirculate waste, such as the one installed in DST 241-AN-106, and waste transfer pumps 16 
operating in a recirculation mode are not considered mixer pumps when applying this 17 
prohibition.)  18 
 19 
Recirculation Pumps – A submersible recirculation pump was installed in DST 241-AN-106 to 20 
mix the oxalic acid solution received from the retrieval of SST 241-C-106 with the waste in the 21 
tank to prevent an acidic layer within the tank.  The pump is hung from a mast located in a 12 in. 22 
diameter riser of DST 241-AN-106.  The submersible pump takes suction near the bottom of the 23 
tank and discharges this denser waste over the liquid surface to effectively mix the waste.  24 
Operation of the DST 241-AN-106 recirculation pump is not authorized until the hazard and 25 
accident analyses and controls required for operation of the pump are re-evaluated. 26 
 27 
2.4.1.2  Miscellaneous Waste Storage Tank Facilities. 28 
 29 
Catch Tanks.  Catch tanks are underground storage tanks that were used to collect waste drained 30 
from waste transfer systems and DST equipment.  Except for 204-AR-TK-1, catch tanks have 31 
been removed from service (i.e., no further waste additions are allowed) and are stabilized and 32 
isolated in accordance with environmental management program requirements.  The three basic 33 
catch tank designs are (1) direct buried steel; (2) steel tanks contained in a vault or pit; and (3) 34 
concrete vaults with steel liner.  35 
  36 

 241-A-350 Catch Tank (drainage lift station) is a stainless steel tank that has a capacity of 37 
approximately 780 gal.  The tank received drainage from the 241-A-A and 241-A-B 38 
valve pits, 241-A Tank Farm clean-out boxes (COB), and the 241-A-350 pump pit. 39 

 40 
 241-AZ-151 Catch Tank is a concrete tank with carbon steel walls that has a capacity of 41 

approximately 11,900 gal.  The tank received drainage from diversion box 241-AZ-152, 42 
the 702-AZ ventilation system, AZ loop seals, leak detection pits, 801-AZ 43 
Instrumentation Building, and precipitation and runoff. 44 

 45 
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 241-ER-311 Catch Tank is a stainless steel tank that has a capacity of approximately 1 
17,700 gal.  The tank received drainage from diversion boxes 241-ER-151 and 2 
241-ER-152, and from the 241-ER-311 pump pit. 3 

 4 
 244-A Catch Tank is a stainless steel receiver tank that has a capacity of 5 

approximately 19,600 gal.  The tank received drainage from waste transfers which passed 6 
through the 244-A pump pit (e.g., cross-site transfers and transfers from DCRT 244-BX) 7 
and from diversion box 241-ER-153.    8 

 9 
 204-AR-TK-1 Tank is a stainless steel tank that has a capacity of approximately 10 

1,500 gal.  The tank is located in the 204-AR Waste Unloading Facility (Section 2.4.3). 11 
 12 

 241-S-304 Catch Tank is a carbon steel tank that has a capacity of approximately 13 
6,300 gal.  The tank received drainage from diversion box 241-S-151, as well as 14 
precipitation and runoff. 15 

 16 
 241-TX-302C Catch Tank is a carbon steel tank that has a capacity of approximately 17 

17,700 gal.  The tank received drainage from diversion box 241-TX-154, as well as 18 
precipitation and runoff. 19 

 20 
 241-U-301B Catch Tank (also known as 241-U-301) is a reinforced concrete tank that 21 

has a capacity of approximately 36,000 gal.  The tank received drainage from diversion 22 
boxes 241-U-151, 241-U-152, 241-U-153, and 241-U-252. 23 

 24 
 241-UX-302A Catch Tank is a carbon steel tank that has a capacity of approximately 25 

17,700 gal.  The tank received drainage from diversion box 241-UX-154, the 26 
encasements of the original cross-site transfer system, the 291-U Stack, and precipitation 27 
and runoff.  28 

 29 
 241-EW-151 Catch Tank is a stainless steel tank that has a capacity of approximately 30 

780 gal.  The tank received drainage from the vent station of the original cross-site 31 
transfer line. 32 

 33 
 241-A-417 Catch Tank is a cylindrical concrete vault with an all-welded steel liner that 34 

has a capacity of approximately 44,000 gal.  Formerly the tank received drainage from 35 
the 241-AX-501 valve pit, 241-A-417 pump pit, 241-A-417 valve pit, and 702-A 36 
ventilation condensate system. 37 

 38 
 241-A-302A Catch Tank is a carbon steel catch tank that has a capacity of approximately 39 

8,500 gal.  Formerly, the tank received drainage from diversion box 241-A-151. 40 
 41 

 241-AX-152 Catch Tank is a reinforced concrete tank with stainless steel-lined walls that 42 
has a capacity of approximately 11,000 gal.  Formerly, the tank received drainage from 43 
the 241-AX-152 diverter station, diversion boxes 241-AX-155 and 241-AY-501 and the 44 
702-A seal pot. 45 

 46 
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 241-AZ-154 Catch Tank is a carbon steel tank with a stainless steel liner that has a 1 
capacity of approximately 870 gal.  Formerly, the tank received drainage from 2 
TK-241-AZ-101 and TK-241-AZ-102 steam coils, as well as precipitation and runoff. 3 

 4 
Double-Contained Receiver Tanks.  A DCRT, together with its related equipment, was 5 
formerly used as an interim short-term storage facility for liquid wastes pumped from other 6 
storage sites or facilities and a valve pit to route wastes.  A DCRT typically consists of an 7 
underground concrete structure that contains a filter pit, pump pit, instrument pit, flush pit, and 8 
vault in which a receiver tank is installed.  A typical DCRT is depicted in Figure 2.4.1.2-1.  9 
DCRTs have been removed from service (i.e., no further waste additions are allowed) and have 10 
been physically isolated from the tank farm waste transfer system.  Thus, there is no possibility 11 
of a waste leak or misroute into a DCRT.  In addition, the DCRTs have been stabilized and 12 
isolated in accordance with environmental management program requirements to prevent water 13 
intrusion.  There is, however, an estimated 3,800 gal of flush water that could potentially drain to 14 
DCRT 244-S through the connected line between DCRT 244-S and DCRT 244-TX via the 244-S 15 
pump pit. 16 
 17 
The DCRTs are described below. 18 
 19 

 244-BX DCRT formerly received saltwell waste from interim stabilization of waste tanks 20 
and has a capacity of approximately 31,000 gal. 21 

 22 
 244-S DCRT formerly received 222-S Laboratory waste.  The transfer lines that 23 

connected the DCRT to the 219-S Facility have been cut and capped.  It has a capacity of 24 
approximately 20,300 gal.  Unlike the other DCRTs which are horizontally mounted this 25 
DCRT is vertically mounted. 26 

 27 
 244-TX DCRT formerly received waste from the Plutonium Finishing Plant.  The 28 

transfer line that connected the DCRT to tank D-5 in the 241-Z Building has been cut and 29 
capped.  DCRT 244-TX has a capacity of approximately 31,000 gal. 30 

 31 
244-U DCRT was installed to receive saltwell interstitial liquid from tanks at the 32 
241-U Tank Farm and waste from catch tank 241-U-301B (also known as 241-U-301).  33 
It has a capacity of approximately 31,000 gal.  It was never placed in service, and there 34 
are no plans for its future use. 35 

 36 
Inactive Miscellaneous Underground Storage Facilities.  A group of small (< 50,000 gal), 37 
radioactively contaminated, inactive, and abandoned underground storage tanks are collectively 38 
termed the IMUSTs.  These tanks are located throughout the 200 East and 200 West areas, and 39 
are described in RPP-13329.  40 
 41 
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The following IMUSTs are managed by the TOC: 1 
 2 

200 East Area: 3 
 4 
 209-E-TK-111  241-AX-151-TK-D 241-AX-151-TK-E 5 
 241-AX-151CT 241-AX-151-TK-G 241-B-3011 6 
 241-AX-151-TK-F 241-BX-302A  241-BX-302B 7 
 241-B-302B  241-BY-ITS2-TK-1 241-BY-ITS2-TK-2 8 
 241-BX-302C  241-ER-311A  244-BXR-001 9 
 241-C-3012  244-BXR-003  244-BXR-011 10 
 244-BXR-002  241-A-302B   11 

 12 
200 West Area: 13 

 14 
 200-W-73  231-W-151-001 231-W-151-002 15 
 240-S-302  241-S-302A  241-S-302B 16 
 241-SX-3024  241-T-301B5  241-TX-302A 17 
 241-TX-302B  241-TX-302B(R) 241-TX-302XB6 18 
 241-TY-302A  241-TY-302B  241-Z-8 19 
 242-T-135  242-TA-R1  244-TXR-001 20 
 244-TXR-002  244-TXR-003  244-UR-001 21 
 244-UR-002  244-UR-003  244-UR-004 22 
 23 

The equal (=) sign indicates IMUSTs with more than one identifier. 24 
 25 

1241-B-301 = 241-B-301B 26 
2241-C-301 = 241-C-301C 27 
3200-W-7 = 243-S-TK-1 = 246l 28 
4241-SX-302 = SX-304 29 
5241-T-301B = 241-T-301 30 
6241-TX-302XB = 241-TX-302X 31 

 32 
Other Inactive Tanks and Vessels 33 
 34 

242-S Evaporator (Hot-Side).  The 242-S Evaporator is located in the 200 West Area, 35 
north of and adjacent to the 241-S Tank Farm.  The 242-S Evaporator consists of a 36 
segmented building containing process, control, and personnel areas.  The 37 
242-S Evaporator is shut down and will not be restarted.  Some residual waste remains in 38 
the facility. 39 

 40 
 242-T Evaporator.  The 242-T Evaporator is a rectangular concrete building with a 41 

divided process area, a control area, and a stand-alone chemical storage tank building.  42 
The 242-T Evaporator has been shut down since the mid-1970s.  The evaporator vessel 43 
(242-T-101) contains an uncharacterized waste heel.  Facility records indicate that drain 44 
and transfer lines from the facility have been cut and capped, isolating the 45 
242-T Evaporator from SSTs, DSTs, and DCRTs.  Evaporator vessels 242-T-101, -102, 46 
-103, -104, -105, -106, -107, -108, -109, and -110 are inactive.  47 
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 1 
2.4.1.3  Ventilation.  Waste tank ventilation is provided through either installed or portable 2 
ventilation systems.  Waste tanks are ventilated, as required, to remove flammable vapors from 3 
the tank while preventing the release of contaminants to the environment.  Ventilation also 4 
provides tank cooling, with the effect being dependent on ventilation flow rate.  SST and DST 5 
ventilation system configuration, described below, are generally true for all tanks.   6 
 7 
Single-Shell Tanks – SSTs are typically served by passive ventilation.  Passive ventilation 8 
means that airflow through the tanks is dictated by differences in atmospheric conditions 9 
(e.g., temperature and atmospheric pressure) in and out of the tank.  Typical breather filter 10 
systems used on passively ventilated tanks with little or no operations or cooling requirements 11 
are shown in Figure 2.4.1.3-1 (open-face breather filter assembly and G-1 breather filter 12 
assembly) and Figure 2.4.1.3-2 (radial breather filter assembly).  The open-face and G-1 breather 13 
filter assemblies consist of a high-efficiency particulate air (HEPA) filter, filter housing, an 14 
isolation valve, an outlet screen, and a seal loop.  The radial breather filter assembly consists of a 15 
HEPA filter, an isolation valve, adapter plate, outlet screen, and seal loop.  The isolation valve 16 
on the breather filter assemblies is normally open to permit airflow between the tank vapor space 17 
and outside atmosphere through the filter.  The isolation valve may be shut to support filter 18 
maintenance and change out.  The seal loop provided on the breather filter assemblies is no 19 
longer required and may be isolated. 20 
 21 
Active ventilation systems were formerly provided for some SSTs (e.g., 241-SX Tank Farm) but 22 
are no longer in service (i.e., inactive). 23 
 24 
Portable exhausters may be provided to support SST activities including in-tank equipment 25 
installation and removal, as well as retrievals (e.g., modified sluicing).  Such ventilation systems 26 
are typically comprised of an inlet HEPA filter, a portable exhauster, and a demister.  The 27 
portable exhauster typically contains a heater, pre-filter, two stages of HEPA filters, a fan, an 28 
exhaust stack, an effluent monitoring system, and may include a ventilation stack CAM interlock 29 
system.  The portable exhausters use variable speed blowers that operate at a nominal flow rate 30 
of less than approximately 3,000 actual ft3/min (RPP-CALC-27954, Determination of Maximum 31 
Flow Rate for Variable Speed Driven Primary Tank Ventilation Systems).  Stack extensions have 32 
been added to some portable exhaust systems to mitigate odor issues associated with vapor 33 
releases.  34 
 35 
Condensate generated within the portable exhauster, demisters, and ventilation system ducting 36 
may drain to a seal pot.  Seal pots are small vessels (approximately 10 to 25 gal total capacity) 37 
typically made of stainless steel.  The level in the seal pot is maintained to provide a pressure 38 
seal to prevent ventilation flow from bypassing the HEPA filters (e.g., through the ventilation 39 
system drain lines).  From the seal pots, the condensate either gravity drains or is pumped to a 40 
receiver SST.  Condensate pumps are small pumps with a maximum head of approximately 41 
100 ft and a maximum flow rate of approximately 7 gal/min.  Seal pots and condensate pumps 42 
are located within the exhauster skid and beneath the HEPA filter housing. 43 
 44 
Double-Shell Tanks – Permanently installed DST ventilation systems consist of both primary 45 
and annulus ventilation systems.  The DST primary ventilation system filters and removes 46 
moisture from tank exhaust vapor before the vapor is discharged to the atmosphere, while 47 

RPP-13033 1/29/2015 - 12:56 PM 191 of 1079



RPP-13033 REV 5 
 
 

  
2-17 

maintaining a negative pressure on the tanks.  Outside air is drawn into the tanks by the exhaust 1 
blower through either tank inlet air-control stations or infiltration pathways such as pit cover 2 
blocks and risers.  Outside air may also be drawn into the tank vapor space through operating air 3 
lift circulators or air purge instruments.  Air flows through the tank vapor space, mixes with tank 4 
vapors, and exits the tank through exhaust ductwork and an exhaust header.  The exhaust air 5 
passes through a moisture removal system (e.g., demister, de-entrainer, high-efficiency mist 6 
eliminator [HEME], condenser), a re-heater, a pre-filter and a HEPA filter in the exhaust train 7 
before being exhausted to the atmosphere.  A CAM monitors the exhaust stream for 8 
contamination while air is discharged through the stack. 9 
 10 
The DST annulus ventilation systems are provided to cool the sludge layer at the bottom of the 11 
primary tank.  Outside air is drawn into the tank annulus through an air intake station.  Air flows 12 
through the annulus to exhaust trains, which typically consists of a demister, an electric heater, a 13 
pre-filter and a HEPA filter before being exhausted from a stack to atmosphere. 14 
 15 
In some cases, both primary and annulus ventilation systems have provisions to allow the use of 16 
a portable exhauster to provide exhaust airflow.  Typically, a flanged connection is provided in 17 
the exhaust ducting just in front of the exhaust trains.  This configuration allows for a temporary 18 
configuration using a portable exhauster and provides for versatility and flexibility in the event 19 
of system failure. 20 
 21 
Condensate generated within DST primary ventilation systems (e.g., ventilation system ducting, 22 
HEPA filter housings, exhaust fans/stacks) is routed to seal pots that gravity drain to a DST in 23 
the tank farm serviced by the ventilation system, except for the 702-AZ ventilation system.  24 
Condensate generated within the 702-AZ ventilation system is collected in condensate tank 25 
AZ301-COND-TK-001 (see below), except for condensate that collects in the HEPA filter 26 
housings, which is removed by gravity draining into a carboy.  Moisture removal systems also 27 
drain to seal pots.  Seal pots are small vessels (approximately 6 to 130 gal total capacity) made of 28 
carbon or stainless steel.  The level in the seal pot is maintained to provide a pressure seal to 29 
prevent ventilation flow from bypassing the HEPA filters (e.g., through the ventilation system 30 
drain lines).  The seal pot for the 241-AP primary tank ventilation system is located in a seal pot 31 
pit.  A sump pump (P-101) is provided in the 241-AP Tank Farm seal pot pit to pump seal pot 32 
leakage from the seal pot pit to a DST through the seal pot drain line.  Pump P-101 has a 33 
maximum head of approximately 63 ft and a maximum flow rate of approximately 97 gal/min.  34 
Other DST primary ventilation system seal pots are located on the exhauster skid, in seal pot pits, 35 
or are buried in the ground.  36 
 37 
Condensate from the 702-AZ ventilation system, which serves the 241-AY and 241-AZ Tank 38 
Farm tanks, is collected in condensate tank AZ301-COND-TK-001.  The AZ301-COND-TK-001 39 
condensate tank is stainless steel, has a nominal capacity of 1,200 gal, and is vented to the 40 
atmosphere.  In addition to receiving 702-AZ ventilation system condensate, corrosion inhibiting 41 
chemicals may be added to the AZ301-COND-TK-001 condensate tank (see Section 2.5.1.1) and 42 
caustic solutions used to flush the 702-AZ ventilation system are also collected in the tank.  The 43 
AZ301-COND-TK-001 condensate tank contents are periodically pumped from the tank by an 44 
automatic pumping system controlled by the liquid level in the tank.  The pump has a maximum 45 
head of approximately 60 ft and a maximum flow rate of approximately 64 gal/min.  The 46 
AZ301-COND-TK-001 condensate tank is designed to be pumped to DST 241-AY-101 or DST 47 
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241-AZ-102, or to a staged tanker truck (see below), which transports the condensate to the 1 
Effluent Treatment Facility (ETF).  The AZ301-COND-TK-001 condensate tank and associated 2 
pumps, piping, and controls are enclosed in a 10-ft diameter, 27-ft high carbon steel vertical 3 
cylinder structure (AZ-301 structure).  The stainless steel tanker truck has a capacity of  4 
8,000 gallons; however, a fill limit of 7,000 gallons is administratively controlled to avoid 5 
overfill.  A radial breather filter installed on the tanker truck provides passive ventilation, and a 6 
normally open valve upstream of the filter is closed during transit to ETF. 7 
 8 
Catch Tanks – Two types of ventilation systems equipped with HEPA filters are utilized for 9 
catch tanks.  They include shared systems (i.e., connected in line with a common operating 10 
exhaust system) and passive systems (i.e., equipped with a breather filter assembly).    11 
 12 
DCRTs – Previously used active (forced air) ventilation systems have been isolated and 13 
removed from service.  Breather filter assemblies now provide passive ventilation in DCRTs 14 
244-BX, 244-S, and 244-TX.  Additionally, positive purge airflow in DCRTs 244-BX, 244-S, 15 
and 244-TX may be provided by injecting air into the tank through the installed weight factor dip 16 
tubes to maintain the headspace gas concentration below the lower flammability limit (see 17 
Section 3.3.2.4.1). 18 
 19 
2.4.1.4  Level Monitoring.  Liquid-level monitoring is a primary tool for maintaining strict 20 
accountability of radioactive and chemical waste solutions.  Surveillance of the liquid level in an 21 
isolated tank gives the first indication that liquid may be leaking from the tank or that liquid is 22 
intruding into the tank.   23 
 24 

 ENRAFs consist of a sight glass, control box, and flush spray attachments.  The 25 
measuring principle for these gauges is based on the detection of variations in the weight 26 
of a displacer suspended in the process fluid.  The displacer is connected to a wire wound 27 
on a precision measuring drum.  A level change causes a change in the weight of the 28 
displacer, which is detected by the gauge force transducer.  The ENRAF may also be 29 
used to determine sludge level, and as a leak detector in a DST annulus. 30 

 31 
 Manual Tapes measure the waste tank liquid level by reeling up or down a steel tape to 32 

detect the liquid/vapor interface.  The older design consists of a reel that is permanently 33 
attached to the tank riser, and measuring tape that is attached to the reel.  The measuring 34 
tape is inserted through the hole in the riser flange.  Readings are obtained by attaching a 35 
portable direct current meter to the terminals provided at the riser.   36 

 37 
A flake box consists of a reel that is wound with a premeasured stainless steel tape.  A 38 
probe is attached to the end of the measuring tape, which extends down through the tank 39 
riser.  The elevation of the probe adjusts by turning a hand crank on the side of the 40 
housing to wind or unwind the steel tape.  A portable direct current ammeter is connected 41 
to the tape and ground (riser flange) to determine when the electrical circuit to ground is 42 
completed.  The plummet is lowered until the electrical circuit is completed, and the 43 
liquid level at the point of contact is read manually from the tape housing.   44 

 45 
 Weight Factor and Specific Gravity Monitoring systems consist of three small pipes 46 

(known as dip tubes) inserted into a tank through a riser.  During operation, compressed 47 
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air purges are supplied to the dip tubes at a controlled rate, the differential pressure is 1 
measured, converted to liquid level or specific gravity, and can be read locally or are 2 
electrically transmitted to indicators at a remote location. 3 

 4 
The liquid level or specific gravity may also be obtained from the dip tubes using a 5 
portable pressure calibration instrument with a manual pump.  The portable pressure 6 
calibration instrument is connected to each of the dip tubes located within the tank waste, 7 
and the instrument’s manual pump used to increase the pressure until the pressure 8 
required to displace the liquid is reached.  These pressures can then be converted to liquid 9 
level or specific gravity. 10 

 11 
Liquid observation wells (LOW) are installed in some SSTs to monitor the interstitial liquid level 12 
for leak and intrusion detection when the tank has a dry or solid surface.  Neutron or gamma 13 
probes are inserted into the LOWs to determine the interstitial liquid level. 14 
 15 
A solid or sludge layer is commonly formed in the bottom of waste storage tanks as the contents 16 
concentrate and solids precipitate.  The sludge level can be monitored because changes in the 17 
sludge level indicate a change in tank solution makeup and, in some instances, could explain 18 
apparent changes in liquid levels.  Two methods are used for measuring sludge levels:   19 
 20 

 Steel doughnut attached to the bottom of a calibrated tape.  The doughnut is lowered until 21 
the tape becomes slack.  The tape reading indicates the sludge level. 22 

 23 
 ENRAF described above, calibrated to a different density than supernatant. 24 

 25 
2.4.1.5  Leak Detection.  Leak detection and monitoring systems are installed to detect 26 
accumulation of waste leaked from underground storage tanks or to waste transfer-associated 27 
structures.  Leak detection and monitoring systems are provided for SSTs and DSTs, and waste 28 
transfer-associated structures (see definition in Section 2.4.2.3) that are physically connected to a 29 
transfer route. 30 
 31 
For SSTs, external leak detection equipment is used in dry wells to monitor for liquid intrusion 32 
to the soils surrounding and supporting the underground tanks.  SSTs in the 241-A and 241-SX 33 
farms also have laterals which were historically used for leak detection.  Instruments, gamma 34 
detectors, and neutron moisture gages, for detecting and confirming leaks in underground storage 35 
tanks, are inserted through various types and diameters of access channels located beside (dry 36 
wells) and under (laterals) the tanks.  A waste tank leak is indicated by increased levels of 37 
radiation or moisture content in the soils surrounding these access channels.  DSTs contain leak 38 
detectors in the annulus to detect leaks from the primary tank; there are no drywells or laterals in 39 
the DST farms. 40 
 41 
Leak detection equipment is also located in waste transfer-associated structures to monitor for 42 
leaks during waste transfers.  These leak detectors identify waste leaks that occur within the 43 
structure (e.g., through valves or jumpers) or waste leaks in primary piping that drains into the 44 
structure through the encasement.  Some waste transfer lines (e.g., replacement cross-site transfer 45 
system [RCSTS]) are equipped with encasement leak detectors. 46 
 47 
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Various technologies for leak detection exist between tank farms.  Permanently installed 1 
equipment includes three types of detectors: 2 
 3 

 Electrical Conductivity Probes are most commonly used and are installed in transfer 4 
structures for most DSTs and SSTs.  Waste, when present, causes electrical conductivity 5 
between the electrodes of the probe, creating an alarm state in the connected circuitry.  6 
Conductivity probes are connected to alarm circuitry in a Leak Detector Station (LDSTA) 7 
located at ground level near or above the pit being monitored.  Alarm status is 8 
annunciated at the LDSTA.  From the LDSTA, the alarm signal is routed to a central 9 
alarm area (instrument building or control room) where it is annunciated and typically 10 
monitored during a waste transfer. 11 

 12 
 Thermal Conductivity Probes are used in the RCSTS diversion box (6241-A) and vent 13 

station (6241-V) and in SST retrieval systems when there is a potential for hydraulic fluid 14 
leaks unless electrical conductivity probes are used that are not affected by hydraulic 15 
fluid leaks.  Probes sense a change in thermal conductivity when waste (or hydraulic 16 
fluid) is present and actuate an alarm state in connected circuitry. 17 

 18 
 Weight Factor Instrumentation is used in some leak detection pits.  The difference in 19 

pressure in air supply lines that discharge at different elevations within the leak detection 20 
pit is indicative of the liquid waste level in the pit and will actuate an alarm state in 21 
connected circuitry. 22 

 23 
Other equipment such as manual conductivity probes (e.g., zip cords) or video cameras may be 24 
used as portable leak detection. 25 
 26 

 Zip Cords are functionally the same as the electrical conductivity probes described above 27 
but are not connected to alarm or interlock circuits.  A zip cord is an insulated 28 
two-conductor cord with probes separated by an insulating spacer attached at the 29 
detection end.  The detector is lowered into the structure to be just above the floor level.  30 
The conductors at the top end of the cord are connected to an ohm meter (or similar 31 
device) and monitored by an operator to observe change in impedance.  32 

 33 
 Video Cameras may be lowered in a structure to visually monitor for the accumulation of 34 

waste leaked into the structure.  The camera is connected to a monitor somewhere outside 35 
the structure that is attended by an operator.  36 

 37 
Another method of leak detection that is used in the tank farms during SST waste retrieval 38 
operations is high resolution resistivity (HRR) or electrical resistivity tomography (ERT) leak 39 
detection and monitoring (LDM).  This method is based on measuring resistivity changes in the 40 
soil around and under an SST that are produced if waste leaks from the SST during retrieval 41 
(RPP-20459, Safety Evaluation for Leak Detection and Monitoring). 42 
 43 
2.4.1.6  Temperature Monitoring.  Temperature monitoring instrumentation is installed in the 44 
waste tanks.  The temperature data provides information about the waste temperature within a 45 
tank and identifies an accumulation of solids, or “hot spots.” 46 
 47 
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Thermocouples, either individual or installed on thermocouple trees, are installed in waste 1 
storage tanks.  Temperature data from these thermocouples can be used to chart a temperature 2 
progression from the bottom to the top of the tank over time (a “profile”).  They are positioned to 3 
monitor the temperatures at various tank locations, such as the tank bottoms, sidewalls, and 4 
interiors.  Depending on the tank, the thermocouples can be monitored locally or at the 5 
instrument buildings. 6 
 7 
Thermocouple trees may have been permanently removed from some single-shell waste tanks. 8 
 9 
2.4.1.7  Interlock Systems.  Certain tank farm equipment (e.g., some waste transfer pumps and 10 
heating, ventilation, and air conditioning [HVAC] fans) is interlocked to provide an automatic 11 
response to abnormal conditions and to protect personnel, equipment, and the environment.  For 12 
example, some of the tank farm transfer pumps are interlocked to the leak detection system and 13 
are designed to shut down when a leak is detected in a process pit (e.g., pumps used for SST 14 
retrieval). 15 
 16 
Pump shutdown interlock sequences are related to various sources, including leak detectors, 17 
flush line limit switches, and pressure switches.  In addition, pumps may be equipped with their 18 
own internal circuitry to shut down the pump upon detection of abnormal operations (e.g., when 19 
the pump motors draw unusually high or low amperage).  A description of the interlocks and 20 
switches are provided in the following paragraphs. 21 
 22 
Pump Interlocks – Pump motor shutdown interlocks may be linked to various devices, 23 
including leak detectors, flush line limit switches, and pressure switches.  In addition, pump 24 
motor electrical power supplies typically are interlocked with the internal protective circuitry of 25 
the pump motor to avoid pump damage when the pump motors draw unusually high or low 26 
current.  Pump control, interlock circuitry, and pump shutdown devices upon detection of a leak 27 
are designed to minimize contamination of the environment, equipment, and facilities if a leak 28 
occurs during waste transfer operations. 29 
  30 
Heating, Ventilation, and Air Conditioning Interlocks – Most exhaust fans are interlocked to 31 
shut down if the exhaust stack CAM units detect high levels of radioactive particulate in the 32 
primary exhaust stream.  Additionally, high differential pressure on the first HEPA stage or low 33 
differential pressure on the last HEPA stage will initiate a ventilation system shutdown in some 34 
tank farm configurations. 35 
 36 
2.4.1.8  Tank Farm Monitoring and Control System.  The Tank Farm Monitoring and Control 37 
System (TFMCS) architecture is similar to that being used at the WTP so that there will be a 38 
common process control platform through which signals can be easily integrated between the 39 
facilities in the future.  The system allows waste transfer equipment to be selected for an 40 
individual transfer and provides the capability to monitor only these critical instruments on the 41 
route (e.g., transfer system leak detectors).  If a transfer system leak detector alarms or fails the 42 
waste transfer pump interlock can be opened by the Operator which will shut down the pump 43 
(automatic shutdown of the waste transfer pump is not currently provided by the system).  Other 44 
instruments, unrelated to waste transfers, are also connected to, and may be monitored by, the 45 
TFMCS (see Section 2.5.8 for additional details). 46 
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 1 
The TFMCS is operated and monitored through human machine interfaces (HMI) which are 2 
computer work stations with color display monitors strategically located throughout tank farms.  3 
The HMI screens mimic the farm, tank, and pit configurations and display process signal data 4 
and process/system alarms for monitoring, particularly during waste transfers.   5 
 6 
The controllers used in the TFMCS are digital computers that receive input signals from field 7 
devices, communicate with other devices using digital protocols, and produce control output 8 
signals based on inputs and use configured programming and stored algorithms.  The controller 9 
translates analog input signals such as current, voltage, thermocouples, and resistance 10 
temperature detectors and discrete input signals such as relays and on/off voltage devices into 11 
digital information suitable for electronic storage and transmission.  The controllers 12 
communicate to redundant servers which pass the information to the HMIs and to other 13 
controllers in the TFMCS when required. 14 
 15 
Tank Farms Local Area Network (TFLAN) is the designated name for the installed redundant 16 
Ethernet network connected via fiber optics, managed switches, and cable that communicates 17 
information in digital format between servers, controllers, and HMIs and between tank farms.  18 
 19 
2.4.1.9   Corrosion Monitoring.  Corrosion probes are installed in selected DSTs as part of the 20 
DST Integrity Program (see RPP-7574, Double-Shell Tank Integrity Program Plan).  The 21 
corrosion probes may include a reference electrode (Ecorr) test array and electrical resistance 22 
sensors, which provide active real time corrosion monitoring, or passive systems (i.e., stressed 23 
and unstressed corrosion coupons).  See RPP-7574 for additional description of DST corrosion 24 
monitoring and the installed corrosion probes. 25 
 26 
 27 
2.4.2 Waste Transfer Facilities and Systems 28 
 29 
Waste transfers are described in Section 2.5.2.  Equipment used to perform some of these waste 30 
transfers is described below.  Additional equipment is described in Section 2.5.2 for other 31 
transfers (e.g., modified sluicing transfers). 32 
  33 
Transfers are made through both dedicated and nondedicated routes.  Dedicated routes are not 34 
interconnected to tanks or facilities and as such have no potential for misroutings, and do not 35 
require valving or jumper changes.  Therefore, repetitive transfers are often made through a 36 
dedicated route so that jumper placement and valve alignment do not need to be changed.  37 
Nondedicated waste transfer routes require repositioning of jumpers or realignment of valves.  In 38 
addition to the underground piping network, the routing equipment at tank farms consists of 39 
pumps, valves, rigid piping, and rigid and flexible jumpers.  Leak detection instrumentation is 40 
located in waste transfer-associated structures (see definition in Section 2.4.2.3). 41 
 42 
The components of the active sitewide waste transfer and routing systems related to SST and 43 
DST farms are described in this section.  The inactive and abandoned systems (including 44 
identified and unidentified systems) will be evaluated when found or during decontamination and 45 
decommissioning activities.  The status of active and inactive waste transfer piping and waste 46 
transfer-associated structures is maintained in accordance with environmental regulations.47 
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 1 
2.4.2.1  Transfer Lines.  Waste is transferred from a sending facility or tank to a receiving tank 2 
through existing underground piping or temporary aboveground hose-in-hose transfer lines 3 
(HIHTL).  The categories are as follows: 4 
 5 

 Process Lines.  Pipelines that return waste from the leak detection pit or annulus pump pit 6 
to a central pump pit.  (Process piping is also a general term used for pipelines between 7 
processing facilities and a tank farm.) 8 

 9 
 Supernatant Lines.  Pipelines that transfer liquid waste between tanks or processing 10 

facilities. 11 
 12 

 Slurry Lines.  Pipelines that transfer liquid-solid slurries between tanks or processing 13 
facilities. 14 

 15 
Tank farm waste transfer systems use underground (buried/bermed) transfer piping and 16 
aboveground HIHTL.  The maximum diameter of the primary hose or primary piping through 17 
which waste transfers are made is 2 in. for HIHTL and 3 in. for buried/bermed transfer piping 18 
(with the exception of the 242-A Evaporator drain lines described in Section 2.5.2).  19 
 20 
Underground Transfer Piping – Underground transfer piping is encased in a larger outer pipe.  21 
The primary pipe used in underground waste transfer piping is carbon or stainless steel, except 22 
for the transfer lines from the 222-S Laboratory (SNL-5350 and SNL-5351) which are 23 
constructed of a fiberglass-filled composite material.  Waste transfer lines are buried or bermed 24 
primarily to provide shielding that generally requires approximately 3 ft of soil but may vary 25 
depending on the specific piping system.  Underground (buried/bermed) piping may also be used 26 
when temporarily unburied (i.e., to support tank farms maintenance or construction activities).  27 
Encasements collect liquid leaks from a failed primary line and deliver the liquid to a detection 28 
point.  A description of the encasements is provided below. 29 
  30 
Pipe Encased Lines – In the pipe-in-pipe design, a second, larger pipe surrounds the primary 31 
pipe or waste transfer line.  This pipe-in-pipe design provides better leak confinement than 32 
concrete, and the encasement can be pressure tested to ensure its integrity.  The pipe-in-pipe 33 
encasement drains to a leak detector that alarms if a leak into the encasement occurs.  Air purge 34 
leak detectors were used in some encased transfer lines in the 241-A Tank Farm.  These systems 35 
bleed air through the encasement and detect a leak when the pressure in the encasement 36 
increased.  The transfer lines containing the air purge leak detectors are inactive and have been 37 
removed from service (i.e., no further waste transfers are allowed to be sent through these 38 
transfer lines). 39 
 40 
Associated with encased piping are risers (encasement hydro test risers, leak detection risers, and 41 
test risers).  42 
 43 

Encasement Hydro Test Risers.  The capped encasement hydro test risers, which are 44 
located at the high ends of encasements, were designed to allow air to escape from an 45 
encasement being filled with water for pressure testing.  Encasement pressure testing is 46 
no longer performed with water.  However, encasement hydro test risers may be used for 47 
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pneumatic testing of encasements.  Pneumatic testing of encasements is performed to 1 
demonstrate confinement integrity as described by the environmental management 2 
program and required by Washington Administrative Code (WAC) 173-303, “Dangerous 3 
Waste Regulations.”   4 

 5 
 Leak Detection Risers.  The leak detection risers are located at the low end of encased 6 

lines entering the tank farms from outside pits.  These risers are designed to contain 7 
conductivity probe leak detectors.  They are divided into a capped riser and a probe riser. 8 

 9 
The capped riser was designed to add water during both pressure testing and testing of 10 
the leak detection alarm system.  Water is no longer used for testing encasements.  11 
However, capped risers may be used for pneumatic testing of encasements.  Pneumatic 12 
testing of encasements is performed to demonstrate confinement integrity as described by 13 
the environmental management program and required by WAC 173-303.  The probe riser 14 
contains an electrode connected to a leak detection station and alarm system.  Leakage 15 
into an encasement pipe flows to the leak detection riser to be contained at the seal loop 16 
inside the pit.  Opening the seal loop valve allows liquid to flow to the pit floor drain. 17 
 18 
In the transfer system from the 219-S Facility to the 241-SY Tank Farm the transfer lines 19 
connect directly to risers.  Encasement leak detection risers are installed off of the risers 20 
for DSTs 241-SY-101 and 241-SY-103 and the leakage will drain directly into the tank 21 
when the encasement drain valve is opened. 22 

 23 
 Test Risers.  The capped test risers are located on the low end of encased lines not 24 

equipped with leak detection risers.  The test risers also are located intermittently along 25 
the length of especially long lines (e.g., SL-160 and SN-260).  The test risers were 26 
formerly used as filling points for hydro testing and can be used as entry points for 27 
contamination swab testing or for inserting video cameras.  Test risers may also be used 28 
for pneumatic testing of encasements.  Pneumatic testing of encasements is performed to 29 
demonstrate confinement integrity as described by the environmental management 30 
program and required by WAC 173-303. 31 

  32 
Some of the underground piping systems are provided with cathodic protection and heat tracing 33 
capabilities.  The heat tracing system was intended to prevent liquid waste gelling, 34 
crystallization, or precipitation in process lines.  Unless operational considerations dictate 35 
otherwise, the transfer systems are operated without the heat tracing system.  New supernatant 36 
lines are constructed without a heat tracing system.    37 
 38 
When buried, the outside of the steel on the secondary or encasement piping is subject to 39 
external galvanic corrosion resulting from bacterial and chemical activity in the soil and to 40 
galvanic corrosion from dissimilar metals.  To minimize and control corrosion, most encasement 41 
piping associated with the DSTs is currently protected by an impressed-current cathodic 42 
protection system. 43 
 44 
Aboveground Transfer Lines – Aboveground transfer lines are hose-in-hose design that are at 45 
or above normal grade.  HIHTL system assemblies consist of a flexible primary hose, 46 
encasement hose, and the end and intermediate connections.  The design specifications of the 47 
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HIHTL assembly ensure that adequate pressure and tensile strength characteristics are 1 
maintained to confine liquid waste under all normal operating conditions.  The purpose of the 2 
encasement hose (sometimes referred to as the secondary hose) is to provide a barrier from any 3 
potential spray leak in the primary hose assembly and convey leaked waste to an existing pit 4 
(e.g., pump or valve) for leak detection. 5 
 6 
Portions of the HIHTL may be elevated abovegrade level (e.g., where a HIHTL enters a waste 7 
transfer-associated structure).  Aboveground transfer system vehicle impact barriers are used to 8 
prevent vehicle contact with these elevated aboveground portions of the HIHTL.  When 9 
necessary for radiation shielding, steel plates, lead blankets, hose barns, and shield boxes, etc., 10 
are also used for worker safety. 11 
 12 
2.4.2.2  Jumper Assemblies.  Jumpers are rigid or flexible sections of piping used to connect 13 
transfer lines during transfers using nondedicated routes.  They are also used to connect separate 14 
nozzles located inside diversion boxes and various types of pits.  Nozzles are the termination of 15 
waste transfer lines going into diversion boxes and pits.  Jumpers are removed and installed in 16 
diversion boxes or other pits.  Jumper installation or removal requires removal and replacement 17 
of the cover block. 18 
 19 
Two types of jumpers are used at the Hanford Site: 20 
 21 

 Rigid jumpers.  Stainless or carbon steel pipe is fitted to specific wall nozzle 22 
configurations   23 
 24 

 Flexible jumpers.  Stainless or carbon steel, flexible hose with braided jacket or 25 
high-strength, wire-reinforced, ethylene-propylene-diene monomer (EPDM) hose can be 26 
shaped to fit various configurations. 27 

 28 
The function and design are essentially the same.  A flexible jumper can be shaped to fit various 29 
configurations, whereas a rigid jumper is designed to fit a specific configuration.  Two- and 30 
three-way valves are built into each rigid jumper assembly to divert the flow in the required 31 
direction.  The type of head (i.e., connector at end of jumper) used depends on the nozzle design. 32 
 33 
Valves are fabricated in rigid jumpers so that waste routes can be changed by opening and 34 
closing the valves.  The valve handles are located above the top of the valve or other pit cover 35 
blocks, and the valve stems extend downward through penetrations in the cover blocks. 36 
 37 
2.4.2.3  Miscellaneous Transfer Equipment.  In addition to the equipment identified in the 38 
transfer line description, other structures or facilities in the transfer line are used to control or 39 
direct waste transfers. 40 
 41 
Waste Transfer-Associated Structures - Waste transfer associated structures are defined as 42 
below ground or aboveground structures which contain (or have contained in the past) pumps, 43 
piping, or drains that allow (or have allowed in the past) the intended passage of waste through 44 
the structure.  Encompassed in this definition are central and feed pump pits, valve pits, sluice 45 
pits, annulus pump pits, drain pits, heel pits, condenser pits, diversion boxes, diverter stations, 46 
Diversion Box 6241-A, Vent Station 6241-V, siphon standpipe stations, prefabricated pump pits, 47 
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manifold boxes, International Organization for Standardization (ISO) Series 1 Freight 1 
Containers, and COBs. 2 
 3 

 Valve Pits – Valve pits are located belowground and are reinforced concrete structures.  4 
Most valve pits contain valves and jumper assemblies to route the liquid waste through 5 
the connected pipelines within a tank farm.  The top of the valve pit is a removable cover 6 
block.   7 

 8 
When several tanks are pumped to a single receiver tank, the flow is routed to a valve pit.  9 
In the valve pit, the transfer lines of the sending tank are connected to the receiver tank 10 
line by means of a series of valves and jumper connections.  Each valve pit is equipped 11 
with leak detection.  Each valve pit also has a flush line connected to a flush pit (Note:  12 
most flush pits are inactive) and a drain line connected to an underground storage tank. 13 

 14 
 Diversion Boxes – Diversion boxes are belowgrade, reinforced concrete structures that 15 

provide a flexible method of directing liquid waste from a given point to any other given 16 
point.  The top of the diversion box is a cover block that usually extends abovegrade.  17 
Some diversion boxes are steel lined. 18 

 19 
Diversion boxes are normally connected to a specific tank farm and are used to establish 20 
waste transfer routes between tank farms.  The waste transfer route between selected 21 
facilities can be established by selecting a combination of lines that are connected by 22 
diversion boxes, diverter stations, pump and valve pits, and associated valving and 23 
equipment. 24 

 25 
Diversion boxes also provide confinement for leaks in waste transfer lines (which drain 26 
back to the boxes through the encasement) and leaks at jumper nozzle connections.  27 
Waste transfer lines are connected inside the diversion box by installing a jumper 28 
between the connecting nozzles.  Jumpers may be either rigid or flexible, but rigid 29 
jumpers are required when valves are used. 30 

 31 
All diversion boxes drain to a nearby underground storage tank, and all boxes contain 32 
leak detection. 33 

  34 
 Siphon Standpipe Stations – A siphon standpipe station is installed on each of the waste 35 

transfer lines that connect the 219-S Facility to DSTs 241-SY-101 and 241-SY-103 36 
(SNL-5350 and SNL-5351).  These structures are constructed primarily of fiberglass.  37 
They provide (1) a lowpoint to which waste from a primary pipe leak in the segment 38 
connecting the 219-S Facility to siphon standpipe station will drain and (2) a vertical rise 39 
that ensures a continuous downhill slope from the siphon standpipe stations to the 40 
241-SY tanks.  Leak detection systems are installed in the two siphon standpipe stations.  41 
A sump pump is also installed to pump leaked waste up the vertical rise and into the 42 
encasement that drains to the interconnected 241-SY tank. 43 

 44 
Catch Tanks – Catch tanks (Section 2.4.1.2) are underground storage tanks that collected small 45 
amounts of waste drained from diversion boxes, valve pits, diverter stations, and other 46 
DST equipment.  Catch tanks have been removed from service (i.e., no further waste additions 47 
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are allowed) and are stabilized and isolated in accordance with environmental management 1 
program requirements. 2 
 3 
Double-Contained Receiver Tanks – DCRTs (Section 2.4.1.2) were formerly used as interim 4 
short-term waste storage and transfer facilities.  The DCRT consists of an underground concrete 5 
structure that contains a filter pit, pump pit, instrument pit, flush pit, and a vault in which a tank 6 
is installed.  DCRTs have been removed from service (i.e., no further waste additions are 7 
allowed) and have been stabilized and isolated in accordance with environmental management 8 
program requirements to prevent water intrusion. 9 
 10 
Cover Blocks – A cover block is an engineered secondary barrier (typically made of reinforced 11 
concrete but may be steel) that was designed to provide shielding from the radioactive waste for 12 
worker protection.  Cover blocks also serve to knock down aerosolized waste produced by direct 13 
sprays during waste transfer leaks in waste transfer-associated structures.  Cover blocks are 14 
required to be in place prior to waste transfers through a waste transfer-associated structure on 15 
the physically connected transfer route. 16 
 17 
Waste Transfer Pumps – Several types of waste transfer pumps are used at the tank farm 18 
facilities to move liquid waste and waste slurry (liquids and suspended solids) from facility to 19 
facility including (1) DST waste transfer pumps, (2) SST waste retrieval pumps, and (3) sump 20 
pumps.  Although not tank farm equipment, two waste transfer pumps in interfacing facilities 21 
(222-S Laboratory and 242-A Evaporator) are used to transfer waste to the tank farms. 22 
  23 

 DST Waste Transfer Pumps.  DST waste transfer pumps are installed in pump pits.  The 24 
pump motor may be located with the pump in the waste (i.e., submersible pumps) or the 25 
pump motor may be located in the pump pit above the tank with the pump intake located 26 
in the tank waste.  The pump intake may be a rigid pipe that extends to a fixed or 27 
adjustable depth in the tank waste or a flexible intake may be used that is designed to 28 
collect only waste supernatant (i.e., liquids).  Waste transfer pumps installed in DSTs can 29 
be used to recirculate waste within the DST, transfer waste to another DST, transfer 30 
waste to a SST (for recycle sluicing retrieval operations, see Section 2.5.2.4, “Modified 31 
Sluicing”), and feed waste to the 242-A Evaporator.  Bounding DST waste transfer pump 32 
performance is described in RPP-15810, Enveloping Tank Farm Transfer Pump Power, 33 
Discharge Head, and Flow.2  Some DST waste transfer pumps are controlled using 34 
variable frequency drives (VFD) and their performance depends on the VFD output.  35 
RPP-CALC-23897, VFD Driven Induction Motor/Pump Performance Evaluation, 36 
concludes that the pump speed is limited to that corresponding to the VFD output 37 
frequency limit, and the VFD output frequency limit is either the engineering controlled 38 
maximum frequency setting (i.e., overspeed trip setting) or the maximum output 39 
frequency the VFD can generate for the DST waste transfer pumps with VFDs shown in 40 
Table 2.4-1.  The overspeed trip settings are under engineering configuration 41 
management (documentation, quality assurance, password protection, and field 42 
verification).  (Note:  The VFD output frequency limit is not considered when 43 

                                                           
2 The pump characteristic curve used for DST waste transfer leak accident analysis (see Section 3.3.2.4.3, “Waste 
Transfer Leaks”) is selected to bound the DST pump curve data provided in RPP-15810.   
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determining the waste transfer pump performance for hazard and accident analyses or for 1 
the protection of safety-significant SSCs from overpressure.) 2 
  3 
The waste transfer pump that contributes the highest heat input to the waste supernate 4 
when operated in the recirculation mode is DST waste transfer pump SY101-WT-P-350.  5 
Waste transfer pump SY101-WT-P-350 is a submersible pump driven by a submerged, 6 
canned motor, with internal hydraulics and is passively cooled by the waste process fluid.  7 
 8 

 SST Waste Retrieval Pumps.  See Section 2.5.2.4, “Modified Sluicing.” 9 
 10 

 Sump Pumps.  Sump pumps are located in waste transfer-associated structures without 11 
drains or when drains are plugged or in aboveground waste transfer-associated structures 12 
without drains to remove waste that could leak or be misrouted into the structure (or to 13 
remove water that may enter the structure) (e.g., RCSTS Diversion Box 6241-A and Vent 14 
Station 6241-V, SST retrieval system aboveground manifold boxes, the siphon standpipe 15 
station installed on each of the waste transfer lines that connect the 219-S Facility to 16 
DSTs 241-SY-101 and 241-SY-103).  The sump pumps transfer waste back to the 17 
underlying tank or to a connecting waste transfer system to a receiving tank.  The sump 18 
pumps in RCSTS Diversion Box 6241-A and Vent Station 6241-V have a 240-ft 19 
discharge head at a 140 gal/min flow rate and a shut-off head of 265 ft.  The sump pumps 20 
in the siphon standpipe stations have a maximum head of 50 ft and a maximum flow rate 21 
of 90 gpm.   22 

 23 
 Interfacing Facility Waste Transfer Pumps.  Waste transfer pump WT-P-1 at the 24 

222-S Laboratory is an air-driven diaphragm pump with a maximum head of 290 ft and a 25 
maximum flow rate of 260 gal/min that transfers waste from the Laboratory’s 219-S 26 
Waste Handling Facility to DSTs 241-SY-101 or 241-SY-103.  Waste transfer pump 27 
P-B-2 at the 242-A Evaporator is used to transfer waste from the 242-A Evaporator to the 28 
tank farm DSTs.  P-B-2 is an electrical motor driven centrifugal pump with a VFD (see 29 
RPP-CALC-23897 and Table 2.4-1).  Pump performance for these interfacing facility 30 
waste transfer pumps is addressed in RPP-15810.  The maximum discharge pressure for 31 
P-B-2 is limited by a pressure relief valve (PSV-PB2-1) on the pump discharge line.  32 
Waste in the 242-A Evaporator pump room sump can be transferred to DST 241-AW-102 33 
using the pump room sump steam jet pump J-B-1.  Steam jet pump J-B-1 lifts the waste 34 
from the sump into 10-in drain line DR-334 by steam eductor vacuum.  The waste then 35 
gravity drains to DST 241-AW-102. 36 

 37 
Isolation Valves – Waste is transferred from one location to another through an interconnected 38 
network of transfer piping.  Transfer piping is generally located underground and routed through 39 
waste transfer-associated structures such as pump pits, valve pits, diversion boxes, or other 40 
similar concrete structures containing pipe nozzles and jumpers.  The jumpers can be configured 41 
to route waste through different sections of piping, depending on the waste source and 42 
destination.  Jumpers are constructed from steel or stainless steel pipe with isolation valves 43 
welded into the assembly where appropriate.  Isolation valves are arranged such that closing or 44 
repositioning two safety-significant valves can physically disconnect the downstream waste 45 
route.  The isolation valves allow changing waste transfer routes while minimizing the number of 46 
jumper changes. 47 
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 1 
Pressure Relieving Devices – Waste transfer system pressure relieving devices include pressure 2 
relief valves, rupture disks, and buckling pin relief valves.  Other system features that limit waste 3 
transfer system pressure include holes (e.g., siphon break holes) and recirculation lines.  The 4 
discharge from the pressure relieving devices, holes, and recirculation lines is back to a DST or 5 
SST. 6 
 7 
2.4.2.4  Cross-Site Transfer System.  The original cross-site transfer system was designed to 8 
transport waste from the 200 West Area to the 200 East Area.  This system consists of diversion 9 
boxes located in the 200 East and 200 West areas (241-ER-151 and 241-UX-154, respectively), a 10 
vent station, and a reinforced concrete-encased stainless steel pipeline system.  The original 11 
cross-site system has been disconnected by removing the jumpers in the 241-SY-B valve pit in 12 
200 West Area and the 241-ER-151 diversion box in 200 East Area.  13 
 14 
A new cross-site transfer system, known as the RCSTS, is now used to transfer waste from the 15 
200 West Area to the 200 East Area.  The RCSTS consists of two parallel, pipe-in-pipe lines that 16 
extend from the 241-SY-A and 241-SY-B valve pits in the 200 West Area to the 241-AN Tank 17 
Farm in the 200 East Area.  The transfer route passes through a diversion box and a vent station.  18 
The maximum gravity drainback head in tank farms is approximately 91 ft and occurs in the 19 
RCSTS segment between the vent station and 241-AN Tank Farm.  This RCSTS segment also 20 
allows the maximum waste holdup in tank farms (7,344 gal).  21 
 22 
One line, WT-SNL-3150, is known as the supernate line and uses existing transfer pumps to 23 
transfer supernate from the 200 West Area (241-SY-A valve pit) to the 200 East Area.  This line 24 
is capable of transferring waste in either direction, although all anticipated transfers will be from 25 
200 West Area to 200 East Area.  Cross-site supernate transfers can be made from either 26 
DST 241-SY-101 or DST 241-SY-102.  The other line, WT-SLL-3160, is known as the slurry 27 
line and is designed to transfer wastes with as much as 30 vol% solids from the 200 West Area 28 
(241-SY-B valve pit) to the 200 East Area, using existing tank farm transfer pumps and the 29 
RCSTS booster pumps.  Cross-site slurry transfers can only be made from DST 241-SY-102.  30 
Waste transfers through the RCSTS slurry line WT-SLL-3160 are not authorized 31 
(Wagoner 1997, “Approval of Authorization Basis (AB) Amendment Package for 32 
Project W-058, Replacement Cross-Site Transfer System”). 33 
 34 
Instrumentation and control of the RCSTS is centered on a computer-based monitor and control 35 
system that controls the entire process from the existing 242-S Evaporator building in the 36 
200 West Area.  The RCSTS contains two structures:  the 6241-A diversion box 37 
(volume 22,321 ft3) in the 200 West Area and the 6241-V vent station (volume 6,693 ft3) 38 
between the 200 West and 200 East Areas.  The diversion box and vent station doors are required 39 
to be closed whenever they are physically connected to an active waste transfer pump not under 40 
administrative lock.  Each of these two structures contains two leak detectors that would send an 41 
alarm signal to the TFMCS upon detection of a waste leak.  Each structure also contains a sump 42 
pump which is connected to the supernate line.  The sump pump is isolated from the supernate 43 
line during waste transfers by two closed valves.  Waste leaked to the structure drains to the 44 
sump and can be pumped to the supernate line (after the waste transfer pump has been shut 45 
down) by opening the two isolation valves and starting the sump pump.  The 6241-V vent station 46 
is located at the high point of the RCSTS and has an air vent line (fully contained within the 47 
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structure) that is connected to the supernate line.  During waste transfers, this air vent line is 1 
isolated from the supernate line by two closed valves.  After a waste transfer is terminated, the 2 
valves are opened to introduce air that facilitates draining. 3 
 4 
In addition, both RCSTS transfer lines also have continuous encasement leak detectors (required 5 
for environmental reasons) that are connected to the TFMCS.  To prevent moisture intrusion into 6 
the encasement (i.e., condensation) that could affect operation of the encasement leak detectors, 7 
the RCSTS encasement is maintained under an inert atmosphere (nitrogen) at a slight positive 8 
pressure to atmospheric.  Recharging of the nitrogen in WT-SNL-3150 (the supernate line) in the 9 
event of a loss of positive pressure, as well as the addition of nitrogen as a purge of the 10 
encasement for removal of residual moisture or for pressure testing of the encasement, is not 11 
authorized until the hazard and accident analyses and controls required for these operations are 12 
re-evaluated and approval is obtained from the U.S. Department of Energy, Office of River 13 
Protection (ORP).  (Note:  The hazards associated with depressurization of the inert nitrogen 14 
atmosphere maintained on the WT-SNL-3150 encasement have been evaluated.)  Because 15 
WT-SLL-3160 (the slurry line) has never been connected to the waste transfer system and waste 16 
transfers through this line are not authorized (see above), the primary and encasement are not 17 
contaminated and, therefore, nitrogen recharging, purging, and pressure testing of this line does 18 
not require hazard or accident analysis.  However, because damage to the WT-SLL-3160 slurry 19 
line could occur during nitrogen recharging, purging, and pressure testing if the nitrogen pressure 20 
exceeds the external allowable pressure of the primary piping, these operations are not 21 
authorized. 22 
 23 
 24 
2.4.3 204-AR Waste Unloading Facility 25 
 26 
The 204-AR Waste Unloading Facility, located south of the 244-AR Vault and west of the 27 
241-AX Tank Farm, is inactive.  The facility used to receive transport containers carrying liquid 28 
radioactive waste and provided the infrastructure to transfer this waste to the DSTs.  Waste 29 
transfers into the 204-AR Waste Unloading Facility are not currently authorized and there are no 30 
near-term plans to use this facility for waste transfers.  Additional safety analysis and a DSA 31 
amendment are required before waste transfers are authorized at the 204-AR Waste Unloading 32 
Facility. 33 
 34 
The 204-AR Waste Unloading Facility (Figure 2.4.3-1) is a reinforced concrete structure 35 
approximately 64 ft long x 40 ft wide x 25.5 ft high.  The facility is divided into three major 36 
areas: 37 
 38 

 Transport container unloading canyon (located on the first floor) containing transfer 39 
pumps, process piping, remotely operated valves, and a catch tank (located belowgrade) 40 

 41 
 Mechanical equipment room (located on the first floor) containing chemical storage and 42 

makeup tanks, motor control center, ventilation system, and fire system 43 
 44 

 Control room and personnel facilities (located on the second floor). 45 
 46 
Major features of the 204-AR Waste Unloading Facility are described below. 47 
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 1 
Catch Tank – Drains in the floor of the canyon are routed to Tank 204-AR-TK-1, which is a 2 
1,500-gal stainless steel catch tank used for temporarily storing process solutions that flow into 3 
any drain in the facility.  The tank is located below floor level of the unloading area in a stainless 4 
steel-lined pit.  The pit contains a sump and is covered with a removable steel grating.  The catch 5 
tank is equipped with liquid-level instrumentation, an overflow line that drains to the sump in the 6 
pit, inlet connections for the drain lines and decontamination solution, and a pump-out line.  The 7 
bottom of the catch tank slopes toward the pump-out line. 8 
 9 
The catch tank is vented to the ventilation exhaust plenum through a deentrainer/heater and a 10 
single-stage HEPA filter.   11 
 12 
Raw Water System – A 6-in. raw water line and a 2-in. raw water line come off the 8-in.  13 
Hanford Site raw water system and enter the 204-AR Waste Unloading Facility on the north side.  14 
The 2-in. line supplies water to the chemical addition tanks for adjusting the composition of the 15 
waste before or during a transfer.  The 6-in. line supplies the fire protection suppression system 16 
and a 3-in. line was used for activities such as line flushing, pump priming and sealing, tank 17 
sluicing and rinsing, and unloading room washdowns.  Several backflow prevention systems are 18 
installed in the raw water system to prevent cross contamination of the Hanford Site raw water 19 
system and to meet Washington Administrative Code requirements.   20 
 21 
2.4.3.1  Mechanical Equipment Room.  The mechanical equipment room, located on the north 22 
side of the unloading canyon, is approximately 58 ft long, 20 ft wide, and 10 ft high and has floor 23 
drains connected to the catch tank.  The equipment located in this room includes the chemical 24 
makeup system; motor control center; HVAC equipment; and fire suppression system riser.  25 
Double doors on the north side of the mechanical equipment room lead directly to the outside, 26 
and fire doors exiting into 2-hr fire rated exit enclosures are located on the east and west ends of 27 
the room. 28 
 29 
Chemical Makeup System – When the composition of waste in the transport container or the 30 
catch tank did not meet tank farm acceptance specifications, chemical adjustment solutions were 31 
prepared in the chemical makeup system and added to the waste.   32 
 33 
Four storage/makeup tanks were used for various solutions: 34 
 35 

 Tank 2, Nitrite Solution (TK-2).  This 500-gal carbon steel tank was used to make up 36 
sodium nitrite solutions.   37 

 38 
 Tank 3, Dilute Caustic Solution (TK-3).  This 500-gal stainless steel tank was used to 39 

make up dilute caustic solutions.   40 
 41 

 Tank 4, High pH Buffer Solution (TK-4).  This 200-gal stainless steel tank was used to 42 
make up a high pH buffer solution for pH probe calibration.   43 

 44 
 Tank 5, 50% Caustic Solution (TK-5).  This 1,800-gal carbon steel tank received  45 

50% sodium hydroxide solution delivered by tank truck.   46 
 47 
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Motor Control Center – The motor control center is located at the west end of the mechanical 1 
equipment room. 2 
 3 
Heating, Ventilation, and Air Conditioning Equipment – The HVAC equipment located in 4 
the mechanical equipment room includes the main exhaust duct work, exhaust fan, and final 5 
stage of HEPA filters.  The HEPA filters are protected by a water spray sprinkler system 6 
activated by the two heat detectors, all are located within the ducting along with the demisters, 7 
heaters, fire screen, and exhaust dampers. 8 
 9 
Fire Protection –  A wet-pipe sprinkler system is installed throughout the 204-AR Waste 10 
Unloading Facility.  Two heat detectors are located in the HEPA filter ducting and two smoke 11 
detectors are located above the ceiling in the second floor control room.  The 204-AR Waste 12 
Unloading Facility fire protection systems are deactivated. 13 
 14 
2.4.3.2  Second Floor.  The second floor contains the control room and administrative areas. 15 
 16 
The control room, located on the east end of the second floor, is shielded from the transport 17 
container unloading canyon by approximately 1-ft thick concrete shield walls that contain a lead 18 
glass window previously used for viewing tank unloading operations.   19 
 20 
2.4.3.3  Ventilation Systems.  Three ventilation systems within the 204-AR Waste Unloading 21 
Facility service the personnel area, the radiation zone, and the mechanical equipment room.  The 22 
personnel area ventilation system operates at positive pressure.  This system provides air to the 23 
control room, locker room, toilet, and soiled clothes room.  Most of the air supplied to the 24 
control room is recirculated.  The air that is not recirculated is exhausted through the soiled 25 
clothes room or the toilet exhaust systems. 26 
 27 
The radiation zone exhaust system operates at a negative air pressure and draws air from the 28 
canyon area, soiled clothes room, and catch tank.  The fan is located in the mechanical 29 
equipment room and discharges air through the roof ventilator.  The canyon area exhaust air is 30 
filtered through parallel roughing and HEPA filter banks, through a second or final HEPA filter 31 
bank located in the mechanical equipment room, and then through the main duct work before 32 
being exhausted to the environment through a stack.  Record air samplers collect particulate 33 
matter on filter paper at the exhaust stack.   34 
 35 
The catch tank exhaust ductwork includes a moisture separator, heater, and HEPA filter.  The 36 
catch tank duct work is connected to the main radiation zone exhaust system duct work just 37 
upstream of the final HEPA filter bank.  The soiled clothes exhaust system duct work is also 38 
connected to the main exhaust duct work just upstream of the final HEPA filter bank.  A water 39 
spray fire protection system suppresses fires upstream of the HEPA filters. 40 
 41 
The mechanical equipment room is not connected to the radiation zone exhaust system.  The 42 
mechanical equipment room exhaust system consists of a wall-mounted exhaust fan operated on 43 
a demand basis and only when the radiation zone exhaust system is operable. 44 
 45 
 46 
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2.4.4 244-AR Vault 1 
 2 
The 244-AR Vault, located north and west of 241-A Tank Farm in the 200 East Area, was 3 
constructed in 1966.  The vault was designed to receive, treat, and transfer PUREX Facility tank 4 
farm sludges to B Plant for fission product removal; provide interim storage for PUREX Facility 5 
acid waste feed to B Plant; and receive and distribute the neutralized high-level waste from 6 
B Plant.  The vault has been isolated from additional waste transfers in accordance with 7 
environmental management program requirements, and the tanks are inactive.  As part of interim 8 
stabilization of the 244-AR vault, liquids in Tanks 244-AR TK-001, 244-AR TK-002, 9 
244-AR TK-003, and 244-AR TK-004 were removed and only small quantities of pumpable 10 
liquids remain in each tank.  Per RPP-CALC-42573, 244-AR Vault Fill Fraction, the tank 11 
headspaces passively breathe into the vault cells.  RPP-CALC-42573 also indicates that the 12 
exterior of the cells was not sealed with paint or asphalt (i.e., there is no paint or asphalt to 13 
inhibit hydrogen diffusion through the cell concrete structure). 14 
 15 
The following major structures and components are described below: 16 
 17 

 Canyon building and process cells 18 
 Ventilation systems 19 
 Control rooms. 20 

 21 
2.4.4.1  Canyon Building and Process Cells.  The canyon building is a reinforced concrete 22 
structure with 1.5-ft thick walls.  The canyon building measures 94 ft by 18 ft internally and is 23 
36 ft high above the process cell concrete cover blocks on the canyon floor.  The cover blocks, 24 
which separate the process cells from the canyon, are 5 ft thick and have recessed lifting bails.  25 
The process cells house the process vessels and associated equipment.  The canyon building also 26 
contains two shielded personnel access doors and a large, shielded motor-driven equipment 27 
access door that slides on a monorail.  A metal wind-reduction facility is attached to the east end 28 
of the building. 29 
 30 
Three process cells and a failed equipment storage cell are located below the canyon 31 
(Figures 2.4.4.1-1 and 2.4.4.1-2).  Each of the three process cells contains sumps with an 32 
intercell sump overflow.  Cells 1 and 2 have identical inside dimensions, 21 ft square x 32.75 ft 33 
deep.  Cell 3 is 32 ft long x 12 ft wide x 21 ft deep.  The concrete cell walls are 2 ft thick. 34 
 35 
Cell 1 (Figure 2.4.4.1-2) is located between cell 2 and the failed equipment storage area at the 36 
east end of the vault.  Cell 1 contains tank 244-AR TK-001, a sump jet, wall nozzles, permanent 37 
piping, instrumentation, and a cell spray system. 38 
 39 
Tank 244-AR TK-001, the primary storage tank for neutralized current acid waste (high-level 40 
first-cycle solvent extraction waste from the PUREX Facility), is located in cell 1 of the 41 
244-AR Vault and is constructed of stainless steel plate.  The flat-bottomed tank has a nominal 42 
capacity of 43,000 gal.  The tank is equipped with upper and lower cooling coils, a transfer 43 
pump, a transfer jet, an agitator, spray rings, a purge air system, a sampler, vessel vent and 44 
chemical addition lines, instrumentation, and three spare tank nozzles. 45 
 46 
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Cell 2 (Figure 2.4.4.1-2) is located between cells 1 and 3 of the canyon building.  Cell 2 contains 1 
tank 244-AR TK-002, a sump jet, wall nozzles, permanent piping, instrumentation, and a cell 2 
spray system.  Cell 2 sump has a capacity of approximately 40 gal. 3 
 4 
Tank 244-AR TK-002 is constructed of stainless steel plate.  The flat-bottomed tank has a 5 
nominal capacity of 43,000 gal.  The tank is equipped with upper and lower dual service (heating 6 
and cooling) coils, a transfer pump, a sluice pump, a transfer jet, an agitator, spray rings, a purge 7 
air system, a sampler, vessel vent and chemical addition lines, a radiation monitoring dry well, 8 
instrumentation, three spare tank nozzles, and a spare permanent piping line. 9 
 10 
Cell 3 (Figure 2.4.4.1-2) is located on the west end of the canyon building and contains tanks 11 
244-AR TK-003 and 244-AR TK-004, a sump jet, wall nozzles, permanent piping, 12 
instrumentation, and a cell spray system. 13 
 14 
Tanks 244-AR TK-003 and 244-AR TK-004 are constructed of stainless steel plate.  Each 15 
slope-bottomed tank has a nominal capacity of 4,800 gal.  Each tank is equipped with a cooling 16 
coil, two transfer jets, a transfer pump, an agitator, a spray ring, a purge air system, a sampler, 17 
vessel ventilation and chemical addition lines, instrumentation, and three spare tank nozzles. 18 
 19 
The failed equipment storage area is located next to cell 1 in the east end of the canyon building.  20 
This storage area contains three storage tubes and is covered with a 2-ft thick reinforced concrete 21 
block. 22 
 23 
2.4.4.2  Ventilation Systems.  None of the original active ventilation systems is operable.  The 24 
tanks and the facility process area are passively ventilated to the building.  Additionally, two 25 
portable air exhausters and an air supply skid were installed for contamination control during 26 
deactivation activities. 27 
 28 
2.4.4.3  Control Room.  The control room is 34 ft long and 22.5 ft wide.  The room is divided 29 
into the following localized equipment areas:  the jet gang valve stations, steam control station, 30 
HVAC instrument panel, transmitter and converter racks, process instrument panels, hydrogen 31 
purge air control station, switch gear and motor control centers, and crane control room.  (Steam 32 
lines to the facility are isolated; therefore, the station is out of service.) 33 
 34 
 35 
2.4.5 244-CR Vault 36 
 37 
2.4.5.1  Lag Storage Tanks.  The 244-CR Vault is an inactive facility that functioned as a lag 38 
storage and transfer station for various waste streams including liquid discharge from Hot 39 
Semiworks and fission product “crudes” being transported between PUREX and B Plant.  Until 40 
1973, the 244-CR Vault served as an interface facility providing lag storage and transfer service 41 
for PUREX acidified sludge in transit from the 244-AR Vault to B Plant.  The facility has also 42 
been used for routing waste transfers from the 241-C Tank Farm to the DSTs.  The 244-CR 43 
Vault is a reinforced structure that houses a 50,000-gal carbon steel tank (244-TK–CR–001),  44 
two 15,000-gal stainless steel tanks (244-TK-CR-002 and 244-TK-CR-003) and a 50,000-gal 45 
stainless steel tank (244-TK–CR-011).  The vault has been isolated from additional waste 46 
transfers in accordance with environmental management program requirements, and the tanks are 47 
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inactive.  All abovegrade portions of the facility including steam and air supply lines have been 1 
removed.  Per RPP-CALC-40642, 244-CR Vault Fill Fraction, video inspection indicates that 2 
the interior walls of the cells are bare concrete.  RPP-CALC-40642 also indicates that a review 3 
of the drawings did not provide any evidence that the exterior of the vault was sealed with 4 
asphalt (i.e., no asphalt to inhibit hydrogen diffusion through the cell concrete structure). 5 
 6 
244-TK–CR-001 was last used during the uranium recovery program in the 1950s.  It contains a 7 
residual heel, consisting of neutralized uranium recovery waste.  244-TK–CR-002 contains 8 
radioactive waste, consisting primarily of PUREX acidified sludge transferred from 9 
244-AR TK-001 to B Plant for strontium recovery.  Tanks 244-TK-CR–001 and 10 
244-TK-CR-002 were inactive before the Hot Semiworks cleanout and did not receive any waste 11 
from Hot Semiworks.  244-TK-CR-003 was last used in 1995 during SST stabilization campaign 12 
for SSTs 241-C-102, 241-C-107, and 241-C-110. 13 
 14 
In the 1970s, 244-TK–CR-011 was used as the sump receiver for 244-CR Vault and for Hot 15 
Semiworks.  Small rainwater accumulations were jetted from the other three 244-CR Vault 16 
sumps and from tank 69 at Hot Semiworks. 17 
 18 
2.4.5.2  244-CR Vault Ventilation.  The 244-CR Vault ventilation is provided through 19 
barometric breathing.  The 244-CR Vault is divided into an upper and lower section.  The upper 20 
section is considered the pump pit and riser pit areas, and the lower vault section houses the 21 
primary tanks which are separated from the vault by annular spaces.  The upper and lower vault 22 
sections are connected by exhaust ports allowing airflow between the two sections.  Each of the 23 
tanks is vented to a common header.  Exhaust air from the tanks also enters the lower and upper 24 
vault sections via floor drains and exhaust ports.  There are no ventilation flow instruments for 25 
the tanks themselves. 26 
 27 
 28 
2.4.6 Cribs, Ditches, Ponds, and Unplanned Release Sites 29 
 30 
The cribs, ditches and ponds that are currently the responsibility of the TOC and are designated 31 
as either Hazard Category 2 or Hazard Category 3 include 216-C-8 (crib), 216-T-7 (drain), 32 
216-B-3 (pond lobes only), and 216-T-32 (crib).  These areas are posted as radiation or 33 
contamination areas to prevent intrusion, and are discussed in the following sections.  34 
 35 
2.4.6.1  Cribs.  A crib is defined as a subsurface liquid distribution system.  The primary 36 
function of a crib at the tank farm facilities was to dispose of liquid effluents so that low-level 37 
radionuclides (if any) were absorbed and held in the soil beneath the crib. 38 
 39 
Crib designs vary widely but the function of all designs is the same.  Cribs consist of 40 
gravel-filled trenches, approximately 10 to 30 ft deep, approximately 10 ft wide at the bottom, 41 
with the sides sloping out toward the top.  The bottom third to half of the crib is filled with 42 
coarse gravel to provide a large volume of pore space between the individual rocks. 43 
 44 
For many cribs a vapor barrier (typically plastic) on top of the gravel is covered by original soil 45 
material.  Liquid-level risers are constructed into the gravel to allow measurement of effluent46 
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levels in the crib.  Level readings are taken by using an insulated calibrated wire (zip cord) and a 1 
direct current meter, a sonic ullage gauge, or a liquid-level gauge. 2 
 3 
2.4.6.2  Ditches and Ponds.  Wastewater generated from operating facilities within the 4 
exclusion areas of the 200 East and 200 West areas had been directly discharged to B Pond, 5 
which consists of the following lobes:  216-B-3, 216-B-3A, 216-B-3B, and 216-B-3C.  This 6 
pond is inactive.  However, lobe 216-B-3C is permitted by the state of Washington to serve as an 7 
emergency site if the Treated Effluent Disposal Facility is unable to accommodate the influent.  8 
Ditches (which are gravel lined) and pipelines (used for transporting water to the ponds) may be 9 
equipped with valves for regulating or adjusting the flow. 10 
 11 
2.4.6.3  Unplanned Release Sites.  Unplanned release sites resulted from the unintentional 12 
release of radioactivity to the environment.  The releases occurred from incidents such as tank or 13 
transfer line leaks, spills, and unintentional discharges from facilities.  In most cases, the amount 14 
of radioactivity associated with these sites is small; however, some sites, particularly those 15 
associated with tank leaks and leaks of high-level waste from transfer lines, potentially contain 16 
significant inventories of radionuclides. 17 
 18 
 19 
2.4.7 Storage and Handling Areas for Contaminated Equipment and Materials 20 
 21 
Tank farm facilities or areas for storage or handling of contaminated equipment and materials 22 
that are designated as Hazard Category 2 or Hazard Category 3 include the 616 Facility, the 23 
vertical storage units, and miscellaneous inactive processing facilities.  These facilities and areas 24 
are discussed in the following sections. 25 
 26 
2.4.7.1  616 Facility.  The 616 Facility is located off of Route 3 in the 600 Area between the 27 
200 East Area and 200 West Area.  The 616 Facility is a secondary waste, temporary storage 28 
area for low-level radioactive waste, mixed waste, and nonradiologically contaminated 29 
hazardous waste.  The radioactive material inventory is primarily comprised of low-level 30 
radioactive wastes and low-level mixed wastes resulting from radiologically contaminated 31 
materials discarded from tank farm areas and associated facilities.  These packaged wastes are 32 
collected and transported to the 616 Facility for nonintrusive characterization (weighing, 33 
radiation monitoring, assaying).  After characterization, most waste containers are staged for 34 
transportation to an offsite waste treatment facility.  From there, the treated waste normally is 35 
transported to a disposal site.  Some waste containers at the 616 Facility are staged for transport 36 
to disposal sites without additional treatment.  (See Chapter 9.0 for a description of the 37 
radioactive and hazardous waste management program.)  38 
 39 
The 616 Facility consists of the 616 Building itself and the adjacent fenced area. The 40 
616 Building is an 8,000 ft2, single story structure.  The roof is sloped pre-cast concrete 41 
supported by concrete beams.  Except for the west wall, exterior walls are pre-cast concrete.  42 
Interior walls are poured concrete, concrete block, or gypsum wallboard.  The west exterior wall 43 
is metal on steel frame.  The floor is concrete with a secondary containment system.   44 
 45 
The building is segregated into several areas including a less than 90-day storage pad for 46 
hazardous wastes, a less than 90-day storage area for mixed wastes, an intermediate holding area 47 
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for low-level waste, a storage area for recyclable material, a storage area for nonregulated waste, 1 
a tools and supplies storage area, a waste X-raying area (no longer in use), and office facilities.  2 
The outside fenced area consists of an intermediate holding area for low-level radioactive 3 
wastes; a less than 90-day waste storage area for mixed wastes; and storage for empty drums, 4 
empty boxes, and other supplies and equipment.  5 
 6 
Waste in the building is generally packaged in 208-L (55-gal) drums or other approved alternate 7 
packages dictated by size, shape or other form.  Containers are handled by hand trucks, dollies, 8 
or a forklift if needed.  9 
 10 
The less than 90-day waste storage pads inside of the building are used for the temporary 11 
accumulation of solid and liquid hazardous waste and low-level mixed wastes.  These areas are 12 
compliant with the Resource Conservation and Recovery Act of 1976 (RCRA).  Potential 13 
hazardous wastes include household-grade and vehicle batteries; transformers containing 14 
polychlorinated biphenyl; ballasts from light fixtures; asbestos; and a variety of solvents, oils, 15 
paints, and cleaning materials used in nonradiologically contaminated areas.  Mixed waste 16 
includes solvents, oils, paints, and cleaning materials used on jobs within radiation zones.  It also 17 
includes equipment and material that have come into contact with tank waste.  The equipment 18 
includes jumpers, drill strings, thermocouple trees, transfer piping, and pumps.  The waste 19 
storage pads and intermediate holding area inside of the building can store up to approximately 20 
40 drums each, but typically contain less.   21 
 22 
HVAC is provided for worker comfort.  The building is protected throughout by an automatic, 23 
wet-pipe sprinkler system.  A building alarm system transmits alarms directly to the Hanford 24 
Fire Department located directly across Route 3.  Curbs are used on the periphery of the pads to 25 
provide for spill containment.   26 
 27 
The less than 90-day mixed waste storage pad outside of the building generally stores wastes in 28 
metal boxes.  The less than 90 day storage area located outside the building does not provide for 29 
spill containment.  Spill containment is not needed because only dry waste is stored on this pad.  30 
 31 
The intermediate holding area, which is a staging area for low-level radioactive waste, is west of 32 
the building.  A chain-link fence encloses this open-air storage area of about 75 ft by 220 ft.  33 
Low-level radioactive waste at the intermediate holding area includes containerized rags, paper, 34 
wood, and metal equipment that are radiologically contaminated.  Low-level waste containers 35 
can include wooden boxes, metal boxes, metal drums, and freight containers. 36 
 37 
Waste containers stored outside are handled by hand trucks, dollies, forklift, or crane if needed. 38 
 39 
2.4.7.2  Vertical Storage Units.  The vertical storage units (located in the 200 West Area SST 40 
farms) were used in the past to store dry, radiologically contaminated equipment.  These 41 
facilities are now inactive.  42 
 43 
2.4.7.3  Miscellaneous Inactive Processing Facilities.  Several inactive processing facilities are 44 
the responsibility of the TOC.  These facilities were used for processes such as processing vapors 45 
from storage tanks and removing radioactive ions from waste streams.  The material at risk in the 46 
facilities consists mainly of loose contamination on the floor, walls, components, and ceiling; 47 
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internal contamination of pipes, condensers, and de-entrainers; and/or waste captured in filters or 1 
ion exchange resin.  Components in the facilities are not large, did not store waste, and generally 2 
did not contain liquids.  These facilities include: 3 
 4 

 241-AX-IX Ion Exchanger (AX Tank Farm) 5 
 In-Tank Solidification System (ITS-1) (BY Tank Farm) 6 
 241-SX-401 Condenser Shielding Building (SX Tank Farm) 7 
 241-SX-402 Condenser Shielding Building (SX Tank Farm) 8 
 241-A-431 Ventilation Building 9 
 241-C-801 Cesium Loadout Facility (C Tank Farm). 10 

 11 
 12 
2.5 PROCESS DESCRIPTION 13 
 14 
The activities and operations performed within the tank farm facilities are described in this 15 
section.  The tank farms mission is to perform operations to maintain safe storage of waste 16 
(i.e., ensure that the public, onsite worker, and facility worker are protected from unplanned 17 
releases of radioactive and hazardous materials), support consolidation of waste for future 18 
treatment, implement processes and treat and stabilize the waste, and ensure that environmental 19 
insult from these activities and operations do not occur.  Table 2.5-1 lists routine activities that 20 
support the tank farms operations. 21 
 22 
Note: Some in-tank activities in tank farms, although otherwise authorized, may be restricted 23 

based on the knowledge of the retained gas characteristics of the waste in individual 24 
tanks, or types of tanks.  Table 2.5-2 lists the activities that are contingent on the 25 
knowledge of the retained gas characteristics. 26 

 27 
 28 
2.5.1 Waste Storage 29 
 30 
Waste is received through transfer facilities and into a waste tank as a result of transfers from the 31 
222-S Laboratory and transfers to or from the 242-A Evaporator.  Alkaline wastes are transferred 32 
to the appropriate storage tanks and high-heat wastes are aged to allow decay of short-lived 33 
radionuclides.  Lower heat waste has lower concentrations of radionuclides and does not require 34 
aging before evaporation.  In storage, metal hydroxides and hydrated metal oxides settle as 35 
sludge to the bottom of the tank.   36 
 37 
The major operational considerations are waste containment and control of flammable gas 38 
generation/accumulation in the transfer facilities and tanks.  Level monitoring, leak detection, 39 
ventilation, radiological monitoring, temperature monitoring, and support systems necessary to 40 
maintain operational control of the waste tanks are described in Section 2.4.  Waste transfers 41 
may be suspended upon the loss of operational capability of these systems.  In addition, 42 
administrative programs are implemented to monitor waste transfers in progress, maintain the 43 
integrity of the waste tanks and associated equipment, and provide radiological protection to 44 
workers. 45 
 46 
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The objectives of tank waste storage are to isolate the waste from the environment and to avoid 1 
human exposure until final disposition of the waste and associated facilities.  Tank waste is 2 
stored as outlined here: 3 
 4 

 Tanks that may receive and store waste from either processing activities or other tanks 5 
are considered in-service tanks, and those that cannot or do not receive waste are 6 
considered out-of-service tanks.  None of the 149 underground SSTs received additional 7 
waste after November 1980.  The 28 underground DSTs are all considered in-service 8 
tanks and may receive liquid waste from processing activities or other tanks. 9 

 10 
 Out-of-service tanks such as DCRTs and catch tanks received liquid waste from normal 11 

tank farm transfer operations and served as temporary storage locations. 12 
 13 

 The IMUSTs administered by the TOC may contain some residual uncharacterized 14 
hazardous and radioactive waste. 15 

 16 
 Although the 204-AR Waste Unloading Facility directly transferred liquid waste to the 17 

underground DSTs, only limited amounts of dilute waste remain in the catch tank at this 18 
facility. 19 

 20 
 The 244-AR Vault and the 244-CR Vault are out of service, but each of the storage tanks 21 

and the cell sumps contain some quantities of waste.  There is or may be some waste in 22 
the 242-S Evaporator and the 242-T Evaporator.  These facilities are discussed in 23 
Section 2.4. 24 

 25 
2.5.1.1  Waste Control.  During storage activities, water, caustic solution (NaOH in water), or 26 
sodium nitrite solution (NaNO2 in water) may have to be added to DSTs.  Caustic solutions are 27 
added to DSTs when the hydroxyl ion concentration of the waste is less than the minimum level 28 
required to control corrosion of the primary tank wall and precipitation of fissile material.  29 
Similarly, sodium nitrite solutions are added to DSTs when the nitrite ion concentration is less 30 
than the minimum level required to control corrosion of the primary tank wall.  Caustic solutions 31 
may also be added to 100-Series SSTs to support retrieval activities.  The caustic or sodium 32 
nitrite solution can be added to the tank by one of the following methods: 33 
 34 

 Large quantities of sodium hydroxide or sodium nitrite are added to DSTs, as necessary, 35 
to maintain the waste chemistry within the limits specified in corrosion controls.  These 36 
chemicals are delivered in tanker trucks and typically are added directly to the DST that 37 
requires chemical adjustment.  A vendor-owned tanker truck carrying caustic or nitrite 38 
solution is connected to a pump (or compressed air is used as the motive force to offload 39 
the truck) with a maximum addition rate of 175 gal/min.  Flexible hoses are connected 40 
between the truck, the pump (if used), and the tank, and the solution is then pumped into 41 
the tank until the specified amount of solution has been added. 42 

 43 
 Sodium hydroxide is typically introduced into SSTs using a pressurized tanker truck via 44 

the dilution leg on the transfer pump or into the supernatant recirculation drop leg.  45 
Sodium hydroxide may also be introduced via the sluice nozzles using the pressurized 46 
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tanker truck in conjunction with a skid-mounted pump.  The maximum addition rate of 1 
sodium hydroxide is 175 gal/min. 2 

 3 
 Drums (typically 55-gal) containing caustic or nitrite solution are connected to a 4 

skid-mounted metering pump by means of a flexible hose.  The solution is then pumped 5 
into the tank through an available tank riser.  This method can be used for both high- and 6 
low-hydroxyl ion concentration in the waste. 7 

 8 
 Drums (typically 55-gal) containing caustic or nitrite solution are connected by 9 

polypropylene tubing to a riser of the 702-AZ ventilation system condensate tank 10 
(AZ301-COND-TK-001) (see Section 2.4.1.3).  Caustic and nitrite solutions are normally 11 
metered continuously into the condensate tank where the solutions become mixed with 12 
the condensate prior to being pumped back to the 241-AY or 241-AZ Tank Farm tanks. 13 

 14 
Water (i.e., raw or potable water) is also added to waste tanks during instrument tree installation, 15 
pump pit flushing, saltcake lancing, and equipment removal decontamination.  The water is 16 
supplied by the raw water supply system or tanker trucks. 17 
 18 
2.5.1.1.1  Incidental Chemical Additions.  Various chemicals are routinely used in tank farms.  19 
These chemicals include contamination fixative solutions, sealants, cleaning solutions, hydraulic 20 
fluids, lubricants, salt water used for conductivity testing of transfer leak detection systems, and 21 
antifreeze solutions.  Some of these chemical solutions (e.g., contamination fixative solutions, 22 
sealants, cleaning solutions) are used during decontamination or pit refurbishment activities 23 
while others (e.g., hydraulic fluids, lubricants, and antifreeze solutions) are used in systems that 24 
support the tank farm mission.  During use, limited amounts of these chemicals could be 25 
introduced into tank waste.  This incidental introduction of chemicals does not constitute a 26 
chemical addition as described in the preceding section. 27 
 28 
Chemicals that have been evaluated for incidental introduction into tank waste are identified in 29 
RPP-11192, Tank Farms Chemical Compatibility Evaluation.  Quantities evaluated were 300 gal 30 
for hydraulic fluid and 200 gal for other chemicals unless a more restrictive quantity is assumed 31 
for a specific chemical.  Chemicals not evaluated in RPP-11192 require evaluation prior to use. 32 
 33 
 34 
2.5.2 Waste Transfer 35 
 36 
Liquid waste and waste slurry (liquids and suspended solids) transfers performed at the tank 37 
farms include: 38 
 39 

 DST to DST waste transfers 40 
 41 

 SST to DST waste transfers 42 
 43 

 DST to SST waste transfers (i.e., DST supernatant used for modified sluicing retrieval of 44 
SSTs) 45 

 46 
 DST to 242-A Evaporator waste transfers 47 
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 1 
 242-A Evaporator to DST waste transfers (pumped or gravity drain) 2 

 3 
 222-S Laboratory waste transfers.  4 

 5 
The 242-A Evaporator to DST transfer is unique in that it may use waste transfer pump P-B-2 or 6 
may be a gravity drain transfer.  Located above ground level, the 242-A Evaporator C-A-1 vessel 7 
provides a gravity head for transfers to the tank farms.  The gravity transfers may be to the 8 
receiving DST through 2-in. or 3-in. waste transfer lines or back to the feed tank, DST  9 
241-AW-102, through the 3-in. feed line to the 242-A Evaporator or through a 10-in. drain 10 
(dump) line.  Gravity transfers back through the feed line leave approximately 2,700 gal of waste 11 
in the C-A-1 vessel.  The 10-in. drain (dump) line connects the C-A-1 vessel directly to a riser in 12 
the 241-AW-02D drain pit on DST 241-AW-102.  Under emergency conditions the entire 13 
contents of the C-A-1 vessel (26,000 gal maximum operating volume) can be drained to DST 14 
241-AW-102 in about 10 min.  There is also a 10-in. drain line from the 242-A Evaporator pump 15 
room sump and a 6-in. drain line from the condensate collection tank TK-C-100.  These drain 16 
lines connect to the same riser in the 241-AW-02D drain pit on DST 241-AW-102 as the  17 
10-in. drain (dump) line. 18 
 19 
Waste might also need to be transferred from a DST annulus to a DST if the DST primary tank 20 
leaks or there is a misroute of waste into the DST annulus.  In addition, waste might need to be 21 
transferred out of a waste transfer-associated structure using a sump pump (i.e., sump pumps in 22 
SST retrieval system aboveground manifold boxes; sump pumps in SST retrieval system waste 23 
transfer-associated structures that transfer waste directly back to the underlying tank; sump 24 
pumps in the RCSTS Diversion Box 6241-A and Vent Station 6241-V; sump pumps in the 25 
siphon standpipe station installed on each of the waste transfer lines that connect the 26 
219-S Facility to DSTs 241-SY-101 and 241-SY-103 [SNL-5350 and SNL-5351]). 27 
  28 
Tank wastes are normally maintained at a relatively high pH based on corrosion control 29 
considerations and caustic may be added to waste transferred from the 222-S Laboratory.  30 
Therefore, for all of the transfers described above, it is generically assumed that the waste is 31 
highly caustic (i.e., pH > 12.5).  32 
 33 
Before transferring waste, tank farm Operations performs several activities.  These activities 34 
include verifying that sufficient space is available in the receiving tank, verifying waste 35 
compatibility, verifying waste acceptability for transfers coming into tank farms (e.g., from the 36 
222-S Laboratory), positioning valves, verifying valve positions, verifying that covers are 37 
installed on waste transfer-associated structures (and the RCSTS 6241-A Diversion Box and 38 
6241-V Vent Station doors are closed, if required), and verifying equipment operability.  A 39 
baseline material balance is developed before the transfer for both the sending and receiving 40 
storage tanks.  The material balance is reviewed periodically during the transfer to provide early 41 
leak detection and avoid filling tanks above safe levels.  After the transfer is complete, transfer 42 
lines are flushed with water, if required, and a final material balance is recorded for both tanks. 43 
 44 
In addition to the above, relatively small volume transfers of potentially contaminated water are 45 
routinely made to DSTs.  For example, intrusion water in leak detection pits/radiation detection 46 
drywells are pumped as described in Section 2.4.1.1.  Another such transfer involves the water 47 
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that accumulates in the gray water tank in the decontamination unit and safety shower trailers.  1 
This water may be radioactively contaminated and is transferred from the gray water tank to 2 
DST 241-AY-101 and/or DST 241-SY-102 using a 540-gal portable tanker known as the Water 3 
Buffalo. 4 
 5 
2.5.2.1  Saltwell Pumping Process Description.  All SST farms are now inactive.  The tanks 6 
were deactivated by pumping most of the supernatant liquid from the tanks utilizing the installed 7 
high volume turbine pumps.  Remaining supernatant and interstitial liquid in the saltwell was 8 
removed with a jet pumping system, referred to as saltwell pumping.  Saltwell pumping 9 
operations have been completed and saltwell pumping is not authorized.  The hazard analysis, 10 
accident analysis, and controls require re-evaluation prior to commencing saltwell pumping 11 
operations. 12 
  13 
2.5.2.2  Saltcake Dissolution.  Saltcake dissolution is a method of waste retrieval from SSTs 14 
containing a large fraction of soluble waste.  For SST retrieval, water is added to the tank to 15 
dissolve the soluble salts, and the resulting brine is pumped out of the tank at about the same 16 
average rate that it is created in the waste. 17 
 18 
2.5.2.3  Vacuum Retrieval of Tank Farm 200-Series SSTs.   19 
 20 
Note: Vacuum retrieval of the C-200 series SSTs is complete.  21 
 22 
Waste was retrieved from the C-200 series SSTs using the SST waste retrieval system vacuum 23 
system.  The vacuum retrieval system included the articulating mast system (AMS), a 24 
waste/retrieval conveyance system, a monitoring and control system, and a portable exhauster 25 
ventilation system.  A vessel/pump skid and a vacuum skid enclosed by ISO Series 1 Freight 26 
Containers were used to provide equipment housing and act as abovegrade waste 27 
transfer-associated structures.  The central AMS and a 290-gal slurry tank were used to retrieve 28 
the waste from the C-200 series SSTs.  To retrieve the waste, skid-mounted liquid-ring vacuum 29 
pumps created a state of negative pressure in the slurry tank and the AMS.  The waste entered 30 
the AMS at the inlet nozzle and was transported through a HIHTL to the slurry tank. 31 
 32 
The slurry tank was alternately charged (filled) and discharged.  The air and vacuum pump seal 33 
water discharged from the vacuum pumps was separated in a seal water/air separator vessel.  The 34 
contaminated water was recycled back through the vacuum pumps.  The contaminated seal water 35 
was periodically drained and refilled with fresh water.  At the completion of vacuum retrieval 36 
operations an approximately 50-gal waste heel was left in the slurry tank and up to 60 gal of 37 
contaminated water remains in the seal water/air separator system.  38 
 39 
2.5.2.4  Modified Sluicing of Tank Farm 100-Series SSTs.  SST modified sluicing waste 40 
retrieval systems retrieve waste from designated tanks to the extent needed for tank closure and 41 
transfer the retrieved waste to the DST system.  The SST modified sluicing waste retrieval 42 
system is designed to dissolve SST crystallized salt and/or to mobilize sludge through the 43 
application of high pressure water or supernatant spray to break down the waste salt, sludge, and 44 
solids and to direct the waste to the intake of a slurry transfer pump for transfer into the DST 45 
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system.  Various SST waste retrieval system sluicing designs may be used.  Each system may 1 
use sluicing nozzles, DST supernatant pump, SST supernatant pump, waste transfer pump(s), 2 
monitoring and control systems, portable exhauster ventilation, and new and existing waste 3 
transfer systems.  Support systems necessary for the sluicing design include raw water and 4 
electrical supply.  5 
 6 
The SST waste retrieval system sluicing designs employ two remote controlled or automatic 7 
sluicing nozzles that are strategically placed and installed in the tank headspace via SST risers.    8 
The nozzle system is designed to aim pressurized fluid (raw water, supernatant, or sodium 9 
hydroxide) that will break up, mobilize, and move the sludge, dissolved saltcake, and compacted 10 
solids slurry to a location where they are picked up by a slurry transfer pump.  The design flow 11 
rate of the remote operated sluicing nozzles is variable up to approximately 100 gal/min with 12 
normal operating pressures up to approximately 100 lb/in2.  The automatic self-indexing sluicers 13 
operate at a flow rate of approximately 20 gal/min.  The nozzle spray range will cover a 14 
minimum range of 30 ft up to a maximum range of approximately 75 ft.  The sluicers are capable 15 
of 360 degree rotation in the horizontal, and vertical pan and tilt from 0 degrees to 90 degrees.  16 
The nozzles are remotely directed from a control trailer by use of hydraulic or electric controls.  17 
Automatic self-indexing sluicing nozzles may also be used that do not require operator action.   18 
 19 
An extended reach sluicer system (ERSS) can be used to place the sluicer nozzle closer to the 20 
waste.  The ERSS consists of a sluicer on the end of a retractable boom, a hose reel management 21 
system, and a hydraulic power unit (HPU) assembly.  The hydraulically driven boom used to 22 
extend or retract the sluicer within the SST is suspended in an SST riser.  The hose reel with an 23 
attached hydraulic motor is located within a sluicer box assembly (waste transfer-associated 24 
structure) mounted on the SST riser.  The HPU assembly for the boom’s hydraulic cylinders and 25 
the hose reel’s hydraulic motor is mounted on a skid located within the tank farm.  The hydraulic 26 
cylinders that extend and retract the sluicer boom and the hydraulic motor that controls the hose 27 
reel work together to maintain tension on the process hose to ensure its smooth movement within 28 
the boom as it is extended or retracted.  Hydraulic system pressure reducing and relieving 29 
devices limit the hydraulic pressure and thus the forces that can be applied by the hydraulic 30 
cylinders and the hydraulic motor on the process hose.  The hydraulic systems also include oil 31 
filters. 32 
 33 
SST waste retrieval system sluicing designs use different waste transfer pump configurations.  34 
The primary waste retrieval pump(s) are typically located near the center of the SST.  The slurry 35 
transfer pump transfers the waste to the DST typically through HIHTLs and distributes the waste 36 
in the DST via a slurry distributor placed in the supernatant of the DST.  A supernatant pump 37 
may be used in the SST to provide sluicing system recirculation.  The pump suction draw can be 38 
located near the tank bottom or a variable height suction design may be used.  Bounding retrieval 39 
waste transfer pump performance is described in RPP-15810. 40 
 41 
To minimize the use of water during sluicing operations, a supernatant pump may be used in a 42 
DST to provide supernatant for the sluicing system (see Section 2.4.2.3 for a description of DST 43 
waste transfer pumps).  Where there is a large elevation difference between the SST being 44 
retrieved and a DST that could result in a siphon that overflows a tank, a siphon break is 45 
provided. 46 
 47 
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Dilution water may be used to aid in the retrieval process by diluting the slurry to the appropriate 1 
specific gravity conducive to waste transfer.  Dilution water can also be supplied to flush the 2 
slurry transfer pump and/or the waste transfer line.  Dilution water can be added at up to 3 
approximately 100 gal/min, with a nominal flow rate of 50 gal/min. 4 
 5 
Sodium hydroxide may also be used to help mobilize the water-insoluble solids by dissolving 6 
aluminum oxide compounds and suspending the solids in the waste of the 100-series SSTs.  7 
Sodium hydroxide is delivered in vendor-owned tanker trucks and added directly to the SST.  8 
The sodium hydroxide is typically introduced into the SST using a pressurized tanker truck via 9 
the dilution leg on the transfer pump or into the supernatant recirculation drop leg.  Sodium 10 
hydroxide may also be introduced via the sluice nozzles using the pressurized tanker truck in 11 
conjunction with a skid-mounted pump.  The maximum addition rate of sodium hydroxide is 12 
175 gal/min.  A flexible hose system delivers the sodium hydroxide to the SST using a flow 13 
metering device to measure the amount of chemical added to the SST.  Chemical additions to 14 
200-series SSTs have not been evaluated in this DSA.  In addition, chemical additions to 15 
100-series SSTs that are Waste Group B have not been evaluated for potential gas release event 16 
(GRE) flammable gas hazards (see Section 3.3.2.4.1). 17 
 18 
Operators located within a control trailer direct the monitoring and control system.  The control 19 
trailer could be located either within the tank farm or nearby outside the fenced boundary.  The 20 
control trailer contains sluicing operation controls and closed-circuit television monitors and 21 
controls.  The sluice nozzles are remotely operated using joysticks and observed via the 22 
television monitors displaying the view from cameras located within the source SST.  In-tank 23 
lighting is used to enhance in-tank camera viewing.  During retrieval operations, the video 24 
cameras provide visual feedback on the waste mobilization process; assisting operations in the 25 
control of water, supernatant, or sodium hydroxide spray application and moving slurry to the 26 
transfer pump suction.  Process parameters that are monitored during the sluicing process include 27 
system temperatures, pressures, waste temperature and density, flow rates of the system, and raw 28 
water flow and waste transfer volume.  Liquid depth in the SST pool is also monitored.  29 
 30 
Active ventilation is connected to the SST to aid the sluicing operations by removing aerosols 31 
and/or fog generated during sluicing to enable better visual monitoring capability (see 32 
Section 2.4.1.3). 33 
 34 
The slurry and supernatant transfer pumping systems are connected to either existing 35 
underground waste transfer systems or to HIHTLs that are used to transfer the retrieved waste to 36 
the DST system and supernatant to the SST for sluicing.  The HIHTL is heat traced and 37 
insulated.  Portable valve and instrumentation pits may be used that are located aboveground and 38 
serve the same function as a belowgrade valve pit.  The waste transfer system includes required 39 
leak detection and alarm capabilities. 40 
 41 
The SST waste retrieval system sluicing designs use raw water and electric power.  Raw water is 42 
provided to the sluicing nozzles and auxiliary equipment.  Two waste transfer system valves are 43 
used to limit the backflow of waste and assure that no contamination of the raw water supply can 44 
occur.  Raw water supply may be heat traced and insulated as necessary.  Heated water may also 45 
be provided (e.g., delivered by tanker trucks, distributed from the POR357 direct-contact water 46 
heating skid). 47 
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 1 
Electric power is used to power the operation control trailers, the portable exhausters, electric 2 
pump motors, raw water and waste transfer line heat tracing, and the process monitoring and 3 
control systems, including leak detection and alarms.  Electric power is provided via connection 4 
to the Hanford Site power distribution system or via portable power generators. 5 
 6 
Hydraulic fluids are used in some sluicer designs and in some slurry pump designs.  The 7 
hydraulic fluids used in these applications meet the criteria for Fire Resistant Hydraulic Fluid 8 
(FRHF).  FRHFs are less flammable than mineral (petroleum) oil hydraulic fluids and are 9 
approved by Factory Mutual Research. 10 
 11 
For SST 241-C-104, a piece of the suction hose and pump screen from the heel jet pump that was 12 
previously removed from Riser 13 was left behind on the tank floor.  This obstruction does not 13 
allow the installed modified sluicing pump to be lowered to the tank floor, thus preventing the 14 
completion of retrieval activities.  Therefore, an existing spare AMS arm that was purchased to 15 
support C-200 vacuum retrieval has been modified and installed to move the obstruction out of 16 
the way.  The modified hydraulically driven AMS system is capable of six degrees of movement 17 
and has been modified to include a shovel assembly with dual spray nozzles at the end of the 18 
AMS extension.  The spray nozzles operate with filtered raw water at 5,000 lb/in2 and may be 19 
operated concurrently with sluicing operations.  20 
 21 
For SST 241-C-110, the FoldTrack3 retrieval system is used to condition the hard heel waste 22 
(i.e., break up, size-reduce, and move solids closer to the slurry pump and sluicers).  The 23 
FoldTrack retrieval system is a hydraulically powered, rubber-tracked vehicle with a movable 24 
plow blade. There are two variable pressure water spray systems on the unit.  Three water jet 25 
nozzles (scarifiers) are mounted on the front of the plow blade and are directed downward.  A 26 
single water jet nozzle (cannon) is mounted through the plow blade.  Both spray systems use raw 27 
water provided by a water skid.  28 
 29 
2.5.2.5  SST Retrieval Using the Mobile Arm Retrieval System – Sluicing Version.  The 30 
mobile arm retrieval system – sluicing (MARS-S) version uses a mobile arm to increase the 31 
options for positioning the sluicing nozzles to enhance retrieval effectiveness.  The MARS-S 32 
mobilizes and retrieves SST waste using spray nozzles in an end-effector at the end of a 33 
telescoping arm and a centrally located slurry transfer pump.  The waste mobilization is achieved 34 
with either recycled supernatant or high-pressure water.  The spray nozzles direct the resulting 35 
waste slurry stream toward the center of the SST where the adjustable height slurry transfer 36 
pump is located.  The waste is then pumped to a DST using this pump.  During the initial portion 37 
of the retrieval, the pump is planned to operate using a pump intake configuration similar to that 38 
used in past sluicing retrieval operations.  During the latter portion of the retrieval (hard heel 39 
retrieval operations), a pump backstop assembly can be lowered to a position around and under 40 
the slurry pump.  In this position, the backstop assembly supports solid particle size reduction 41 
and enhances fluid velocities into the pump intake to improve heavy solids entrainment and 42 
transport to the DST.  The MARS-S mast is installed in a large diameter riser in the center of the 43 
selected retrieval tank.  The MARS-S is shown in Figure 2.5.2.5-1.44 

                                                           
3 FoldTrack is manufactured by Non Entry Systems Ltd. UK Patent Application No. 0718573.9. 
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 1 
The MARS-S is made up of the following major subsystems. 2 
 3 

 A containment box 4 
 A vertical mast 5 
 A telescoping arm and carriage 6 
 End-effector 7 
 A slurry transfer pump 8 
 Pump backstop 9 
 A portable instrument and valve box 10 
 High-pressure water skids (trailers) 11 
 In-tank viewing system 12 
 HPU skids 13 
 Monitoring and control system  14 

 15 
The MARS-S containment box is located abovegrade at the top of the mast system.  It is a 16 
shielded box with walls made of carbon steel.  It provides secondary confinement for process 17 
leakage and shielding for personnel working near the box both during and after operations.  It 18 
includes drains, which empty back into the SST, and leak detectors that alarm if liquid collects.  19 
The rotary union is mounted in the MARS-S containment box.  It provides a rotary fluid 20 
connection for the four process lines and the pressure relief valve discharge line.  It was added to 21 
the MARS-S design to reduce the radiation dose associated with coiling recycled supernatant and 22 
slurry lines in the hose management system.  The pressure relief valve that provides overpressure 23 
protection for the MARS-S slurry transfer system is also located in the containment box. 24 
 25 
The MARS-S mast system is suspended from a turntable and hangs down into the tank through a 26 
large diameter riser.  The main structural member of the mast is an approximately 12-inch x  27 
12-inch tube that supports the MARS-S carriage and telescoping arm system.  The mast also 28 
supports the slurry pump backstop assembly. 29 
 30 
The telescoping arm system is made-up of one fixed and four telescoping sections.  This 31 
arrangement allows the arm to be installed in the tank in a shortened configuration and then 32 
lengthened by extending hydraulic cylinders to any position between its short length and its fully 33 
extended length. 34 
 35 
The MARS-S end-effector includes two types of recycled supernatant spray nozzles.  One is for 36 
mobilizing waste at a distance and the other is for mobilizing waste in close proximity to the 37 
end-effector.  The MARS-S arm wrist provides the capability to flex the end-effector in both the 38 
vertical plane and in the horizontal plane in order to efficiently target the waste.  39 
 40 
The MARS-S slurry pump is a hydraulically driven slurry pump similar to the pumps used in 41 
previous retrievals but with a higher torque hydraulic motor.  The pump is a  42 
variable-speed centrifugal slurry pump. 43 
 44 
The slurry pump backstop assembly, when deployed, is located around the bottom of the slurry 45 
pump intake to catch waste slurry being driven to the pump from the end-effector and direct it 46 
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through the pump intake screen and up into the slurry pump intake.  The backstop includes  1 
high-pressure water nozzles to break up (size reduce) solids, and recycled supernatant nozzles to 2 
drive the solids into the slurry pump inlet at sufficient velocity to suspend them in the flow 3 
stream until the pumps impellers can pick them up and pump them to the DST receiver tank. 4 
 5 
The MARS-S portable instrument and valve box is similar in design to other portable diversion 6 
boxes used in prior SST 241-C Tank Farm retrieval operations.  It is located adjacent to the 7 
MARS-S containment box and contains both instrumentation and valves required to support 8 
MARS-S retrieval operations.  A transition shield box provides shielding for the slurry and 9 
supernatant lines (i.e., a short length of encased piping [i.e., pipe-in-pipe design] that connects to 10 
HIHTLs) that run between the MARS-S containment box and the portable instrument and valve 11 
box. 12 
 13 
The MARS-S high-pressure water trailers are located abovegrade near the selected retrieval SST 14 
and provide high-pressure water to the MARS-S via hoses.  Each high-pressure water trailer 15 
provides up to 20 gal/min of water at up to 4,950 lb/in2 gauge. 16 
 17 
A color closed-circuit television (CCTV) system is mounted in the tank on the  18 
MARS-S to provide an enhanced view of the central portion of the SST during retrieval 19 
operations.  Two additional camera systems are installed in the tank to support the monitoring of 20 
retrieval operations.  Two additional pan/tilt/zoom cameras are installed in the containment box. 21 
 22 
The MARS-S includes two HPUs.  One supports the operation of the MARS-S arm, backstop 23 
deployment cylinders, in-tank hose management constant tension reel, and end-effector.  The 24 
second HPU powers the slurry transfer pump.  Both of these HPUs are located abovegrade on or 25 
adjacent to the tank.   26 
 27 
The MARS-S is a monitored and appropriately controlled system.  Typical parameters that are 28 
monitored include: 29 
 30 

 Supernatant mass flow, density, and temperature from the DST 31 
 Supernatant flow to various MARS-S components 32 
 Slurry mass flow, density, and temperature to the DST 33 
 Slurry pump rotary speed  34 
 MARS-S arm and slurry pump HPUs (pump status, speed, fluid tank temperature, and 35 

tank level low) 36 
 37 

2.5.2.6  SST Retrieval Using the Mobile Arm Retrieval System – Vacuum Version.  The 38 
mobile arm retrieval system – vacuum (MARS-V) version mobilizes and retrieves SST waste 39 
using a fluid driven eductor system in a hose cage with an end-effector at the end of a 40 
telescoping arm and a slurry pump located in a tank at the bottom of the MARS-V mast.  The 41 
mobilization fluid used is supernatant from the DSTs.  The waste mobilization is achieved with 42 
the vacuum effects of the eductor.  The end-effector is equipped with a pair of fluidization 43 
nozzles that liquefy the waste immediately surrounding the suction nozzle to make retrieval more 44 
efficient and a lubrication stream nozzle to maintain wetting of the retrieved material in the 45 
initial part of the retrieval system.  The end-effector is also equipped with two high pressure46 
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nozzles used to break up the heel or any other hard waste for retrieval using the eductor. 1 
 2 
The MARS-V mast is installed in a large diameter riser in the center of the selected retrieval 3 
tank.  Figure 2.5.2.6-1 shows the configuration of the MARS-V. 4 
 5 
The waste is retrieved to a waste accumulator tank (WAT) located at the bottom of the  6 
MARS-V mast located inside the SST being retrieved.  The tank is equipped with a slurry pump 7 
that supplies the hose cage eductor, as well as a secondary eductor, on the waste retrieval line.  8 
Additionally, this pump discharges a slurry stream to the DST. 9 
 10 
The MARS-V is made up of the following major subsystems. 11 
 12 

 Containment box. 13 
 Vacuum retrieval mast system. 14 
 Telescoping arm and carriage. 15 
 Vacuum retrieval end-effector. 16 
 Vacuum retrieval slurry pump. 17 
 WAT. 18 
 Portable instrument and valve box (PIVB). 19 
 Hose assemblies and management system. 20 
 High-pressure water skid (trailer). 21 
 In-tank viewing system. 22 
 HPUs. 23 
 Control system and instrumentation. 24 
 Control room (trailer). 25 

 26 
The MARS-V containment box is located abovegrade at the top of the mast system.  It is a 27 
shielded box with walls made of carbon steel.  It provides secondary confinement for process 28 
leakage and shielding for personnel working near the box both during and after operations.  It 29 
includes drains, which empty back into the SST, and leak detectors that alarm if liquid collects.  30 
The rotary union is mounted in the MARS-V containment box.  It provides a rotary fluid 31 
connection for the three process lines (there are 2 spare ports on the 5-port rotary union).  The 32 
rotary union reduces the radiation dose associated with coiling recycled supernatant and slurry 33 
lines in the hose management system. 34 
 35 
The MARS-V mast system is suspended from a turntable and hangs down into the tank through a 36 
large diameter riser.  The main structural member of the mast is an approximately  37 
12-inch x 12-inch tube that supports the in-tank MARS-V retrieval equipment including the 38 
carriage, telescoping arm system, and WAT. 39 
 40 
The MARS-V telescoping arm system is made-up of one fixed and five telescoping sections.  41 
This arrangement allows the arm to be installed in the tank in a shortened configuration and then 42 
lengthened by extending hydraulic cylinders to any position between its short length and its fully 43 
extended length. 44 
 45 
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Figure 2.5.2.6-2 shows a process flow schematic for the MARS-V.  The MARS-V end-effector 1 
includes a pair of recycled supernatant spray nozzles used for fluidizing waste in close proximity 2 
to the end-effector.  The recycled supernatant stream is also used to feed a lubrication stream to 3 
maintain the retrieved waste in a wetted condition to prevent dry deposition of waste in the  4 
end-effector upstream of the hose cage eductor.  In addition, the end-effector is equipped with 5 
two high pressure water nozzles that are used to break up solid sections or oversized pieces of 6 
tank waste for retrieval by the eductor.  There is also a magnetic plate on the end-effector used 7 
for the drag sampler.  The MARS-V arm wrist provides the capability to flex the end-effector in 8 
both the vertical plane and in the horizontal plane. 9 
 10 
The MARS-V slurry pump is a variable speed, submersible, hydraulically driven centrifugal 11 
slurry pump mounted inside the WAT.  The pump is driven by an electric HPU located outside 12 
the SST being retrieved.  The pump is equipped with a manifold that breaks the discharge from 13 
the pump into three flow streams.  Two streams are recirculation streams that supply the hose 14 
cage eductor and the WAT eductor; the third stream is the slurry stream to the receiving DST. 15 
 16 
The WAT is a cylindrical tank located at the bottom of the mast and is approximately 86 inches 17 
tall with a diameter of approximately 40 inches, with a partially open top.  The WAT contains 18 
the slurry pump, the slurry pump discharge manifold, level sensors, supernatant supply nozzles, 19 
and a dump valve.  The level sensors (radar gauges) are used to control the operation of the 20 
pump in either automatic or manual mode.  The dump valve can be used to empty the tank of 21 
excessive accumulation of waste materials that might interfere with the slurry pump intake, or to 22 
empty the tank in the event of a power failure or some other off-normal event. 23 
 24 
The MARS-V PIVB is similar in design to other portable diversion boxes used in SST 241-C 25 
Tank Farm retrieval operations.  It is located immediately off the dome of the tank being 26 
retrieved in order to support limited tank dome loading. The PIVB contains both instrumentation 27 
and valves required to support MARS-V retrieval operations.  A transition shield box provides 28 
shielding for the slurry and supernatant lines (i.e., a short length of encased piping [i.e.,  29 
pipe-in-pipe design] that connects to HIHTLs) that run between the MARS-V containment box 30 
and the PIVB. 31 
 32 
The MARS-V high-pressure water trailers are located abovegrade near the selected retrieval SST 33 
and provide high-pressure water to the MARS-V via hoses.  Each high-pressure water trailer 34 
provides up to 20 gal/min of water at up to 4,950 lb/in2 gauge. 35 
 36 
A color CCTV system is mounted in the tank on the MARS-V to provide an enhanced view of 37 
the central portion of the SST during retrieval operations.  Two additional camera systems are 38 
installed in the tank to support the monitoring of retrieval operations.  Two additional 39 
pan/tilt/zoom cameras are installed in the containment box. 40 
 41 
The MARS-V includes two HPUs.  One supports the operation of the MARS-V arm, in-tank 42 
hose management constant tension reel, and end-effector.  The second HPU powers the slurry 43 
pump.  Both of these HPUs are located abovegrade on or adjacent to the tank.   44 
 45 
The MARS-V includes a monitoring and control system.  Typical parameters that are monitored 46 
include: 47 
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 1 
- Supernatant mass flow, density, and temperature from the DST; 2 
- Supernatant/slurry flow to various MARS-V components; 3 
- Slurry mass flow, density, and temperature to the DST; 4 
- MARS-V arm and slurry pump HPUs (pump status, pump speed, fluid tank temperature, 5 

and tank level low); 6 
- High-pressure water skid (raw water supply pressure, filter output pressure, tank 7 

low-low level, tank water level, booster pump status, discharge manifold pressure, and 8 
flows to various MARS-V components); 9 

- MARS-V turntable position; and 10 
- Waste retrieval system inputs from the 241-C Tank Farm support systems including raw 11 

water. 12 
 13 
In addition to the MARS-V monitoring and control system there are two safety instrumented 14 
systems (SIS) to protect waste transfer components.  These systems are the waste transfer freeze 15 
protection automated temperature monitoring systems (ATMS) and the WAT waste high 16 
temperature control system. 17 
 18 
The MARS-V control room is a trailer facility located outside the 241-C Tank Farm fence.  The 19 
MARS-V console layout follows the general arrangement that has been developed for  20 
241-C Tank Farm retrieval operations and includes a HMI station with CCTV monitors and a 21 
camera control station. 22 
 23 
 24 
2.5.3 Waste Characterization, Packaging, and 25 

Transport 26 
 27 
Characterization of the waste (i.e., identifying the type, form, and quantity of radiological and 28 
chemical constituents) in each tank is an integral part of the effort to control the hazards 29 
associated with the waste stored in the tanks.  Specifically, waste characterization data can be 30 
used for (1) understanding and resolving safety and operational issues; (2) enabling the 31 
continued safe storage and management of the wastes until retrieval operations begin; and 32 
(3) providing information to support the development and selection of waste removal, treatment, 33 
and final disposal options. 34 
 35 
Tank waste is sampled for characterization in the underground SSTs and DSTs, DCRTs, catch 36 
tanks, and other facilities (e.g., inactive vaults, IMUSTs) according to mission needs and fiscal 37 
year planning.  Although waste sampling for characterization is performed at the other tank farm 38 
facilities (e.g., 616 Facility), those activities are performed to meet regulatory requirements and 39 
waste acceptance criteria.  The samples are transported to laboratories for analysis.   40 
 41 
Tank waste samples are routinely packaged in sample pigs, onsite transfer casks (OTC), or other 42 
authorized container systems, and transported to onsite laboratories for analysis and 43 
characterization.  Mixed, low-level, and hazardous waste material from tank farm facility 44 
operations is routinely packaged in wooden boxes, steel waste packages, steel drums, or wrapped 45 
in flexible material packaging and transported to and from the 90-day storage areas and the 46 
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intermediate holding areas.  A detailed description of the various packagings can be found in 1 
their specific package specific safety documents (PSSD) or operation and maintenance manuals.   2 
 3 
A brief description of the tank waste sample containers follows: 4 
 5 

 The Sample Pig Transport System utilizes an N-55 overpack, a U.S. DOT 208-L (55-gal) 6 
steel drum, and a single Sample Pig Shipping Container.  The Sample Pig is retained 7 
inside the drum.  The Sample Pig Transport System is authorized for shipments of solid, 8 
liquid, slurry, or sludge samples. 9 

 10 
 The OTC package consists of an outer cask and an inner liner assembly.  A tank waste 11 

sampling device is placed inside the liner, inside the cask.  The cask is placed in a cask 12 
transfer container attached to the transport vehicle.  The OTC package is authorized for 13 
shipments of solid, liquid, slurry, sludge samples, or samples with entrapped gas.   14 
 15 

 The Hedgehog II Packaging System consists of a molded plastic case; an intermediate 16 
container, various-sized stainless steel shielded containers (30 mL, 125 mL, or 250 mL), 17 
and various sizes of glass or plastic sample bottles.  The Hedgehog II package is 18 
assembled by placing either the 30, 125, or 250 mL stainless steel shielded container 19 
assembly (which encases an appropriate-sized sample bottle) or the approved 1 L bottle 20 
(glass or plastic) inside the intermediate container, which is then installed inside of the 21 
plastic case.  The Hedgehog II Packaging System is authorized for solid, liquid, slurry, or 22 
sludge samples. 23 

 24 
DOE/RL-2001-36, Hanford Sitewide Transportation Safety Document (TSD) governs the 25 
inter-facility transport of waste.  The TSD program provides a level of onsite safety equivalent to 26 
that achieved offsite under DOT regulations.  It meets the requirements of 10 CFR 830.207(a) 27 
“DOE Approval of Safety Basis” and DOE O 460.1A, Packaging and Transportation Safety.  28 
The TSD has been approved for all onsite packaging and transportation activities by the 29 
DOE-ORP and DOE Richland Operations Office (RL).  Facility specific procedures implement 30 
safety management program requirements for the packaging, unpackaging, loading, unloading, 31 
interim storage, and intra-facility movement of radioactive waste.   32 
 33 
A transfer of safety responsibility - from the shipping facility to Transportation and Packaging, 34 
and then to the receiving facility - occurs at the time the shipping paper is signed.  At shipment, 35 
the safety responsibility transfer occurs after the completed waste package is fully configured to 36 
the TSD.  At receipt, the safety responsibility transfer occurs when the package is within the 37 
functional boundary of the facility’s administrative and operational control.  Conventionally, a 38 
transfer of safety responsibility would occur at a designated location such as inside a facility’s 39 
fence line or at its loading or unloading dock.  However, for purposes of this DSA, the transfer of 40 
safety responsibility occurs at a point in time when the package location is within the functional 41 
boundary of the facility’s administrative and operational control.  The major facilities that 42 
interface with the tank farms are discussed in Section 2.3.2.2.  The terms inter-facility, 43 
intra-facility, PSSD, shipping paper, and onsite are defined in the TSD. 44 
 45 
When necessary to accommodate receipt, safety, or operational considerations, some limited 46 
unloading and/or unpacking might occur before the formal transfer of safety responsibility 47 
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occurs.  An example would be the removal of flexible material packages from a transport vehicle 1 
to accommodate counting or the verification of labeling.  Another would be the release of 2 
transport cask impact limiters prior to the transport vehicle moving into a receiving building.  3 
These activities are controlled by approved facility procedures and safety management programs.  4 
They impose no different hazardous conditions or consequence levels than those identified in the 5 
PSSDs and the hazards evaluation database. 6 
 7 
Only the DSA authorized packagings identified below are authorized for waste transport under 8 
this DSA.  Should it become necessary that other packagings be employed as tank farm missions 9 
evolve, their use will be addressed on a case-by-case basis by the hazard analysis and the 10 
unreviewed safety question (USQ) processes including specific USQ requirements outlined in 11 
the TSD.  As a result, the inter-area waste transport vehicle accident is not considered further in 12 
this DSA. 13 
 14 
Documented Safety Analysis Authorized Packagings 15 
 16 

 Sample Pig - HNF-SD-TP-SARP-001, Safety Analysis Report for Packaging (Onsite) 17 
Sample Pig Transfer System 18 

 19 
 Onsite Transport Cask - RPP-24398, Package Specific Safety Document Onsite Transfer 20 

Cask 21 
 22 

 Steel Waste Package - HNF-4763, Safety Analysis Report for Packaging (Onsite) Steel 23 
Waste Package 24 

 25 
 Steel Drum - HNF-2209, Safety Analysis Report for Packaging (Onsite) Steel Drum 26 

 27 
 Flexible Material Packaging - HNF-SD-TP-SARP-007, Safety Analysis Report for 28 

Packaging (Onsite) Flexible Material Packaging 29 
 30 

 Type B Quantities in a Type A Box - WHC-SD-TP-SARP-018, Safety Analysis Report 31 
for Packaging (Onsite) for Type B Quantities of Radioactive Material in Type A Boxes. 32 

 33 
 Strong outside container (strong tight container, i.e., wooden box) meeting the 34 

requirements of 49 CFR 173.410, “General design requirements,” and 173.411, 35 
“Industrial packagings,” as described by 49 CFR 173.403, “Definitions,” (industrial 36 
packages). 37 
 38 

 Hedgehog II Packaging System - as tested and evaluated in HNF-13820, Test and 39 
Evaluation Report for the Hedgehog-II Packaging Systems, DOT-7A Type A Container, 40 
and as described in HNF-11651, Operation and Maintenance Manual for the Hedgehog 41 
II Packaging System. 42 

 43 
Tank waste may also be characterized with a Raman probe or cone penetrometer without 44 
sampling.  The probe functions by shining a laser beam at the waste.  The beam interacts with the 45 
molecular vibrations of the mineral or chemical compounds present within the waste.  Each 46 
compound that has unique Raman-active vibrations will display a characteristic “fingerprint” on 47 
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the Raman spectrum.  The beam is reflected back to the probe to be sorted and the mineral or 1 
chemical present can be distinguished from the spectrum.  The laser is set up in a van outside the 2 
farm.  The probe is installed in a riser on the tank.  The laser beam travels through fiber optic 3 
cables from the van to the probe and through a lens down to the waste.  The reflected beam 4 
travels back through the lens and fiber optic cables to the van to be sorted.  Inside the van is a 5 
laser stop.  The cone penetrometer is a waste measurement device installed in a tank through an 6 
open tank riser.  The cone penetrometer is essentially a hydraulic ram device with clamps that 7 
grip onto push rods that are screwed together in a self-locking and sealing arrangement.  8 
Additional rod segments are added until the required number of rod sections have been added to 9 
reach the desired depth in the tank.  A transducer at the end of the rod assembly provides the 10 
capability for electronic measurement of tank waste properties. 11 
 12 
 13 
2.5.4 Waste Concentration 14 
 15 
The tank waste concentration process concentrates and evaporates low-heat-producing wastes 16 
stored in the underground DSTs to reduce the volume and generate more available space for 17 
waste storage.  Evaporation of water and its removal from the waste is the principal process used 18 
to save tank space at the tank farm facilities. 19 
 20 
The 242-A Evaporator in the 200 East Area (not included in the scope of this DSA because it has 21 
an independent DSA [HNF-14755]), passive evaporation of water from radioactive decay, and 22 
the evaporation of water into the induced draft ventilation air stream through actively ventilated 23 
tanks, all provide means for concentrating the waste. 24 
 25 
 26 
2.5.5 Interim Stabilization 27 
 28 
Interim stabilization involves the pumping of supernate or drainable interstitial liquid from SSTs.  29 
Waste is transferred through underground or surface transfer lines into a DST.  An SST is 30 
considered to be interim stabilized if it contains less than 5,000 gal of supernate and less than 31 
50,000 gal of drainable interstitial liquid, and the measured maximum pump-out or in-flow rate 32 
is less than 0.05 gal/min. 33 
 34 
 35 
2.5.6 Activities at Miscellaneous Tank Farm Facilities 36 
 37 
Operations at the 616 Facility support other aspects of managing radioactive and hazardous 38 
waste.  Facility activities are governed by tank farm operating procedures and include the 39 
following: 40 
 41 

 Waste receipt 42 
 43 

 Waste inspection (nonintrusive) 44 
 45 

 Waste container handling (containers are handled by hand trucks, dollies, forklift, or 46 
crane if needed)  47 
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 1 
 Waste staging/interim storage 2 

 3 
 Non-intrusive analysis (weighing, radiation monitoring, assaying) 4 

 5 
 Waste sampling (Sampling is normally performed elsewhere.  Only wastes with very low 6 

contamination levels are sampled at the 616 Facility.)  7 
 8 

 Waste verification (visual examination – inner bagging is not opened)  9 
 10 

 Waste repackaging (e.g., consolidation into fewer containers or sorting into proper waste 11 
streams, inner bagging is not opened) 12 

 13 
 Waste loading onto trucks for transport. 14 

 15 
 16 
2.5.7 Equipment Installation or Removal 17 
 18 
It will be necessary during the operation, maintenance, and decontamination and 19 
decommissioning of tank farm facilities to install or remove equipment from the facilities.  The 20 
process followed to install, maintain, or remove equipment is an integrated effort among 21 
facilities operations and engineering personnel, safety (radiation and hazardous chemical 22 
protection) personnel, environmental compliance personnel, and crafts or maintenance personnel. 23 
 24 
The installation and removal of equipment from nonhazardous areas (i.e., areas with no potential 25 
for radiological or toxicological exposure) are performed using techniques and equipment 26 
typically found in industry.  Although the installation or removal of equipment within hazardous 27 
areas may generally be performed using industry techniques and equipment, additional protective 28 
measures are provided.  For instance, when pumps are withdrawn from tanks safety measures 29 
such as monitoring, washing, and bagging are undertaken as necessary. 30 
 31 
TOC operations and engineering, radiation and hazardous chemical safety, environmental 32 
compliance, and crafts or maintenance personnel evaluate the planned activity before starting 33 
work in a hazardous (potentially contaminated) area.  Based on the activity and the known or 34 
suspected hazards, the evaluation will determine what protective measures are required to 35 
maintain personnel exposures As Low As Reasonably Achievable.  Steps are included to ensure 36 
compliance with environmental regulations and agreements.  Additional protective measures can 37 
include pre-job planning; flammable gas, radiation, and toxicological monitoring; and providing 38 
temporary confinement structures, temporary shielding, spark resistant tools, in-tank or in-pit 39 
decontamination spray wands, spray rings, cranes, fixtures (e.g., positioning guides); or waste 40 
packaging, handling, and disposal. 41 
 42 
2.5.7.1  Disconnection and Removal or Reuse of Hose-In-Hose Transfer Line.  HIHTL 43 
systems (see Section 2.4.2.1) are used to transfer waste where permanently installed, functional, 44 
and reliable lines are not available.  The HIHTL systems are usually intended for a single 45 
programmatic mission of limited duration.  The use of the HIHTL systems may be suspended for 46 
an extended period of time (e.g., extended shutdown during repair or replacement of a retrieval 47 
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system) and, therefore, the HIHTL may be flushed, drained, and the residual flush water 1 
removed by compressed air blowout.  After the mission is accomplished, the HIHTL may be 2 
considered for reuse or disposal.  Decisions on reuse are based on service life, level of 3 
contamination, and cost effectiveness.  If the HIHTL system cannot be reused, it will be disposed 4 
of as mixed waste (if it has been contacted by tank waste).  Disposal activities start with 5 
decontamination, where the HIHTL system is flushed and drained.  Draining may involve 6 
gravity drain, use of a crane to lift the higher elevation end of the HIHTL system and “walking” 7 
to the lower end which is located at the receiving tank, or air blowout using compressed air.  8 
Compressed air blowout of HIHTL primary hose assemblies is currently authorized only for  9 
2 in. diameter HIHTL primary hose assemblies.  Compressed air blowout of larger diameter 10 
HIHTL primary hose assemblies or encasement hose assemblies is not authorized until the 11 
hazard and accident analyses and controls are re-evaluated.  Compressed air blowout is used 12 
where gravity draining or walking the HIHTL with a crane is not practical because the elevation 13 
of the receiving tank is higher than the opposite end of the HIHTL.  After the HIHTL has been 14 
decontaminated and disconnected, it is packaged in an appropriately sized waste container. 15 
 16 
Reuse of HIHTL systems may involve jumper changes in pits or manifold boxes, where the 17 
HIHTL system itself is not moved, or may involve actual movement of the HIHTL system.  The 18 
HIHTL system is flushed and drained using the same techniques as are used for disposal 19 
(i.e., gravity drain, walking the HIHTL with a crane, or compressed air blowout).  After the 20 
HIHTL has been flushed and drained, either the jumper change is made or the HIHTL is 21 
physically moved to its new location and reconnected.   22 
 23 
The air source used for the compressed air blowout is a portable air compressor which is 24 
connected to the HIHTL primary hose assembly.  The compressed air system has a pressure 25 
relief valve that limits pressure during operation. 26 
 27 
 28 
2.5.8 Waste Surveillance Activities 29 
 30 
Operators monitor waste within the tanks and other ancillary systems (e.g., DCRTs).  Monitoring 31 
of the waste can be performed using the existing automated systems (e.g., Tank Monitor and 32 
Control System [TMACS]) or the manually operated systems (i.e., ENRAFs, manual tapes).  33 
These systems primarily are used to monitor waste levels within the tanks and ancillary systems.  34 
The TMACS also monitors performance of supporting systems (e.g., ventilation systems).  The 35 
TMACS provides real-time dynamic graphics depicting the status of parameters associated with 36 
the tank monitoring, including temperatures, liquid levels, tank pressures, and ventilation flows.  37 
This data is used by operations to determine current tank status and identify off-normal 38 
conditions. 39 
 40 
The TFMCS (described in Section 2.4.1.8) may also be used to monitor various DST parameters 41 
(e.g., temperatures, waste levels, headspace pressures).  The TFLAN server has a connection to 42 
the Hanford Local Area Network that allows communication of data to the TMACS and other 43 
authorized users. 44 
 45 
 46 
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2.5.9 Core Drilling and Waste Sampling 1 
 2 
2.5.9.1  Excavation/Drilling Activities 3 
 4 
Excavation/drilling activities are conducted in the 200 East and 200 West areas to support vadose 5 
zone characterization and general construction activities at the Hanford Site.   6 
 7 
Vadose zone characterization activities include the drilling and sampling of soil from the surface 8 
to the depth of groundwater.  Possible drilling techniques that may be used include: 9 
 10 

 Sonic drilling 11 
 Closed-end probe 12 
 Cable tool drilling 13 
 Cone penetrometer 14 
 Auger drilling 15 
 Rotary hydraulic hammer direct push 16 

 17 
These drilling methods do not have the capability to mobilize and disperse significant amounts of 18 
contaminated soil.  A more aggressive drilling option, involving the use of an air rotary type 19 
drill, is not currently authorized until the hazard and accident analyses and controls required for 20 
operation of the air rotary drill are re-evaluated. 21 
 22 
Excavation activities are performed using a variety of methods that are dependent on the 23 
location.  Per environmental regulations, excavation within a tank farm, or in a known 24 
radioactive contamination area outside of a tank farm, is performed using hand tools in 25 
accordance with As Low As Reasonably Achievable Control Technology (ALARACT) 5, 26 
“TWRS ALARACT Demonstration for Soil Excavation (Using Hand Tools),” or nonmechanical 27 
methods such as the Guzzler4 vacuum system in accordance with the Notice of Construction.  28 
Outside of a tank farm, in non-contaminated areas, environmental regulations allow excavation 29 
(or berm construction) to be performed using mechanical methods such as: trenchers, backhoes, 30 
and scrapers, in addition to hand tools or non-mechanical methods.  In addition, per TOC 31 
procedures, excavation permitting is required, with only limited engineered exceptions, when 32 
grading, trenching, digging, ditching, drilling, tunneling, scraping, pipe plowing, and driving 33 
rods or posts, at a depth of 12 inches or greater.   34 
 35 
The Guzzler filtered vacuum truck system provides a means of digging which is less physically 36 
demanding than pick and shovel, while at the same time, prevents damage to buried lines and 37 
pipe.  This technique is used for surface and near-surface excavation activities to excavate 38 
around buried pipelines, active power lines, and communication cable without fear of damage.  39 
There are Hanford Site Guzzler vacuum trucks used only in areas with no potential for 40 
radioactive contamination (“non-regulated” Guzzler) and a radiologically controlled vehicle 41 
(“regulated” Guzzler) that can be used in areas where there is a potential for radioactive 42 
contamination.  The following discussion applies to the “regulated” Guzzler vacuum truck.  The 43 
process is a truck mounted industrial vacuum system operated in compliance with applicable 44 

                                                           
4 Guzzler is a registered trademark of GUZZLER Manufacturing, Inc., Streator, Illinois. 
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Notice of Construction documents.  The Guzzler is a completely self-contained positive 1 
displacement type vacuum pump, with multiple air filtration systems, and a dump type payload 2 
collection tank.  Soils enter the unit from an adjustable length, flexible hose.  As the air stream 3 
enters the unit, it passes through a debris tank where heavier material is separated and airflow is 4 
reduced.  The air stream then splits and enters two cyclone separators and passes through two 5 
bag houses containing dust collection bags.  These collection bags are equipped with a cyclic 6 
blow back system that periodically strips the bags of accumulated debris.  The air stream passes 7 
on through a micro-strainer device before it enters the vacuum pump.  From here the air is 8 
expelled through HEPA filtration to atmosphere. 9 
 10 
2.5.9.2  Waste Sampling Equipment and Methods.  Sampling methods depend on the type and 11 
location of waste in each tank.  The methods used in support of various activities in the tank farm 12 
facilities include core sampling, grab sampling, off-riser sampling, auger sampling, sluice stream 13 
sampling, and various types of vapor space or gas sampling. 14 
 15 
Core Sampling.  Core sampling remotely obtains samples of solid or semisolid material stored 16 
in the tank farm waste storage tanks.  Core sampling consists of boring a hole into the 17 
solid-sludge mixture in the tank with a hollow, tubular drill string; capturing a portion of the 18 
solid-sludge mixture inside the drill string with a sampling assembly; and retrieving the sampling 19 
assembly to the surface. 20 
 21 

Push Mode Core Sampling (PMCS).  PMCS may be performed in DSTs or SSTs and is used 22 
to obtain samples of the high-level waste materials in the underground waste tanks.  23 
Specially designed core-sampling trucks and sampling devices are used to obtain samples 24 
from the tanks.  A cylindrical cross-section of the tank contents below the riser used for 25 
sampling is obtained by pushing a sampler bit into the waste.  During a sampling task, the 26 
sampler is lowered into the waste by a hydraulically powered drill string.  Drill ram 27 
hydrostatic pressure is monitored during the sampling operation to measure waste resistance.  28 
Typically a series of core samples is taken repeatedly until the bottom of the tank is reached, 29 
although a complete core profile is not always obtained and the number of samples actually 30 
taken may vary depending on the objective of the sampling activity. 31 
 32 
A rotary platform is mounted on the sampling truck.  The shielded receiver is mounted at one 33 
end of the rotary platform; the drill unit is mounted at the other end of the platform.  Liquid 34 
or nitrogen gas is used as a hydrostatic head fluid.  There is a down force limiter, which shuts 35 
off the hydraulic supply for advancing the sampler once the down force setpoint is reached.  36 
A cylindrically shaped, shielded receiver houses the full sampler once it has been withdrawn 37 
from the tank.  Also mounted on the sampling truck is an electrically operated hoist.  The 38 
hoist unit raises and lowers the drill string and additional equipment that connects the riser of 39 
the tank being sampled with the drill rig.  The system confines the waste sample throughout 40 
the operation.  Note that a complete core profile is not always obtained and the number of 41 
samples actually taken may vary depending on the objective of the sampling activity.  After 42 
samples are taken, they are transferred using an approved shipping container to an analytical 43 
facility. 44 

 45 
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Other Waste Sampling Methods. 1 
 2 

 Auger Sampling.  Auger sampling obtains samples of the surface layer of tanks that may 3 
generate flammable gases or may contain organic solvents.  Auger sampling may also be 4 
used to obtain core samples in tanks containing 8 to 12 in. of waste.  Auger samples are 5 
obtained by using a stainless steel, hand-turned auger bit contained in a sleeve.  This 6 
method cannot be used to sample low viscosity wastes because the sample cannot be 7 
properly captured in the sampler. 8 

 9 
 Supernatant Liquid and Soft Slurry Grab Samples.  A special sampling bottle contained 10 

in a cage can obtain liquid or soft slurry samples of the waste.  The bottle is capped and 11 
lowered to the desired level.  The bottle is then opened so that it fills with liquid, is 12 
retrieved from the tank, and is restopped. 13 

 14 
 Off-Riser Sampling.  Off-riser sampling is used to obtain liquid or slurry samples for the 15 

purpose of characterization after waste retrieval from an SST.  A commercially obtained 16 
customized sampler compatible with the waste is lowered into the SST.  The sampler has 17 
a bar on the leading end that makes first contact with the tank bottom and ensures that the 18 
sampler lands on its wheels.  An operator directs the sampler to a selected sampling 19 
location using in-tank camera systems.  The sampler collects numerous samples using an 20 
articulating arm with a scoop to fill a sample jar.  Once the sample jar is filled, it is 21 
hoisted out of the tank to a glovebag in a sample carrier. 22 

 23 
 Vapor or Gas Sampling.  Vapor space or gas samples are taken to determine the 24 

composition of hazardous, explosive, or flammable gas mixtures containing hydrogen 25 
(H2), ammonia (NH3), and nitrogen oxides (NOx).  Gas samples are obtained by three 26 
methods:  (1) a sample may be drawn by fan, pump, or evacuated container, through a 27 
device that traps or concentrates certain gas constituents; (2) a sample may be collected in 28 
a container; or (3) the gas may be analyzed in situ using portable monitors. 29 
 30 

 Sluice Stream Sampling.  Similar to off-riser sampling in that liquid or slurry samples are 31 
obtained through a riser.  The top-hat assembly is removed and a sample sleeve assembly 32 
is installed in the riser and is employed to position a sample bottle and holder in the 33 
vicinity of one of the sluicers inside the tank during retrieval.  The sample holder is 34 
lowered into position until the mouth of the bottle is next to a slot in the sleeve for 35 
sampling.  To fill the sample bottle, the sluice stream is directed into a slot in the sleeve.  36 
A video camera is available to assist in aiming the liquid stream at the sleeve. 37 
 38 

 DST Annulus Sampling using a Drill Sampling Crawler (DSC).  The DSC is used to 39 
obtain solid samples for the purpose of characterization of materials in the DST annulus.  40 
A commercially obtained DSC is lowered into the DST Annulus through a riser.  The 41 
DSC is equipped with a drill mounted to the center of the DSC, a mechanical component 42 
to allow adjustment of the drill height and angle, a light/camera, and a sample scoop.  43 
The drill bit is a fluted design encircled by a cylinder designed to capture sample 44 
material.  The drill bit of the DSC, located inside the cylinder, penetrates into the sample 45 
material and the shavings are captured in the cylinder.  This cylinder can then be emptied 46 
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into a sampling container or the entire DSC can be hoisted out of the annulus into a glove 1 
bag and the drill bit removed by placing it within a sample container. 2 

 3 
 Drag Sampler. The drag sampler is another method to obtain solid or liquid samples for 4 

the purpose of characterization after waste retrieval from a SST. Developed for the 5 
MARS the drag sampler consists of two units connected with a cable that are deployed 6 
through a riser. The lower unit is a sample jar attached to a heavy stainless steel shroud 7 
which acts as a funnel to collect solids as the sampler is dragged through the waste. The 8 
upper unit is primarily a metal piece that can be attached magnetically to a plate on the 9 
MARS arm. To collect a sample, the sampler is lowered into a tank through a riser, the 10 
MARS is moved to attach the upper unit to a magnetized plate on its arm, the MARS arm 11 
is then used to move the sampler to the desired location and collect a sample. Once the 12 
drag sample is filled, it is hoisted out of the tank to a glovebag in a sample container.  13 

 14 
2.6 CONFINEMENT SYSTEMS 15 
 16 
Confinement systems accomplish the following: 17 
 18 

 Minimize the spread of radioactive and hazardous materials within unoccupied process 19 
areas 20 

 21 
 Prevent or minimize the spread of radioactive and hazardous materials to occupied areas 22 

 23 
 Minimize the release of radioactive and hazardous materials in facility effluents during 24 

normal operation and anticipated operational occurrences 25 
 26 

 Limit the release of radioactive and other hazardous materials resulting from evaluation 27 
basis accidents, including severe natural phenomena and human-made events. 28 

 29 
Because tank farm facilities manage large volumes of liquid wastes, confinement systems are not 30 
limited to those for the confinement of airborne materials.  The same principles apply for those 31 
systems relied on to confine liquids.  The structures, systems, and components providing 32 
confinement at the tank farm facilities include tanks, transfer equipment (e.g., piping, waste 33 
transfer-associated structures), structures (e.g., the 204-AR Waste Unloading Facility), and 34 
ventilation systems.  These are described in Section 2.4. 35 
 36 
 37 
2.7 SAFETY SUPPORT SYSTEMS 38 
 39 
Safety support systems for the tank farm facilities consist of radiation protection, effluent 40 
monitoring, and fire protection. 41 
 42 
 43 
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2.7.1 Radiation Protection Systems 1 
 2 
In addition to inherent radiation protection features (e.g., buried tanks and piping, thick concrete 3 
walls, roofs, and ceilings), the radiation protection system relies on portable and fixed 4 
instruments for detecting radioactivity. 5 
 6 
2.7.1.1  Portable Radiation Monitoring Systems.  Portable radiation monitoring systems are 7 
used as needed at the tank farms.  Portable CAMs are generally placed inside operating facilities 8 
where deemed necessary for personnel safety.  The radiological control program and selection 9 
and use of portable instruments are discussed in Chapter 7.0. 10 
 11 
2.7.1.2  Fixed Radiation Monitoring Systems.  Fixed radiation monitoring systems in tank 12 
farm facilities include radiation detectors and exhaust CAMs: 13 
 14 

 Continuous Air Monitors.  CAMs sample and monitor air for the presence of 15 
radionuclides in areas of potential airborne radioactivity.  CAMs are installed to provide 16 
effluent monitoring.  Process building CAMs are considered portable and are operated as 17 
part of the radiation protection program.   18 

 19 
 20 
2.7.2 Effluent Monitoring Systems 21 
 22 
One exhaust stack effluent monitoring program is associated with radionuclide sampling and 23 
monitoring, and a second is associated with ammonia sampling and monitoring.  The following 24 
subsections contain general descriptions of the systems supporting the radionuclide and ammonia 25 
gas sampling and monitoring programs. 26 
 27 
2.7.2.1  Stack Radionuclide Sampling and Monitoring Systems.  The following sections 28 
discuss the stack sampling and monitoring systems for actively ventilated DSTs, SSTs, and the 29 
204-AR Waste Unloading Facility. 30 
 31 
2.7.2.1.1  Elements.  The stack radionuclide sampling and monitoring system consists of CAMs 32 
and fixed record samplers.  A stack radionuclide sampling system consists of the following 33 
components: 34 
 35 

 Sampling probe that collects the air sample from the stack 36 
 37 

 Sample transport line that transports the sample to a sample collector point (i.e., fixed 38 
record sampler) or other detectors (i.e., CAMs) 39 

 40 
 Collection or detection devices that collect the sample 41 

 42 
 Rotameter that measures flow through the system 43 

 44 
 Totalizer or gas meter that totals the sample volume 45 

 46 
 Pressure or vacuum gauge that measures the vacuum in the system 47 
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 1 
 Flow switch that indicates when the sample flow rate falls below specified limits 2 

 3 
 Flow regulator that adjusts the flow to maintain specified flow rates through the sampling 4 

system 5 
 6 

 Vacuum pump that draws the sample stream through the sampling system 7 
 8 

 Timer that indicates the time the collection devices have been operating. 9 
 10 
The CAM system operates continuously while the exhaust system is operating and maintains 11 
representative sampling conditions.   12 
 13 
2.7.2.1.2  Equipment.  The stack sampling and monitoring system comprises record samplers 14 
and CAMs: 15 
 16 

 Record samplers (fixed).  Data from record samplers is used for regulatory purposes.  17 
Record samplers quantify the dose the public receives from operation of that particular 18 
emission point. 19 

 20 
 Continuous air monitors.  CAMs are set to alarm if emissions are detected above 21 

predetermined levels.  CAMs can also be used to provide backup regulatory information. 22 
 23 
A record sampler has only a collection filter.  A CAM has a detector above or near the collection 24 
filter. 25 
 26 
Some facility sampling systems have a sampling probe for the record sampler and a sampling 27 
probe for the CAM.  Sampling systems at other facilities have a single sampling probe, from 28 
which the sample is split and routed separately to the record sampler and the CAM. 29 
 30 
To ensure that a representative sample is obtained, flowmeters and regulators, flow totalizers, 31 
and vacuum pumps control and measure the flow rate through the sampling system.  Air coming 32 
from the stacks is run through the fixed record sampler filter paper, then the flowmeter and flow 33 
totalizer, and finally the vacuum pump, which sucks the air through the system.  Flow regulators 34 
with flow switches automatically maintain a specified flow within the system. 35 
 36 
2.7.2.2  Ammonia Sampling and Monitoring Systems.  Ammonia is monitored at the tank 37 
farms using portable monitors.  Waste tank exhaust trains at 241-AW and 241-SY tank farms are 38 
capable of having permanent monitors installed.  The two monitoring methods currently used at 39 
tank farm facilities are the direct reading multi-gas monitoring with electrochemical ammonia 40 
sensor and ammonia detector tube. 41 
  42 
 43 
2.7.3 Fire Protection Systems 44 
 45 
Fire protection systems at tank farms consist of fire detection, alarm, and suppression elements.  46 
Details of the fire protection systems are provided in HNF-SD-WM-FHA-020, Tank Farm Fire 47 
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Hazards Analysis, and details of the fire protection programs are described in Chapter 11.0.  1 
Important elements of the fire protection systems are discussed in the following subsections. 2 
 3 
2.7.3.1  Water Supply.  All water for the 200 East and 200 West areas is supplied by two 4 
systems, the raw water system and the potable water system.  These systems are largely 5 
independent but there are cross-ties (with backflow preventers) between the systems in the  6 
282-EC and 282-WC Buildings.  Upon a reduction in raw water system pressure, potable water 7 
will flow through the backflow preventers to supplement the raw water system.  The systems 8 
provide water for sanitary (potable), process, and fire protection uses and are piped and valved 9 
independently.  See Section 2.8.1 for a more detailed description of the tank farm water supply 10 
systems. 11 
 12 
2.7.3.2  Fire Suppression and Extinguishing Systems.  Fire suppression and extinguishing 13 
systems in the tank farm facilities are limited to wet and dry pipe sprinkler systems and a Halon5 14 
total flooding system.  The adequacy of these systems is discussed in HNF-SD-WM-FHA-020. 15 
 16 
2.7.3.3  Tank Farm Fire Detection Systems.  Smoke, heat, and manual fire detection are 17 
provided in tank farm facilities where required.  The detectors transmit alarms to the Hanford 18 
Fire Department by means of radio frequency alarm reporters, which transmit a radio signal to 19 
the Hanford Site 200 Area East/West Fire Station.  Signal types are (1) a trouble alarm 20 
(i.e., problem with a system component), (2) a supervisory alarm (i.e., a monitored gate valve 21 
being closed), or (3) a fire alarm.  The Hanford Fire Department takes appropriate action in 22 
response to an alarm.  Adequacy of the location and installation of detectors and alarms is 23 
assessed in HNF-SD-WM-FHA-020. 24 
 25 
2.7.3.4  Fire Hydrants.  Fire hydrants connected to the raw water or potable water distribution 26 
systems are strategically located around major buildings in the 200 East and 200 West areas.  27 
Coverage and adequacy of the hydrants are evaluated in HNF-SD-WM-FHA-020. 28 
 29 
2.7.3.5  Fire Extinguishers.  Portable fire extinguishers are provided throughout the tank farm 30 
facilities.  If required (e.g., offroad or U.S. DOT required) mobile equipment is also equipped 31 
with portable fire extinguishers. 32 
 33 
 34 
2.8 UTILITY DISTRIBUTION SYSTEMS 35 
 36 
Utility distribution systems for the tank farm facilities underground waste storage tanks and their 37 
associated facilities are as follows: 38 
 39 

 Water supply 40 
 Steam supply 41 
 Compressed air 42 
 Electrical power distribution. 43 

 44 

                                                           
5 Halon is a trademark of Central Fire Systems, Ltd, Ontario, Canada. 
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Temporary utility or distribution systems (e.g., portable backup air compressors) may be used.  1 
Control and use of temporary systems, including changing the status from temporary to 2 
permanent, is controlled through engineering and work planning processes. 3 
 4 
 5 
2.8.1 Water Supply Systems 6 
 7 
All water for the 200 East and 200 West areas is supplied from the Hanford Site export water 8 
system.  Export water is pumped from the Columbia River to the 200 East and 200 West areas.  9 
Water is further distributed throughout the 200 East and 200 West areas by two systems; the raw 10 
water system and the potable water system.  These systems are largely independent but there are 11 
cross-ties (with backflow preventers) between the systems in the 282-EC and 282-WC Buildings.  12 
Upon a reduction in raw water system pressure, potable water will flow through the backflow 13 
preventers to supplement the raw water system.  Raw water (also referred to as service water) is 14 
untreated and is used principally for process needs such as cooling, flushing, and dilution 15 
systems.  Sanitary (potable) water is treated and is used for drinking and sanitary facilities.  Fire 16 
protection water supply is provided by both the raw and potable water storage and distribution 17 
systems, and is addressed in HNF-SD-WM-FHA-020.    18 
 19 
The export water system supplies raw water to the 200 East Area through two 24-in. lines and to 20 
the 200 West Area through one 24-in. and one 18-in. line.  Export water is supplied directly to 21 
the raw water distribution grid and to two 3 million gal backup raw water supply reservoirs 22 
(282-E and 282-W).  Export water is also supplied to the 283-W Water Treatment Facility.  The 23 
pressure and flow of export water delivered to the 200 East and 200 West areas are centrally 24 
monitored from the 283-W Control Room.  The raw water system pressure within the 200 East 25 
and 200 West areas is maintained between 100 to 110 lb/in2 with the aid of supply or fire pumps.  26 
 27 
The 283-W Water Treatment Facility processes the raw water into potable water for use in the 28 
200 East and 200 West areas.  The 283-W Water Treatment Facility is a conventional water 29 
treatment plant using flocculation, coagulation, mixed media gravity filters, and gaseous chlorine 30 
disinfection.   31 
 32 
The main distribution piping for raw and potable water range in size from 24 in. down to 4 in. in 33 
diameter.  All water supply piping that has the potential for contacting other water or 34 
radioactively contaminated liquids is protected with backflow preventers.   35 
 36 
 37 
2.8.2 Steam Supply Systems 38 
 39 
Although steam may be available at a tank farm facility, all systems that require steam to operate 40 
are out of service.   41 
 42 
As shown in Table 2.3.2-1, the 242-A Evaporator, operated by the TOC but with an independent 43 
DSA, has the capability to transfer waste into the tank farms using steam jets.  However, receipt 44 
of these waste transfers is under TOC control.  Steam jet transfers from the 242-A Evaporator go 45 
to DST 241-AW-102.  Per RPP-14674, Analysis of Assumptions Presented in Technical Basis for 46 
the Steam Intrusion from the Interfacing Systems Representative Accident and Associated 47 
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Represented Hazardous Condition, the estimated steam flow from the 242-A Evaporator to DST 1 
241-AW-102 is 578 lb/h at 90 lb/in2 gauge. 2 
 3 
 4 
2.8.3 Compressed Air Systems 5 
 6 
Pressurized-air supply systems (portable or stationary) are provided and maintained for the air 7 
lift circulators, jets, process flowmeters (instrument air), and air samplers.  Emergency (backup) 8 
air supply systems are readily available as either portable or stationary compressor units. 9 
 10 
The compressors supply the instrument air systems essential for operating the pneumatic 11 
diaphragm differential pressure instruments and diaphragm-operated valves.  The instrument air 12 
also purges the leak detection pit dip tubes, instruments, and instrument lines of condensate. 13 
 14 
Interruption of power to the compressors cuts off the air supply needed for the instruments to 15 
operate correctly.  Backup electrical generators restore power to the compressor motors to restore 16 
the air supply system to normal operation.  However, in facilities lacking emergency or backup 17 
generators or if the backup generator will not start, backup air compressors are available. 18 
 19 
 20 
2.8.4 Electrical Power Distribution System 21 
 22 
The Bonneville Power Administration (BPA) provides the main source of power to the 200 East 23 
and 200 West areas by means of a major substation known as Midway.  The BPA Midway 24 
Substation, which is located near Priest Rapids Dam, has three 230 kV buses.  Each BPA 25 
Midway bus section is supplied by a line from the Priest Rapids generating station.  BPA 26 
Midway buses No. 1 and No. 3 are also supplied by lines that are connected to the Grand Coulee 27 
230 kV Substation and to 230 kV substations in the lower Columbia River power system.  The 28 
Grand Coulee and lower Columbia River Substations are interconnected to the BPA 500 kV 29 
transmission system.  The BPA 500 kV and 230 kV transmission systems are interconnected to 30 
all the Columbia and Snake River hydroelectric generating stations and northwest steam 31 
generating plants and are also interconnected to California and British Columbia power network 32 
systems. 33 
 34 
In addition to supplying power to the Hanford Site and other DOE substations, the Hanford Site 35 
230 kV loop normally supplies power to Ashe and White Bluffs Substations.  However, if both 36 
Midway power sources are lost, sufficient power for normal operations will flow into the 37 
Hanford Site 230 kV loop from the Ashe Substation. 38 
 39 
Power from the Ashe Substation into the Hanford Site 230 kV loop is supplied by a 115 kV line 40 
connected to the White Bluffs Substation.  One 115 kV line at the White Bluffs Substation is 41 
connected to the BPA Franklin Substation.  The other 115 kV line is connected to the BPA 42 
Benton Switch Substation. 43 
 44 
Power is fed by two lines to the A-8 substation located near the intersection of the Yakima 45 
Barricade and 100-N highways (Route 11A and Route 4 North, respectively).  The 46 
251-W Building adjacent to the A-8 Substation contains the switchgear and control equipment.  47 
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The A-8 Substation distributes it through four lines each to the 200 East and 200 West areas.  1 
The power is then distributed to each individual tank farm by means of the 200 East and 2 
200 West areas power distribution system. 3 
 4 
Electrical power is managed and operated by the facility or plant manager and the electrical 5 
utilities.  The electrical utilities organization is responsible for the operation, maintenance, and 6 
configuration management of the site transmission and distribution system, up to and including 7 
the connection at the utility/facility interface.  This includes auxiliary devices located 8 
downstream of the utility/facility interface point that are used in conjunction with the electrical 9 
utilities organization electrical power systems equipment. 10 
 11 
The tank farm facility or plant manager is responsible for the operation, maintenance, and 12 
configuration management of facility electrical power systems.  This includes auxiliary devices 13 
located upstream of the utility/facility interface that are used in conjunction with facility 14 
electrical power systems equipment. 15 
 16 
Portable generators are also used to supply electrical power for tank farm facilities and 17 
operations (e.g., for SST modified sluicing waste retrieval systems, compressed air systems, 18 
waste sampling systems). 19 
 20 
 21 
2.9 AUXILIARY SYSTEMS AND SUPPORT 22 

FACILITIES 23 
 24 
Auxiliary systems and support facilities include administrative areas, control facilities, change 25 
trailers, communication systems, mobile camera systems, lighting, and sewage treatment. 26 
 27 
 28 
2.9.1 Administrative Areas 29 
 30 
The administrative areas house Operations personnel, and staff from support organizations.  The 31 
Production Operations administrative offices are predominantly located in the vicinity of the 32 
272-AW Tank Farm Support Facility.  The SST Retrieval and Closure Operations administrative 33 
offices are located in the 2704-HV Building.  Other tank farm facility personnel are housed in 34 
various locations within the 200 East Area and the Stevens Center Office Complex in north 35 
Richland. 36 
 37 
 38 
2.9.2 Control Facilities and Change Trailers 39 
 40 
The typical control facility (instrument building) houses alarms and monitors for ventilation, 41 
temperature, and leak detection.  Electrical power distribution is also routed from the control 42 
facility.  A typical change trailer is a trailer that has been modified to provide an area for workers 43 
to change their personal protective equipment when entering and leaving the tank farm area and 44 
to store personal protective equipment and personal radiation survey equipment. 45 
 46 
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Other control facilities or control rooms, located within processing (or former processing) 1 
facilities, monitor alarms and support waste transfers between facilities.  For example the 242-S 2 
Evaporator control room contains monitors, alarm annunciators, and control systems which 3 
monitor 200 West Area tank farm system parameters (e.g., ventilation and tank level) or valve 4 
positioning, pump operation, and tank-level data during waste transfers.  The 242-S Evaporator 5 
control room is also used to monitor and control cross-site transfers from the 200 West Area to 6 
the 200 East Area.  In addition, some limited monitoring of 200 East Area tank farm system 7 
parameters may be performed in the 242-A Evaporator control room during waste transfers. 8 
 9 
 10 
2.9.3  Communication Systems 11 
 12 
Telephones or handheld two-way radios are used for routine and emergency communications in 13 
the tank farm facilities.  The telephones located in the control areas can be used to contact shift 14 
personnel.  Telephones located in each change trailer are used to contact health physics 15 
technicians or other support personnel responsible for responding to abnormal events.  Personnel 16 
within a facility are alerted to facility emergencies by in-plant signals (e.g., fire gongs and CAM 17 
alarms) and to Hanford Site emergencies by means of the computer emergency notification 18 
system, telephone notification system, tome alert radios, site siren system, AM radio, and reader 19 
boards. 20 
 21 
 22 
2.9.4 Mobile Camera Systems 23 
 24 
Self-powered, wireless camera systems are deployed in the tank farms to provide remote 25 
surveillance capabilities.  The mobile cameras are mounted on platforms and are powered by a 26 
battery pack.  Each battery pack is connected to a wind-driven generator and a solar cell array to 27 
recharge the battery pack.  The system is grounded within the tank farm to protect the electrical 28 
circuitry.  The pictures are uploaded to the Hanford Intranet via a wireless “canopy.”  Tank farm 29 
personnel use secure software to view the real-time images. 30 
 31 
 32 
2.9.5 Lighting  33 
 34 
Lighting, either fixed or portable, is provided at all tank farm facilities to support  35 
24-hr surveillance and monitoring activities.  In addition to the existing systems, high-mast 36 
lighting is provided in some tank farm facilities (e.g., 241-SY and 241-C) to support 24-hr 37 
operations. 38 
 39 
 40 
2.9.6 Sewage Treatment  41 
 42 
Sewage streams originating in restrooms and change room toilets are routed by means of 43 
underground piping to septic tanks and tile fields for treatment.  To prevent cross-contamination, 44 
these sewage streams are isolated from other facility liquid effluent streams. 45 
 46 
 47 
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2.9.7 Portable Heaters 1 
 2 
Portable propane, diesel, and oil fuel fired heaters are sometimes used in tank farms.  Hanford 3 
Fire Marshal Permits describe the conditions for use (e.g., type and number of heaters allowed, 4 
capacity and number of refueling containers allowed, location of heaters and refueling 5 
containers).  Electric heaters are also used, but do not require a Fire Marshal Permit.  6 
 7 
 8 
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Figure 2.1-1.  Facilities in the 200 East Area of the Hanford Site. 1 

 2 
3 
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Figure 2.1-2.  Facilities in the 200 West Area of the Hanford Site. 1 

 2 
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Figure 2.3.1.2-1.  Graphic Representation of a Single-Shell Tank.  1 

 2 
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Figure 2.3.1.3-1.  Graphic Representation of a Double-Shell Tank. 1 

 2 
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Figure 2.4.1.2-1.  Double-Contained Receiver Tank.  1 

 2 
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Figure 2.4.1.3-1. Typical Passive Ventilation System for Single-Shell Tanks. 1 
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Figure 2.4.1.3-2.  Typical Radial Breather Filter Assembly. 1 

 2 
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Figure 2.4.3-1.  The 204-AR Waste Unloading Facility. 1 

 2 
 3 
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Figure 2.4.4.1-1.  Canyon and Process Area Equipment Arrangement of the 244-AR Vault. 1 

 2 
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Figure 2.4.4.1-2.  Cross-Section of the Process Area of the 244-AR Vault. 1 

2 
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Figure 2.5.2.5-1.  Mobile Arm Retrieval System – Sluicing (MARS-S) 1 

2 
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Figure 2.5.2.6-1.  Mobile Arm Retrieval System – Vacuum (MARS-V) 1 
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Figure 2.5.2.6-2.  Process Flow Schematic for MARS-V 1 
 2 

3 
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Table 2.1-1.  System Design Descriptions 
Supporting Tank Farms Documented Safety Analysis. 

Document 
Number 

Document Title 

RPP-15118 System Design Description for AN Tank Farm Annulus Ventilation System 

RPP-15119 System Design Description for AN Tank Farm Primary Ventilation System 

RPP-15120 System Design Description for AW Tank Farm Annulus Ventilation System 

RPP-15121 System Design Description for AW Tank Farm Primary Ventilation System 

RPP-15123 System Design Description for AP Tank Farm Annulus Ventilation System 

RPP-15124 System Design Description for AP Tank Farm Primary Ventilation System 

RPP-15125 System Design Description for SY Tank Farm Annulus Ventilation System 

RPP-15126 System Design Description for SY Tank Farm Primary Ventilation System 

RPP-15127 System Design Description for AY/AZ Tank Farm Primary Ventilation System  

RPP-15128 System Design Description for AY/AZ Tank Farm Annulus Ventilation System 

RPP-15129 System Design Description for Standard Single-Shell Tank Farm Ventilation Systems 

RPP-15130 System Design Description for the DCRT Ventilation and Purge Air Systems 

RPP-15131 System Design Description for AW Tank Farm Double-Shell Tank Waste Storage System  

RPP-15132 System Design Description for AN Tank Farm Double-Shell Tank Waste Storage System  

RPP-15133 System Design Description for AP Tank Farm Double-Shell Tank Waste Storage System 

RPP-15134 System Design Description for SY Tank Farm Double-Shell Tank Waste Storage System  

RPP-15135 System Design Description for AY/AZ Tank Farm Double-Shell Tank Waste Storage System  

RPP-15136 System Design Description for the Replacement Cross-Site Transfer System Between 200 West 
and 200 East Tank Farms 

RPP-15137 System Design Description for the 200 Area DST Waste Transfer System 

RPP-15140 System Design Description for the SST Tank Waste Transfer Systems 

RPP-15141 System Design Description of Electrical Distribution System for AN Tank Farm 

RPP-15142 System Design Description of Electrical Distribution System for AP Tank Farm 

RPP-15143 System Design Description of Electrical Distribution System for SY Tank Farm 

RPP-15144 System Design Description of Electrical Distribution System for AW Tank Farm 

RPP-15145 System Design Description of Electrical Distribution System for AY/AZ Tank Farm 

RPP-15146 System Design Description for Tank Farms DST Emergency Annulus Pumping Systems 

RPP-15147 System Design Description for Tank Monitor and Control System (TMACS) 
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Table 2.3.2-1.  Major Facilities that Interface with Tank Farm Facilities. 
Facility of origina  Mode Junction Destinationa Waste stream 

200 East Area 

242-A Evaporatorb Transfer line (steam 
transfer or gravity 
flow) 

Valve pit 
241-AW-A, 
241-AW-B 

241-AW (dedicated 
transfer, dump, and 
diversion lines) 

Evaporator product 
(double-shell slurry 
feed) 

200 West Area 

219-S Building Transfer line NA 241-SY Tank Farm Laboratory waste 
222-S 

Tank farms Truck NA Solid waste facilities Solid waste, low- 
and high-level 
radioactive waste 

Notes: 
aSee Figures 2.1-1 and 2.1-2 for facility locations. 
bThe following 242-A Evaporator transfer lines interface with DST 241-AW-102 drain and pump pits and tank 

farm valve pits 241-AW-A and 241-AW-B:  
SN-269, -270:  double-shell slurry feed lines to 242-A 
DR-335:  242-A drop out line 
DR-334, -343, -338:  242-A drain lines 
SL-167, 168:  slurry out lines to valve pits. 
 
DST = double-shell tank.  
NA = not applicable. 
 

 1 
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Table 2.4-1. Waste Transfer Pump/Motor and Variable Frequency Drive Combinations. 

Pump  Pump Type Motor 
Variable Frequency 

Drive 
 VFD Output 

Frequency Limit 

AN02A-WT-P-004  VTPa 30 HP Eatone 5000+ PWMc 66 Hzf 

AN07A-WT-P-019 VTPa 30 HP Eatone 5000+ PWMc 66 Hzf 

AP01A-WT-P-001 VTPa 60 HP Robiconb 454 PWMc  See Note d 

SY101-WT-P-350 Submersibleg 60 HP Robiconb 454 PWMc  See Note d 

P-B-2  
(242-A Evaporator) 

Centrifugal 150 HP Robiconb  Mark IV See Note d 

Notes: 
aVertical turbine (centrifugal) pump. 
bRobicon is a trademark of Siemens Energy & Automation Incorporated, Alpharetta, Georgia. 
cPulse width modulated VFD. 
dThe engineering controlled maximum frequency setting (i.e., overspeed trip setting) is less than the 

maximum output frequency the VFD can generate and is documented in RPP-CALC-23897.  
eEaton is a trademark of Eaton Corporation, Cleveland, Ohio. 
fMaximum output frequency the VFD can generate.  
gCentrifugal pump. 
 
RPP-CALC-23897, VFD Driven Induction Motor/Pump Performance Evaluation, as amended, 

Washington River Protection Solutions LLC, Richland, Washington.  
 
VFD = variable frequency drive. 
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Table 2.5-1.  Routine Activities at Tank Farm 
Facilities Required to Support Operations.  (2 sheets) 

Activity 
Waste storage/ 
concentration 

Waste 
transfer 

Waste 
characterization 

Primary activities to support operations 

Air lance X - - 

Air lift circulators X - X 

Ammonia gas sampling X - - 

Auger sampling X - X 

Cathodic protection - X - 

Chemical additions X X - 

Core sampling - push modes X - X 

Gas vapor sampling - in-tank X - X 

HEPA filter change out X - - 

Infrared scanning X -  - 

Intrusion prevention  X -  - 

Lighting augmentation X X X 

Line integrity assessments - X - 

Liquid-level monitoring X X X 

Liquid observation wells X - - 

Liquid (grab) sampling X X X 

Photography (in-tank or pit) X X - 

Raw and treated water additions X X - 

Salt well screen X X - 

Sample handling X X X 

Sludge-level monitoring X - X 

Sludge sampling X - X 

Slurry distributor X - - 

Specific gravity probe monitoring X X X 

Thermocouple or multiple instrument tree X - - 

Utility additions or upgrades X X - 

Valve positioning and jumper installation - X - 

Waste minimization activities X - - 

Waste transfer leak detection (swabbing or 
surveillance camera) 

- X - 
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Table 2.5-1.  Routine Activities at Tank Farm 
Facilities Required to Support Operations.  (2 sheets) 

Activity 
Waste storage/ 
concentration 

Waste 
transfer 

Waste 
characterization 

Supporting activities 

Cover block installation and removal X X X 

Crane operations X X X 

Decontamination activities X X X 

Dry well scanning X - - 

Electrical grounding and bonding X X X 

Flammable gas monitoring (sniffing)a X X X 

Greenhouse or confinement construction, 
decontamination, and removal 

X X X 

Groundwater monitoring X - - 

In-tank equipment installation, operation, and 
removal 

X X X 

Radiological monitoring and surveys X X X 

Riser access X X X 

Riser installation and removal - X - 

Vehicle operations X X X 

Tank integrity testing X - - 

Pneumatic testing of pipe-in-pipe waste transfer 
line encasements (Note:  Encasement pneumatic 
testing of the fiberglass-filled composite transfer 
lines from the 222-S Laboratory [SNL-5350 and 
SNL-5351] is not authorized.) 

- X - 

Installation and removal of HIHTL - X - 

Pneumatic testing of HIHTL and/or waste 
transfer primary piping system connections in 
tank farms.  (Note:  Pneumatic testing is only 
allowed if the HIHTL and waste transfer primary 
piping systems have never been used and are not 
connected to HIHTL or waste transfer primary 
piping systems that have been used.) 

- X - 

Tank ventilation systems installation, operations, 
and maintenance 

X - - 

Tank farm infrastructure upgrades to support 
retrieval and Waste Feed Delivery 

- X X 

Notes: 
aUsing portable monitors. 
 
HEPA = high-efficiency particulate air (filter). 
HIHTL = hose-in-hose transfer line. 

 1 
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Table 2.5-2.  Activities that Are Contingent on Retained Gas Characteristics of Waste in 
Tank 

Activity 
Waste Group A 

DSTa 
Waste Group B 

DSTa  
Waste Group C 

DSTa 

“X” indicates that activity is authorized 

Waste transfers from tank - X X 

Waste transfers into tank - X X 

Air lift circulator operation - - X 

Bulk chemical additionsb  - X X 

Water additions Xc X X 

 

Activity See noted Waste Group B 
SSTa  

Waste Group C 
SSTa 

Modified sluicing - - X 

Bulk chemical additionsb - - X 

Water addition - Xe X 

 

Activity DCRTs, Catch Tanks, IMUSTs, 244-AR Vault Tanks, 
244-CR Vault Tanks 

Sampling  X 

Activities that could disturb waste solids and 
induce gas release events 

- 

Notes: 
aWaste group classification of each DST and SST is provided in HNF-IP-1266.  Waste group 

definitions are provided in Section 3.3.2.4.1. 
bBulk chemical additions are additions of sodium hydroxide or sodium nitrite to DSTs for waste 

chemistry management and additions of sodium hydroxide to 100-series SSTs to support waste retrieval. 
cAdditions of < 5,000 gal of water to 241-AN-105, and additions of < 10,000 gal of water to other 

Waste Group A DSTs (i.e., 241-AN-103, 241-AN-104, 241-AW-101, and 241-SY-103) are allowed. 
dThere are no Waste Group A SSTs. 
eAdditions of < 30,000 gal of water to 100-series SSTs and < 500 gal of water to 200-series SSTs are 

allowed. 
 
HNF-IP-1266, Tank Farms Operations Administrative Controls, as amended, Washington River 

Protection Solutions LLC, Richland, Washington.  
 
DST  = double-shell tank. 
DCRT  = Design Feature. 
IMUST = inactive miscellaneous underground storage tank. 
SST  = single-shell tank. 
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3.2 REQUIREMENTS 1 
 2 
Design codes, standards, regulations, and U.S. Department of Energy (DOE) Orders required for 3 
establishing the facility safety basis specific to this chapter and pertinent to the safety analysis 4 
include the following: 5 
 6 

 Title 10, Code of Federal Regulations, Part 830 (10 CFR 830), “Nuclear Safety 7 
Management” 8 
 9 

 DOE G 420.1-2, Guide for the Mitigation of Natural Phenomena Hazards for DOE 10 
Nuclear Facilities and Nonnuclear Facilities 11 
 12 

 DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety 13 
Analyses to Meet Subpart B of 10 CFR 830 14 

 15 
 DOE O 420.1B, Facility Safety 16 

 17 
 DOE-STD-1020-2002, Natural Phenomena Hazards Design and Evaluation Criteria for 18 

Department of Energy Facilities 19 
 20 

 DOE-STD-1021-93, Natural Phenomena Hazards Performance Categorization 21 
Guidelines for Structures, Systems, and Components 22 
 23 

 DOE-STD-1022-94, Natural Phenomena Hazards Site Characterization Criteria 24 
 25 

 DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria 26 
 27 

 DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for 28 
Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports 29 

 30 
 DOE-STD-1186-2004, Specific Administrative Controls 31 

 32 
 DOE-STD-1189-2008, Integration of Safety into the Design Process 33 

 34 
 DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor 35 

Nuclear Facility Documented Safety Analyses 36 
 37 

 DOE-STD-3014-96, Accident Analysis for Aircraft Crash into Hazardous Facilities 38 
 39 
DOE has provided additional direction on the definition of the Hanford Site boundary and on 40 
nuclear safety control selection and classification.  This direction is provided in the following 41 
letters: 42 
 43 

 The definition of the Hanford Site boundary for safety analyses is contained in: 44 
 45 
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 Scott (1995), “Clarification of Hanford Site Boundaries for Current and Future Use in 1 
Safety Analyses” 2 

 3 
 Kruger (1996), “Further Discussion on Previous Site Boundary Memorandum” 4 

 5 
 Direction on nuclear safety control selection and classification is provided in: 6 

Poniatowski and Olinger (2009), “Direction to Implement New Safety Classification 7 
Process for the Tank Farms Documented Safety Analysis.” 8 

 9 
 10 
3.2.1 References 11 
 12 
10 CFR 830, “Nuclear Safety Management,” Office of the Federal Register (FR 1810, Vol. 66, 13 

No. 7), January 10, 2001. 14 
 15 

DOE G 420.1-2, 2000, Guide for the Mitigation of Natural Phenomena Hazards for DOE 16 
Nuclear Facilities and Nonnuclear Facilities, U.S. Department of Energy, Washington, 17 
D.C. 18 

 19 
DOE G 421.1-2, 2001, Implementation Guide for Use in Developing Documented Safety 20 

Analyses to Meet Subpart B of 10 CFR 830, U.S. Department of Energy, Washington, 21 
D.C. 22 
 23 

DOE O 420.1B, 2005, Facility Safety, U.S. Department of Energy, Washington, D.C. 24 
 25 
DOE-STD-1020-2002, 2002, Natural Phenomena Hazards Design and Evaluation Criteria for 26 

Department of Energy Facilities, U.S. Department of Energy, Washington, D.C. 27 
 28 

DOE-STD-1021-93, 2002, Natural Phenomena Hazards Performance Categorization Guidelines 29 
for Structures, Systems, and Components, U.S. Department of Energy, Washington, D.C. 30 

 31 
DOE-STD-1022-94, 2002, Natural Phenomena Hazards Site Characterization Criteria, Change 32 

Notice No. 1, U.S. Department of Energy, Washington, D.C. 33 
 34 
DOE-STD-1023-95, 2002, Natural Phenomena Hazards Assessment Criteria, Change Notice 35 

No. 1, U.S. Department of Energy, Washington, D.C. 36 
 37 
DOE-STD-1027-92, 1997, Hazard Categorization and Accident Analysis Techniques for 38 

Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports, Change Notice 39 
No. 1, U.S. Department of Energy, Washington, D.C. 40 
 41 

DOE-STD-1186-2004, 2004, Specific Administrative Controls, U.S. Department of Energy, 42 
Washington, D.C. 43 
 44 

DOE-STD-1189-2008, 2008, Integration of Safety into the Design Process, U.S. Department of 45 
Energy, Washington, D.C. 46 

 47 
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DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 1 
Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 2 
Energy, Washington, D.C. 3 

 4 
DOE-STD-3014-96, 1996, Accident Analysis for Aircraft Crash into Hazardous Facilities, U.S. 5 

Department of Energy, Washington, D.C. 6 
 7 
Kruger, P. W., 1996, “Further Discussion on Previous Site Boundary Memorandum,” 8 

(letter 9600588 to Director, Pacific Northwest National Laboratory, and President, 9 
Westinghouse Hanford Company, March 5), U.S. Department of Energy, Richland 10 
Operations Office, Richland, Washington. 11 

 12 
Poniatowski, J. C., and Olinger, S. J., 2009, “Direction to Implement New Safety Classification 13 

Process for the Tank Farms Documented Safety Analysis,” (letter 09-NSD-026/0900720 14 
to W.J. Johnson, Washington River Protection Solutions LLC, April 10), U.S. 15 
Department of Energy, Office of River Protection, Richland, Washington. 16 

 17 
Scott, W. B., 1995, “Clarification of Hanford Site Boundaries for Current and Future Use in 18 

Safety Analyses,” (letter 9504327 to Director, Pacific Northwest Laboratory, and 19 
President, Westinghouse Hanford Company, September 26), U.S. Department of Energy, 20 
Richland Operations Office, Richland, Washington. 21 

  22 
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3.3 HAZARD ANALYSIS  1 
 2 
The methodology and results of the hazard analysis, conducted for the tank farm facilities and 3 
operations described in Chapter 2.0, are presented in this section.  The results of the final hazard 4 
classification of tank farm facilities are also presented. 5 
 6 
The types of events considered in the tank farm facilities hazard analysis were internal events, 7 
external events, and natural events that cause the uncontrolled release of radioactive and other 8 
hazardous material and affect the public, workers, or the environment.  Single and multiple 9 
failures (i.e., as a result of equipment and human errors) and common cause failures were 10 
considered to be accident initiators.  Sabotage and terrorism events were not considered. 11 
 12 

13 
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3.3.1 Methodology   1 
 2 
This section identifies the methodology used to perform the hazard analysis for tank farm 3 
facilities and operations.  The methodology was designed to meet the guidance in 4 
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 5 
Facility Documented Safety Analyses.  In addition, the methodology follows the guidance for 6 
hazard analysis and guidelines for nuclear safety control selection and classification provided by 7 
U.S. Department of Energy (DOE) in Poniatowski and Olinger (2009). 8 
 9 
The hazard analysis process consists of the following major elements: 10 
 11 

• Hazard Identification 12 
• Hazard Topography 13 
• Hazard Evaluation 14 
• Accident Selection 15 
• Controls Identification 16 
• Hazard Categorization 17 
• Hazard Evaluation Database. 18 

 19 
A flow diagram of the hazard analysis process is illustrated in Figure 3.3.1-1.  The diagram 20 
presents the process as a series of steps with feedback linkages.  These feedback linkages are the 21 
result of the highly iterative nature of the hazard/accident analysis process. 22 
Information/understanding generated during a process step can result in the need to update 23 
previous steps.  The hazard analysis results are final only when no further iteration is needed.  24 
Results of the hazard and accident analysis activities are systematically organized and recorded 25 
in RPP-15188, Hazard Evaluation Database Report, and are discussed in Section 3.3.2.  26 
 27 
The following sections provide brief descriptions of the hazard analysis elements.   28 
 29 
3.3.1.1  Hazard Identification.  The initial step in the hazard analysis process is to identify the 30 
potential hazards present at the facility.  Hazards are defined as material at risk (MAR) present at 31 
the facility that could have a potential adverse effect on people or the environment, and energy 32 
sources that are present that could potentially contribute to the release of the MAR or directly 33 
harm a worker.  A hazard identification checklist is used in the hazard identification process for 34 
the tank farm facilities.  A sample copy of this form is provided in Table 3.3.1.1-1.  Specific 35 
MAR assumptions are developed from information (e.g., design media that provide tank/vessel 36 
volumes, sample analysis, or historical records on past waste transfers) describing the 37 
configuration and process history of each facility.  Details on the development of radiological 38 
and toxicological source term terms for hazard and accident analyses are presented in 39 
Section 3.4.1. 40 
 41 
The hazard identification process for the initial DOE-STD-3009-94 compliant safety basis also 42 
included a review of the historical occurrence reports for each facility.  These occurrence reports 43 
were compared against the identified hazardous conditions with additional hazardous conditions 44 
being developed to ensure that a comprehensive set of hazards and potential release mechanisms 45 
was identified.  This review of the historical occurrence reports also assisted in assigning 46 
frequency ranges for the associated hazardous conditions.   47 
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 1 
The initial hazards identification was completed through a review of the tank farm designs, 2 
processes, operations, and operational experience at the facility level during development of the 3 
first DOE-STD-3009-94 compliant safety basis document for tank farms.  Although creation of 4 
the initial hazards inventory was an important achievement, hazard identification is an ongoing 5 
process that progresses in lockstep with the facility and mission.  As part of the change control 6 
process, physical modifications to the facility, new or modified activities, and new technical 7 
information are evaluated to identify new hazards and to delete or modify those hazards 8 
eliminated through design change, refined analyses which show that physical conditions do not 9 
support the hazard phenomenology, or completion of remediation activities.  In addition, 10 
occurrence reports with safety basis implications are evaluated on a real-time basis and provide 11 
an important input into the hazards identification process, particularly those identifying potential 12 
inadequacies in the safety analyses which may drive the creation of new hazardous conditions or 13 
the modification of existing hazardous conditions. 14 
 15 
Occupational hazards are also identified as part of the hazard identification process, but are not 16 
further evaluated.  These hazards are specifically addressed by the controls developed and 17 
implemented by the contractually mandated safety management programs.  Occupational hazards 18 
include:  19 

 20 
• Standard industrial hazards, for example, falling objects; high and low temperatures; 21 

explosions of compressed gas cylinders, including flammable gas cylinders; oxygen 22 
deficiency (i.e., asphyxiation); exposure to toxic materials (e.g., asbestos); falls from 23 
heights; rotating equipment; electrical hazards; fires; high pressure; lifting, bending, and 24 
tripping hazards; vehicle accidents; and biological hazards (e.g., spiders, snakes).   25 

 26 
• Hazardous conditions that result in direct radiation exposure during normal operation to 27 

facility workers (i.e., no radioactive material release and no misroute of radioactive 28 
material to an unintended location) and exposure to minor amounts of fugitive radioactive 29 
contamination not associated with other release accidents. 30 

 31 
• Nonradiological (chemical) hazards such as potential releases of sodium hydroxide or 32 

sodium nitrite during additions of these chemicals to double-shell tanks (DST) for waste 33 
chemistry adjustments or single-shell tanks (SST) (sodium hydroxide only) for waste 34 
retrieval. 35 

 36 
• Chemical burn hazards from exposure to waste (i.e., skin contact with caustic waste) 37 

during planned work activities such as waste sampling, removing equipment from a tank, 38 
flushing of ventilation systems with caustic solutions, jumper changes, air blowout of 39 
hose-in-hose transfer lines (HIHTL), etc.  (Note:  Chemical burn hazards due to skin 40 
contact with caustic waste resulting from waste transfer leaks or accidents causing the 41 
release of waste stored in tanks (e.g., DSTs, SSTs, double-contained receiver tanks 42 
[DCRTs]) are considered non-routine hazards and are evaluated in the hazard and 43 
accident analyses.) 44 

 45 
However, some occupational hazards may, depending on timing and location, also be potential 46 
initiators of uncontrolled release of hazardous material (e.g., a load drop on a contaminated filter 47 
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housing, fire or explosion in a contaminated waste transfer-associated structure) and in such 1 
instances are subject to further evaluation.  In addition, note that overpressure and missile 2 
hazards resulting from deflagrations/detonations caused by flammable gases generated by tank 3 
waste are considered non-routine hazards and are evaluated in the hazard and accident analyses.  4 
Hazardous conditions identified, but not further evaluated, are assigned specific codes in  5 
RPP-15188 and identified as radiation protection and occupational hazards. 6 
 7 
The information generated by the hazard identification processes is described in 8 
Section 3.3.2.1.1. 9 
 10 
3.3.1.2  Hazard Topography.  The tank farm hazard topography (i.e., the physical location 11 
where a given hazard is present and the activities to which it applies) is documented in 12 
RPP-15188.  For each hazardous condition the specific tank farm facilities to which it applies are 13 
identified.  In addition, the specific activities to which the hazardous condition applies are also 14 
identified.  Comprehensiveness and completeness of the hazard topography is verified by 15 
comparing the facilities and activities identified as applicable to the hazardous conditions in 16 
RPP-15188 to the facilities and activities described in Chapter 2.   17 
 18 
3.3.1.3  Hazard Evaluation.  The hazard evaluation process examines the tank farm facilities 19 
and operations using standard industry (American Institute of Chemical Engineers) hazard 20 
evaluation techniques.  Hazard analyses are performed by teams of cognizant tank farm 21 
operations and engineering personnel, safety analysts, representatives from safety management 22 
programs, and other technical experts. 23 

 24 
3.3.1.3.1  Hazard Evaluation Technique.  The technique used to perform the hazard evaluation 25 
depends on the nature of the tank farm facility or operation being analyzed.  One or more of the 26 
following hazard evaluation techniques is chosen depending on the facility(s) and/or operation(s) 27 
being evaluated: 28 
 29 

• Hazard and Operability Study – systems, equipment, and processes 30 
 31 

• Preliminary Hazards Analysis – facility operations and situations that are primarily 32 
operations driven 33 

 34 
• What-if analysis – external events, natural phenomena, and potential common-cause 35 

failures 36 
 37 

• Other (e.g., failure modes and effects analysis, which may be an appropriate technique 38 
for electrical or control systems). 39 

 40 
More detailed descriptions of the techniques can be found in AIChE (2008), Guidelines for 41 
Hazard Evaluation Procedures. 42 
 43 
The Tank Operations Contractor (TOC) waste leak evaluation program (see Section 3.3.2.4) is 44 
also used to identify and evaluate potential waste leaks or releases from tank farm facilities and 45 
operations. 46 
 47 
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3.3.1.3.2  Hazard Evaluation Data.  Potential hazardous conditions for uncontrolled releases 1 
were developed during the hazard evaluation process based on the hazards and the evaluation 2 
methods described above.  A hazardous condition is defined to be a condition that results in the 3 
uncontrolled release of radioactive or hazardous material or a significant facility worker 4 
consequence. 5 
 6 
The information developed during the hazards evaluations, for each identified potential 7 
hazardous condition, includes: 8 
 9 

• MAR.  The quantity, form, and type of hazardous materials that can potentially be 10 
involved in a release event 11 

 12 
• Cause.  The potential causes of a postulated hazardous condition are identified to support 13 

a qualitative frequency assignment 14 
 15 
• Qualitative frequency of occurrence and consequence.  Frequency ranges are shown in 16 

Table 3.3.1.3-1.  Consequences are reported in accordance with guidance from 17 
Poniatowski and Olinger (2009) as shown in Table 3.3.1.3-2 18 

 19 
• Environmental consequences.  The general criteria used for environmental consequence 20 

levels are as follows: 21 
 22 

− E3 – Offsite discharge or discharge to groundwater 23 
− E2 – Significant discharge onsite 24 
− E1 – Localized discharge 25 
− E0 – No significant environmental consequence. 26 

 27 
Multitudinous hazard evaluations were conducted during the development of the initial 28 
DOE-STD-3009-94 compliant safety basis to establish the original tank farms baseline.  The 29 
results of these multiple individual hazard evaluations were synthesized into RPP-15188, which 30 
documents the comprehensive hazard evaluations for the facilities and operations described in 31 
the tank farms documented safety analysis (DSA).  Hazards evaluations continue to be conducted 32 
as part of the change control process as the facility and the associated operations are modified.  33 
These individual hazard evaluations (which may be broadbased or narrowly focused) are 34 
documented in standalone reports that identify the participants and hazard evaluation scope, 35 
MAR, major assumptions, and references, and present results of the evaluation (hazardous 36 
condition, cause, frequency, consequence, etc) in tabular form.  The identified hazardous 37 
conditions in these standalone reports are compared to the hazardous conditions in RPP-15188 in 38 
a process referred to as mapping.  If the condition maps to RPP-15188 (i.e., the condition is 39 
already identified and encompassed within RPP-15188), then no additional action is taken.  If the 40 
condition does not map (i.e., the condition is not identified in RPP-15188 or is not fully 41 
encompassed therein), then new conditions are added to RPP-15188 (or existing conditions are 42 
modified).   43 
 44 
3.3.1.4  Accident Selection.  The hazard evaluation process establishes the comprehensive set of 45 
hazardous conditions for the tank farm facilities and operations.  This set of hazardous conditions 46 
addresses all the facilities and operations within the scope of the DSA and encompasses all 47 
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variations of MAR and potential release mechanisms.  The objective of the accident selection 1 
process is to identify candidate accidents that: 2 
 3 

• Bound the consequences and frequencies for the identified hazardous conditions  4 
 5 

• Encompass the release mechanisms identified in the hazardous conditions  6 
 7 

• Provide a basis for identifying the controls (i.e., safety structures, systems, and 8 
components [SSC] and technical safety requirement [TSR] which includes the 9 
safety-significant SSCs and Specific Administrative Controls [SAC] described in 10 
Chapter 4, and the Key Elements of Administrative Controls [AC] described in 11 
Chapter 5).   12 

 13 
As described below, two types of candidate accidents are identified:  representative accidents and 14 
bounding accidents (also referred to as design basis accidents).  Results of the accident selection 15 
process are presented in Section 3.3.2.3.1. 16 
 17 
Selection of Representative Accidents – Representative accidents are established to support 18 
control selection to protect the offsite public (toxicological exposure only), onsite worker, 19 
facility worker, and the environment.  A representative accident is comprised of hazardous 20 
conditions that share similar accident phenomenology.  For each representative accident, 21 
scenarios are qualitatively evaluated to encompass the accident phenomenology and hazards 22 
topography associated with these hazardous conditions. 23 
 24 
Selection of Bounding Accidents – Bounding accidents are identified and subject to detailed 25 
quantitative analysis to establish the need for safety-class SSCs to protect the offsite public from 26 
radiological releases.  Bounding accidents are selected from the set of representative accidents by 27 
considering the energy level of the potential accident and amount and form of the material 28 
released.  Based on these considerations, the accidents expected to produce the highest offsite 29 
consequences are selected as the bounding accidents.  30 
 31 
3.3.1.5  Control Identification.  The hazard and accident analysis results are used to identify 32 
safety-class and safety-significant SSCs and TSRs, including SACs and Key Elements of ACs, 33 
according to the requirements and guidelines in the following. 34 
 35 

• 10 CFR 830, “Nuclear Safety Management,” Subpart B, “Safety Basis Requirements” 36 
 37 
• DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety 38 

Analyses to Meet Subpart B of 10 CFR 830 39 
 40 

• DOE G 423.1-1, Implementation Guide for Use in Developing Technical Safety 41 
Requirements 42 

 43 
• DOE-STD-3009-94 44 

 45 
• DOE-STD-1186-2004, Specific Administrative Controls 46 
 47 
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• DOE-STD-1189-2008, Integration of Safety into the Design Process 1 
 2 
• Poniatowski and Olinger (2009). 3 

 4 
• Charboneau (2012) 5 

 6 
The overall hierarchy of control decision preference is defined in DOE-STD-1189 as follows. 7 
 8 

• Minimization of hazardous materials is the first priority  9 
 10 
• Safety SSCs are preferred over ACs 11 

 12 
• Passive SSCs are preferred over active SSCs 13 

 14 
• Preventive controls are preferred over mitigative controls 15 

 16 
• Facility safety SSCs are preferred over personal protective equipment 17 

 18 
• Controls closest to the hazard may provide protection to the largest population of 19 

potential receptors, including workers and the public 20 
 21 

• Controls that are effective for multiple hazards can be resource effective. 22 
 23 
The cost of implementation and maintenance of available controls is also considered as part of 24 
control selection. 25 
 26 
Control decisions are made at scheduled meetings of cognizant and affected tank farm 27 
organizations (e.g., Operations, Engineering, Nuclear Safety, Safety Management Programs).  28 
Decisions are made by consensus, but can be revised during subsequent TOC and DOE reviews. 29 
 30 
The following sections describe the requirements and guidelines for control selection and 31 
classification (i.e., safety-class and safety-significant SSCs and TSRs, including SACs and Key 32 
Elements of ACs), for identification and evaluation of safety instrumented systems and safety 33 
instrumented alarms, and for identification of defense-in-depth features. 34 
 35 
3.3.1.5.1  Control Selection and Classification for Radiological Protection of the Offsite 36 
Public. Safety-class SSCs and TSRs are selected based on the quantitative radiological 37 
consequence analysis of the bounding (design basis) accidents in Section 3.4.2.  If the offsite 38 
radiological consequences are ≥ the 25 rem total effective dose (TED) Evaluation Guideline 39 
from DOE-STD-3009-94, Appendix A, then safety-class SSCs or TSRs are required for 40 
protection of the offsite public.  An accident is considered to challenge the Evaluation Guideline 41 
if the offsite dose is ≥ 5 rem TED, but < 25 rem TED.  When the consequences are in this range, 42 
safety-class designation must be considered, and the rationale for the decision to classify an SSC 43 
as safety class or not should be explained and justified.  Per the guidance in Poniatowski and 44 
Olinger (2009), safety-significant designation must also be considered when the consequences 45 
are in the challenge range and the rationale for the decision to classify an SSC as safety 46 
significant or not should be explained and justified.  In addition, accidents with offsite 47 
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radiological consequences that are ≥ 1 rem but < 5 rem with a frequency > 1E-04/yr. must also 1 
be considered for safety-significant SSCs or TSRs. 2 
 3 
3.3.1.5.2  Control Selection and Classification for Protection of the Onsite Worker and 4 
Offsite Public (Toxicological Exposure Only).  Safety-significant SSCs and TSRs are selected 5 
based on the results of the qualitative hazard evaluation of representative accidents in Section 6 
3.3.2.4.  Offsite toxicological and onsite radiological and toxicological consequences are used for 7 
identifying safety-significant SSCs and TSRs.  Accidents with consequences that are ≥ 100 rem 8 
or > protective action criteria (PAC)-3 to the onsite worker, or > PAC-2 to the offsite public, 9 
require safety-significant SSCs or TSRs.  10 
 11 
3.3.1.5.3  Control Selection and Classification for Protection of the Facility Worker. 12 
Safety-significant SSCs and TSRs are also considered for significant facility worker hazards 13 
(i.e., a prompt worker fatality or serious injuries or significant radiological or chemical exposures 14 
to workers).  Conditions that present a significant consequence to the facility worker include: 15 
 16 

• Energetic releases of high concentrations of radiological or toxic chemical materials 17 
where the facility worker would normally be immediately present and therefore unable to 18 
take self-protective actions. 19 

 20 
• Deflagrations or explosions within process equipment or confinement/containment 21 

structures or vessels where grievous injury or death to a facility worker may result from 22 
the fragmentation of the process equipment failing or the confinement (or containment) 23 
with the facility worker close by. 24 

 25 
• Chemical hazards to a facility worker not screened out by the methodology described in 26 

DOE-STD-1189-2008, Appendix B, or thermal burns to a facility worker that could 27 
reasonably cover a significant portion of the facility worker’s body, where self-protective 28 
actions are not reasonably available due to the speed of the event or where there may be 29 
no reasonable warning to the facility worker of the hazardous condition and when only 30 
one barrier exists between the hazard and the facility worker.  (Note:  This guidance is 31 
limited to those areas that are “normally occupied spaces” [i.e., does not apply to 32 
transient occupied areas, such as corridors]). 33 

 34 
• Exposures to radiological or toxic materials of sufficient magnitude that death or ongoing 35 

large-scale medical intervention may reasonably be expected to result.  These exposures 36 
are defined as > 100 rem TED or > PAC-3 to the facility worker. 37 

 38 
• Leaks from process systems where asphyxiation of a facility worker normally present 39 

may result. 40 
 41 
• Other conditions with a significant facility worker consequence that is unique to a 42 

specific process. 43 
 44 
3.3.1.5.4  Classification of Administrative Controls as Specific Administrative Controls. 45 
ACs may be implemented as SACs or as Key Elements.  An AC is implemented as an SAC 46 
when: 47 
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 1 
• It is credited in the hazard or accident analysis to prevent or mitigate an event with 2 

consequences that are ≥ 5 rem TED or > PAC-2 to the offsite public* 3 
 4 
• It is credited in the hazard or accident analysis to prevent or mitigate an event with 5 

consequences that are ≥ 100 rem TED or > PAC-3 to the onsite worker* 6 
 7 
• It is credited in the hazard analysis to protect the facility worker from a significant 8 

facility worker hazard* 9 
 10 
• It protects an important initial condition assumed in the hazard analysis (e.g., an 11 

assumption on MAR inventory limits) 12 
 13 

* Another requirement for SAC designation is that the AC was selected when an SSC was 14 
available or could have been designed and installed to perform the credited safety function 15 
(without consideration of cost or schedule) 16 

 17 
ACs selected as important contributors to defense-in-depth and ACs that provide a support 18 
function to SACs are implemented as Key Elements.  (Note:  ACs selected as important 19 
contributors to defense-in-depth are not credited with preventing or mitigating a 20 
hazard/accident.)  21 
 22 
3.3.1.5.5  Classification of Equipment (Including Instrumentation) Used to Support TSRs. 23 
Equipment (including instrumentation) used to support TSRs are classified as follows. 24 
 25 

• Permanently installed equipment (including instrumentation) where the equipment or 26 
instrument reading provides a safety function to prevent or mitigate an accident as 27 
directed in the TSRs (i.e., used to determine the entry condition into a Limiting Condition 28 
for Operation [LCO] action statement or relied upon to initiate an action in a SAC) shall 29 
be classified as safety significant. 30 
 31 

• Permanently installed equipment (including instrumentation) where the equipment or 32 
instrument reading is only used to perform an analysis is not to be classified as safety 33 
significant. 34 
 35 

• Portable equipment controlled as Measuring and Test Equipment does not need to be 36 
classified as safety significant. 37 

 38 
3.3.1.5.6  Classification of SSCs that Monitor Initial Conditions Assumed in the Accident 39 
Analysis.  SSCs that function to monitor initial conditions assumed in the accident analysis are 40 
not required to be classified as safety SSCs based on the monitoring function if all the following 41 
conditions are met. 42 
 43 

• They do not generate a signal (indication, alarm, or interlock function) that causes action 44 
(operator action or equipment change of state) that is required to prevent or mitigate an 45 
accident. 46 

 47 
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• Their failure is not the initiator of an accident. 1 
 2 

• Violation of the monitored parameter is not the initiator of an accident. 3 
 4 
3.3.1.5.7  Identification and Evaluation of Safety Instrumented Systems and Safety 5 
Instrumented Alarms.  Instrument systems are identified as safety instrumented systems (SIS) 6 
when a combination of sensor(s), logic solver(s), and final element(s) are classified as safety 7 
SSCs to implement a safety function.  A SIS implements a safety function through either an 8 
automated or operator-initiated safety instrumented function (SIF).  A SIS performs an 9 
automated SIF when the selected control is an interlock (i.e., the SIS does not involve operator 10 
action).  A SIS performs an operator-initiated SIF when the selected control includes operator 11 
action and specific actions are required to achieve and maintain a safe state for the process within 12 
a specified response time.  A SIS is designed, installed, commissioned, operated, and maintained 13 
such that it is capable of performing its specified SIF throughout its life-cycle in accordance with 14 
the requirements of ANSI/ISA-84.00.01-2004, Functional Safety: Safety Instrumented Systems 15 
for the Process Industry Sector.  ANSI/ISA-84.00.01-2004 requires the determination of a safety 16 
integrity level (SIL) for a SIS (see below). 17 
 18 
Instrument systems are identified as safety instrumented alarms (SIA) when a combination of 19 
sensor(s) and logic solver(s) are classified as safety SSCs to provide a safety alarm that supports 20 
a safety function.  That is, a SIA does not include the operator response to the safety alarm (i.e., 21 
does not include a final element) to fully implement a safety function because following the 22 
detection and alarm of an off-normal condition by the SIA there is sufficient response time 23 
available for the operator to determine and execute the actions needed to achieve and maintain a 24 
safe state.  A SIA is usually identified when there are multiple, situation dependent operator 25 
actions and/or SSCs that can be used to achieve and maintain a safe state.  Since a SIA does not 26 
direct a specific action to achieve a safe end state, a SIA does not perform an operator-initiated 27 
SIF and the availability and reliability of the operator actions cannot be evaluated according to 28 
ANSI/ISA-84.00.01-2004.  ANSI/ISA-84.00.01-2004 is used, however, as a guide for the design, 29 
installation, commissioning, operation, and maintenance of a SIA (i.e., the system from the 30 
sensor up to and including the alarm) throughout its life-cycle.  For a SIA, a SIL-equivalent is 31 
determined (see below). 32 
 33 
Because the SIL determination for a SIS or the SIL-equivalent determination for a SIA are 34 
dependent on and may affect the selection of other controls for the hazard/accident, 35 
SIL/SIL-equivalent determination is performed during control selection.  The SIS is the preferred 36 
instrument system and justification must be provided for selecting a SIA in lieu of a SIS. 37 
 38 
A SIL (or SIL equivalent) is assigned based on an evaluation using the criteria shown in  39 
Table 3.3.1.5-1.  The Table 3.3.1.5-1 criteria consider the accident frequency; the accident 40 
consequences; applicable independent protection layers; and, for significant facility worker 41 
hazards, other measures that provide protection to the facility worker.  Protection layers include 42 
safety-class or safety-significant SSCs, SACs, and AC Key Elements.  Independent layers are 43 
those that are independent of the initiating event and the components of other protection layers 44 
for the same accident scenario.  Other measures that provide protection to the facility worker 45 
include items required by safety management programs, items required by contractually 46 
mandated codes and standards, and defense-in-depth features described in the DSA.  If the SIS or 47 
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SIA addresses more than one accident scenario, the assigned SIL/SIL equivalent is the highest 1 
required for the applicable accident scenarios. 2 
 3 
3.3.1.5.8  Defense-in-Depth Features.  In addition to the safety SSCs and TSRs selected to 4 
prevent or mitigate potential hazardous conditions and postulated accidents at the tank farms, 5 
other non-safety SSCs and non-TSR administrative features may be identified for defense-in-6 
depth (see Section 3.3.2.3.2).  In general, more layers of defense-in-depth (i.e., non-safety SSCs, 7 
non-TSR administrative features) are selected for higher consequence accidents.  There is no 8 
requirement to demonstrate any generic, minimum number of layers of defense. 9 
 10 
3.3.1.6  Hazard Categorization.  A final hazard categorization of the tank farm facilities was 11 
determined based on the results of the hazard and accident analyses.  Hazard categorization is 12 
selected on the basis of the definitions of hazard categories in 10 CFR 830 and the methodology 13 
for hazard categorization in DOE-STD-1027-92, Hazard Categorization and Accident Analysis 14 
Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports.  As 15 
allowed by DOE-STD-1027-92, tank farm facilities, which are independent (i.e., hazardous 16 
materials in one facility cannot interact with hazardous materials in another facility), are 17 
segmented and their individual hazard categorizations are determined.  The results of the hazard 18 
categorization are presented in Section 3.3.2.2. 19 
 20 
3.3.1.7  Hazard Evaluation Database.  As described previously, the hazard evaluation database 21 
was developed to concisely and comprehensively reflect the results of the initial and the ongoing 22 
hazard and accident analysis activities that underpin the tank farms DSA.   23 
 24 
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Figure  3.3.1-1.   Hazard Analysis Process.
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HAZOP = Hazard and Operability Study.
PreHA = Preliminary Hazard Analysis.
SSC = structures, systems, and components.
TSR = technical safety requirement.
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Table 3.3.1.1-1.  Hazard Identification Checklist and Energy Designators. 

A. Electrical 
 1.  Battery banks 
 2.  Cable runs 
 3.  Diesel generators 
 4.  Transformers 
 5.  High voltage 
 6.  HVAC heaters 
 7.  Motors 
 8.  Pumps 
 9.  Power tools 
 10.  Switch gear 
 11.  Service outlets, fittings 
 12.  Electrical equipment 
 13.  Transmission lines 
 14.  Underground wires 
 15.  Facility wiring 
 16.  Other______________ 
 
B. Thermal 
        1.  Bunsen burner/hot plates 
 2.  Eletrical equipment 
 3.  Furnaces/boilers/heater 
 4.  Steam lines 
 5.  Welding torch/arc 
 6.  Diesel units/fire box/exhaust line 
 7.  Radioactive decay heat 
 8.  Exposed hot components 
 9.  Power tools 
 10.  Convective 
 11.  Solar 
 12.  Cryogenic 
 13.  Lighting 
 14.  LASER Equipment 
 15.  Other______________ 
 
C. Friction 
 1.  Belts 
 2.  Bearings 
 3.  Fans 
 4.  Gears 
 5.  Motors 
 6.  Power tools 
 7.  Other______________ 
 
D. Corrosives 
 1.  Acids 
 2.  Caustics 
 3.  Natural chemicals 
 4.  Decontamination solution 
 5.  High temperature waste 
 6.  Other ______________ 

E. Kinetic - Rotational 
 1.  Centrifuges 
 2.  Motors 
 3.  Turbines 
 4.  Pumps 
 5.  Cooling tower fans 
 6.  Laundry equipment 
 7.  Shop equipment 
 8.  Power tools 
 9.  Other ______________ 
 
F. Kinetic - Linear 
 1.  Cars, trucks, buses 
 2.  Forklifts, dollies, carts 
 3.  Railroad 
 4.  Obstructions 
 5.  Crane loads 
 6.  Pressure vessel blowdown 
 7.  Other ______________ 
 
G. Mass, Gravity, Height 
 1.  Human effort 
 2.  Stairs 
 3.  Lifts and cranes 
 4.  Bucket and ladder 
 5.  Trucks 
 6.  Slings 
 7.  Hoists 
 8.  Elevators 
 9.  Jacks 
 10.  Scaffold and ladders 
 11.  Pits and excavations 
 12.  Elevated doors 
 13.  Vessels/tanks 
 14.  Other______________  
 
H. Pressure - Volume 
 1.  Boilers 
 2.  Surge tanks 
 3.  Autoclaves 
 4.  Test loops 
 5.  Compressed gas bottles 
 6.  Pressure vessels 
 7.  Stressed members 
 8.  Compressors 
 9.  Compressed gas receivers 
 10.  Negative pressure collapse 
 11.  Steam headers and lines 
 12.  Positive displacement pumps 
 13.  Hydraulic Systems 
 14. Other______________ 

J. Explosives/Pyrophorics 
 1.  Caps 
 2.  Primer cord 
 3.  Dynamite/high explosives 
 4.  Scrub chemicals 
 5.  Dusts 
 6.  Hydrogen 
 7.  Gases, other flammable 
 8.  Nitrates/nitrites 
 9.  Peroxides/hydrides 
 10.  Pu and U metal 
 11.  Sodium/phosphorus 
 12.  Combustible vapors 
 13.  Other______________ 
 
K. Nuclear Criticality (fissile material present) 
 1.  Vaults 
 2.  Temporary storage areas 
 3.  Shipping and receiving area 
 4.  Filters 
 5.  Vessels/tanks 
 6.  Casks 
 7.  Burial ground 
 8.  Storage racks 
 9.  Canals and basins 
 10.  Decontamination solution 
 11.  Trucks, forklifts, dollies 
 12.  Hand carry 
 13.  Cranes/lifts 
 14.  Hot cells, assembly, inspection 
 15.  Laboratories 
 16.  Other______________ 
 
L. Flammable Materials 
 1.  Packing materials 
 2.  Rags 
 3.  Gasoline 
 4.  Lube oil 
 5.  Coolant oil 
 6.  Paint solvent 
 7.  Diesel fuel 
 8.  Hydraulic fluids 
 9.  Buildings and contents 
 10.  Trailers and contents 
 11.  Grease 
 12.  Hydrogen 
 13.  Nitric acid 
 14.  Organics 
 15.  Gases - others 
 16.  Liquids - others 
 17.  Other______________ 

M. Hazardous Materials 
 1.  Alkali metals 
 2.  Asphyxiants 
 3.  Biologicals 
 4.  Carcinogens 
 5.  Corrosives 
 6.  Oxidizers 
 7.  Toxics 
 8.  Heavy metals 
 9.  Other______________ 
 
N. Ionizing Radiation Sources 
 1.  Fissile material 
 2.  Radiography equipment 
 3.  Radioactive material 
 4.  Radioactive sources 
 5.  Other______________  
 
O. Chemical Reactions 
 1. Uncontrolled chemical reactions  
 2. Other ______________ 
 
P. External events 
 1.  Explosion 
 2.  Fire 
 3.  Other sites (interactions): 
 3.01Toxic materials 
 3.02 Flammable liquids/gasses 
 3.03 Explosive materials 
 3.04 Large water sources 
 3.05 Large quantities of asphyxiants 
 3.06 Other______________ 
 
Q. Vehicles In Motion 
 1.  Airplane 
 2.  Helicopter 
 3.  Train 
 4.  Truck/bus/car 
 5.  Cranes 
 6.  Other______________ 
 
R. Natural Phenomena 
 1.  Earthquake 
 2.  Flood 
 3.  Lightning 
 4.  Rain 
 5.  Snow, freezing weather 
 6.  Straight wind 
 7.  Dust devil 
 8.  Tornado 
 9.  Ashfall 
 10.  Range fire 
 11.  Other______________ 
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Table 3.3.1.3-1.  Frequency Ranges. 

Category Definition 

A 

(> 10-2 to ≤ 10-1/yr)  

Anticipated events:  frequency greater than once in 100 operating years 

U 

(> 10-4 to ≤ 10-2 /yr) 

Unlikely:  frequency less than or equal to once in 100 years and greater than 
once in 10,000 operating years 

EU 

(> 10-6 to ≤ 10-4 /yr) 

Extremely unlikely:  frequency less than or equal to once in 10,000 years and 
greater than once in 1 million operating years 

BEU 

(≤ 10-6 /yr) 

Beyond extremely unlikely:  frequency of less than or equal to once in a 
million operating years 

Notes: 
A  = anticipated. 
BEU = beyond extremely unlikely. 
EU  = extremely unlikely. 
U  = unlikely. 

 2 

 
 T3.3.1-2  

RPP-13033 1/29/2015 - 12:56 PM 295 of 1079



RPP-13033 REV 5 

 

 

 1 
Table 3.3.1.3-2.  Safety Classification Guidelines. 

Offsite public  Onsite co-located worker  Site facility worker  

≥ 25 rem TED  
 

Safety-Class SSCs or TSRs (SACs) are 
required 

≥ 100 rem TED or > PAC-3 

Safety-Significant SSCs or TSRs (SACs) 
are required 

All facility worker hazards 
are assessed for prompt 
death or serious injury or 
significant radiological or 
chemical exposure 

≥ 5 rem TED to < 25 rem TED  
 

Safety-Class (may be justified as Safety-
Significant) SSCs or TSRs (SACs) are 

considered  

≥ 1 rem TED to < 5 rem TED  
and 

Frequency > 1E-04/yr 
 

Safety-Significant SSCs or TSRs (Key 
Elements of Administrative Controls) are 

considered 

 

≥ 0.1 rem TED to < 5 rem TED  
 

To assist in the determination of 
sufficient defense-in-depth, this range 

provides a perspective for consideration 
to be discussed between the TOC and 

ORP 

≥ 5 rem TED to < 100 rem TED  
 

To assist in the determination of 
sufficient defense-in-depth, this range 

provides a perspective for consideration 
to be discussed between the TOC and 

ORP 

> PAC-2  
 

Safety-Significant SSCs or TSRs (SACs) 
are required 

Notes: 
ORP = Office of River Protection. 
PAC = Protective Action Criteria. 
SAC = specific administrative control. 
SSC = structures, systems, and components. 
TED = total effective dose. 
TOC = Tank Operations Contractor. 
TSR = technical safety requirement. 
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Table 3.3.1.5-1.  Safety Integrity Level (or Equivalent) Determination for Safety Instrumented 
Systems (or Safety Instrumented Alarms). a 

 
Consequence Frequency  

 
Anticipated Unlikely Extremely Unlikely 

Offsite public 
 

SIL-2b SIL-2b SIL-1 

Onsite co-located 
worker 

SIL-2b SIL-1 SIL-1 

Site facility worker 
 

SIL-1c SIL-1 SIL-1 

Notes: 
a SIL-1 = SIL equivalent 1 and SIL-2 = SIL equivalent 2 when using this table (and notes) to determine SIL 

equivalent for SIA. 
b
 May be reduced to SIL-1 if an independent protection layer (i.e., safety-class or safety-significant SSC, SAC, 

or AC Key Element) is also selected. 
c
 Shall be increased to SIL-2 if there are no other additional measures to protect the facility worker. 

 
SIL = safety integrity level. 
AC = administrative control. 
SAC = Specific Administrative Control.  
SIA = safety instrumented alarm. 
SSC = structures, systems, and components. 

 
 1 

 

2 
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3.3.2 Hazard Analysis Results 1 
 2 
This section presents the results of the hazard analysis activities.  The hazard analysis is focused 3 
on uncontrolled releases of radioactive and other hazardous material and worker safety.  4 
Radiation protection and occupational safety hazardous conditions discovered by the analysis are 5 
documented and addressed in the appropriate safety management program (SMP).  The results of 6 
the hazard analysis activities include: 7 
 8 

 Hazards identification and hazardous condition development, 9 
 Hazard categorization, 10 
 Hazard evaluation, 11 
 Representative accident evaluation. 12 

 13 
Data from the hazard identification and evaluation activities are captured in the individual hazard 14 
evaluation reports developed when facilities and operations are evaluated and the results from 15 
these individual reports are synthesized into RPP-15188, Hazard Evaluation Database Report.  16 
The methodology used to perform the hazards analysis activities is summarized in Section 3.3.1. 17 
 18 
3.3.2.1  Hazard Identification and Hazardous Condition Development.  The initial steps in 19 
the hazard analysis process are to identify the hazards and then develop and evaluate the 20 
potential hazardous conditions that could result.  This section discusses the results of these 21 
activities. 22 
 23 
3.3.2.1.1  Hazard Identification.  The results of the hazard identification process identified the 24 
following: 25 
 26 

 Material at risk (MAR) in the various tank farm facilities, 27 
 28 

 Energy sources, with a focus on those that could potentially contribute to the uncontrolled 29 
release of MAR, including natural events and external events, 30 

 31 
 Summary of tank farm occurrences, 32 

 33 
 Hazards identified but not included in the hazard evaluation, 34 

 35 
The hazard identification results are discussed in the following sections. 36 
 37 
3.3.2.1.1.1 Material at Risk.  The MAR is the material at a facility with the potential to have an 38 
adverse effect on people or the environment.  In tank farms, the MAR is the radioactive and 39 
toxicologically hazardous waste that was generated in chemical separation processes.  The two 40 
attributes of the MAR of most importance to the safety basis are the radiological and chemical 41 
concentrations within the waste layers that are used to develop source terms for accident 42 
consequences if there is a waste release and waste composition from a flammable gas generation 43 
rate perspective (See Section 3.3.2.1.1.2).  Non-radioactive chemicals (e.g., sodium hydroxide 44 
added to double-shell tanks (DST) for chemical adjustments, small quantities of solvents used for 45 
cleaning) are controlled by industrial safety standards (i.e., Occupational Safety and Health 46 
Administration and U.S. Department of Transportation) and are not analyzed in the documented 47 
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safety analysis (DSA) according to DOE-STD-3009-94, Preparation Guide for U.S. Department 1 
of Energy Nonreactor Nuclear Facility Safety Analyses.  A summary level description of the 2 
MAR in various tank farm facilities is provided below. 3 
 4 
Double-Shell Tanks and Single-Shell Tanks – The vast majority of the waste in tank farms 5 
(approximately 55 million gal) is stored in the DSTs and single-shell tanks (SST).  The waste 6 
composition varies by layer within individual tanks and also varies among the tanks.  Waste 7 
volumes vary within individual tanks because of SST retrieval activities and DST-to-DST 8 
transfers to support 242-A Evaporator campaigns and to meet DST space management objectives 9 
(e.g., creating space for receipt of SST waste).  The best-basis inventory (BBI) maintains the 10 
current tank waste volume for each DST and SST and the radiological and chemical inventory 11 
information for waste layers within the tank.  The BBI is updated quarterly and there are 12 
requirements for periodic comparison of the source term used in the safety analysis with the BBI 13 
to ensure that changes to the BBI are evaluated against the safety analysis.  Details on the 14 
development of radiological and toxicological source terms for hazard and accident analyses are 15 
presented in Section 3.4.1.   16 
 17 
Small quantities of waste may be present in the active ventilation systems associated with the 18 
DSTs and SSTs (and the inactive ventilation systems that no longer service the DSTs or SSTs 19 
but remain in the tank farms).  Actual quantities are unknown, but for accident analysis purposes 20 
conservative quantities and compositions are assumed.  Some residual waste may be present in 21 
waste transfer-associated structures connected to (or formerly connected to) the DST and SST 22 
waste transfer systems from past waste leaks, but again, the actual quantities are unknown and 23 
for accident analysis purposes conservative quantities and compositions are assumed. 24 
 25 
Other sources of waste within the DST and SST tank farms include residual waste in inactive 26 
waste transfer lines, inactive vacuum retrieval equipment (slurry tank and water separator) in the 27 
241-C Tank Farm, condensate (associated with ventilation systems), leak detection pits (some 28 
are mildly contaminated), contaminated equipment and job waste that may be temporarily stored 29 
within tank farms, and contaminated hydraulic systems.  Some of these waste sources are very 30 
dilute (e.g., condensate, contaminated hydraulic systems, mildly contaminated leak detection 31 
pits) while others (e.g., inactive waste transfer lines) are expected to contain small quantities of 32 
waste. 33 
 34 
Catch Tanks, Double-Contained Receiver Tanks, and Inactive Miscellaneous Underground 35 
Storage Tanks – Catch tanks and double-contained receiver tanks (DCRT) have been removed 36 
from service (i.e., no further waste additions are allowed) and are stabilized and isolated in 37 
accordance with environmental management program requirements.  Inactive miscellaneous 38 
underground storage tanks (IMUST) are radioactively contaminated, inactive, and abandoned 39 
underground storage tanks.  Catch tanks, DCRTs, and IMUSTs are small (≤ 50,000 gal) tanks, 40 
and the remaining waste volumes in these tanks are typically much less than the operating 41 
volumes.  Information on waste inventories and estimated waste compositions for catch tanks 42 
and the three DCRTs which contain waste is documented in RPP-8050, Lower Flammability 43 
Limit Calculations for Catch Tanks, DST Annuli, Waste Transfer-Associated Structures, and 44 
Double-Contained Receiver Tanks in Tank Farms at the Hanford Site.  Available information for 45 
the IMUSTs (there is no data for a number of tanks) is documented in RPP-13329, Tank Farm 46 
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Facility Hazard Categorization.  In addition, DCRTs are housed in vaults, and some catch tanks 1 
and IMUSTs are also housed in vaults.  These vaults may contain residual contamination. 2 
 3 
204-AR Waste Unloading Facility – The 204-AR Waste Unloading Facility is not currently 4 
authorized to receive waste and there are no current plans to use this facility.  A catch tank 5 
(204-AR-TK-1) is located within the facility and per RPP-8050 contains approximately  6 
700 gal of dilute waste.  The waste composition is estimated in RPP-33928, Spreadsheet 7 
Description Document for Estimation of Catch Tank 204-AR-TK-1 Liquid and Solid Waste.  Four 8 
chemical makeup tanks are also located in the facility and these tanks are essentially empty.  The 9 
active ventilation systems are operational.  Actual quantities of residual waste contained within 10 
the ventilation systems are unknown but for accident analysis purposes conservative quantities 11 
and compositions are assumed.  Some residual contamination may also be present in the 12 
building, particularly since the catch tank received the liquids that flowed into the facility drains.   13 
 14 
244-AR Vault – The 244-AR Vault contains four tanks (TK-001, TK-002, TK-003, and 15 
TK-004).  The facility is inactive and has been interim stabilized.  RPP-12051, 244-AR Vault 16 
Interim Stabilization Completion Report, estimates that there are < 200 gal of pumpable liquids 17 
remaining in each tank with sludge estimates ranging from approximately 2,000 gal in TK-002 to 18 
< 50 gal in TK-003 and TK-004.  There is also some waste in the vault cells and associated 19 
sumps which was estimated to be < 50 gal in each cell in RPP-12051.  None of the original 20 
active ventilation systems are operable.  Actual quantities of residual waste contained within the 21 
ventilation systems are unknown but for accident analysis purposes conservative quantities and 22 
compositions are assumed. 23 
 24 
244-CR Vault – The 244-CR Vault contains four tanks (244-TK-CR-001, 244-TK-CR-002, 25 
244-TK-CR-003, and 244-TK-CR-011).  The facility is inactive.  Waste volumes in these tanks 26 
have been estimated from field measurements as documented in RPP-RPT-24257, 244-CR Vault 27 
Liquid Level Assessment and Video Inspection Completion Report.  The estimated volumes range 28 
from approximately 4,000 gal (all sludge/solid) in 244-TK-CR-011 to approximately 750 gal 29 
(combination of liquid and sludge/solid) in 244-TK-CR-002.  There is also some waste in the 30 
vault cells and associated sumps.  Estimated volumes range from about 7,300 gal (almost all 31 
liquid) in Cell 11 to about 80 gal (all liquid) in Cell 1.  Analysis of samples taken from the cells 32 
is documented in RPP-RPT-41286, Final Report for 244-CR Vault Cell Liquid Grab Samples in 33 
Support of the Tank Farms Waste Transfer Compatibility Program.  None of the original active 34 
ventilation systems are operable.  Actual quantities of residual waste contained within the 35 
ventilation systems are unknown but for accident analysis purposes conservative quantities and 36 
compositions are assumed. 37 
 38 
242-T Evaporator and 242-S Evaporator (Hot Side) – Both of these evaporators are inactive 39 
(although the 242-S Evaporator control room is used to monitor and control certain tank farm 40 
equipment) with small quantities of waste remaining.  To estimate the material in the 242-T 41 
evaporator vessel, contact radiation readings were taken and then converted to radioisotopic 42 
inventory as documented in RPP-7277, Evaluation of Radionuclide Inventory at 242-T 43 
Evaporator.  The estimated waste volume is a little over 200 gal which for analysis purposes is 44 
rounded up to 300 gal.  With respect to the 242-S Evaporator, RPP-6599, Hazard Evaluation for 45 
242-S Evaporator “Hot Side,” indicates that when the facility was shutdown the evaporator 46 
vessel was drained and flushed and the evaporator and pump rooms were washed down.   47 
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RPP-6599 further indicates there is some residual waste in the facility (e.g., waste heels in the 1 
piping, dilute liquid waste in the sump) but the quantities and composition are unknown.  The 2 
242-T ventilation systems are inactive.  Actual quantities of residual waste contained within the 3 
ventilation systems are unknown but for accident analysis purposes conservative quantities and 4 
compositions are assumed.  There also may be small quantities of residual waste elsewhere 5 
within the 242-T Evaporator.  The 242-S Evaporator (Hot Side) K1 ventilation system is 6 
operated intermittently.  RPP-6599 indicates that at the time of the inspections, the filters had not 7 
been changed for several years and did not indicate increased levels of radiation (approximately 8 
1 mrem/hr or less).   9 
 10 
616 Facility – The 616 Facility is a secondary waste, temporary storage area where low-level 11 
radioactive wastes, low-level mixed wastes (including transuranic waste), and non-radiologically 12 
contaminated hazardous wastes may be stored.  The radioactive material inventory is primarily 13 
comprised of low-level radioactive wastes and low-level mixed wastes resulting from 14 
radiologically contaminated materials discarded from tank farm areas and associated facilities.  15 
Examples of low-level radioactive wastes and low-level mixed wastes include jumpers, drill 16 
strings, thermocouple trees, transfer piping, and pumps that have come into contact with tank 17 
waste and solvents, oils, paints, and cleaning materials used on jobs within radiation zones.  18 
Examples of hazardous wastes include household-grade and vehicle batteries; transformers 19 
containing polychlorinated biphenyl; ballasts from light fixtures; asbestos; and a variety of 20 
solvents, oils, paints, and cleaning materials used in nonradiologically contaminated areas.  21 
RPP-10377, Radionuclide Inventory Estimate for the 616 Building 90-Day Waste Storage 22 
Facility, provides estimates of the radionuclide inventory for typical loading and maximum 23 
loading conditions for the low-level waste and mixed waste that is stored at the 616 Facility. 24 
 25 
Cribs, Ditches, and Ponds, Unplanned Release Sites, and Other Contaminated Soils – The 26 
cribs, ditches, and ponds received wastewater and other effluent discharges from the 200 East 27 
and 200 West area facilities, but all are inactive.  Unplanned release sites are sites where there 28 
were surface or near-surface waste releases (e.g., spills or leaks from underground piping).  29 
Other contaminated soils include those further underground where there are plume columns from 30 
leaking underground liquid waste storage tanks.  RPP-26744, Hanford Soil Inventory Model, 31 
Rev.1, documents the inventory and uncertainty estimates for radionuclides and chemicals for 32 
liquid waste disposal sites, unplanned release sites, and tank leaks that were generated by the 33 
Hanford Soil Inventory Model. 34 
 35 
Miscellaneous Inactive Processing Facilities – The miscellaneous inactive processing facilities 36 
are as follows: 37 
 38 

 241-AX Ion Exchanger (AX Tank Farm), 39 
 In-Tank Solidification System (ITS) (BY Tank Farm), 40 
 241-SX-401 Condenser Shielding Building (SX Tank Farm), 41 
 241-SX-402 Condenser Shielding Building (SX Tank Farm), 42 
 241-C-801 Cesium Loadout Facility (C Tank Farm), 43 
 241-A-431 Ventilation Building (A Tank Farm). 44 

 45 
RPP-RPT-32085, 241-BY-1TS1 Liquid Level Assessment Report, estimated the liquid volume in 46 
the three ITS vessels and indicates that there is no liquid present in the ion exchange column and 47 
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the feed tank.  The scrub solution circulation tank is estimated to have about 350 gal of liquid.  1 
Per RPP-6637, Hazard Evaluation for AX-IX, ITS1, 241-SX-401, 241-SX-402, 241-C-801, 2 
241-A-431, components in the other facilities are not large, did not store waste, and generally did 3 
not contain liquids.  Waste quantities and composition are unknown, but based on radiation 4 
readings (where available), equipment capacities, and process history, are estimated to be 5 
limited. 6 
 7 
Vertical Storage Units – Vertical storage units are located throughout the SST farms in the 8 
200 West Area and consist of a hole in the ground lined with metal drain piping that were 9 
designed to store contaminated tank equipment (e.g., riser/shield plugs, cover plates, slurry 10 
distributor handles).  These units contain residual contamination from previously stored 11 
contaminated equipment. 12 
 13 
3.3.2.1.1.2  Energy Sources.  The next step in the hazard identification process is to identify the 14 
energy sources that could contribute to the uncontrolled release of the MAR.  The energy sources 15 
for the tank farm facilities are identified during hazard evaluations of facilities and operations 16 
using the energy source checklist shown in Table 3.3.1.1-1. 17 
 18 
One ubiquitous potential energy source in waste storage vessels/containers (ranging from DSTs 19 
and SSTs to waste containers used for shipping waste samples) is flammable gas.  This energy 20 
source is related to the MAR discussion in the previous section because radiological waste 21 
generates flammable gas, primarily hydrogen, and the steady-state generation rates are based, in 22 
part, on waste composition.  In addition to the waste storage vessels/containers where waste is 23 
expected to be stored, waste that leaks into waste transfer-associated structures (and fills the 24 
structure within a specific range of fill volumes) can also pose a flammable gas hazard.  A 25 
high-level summary of energy sources and the potential MAR is provided in Table 3.3.2.1.1.2-1.  26 
Complete descriptions of the individual hazardous conditions, MAR, and event initiators are 27 
documented in RPP-15188. 28 
 29 
3.3.2.1.1.3  Summary of Tank Farm Occurrences.  Hazards identification activities for the 30 
initial DOE-STD-3009-94 compliant safety basis included a review of the historical tank farm 31 
occurrence reports.  Occurrence reports produced by the Atlantic Richfield Hanford Company 32 
from January 1972 through June 1977, the Rockwell Hanford Company from June 1977 through 33 
June 1987, and the Westinghouse Hanford Company from June 1987 through December 1989 34 
were reviewed.  Tank farm associated unusual event reports, critiques, and event fact sheets for 35 
the years 1986 through 1990 also were reviewed.  The occurrence reporting and processing 36 
system database was searched to identify applicable occurrence reports, off-normal events, and 37 
critiques generated by the Westinghouse Hanford Company from 1990 through April 1996 and 38 
those generated by Lockheed Martin Hanford Corporation from October 1996 through 39 
April 1998.  These reports were examined to identify potential hazards and initiators to ensure 40 
that a comprehensive set of hazards and potential release mechanisms were identified.  The 41 
review of the occurrences also provided input to the frequency assignments for some of the 42 
hazardous conditions.  The list of the occurrences reviewed is documented in RPP-13121, 43 
Historical Summary of Occurrences from the Tank Farms Final Safety Analysis Report. 44 
 45 
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Types of events which are documented in the occurrence reports and are relevant to hazard 1 
identification include the following: 2 
 3 

 Waste leaks (to ground and within waste transfer-associated structures), 4 
 5 

 Waste misroutes (i.e., waste routed to wrong location) including one where waste was 6 
transferred through an open jumper nozzle (but drained to tank), 7 

 8 
 Transfer lines struck during excavation (waste was not being transferred when the events 9 

occurred), 10 
 11 

 Vehicle impacts with equipment (including one where riser was struck, fuel tank 12 
ruptured, and fuel spilled onto ground [no fire]), 13 

 14 
 Fire in waste transfer-associated structure. 15 

 16 
Although the historical review was conducted in 1998, occurrence reports continue to be an 17 
important input into the hazard identification process.  Per the occurrence reporting process, 18 
occurrences are evaluated for safety basis implications.  Those that indicate potential 19 
inadequacies in the safety analysis are evaluated through the unreviewed safety question process 20 
and, if the inadequacy is confirmed, the safety basis is revised, as necessary.  Identification of 21 
new hazardous conditions and modification of existing hazardous conditions is a frequent 22 
outcome after an inadequacy in the safety analysis has been confirmed. 23 
 24 
3.3.2.1.1.4  Hazards Identified But Not Included in the Analysis Results.  This section 25 
contains a discussion of phenomena that were identified as potential hazards in tank farms but 26 
after subsequent evaluation were found to be not plausible.  These hazards are ferrocyanide 27 
reactions in waste tanks, red oil reactions in waste tanks, organic salt-nitrate reactions in waste 28 
tanks, and natural flooding of the tank farms. 29 
 30 
Ferrocyanide and exothermic reactions were considered in the initial hazard identification.  31 
Based on the current understanding of the chemical degradation process, as verified by available 32 
samples, ferrocyanide concentrations are well below those required to represent a combustion 33 
hazard.  Topical report WHC-SD-WM-SARR-038, Assessment of the Potential for Ferrocyanide 34 
Propagating Reaction Accidents, provides the details for this conclusion. 35 
 36 
The issue of red oil formation and subsequent reaction was considered in the initial hazard 37 
identification but found to be not plausible in tank farms as documented in 38 
WHC-SD-WM-TI-466, Summary of Red Oil Issues at Hanford.  Exothermic red oil reactions 39 
involve nitrate as an oxidizing species and organic material as a fuel facilitated by the presence 40 
of the uranium in the form of an acidic aqueous solution of uranyl nitrate (UO2[NO3]

2).  Tank 41 
farm wastes are alkaline and thus are not conducive to red oil formation or reaction. 42 
 43 
Highly energetic organic salt-nitrate reactions were also identified as a potential hazard in tank 44 
farms, and this hazard was conservatively considered to be credible for a number of years while 45 
additional analyses were being conducted.  Various waste-producing processes were known to 46 
have sent both oxidants in the form of sodium nitrate/nitrite and organic complexant salts to the 47 
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waste tanks.  In the presence of oxidants, organic complexants can be made to react 1 
exothermically when a source of sufficient energy is applied.  The hazard posed by organic 2 
salt-nitrate reactions was evaluated in HNF-3588, Organic Complexant Topical Report.  It was 3 
found that the conditions required to cause these reactions do not exist within the tank farms.  4 
Furthermore, no credible mechanism to create the necessary conditions could be identified. 5 
 6 
Natural flooding was considered during the initial hazard identification, but was eliminated as a 7 
plausible event because the tank farm elevations are above the maximum postulated flood level.  8 
Section 1.4.2.1.3 describes the most severe natural flood caused by precipitation with the 9 
potential to affect tank farms.  This maximum precipitation flood of Cold Creek is a flash flood 10 
which is postulated to reach an elevation of about 640 ft above mean sea level on the 11 
southwestern portion of 200 West Area.  Because the surface elevation of the lowest elevation 12 
tank farms (i.e., 241-S, 241-SY, 241-SX, 241-U) is 660 to 670 ft above mean sea level, surface 13 
flooding from this source is not considered credible.  The bottoms of the tanks, however, are 14 
below the flood level.  Because of the expected short duration of the flash flood, a significant rise 15 
in the water table in these areas is not anticipated and the tanks would not be affected.  Flood 16 
scenarios with potential for longer residence time were evaluated by the U.S. Army Corps of 17 
Engineers.  The bounding scenario, resulting in the largest realistically conceivable flow on the 18 
Columbia River from either a natural or human caused dam failure, was postulated to be a  19 
50% breach of Grand Coulee Dam (Section 1.4.2.1.1).  This breach was determined to result in a 20 
flood level of about 143 m (470 ft) above mean sea level at river mile 365, which is well below 21 
the bottom of the lowest elevation tank.  Finally, the design of the tank farms and the average 22 
annual rainfall at the Hanford Site of 6.6 in. preclude the possibility that enough storm water will 23 
accumulate on top of the tanks to cause a release of radioactive or hazardous materials in the 24 
tanks.  Flooding in the tank farms caused by water system failures is included in the hazard 25 
analyses. 26 
 27 
3.3.2.1.2  Hazard Evaluation Database.  Individual hazard evaluation reports are developed to 28 
document the hazards associated with tank farm facilities and operations (and changes thereto).  29 
The results of these multiple individual hazard evaluations are consolidated into RPP-15188, 30 
which documents the comprehensive hazard evaluations for the facilities and operations 31 
described in the tank farms DSA.  The individual hazard evaluation reports that provide input to 32 
RPP-15188 and whose hazardous conditions have been mapped to RPP-15188 (see 33 
Section 3.3.1) are listed in RPP-15188.  Additional information on the individual fields 34 
maintained in RPP-15188 is provided within that document. 35 
 36 
3.3.2.1.3  References. 37 
 38 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 39 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 40 
Energy, Washington, D.C. 41 

 42 
HNF-3588, 2003, Organic Complexant Topical Report, Rev. 1, CH2M HILL Hanford Group, 43 

Inc., Richland, Washington. 44 
 45 
RPP-6599, 2000, Hazard Evaluation for 242-S Evaporator “Hot Side,” Rev. 0, CH2M HILL 46 

Hanford Group, Inc., Richland, Washington.47 
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Table 3.3.2.1.1.2-1.  High-Level Summary of Energy Sources and Potential Material at Risk 
(2 sheets). 

Energy Source Potential Material at Risk 

Pumps 

 

Waste in tank being pumped and associated waste transfer lines 
could be released through various mechanisms (i.e., pump 
provides the motive force driving the leak) 

Gravity head from elevation differences Waste from 242-A evaporator vessel or waste held up in waste 
transfer lines could be released through various mechanisms 
(i.e., gravity head provides the motive force driving the leak) 

Loads (i.e., excessive concentrated loads) Waste in tanks (DSTs, SSTs, DCRTs, catch tanks, IMUSTs, 
244-AR Vault, 244-CR Vault) could be released if there were a 
tank dome/structural collapse   

Dropped loads Waste in tanks (DSTs, SSTs, DCRTs, catch tanks, IMUSTs, 
244-AR Vault, 244-CR Vault) could be impacted by load that 
penetrates tank 

Residual waste in waste transfer-associated structures, ventilation 
systems (i.e., HEPA filter housings, ductwork, condensate seal 
pots, or collection tanks), vacuum retrieval slurry tank or water 
separator, or waste storage/shipping containers 

Waste in transfer lines or HIHTL that could be breached  

Waste in the dropped load itself (e.g., waste in a pump being 
removed from an SST that is dropped) 

Dropped load (structure failure) Residual waste in evaporator vessel (242-T) that is breached by 
falling roof or wall panels 

Raised loads Waste in raised load could spill (e.g., waste spill from a pump 
being removed from an SST) 

Excavation equipment (e.g., backhoes) Waste in transfer lines that could be breached  

Contaminated soils that could be dispersed 

Vehicle impacts Waste being transferred through HIHTL that could be snagged 
and pulled from connections  

Waste being transferred through aboveground waste 
transfer-associated structure that could be impacted, damaging 
piping within structure 

Waste in drums or waste boxes at 616 Facility or other temporary 
storage area if fork lift punctures drum or waste box  

Compressed air Residual waste in HIHTL could be released during compressed air 
blowout  

Residual waste in a waste transfer primary piping system or the 
piping encasement could be released during a pneumatic test of 
the encasement 

Residual waste in a waste transfer-associated structure could be 
released by a compressed gas system failure 

Inadvertent acid addition  Waste in DST or SST could react with acid  
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Table 3.3.2.1.1.2-1.  High-Level Summary of Energy Sources and Potential Material at Risk 
(2 sheets). 

Energy Source Potential Material at Risk 

Spills of vehicle fuels (gasoline) or other 
flammable liquids into tanks or 
contaminated waste transfer associated 
structures  

Waste in tanks (DSTs, SSTs, DCRTs, catch tanks, IMUSTs, 
244-AR Vault tanks, and 244-CR Vault tanks) if flammable gas 
deflagration is ignited 

Waste in DST or SST if organic solvent fire is ignited 

Residual waste in contaminated waste transfer-associated structure 
if there is fire within structure 

Thermal energy (i.e., expansion from 
heating or freezing)  

Waste between two closed valves could expand breaching pipe 
resulting in subsequent waste release 

Electrical energy Waste in a tank, structure or container where flammable gas has 
accumulated to ≥ 100% of the LFL if electrical spark ignites 
flammable gas deflagration  

Natural events 

 Lightning 

 High winds 

 Earthquakes (seismic events) 

 Volcanic eruptions and ashfall 

 Severe dust storms/dust devils 

 Accumulation of heavy snowc 

 Severe hail storms 

 Floods 

Waste in all configurations in tank farms could potentially be 
affected by seismic events (e.g., leaks from waste transfer lines, 
release of retained flammable gas in DST or SST) 

Waste in aboveground structures or systems (e.g., HEPA filter 
housings) could be affected by high winds, ashfall, and snow 
accumulation  

Waste in DSTs or SSTs that contain organic solvent could be 
ignited by lightning (which also could ignite flammable gas 
deflagration if gas concentration is ≥ 100 % of the LFL) 

 

External events 

 Aircraft crash 

 Vehicle accident 

 Range fire 

 Rail accident 

Waste in all configurations in tank farms (the most significant 
being the DSTs and SSTs) could potentially be affected by an 
aircraft crash which can cause waste releases from the impact and 
subsequent fire/explosion 

Vehicle and rail accidents and range fires are similar to energy 
sources already identified within this table. 

Notes: 
DCRT = double-contained receiver tank. 
DST = double-shell tank. 
HEPA = high-efficiency particulate air (filter). 
HIHTL = hose-in-hose transfer line. 
IMUST = inactive miscellaneous underground storage tank. 
LFL = lower flammability limit. 
SST = single-shell tank. 
 
 

 1 
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3.3.2.2  Facility Hazard Categorization.  Facility hazard categorizations are performed to 1 
provide input for implementing a graded approach to develop safety analysis reports in 2 
accordance with 10 CFR 830, “Nuclear Safety Management,” which defines three hazard 3 
categories based on the consequences of unmitigated releases of radioactive and/or hazardous 4 
material: 5 
 6 

 Hazard Category 1.  The hazard analysis shows the potential for significant offsite 7 
consequences 8 

 9 
 Hazard Category 2.  The hazard analysis shows the potential for significant onsite 10 

consequences 11 
 12 

 Hazard Category 3.  The hazard analysis shows the potential for only significant 13 
localized consequences. 14 

 15 
DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for Compliance 16 
with DOE Order 5480.23, Nuclear Safety Analysis Reports, provides a uniform methodology for 17 
developing the initial and final facility hazard categorization under 10 CFR 830.  This standard 18 
also provides the threshold quantities for classifying the facility as Hazard Category 1, 2, or 3, 19 
based on the quantity of radioactive material in the facility.  All facilities classified as at least a 20 
Hazard Category 3 in accordance with DOE-STD-1027-92 are required to comply with 21 
10 CFR 830.  Facilities that do not meet or exceed Hazard Category 3 threshold criteria but still 22 
possess some amount of radioactive material may be considered “Radiological Facilities.”  Per 23 
10 CFR 830 Appendix A to Subpart B, “the safety basis requirements only apply to Hazard 24 
Category 1, 2, and 3 nuclear facilities and do not apply to nuclear facilities below Hazard 25 
Category 3.” 26 
 27 
Tank farm facilities have been categorized in RPP-13329, Tank Farm Facilities Hazard 28 
Categorization, and RPP-12396, Retired Grout Facility Hazard Categorization, according to the 29 
guidance provided in DOE-STD-1027-92.  These documents provide preliminary hazard 30 
categorizations based on estimates of radioactive material quantities.  If estimates for radioactive 31 
material quantities were unavailable, the facilities were categorized based on the severity of 32 
consequences estimated in hazard evaluation reports. 33 
 34 
The final hazard categorization of a facility is based on the “unmitigated release” of hazardous 35 
material from a credible accident scenario.  For the purposes of hazard categorization, 36 
DOE-STD-1027-92 states that “unmitigated” is meant to consider material quantity, form, 37 
location, dispersibility, and interaction with available energy sources, but not to consider safety 38 
features (e.g., ventilation system, fire suppression) which will prevent or mitigate a release.  39 
Based on the hazard and accident analysis of Sections 3.3.2.4 and 3.4.2 unmitigated tank farm 40 
hazardous conditions present the potential for signification local or onsite consequences.  As a 41 
result, final hazard categorization of Hazard Category 2 or 3 applies to tank farm facilities as 42 
listed in Tables 3.3.2.2-1 and 3.3.2.2-2. 43 
 44 
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Table 3.3.2.2-1.  Tank Farm Hazard Category 2 Facilities.a 
Tank Farms and Waste Distribution Systems 

204-AR Waste Unloading Facility 

242-S Evaporator (Hot-Side) 

244-AR Vault 

244-CR Vault 

Cribs, ditches, and ponds 
200-W-52 (216-T-7) 
216-T-32 

Miscellaneous inactive storage facilities  (Note that the only miscellaneous inactive storage facilities that are 
radioactively contaminated are inactive miscellaneous underground storage tanks.) 

241-A-302B 241-ER-311A 241-TX-302B(R) 
241-AX-151-CT 244-BXR-001 241-TX-302XB (241-TX-302Xb) 
241-AX-151-TKD 244-BXR-002 241-TY-302A 
241-AX-151-TKE 244-BXR-003 241-Z-8 
241-AX-151-TKF 244-BXR-011 242-TA-R1 
241-AX-151-TKG 231-W-151-001 244-TXR-001 
241-B-301 (241-B-301Bb) 231-W-151-002 244-TXR-002 
241-B-302B 240-S-302 244-TXR-003 
241-BX-302A 241-S-302A 244-UR-001 
241-BX-302B 241-SX-302 (SX-304b) 244-UR-002 
241-BX-302C 241-T-301 (241-T-301Bb) 244-UR-003 
241-BY-ITS2-TK1 241-TX-302A 244-UR-004 
241-C-301 (241-C-301Cb) 241-TX-302B   

Unplanned release sites 

200-E-120 200-W-93 UPR-200-E-72 

200-E-131 200-W-94 UPR-200-W-21 
200-E-132 200-W-95 200-W-54 

200-E-133 200-W-96 UPR-200-W-38 

Notes: 
a For a more complete listing of Hazard Category 2 facilities, see HNF-SD-WM-TSR-006, Section 1.6, 

“Tank Farm Facilities.” 

bDenotes alternate facility designation. 
 

 1 
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Table 3.3.2.2-2.  Tank Farm Hazard Category 3 Facilities.* 

616 Facility 

242-T Evaporator 

Cribs, ditches, and pond 
216-B-3A RAD 216-B-3C RAD  
216-B-3B RAD 216-C-8  

Miscellaneous inactive processing facilities 
241-AX-IX Ion Exchanger 241-C-801 Cesium Loadout Facility  
241-A-431 Ventilation Building 241-SX-401 Condenser Shielding Building 
In-Tank Solidification System (ITS-1) 241-SX-402 Condenser Shielding Building 

Miscellaneous inactive storage facilities  (Note that the only miscellaneous inactive storage facilities that are 
radioactively contaminated are inactive miscellaneous underground storage tanks.) 

209-E-TK-111 241-S-302B 242-T-135 
241-BY-ITS2-TK2 241-TY-302B  

Unplanned release sites 

UPR-200-E-86 200-E-121 UPR-200-W-29 UPR-200-W-82 

UPR-200-W-113 UPR-200-E-18 UPR-200-W-64 UPR-200-W-130 

UPR-200-W-135 UPR-200-E-42 UPR-200-W-6 UPR-200-W-131 

200-E-29 UPR-200-W-97 UPR-200-W-14  

Vertical Storage Units 
Notes: 

*For a more complete listing of Hazard Category 3 facilities, see HNF-SD-WM-TSR-006, Section 1.6, “Tank 
Farm Facilities.” 

 1 
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3.3.2.3  Hazard Evaluation.  The hazard evaluation for the documented safety analysis (DSA) 1 
determined a set of potential hazardous conditions that could result in the uncontrolled release of 2 
radioactive and/or hazardous material.  The hazard evaluation process is summarized in 3 
Section 3.3.1. 4 
 5 
The hazard evaluation results are used to support the selection of accidents for more detailed 6 
analysis during the accident analyses process and to support control decisions.  The selection of 7 
the controls for the safe operation of the tank farms is based on the results of accident and the 8 
hazard analyses.   9 

 10 
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3.3.2.3.1  Accident Selection.  This section provides a summary of the representative accidents 1 
and also provides the basis for selecting the bounding accidents which are quantitatively 2 
analyzed for potential offsite radiological consequences in Section 3.4.2. 3 
 4 
Representative Accidents for Hazard Evaluation – During development of the first 5 
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 6 
Facility Safety Analyses, compliant safety basis document for tank farms, potential hazardous 7 
conditions were collected into candidate accident groups that share similar accident 8 
phenomenology.  Once defined, the candidate accident groups were reevaluated to determine if 9 
each candidate accident was unique or should be combined with similar candidate accidents.  10 
From this effort, the final set of representative accidents was developed.  Since the first 11 
DOE-STD-3009-94 compliant safety basis was approved, the list of representative accidents has 12 
evolved with new accidents added (e.g., air blow accidents), accidents combined 13 
(e.g., evaporator dump and steam intrusion from interfacing systems combined into filtration 14 
failures leading to unfiltered releases), and accidents deleted (e.g., organic salt-nitrate reactions) 15 
when further analysis indicated that tank waste conditions do not support the accident 16 
phenomena. 17 
 18 
The current set of representative accidents is shown in Table 3.3.2.3.1-1.  This table also 19 
identifies the accident type and the section where the representative accident is described.  The 20 
hazard evaluation results for the representative accidents that have consequences exceeding the 21 
guidelines for the onsite worker or that pose significant facility worker hazards are presented in 22 
Section 3.3.2.4.  Nuclear criticality, external events, and natural events are also described in 23 
Section 3.3.2.4.  Other representative accidents (i.e., those with consequences that are less than 24 
the guidelines for the onsite worker and that do not pose significant facility worker hazards) are 25 
briefly summarized in this section.  Evaluations of the individual hazardous conditions 26 
encompassed within the representative accidents are documented in RPP-15188, Hazard 27 
Evaluation Database Report.  The descriptions in RPP-15188 include the applicable facilities 28 
and activities.  Note that in the following descriptions the term “bounding event” means the 29 
highest consequence event among the hazardous conditions encompassed within the 30 
representative accident. 31 
 32 

 Flammable Gas Accidents.  This accident involves flammable gas deflagrations in 33 
waste storage vessels/containers (ranging from double-shell tanks [DST] and single-shell 34 
tanks [SST] to waste packaging drums).  As described in Section 3.3.2.4.1, the bounding 35 
event is a flammable gas deflagration caused by steady-state generation and accumulation 36 
or a gas release event in a DST/SST.  See Section 3.3.2.4.1 for more detail on the 37 
evaluation of this accident, and RPP-15188 for the evaluation of the associated hazardous 38 
conditions. 39 
 40 

 Nuclear Criticality.  This accident involves a nuclear criticality in waste tanks/vessels.  41 
As described in Section 3.3.2.4.2, the bounding event is a criticality in an abovegrade 42 
facility.  See Section 3.3.2.4.2 for more detail on the evaluation of this accident, and 43 
RPP-15188 for the evaluation of the associated hazardous conditions. 44 
 45 

 Waste Transfer Leak.  This accident involves a broad spectrum of waste leaks.  As 46 
described in Section 3.3.2.4.3, the bounding event is a fine spray leak using a high head 47 
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waste transfer pump.  See Section 3.3.2.4.3 for more detail on the evaluation of this 1 
accident, and RPP-15188 for the evaluation of the associated hazardous conditions. 2 
 3 

 Release from Contaminated Facility.  This accident involves various release 4 
mechanisms (i.e., flammable gas deflagrations, fires, load handling accidents, or 5 
compressed gas system failures) in contaminated facilities.  As described in 6 
Section 3.3.2.4.4, the bounding event is a flammable gas deflagration in a waste 7 
transfer-associated structure.  See Section 3.3.2.4.4 for more detail on the evaluation of 8 
this accident, and RPP-15188 for the evaluation of the associated hazardous conditions. 9 
 10 

 Air Blow Accidents.  This accident involves a waste release from a contaminated 11 
hose-in-hose transfer line (HIHTL) primary hose assembly and connected waste transfer 12 
primary piping system that is pressurized by compressed air.  As described in 13 
Section 3.3.2.4.5, the bounding event is a small crack leak below the waste surface which 14 
is analyzed using the methodology for fine spray leaks.  This accident also involves waste 15 
releases from the waste transfer primary piping system and the piping encasement during 16 
pneumatic testing of the encasement.  See Section 3.3.2.4.5 for more detail on the 17 
evaluation of this accident, and RPP-15188 for the evaluation of the associated hazardous 18 
conditions. 19 
 20 

 External Events.  This accident involves external initiators (i.e., aircraft crash, vehicle 21 
accident, range fire, and rail accident) of tank farm accidents.  As described in 22 
Section 3.3.2.4.6, the bounding event is a crash of a general aviation aircraft directly onto 23 
a DST/SST.  See Section 3.3.2.4.6 for more detail on the evaluation of this accident, and 24 
RPP-15188 for the evaluation of the associated hazardous conditions.  Note that 25 
RPP-15188 has a specific section for hazardous conditions related to aircraft crashes.  26 
Other external event initiated hazardous conditions are located under the initiated 27 
representative accident in RPP-15188. 28 
 29 

 Natural Events.  Not a unique accident (and hence not truly a representative accident), 30 
natural events encompass natural phenomena events (e.g., seismic events, lightning, high 31 
winds) that serve as initiators of other representative accidents.  For example, a seismic 32 
event could initiate a waste transfer leak or a flammable gas deflagration.  See 33 
Section 3.3.2.4.7 for more description of natural events.  Hazardous conditions initiated 34 
by natural events are located under the initiated representative accident in RPP-15188.  35 
For example, a seismically-induced gas release event is located with the flammable gas 36 
hazardous conditions. 37 
 38 

The representative accidents listed below have consequences that are less than the guidelines for 39 
the onsite worker and do not pose significant facility worker hazards.  However, non-safety 40 
structures, systems, and components (SSC) and non-technical safety requirement (TSR) 41 
defense-in-depth features have been selected for these representative accidents. 42 
 43 

 Tank Failure Due to Excessive Loads.  This accident involves tank failures from a 44 
variety of causes.  It includes DST/SST dome failure caused by excessive concentrated 45 
loads or excessive uniform loads, excessive vacuum, load drops, or seismic events and 46 
failures of other tanks (i.e., double-contained receiver tanks [DCRT], catch tanks, 47 
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inactive miscellaneous underground storage tanks [IMUST], 244-AR Vault, 244-CR 1 
Vault) from excessive loads.  See RPP-15188 for the evaluation of the associated 2 
hazardous conditions.   3 
 4 
Dome loading requirements for DSTs, SSTs, and miscellaneous tanks (i.e., DCRTs, catch 5 
tanks, IMUSTs, 244-AR Vault, 244-CR Vault) are selected as a defense-in-depth feature 6 
for protection of the tanks against excessive concentrated loads (see Table 3.3.2.3.2-2 for 7 
more details). 8 
 9 

 Mixing of Incompatible Material.  This accident involves chemical reactions from 10 
mixing incompatible materials.  It includes inadvertent bulk acid additions to a DST/SST, 11 
chemical reactions from mixing incompatible wastes, and chemical reactions from other 12 
incompatible materials.  See RPP-15188 for the evaluation of the associated hazardous 13 
conditions. 14 
 15 
Requirements to verify paperwork to ensure that the correct chemical is being delivered 16 
are selected as a defense-in-depth feature to protect against inadvertent acid additions 17 
during bulk chemical additions to DSTs or 100-series SSTs (see Table 3.3.2.3.2-2 for 18 
more details). 19 
 20 

 Unplanned Excavation/Drilling.  This accident involves releases of contaminated soils 21 
(i.e., crib, ditch, pond, or an unplanned release site).  It includes Guzzler1 filtered vacuum 22 
truck excavations in contaminated soils, inadvertent backhoe excavation in contaminated 23 
soils, drilling into contaminated soils, and ruptures of underground pressurized lines in 24 
contaminated soils.  See RPP-15188 for the evaluation of the associated hazardous 25 
conditions. 26 
 27 
Environmental air permitting requirements are selected as a defense-in-depth feature to 28 
minimize releases during excavations in contaminated soils using the Guzzler filtered 29 
vacuum trucks.  The excavation permitting process (implemented per the excavation 30 
program) and the requirements for radiological posting of soil contamination areas are 31 
selected as defense-in-depth features against unplanned backhoe excavations in 32 
contaminated soils.  (See Table 3.3.2.3.2-2 for more details.) 33 
 34 

 Tank Bump.  This accident involves thermally induced upsets (non-fire, non explosive) 35 
in a DST/SST.  Included are tank bumps in high-heat DSTs, boiling waste in DSTs, and a 36 
steam bump in an SST liner gap.  See RPP-15188 for the evaluation of the associated 37 
hazardous conditions. 38 
 39 
A requirement to verify, prior to waste transfers, that one of the four tank bump criteria is 40 
met in the receiving DST is selected as a defense-in-depth feature against creating a DST 41 
where tank bump becomes a credible accident (see Table 3.3.2.3.2-2 for more details). 42 

 43 

                                                 
1 Guzzler is a registered trademark of GUZZLER Manufacturing, Inc., Streator, Illinois. 
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The representative accidents listed below have consequences that are less than the guidelines for 1 
the onsite worker, do not pose significant facility worker hazards, and have no associated  2 
non-safety SSC and non-TSR defense-in-depth features. 3 

 4 
 Aboveground Structure Failure.  This accident involves failures of aboveground 5 

(non-tank) structures.  It includes a drop of waste containing equipment, a load drop onto 6 
waste contaminated equipment, a spill from the surface and/or cavities of elevated 7 
equipment, a crane load drop onto a contaminated high-efficiency particulate air (HEPA) 8 
filter housing, a structure failure, and a release when decontaminating a waste transfer 9 
pump during removal from a waste tank.  See RPP-15188 for the evaluation of the 10 
associated hazardous conditions. 11 
 12 

 Transportation Related Waste Sample Handling Accidents.  This accident involves 13 
threats to waste sample shipping containers including fire, load drops, impacts, and 14 
flammable gas deflagrations.  See RPP-15188 for the evaluation of the associated 15 
hazardous conditions.  Note that this accident and associated hazardous conditions are 16 
limited to waste handling and movement activities incidental to transportation of waste 17 
samples not otherwise governed by DOE/RL-2001-36, Hanford Sitewide Transportation 18 
Safety Document. 19 
 20 

 Filtration Failures Leading To Unfiltered Releases.  This accident involves ventilation 21 
system failures.  It includes release of radioactive and other hazardous material from 22 
HEPA filter failure from various causes (e.g., high temperature, overpressure) that is 23 
followed by an unfiltered release through the failed filters (i.e., the ventilation system is 24 
assumed to continue to operate), unfiltered releases from the ventilated headspace where 25 
there is no release from the filters (e.g., HEPA filter is not installed), and unfiltered 26 
releases from passive or inactive ventilation systems.  Note that two additional hazardous 27 
conditions (evaporator dump and steam intrusion from interfacing systems), previously 28 
identified as representative accidents, are now encompassed within this accident.  See 29 
RPP-15188 for the evaluation of the associated hazardous conditions. 30 
 31 

 Organic Solvent Fire.  This accident involves various types of organic solvent fires.  It 32 
includes organic solvent pool fires and “wick stabilized” organic solvent fires in DSTs, 33 
SSTs, and DCRTs; and diesel fuel fires in DSTs, SSTs, DCRTs, and miscellaneous tanks 34 
(e.g., catch tanks, IMUSTs).  See RPP-15188 for the evaluation of the associated 35 
hazardous conditions. 36 
 37 

 Aboveground Tank Failure.  This accident involves various types of aboveground tank 38 
failures from various causes (e.g., seismic event, high winds, degradation).  It includes 39 
failure of the 242-T Evaporator vessel, ventilation system condensate seal pots or 40 
collection tanks, and the vacuum retrieval slurry tank or water separator.  See RPP-15188 41 
for the evaluation of the associated hazardous conditions. 42 
 43 

 Low-Level Radioactive, Hazardous, and Mixed Waste Accidents.  This accident 44 
involves various failures of low-level radioactive, hazardous, and mixed waste packages 45 
from various causes (e.g., fires, load drops).  Low-level radioactive, hazardous, and 46 
mixed waste from tank farm operations may be packaged in strong outside containers 47 
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(strong tight containers, i.e., wooden boxes), steel waste packages (steel boxes), or steel 1 
drums.  In addition, Type B Quantities may be stored in Type A boxes or the waste may 2 
be wrapped in flexible material packaging.  These containers may be present in the tank 3 
farms or at the 616 Facility where they are temporarily stored until shipped to an onsite or 4 
offsite facility.  See RPP-15188 for the evaluation of the associated hazardous conditions.  5 
(Note:  A flammable gas deflagration in a waste package is a significant facility worker 6 
hazard and is addressed in the Flammable Gas Accident.) 7 

 8 
Bounding Accidents (Design Basis) – The selection of bounding accidents for quantitative 9 
analysis of radiological consequences in Section 3.4.2 is primarily based on examination of the 10 
release characteristics (i.e., the energy level and amount and form of the material released) of the 11 
representative accidents.  The type of releases associated with the representative accidents are 12 
shown in Table 3.3.2.3.1-1 and are used in selecting the bounding accidents.  A bounding 13 
accident is selected for each type of release unless the release type has limited potential for 14 
offsite radiological consequences.  Selection of the bounding accidents is described below. 15 

 16 
Because of its high energy and the amount of material available for release, the flammable gas 17 
accident (specifically a detonation in a DST/SST) is selected as a bounding offsite accident.  It 18 
has the potential for higher offsite radiological consequences than other fire/explosion accidents 19 
(i.e., release from contaminated facility, transportation related waste sample handling accidents, 20 
filtration failures leading to unfiltered releases, organic solvent fire), high energy releases 21 
without an accompanying fire/explosion (i.e., tank bump), or more localized high energy 22 
accidents (i.e., nuclear criticality). 23 

 24 
Waste transfer leaks (specifically a fine spray when using a high head pump) is also selected as a 25 
bounding accident, because of the pressure of the high head pump, the amount of material 26 
available for release, and the efficiency of the fine crack as an aerosol producer.  It has the 27 
potential for higher offsite radiological consequences than other spill, leak, or aerosolized spray 28 
accidents (i.e., air blowout accidents, aboveground structure failure, and aboveground tank 29 
failure). 30 

 31 
Bounding accidents are not selected for the other accident types (i.e., mechanical impact, 32 
chemical reaction, and mechanical disturbance of contaminated soils) based on evaluations of the 33 
release mechanisms.  Quantitative analyses of mechanical impact events (i.e., dome collapse in a 34 
DST/SST), chemical reaction events (i.e., bulk acid addition to a DST/SST), and mechanical 35 
disturbance of contaminated soils (i.e., backhoe excavation) demonstrated that there was limited 36 
potential for offsite radiological consequences. 37 

 38 
Quantitative analysis of offsite radiological consequences for flammable gas accidents and waste 39 
transfer leaks are documented in Section 3.4.2.1 and Section 3.4.2.2, respectively.  The analysis 40 
of bounding accidents also includes external events (i.e., aircraft crash) in Section 3.4.2.3 and 41 
natural events in Section 3.4.2.4.   42 
 43 
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3.3.2.3.1.1 References. 1 
 2 
DOE/RL-2001-36, Hanford Sitewide Transportation Safety Document, as amended, 3 

U.S. Department of Energy, Richland Operations Office, Richland, Washington. 4 
 5 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 6 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 7 
Energy, Washington, D.C. 8 

 9 
RPP-15188, 2014, Hazard Evaluation Database Report, Rev. 10-O, Washington River 10 

Protection Solutions LLC, Richland, Washington. 11 
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Table 3.3.2.3.1-1.  Representative Accident Evaluation Sections. 

Representative accidents Type 
DSA section that addresses 

representative accident 

Flammable Gas Accidents Fire/explosion 3.3.2.4.1 

Nuclear Criticality Nuclear criticality (localized 
high energy event) 

3.3.2.4.2 

Waste Transfer Leak Spill, leak, aerosolized spray 3.3.2.4.3 

Release From Contaminated Facility Fire/explosion, mechanical 
impact 

3.3.2.4.4  

Air Blow Accidents Spill, leak, aerosolized spray 3.3.2.4.5 

External Events Aircraft crash (includes 
fire/explosion and mechanical 
impact) 

3.3.2.4.6 

Natural Eventsa Potential initiator of other 
representative accidents 
(e.g., flammable gas accidents, 
waste transfer leaks) 

3.3.2.4.7 

Tank Failure Due to Excessive Loads Mechanical impact 3.3.2.3.1 

Mixing of Incompatible Materials Chemical reaction 3.3.2.3.1 

Unplanned Excavation/Drilling Mechanical disturbance of 
contaminated soils 

3.3.2.3.1 

Tank Bump Thermally-induced release from 
tank (no fire or explosion) 

3.3.2.3.1 

Aboveground Structure Failure Spill, mechanical impact 3.3.2.3.1 

Transportation Related Waste Sample 
Handling Accidents 

Fire/explosion, mechanical 
impact 

3.3.2.3.1 

Filtration Failures Leading To Unfiltered 
Releases 

Fire, mechanical impact 3.3.2.3.1 

Organic Solvent Fire Fire 3.3.2.3.1 

Aboveground Tank Failure Spill 3.3.2.3.1 

Notes: 
aNot a unique accident (and hence not truly a representative accident), natural events are initiators of other 

representative accidents. 
 
DSA = documented safety analysis. 
 

 1 
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3.3.2.3.2  Defense-in-Depth.  This section summarizes the defense-in-depth features identified 1 
from the hazard and accident analyses of tank farm facilities and operations.  Defense-in-depth 2 
refers to a safety philosophy for hazard control.  It is based on building layers of defense against 3 
the uncontrolled release of radioactive and other hazardous material so that no one layer by itself, 4 
no matter how good, is completely relied upon for protection of the public, workers, and the 5 
environment.  This safety philosophy compensates for potential human and mechanical failures.  6 
In accordance with the graded approach, there is no requirement to demonstrate any generic, 7 
minimum number of layers of defense.  In general, more layers of defense are identified for 8 
higher risk accidents.  Defense-in-depth features include safety structures, systems, components 9 
(SSC), technical safety requirements (TSR), and other design and administrative features that 10 
provide multiple layers of defense to prevent or mitigate potential hazardous conditions and 11 
postulated accidents.  For tank farms, there are no safety-class SSCs (see accident analyses in 12 
Section 3.4.2). 13 
 14 
Table 3.3.2.3.2-1 identifies the safety-significant SSCs and TSRs derived from the qualitative 15 
analysis of representative accidents and associated hazardous conditions in Section 3.3.2.4.  16 
These safety-significant SSC and TSR controls are derived based on the control decision criteria 17 
and methodologies described in Sections 3.3.1.5, except for supporting safety SSCs and TSRs 18 
which are derived from Chapter 4.  Controls are identified for potential hazardous conditions that 19 
meet the applicable criteria (based on frequency and consequences) for the offsite public and 20 
onsite worker and/or that are estimated to have significant facility worker consequences (i.e., a 21 
prompt worker fatality or serious injuries or significant radiological or chemical exposures to 22 
workers).  The safety functions of the safety-significant SSCs and specific administrative 23 
controls (SAC) are defined in Section 3.3.2.4 with details of each safety-significant SSC and 24 
SAC provided in Chapter 4.0 (i.e., safety function, system (or SAC) description, functional 25 
requirements, system (or SAC) evaluation, and controls).  Other TSRs (i.e., Key Elements of 26 
Administrative Controls [AC]) are also derived and described in Section 3.3.2.4. 27 
 28 
As described in Section 3.3.2.4, greater defense-in-depth is provided in the selected 29 
safety-significant SSC and TSR controls for the higher risk accidents.  For example, the AC Key 30 
Element requiring that the waste transfer-associated structure covers are installed or doors are 31 
closed when the structure is physically connected to an active waste transfer pump not under 32 
administrative lock serves as an important contributor to defense-in-depth for fine spray leaks 33 
(see Section 3.3.2.4.3). 34 
 35 
Other tank farm design and administrative features that are not safety SSCs or TSRs provide 36 
additional defense-in-depth.  These non-safety SSCs and non-TSR administrative features are 37 
summarized in Table 3.3.2.3.2-2.  These other defense-in-depth features are identified based on 38 
the criteria and methodology described in Section 3.3.1.5 which includes a review of potential 39 
hazardous conditions that exceed the guidelines for the onsite worker (i.e., > 100 rem total 40 
effective dose [TED] and/or > Protective Action Criteria [PAC]-3) or are estimated to have 41 
significant facility worker consequences.  During the control selection process, defense-in-depth 42 
features are also identified for other potential hazardous conditions that do not exceed the 43 
guidelines for the onsite worker and do not have significant facility worker consequences, but 44 
warrant additional defense-in-depth. 45 
 46 
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In addition to the non-safety SSCs and non-TSR administrative features summarized in 1 
Table 3.3.2.3.2-2, the safety management programs described in Chapters 6.0 through 17.0 are 2 
applied throughout tank farms, and through normal implementation of the program, provide 3 
additional defense-in-depth for multiple hazards. 4 

 5 
Table 3.3.2.3.2-3 illustrates the safety SSCs, TSRs, and other defense-in-depth features for the 6 
potential hazardous conditions evaluated in Section 3.3.2.4.  As demonstrated in 7 
Table 3.3.2.3.2-3, the defense-in-depth features provided for the identified tank farm hazards are 8 
commensurate with the risk posed to the public, workers, and the environment, and acceptably 9 
prevent or mitigate uncontrolled releases of radioactive and other hazardous material. 10 
 11 
3.3.2.3.2.1 Implementation of Table 3.3.2.3.2-2 defense-in-depth features 12 
 13 
The non-safety SSCs and non-TSR administrative features listed in Table 3.3.2.3.2-2 are 14 
managed by the Tank Operations Contractor (TOC) through procedures, standards, and change 15 
control processes.  In addition, some of the non-safety SSCs and non-TSR administrative 16 
features are managed by safety management programs which are subject to external regulatory 17 
agencies (e.g., environmental management program).  The citation of a defense-in-depth feature 18 
in Table 3.3.2.3.2-2 is not intended to impose any additional requirements on the feature beyond 19 
those already imposed by the controlling safety management program or the applicable 20 
procedures, standards, and change control processes.  Because of the importance of these 21 
features, elimination of any defense-in-depth feature listed in Table 3.3.2.3.2-2 requires approval 22 
of the TOC Plant Review Committee.  Waiving of individual defense-in-depth features is 23 
allowed on a case-by-case basis with concurrence of the Production Operations Manager (or 24 
equivalent) or the single-shell tank (SST) Retrievals Manager (or equivalent). 25 
 26 
3.3.2.3.2.2 References. 27 
 28 
40 CFR 265, “Interim Status Standards for Owners and Operators of Hazardous Waste 29 

Treatment, Storage, and Disposal Facilities,” Subpart J, “Tank Systems,” Code of 30 
Federal Regulations, as amended. 31 

 32 
3-MISC-126, Tank Farms Weekly Check of Heater and Heat Trace, as amended, Washington 33 

River Protection Solutions LLC, Richland, Washington.  34 
 35 
3-MISC-363, Winterization/De-Winterization Tank Farms, as amended, Washington River 36 

Protection Solutions LLC, Richland, Washington. 37 
 38 
ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York, 39 

New York. 40 
 41 
ASME Boiler & Pressure Vessel Code, Section III, Rules for Construction of Nuclear Facility 42 

Components, American Society of Mechanical Engineers, New York, New York. 43 
 44 
DOE-0344, Hanford Site Excavating, Trenching and Shoring, as amended, U.S. Department of 45 

Energy, Richland Operations Office, Richland, Washington.46 
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HNF-IP-1266, Tank Farms Operations Administrative Controls, as amended, Washington River 1 
Protection Solutions LLC, Richland, Washington. 2 

 3 
MSC-PRO-51876, Use of the Regulated Guzzler® (Filter Vacuum Truck) Vacuum Excavation 4 

System for Radiologically Limited Activities, as amended, Mission Support Alliance, 5 
Richland, Washington. 6 

 7 
OSD-T-151-00007, Operating Specifications for the Double-Shell Storage Tanks, as amended, 8 

Washington River Protection Solutions LLC, Richland, Washington. 9 
  10 
OSD-T-151-00013, Operating Specifications for Single-Shell Storage Tanks, as amended, 11 

Washington River Protection Solutions LLC, Richland, Washington. 12 
 13 
RPP-16922, Environmental Specifications Requirements, as amended, Washington River 14 

Protection Solutions LLC, Richland, Washington. 15 
 16 
TF-AOP-011, Response to Chemical and/or Radiological Events, as amended, Washington River 17 

Protection Solutions LLC, Richland, Washington. 18 
 19 
TFC-BSM-CP_CPR-C-18, Material Receipt, Storage, Issuance, Return, and Excess Control, as 20 

amended, Washington River Protection Solutions LLC, Richland, Washington. 21 
 22 
TFC-BSM-FPM_PR-C-13, Winterization and Snow Removal Procedure for Tank Operations 23 

Contractor Facilities, as amended, Washington River Protection Solutions LLC, 24 
Richland, Washington. 25 

 26 
TFC-ENG-CHEM-D-21, Process Engineering Waste Surveillance Data Review, as amended, 27 

Washington River Protection Solutions LLC, Richland, Washington. 28 
 29 
TFC-ENG-DESIGN-C-60, Preparation of Piping Analyses for Waste Transfer Systems, as 30 

amended, Washington River Protection Solutions LLC, Richland, Washington. 31 
 32 
TFC-ENG-FACSUP-C-10, Control of Dome Loading, as amended, Washington River Protection 33 

Solutions LLC, Richland, Washington. 34 
 35 
TFC-ENG-FACSUP-C-27, Interfacing Water System Overpressure and Flow Transient 36 

Protection, as amended, Washington River Protection Solutions LLC, Richland, 37 
Washington.  38 

 39 
TFC-ENG-STD-02, Environmental/Seasonal Requirements for TOC Systems, Structures, and 40 

Components, as amended, Washington River Protection Solutions LLC, Richland, 41 
Washington. 42 

 43 
TFC-ENG-STD-21, Hose-In-Hose Transfer Lines, as amended, Washington River Protection 44 

Solutions LLC, Richland, Washington. 45 
 46 
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TFC-ENG-STD-22, Piping Jumpers and Valves, as amended, Washington River Protection 1 
Solutions LLC, Richland, Washington. 2 

 3 
TFC-ENG-STD-25, Transfer Pumps, as amended, Washington River Protection Solutions LLC, 4 

Richland, Washington. 5 
 6 
TFC-ENG-STD-26, Waste Transfer Dilution and Flushing Requirements, as amended, 7 

Washington River Protection Solutions LLC, Richland, Washington. 8 
 9 
TFC-ENG-STD-27, Above Ground Transfer System Vehicle Barriers, as amended, Washington 10 

River Protection Solutions LLC, Richland, Washington. 11 
 12 
TFC-ESHQ-FP-STD-01, Fire Marshal Permits, Combustible Controls, and 13 

Construction/Occupancy Requirements, as amended, Washington River Protection 14 
Solutions LLC, Richland, Washington. 15 

 16 
TFC-ESHQ-FP-STD-03, Flammable/Combustible Liquids, as amended, Washington River 17 

Protection Solutions LLC, Richland, Washington. 18 
 19 
TFC-ESHQ-RP_MON-C-18, Radiological Posting, as amended, Washington River Protection 20 

Solutions LLC, Richland, Washington. 21 
 22 
 TFC-ESHQ-S-STD-30, Implementation of DOE-0344, Excavating, Trenching, and Shoring, as 23 

amended, Washington River Protection Solutions LLC, Richland, Washington. 24 
  25 
TFC-OPS-MAINT-STD-02, Work Planning and Work Instruction Development, as amended, 26 

Washington River Protection Solutions LLC, Richland, Washington. 27 
 28 
TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm Facilities, as amended, 29 

Washington River Protection Solutions LLC, Richland, Washington. 30 
 31 
TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating Procedures 32 

(Including Water and Chemical Additions), as amended, Washington River Protection 33 
Solutions LLC, Richland, Washington. 34 

 35 
TFC-OPS-OPER-C-56, Response to Abnormal Environmental Condition or Event, as amended, 36 

Washington River Protection Solutions LLC, Richland, Washington. 37 
 38 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 39 

Protection Solutions LLC, Richland, Washington. 40 
 41 
TO-020-770, Operate the Regulated Guzzler Vacuum Excavation System, as amended, 42 

Washington River Protection Solutions LLC, Richland, Washington. 43 
 44 
TO-040-745, Perform Weatherization of Retrieval Buildings and Equipment, as amended, 45 

Washington River Protection Solutions LLC, Richland, Washington. 46 
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 1 
TO-080-075, Sample Transfer Truck Operation, as amended, Washington River Protection 2 

Solutions LLC, Richland, Washington. 3 
 4 
TO-080-090, Transfer the Onsite Transfer Cask, as amended, Washington River Protection 5 

Solutions LLC, Richland, Washington. 6 
 7 
TO-080-800, Prepare and Load Hedgehog II Waste Sample Containers & Steel PIGs, as 8 

amended, Washington River Protection Solutions LLC, Richland, Washington. 9 
 10 
TO-140-170, Pressure Testing of Pipe-In-Pipe Encasements, as amended, Washington River 11 

Protection Solutions LLC, Richland, Washington. 12 
 13 
  14 
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Table 3.3.2.3.2-1.  Summary of Safety Structures, Systems, and Components and 
Technical Safety Requirements for Representative Accidents.  (4 sheets) 

No. 
Representative 

accident 
Safety structures, systems, and 

components 
Technical safety requirementsa 

1. Flammable gas 
accidents (3.3.2.4.1) 

Facility Worker Protection 

SS: DST Primary Tank 
Ventilation Systems 

SS: Waste Transfer Primary 
Piping Systems 
(Configuration 
Management) 

SS: Low-Level Radioactive, 
Mixed, and TRU Waste 
Packaging Vents 

 

 

Facility Worker Protection  

LCO: DST Primary Tank Ventilation Systems 

SAC: DST Flammable Gas Monitoring 
Control 

SAC: SST Steady-State Flammable Gas 
Control 

SAC: DST Induced Gas Release Event 
Flammable Gas Controls 

LCO: DST Induced Gas Release Event 
Flammable Gas Control 

SAC: DST Annulus Flammable Gas Control 

SAC: DCRT Steady-State Flammable Gas 
Control 

SAC: Flammable Gas Controls for 
Inactive/Miscellaneous Tanks/Facilities 
and Waste-Intruding Equipment 

SAC: Low-Level Radioactive, Mixed, and 
TRU Waste Packaging Flammable Gas 
Controls 

 

Important Contributor to Defense-in-Depth 

AC: Ignition Controls 

 

Supporting ACs 

AC: DST and SST Time to Lower 
Flammability Limit  

AC: Ignition Controls 

AC: Waste Characteristics Controls 

 

AC: Emergency Preparedness 

2. Nuclear criticality 
(3.3.2.4.2) 

None required AC: Nuclear Criticality Safety 
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Table 3.3.2.3.2-1.  Summary of Safety Structures, Systems, and Components and 
Technical Safety Requirements for Representative Accidents.  (4 sheets) 

No. 
Representative 

accident 
Safety structures, systems, and 

components 
Technical safety requirementsa 

3. Waste transfer leak 
(3.3.2.4.3) 

Preventive SSCs 

SS: Waste Transfer Primary 
Piping Systems 

SS: HIHTL Primary Hose 
Assemblies 

 

Mitigative SSC   

SS: Isolation Valves for  
Double Valve Isolation  

  

Important Contributor to  
Defense-in-Depth 

SS: HIHTL Encasement Hose 
Assemblies 

  

Supporting Safety SSCs 

SS: 242-A Evaporator Slurry 
Line Vacuum Breaker 
PSV-CA1-4 

SS: Waste Transfer Freeze 
Protection Temperature 
Monitoring Systems 

SS: SST 241-C-105 Waste 
Transfer Freeze Protection 
ATMS 

SS: MARS-V WAT Waste 
High Temperature Control 
System 

Mitigative SAC    

SAC: Double Valve Isolation 

 

Supporting TSRs 

LCO: SST 241-C-105 Waste Transfer Freeze 
Protection ATMS 

LCO: MARS-V WAT Waste High 
Temperature Control System 

SAC: Waste Transfer System Overpressure 
and Flow Transient Protection 

SAC: Waste Transfer System Valve Closure 
Controls 

SAC: Waste Transfer System Freeze 
Protection 

SAC: Waste Transfer System Freeze 
Protection for SST 241-C-107 MARS 
Containment Box and Transition Shield 
Box 

SAC: SST 241-C-105 Waste Transfer System 
Freeze Protection Using ATMS 

 

Important Contributor to Defense-in-Depth 

AC: Waste Transfer-Associated Structure 
Cover Installation and Door Closure 

 

AC: Emergency Preparedness 
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Table 3.3.2.3.2-1.  Summary of Safety Structures, Systems, and Components and 
Technical Safety Requirements for Representative Accidents.  (4 sheets) 

No. 
Representative 

accident 
Safety structures, systems, and 

components 
Technical safety requirementsa 

4. Release from 
contaminated facility 
(3.3.2.4.4) 

 

 

Facility Worker Protection 

SS: Waste Transfer Primary 
Piping Systems 

SS: HIHTL Primary Hose 
Assemblies  

SS: Isolation Valves for 
Double Valve Isolation 

  

Supporting Safety SSCs 

SS: Extended Reach Sluicer 
System Hydraulic System 
Pressure Reducing 
Devices 

SS: 242-A Evaporator Slurry 
Line Vacuum Breaker 
PSV-CA1-4 

SS: Waste Transfer Freeze 
Protection Temperature 
Monitoring Systems 

SS: SST 241-C-105 Waste 
Transfer Freeze Protection 
ATMS 

SS: MARS-V WAT Waste 
High Temperature Control 
System 

Facility Worker Protection 

SAC: Double Valve Isolation 

  

Supporting TSRs 

LCO: SST 241-C-105 Waste Transfer Freeze 
Protection ATMS 

LCO: MARS-V WAT Waste High 
Temperature Control System 

SAC: Waste Transfer System Overpressure 
and Flow Transient Protection 

SAC: Waste Transfer System Valve Closure 
Controls 

SAC: Waste Transfer System Freeze 
Protection 

SAC: Waste Transfer System Freeze 
Protection for SST 241-C-107 MARS 
Containment Box and Transition Shield 
Box 

SAC: SST 241-C-105 Waste Transfer System 
Freeze Protection Using ATMS 

 

 

5. Air blow accidents 
(3.3.2.4.5) 

Preventive SSC  

SS: Waste Transfer Primary 
Piping Systems 

 

Mitigative SSC 

SS: Compressed Air System 
Pressure Relieving 
Devices 

None required 

6. External events 
(3.3.2.4.6) 

None required None required 

7. Natural events 
(3.3.2.4.7) 

None required AC: Emergency Preparedness 
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 T3.3.2.3.2-4  

Table 3.3.2.3.2-1.  Summary of Safety Structures, Systems, and Components and 
Technical Safety Requirements for Representative Accidents.  (4 sheets) 

No. 
Representative 

accident 
Safety structures, systems, and 

components 
Technical safety requirementsa 

Notes:  
aIn addition to the TSRs listed for each representative accident, AC: Safety Management Programs establishes 

the TOC commitment to establish, maintain, and implement the safety management programs as described in 
Chapters 7.0 through 17.0; AC: Waste Characteristics Controls protects the source term assumptions used in the 
accident analyses; and AC: Waste Leak Evaluation Program requires the identification and evaluation of potential 
waste leaks or releases from tank farm facilities and operations. 

 
 AC = administrative control.  
ATMS = automated temperature monitoring system. 
 DCRT = double-contained receiver tank. 
 DST = double-shell tank. 
 ERSS = extended reach sluicer system. 
HIHTL = hose-in-hose transfer line.  
MARS = mobile arm retrieval system. 

MARS-V = mobile arm retrieval system – vacuum (version). 
 SAC = specific administrative control. 
 SS = safety-significant. 
 SSC = structures, systems, and components. 
 SST = single-shell tank. 
 TRU = transuranic. 
 TSR = technical safety requirement. 
WAT = waste accumulator tank. 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features 
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

1.  Reserved for Future Use  
  
2.  Transfer Leak Detection/Alarm Response 
Owner: Operations 
SME: Environmental Management 
 
Transfer leak detection systems in conjunction with subsequent alarm response actions provide an additional layer of 
defense-in-depth against a flammable gas deflagration in a waste transfer-associated structure due to a waste leak, 
which is a significant facility worker hazard.  Leak detectors in physically connected waste transfer-associated 
structures provide a means for detecting waste leaks.  Alarm response actions (e.g., remove waste, provide 
ventilation) following receipt of the leak detection alarm reduce the potential for flammable gas accumulation to 
100% of the LFL.  Environmental criteria and requirements for transfer leak detection systems are found in  
40 CFR 265.193, “Containment and detection of releases.”  Interpretation and agreements for implementation are 
documented in RPP-16922, Environmental Specifications Requirements.  Requirements for transfer leak detection 
systems are documented in TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating 
Procedures (Including Water and Chemical Additions), and in the applicable waste retrieval and transfer operating 
procedure(s) and functional test procedures.  Responses to potential flammable gas hazards after the waste leak is 
detected are documented in TF-AOP-011, Response to Chemical and/or Radiological Events. 
 
Note: Per Section 3.3.2.4.3.4.3, this defense-in-depth feature is not required during maintenance activities to 
 check waste transfer pump rotation direction and to bump waste transfer pumps. 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

3.  Material Balance Monitoring   
Owner: Operations 
SME: Engineering 
 
Material balance monitoring represents an additional layer of defense-in-depth against flammable gas deflagrations 
caused by misroutes to waste transfer-associated structures (or other facilities) and flammable gas deflagrations in a 
DST annulus caused by misroutes or overfilling DST 241-AY-101, 241-AY-102, 241-AZ-101, or 241-AZ-102, 
which are significant facility worker hazards.  Material balance monitoring also provides an additional layer of 
defense-in-depth to protect facility workers from significant direct radiation exposure due to waste leaks from 
buried/bermed transfer lines into the soil that remain subsurface.  Material balance monitoring provides the ability to 
detect larger volume misroutes (i.e., hundreds to thousands of gallons) into waste transfer-associated structures (or 
other facilities) or a DST annulus, which could pose a flammable gas hazard, or large subsurface waste leaks that 
remain subsurface, which could pose a direct radiation exposure hazard.  Following the start of the waste transfer, 
there is an initial verification that the liquid level in the sending tank is decreasing and the liquid level in the 
receiving tank is increasing.  This verification is done as soon as practical after starting the waste transfer pump (to 
provide early indication of a misroute or leak), and the specific times for these verifications are documented in the 
applicable waste retrieval and transfer operating procedure.  Requirements for material balance monitoring are 
documented in HNF-IP-1266, Tank Farms Operations Administrative Controls, and in the applicable retrieval and 
waste transfer operating procedure. 
 
Note: Per Section 3.3.2.4.3.4.3, this defense-in-depth feature is not required during maintenance activities to 
 check waste transfer pump rotation direction and to bump waste transfer pumps. 
4.  Design of Waste Transfer Pump Shaft Sealing Systems 
Owner: Engineering 
SME: Engineering 
 
The design of sealing systems for waste transfer pump shafts (i.e., slingers [on most pumps], seals, and seal cavity 
drains) extending into pump pits provide an additional layer of defense-in-depth against a flammable gas 
deflagration in a waste transfer-associated structure due to a waste leak, which is a significant facility worker hazard.  
Where DST waste transfer pumps have motors installed in a pit with the shaft running down to the pump through the 
pump discharge piping, the waste provides lubrication to the shaft bearings and bushing.  Leakage up the shaft into 
the waste transfer-associated structure could eventually pose a flammable gas hazard.  Per TFC-ENG-STD-25, 
Transfer Pumps, sealing systems for transfer pump shafts extending into transfer pump pits shall be designed to 
preclude leakage into the pump pit. 
5.  Vehicle Barriers or Vehicle Restrictions 
Owner: Operations 
SME: Engineering 
 
Aboveground transfer system vehicle barriers or vehicle restrictions (i.e., vehicle access prohibitions to the tank 
farm) provide an additional layer of defense-in-depth against vehicle collisions with abovegrade portions of HIHTLs 
and waste transfer primary piping systems in abovegrade structures.  These collisions could result in a fine spray 
leak, a significant facility worker hazard from chemical burns caused by exposure to waste, a flammable gas 
deflagration in a waste transfer-associated structure (or other facilities) due to a waste leak, which is a significant 
facility worker hazard, or a waste transfer misroute that could result in the same three hazards.  Requirements for 
vehicle barriers or vehicle restrictions are described in the procedure governing vehicle access to tank farms 
TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm Facilities, with performance criteria and 
requirements for vehicle barriers provided in TFC-ENG-STD-27, Above Ground Transfer System Vehicle Barriers.
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

6.  Spotters 
Owner: Operations 
SME: Operations 
 
Use of spotters during vehicle movement in tank farms provides an additional layer of defense-in-depth against 
vehicle collisions with abovegrade portions of HIHTLs, waste transfer primary piping systems in abovegrade 
structures, the ERSS hydraulic system pressure reducing devices, the compressed air system pressure relieving 
devices, and the waste transfer freeze protection temperature monitoring systems; or against inadvertent vehicle 
operation on top of waste transfer-associated structure covers that could cause cover failure and damage to  
safety-significant SSCs located in the structure.  These accidents could result in a fine spray leak, a significant 
facility worker hazard from chemical burns caused by exposure to waste, or a flammable gas deflagration in a waste 
transfer-associated structure due to a waste leak, which is a significant facility worker hazard.  Use of spotters 
during vehicle movement in tank farms also provides an additional layer of defense-in-depth against vehicle 
collisions with compressed air system pressure relieving devices installed in a compressed air manifold between a 
portable compressed air system used to blow out residual liquid from HIHTL primary hose assemblies and the 
HIHTL system.  This accident could result in a fine spray leak of the waste from the HIHTL primary hose assembly 
and connected waste transfer primary piping system that is being blown out.  Requirements for spotters are 
described in the procedure governing vehicle access to tank farms TFC-OPS-OPER-C-10. 
7.  Excavation Program 
Owner: Operations 
SME: Industrial Safety 
 
Implementation of the excavation program provides an additional layer of defense-in-depth against damage to 
buried or bermed waste transfer lines during excavations.  Damage from excavation equipment could result in a fine 
spray leak or a significant facility worker hazard from chemical burns caused by exposure to waste.  Requirements 
for excavations are detailed in TFC-ESHQ-S-STD-30, Implementation of DOE-0344, Excavating, Trenching, and 
Shoring, which implements DOE-0344, Hanford Site Excavating, Trenching and Shoring. 
 
The excavation program also provides defense-in-depth against unplanned backhoe excavations in contaminated 
soils by ensuring that the excavation is performed in the intended area via the excavation permitting process.  
Although safety SSCs or TSR controls are not required for this hazard, measures to avoid inadvertent excavations in 
contaminated soil are warranted.  Requirements for excavation permitting are documented in 
TFC-ESHQ-S-STD-30, which implements DOE-0344.  

8.  Pre-Transfer Excavation Walkdown 
Owner: Operations 
SME: Engineering 
 
Performing pre-transfer excavation walkdowns provides an additional layer of defense-in-depth against damage to 
buried or bermed waste transfer lines during excavations.  Damage from excavation equipment could result in a fine 
spray leak or a significant facility worker hazard from chemical burns caused by exposure to waste.  Requirements 
for visual inspection of transfer route to determine if there are excavations within five feet of the transfer route, and 
subsequent actions to take if such excavations are identified, are documented within TFC-OPS-OPER-C-49 and the 
applicable waste retrieval and transfer operating procedure.  
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

9.  Pre-Transfer Verification of Valve Lineup  
Owner: Operations 
SME: Engineering 
 
Performing a pre-transfer in-field verification of valve lineups provides an additional layer of defense-in-depth 
against deadheading of the waste transfer pump caused by other operational activities.  The pre-transfer in-field 
verification of valve lineups ensures that the transfer route has an open flow path to avoid deadheading.   
 
Basis:  Deadheading of the waste transfer pump maximizes the pressure of fine spray leaks which increases the 
consequences, and also may challenge components within the waste transfer pump (e.g., seals, bushings) and 
provide a leak path to the waste transfer-associated structure.  Such leaks eventually could result in flammable gas 
deflagrations, which are a significant facility worker hazard.  Avoiding deadheading of the waste transfer pumps 
also reduces the process pressure that safety-significant waste transfer primary piping systems, HIHTL systems, and 
isolation valves for double valve isolation are exposed to, thus providing defense-in-depth to the design pressure and 
any overpressure protection that is being provided.   
 
Requirements for a pre-transfer in-field verification of valve lineups are documented within TFC-OPS-OPER-C-49.  
The in-field verification shall be documented within the applicable waste retrieval and transfer operating procedure. 

10.  Reserved for Future Use 
 
11.  Design/Procedures for Draining Transfer Systems 
Owner: Operations 
SME: Engineering 
 
The design of most waste transfer primary piping systems (continuous sloping to support gravity drainage), and 
provisions in waste retrieval and transfer operating procedures and work orders to allow time for the primary lines to 
drain after the transfer (and flush) is complete, provide an additional layer of defense-in-depth against damage to 
waste transfer primary piping systems, or isolation valves for double valve isolation, from flammable gas 
deflagrations in the piping as a result of flammable gases generated by residual waste.  Damage to the waste transfer 
system primary piping systems and isolation valves for double valve isolation could subsequently result in a fine 
spray leak, a significant facility worker hazard from chemical burns caused by exposure to waste, a flammable gas 
deflagration in a waste transfer-associated structure (or other facilities) due to a waste leak, which is a significant 
facility worker hazard, or a waste transfer misroute that could result in the same three hazards.  The defense-in-depth 
feature for draining after the transfer (and flush) is complete is documented in TFC-OPS-OPER-C-49 and 
implemented in the applicable waste retrieval and transfer operating procedure and/or work order. 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

12.  Winterization/Freeze Protection 
Owner: Operations  
SME: Engineering 
  
Implementation of winterization/freeze protection provides an additional layer of defense-in-depth against damage 
to waste transfer primary piping systems and isolation valves for double valve isolation vulnerable to freezing (i.e., 
waste transfer primary piping systems and isolation valves for double valve isolation in waste transfer-associated 
structures and buried/bermed waste transfer primary piping).  Damage from freezing could subsequently result in a 
fine spray leak, a significant facility worker hazard from chemical burns caused by exposure to waste, a flammable 
gas deflagration in a waste transfer-associated structure (or other facility) due to a waste leak, which is a significant 
facility worker hazard, or a waste transfer misroute that could result in the same three hazards.  As part of 
winterization/freeze protection, evaluations are made to determine which waste transfer primary piping systems and 
isolation valves for double valve isolation require freeze protection.  Based on the results of these evaluations, the 
appropriate measures (e.g., heat tracing on piping, thermal blankets on waste transfer-associated structure cover 
blocks, heaters in waste transfer-associated structures) are implemented to protect vulnerable safety SSCs from 
freezing, and requirements are also established for the activation and deactivation of this protective equipment.  In 
addition, evaluations may be made to determine if waste transfer primary piping systems and isolation valves for 
double valve isolation that were unprotected from freezing are suitable for use in subsequent waste transfers.  
Requirements for winterization/freeze protection are documented in TFC-ENG-STD-02, Environmental/Seasonal 
Requirements for TOC Systems, Structures, and Components, TFC-ENG-STD-21, Hose-In-Hose Transfer Lines, 
TFC-ENG-STD-22, Piping Jumpers and Valves, TFC-BSM-FPM_PR-C-13, Winterization and Snow Removal 
Procedure for Tank Operations Contractor Facilities, and TO-040-745, Perform Weatherization of Retrieval 
Buildings and Equipment; and Tank Farm Maintenance Procedures 3-MISC-126, Tank Farms Weekly Check of 
Heater and Heat Trace, and 3-MISC-363, Winterization/De-Winterization Tank Farms.
13.  Reserved for Future Use 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features 
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

14.  Waste Transfer Line Encasements 
Owner: Operations 
SME: Environmental Management 
 
Waste transfer line encasements provide an additional layer of defense-in-depth against primary pipe leaks (from 
any cause) that could result in a fine spray leak or a significant facility worker hazard from chemical burns caused 
by exposure to waste if the transfer line is unburied or exposed.  Waste transfer line encasements also provide an 
additional layer of defense-in-depth against buried/bermed primary pipe leaks into the soil that remain subsurface 
and could result in a significant facility worker hazard from direct radiation exposure.  Per environmental 
requirements (RCRA), piping systems used for waste transfers must have a secondary containment.  Thus, sections 
of piping used for waste transfers that are not located within waste transfer-associated structures must have an 
encasement which provides a barrier to waste leaks from primary piping.  Requirements for piping encasements 
(including variances and emergency exceptions) are documented in 40 CFR 265.193.  Interpretations and 
agreements for implementation are documented in RPP-16922.  
15.  Fire Protection Requirements (Vehicle Access, Fuel Handling within Tank Farms, Fire Marshal 
Permitting) 
Owner: Operations 
SME: Fire Protection 
 
Fire protection requirements for vehicle access to tank farms and fuel handling activities within tank farms, and the 
fire marshal permitting process, provide an additional layer of defense-in-depth against gasoline (or liquefied 
petroleum gas) deflagrations in DSTs, SSTs, DCRTs, catch tanks, IMUSTs, 244-AR Vault tanks, and 244-CR Vault 
tanks.  These deflagrations could present a significant facility worker hazard.  Per fire protection requirements and 
vehicle access requirements, vehicle fuel systems are protected from leaks caused by collisions with tank structures 
within tank farms and physical barriers are required to restrict vehicle access in the vicinity of aboveground waste 
tank structures outside of tank farms.  Such leaks could enter waste tanks and potentially result in a flammable gas 
deflagration.  Fuel transport, storage, and transfer (including refueling of equipment) are also controlled within tank 
farm boundaries.  Spills or leaks during fuel transport, storage, or transfer could also enter waste tanks and 
potentially result in a flammable gas deflagration.  The fire marshal permitting process provides another layer of 
control on potential initiators of flammable gas deflagrations that could spill or leak into waste tanks (i.e., liquefied 
petroleum gases).  Requirements for vehicle fuel systems, vehicle access, and physical barriers to restrict vehicle 
access in the vicinity of aboveground waste tank structures outside of tank farms are documented in 
TFC-ESHQ-FP-STD-03, Flammable/Combustible Liquids, and TFC-OPS-OPER-C-10.  Requirements for fuel 
transport, storage, and transfer (including refueling of equipment) within tank farms are documented in 
TFC-ESHQ-FP-STD-03.  Requirements for fire marshal permitting are documented in TFC-ESHQ-FP-STD-01, 
Fire Marshal Permits, Combustible Controls, and Construction/Occupancy Requirements. 
 
In addition, fire protection requirements for vehicle access to tank farms, fuel handling activities within tank farms, 
and the fire marshal permitting process provide an additional layer of defense-in-depth against fires that could 
damage safety-significant SSCs (i.e., waste transfer primary piping systems, HIHTL systems, isolation valves for 
double valve isolation, and pressure relieving devices).  Leaks of fuel could cause a fire that engulfs an HIHTL 
system or the leaked fuel could enter a waste transfer-associated structure and result in a fire that damages the 
safety-significant SSCs located within.  Damage from the fire could subsequently result in a fine spray leak, a 
significant facility worker hazard from chemical burns caused by exposure to waste, a flammable gas deflagration in 
a waste transfer-associated structure (or other facility) due to a waste leak, which is a significant facility worker 
hazard, or a waste transfer misroute that could result in the same three hazards. 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

16.  Flammable Gas Concentration Requirements for Waste Sample Containers 
Owner: Operations 
SME: Waste Management 
 
Flammable gas concentration requirements for waste sample containers (i.e., Sample Pig Transport System, onsite 
transfer casks (OTC), and Hedgehog II Packaging System) provide defense-in-depth against flammable gas 
deflagrations in these containers.  Although safety SSCs or TSR controls are not required for this hazard, a 
defense-in-depth feature to protect against the hazard is warranted.  Per the flammable gas concentration 
requirements, time restrictions are applied which maintain the flammable concentration below 5% hydrogen by 
volume.  These time restrictions are documented in TO-080-075, Sample Transfer Truck Operation, TO-080-090, 
Transfer the Onsite Transfer Cask, and TO-080-800, Prepare and Load Hedgehog II Waste Sample Containers & 
Steel PIGs.   
17.  Dome Loading  
Owner: Operations 
SME: Engineering 
 
Dome loading requirements provide defense-in-depth against dome collapse of DSTs and SSTs (100 and 200-series 
tanks).  Although safety SSCs or TSR controls are not required for this hazard, protection of the tanks against 
excessive concentrated loads is warranted.  Per the dome loading requirements, concentrated loads are managed 
(with discrete limits and requirements on concentrated load limits and vehicular access controls) to maintain the 
structural integrity of the domes of the DSTs and SSTs.  Dome loading requirements for DSTs and SSTs are 
documented in OSD-T-151-00007, Operating Specifications for the Double-Shell Storage Tanks, and 
OSD-T-151-00013, Operating Specifications for Single-Shell Storage Tanks, TFC-ENG-FACSUP-C-10, Control of 
Dome Loading, and TFC-OPS-OPER-C-10.   
 
Dome loading requirements also provide defense-in-depth against dome collapse of miscellaneous tanks 
(i.e., DCRTs, catch tanks, IMUSTs, 244-AR Vault, 244-CR Vault).  Dome loading requirements for miscellaneous 
tanks are documented in TFC-ENG-FACSUP-C-10. 
18.  Verification of Paperwork Prior to Bulk Chemical Additions 
Owner: Quality Assurance 
SME: Engineering 
 
Requirements to verify paperwork to ensure that correct chemical is being delivered provide defense-in-depth 
against inadvertent acid additions during bulk chemical additions to DSTs or 100-series SSTs.  Although safety 
SSCs or TSR controls are not required for this hazard, protection against acid additions which could cause tank 
pressurization and gas releases is warranted.  The Purchase Requisition for the bulk chemical will specify the 
acceptable range for chemical concentration, pH, and specific gravity, as a minimum, and require vendor analysis of 
sample(s) from each shipment to verify conformance.  The bulk chemical vendor is required to sample and analyze 
each truck load of chemical shipped to the TOC and provide the results in a Certificate of Analysis/Certificate of 
Conformance accompanying each shipment.  Quality Control will ensure the shipment meets the Purchase 
Requisition/Material Request requirements and QC Clause, and release the shipment for use by the TOC.  
Requirements for paperwork verification are documented in TFC-BSM-CP_CPR-C-18, Material Receipt, Storage, 
Issuance, Return, and Excess Control. 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features 
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

19.  End-State Analysis for Tank Bump in DSTs 
Owner: Operations 
SME: Engineering 
 
The requirement to verify, prior to waste transfers, that one of the five tank bump criteria is met in the receiving 
DST provides defense-in-depth against creating a DST where tank bump could occur.  Although safety SSCs or 
TSR controls are not required for this hazard, protection against creating tank conditions where tank bump becomes 
credible is warranted.  The four tank bump criteria applicable to all DSTs are:  1) total tank heat load is  
< 58,000 Btu/h, 2) non-convective layer height is < 12 in., 3) supernatant depth is < 39 in., and 4) the  
non-condensable gas generation rate at saturation in the non-convective layer is sufficiently low, such that the ratio 
of vertical void fraction profile to the neutral buoyant void fraction is < 1.0.  The fifth tank bump criterion is only 
applicable to DST 241-AN-106 and requires that the supernatant temperature be < 194 °F.  If none of these criteria 
are met, then the waste transfer/addition into the receiving tank is prohibited until controls (non-safety SSC or  
non-TSR) to address tank bumps are established.  Requirements to verify that one of the five tank bump criteria is 
met in the receiving DST, prior to waste transfers, are documented in OSD-T-151-00007. 
20.  Radiological Postings 
Owner: Radiological Control 
SME: Radiological Control 
 
The requirements for radiological posting of soil contamination areas provides defense-in-depth against unplanned 
backhoe excavations in contaminated soils.  Although safety SSCs or TSR controls are not required for this hazard, 
measures to avoid inadvertent backhoe excavations in contaminated soil are warranted.  Requirements for 
radiological posting of soil contamination areas are documented in TFC-ESHQ-RP_MON-C-18, Radiological 
Posting. 
21.  Flushing of Waste Transfer Lines 
Owner: Operations  
SME: Engineering 
 
The requirements for flushing of waste transfer lines provides additional defense-in-depth against air blow accidents, 
which could result in a fine spray leak of the waste from the HIHTL primary hose assembly and connected waste 
transfer primary piping system that is being blown out.  Flushing the HIHTL primary hose assembly and connected 
waste transfer primary piping system reduces the amount and/or concentration of the residual waste.  Requirements 
for flushing are documented in TFC-ENG-STD-26, Waste Transfer Dilution and Flushing Requirements.   
 
The requirements for flushing of waste transfer lines also provides defense-in-depth against flammable gas 
deflagrations within HIHTL primary hose assemblies and waste transfer primary piping systems as a result of 
flammable gases generated by residual waste.  Damage to the waste transfer primary piping systems, HIHTL 
systems, and isolation valves for double valve isolation could subsequently result in a fine spray leak, a significant 
facility worker hazard from chemical burns caused by exposure to waste, a flammable gas deflagration in a waste 
transfer-associated structure (or other facility) due to a waste leak, which is a significant facility worker hazard, or a 
waste transfer misroute that could result in the same three hazards.  This flushing reduces the amount and/or 
concentration of the residual waste thereby reducing the potential for flammable gas accumulation.  Requirements 
for flushing waste transfer lines are documented in TFC-ENG-STD-26. 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features 
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

22.  Reserved for Future Use  
 
23.  Interfacing Water System Overpressure and Flow Transient Protection 
Owner: Operations 
SME: Engineering 
 
Implementation of interfacing water system overpressure and flow transient protection provides an additional layer 
of defense-in-depth against damage to safety-significant waste transfer primary piping systems, HIHTL systems, and 
isolation valves for double valve isolation from overpressure and flow transients (water hammers) from interfacing 
water systems during flushing, leak testing, etc.  Damage to these safety-significant SSCs from overpressure and 
flow transients could subsequently result in a fine spray leak, a significant facility worker hazard from chemical 
burns caused by exposure to waste, a flammable gas deflagration in a waste transfer-associated structure due to a 
waste leak, which is a significant facility worker hazard, or a waste transfer misroute that could result in the same 
three hazards.  Documented evaluations are required to demonstrate that safety-significant waste transfer primary 
piping systems, HIHTL primary hose assemblies, and isolation valves for double valve isolation are within ASME 
code allowances relative to overpressure and flow transients during flushing, leak testing, etc.  The evaluations 
address the waste transfer primary piping systems, HIHTL primary hose assemblies, and isolation valves for double 
valve isolation that are on the planned route.  The planned route includes the waste transfer primary piping systems, 
HIHTL primary hose assemblies, and isolation valves for double valve isolation that are pressurized by the 
interfacing water system up to the first closed isolation valve.  The isolation valve is not required to be safety 
significant with respect to through valve leakage.  Interfacing water systems include the 242-A Evaporator vessel 
when the vessel contains water, antifoaming agent, process condensate, inhibited water (e.g., water treated with 
hydroxide and/or nitrite used for corrosion control), etc.  The evaluation identifies any engineered or administrative 
features that are required to limit pressure and flow transients within code allowances (e.g., pressure relieving 
devices, valve actuator minimum closure times, vacuum breakers, valve closure restrictions/requirements).  
Requirements for interfacing water system overpressure and flow transient protection are documented in  
TFC-ENG-FACSUP-C-27, Interfacing Water System Overpressure and Flow Transient Protection. 
24.  Encasement Leak Detection and Waste Removal 
Owner: Operations 
SME: Environmental Management 
 
Encasement leak detection and waste removal provides defense-in-depth against an air blow accident during 
pneumatic testing of waste transfer primary piping system encasements.  Although safety SSCs or TSR controls are 
not required for this hazard, 40 CFR 265.193 requires (1) detection of a waste leak from waste transfer primary 
piping into the encasement within 24 hr and (2) removal of any waste that leaks into the encasement.  These 
environmental requirements ensure that the material at risk in waste transfer primary piping system encasements is 
limited to residual contamination.  These environmental requirements are documented in TFC-OPS-OPER-C-56, 
Response to Abnormal Environmental Condition or Event.  
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features 
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

25.   Compressed Air System Overpressure Protection 
Owner: Operations 
SME: Engineering 
 
Compressed air system overpressure protection provides defense-in-depth against exceeding the design pressure of 
safety-significant HIHTL systems, waste transfer primary piping systems, and isolation valves for double valve 
isolation due to overpressure from compressed air systems connected to tank farm waste transfer systems for 
compressed air blowout of HIHTL primary hose assemblies and pneumatic testing of HIHTL and/or waste transfer 
primary piping system connections in tank farms.  (Note:  Pneumatic testing is only allowed if the HIHTL and waste 
transfer primary piping systems have never been used and are not connected to HIHTL or waste transfer primary 
piping systems that have been used.)  Compressed air system overpressure protection also provides defense-in-depth 
against exceeding the external allowable pressure of safety-significant waste transfer primary piping systems due to 
overpressure from compressed air systems connected to tank farm waste transfer systems for pneumatic testing of 
waste transfer primary piping system encasements.  Damage to these safety-significant SSCs from overpressure 
could subsequently result in a fine spray leak, a significant facility worker hazard from chemical burns caused by 
exposure to waste, a flammable gas deflagration in a waste transfer-associated structure due to a waste leak, which is 
a significant facility worker hazard, or a waste transfer misroute that could result in the same three hazards.  ASME 
code-compliant pressure relieving devices are required to limit the pneumatic pressure in HIHTL primary hose 
assemblies, HIHTL encasement hose assemblies, waste transfer primary piping systems, and isolation valves for 
double valve isolation below their design pressures during compressed air blowout of HIHTL primary hose 
assemblies and pneumatic testing of HIHTL and/or waste transfer primary piping system connections.  ASME  
code-compliant pressure relieving devices are required to limit the pneumatic pressure in the waste transfer primary 
piping system encasement below the external allowable pressure of the primary piping within the encasement during 
pneumatic testing of waste transfer primary piping system encasements.  This defense-in-depth feature is not 
applicable to work being performed on equipment that (1) has not been accepted for operation by the TOC and (2) is 
not being performed under the TOC quality assurance program.  Requirements for overpressure protection during 
compressed air blowout of HIHTL primary hose assemblies and pneumatic testing of HIHTL and/or waste transfer 
primary piping system connections in tank farms are documented in TFC-ENG-STD-21 and TFC-ENG-STD-22.  
Requirements for encasement pneumatic testing overpressure protection are documented in TO-140-170, Pressure 
Testing of Pipe-In-Pipe Encasements.  
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

26.  Guzzler1 Air Permitting Requirements 
Owner: Operations 
SME: Environmental Management 
  
Environmental air permitting requirements for the Guzzler filtered vacuum truck provide defense-in-depth against 
releases of contaminated soil during Guzzler excavations.  Although safety SSCs or TSR controls are not required 
for this hazard, environmental air permitting requirements require that the Guzzler filtered vacuum truck have 
multiple layers of separation/filtration equipment installed to prevent a release of contamination into the air (i.e., a 
collection tank and radial diversion plate separator, cyclone separators, a micro-strainer, filter bag houses, and 
high-efficiency particulate air [HEPA] filters).  In addition, environmental air permitting requirements require that 
field surveys be performed every vertical and linear foot of excavation, and that excavation be stopped if specified 
direct contamination readings are exceeded.  These environmental air permitting requirements ensure that the 
amount of contaminated soil that could be released to the atmosphere during Guzzler filtered vacuum truck 
operation is minimal.  These environmental air permitting requirements are documented in MSC-PRO-51876, Use 
of the Regulated Guzzler® (Filter Vacuum Truck) Vacuum Excavation System for Radiologically Limited Activities, 
and TO-020-770, Operate the Regulated Guzzler Vacuum Excavation System. 
 
 
1 Guzzler is a registered trademark of GUZZLER Manufacturing, Inc., Streator, Illinois. 
27.  Interfacing Water System High Temperature Protection 
Owner: Operations 
SME: Engineering 
 
Interfacing water system high temperature protection provides an additional layer of defense-in-depth against 
damage to safety-significant waste transfer primary piping systems, HIHTL systems, and isolation valves for double 
valve isolation due to high temperatures from water systems connected to tank farm waste transfer systems for 
flushing, leak testing, etc.  Damage to these safety-significant SSCs from high temperature could subsequently result 
in a fine spray leak, a significant facility worker hazard from chemical burns caused by exposure to waste, a 
flammable gas deflagration in a waste transfer-associated structure due to a waste leak, which is a significant facility 
worker hazard, or a waste transfer misroute that could result in the same three hazards.  The interfacing water system 
temperature is required to be ≤ 180 °F, which protects the design temperature of safety-significant waste transfer 
primary piping systems, HIHTL systems, and isolation valves for double valve isolation.  This defense-in-depth 
feature is not applicable to work being performed on equipment that (1) has not been accepted for operation by the 
TOC and (2) is not being performed under the TOC quality assurance program.  Requirements for interfacing water 
system high temperature protection are documented in TFC-ENG-STD-26, TFC-OPS-OPER-C-49, and 
TFC-OPS-MAINT-STD-02, Work Planning and Work Instruction Development. 
 1 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

28.  Compressed Air System High Temperature Protection 
Owner: Operations 
SME: Engineering 
 
Compressed air system high temperature protection provides an additional layer of defense-in-depth against damage 
to safety-significant waste transfer primary piping systems, HIHTL systems, and isolation valves for double valve 
isolation due to high temperatures from compressed air systems connected to tank farm waste transfer systems for 
pneumatic testing of waste transfer primary piping system encasements, compressed air blowout of HIHTL primary 
hose assemblies, and pneumatic testing of HIHTL and/or waste transfer primary piping system connections.  
Damage to these safety-significant SSCs from high temperature could subsequently result in a fine spray leak, a 
significant facility worker hazard from chemical burns caused by exposure to waste, a flammable gas deflagration in 
a waste transfer-associated structure due to a waste leak, which is a significant facility worker hazard, or a waste 
transfer misroute that could result in the same three hazards.  Temperature monitoring of the compressed air system 
discharge is required to verify that the temperature is ≤ 180 °F, which protects the design temperature of 
safety-significant waste transfer primary piping systems, HIHTL systems, and isolation valves for double valve 
isolation.  Temperature monitoring instrumentation is required to be calibrated in accordance with the requirements 
of TFC-PLN-02, Quality Assurance Program Description.  This defense-in-depth feature is not applicable to work 
being performed on equipment that (1) has not been accepted for operation by the TOC and (2) is not being 
performed under the TOC quality assurance program.  Requirements for compressed air system high temperature 
protection are documented in TO-140-170 for pneumatic testing of waste transfer primary piping system 
encasements and TFC-OPS-MAINT-STD-02 for compressed air blowout of HIHTL primary hose assemblies and 
pneumatic testing of HIHTL and/or waste transfer primary piping system connections. 
29.  Waste Transfer System Overpressure and Flow Transient Defense-in-Depth Features 
Owner: Operations 
SME: Engineering 
 
Waste transfer system overpressure and flow transient defense-in-depth features provides an additional layer of 
protection against damage to safety-significant waste transfer primary piping systems, HIHTL systems, and isolation 
valves for double valve isolation from overpressure and flow transients (water hammer) during waste transfers that 
exceed code allowances.a  Defense-in-depth engineered and administrative features (e.g., pressure relieving devices, 
valve actuator minimum closure times, valve stops, vacuum breakers, valve closure restrictions/requirements) are 
identified when they are credited in demonstrating that ASME B31.3 allowances are not exceeded, and the features 
are not safety-significant SSCs or specific administrative controls (SAC).  (Note:  Engineered features are not 
required to be identified as defense-in-depth features if there are no credible failure modes that prevent the credited 
function as documented [or referenced] in the evaluation.)  Requirements for the evaluation and identification of 
waste transfer system overpressure and flow transient defense-in-depth features in the evaluation of overpressure 
and flow transients are documented in TFC-ENG-DESIGN-C-60, Preparation of Piping Analyses for Waste 
Transfer Systems. 
 
a Based on design code (ASME B31.3).  
30.  Waste Surface Level Monitoring and Trending Defense-in-Depth Feature 
Owner: Operations 
SME: Engineering 
 
Waste surface level monitoring and trending defense-in-depth feature provides an additional layer of protection 
against a DST headspace deflagration due to a spontaneous GRE by evaluating DST waste surface level data for 
adverse trends or deviations that may be indicative of unanticipated gas retention or gas release event (GRE) 
behavior.  Requirements for waste surface level monitoring and trending are documented in  
TFC-ENG-CHEM-D-21, Process Engineering Waste Surveillance Data Review.  Waste surface level monitoring 
and trending defense-in-depth feature is a commitment to the U.S. Department of Energy, Office of River Protection 
(ORP) and shall not be deleted without ORP approval.  
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

Notes: 
40 CFR 265, “Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 

Disposal Facilities,” Subpart J, “Tank Systems,” Code of Federal Regulations, as amended. 
3-MISC-126, Tank Farms Weekly Check of Heater and Heat Trace, as amended, Washington River Protection 

Solutions LLC, Richland, Washington.  
3-MISC-363, Winterization/De-Winterization Tank Farms, as amended, Washington River Protection Solutions 

LLC, Richland, Washington.  
ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York, New York.  
DOE-0344, Hanford Site Excavating, Trenching and Shoring, as amended, U.S. Department of Energy, 

Richland Operations Office, Richland, Washington.  
HNF-IP-1266, Tank Farms Operations Administrative Controls, as amended, Washington River Protection 

Solutions LLC, Richland, Washington. 
MSC-PRO-51876, Use of the Regulated Guzzler® (Filter Vacuum Truck) Vacuum Excavation System for 

Radiologically Limited Activities, as amended, Mission Support Alliance, Richland, Washington.  
OSD-T-151-00007, Operating Specifications for the Double-Shell Storage Tanks, as amended, Washington 

River Protection Solutions LLC, Richland, Washington. 
OSD-T-151-00013, Operating Specifications for Single-Shell Storage Tanks, as amended, Washington River 

Protection Solutions LLC, Richland, Washington. 
RPP-16922, Environmental Specifications Requirements, as amended, Washington River Protection Solutions 

LLC, Richland, Washington. 
TF-AOP-011, Response to Chemical and/or Radiological Events, as amended, Washington River Protection 

Solutions LLC, Richland, Washington. 
TFC-BSM-CP_CPR-C-18, Material Receipt, Storage, Issuance, Return, and Excess Control, as amended, 

Washington River Protection Solutions LLC, Richland, Washington. 
TFC-BSM-FPM_PR-C-13, Winterization and Snow Removal Procedure for Tank Operations Contractor 

Facilities, as amended, Washington River Protection Solutions LLC, Richland, Washington. 
 TFC-ENG-DESIGN-C-60, Preparation of Piping Analyses for Waste Transfer Systems, as amended, 
Washington River Protection Solutions LLC, Richland, Washington. 

TFC-ENG-FACSUP-C-10, Control of Dome Loading, as amended, Washington River Protection Solutions 
LLC, Richland, Washington. 

TFC-ENG-FACSUP-C-27, Interfacing Water System Overpressure and Flow Transient Protection, as 
amended, Washington River Protection Solutions LLC, Richland, Washington. 

TFC-ENG-STD-02, Environmental/Seasonal Requirements for TOC Systems, Structures, and Components, as 
amended, Washington River Protection Solutions LLC, Richland, Washington. 

TFC-ENG-STD-21, Hose-In-Hose Transfer Lines, as amended, Washington River Protection Solutions LLC, 
Richland, Washington. 

TFC-ENG-STD-22, Piping Jumpers and Valves, as amended, Washington River Protection Solutions LLC, 
Richland, Washington. 

TFC-ENG-STD-25, Transfer Pumps, as amended, Washington River Protection Solutions LLC, Richland, 
Washington. 

TFC-ENG-STD-26, Waste Transfer Dilution and Flushing Requirements, as amended, Washington River 
Protection Solutions LLC, Richland, Washington. 

TFC-ENG-STD-27, Above Ground Transfer System Vehicle Barriers, as amended, Washington River 
Protection Solutions LLC, Richland, Washington. 

TFC-ESHQ-FP-STD-01, Fire Marshal Permits, Combustible Controls, and Construction/Occupancy 
Requirements, as amended, Washington River Protection Solutions LLC, Richland, Washington. 

TFC-ESHQ-FP-STD-03, Flammable/Combustible Liquids, as amended, Washington River Protection Solutions 
LLC, Richland, Washington. 

TFC-ESHQ-RP_MON-C-18, Radiological Posting, as amended, Washington River Protection Solutions LLC, 
Richland, Washington. 

 TFC-ESHQ-S-STD-30, Implementation of DOE-0344, Excavating, Trenching, and Shoring, as amended, 
Washington River Protection Solutions LLC, Richland, Washington.  

TFC-OPS-MAINT-STD-02, Work Planning and Work Instruction Development, as amended, Washington 
River Protection Solutions LLC, Richland, Washington. 
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Table 3.3.2.3.2-2.  Other Defense-In-Depth Features  
(Non-Safety SSCs and Non-TSR Administrative Features).  (14 sheets) 

Notes (continued):  
TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm Facilities, as amended, Washington 

River Protection Solutions LLC, Richland, Washington. 
TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating Procedures (Including Water 

and Chemical Additions), as amended, Washington River Protection Solutions LLC, Richland, Washington. 
TFC-OPS-OPER-C-56, Response to Abnormal Environmental Condition or Event, as amended, Washington 

River Protection Solutions LLC, Richland, Washington. 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River Protection Solutions 

LLC, Richland, Washington. 
TO-020-770, Operate the Regulated Guzzler Vacuum Excavation System, as amended, Washington River 

Protection Solutions LLC, Richland, Washington. 
TO-040-745, Perform Weatherization of Retrieval Buildings and Equipment, as amended, Washington River 

Protection Solutions LLC, Richland, Washington. 
TO-080-075, Sample Transfer Truck Operation, as amended, Washington River Protection Solutions LLC, 

Richland, Washington. 
TO-080-090, Transfer the Onsite Transfer Cask, as amended, Washington River Protection Solutions LLC, 

Richland, Washington. 
TO-080-800, Prepare and Load Hedgehog II Waste Sample Containers & Steel PIGs, as amended, Washington 

River Protection Solutions LLC, Richland, Washington. 
TO-140-170, Pressure Testing of Pipe-In-Pipe Encasements, as amended, Washington River Protection 

Solutions LLC, Richland, Washington. 
  
 
 ASME = American Society of Mechanical 

Engineers. 
 DCRT = double-contained receiver tank. 
 DST = double-shell tank. 
 ERSS = extended reach sluicer system. 
 HIHTL = hose-in-hose transfer line. 
 HPU = hydraulic power unit.  
 IMUST = inactive miscellaneous underground 

storage tank. 
 LFL = lower flammability limit. 
 NOC = Notice of Construction.  
 

 
 ORP = U.S. Department of Energy, Office 

of River Protection. 
 OTC = onsite transfer cask. 
 RCRA = Resource Conservation and 

Recovery Act of 1976. 
 SAC = Specific Administrative Control. 
 SSC = structures, systems, and 

components. 
 SST = single-shell tank. 
 TSR = technical safety requirement. 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

1. Flammable gas accidents 

A. DST headspace 
deflagration due to 
steady-state 
accumulation of 
flammable gas 

Facility Worker Protection 

SS:  DST Primary Tank 
Ventilation Systems 

  

Facility Worker Protection  

LCO:  DST Primary Tank Ventilation 
Systems 

SAC:  DST Flammable Gas 
Monitoring Control 

Supporting ACs 

AC: DST and SST Time to Lower 
Flammability Limit  

AC: Ignition Controls 

None selected  

B. DST headspace 
deflagration due to a 
spontaneous GRE 

None required Important Contributor to  
Defense-in-Depth 

AC: Ignition Controls  

 

Supporting ACs 

AC: Ignition Controls 

AC: Waste Characteristics Controls 

The following design or administrative features 
provide defense-in-depth for this accident: 

 Waste surface level monitoring and trending 
defense-in-depth feature 

C. DST headspace 
deflagration due to an 
operations induced GRE  

Facility Worker Protection 

SS:  DST Primary Tank 
Ventilation Systems 

  

Facility Worker Protection 

SAC: DST Induced Gas Release 
Event Flammable Gas Controls  

LCO:  DST Induced Gas Release 
Event Flammable Gas Control 

SAC:  DST Flammable Gas 
Monitoring Control 

Supporting ACs 

AC: Waste Characteristics Controls  

None selected 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

D. DST headspace 
deflagration due to a 
seismic induced GRE 

None required AC: Emergency Preparedness None selected 

E. Deflagration in a DST 
annulus  

Facility Worker Protection 

SS: Waste Transfer 
Primary Piping 
Systems 
(Configuration 
Management) 

Facility Worker Protection 

SAC: DST Annulus Flammable Gas 
Control 

 

Supporting ACs 

AC: DST and SST Time to Lower 
Flammability Limit  

AC: Ignition Controls 

The following design or administrative features 
provide defense-in-depth for this accident: 
 Material balance monitoring 

F. SST headspace 
deflagration due to 
steady-state 
accumulation of 
flammable gas 

None required Facility Worker Protection  

SAC: SST Steady-State Flammable 
Gas Control 

 

Supporting ACs 

AC: DST and SST Time to Lower 
Flammability Limit 

AC: Ignition Controls 

None selected 

G. Deflagration in a DCRT 
due to steady-state 
accumulation of 
flammable gas 

None required Facility Worker Protection  

SAC: DCRT Steady-State Flammable 
Gas Control 

 

Supporting AC 

AC: Ignition Controls 

None selected 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

H. Deflagration in an 
inactive/miscellaneous 
tanks/facilities 

None required Facility Worker Protection  
SAC: Flammable Gas Controls for 

Inactive/Miscellaneous 
Tanks/Facilities and 
Waste-Intruding Equipment 

 

Supporting AC 

AC: Ignition Controls 

The following design or administrative features 
provide defense-in-depth for this accident: 
 Design/procedures for draining transfer systems 

 Flushing of waste transfer lines 

I. Deflagration in  
waste-intruding 
equipment 

None required Facility Worker Protection 

SAC: Flammable Gas Controls for 
Inactive/Miscellaneous 
Tanks/Facilities and  
Waste-Intruding Equipment 

 

Supporting AC 

AC: Ignition Controls 

None selected 

J. Gasoline (or LPG) 
deflagrations  

None required None required The following design or administrative features 
provide defense-in-depth for this accident: 
 Fire protection requirements (vehicle access, fuel 

handling within tank farms, fire marshal 
permitting) 

K. Deflagration in a waste 
sample cask 
(i.e., Sample Pig 
Transport System, 
onsite transfer casks, 
and Hedgehog II 
Packaging System) 

None required None required The following design or administrative features 
provide defense-in-depth for this accident: 

 Flammable gas concentration requirements for 
waste sample containers 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

L. Deflagration in 
low-level radioactive, 
mixed, and TRU waste 
package 

Facility Worker Protection 

SS: Low-Level 
Radioactive, Mixed, 
and TRU Waste 
Packaging Vents  

Facility Worker Protection  

SAC: Low-Level Radioactive, 
Mixed, and TRU Waste 
Packaging Flammable Gas 
Controls 

None selected 

2. Nuclear criticality 

A. Nuclear criticality None required AC: Nuclear Criticality Safety None selected 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, systems, 

and components  
Technical safety requirementsa Other defense-in-depth featuresb 

3. Waste transfer leak 

A. Fine spray leak accident 
during a transfer using a 
high head waste transfer 
pump 

Preventive SSCs 

SS: Waste Transfer 
Primary Piping 
Systems 

SS: HIHTL Primary Hose 
Assemblies  

 

Important Contributor to 
Defense-in-Depth 

SS: HIHTL Encasement 
Hose Assemblies 

 

Supporting Safety SSCs  

SS: 242-A Evaporator 
Slurry Line Vacuum 
Breaker PSV-CA1-4 

SS: Waste Transfer Freeze 
Protection Temperature 
Monitoring Systems 

SS: SST 241-C-105 Waste 
Transfer Freeze 
Protection ATMS 

SS: MARS-V WAT Waste 
High Temperature 
Control System 

Important Contributor to  
Defense-in-Depth 

AC: Waste Transfer-Associated 
Structure Cover Installation 
and Door Closure 

 

Supporting TSRs 

LCO: SST 241-C-105 Waste 
Transfer Freeze Protection 
ATMS 

LCO: MARS-V WAT Waste 
High Temperature Control 
System 

SAC: Waste Transfer System 
Overpressure and Flow 
Transient Protection 

SAC: Waste Transfer System 
Valve Closure Controls 

SAC: Waste Transfer System 
Freeze Protection 

SAC: Waste Transfer System 
Freeze Protection for SST 
241-C-107 MARS 
Containment Box and 
Transition Shield Box 

SAC: SST 241-C-105 Waste 
Transfer System Freeze 
Protection Using ATMS 

 

AC: Emergency Preparedness  

The following design or administrative features 
provide defense-in-depth for this accident: 
 Vehicle barriers or vehicle restrictions 
 Spotters 
 Excavation program 
 Pre-transfer excavation walkdown 

 Pre-transfer verification of valve lineup   

 Design/procedures for draining transfer systems 

 Waste transfer line encasements  

 Winterization/freeze protection   

 Fire protection requirements (vehicle access, fuel 
handling within tank farms, fire marshal 
permitting) 

 Flushing of waste transfer lines 

 Interfacing water system overpressure and flow 
transient protection  

 Compressed air system overpressure protection 

 Interfacing water system high temperature 
protection 

 Compressed air system high temperature 
protection  

 Waste transfer system overpressure and flow 
transient defense-in-depth features 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

B. Fine spray leak accident 
due to a misroute during 
a transfer using a high 
head waste transfer 
pump 

Preventive SSC  

SS: Waste Transfer 
Primary Piping 
Systems 
(Configuration 
Management) 

 

Mitigative SSC  

SS: Isolation Valves for 
Double Valve 
Isolation 

  

Supporting Safety SSCs  

SS: 242-A Evaporator 
Slurry Line 
Vacuum Breaker 
PSV-CA1-4 

SS: Waste Transfer 
Freeze Protection 
Temperature 
Monitoring Systems 

SS: SST 241-C-105 
Waste Transfer 
Freeze Protection 
ATMS 

SS: MARS-V WAT 
Waste High 
Temperature 
Control System 

Mitigative SAC   

SAC: Double Valve Isolation 

 

Supporting TSRs 

LCO: SST 241-C-105 Waste Transfer 
Freeze Protection ATMS 

LCO: MARS-V WAT Waste High 
Temperature Control System 

SAC: Waste Transfer System 
Overpressure and Flow 
Transient Protection  

SAC: Waste Transfer System Valve 
Closure Controls 

SAC: Waste Transfer System Freeze 
Protection 

SAC: Waste Transfer System Freeze 
Protection for SST 241-C-107 
MARS Containment Box and 
Transition Shield Box 

SAC: SST 241-C-105 Waste 
Transfer System Freeze 
Protection Using ATMS 

 

AC: Emergency Preparedness 

 

The following design or administrative features 
provide defense-in-depth for this accident: 
 Vehicle barriers or vehicle restrictions 
 Spotters 
 Pre-transfer verification of valve lineup  

 Design/procedures for draining transfer systems  

 Waste transfer line encasements  

 Winterization/freeze protection   

 Fire protection requirements (vehicle access, fuel 
handling within tank farms, fire marshal 
permitting) 

 Flushing of waste transfer lines 

 Interfacing water system overpressure and flow 
transient protection 

 Compressed air system overpressure protection  

 Interfacing water system high temperature 
protection 

 Compressed air system high temperature 
protection  

 Waste transfer system overpressure and flow 
transient defense-in-depth features 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. 
Hazardous 
condition 

Safety structures, systems, 
and components  

Technical safety requirementsa Other defense-in-depth featuresb 

C. Wetting 
spray/jet/stream leaks 
into a normally 
occupied area 

Facility Worker Protection 

SS: Waste Transfer Primary 
Piping Systems 

SS: HIHTL Primary Hose 
Assemblies  

SS: Isolation Valves for 
Double Valve Isolation 

  

Important Contributor to 
Defense-in-Depth 

SS: HIHTL Encasement 
Hose Assemblies 

  

Supporting Safety SSCs   

SS: 242-A Evaporator Slurry 
Line Vacuum Breaker 
PSV-CA1-4 

SS: Waste Transfer Freeze 
Protection Temperature 
Monitoring Systems  

SS: SST 241-C-105 Waste 
Transfer Freeze 
Protection ATMS 

SS: MARS-V WAT Waste 
High Temperature 
Control System 

Facility Worker Protection 

SAC: Double Valve Isolation 

  

Important Contributor to 
 Defense-in-Depth 

AC: Waste Transfer-Associated 
Structure Cover Installation and 
Door Closure 

  

Supporting TSRs 

LCO: SST 241-C-105 Waste Transfer 
Freeze Protection ATMS 

LCO: MARS-V WAT Waste High 
Temperature Control System 

SAC: Waste Transfer System 
Overpressure and Flow Transient 
Protection 

SAC: Waste Transfer System Valve 
Closure Controls 

SAC: Waste Transfer System Freeze 
Protection 

SAC: Waste Transfer System Freeze 
Protection for SST 241-C-107 
MARS Containment Box and 
Transition Shield Box 

SAC: SST 241-C-105 Waste Transfer 
System Freeze Protection Using 
ATMS 

 

AC: Emergency Preparedness 

The following design or administrative 
features provide defense-in-depth for this 
accident: 

 Design of waste transfer pump shaft 
sealing systems 

 Vehicle barriers or vehicle restrictions 

 Spotters 

 Excavation program 

 Pre-transfer excavation walkdown 

 Pre-transfer verification of valve lineup    

 Design/procedures for draining transfer 
systems 

 Waste transfer line encasements  

 Winterization/freeze protection   

 Fire protection requirements (vehicle 
access, fuel handling within tank farms, 
fire marshal permitting) 

 Flushing of waste transfer lines 

 Interfacing water system overpressure and 
flow transient protection  

 Compressed air system overpressure 
protection 

 Interfacing water system high temperature 
protection 

 Compressed air system high temperature 
protection  

 Waste transfer system overpressure and 
flow transient defense-in-depth features 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

D. Waste leak in 
buried/bermed transfer 
line into the soil that 
remains subsurface 

Facility Worker Protection 

SS: Waste Transfer 
Primary Piping 
Systems 

Supporting Safety SSCs   

SS: 242-A Evaporator 
Slurry Line 
Vacuum Breaker 
PSV-CA1-4 

SS: Waste Transfer 
Freeze Protection 
Temperature 
Monitoring Systems 

Supporting Safety SACs 

SAC: Waste Transfer System 
Overpressure and Flow 
Transient Protection 

SAC: Waste Transfer System Freeze 
Protection 

 

The following design or administrative features 
provide defense-in-depth for this accident: 

 Material balance 
 Waste transfer line encasements 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, systems, and 

components  
Technical safety requirementsa Other defense-in-depth featuresb 

4. Release from contaminated facility 

A. Flammable gas 
deflagration in a waste 
transfer-associated 
structure (or other 
facility) due to a waste 
transfer leak 

 

Note:  Flammable gas 
deflagrations caused by 
gas entering from the 
headspace of a directly 
connected tank are 
addressed by the 
controls for flammable 
gas accidents. 

Facility Worker Protection 

SS: Waste Transfer Primary 
Piping Systems 

SS: HIHTL Primary Hose 
Assemblies  

SS: Isolation Valves for 
Double Valve Isolation 

  

Supporting Safety SSCs 

SS: ERSS Hydraulic System 
Pressure Reducing 
Devices 

SS: 242-A Evaporator Slurry 
Line Vacuum Breaker 
PSV-CA1-4 

SS: Waste Transfer Freeze 
Protection Temperature 
Monitoring Systems 

SS: SST 241-C-105 Waste 
Transfer Freeze Protection 
ATMS 

SS: MARS-V WAT Waste 
High Temperature Control 
System 

Facility Worker Protection  

SAC: Double Valve Isolation  
  

Supporting TSRs 

LCO: SST 241-C-105 Waste Transfer 
Freeze Protection ATMS 

LCO: MARS-V WAT Waste High 
Temperature Control System 

SAC: Waste Transfer System 
Overpressure and Flow 
Transient Protection 

SAC: Waste Transfer System Valve 
Closure Controls 

SAC: Waste Transfer System Freeze 
Protection 

SAC: Waste Transfer System Freeze 
Protection for SST 241-C-107 
MARS Containment Box and 
Transition Shield Box 

SAC: SST 241-C-105 Waste Transfer 
System Freeze Protection 
Using ATMS 

The following design or administrative features 
provide defense-in-depth for this accident: 

 Transfer leak detection/alarm response 

 Material balance monitoring  

 Vehicle barriers or vehicle restrictions 

 Spotters 

 Pre-transfer verification of valve lineup   

 Design/procedures for draining transfer 
systems 

 Winterization/freeze protection   

 Design of waste transfer pump shaft sealing 
systems  

 Fire protection requirements (vehicle 
access, fuel handling within tank farms, fire 
marshal permitting)  

 Flushing of waste transfer lines 

 Interfacing water system overpressure and 
flow transient protection  

 Compressed air system overpressure 
protection 

 Interfacing water system high temperature 
protection 

 Compressed air system high temperature 
protection 

 Waste transfer system overpressure and 
flow transient defense-in-depth features 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa 

 
Other defense-in-depth featuresb 

5. Air blow accidents  

A. Waste release from a 
HIHTL primary hose 
assembly and connected 
waste transfer system 
primary piping system 
during compressed air 
blowout 

Mitigative SSC 

SS: Compressed Air 
System Pressure 
Relieving Devices 

 

None required  The following design or administrative features 
provide defense-in-depth for this accident: 

 Flushing of waste transfer lines  

B. Waste release from a 
waste transfer primary 
piping system 
encasement during 
encasement pneumatic 
testing 

None required None required The following design or administrative features 
provide defense-in-depth for this accident: 

 Encasement leak detection and waste removal 

C. Waste release from a 
waste transfer primary 
piping system during 
encasement pneumatic 
testing 

Preventive SSC  

SS: Waste Transfer 
Primary Piping 
Systems 

None required The following design or administrative features 
provide defense-in-depth for this accident: 

 Compressed air system overpressure protection 

Note: The hazardous conditions listed below do not require safety SSCs or TSR controls.  The associated representative accident is described in 
Section 3.3.2.3.1  

6. Tank failure due to excessive loads 

A. Tank failure (dome 
collapse) due to 
concentrated loads 
(DSTs, SSTs) 

None required None required The following design or administrative features 
provide defense-in-depth for this accident: 

 Dome loading  

B. Tank failure (dome 
collapse) due to 
concentrated loads 
(miscellaneous tanks) 

None required None required The following design or administrative features 
provide defense-in-depth for this accident: 

 Dome loading  
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

7. Mixing of incompatible materials 

 Inadvertent acid addition 
to a DST or 100-series 
SST during bulk 
chemical addition 

None required None required The following design or administrative features 
provide defense-in-depth for this accident: 

 Verification of paperwork prior to bulk chemical 
additions 

8. Unplanned Excavation/Drilling 

A. Release of contaminated 
soil during excavation 
using the Guzzler 
filtered vacuum truck 

None required None required The following design or administrative features 
provide defense-in-depth for this accident: 

 Guzzler air permitting requirements 

 

B. Release of contaminated 
soil from a crib, ditch, 
pond, or unplanned 
release site resulting 
from unplanned 
backhoe excavation. 

None required None required 

 

The following design or administrative features 
provide defense-in-depth for this accident: 

 Excavation program 

 Radiological postings 
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Table 3.3.2.3.2-3.  Defense-In-Depth Features for Potential Hazardous Conditions.  (12 sheets) 

No. Hazardous condition 
Safety structures, 

systems, and components 
Technical safety requirementsa Other defense-in-depth featuresb 

9. Tank Bump 

A. Tank bump in DST None required 

 

None required 

 

The following design or administrative features 
provide defense-in-depth for this accident: 

 End-state analysis for tank bump in DSTs 

 

Notes: 
aIn addition to the listed TSRs, AC: Waste Characteristic Controls protects the source term assumptions used in the estimated consequence evaluation of 

the hazardous condition and AC:  Waste Leak Evaluation Program requires the identification and evaluation of potential waste leaks or releases from tank 
farm facilities and operations. 

bIn addition to the specific other defense-in-depth features identified in the table, AC: Safety Management Programs establishes the TOC commitment to 
establish, maintain, and implement the safety management programs as described in Chapters 7.0 through 17.0. 
 

 AC = administrative control.  
 ATMS = automated temperature monitoring system. 
 DCRT = double-contained receiver tank.  
 DST = double-shell tank. 
 ERSS = extended reach sluicer system. 
 GRE = gas release event. 
 HIHTL = hose-in-hose transfer line. 
 IMUST = inactive miscellaneous underground storage tank. 
 LCO = limiting condition for operation.  
 MARS = mobile arm retrieval system.  
 
 

 MARS-V = mobile arm retrieval system – vacuum (version). 
 LPG = liquefied petroleum gas.  
 SS = safety significant. 
 SAC = specific administrative control. 
 SSC = structures, systems, and components. 
 SST = single-shell tank. 
 TOC = Tank Operations Contractor. 
 TRU = transuranic. 
 TSR = technical safety requirement. 
 WAT = waste accumulator tank. 

  

 1 
 2 
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3.3.2.3.3  Worker Safety.  The full suite of safety-significant systems, structures, and 1 
components (SSC) and technical safety requirements (TSR) are identified in Table 3.3.2.3.2-1, 2 
and some of these controls are specifically identified for facility worker protection.  In addition, 3 
facility workers are protected from the uncontrolled release of radioactive and other hazardous 4 
material by the safety-significant SSCs and TSRs derived for the protection of onsite workers 5 
(i.e., potential hazardous conditions whose consequences exceed 100 rem or Protective Action 6 
Criteria [PAC]-3).  Thus, there are SSCs and specific administrative controls (SAC) that are 7 
identified as mitigative or preventive SSCs or SACs in Table 3.3.2.3.2-1 for the protection of 8 
onsite worker for certain hazardous conditions that also protect against significant facility worker 9 
hazards (hazards that result in prompt worker fatality or serious injury or significant radiological 10 
or chemical exposure) for other hazardous conditions. 11 
 12 
The safety-significant SSCs shown below were developed specifically for protection of the 13 
facility worker.  Three of the safety-significant SSCs (waste transfer primary piping systems, 14 
hose-in-hose transfer line [HIHTL] primary hose assemblies, and isolation valves for double 15 
valve isolation) were also selected as preventive or mitigative SSCs for the onsite worker for 16 
waste transfer leak hazardous conditions.  17 
 18 

 Waste Transfer Primary Piping Systems 19 
 HIHTL Primary Hoses Assemblies 20 
 Isolation Valves for Double Valve Isolation 21 
 Low-Level Radioactive, Mixed, and Transuranic (TRU) Waste Packaging Vents 22 

  23 
The SACs shown below were developed specifically for protection of the facility worker from 24 
flammable gas hazards.  One of these SACs (SAC:  Double Valve Isolation) was also selected as 25 
a mitigative SAC for the onsite worker for a waste transfer leak hazardous condition. 26 
 27 

 SAC: Double Valve Isolation 28 
 29 
 SAC: Double-Shell Tank (DST) Steady-State Flammable Gas Control 30 
 31 
 SAC: Single-Shell Tank (SST) Steady-State Flammable Gas Control 32 

 33 
 SAC: DST Induced Gas Release Event Flammable Gas Controls 34 
 35 
 SAC: DST Annulus Flammable Gas Control 36 
 37 
 SAC: Double-Contained Receiver Tank (DCRT) Steady-State Flammable Gas Control 38 
 39 
 SAC: Flammable Gas Controls for Inactive/Miscellaneous Tanks/Facilities and 40 

Waste-Intruding Equipment 41 
 42 
 SAC: Low-Level Radioactive, Mixed, and TRU Waste Packaging Flammable Gas 43 

Controls 44 
  45 
In accordance with the guidelines in DOE-STD-3009-94, Preparation Guide for U.S. 46 
Department of Energy Nonreactor Nuclear Facility Documented Safety Analyses, and 47 
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DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for Compliance 1 
with DOE Order 5480.23, Nuclear Safety Analysis Reports, occupational hazards that are 2 
identified in the hazard analysis and that are regulated by U.S. Department of Energy 3 
(DOE)-prescribed occupational safety and health regulations, standards, requirements, and 4 
guidelines are segregated (i.e., screened) from non-routine hazards and are not evaluated further 5 
(see Section 3.3.1.1).    6 
  7 
These occupational hazards are addressed by DOE-prescribed safety and health programs 8 
including the radiological control program described in Chapter 7.0 and the industrial safety and 9 
the industrial hygiene programs described in Chapter 8.0.  Note that the Occupational Safety and 10 
Health Administration (OSHA) rule 29 CFR 1910.119, “Process safety management of highly 11 
hazardous chemicals,” does not apply to tank farm nonradiological (chemical) hazards (i.e., tank 12 
farm chemical inventories do not exceed the threshold quantities specified in 29 CFR 1910.119). 13 
   14 
3.3.2.3.3.1 References. 15 
 16 
29 CFR 1910.119, “Process Safety Management of Highly Hazardous Chemicals,” Code of 17 

Federal Regulations, as amended. 18 
 19 
DOE-STD-1027-92, 1997, Hazard Categorization and Accident Analysis Techniques for 20 

Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports, Change 21 
Notice No. 1, U.S. Department of Energy, Washington, D.C. 22 

 23 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 24 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 25 
Energy, Washington, D.C. 26 
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3.3.2.3.4  Environmental Protection.  The hazard evaluation of tank farm facilities and 1 
operations included the qualitative assessment of the environmental consequences from potential 2 
uncontrolled releases of radioactive and other hazardous material.  The environmental 3 
consequence levels, E0, E1, E2, and E3 are defined in Section 3.3.1.  Uncontrolled releases of 4 
large amounts of radioactive and other hazardous material to the environment, including large 5 
leaks from waste storage tanks and liquid waste leaks outside the facility boundaries, are 6 
designated E3 or E2.   7 
 8 
Each E3 and E2 hazardous condition was reviewed to identify design and operational features 9 
that reduce the impact on the environment.  Some of the E3 and E2 hazardous conditions require 10 
nuclear safety basis controls to protect the onsite and facility worker.  For these hazardous 11 
conditions, it was generally determined that the safety-significant structures, systems, and 12 
components (SSC) and technical safety requirements (TSR) selected to protect the onsite and 13 
facility workers also protect the environment (see Sections 3.3.2.3.2 and 3.3.2.3.3).  The 14 
additional defense-in-depth features identified in Section 3.3.2.3.2 provide additional 15 
environmental protection. 16 
 17 
Other E3/E2 hazardous conditions not involving radioactive material are possible.  These include 18 
the release of fuel oil or caustic materials.  Such environmental hazards are managed by Tank 19 
Operations Contractor (TOC) programs, including environmental management and industrial 20 
hygiene programs, which specifically address these potential releases. 21 
 22 
From a review of the E3/E2 hazardous conditions and the allocated safety basis controls 23 
(safety-significant SSCs and TSRs), additional design and operational features were identified to 24 
prevent or minimize the potential for large releases of radioactive and other hazardous material 25 
that could cause significant environmental impacts.  Table 3.3.2.3.4-1 lists specific design and 26 
operational features for environmental protection that were identified by the hazard evaluations.  27 
These design and operational features prevent or mitigate large, uncontrolled releases of tank 28 
waste to the environment. 29 
 30 
Environmental protection includes compliance with applicable environmental regulations and 31 
programs to change the state of tank waste to reduce the risk of environmental releases.  These 32 
include the following: 33 
 34 

 Regulatory Compliance.  The tank farms are operated in accordance with applicable 35 
environmental regulations that address solid wastes, hazardous materials, water quality, 36 
air quality, spill reporting, and transportation.  The list of the applicable regulations and a 37 
description of the tank farm programs are contained in Chapter 9.0. 38 

 39 
 Programs.  Programs are in place to retrieve and close single-shell tanks (SST), retrieve 40 

double-shell tank (DST) waste, perform environmental restoration of contaminated sites, 41 
and provide environmental monitoring of the Hanford Site and surrounding environment. 42 

 43 
 Agreements.  As part of the execution of the programs listed above, negotiations 44 

between the State of Washington Department of Ecology (Ecology), the Office of River 45 
Protection (ORP), and the TOC are conducted so that agreement may be reached 46 
regarding required environmental design and operational features.  These agreements are 47 

RPP-13033 1/29/2015 - 12:56 PM 362 of 1079



RPP-13033 REV 5 
 
 

 
 3.3.2.3.4-2 

documented via letters received from Ecology, and through Ecology approval of Tank 1 
Waste Retrieval Work Plans (previously known as retrieval project Functions & 2 
Requirements documents), as required in DOE/RL-89-10, Hanford Federal Facility 3 
Agreement and Consent Order.  4 

 5 
In summary, design and operational features exist as part of the tank farm safety basis and other 6 
TOC programs (e.g., the environmental management program) that prevent or mitigate the 7 
consequences of large, uncontrolled radioactive and other hazardous material releases to the 8 
environment. 9 
 10 
Single-Shell Tank Retrieval Program 11 
 12 
Because many of the SSTs on the Hanford Site are confirmed or assumed to have leaked, and 13 
those that have not yet leaked have the potential to begin leaking when disturbed as part of the 14 
process to retrieve the waste stored in them for transfer to the DST system, additional 15 
precautions must be taken to reduce the risk of environmental releases.  These precautions are 16 
implemented via individual project documentation (e.g., Process Control Plans) and include such 17 
things as: 18 
 19 

 Leak Detection, Monitoring, and Mitigation Requirements – The operational strategy 20 
must take actions to minimize the liquid available for leakage from the onset of retrieval 21 
and to minimize the time at risk.  This may also affect the decision on which retrieval 22 
technology to employ for the retrieval of an SST (e.g., vacuum retrieval vs. modified 23 
sluicing). 24 

 25 
 Tank Retrieval Sequence – Consideration of tank condition (relative risk) must be taken 26 

into account when planning for waste consolidations or “staging” of tank waste before 27 
ultimate retrieval to the DST system or disposal. 28 

 29 
 Maximum Tank Levels – Tank waste levels will not be raised above the “benchmark” 30 

level, as agreed with the ORP and Ecology.  This benchmark level is intended to prevent 31 
inadvertent release to the environment. 32 

 33 
 Permit Requirements – The Process Control Plan will include the requirements of the 34 

Notice of Construction Air Operating Permit and other regulatory requirements 35 
(e.g., ventilation requirements, routings, material balance requirements, and “end of 36 
mission” requirements). 37 

 38 
 Response to Off-Normal Conditions – The Process Control Plan will include a strategy 39 

for response to such off-normal conditions as a leak from the tank being retrieved or a 40 
leak from the retrieval system (i.e., waste transfer-associated structures or transfer lines), 41 
a line plug, or a high radiation condition. 42 
 43 
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Double-Shell Tank Integrity Program 1 
 2 
A detailed discussion of the tank integrity program is provided in RPP-7574, Double-Shell Tank 3 
Integrity Program Plan.  The two major drivers for the program are environmental regulatory 4 
requirements and programmatic mission requirements: 5 
 6 

1. Environmental regulatory requirements are largely addressed outside of the safety basis.  7 
As described in RPP-7574, one of the major focuses of the environmental regulatory 8 
requirements is conducting structural integrity assessments of the DSTs.  These 9 
assessments are accomplished through visual examinations and ultrasonic testing.  Both 10 
visual examinations and ultrasonic testing are required to be performed for tank integrity 11 
assessments in accordance with Ecology et al. 1989.  Ultrasonic testing of all 28 DSTs 12 
has been completed.  Ultrasonic testing of each DST will be repeated at intervals not to 13 
exceed 10 yr through the operating life of the DSTs.   14 

 15 
2. The DST Integrity Program involves the programmatic mission.  Maintaining adequate 16 

DST storage space to support the long-term environmental cleanup mission is the major 17 
focus of this program.  In this regard it is important to note that the ultrasonic testing 18 
being performed in accordance with environmental regulatory requirements (as well as 19 
any enhanced laboratory corrosion studies that may be performed) will provide the basis 20 
for refined estimates of DST life expectancy.  It is also important to note that in 21 
recognition of the importance of the DSTs to the programmatic mission, a requirement 22 
for maintaining DST waste chemistry to minimize corrosion of the inner wall of the 23 
primary tank and a requirement to operate the annulus ventilation system to minimize 24 
corrosion of the outer wall of the primary tank and inner wall of the secondary tank are 25 
maintained in OSD-T-151-00007, Operating Specifications for the Double-Shell Storage 26 
Tanks.  Changes (other than non-technical or editorial changes) to these corrosion 27 
mitigation requirements in OSD-T-151-00007 require approval of the Washington River 28 
Protection Solutions (WRPS) Chief Engineer and notification to ORP prior to 29 
implementation.  Recovery Action Plans are developed when a DST is identified to be 30 
outside the waste chemistry specifications established in OSD-T-151-00007 or when 31 
video inspection indicates ingress of water into a DST annulus and the condition (waste 32 
chemistry or ingress of water) cannot be remediated within 30 days.  These Recovery 33 
Action Plans are approved by the WRPS Chief Engineer.  ORP notification is required 34 
when the Recovery Action Plans are first issued and when the Recovery Action Plans are 35 
closed. 36 
 37 

3.3.2.3.4.1 References. 38 
 39 
DOE/RL-89-10, Hanford Federal Facility Agreement and Consent Order, as amended, 40 

Washington State Department of Ecology, U.S. Environmental Protection Agency, and 41 
U.S. Department of Energy, Olympia, Washington. 42 

 43 
OSD-T-151-00007, Operating Specifications for the Double-Shell Storage Tanks, as amended, 44 

Washington River Protection Solutions LLC, Richland, Washington. 45 
 46 
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RPP-7574, 2010, Double-Shell Tank Integrity Program Plan, Rev. 3, Washington River 1 
Protection Solutions LLC, Richland, Washington. 2 
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Table 3.3.2.3.4-1.  Environmental Design and Operational Features. 
Design or Operational Feature Comment 

HEPA filters (including testing requirements) Managed by the environmental management program 

Ventilation stack CAM systems Managed by the environmental management program 

Tank integrity program Managed by the environmental management program 

Secondary confinement design features (e.g., DST 
annulus, tank vaults, piping encasements, waste 
transfer-associated structures) 

Managed by the environmental management program 

Protection of buried piping encasements Managed by the environmental management program 

Annulus, encasement, and DCRT/catch tank vault leak 
detection systems 

Managed by the environmental management program 

Design and operational features for in-tank operations 
(e.g., push mode core sampling, equipment handling) 
to prevent penetration of the tank 

Managed by conduct of operations 

Spill prevention and response Managed by the environmental management and 
emergency preparedness programs 

Restrictions or requirements on water/waste additions 
to limit additional leakage from SSTs during SST 
retrieval activity (e.g., restrictions on water/waste 
additions above agreed-upon waste levels in the tank 
for “assumed leakers”) 

Managed by the environmental management program 

Allowable SST vapor space pressures (i.e., vacuum 
limits) to prevent tank failure 

Managed by conduct of operations (limits established 
by Engineering) 

Notes: 
 CAM = continuous air monitor. 
 DCRT = double-contained receiver tank. 
 DST = double-shell tank. 
 HEPA = high-efficiency particulate air (filter). 
 SST = single-shell tank. 
 

 1 
2 
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3.3.2.3.5  Planned Design and Operational Safety Improvements.  The following design and 1 
operational safety improvements have been identified from either the hazard and accident 2 
analyses of tank farm facilities and operations or the development and evaluation of  3 
safety-significant structures, systems, and components (SSC) and specific administrative controls 4 
(SAC) in Chapter 4.0. 5 
 6 
Design/Operational Improvement 1:  Completed. 7 
 8 
Design/Operational Improvement 2:  The safety-significant isolation valves for double valve 9 
isolation described in Section 4.4.3 are installed in waste transfer systems.  The materials of the 10 
valve bodies, valve balls, and valve seats are chemically, radiologically, temperature, and 11 
pressure resistant to the transferred waste.  The materials were selected to be abrasion resistant 12 
but a planned improvement was identified for the testing of these valves in fluids representative 13 
of transferred waste.  Although the initial planned testing has been performed (see 14 
RPP-RPT-56061, Tank Farms Double Valve Isolation (DVI) Cycle Test Report), additional 15 
testing is required.  RPP-PLAN-44556, Simulant Test Plan for Safety-Significant Isolation 16 
Valves for Double Valve Isolation, has been updated to include the additional required life cycle 17 
testing of safety-significant isolation valves using simulants.  The additional leakage testing of a 18 
representative sample of the safety-significant isolation valves in an environment that simulates 19 
the abrasive characteristics of the tank farm waste transfers will be completed and the final test 20 
report issued by December 31, 2014. 21 
 22 
Design/Operational Improvement 3:  To enhance the technical basis of the established service 23 
life for safety-significant waste transfer primary piping system non-metallic components  24 
(e.g., gaskets, valve stem packing, seals, O-rings) and non-metallic flexible hoses, and 25 
safety-significant HIHTL systems, an improvement plan for performing tests that closely 26 
resemble the irregular/occasional or episodic exposure to tank farms low dose rate radiation, 27 
waste chemistry, and temperatures on commonly used non-metallic materials (e.g.,  28 
ethylene-propylene-diene monomer [EPDM], Teflon, and other commonly used polymers and 29 
elastomers) was developed.  RPP-PLAN-50529, Test Plan for the Irradiation of Nonmetallic 30 
Materials, documents the recommended test plan.  Test plan activities will start following ORP 31 
authorization to proceed. 32 
 33 
Design/Operational Improvement 4:  Completed.  34 
 35 
Design/Operational Improvement 5:  In accordance with ORP direction, the permanently 36 
installed double-shell tank (DST) annulus waste level monitoring instrumentation and the 37 
double-contained receiver tank (DCRT) 244-S and DCRT 244-TX waste level monitoring 38 
instrumentation are required to be designated safety-significant (see Sections 4.5.4 and 4.5.5).  39 
The safety-significant designation of the DST annulus, DCRT 244-S, and DCRT 244-TX waste 40 
level monitoring instrumentation is a planned improvement.  The implementation schedule will 41 
be determined 90 days following receipt of approved project funding for this activity from ORP. 42 
 43 
Design/Operational Improvement 6:  To facilitate flammable gas monitoring of the DST 44 
annulus headspace, a permanently installed sample line providing a representative sample of the 45 
DST annulus headspace will be installed in each of the 28 DST annuli.  The installation of these 46 
DST annulus sample lines will allow a revision to the DST Annulus Flammable Gas Control 47 
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Specific Administrative Control (SAC) (see Section 4.5.4) to require verifying the flammable gas 1 
concentration is < 60% of the LFL in the DST annulus headspace if the DST annulus waste level 2 
is > 15 in.  The installation of the DST annulus sample lines will be completed 12 months 3 
following ORP authorization to proceed.  A Safety Basis amendment to incorporate the 4 
requirement to verify the flammable gas concentration is < 60% of the LFL in the DST annulus 5 
headspace if the DST annulus waste level is > 15 in. will be submitted to ORP prior to 6 
completing the installation of the DST annulus sample lines. 7 
 8 
3.3.2.3.5.1 Design/Operational Improvements for the DST Primary Tank Ventilation 9 
Systems.  There are five safety-significant DST primary tank ventilation systems.  The 241-AN, 10 
241-AP, 241-AW, and 241-SY tank farms each have a DST primary tank ventilation system, and 11 
there is one DST primary tank ventilation system (i.e., 702-AZ) for the 241-AY and 241-AZ tank 12 
farms.  The DST primary tank ventilation systems have redundant trains capable of providing 13 
airflow through the tank headspace.  The following planned design and operational safety 14 
improvements have been identified from the system evaluation of the safety-significant DST 15 
primary tank ventilations systems in Section 4.4.10, “DST Primary Tank Ventilations Systems.” 16 
 17 

A. Electrical power is required for the DST primary tank ventilation systems to perform 18 
their safety function and, therefore, electrical power is a safety-significant support 19 
system.  Because upgrading the existing electrical power supply and distribution system 20 
to safety significant is not feasible, a safety-significant backup diesel generator system 21 
will be installed to provide electric power for each of the five DST primary tank 22 
ventilation systems (i.e., total of five backup diesel generator systems).  The backup 23 
diesel generator systems will be installed and operational 22 months following ORP 24 
authorization to proceed. 25 

 26 
B. Safety-significant instrumentation will be installed to monitor the exhaust airflow from 27 

each DST.  This tank exhaust airflow instrumentation will replace the periodic manual 28 
measurement of tank exhaust airflow and reliance on tank pressure (vacuum) 29 
instrumentation to verify that the DST primary tank ventilation system trains are operable 30 
and operating (i.e., providing sufficient tank headspace ventilation to maintain the 31 
concentration of flammable gas < 25% of the LFL).  The tank exhaust airflow 32 
instrumentation will be installed and operational 32 months following ORP authorization 33 
to proceed. 34 

 35 
C. The system evaluations of the DST 241-AN and 241-AW tank farm primary tank 36 

ventilation systems, because of the limited time allowed for the evaluations, were not 37 
able to document verification of how the functional/performance design requirements 38 
established for safety-significant DST primary tank ventilation systems are met for the 39 
conditions and events in which their safety function must be met.  The system evaluation 40 
will be revised to provide the basis for compliance with the functional/performance 41 
design requirements or will identify the need for additional planned improvements.  The 42 
revised system evaluation will be completed 12 months following ORP authorization to 43 
proceed.  (See also Design/Operational Improvement E.) 44 

 45 
D. Upgrades are planned for the DST 241-AP, 241-AY/241-AZ, and 241-SY tank farm 46 

primary tank ventilation systems.  These DST primary tank ventilation system upgrades 47 
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will replace or address all existing ventilation system components, with the exception of 1 
the below grade ductwork.  These planned upgrades are the basis for not documenting 2 
verification of how the existing DST 241-AP, 241-AY/241-AZ, and 241-SY tank farm 3 
primary tank ventilation systems meet the functional/performance design requirements 4 
established for safety-significant DST primary tank ventilation systems for the conditions 5 
and events in which their safety function must be met.  The existing DST 241-AP,  6 
241-AY/241-AZ, and 241-SY tank farm primary tank ventilation systems will be 7 
required to meet the technical safety requirements established to ensure their operability 8 
and operation.  The planned upgrades of the DST 241-AP, 241-AY/241-AZ, and 241-SY 9 
tank farm primary tank ventilation systems will be completed in accordance with the 10 
approved Project schedules as amended to incorporate this planned improvement. 11 
 12 
Note: The planned upgrades of the DST 241-AP, 241-AY/241-AZ, and 241-SY tank 13 

farm primary tank ventilation systems will address the design issues identified by 14 
the system evaluations of the existing ventilation systems (see Section 4.4.10), 15 
except for below grade ductwork (see Design/Operational Improvement E). 16 

 17 
E. The DST primary tank ventilation system below grade ductwork was not replaced in the 18 

recent upgrades of the DST 241-AN and 241-AW tank farm primary tank ventilation 19 
systems and will not be replaced in the planned upgrades of the DST 241-AP, 20 
241-AY/241-AZ, and 241-SY tank farm primary tank ventilation systems.  The system 21 
evaluations of the below grade ductwork for the five safety-significant DST primary tank 22 
ventilation systems could not demonstrate compliance with the functional/performance 23 
requirements due to potential degradation/deterioration from corrosion.  An evaluation of 24 
the integrity of below grade DST primary tank ventilation system ductwork will be 25 
performed as a planned improvement.  The results of the evaluation will be completed 26 
24 months following ORP authorization to proceed and will (1) provide the basis for 27 
compliance with the functional/performance requirements, (2) establish  28 
in-service inspections/tests or controls (e.g., vehicle load restrictions) required to ensure 29 
the safety function is met, and/or (3) identify planned improvements to replace the below 30 
grade DST primary tank ventilation system ductwork. 31 

 32 
F. DOE-STD-1021-93, Natural Phenomena Hazards Performance Categorization 33 

Guidelines for Structures, Systems, and Components, requires an evaluation of system 34 
interaction effects (“two over one protection”) from natural events (e.g., earthquakes 35 
[seismic events], high winds).  The system interaction evaluation of the existing DST 36 
241-AN and 241-AW primary tank ventilations systems and of the upgraded DST 37 
241-AP, 241-AY/241-AZ, and 241-SY tank farm primary tank ventilation systems will 38 
be performed in conjunction with Design/Operational Improvements C and D, 39 
respectively.  The system interaction evaluation will identify the SSCs whose failure 40 
from a natural event could have an adverse interaction with the DST primary tank 41 
ventilation systems.  The identified SSCs will either be designated safety significant to 42 
prevent the adverse interaction or planned improvements will be identified to eliminate 43 
the adverse interactions.  The system interaction evaluation for the existing DST 241-AN 44 
and 241-AW primary tank ventilations systems will be completed 12 months following 45 
ORP authorization to proceed.  The system interaction evaluation for the upgraded DST 46 
241-AP, 241-AY/241-AZ, and 241-SY tank farm primary tank ventilation systems will 47 
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be completed in accordance with the approved Project schedules as amended to 1 
incorporate this planned improvement. 2 

 3 
G. The existing variable frequency drives (VFD) for the DST 241-AN and 241-AW primary 4 

tank ventilation system train exhaust fan motors are required to be safety significant, but 5 
are currently designated general service.  An evaluation and documentation is required to 6 
establish and verify compliance with the critical design, material, and performance 7 
characteristics necessary to ensure the safety-significant VFDs will perform their safety 8 
function.  The evaluation will also identify any safety-significant support systems needed 9 
to maintain the environmental conditions (e.g., temperature, humidity) required for the 10 
VFDs to perform their safety function.  The evaluation and documentation required to 11 
designate the DST 241-AN and 241-AW primary tank ventilation system VFDs safety 12 
significant will be completed 12 months following ORP authorization to proceed. 13 
 14 

H. The control systems for the DST 241-AN and 241-AW primary tank ventilation systems 15 
are required to be safety significant, but are currently designated general service.  16 
Because qualifying the existing control systems as safety significant is not feasible, there 17 
are planned improvements to install upgraded control systems that are safety significant.  18 
The existing general service exhaust stack flow and temperature instrumentation, which 19 
are support systems required to control the exhaust fan motor VFDs, will also be replaced 20 
with safety-significant systems as part of the control system upgrades.  In addition, the 21 
planned control system upgrades will identify any safety-significant support systems 22 
needed to maintain the environmental conditions (e.g., temperature, humidity) required 23 
for the control systems to perform their safety function.  The planned upgrades of the 24 
DST 241-AN and 241-AW tank farm primary tank ventilation control systems will be 25 
completed in accordance with the approved Project schedules as amended to incorporate 26 
this planned improvement. 27 

 28 
I. Design improvements are required to eliminate single active failures in interfacing 29 

systems that could prevent operation of both the DST 241-AN and 241-AW primary tank 30 
ventilation system trains.  These single active failures are identified in the system 31 
evaluation of the DST primary tank ventilation systems.  The functional requirement of 32 
no single active failure in interfacing systems ensures the reliability of the DST primary 33 
tank ventilation systems.  The following design improvement is planned. 34 
 35 

i. Failures of DST 241-AN and DST 241-AW tank pressure (vacuum) 36 
instrumentation shut down both ventilation system trains.  A design improvement 37 
to eliminate these single active failures will be completed 36 months following 38 
ORP authorization to proceed. 39 

 40 
J. An upgrade of the existing predictive maintenance program for vibration monitoring of 41 

the DST primary tank ventilation system exhaust fans and motors is planned as an 42 
operational improvement.  The upgrade, which will include new vibration monitoring 43 
equipment and training, will increase the confidence for determining the operability of a 44 
DST primary tank ventilation system train and should also increase system availability.  45 
The planned upgrade of the vibration monitoring predictive maintenance program will be 46 
completed 12 months following ORP authorization to proceed. 47 
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 1 
3.3.2.3.5.2 References.   2 
 3 
DOE-STD-1021-93, 2002, Natural Phenomena Hazards Performance Categorization Guidelines 4 

for Structures, Systems, and Components, U.S. Department of Energy, Washington, D.C. 5 
 6 
RPP-PLAN-44556, 2013, Simulant Test Plan for Safety Significant Isolation Valves for Double 7 

Valve Isolation, Rev. 3, Washington River Protection Solutions LLC, Richland, 8 
Washington. 9 

 10 
RPP-PLAN-50529, Test Plan for the Irradiation of Nonmetallic Materials, as amended, 11 

Washington River Protection Solutions LLC, Richland, Washington. 12 
   13 
  14 
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3.3.2.4  Hazard Evaluation Results for Representative Accidents.  This section summarizes 1 
the hazard evaluation of the representative accidents shown below.  The complete list of 2 
representative accidents is provided in Section 3.3.2.3.1. 3 
 4 

 Flammable gas accidents (Section 3.3.2.4.1) 5 
 Nuclear criticality (Section 3.3.2.4.2) 6 
 Waste transfer leak (Section 3.3.2.4.3) 7 
 Release from contaminated facility (Section 3.3.2.4.4)  8 
 Air blow accidents (Section 3.3.2.4.5) 9 
 External events (Section 3.3.2.4.6) 10 
 Natural events (Section 3.3.2.4.7). 11 

 12 
The evaluation of these representative accidents provides a description of the postulated accident 13 
scenario(s) and the following information. 14 
 15 

 Estimated frequency, which is qualitative and reported as either “anticipated,” “unlikely,” 16 
“extremely unlikely,” or “beyond extremely unlikely” (see Table 3.3.1.3-1.) 17 

 18 
 Estimated consequences for the accident scenario(s) without controls which are based on 19 

conservative quantitative and/or qualitative analyses and are reported in relation to the 20 
applicable guideline as follows: 21 

 22 
- Onsite radiological consequence: < 100 rem total effective dose (TED) or 23 

≥ 100 rem TED 24 
 25 

- Onsite toxicological consequence: ≤ Protective Action Criteria (PAC-3) or 26 
> PAC-3 27 

 28 
- Offsite toxicological consequence: ≤ PAC-2 or > PAC-2 29 
 30 

 Estimated consequences for the accident scenario(s) with controls (only applicable when 31 
safety-significant structures, systems, and components (SSC) or specific administrative 32 
controls (SAC) are credited with mitigating the consequences to the onsite worker) 33 

 34 
 Safety-significant SSCs and the basis for selection (i.e., prevent or mitigate accidents that 35 

exceed onsite guidelines, protect the facility worker, or are important contributors to 36 
defense-in-depth) 37 

 38 
 Technical safety requirements (TSR), which depending on the basis for selection, are 39 

either: 40 
 41 

- SACs (prevent or mitigate accidents that exceed onsite guidelines, protect the 42 
facility worker, or protect an important initial condition assumed in the hazard 43 
analysis) 44 

 45 
- Key elements of Administrative Controls (important contributors to  46 

defense-in-depth or support SACs) 47 
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 1 
The analyses of offsite radiological consequences are documented in Section 3.4.2 and, per these 2 
analyses, no safety-class SSCs are required for tank farms. 3 
 4 
In addition to the TSRs identified for the representative accidents in the following sections, 5 
Table 3.3.2.4-1 identifies the following general TSRs that are not derived for a specific 6 
representative accident. 7 
 8 

 Waste characteristic control 9 
 Waste leak evaluation program 10 
 11 

The TSR on waste characteristic control is required to ensure that the radiological and 12 
toxicological source terms (i.e., unit-liter dose, unit sum-of-fractions, and 90Sr and 137Cs 13 
concentrations) used in the accident analyses are protected.  The method for developing 14 
radiological source terms is described in RPP-5924, Radiological Source Terms for Tank Farms 15 
Safety Analysis.  The method for developing toxicological source terms is described in 16 
RPP-30604, Tank Farms Safety Analyses Chemical Source Term Methodology.  The safety 17 
function of the waste characteristic control is to protect assumptions on waste characteristics 18 
used to estimate accident consequences by ensuring that unit-liter dose, unit sum-of-fractions, 19 
and 90Sr and 137Cs concentrations are within the values used in the DSA safety analysis.  20 
Additional description of this control is provided in Section 5.5.3.4. 21 
 22 
The waste leak evaluation program TSR requires establishing, implementing, and maintaining a 23 
program to identify and evaluate potential waste leaks or releases from tank farm facilities and 24 
operations.  The waste leak evaluation program provides defense-in-depth by requiring  25 
(a) technical evaluations of potential motive forces and leak paths that could result in waste leaks 26 
from waste transfer systems (i.e., waste leaks outside primary and secondary confinement), and 27 
(b) technical evaluations of the potential for waste releases outside of tanks from operations and 28 
equipment (i.e., potential energy sources) within tanks.  These technical evaluations are used to 29 
supplement the results of other hazard evaluation techniques described in Section 3.3.1.3.1.   30 
 31 
The waste leak evaluation program specifically requires the following. 32 
 33 

 Waste leak evaluations of waste transfer systems including: 34 
 35 

 Evaluation of the design of the waste transfer system to verify the waste transfer 36 
primary piping systems meet applicable design and safety basis requirements. 37 

 38 
 Evaluation of the design of water systems that interface with the waste transfer 39 

system to verify that safety basis requirements for physical disconnection are met. 40 
 41 

 Identification and evaluation of other interfaces with the waste transfer system that 42 
could provide a pathway for a waste leak outside of the secondary confinement 43 
systems (e.g., waste transfer instrumentation, waste transfer pump power systems). 44 

 45 
The motive forces for waste leaks considered in the waste leak evaluations include waste 46 
transfer system pressure from operation of the waste transfer pump, including reverse 47 
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operation of the pump, and other motive forces such as flushing with water, air blowing 1 
with compressed air, and siphoning. 2 
 3 

 Waste leak evaluations of operations and equipment within tanks (i.e., potential energy 4 
sources) that could result in the release of waste outside of the tank.  For example: 5 

 6 
 Waste channeling:  A pressurized source of fluid introduced below the solids surface 7 

in a tank is confined/channeled until waste is released through an open path to outside 8 
the tank. 9 

 10 
 Jet momentum:  A high velocity jet of fluid strikes a hole in an in-tank piece of 11 

equipment creating sufficient static pressure (head) inside the equipment to result in a 12 
waste leak outside the tank. 13 

 14 
 Air lift:  A source of gas (e.g., air) introduced below the liquid surface in a tank 15 

bubbles into the opening of submerged in-tank equipment and displaces (i.e., “lifts”) 16 
waste in the equipment out of the tank. 17 

  18 
The technical evaluations are prepared in accordance with Tank Operations Contractor (TOC) 19 
engineering standards and procedures. 20 
 21 
The waste leak evaluation program applies to: 22 
 23 

 Waste transfer primary piping systems and operations that could provide a motive force 24 
for a waste leak, and 25 

 26 
 Operations and equipment within single-shell tanks (SST), double-shell tanks (DST), 27 

double-contained receiver tanks (DCRT), catch tanks, inactive miscellaneous 28 
underground storage tanks (IMUST), 244-AR Vault tanks, and 244-CR Vault tanks, 29 
including tank risers, that could provide an energy source for a waste leak outside the 30 
tank. 31 

 32 
In addition to the above, there are requirements to control tank farm instrumentation and these 33 
requirements are applicable to instrumentation used to verify parameters to comply with the 34 
TSRs.  These requirements are documented in TFC-PLN-02, Quality Assurance Program 35 
Description (QAPD).  Per the QAPD, tools, gauges, instruments, and other measuring and test 36 
equipment used for activities affecting quality are controlled, calibrated at specific periods, 37 
adjusted, and maintained to required accuracy limits.  In addition, selection of measuring and test 38 
equipment is based on the type, range, accuracy, and tolerance needed to accomplish the required 39 
measurements for determining conformance to specified requirements.  Calibration and control 40 
measures are not required for commercial equipment such as rulers, tape measures, levels, etc., if 41 
such equipment provides the required accuracy. 42 
 43 
Measuring and test equipment is typically portable and instrument selection, use, control, 44 
calibration, and maintenance is managed across three different programs.  As described in 45 
TFC-PLN-02 the procedures for managing measuring and test equipment and the program for 46 
managing permanently installed instrumentation are as follows.47 
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 1 
 TFC-PLN-64, Industrial Hygiene Instrumentation Plan, establishes the requirements for 2 

the TOC industrial hygiene organization 3 
 4 

 TFC-ESHQ-RP_INS-P-05, Radiation Protection Instrument Program, establishes the 5 
requirements for the TOC radiation protection organization  6 

 7 
 TFC-OPS-MAINT-C-07, Control and Calibration of Measuring and Test Equipment, 8 

establishes the requirements for the balance of instrumentation used by the TOC 9 
 10 
 The in-service surveillance and maintenance program controls plant equipment including 11 

installed instrumentation.  The program is implemented as described in TFC-PLN-29, 12 
Nuclear Maintenance Management Plan, and TFC-ENG-FACSUP-C-23, Equipment 13 
Identification and Data Management.  TFC-PLN-29 reflects the elements of  14 
DOE O 433.1B, Maintenance Management Program for DOE Nuclear Facilities.  15 
Elements of TFC-PLN-29 related to tank farm plant equipment include requirements for 16 
defining structures, systems, and components, requirements derived from TSRs, and 17 
management systems used to control maintenance activities.  Engineering establishes 18 
maintenance requirements (calibrations, functional tests, and intervals) for the installed 19 
instrumentation as described in TFC-ENG-FACSUP-C-23.  The required preventive 20 
maintenance activities are controlled via the work control process as described in 21 
TFC-OPS-MAINT-C-01, Tank Operations Contractor Work Control. 22 

 23 
3.3.2.4.1  References 24 
 25 
DOE O 433.1B, 2010, Maintenance Management Program for DOE Nuclear Facilities, U.S. 26 

Department of Energy, Washington, D.C. 27 
 28 
HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, as amended, Washington 29 

River Protection Solutions LLC, Richland, Washington. 30 
 31 
RPP-5924, 2007, Radiological Source Terms for Tank Farms Safety Analysis, Rev. 5, 32 

CH2M HILL Hanford Group, Inc., Richland, Washington. 33 
  34 
RPP-30604, Tank Farms Safety Analyses Chemical Source Term Methodology, as amended, 35 

Washington River Protection Solutions LLC, Richland, Washington. 36 
 37 
TFC-ENG-FACSUP-C-23, Equipment Identification and Data Management, as amended, 38 

Washington River Protection Solutions LLC, Richland, Washington. 39 
 40 
TFC-ESHQ-RP_INS-P-05, Radiation Protection Instrument Program, as amended, Washington 41 

River Protection Solutions LLC, Richland, Washington. 42 
 43 
TFC-OPS-MAINT-C-01, Tank Operations Contractor Work Control, as amended, Washington 44 

River Protection Solutions LLC, Richland, Washington. 45 

RPP-13033 1/29/2015 - 12:56 PM 377 of 1079



RPP-13033 REV 5 
 
 

 
 3.3.2.4-5 

 1 
TFC-OPS-MAINT-C-07, Control and Calibration of Measuring and Test Equipment, as 2 

amended, Washington River Protection Solutions LLC, Richland, Washington. 3 
 4 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 5 

Protection Solutions LLC, Richland, Washington. 6 
 7 
TFC-PLN-29, Nuclear Maintenance Management Plan, as amended, Washington River 8 

Protection Solutions LLC, Richland, Washington. 9 
 10 
TFC-PLN-64, Industrial Hygiene Instrumentation Plan, as amended, Washington River 11 

Protection Solutions LLC, Richland, Washington. 12 
 13 

 

14 

RPP-13033 1/29/2015 - 12:56 PM 378 of 1079



RPP-13033 REV 5 
 
 

 
 3.3.2.4-6 

This page intentionally left blank. 

1 

RPP-13033 1/29/2015 - 12:56 PM 379 of 1079



RPP-13033 REV 5 
 
 

 
 T3.3.2.4-1  

Table 3.3.2.4-1.  Summary of General Technical Safety Requirements for 
Tank Farm Accidents.  (2 sheets) 

Technical safety requirement* Safety function Comment 

Waste Characteristic Controls  To protect assumptions on waste 
characteristics used to estimate 
accident consequences by ensuring 
that unit-liter dose, unit sum-of-
fractions, and 90Sr and 137Cs 
concentrations are within the values 
used in the DSA safety analysis. 

 

This TSR protects radiological and 
toxicological source term 
assumptions used in the accident 
analyses 

 

Radiological source terms are 
developed by the method described 
in RPP-5924 and placed on a 
configuration-controlled web 
location 

 

Toxicological source terms are 
developed by the method described 
in RPP-30604 and placed on a 
configuration-controlled web 
location 

Waste Leak Evaluation Program To identify and evaluate potential 
waste leaks or releases from tank 
farm facilities and operations 

-- 

Notes: 
*For the complete text of the controls summarized in this table refer to the latest revision of 

HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, as amended, Washington River Protection 
Solutions LLC, Richland, Washington. 

 
RPP-5924, 2007, Radiological Source Terms for Tank Farms Safety Analysis, Rev. 5, CH2M HILL Hanford 

Group, Inc., Richland, Washington. 
RPP-30604, Tank Farms Safety Analyses Chemical Source Term Methodology, as amended, Washington 

River Protection Solutions LLC, Richland, Washington. 
 
TSR = technical safety requirement. 
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3.3.2.4.1  Flammable Gas Accidents.  Flammable gases, primarily hydrogen, are generated by 1 
tank waste.  Flammable gases may also be generated from fuel (e.g., gasoline) leaks or spills.  If 2 
the concentration of a flammable gas mixture reaches its lower flammability limit (LFL) and an 3 
ignition source is present, a deflagration or detonation can occur with sufficient energy to release 4 
radioactive and other hazardous materials to the environment. 5 
 6 
A flammable gas hazard potentially exists within double-shell tanks (DST), single-shell tanks 7 
(SST), double-contained receiver tanks (DCRT), catch tanks, inactive miscellaneous 8 
underground storage tanks (IMUST), the 244-AR and 244-CR vaults, the 242-S and 242-T 9 
evaporators, miscellaneous inactive process facilities, and SST retrieval/closure aboveground 10 
tanks.  Additionally, a flammable gas hazard potentially exists within waste-intruding equipment, 11 
waste transfer systems, condensate systems, waste sample containers, and low-level radioactive, 12 
mixed, and transuranic (TRU) waste packaging. 13 
 14 
There are two mechanisms by which waste-generated flammable gases can reach high 15 
concentrations in tank farm facilities.  First, flammable gases generated by the waste are 16 
continuously released into vapor spaces.  In the absence of adequate ventilation, the steady-state 17 
concentration of these gases can potentially exceed the LFL.  Second, a fraction of the gas 18 
generated by the waste can be retained within the waste.  This retained gas can be released in a 19 
spontaneous or induced gas release event (GRE) thereby increasing the flammable gas 20 
concentration in a tank headspace to above the LFL. 21 
 22 
3.3.2.4.1.1  Flammable Gas Behavior and Combustion Phenomenon.  Flammable gas 23 
represents a hazard if the concentration can reach the LFL.  Accordingly, gas generation rates 24 
and gas retention and release mechanisms are key to understanding possible accident scenarios.  25 
Key parameters in defining flammable concentrations are gas composition and the corresponding 26 
flammability limits.  Ignition requirements (energy and temperature) are easily exceeded by a 27 
number of available ignition sources.  Given a deflagration or detonation, the resultant 28 
combustion pressures can be high enough to damage tank farm facilities. 29 
 30 
Gas Generation – The waste present within tank farm facilities is capable of generating 31 
flammable gas to varying degrees depending on the quantity of waste and its physical and 32 
chemical characteristics.  Hydrogen is generated via radiolysis of water and organics, thermolytic 33 
decomposition of organic compounds, and corrosion of a tank’s steel walls.  Radiolysis and 34 
thermolytic decomposition also generate ammonia.  Additional flammable gases (e.g., methane) 35 
are generated by chemical reactions between various degradation products of organic chemicals 36 
present in the waste.  Volatile or semivolatile organic chemicals in the waste also produce 37 
organic vapors.  Nitrous oxide (N2O), a potential oxidant, is also produced as are one or more 38 
gases (e.g., nitrogen) which act as diluents.  A detailed discussion of flammable gas generation is 39 
contained in RPP-6664, The Chemistry of Flammable Gas Generation. 40 
 41 
Gas generation rates have been calculated based on measured headspace concentrations, 42 
ventilation rates, and empirical models based on measured gas generation from waste samples.  43 
As reported in RPP-5926, Steady-State Flammable Gas Release Rate Calculation and Lower 44 
Flammability Level Evaluation for Hanford Tank Waste, hydrogen generation rates for DSTs 45 
range from less than 1 to over 80 ft3/day, and generation rates for SSTs range from less than 1 to 46 
about 10 ft3/day for existing tank conditions. 47 
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 1 
Gas Retention – Flammable gases are retained in substantial quantities only in the 2 
nonconvective and crust layers.  Free gas can accumulate only in submerged solids (i.e., beneath 3 
the free liquid level).  Laboratory testing on simulants and waste samples has determined that 4 
mechanisms of bubble retention are determined mainly by the physical properties of the waste 5 
and not by the chemistry (except to the extent it influences the physical characteristics).  Gas 6 
retention and release mechanisms for saltcake waste is unknown but is theorized to be the slow 7 
migration (percolation) of bubbles through the settled solids.  The steady-state retained gas 8 
volume fraction is then dependent on the gas generation rate and bubble percolation rate.  The 9 
ratio of the steady-state retained gas volume fraction to that required for the solids layer to 10 
become buoyant is called the buoyancy ratio.  If the bubble percolation rate is too low, the 11 
steady-state retained gas volume fraction can exceed buoyancy, i.e., the buoyancy ratio exceeds 12 
unity, and a “buoyant displacement” gas release event (BDGRE) may occur.  (See Spontaneous 13 
GREs below for a description of BDGREs).  Operating experience along with the results from 14 
experiments investigating flammable gas retention and release from sludge waste conclude that a 15 
spontaneous GRE from a sludge-behavior waste tank is not plausible (RPP-RPT-26836, Gas 16 
Retention and Release from Hanford Sludge Waste).  Empirical data collected indicates that the 17 
70 tanks containing predominantly sludge waste do not accumulate large gas volume fractions 18 
(estimated to be less than about 8 vol%) and do not experience sudden level drops which are a 19 
direct indication of a GRE.  Examination of waste transfer data indicate that gas transport 20 
through sludge waste is fast, presumably through a network of connected cracks, and the sludge 21 
wastes reach equilibrium between gas retention and gas release at relatively low gas volume 22 
fractions.  Tall column experiments show gas retention and release behavior does not change 23 
with increasing depth of the sludge layer for strong sludge waste.  For large gas releases to occur, 24 
the settled solids must accumulate sufficient gas to become less dense than the overlying 25 
supernatant (i.e., the settled solids would become buoyant).  The low equilibrium retained gas 26 
volume fraction in sludge waste prevents the settled solids from accumulating sufficient gas to 27 
become buoyant.  (Note:  Based on RPP-23584, Safety Evaluation of Waste Gel in the Tank 28 
Farms, there is uncertainty concerning gas retention and release behavior and, therefore, 29 
flammable gas release event hazards if a waste gel layer is formed in an SST or DST). 30 
 31 
Gas Release Mechanisms – GREs are large flammable gas releases that occur over an 32 
identifiable period of time at release rates far exceeding that of gas generation.  GREs are 33 
distinctive although in some tanks releases may be a part of a larger series of events (that is, 34 
episodic).  GREs generally have a sudden onset, a sharp increase in gas release rate above 35 
steady-state rates, and a short duration compared to the ventilation dilution time constants.  36 
GREs may occur spontaneously, or be induced by outside natural phenomena such as seismic 37 
events, or by operations-related disturbances of the waste. 38 
 39 

 Spontaneous GREs.  Spontaneous GREs are caused by a phenomena called “buoyant 40 
displacement” and can occur in saltcake waste tanks with a deep layer of supernatant 41 
when a portion or “gob” of the settled solids accumulates sufficient gas to become 42 
buoyant with respect to the liquid above it, breaks away, and rises through the liquid.  43 
The stored gas bubbles expand as the gob rises, disrupting the surrounding waste so a 44 
portion of the gas can escape into the tank headspace.  BDGREs have resulted in 45 
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flammable concentrations only three times.  These occurred in DST 241-SY-101 prior to 1 
remediation.1  The mechanisms for spontaneous gas releases from saltcake waste tanks 2 
without supernatant are less understood but probably are the result of “percolation” of 3 
individual bubble systems.  The potential volume of this kind of release is orders of 4 
magnitude smaller than that of a BDGRE. 5 

 6 
 Induced GREs.  Induced GREs are caused by waste disturbing activities and can be 7 

broken into two major groupings:  local waste disturbing activities such as sampling, 8 
lancing, ball rheometer; and globally waste disturbing operations.  Global, as opposed to 9 
local, waste disturbances affect the entire waste volume, or nearly so, and have the 10 
potential to release a large fraction of the total retained gas.  Such disturbances are mostly 11 
associated with retrieval operations (i.e., modified sluicing operations), the decanting or 12 
transfer of supernatant, and mixing.  Global disturbances can range from a change in 13 
waste volume, with coincident change in hydrostatic pressure, to a complete 14 
redistribution of the waste mass as in mixer pump operation. 15 

 16 
Note: Based on RPP-23584, there is uncertainty concerning gas retention and release behavior 17 

and, therefore, spontaneous and induced flammable gas release hazards if a waste gel 18 
layer is formed in an SST or DST. 19 

 20 
Flammability Limits – An overview of the flammability limits of gases generated in Hanford 21 
waste tanks are documented in PNNL-13269, Overview of the Flammability of Gases Generated 22 
in Hanford Waste Tanks.  The flammability limits in air for both upward and downward 23 
propagation for hydrogen, methane, and ammonia are summarized in Table 3.3.2.4.1-1. 24 
 25 
Studies at the California Institute of Technology (Ross and Shepherd 1996, Lean Combustion 26 
Characteristics of Hydrogen-Nitrous Oxide-Ammonia Mixtures in Air) indicate that the 27 
combustion limits for waste gas mixtures can be reasonably estimated from the LFL of each fuel 28 
by use of Le Chatelier’s linear mixing law: 29 
 30 
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 32 
 where:  33 
 34 
 [MIX]LFL = concentration of the gas mixture at the LFL in air 35 
 [gas]MIX  = concentration of the gas composing the fuel mixture 36 
 [gas]LFL = concentration of the pure gas at the LFL in air. 37 
                                                 
 
1 Prior to its remediation, spontaneous buoyant displacement gas release events (BDGRE) in DST 241-SY-101 
exceeded 100% of the LFL (36,000 ppm) three times (47,000 ppm on October 24, 1990; 53,000 ppm on  
December 4, 1991; and 51,200 ppm on September 3, 1992) (see RPP-7771, Flammable Gas Safety Issue 
Resolution).  (Note:  RPP-7771 assumed an LFL of 3.6% (36,000 ppm) for a mixture of hydrogen and other 
flammable gases (versus 4.0% for hydrogen in air) which allows for other flammable components such as ammonia 
and methane.)  The spontaneous BDGRE flammable gas hazard in DST 241-SY-101 was initially controlled by the 
addition of a mixer pump and ultimately eliminated by a series of waste transfers and water dilution of the remaining 
waste. 
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 1 
Combustion limits for detonations and deflagration-to-detonation transition (DDT) have been 2 
evaluated for Hanford tank waste flammable gas mixtures.  Detonations and DDTs can occur 3 
when the hydrogen concentration reaches between 8% and 14%, depending on the presence of 4 
nitrous oxide (WHC-SD-WM-RPT-281, Deflagration and Detonation Hazards in Hanford Tank 5 
Farm Facilities). 6 
 7 
A control point of 25% of the LFL has been established based on National Fire Protection 8 
Association (NFPA) standards.  Specifically, NFPA 69, Standard on Explosion Prevention 9 
Systems, states that, relative to the design and operational requirements of systems used for 10 
combustion concentration reduction, the combustible concentration shall be maintained at or 11 
below 25% of the LFL.  As documented in PNNL-13933, Review of the Technical Basis of the 12 
Hydrogen Control Limit for Operations in Hanford Tank Farms, a measured hydrogen 13 
concentration of 6,250 parts per million volume (ppmv) conservatively represents 25% of the 14 
flammable gas mixture for the majority of conditions and tanks.  In cases where ammonia 15 
evaporation is significant, a mixture containing 6,250 ppmv hydrogen can exceed 25% of the 16 
LFL but cannot approach 100% of the LFL even when extrapolated to the highest measured 17 
ammonia concentrations. 18 
 19 
Ignition Energy – Mechanisms for ignition of a given mixture of combustible gases are complex 20 
and involve formation of a critical concentration of molecular fragments by the energy in 21 
electrostatic or mechanical sparks.  Studies of the requirements for ignition of hydrogen have 22 
defined the minimum ignition energy, i.e., the energy below which the ignition of a combustible 23 
mixture cannot occur and above which ignition occurs.  As discussed in PNNL-13269, the 24 
minimum ignition energy for hydrogen is very small, i.e., on the order of 0.01 mJ.   25 
 26 
An experiment was conducted at the California Institute of Technology to evaluate the effect of 27 
various ignition energies on the LFL of three gas mixtures with compositions relevant to Hanford 28 
tank waste gases containing hydrogen, ammonia, nitrous oxide, methane, and nitrogen.  The 29 
research found that none of the three mixtures showed any pronounced dependence on the LFL 30 
for ignition energies between 0.04 and 8 J (PNNL-13269). 31 
 32 
Although hydrogen ignites with a very small energy source, the direct initiation of a detonation 33 
requires an ignition source of high energy, high power, or large size [roughly 1 g of high 34 
explosive (4.6 kJ) for a stoichiometric hydrogen/air mixture].  LA-UR-92-3196, A Safety 35 
Assessment for Proposed Pump Mixing Operations to Mitigate Episodic Gas Releases in Tank 36 
241-SY-101, Appendix E, “Detonation Considerations in the Dome Vapor Space,” states that 37 
such strong ignition sources are incredible for in-tank ignition sources. 38 
 39 
Combustion Pressure – A global deflagration event is where the gas concentration in the entire 40 
tank headspace is above the LFL.  For these deflagrations, the resultant pressure will be nearly 41 
uniform and bounded by the adiabatic isochoric (constant volume) complete combustion (AICC) 42 
pressure. 43 
 44 
Under lean combustion conditions, developed pressures will be less than the AICC pressure 45 
because of incomplete combustion.  Combustion pressures are well below AICC until fuel 46 
concentrations are well above the LFL.  AICC pressures are approached when the mixtures are 47 
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above the limit for downward propagation (Ross and Shepherd 1996).  Once concentrations 1 
exceed the lower limit for downward propagation, combustion pressures exceed about 2 
59 lb/in2 gauge. 3 
 4 
If insufficient gas is available to create flammable concentrations in the well-mixed headspace, 5 
but a GRE creates a local plume of flammable gases, combustion of the plume will result in 6 
pressures less than the AICC pressures discussed above as the combustion energy is dissipated 7 
into the rest of the headspace volume.  Tank pressures created by plume deflagrations can range 8 
from very low and inconsequential to pressures high enough to challenge the structures of SSTs 9 
(greater than 11 lb/in2 gauge). 10 
 11 
3.3.2.4.1.2  Double-Shell Tank Flammable Gas Evaluation.  The representative accident for 12 
DSTs is a headspace deflagration due to a steady-state accumulation of flammable gas. 13 
 14 
Representative Accident Scenario – Elevated flammable gas concentrations can result from the 15 
steady-state generation and accumulation of flammable gas.  RPP-5926 calculates the 16 
steady-state flammable gas concentration in DSTs.  As shown in RPP-5926, under barometric 17 
breathing conditions, in which the only movement of air into or out of the tank is due to 18 
variations in atmospheric pressure, flammable gas concentrations in excess of the LFL can be 19 
achieved in some DSTs for existing tank conditions.  RPP-5926 also evaluates flammable gas 20 
concentrations under a hypothetical zero ventilation condition.  Under such a condition, the time 21 
to the LFL is decreased. 22 
 23 
Given a flammable gas concentration in excess of the LFL, a deflagration can occur should an 24 
ignition source be present.  Potential ignition sources for deflagrations in the headspace of DSTs 25 
include installed equipment, activities conducted within a DST or its associated waste 26 
transfer-associated structures, and natural phenomena (i.e., lightning, earthquake).  An ignition 27 
source is assumed to be present and ignite the flammable gas in the tank headspace resulting in a 28 
deflagration. 29 
 30 
A panel of experts was convened to evaluate the structural response of DSTs to pressurization 31 
loads.  As documented in WHC-SD-TWR-RPT-003, DELPHI Expert Panel Evaluation of 32 
Hanford High Level Waste Tank Failure Modes and Release Quantities, at internal pressures in 33 
the range of 55 to 60 lb/in2 gauge, the steel liner of the primary tank will fail along a transition 34 
weld located at a 6 ft radius from the dome center.  The energy of the high-pressure air at failure 35 
is such that it is postulated that part of the concrete and soil overburden above the center 6 ft 36 
radius of the primary tank will blow out.  At pressures below 55 to 60 lb/in2 gauge, the steel liner 37 
of the primary tank is not expected to fail, and the pressure would be vented via the primary tank 38 
ventilation system and through waste transfer-associated structures via connecting risers or drain 39 
lines. 40 
 41 
Frequency Determination – As documented in RPP-13510, Flammable Gas Technical Basis 42 
Document, the frequency of a headspace deflagration in a DST due to a steady-state 43 
accumulation of flammable gas without controls is qualitatively determined to be “unlikely” 44 
(> 10-4 to ≤ 10-2 per year).  The basis for this qualitative determination is (1) the likelihood of 45 
reaching the LFL considering the conservatisms in flammable gas generation rate and barometric 46 
breathing rate estimates as calculated in RPP-5926, (2) the presence of an ignition source, (3) the 47 
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40-yr operating history of the tank farms during which time no deflagrations are known to have 1 
occurred, and (4) flammable gas monitoring data (i.e., DST headspace steady-state flammable 2 
gas concentrations are below 25% of the LFL even without active ventilation). 3 
 4 
Note: The frequency of a DST headspace detonation due to a steady-state accumulation of 5 

flammable gas without controls is qualitatively determined to be “beyond extremely 6 
unlikely” (≤ 10-6 per year).  The basis for this qualitative determination is (1) the 7 
likelihood of reaching detonable limits prior to the occurrence of a deflagration, (2) the 8 
strong ignition source requirement for the direct initiation of a detonation, and (3) the 9 
special geometry conditions required for a DDT. 10 

 11 
Consequence Determination – Scoping calculations of the potential consequences from a DST 12 
headspace deflagration are documented in RPP-13510.  The scoping calculations estimate that 13 
1 kg of respirable DST waste is suspended and released.  This estimate, which assumes tank 14 
failure, is based on the aggregate best estimate of a number of subject matter experts who 15 
considered various modeling techniques and assumptions.  To account for the pressurized nature 16 
of the event, a volumetric atmospheric dispersion coefficient (χ/Q) is applied which assumes that 17 
the respirable release is initially dispersed into a cloud above the tank that is subsequently 18 
transported downwind.  To estimate the consequences, the scoping calculations apply the 19 
bounding unit-liter dose (ULD) and unit sum-of-fractions (USOF) for DST waste that is subject 20 
to release in a deflagration. 21 
 22 
Based on the RPP-13510 scoping calculations of a deflagration in the headspace of a DST, 23 
without controls, the onsite radiological consequence is < 100 rem, the offsite toxicological 24 
consequences is < Protective Action Criteria [PAC]-2, and the onsite toxicological consequence 25 
is < PAC-3 (see Table 3.3.2.4.1-2) and, therefore, no safety-significant structures, systems, and 26 
components (SSC) or technical safety requirements (TSR) are required to prevent or mitigate this 27 
postulated accident scenario.  However, it is qualitatively determined that without controls a 28 
DST headspace deflagration could result in significant facility worker consequences 29 
(i.e., grievous injury or death to a facility worker due to overpressure or physical impact from 30 
SSC failure [missiles], or from toxicological exposure exceeding PAC-3).  Accordingly, 31 
safety-significant SSCs and/or TSRs are required to protect the facility worker. 32 
 33 
Below are other accident scenarios associated with the DST flammable gas representative 34 
accident.  The frequency and consequences of these accident scenarios without controls are 35 
summarized in Table 3.3.2.4.1-2. 36 
 37 

 DST Headspace Deflagration Due to a Spontaneous GRE.  This accident scenario is 38 
identical to the representative accident except that the flammable gas concentration in the 39 
headspace reaches the LFL due to a spontaneous GRE.  The potential for a spontaneous 40 
GRE in DSTs is discussed in Section 3.3.2.4.1.4.2.2. 41 

 42 
 DST Headspace Deflagration Due to an Induced GRE.  This accident scenario is 43 

identical to the representative accident except that the flammable gas concentration in the 44 
headspace reaches the LFL due to an induced GRE.  Based on the evaluations in 45 
PNNL-13781, Effects of Globally Waste-Disturbing Activities on Gas Generation, 46 
Retention, and Release in Hanford Waste Tanks, the only authorized operations with the 47 
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potential to induce a significant GRE in DSTs are waste transfers, large water additions, 1 
and chemical additions for waste chemistry management (see Section 3.3.2.4.1.4.2.3).  2 
Because these are current or planned activities, the frequency without controls is 3 
qualitatively determined to be “anticipated” (> 10-2 to < 10-1 per year).  A seismic event 4 
could also cause a significant gas release.  An earthquake of sufficient magnitude to 5 
release a significant fraction of retained gas is qualitatively determined to be “unlikely.” 6 
 7 
Note: The frequency of a headspace detonation in a DST due to an operation or seismic 8 

induced GRE without controls is qualitatively determined to be “beyond 9 
extremely unlikely.”  The basis for this qualitative determination is (1) the 10 
likelihood of reaching detonable limits prior to the occurrence of a deflagration, 11 
(2) the strong ignition source requirement for the direct initiation of a detonation, 12 
(3) the special geometry conditions required for a DDT, and (4) an insufficient 13 
volume of retained flammable gas in the DST solids to achieve detonable 14 
concentrations.  See also Section 3.3.2.4.1.4.2.3.  15 

 16 
 Deflagration in a DST Annulus.  The annular space between the primary and secondary 17 

tanks of a DST does not normally contain waste.  Waste could be present due to either a 18 
failure of the primary tank; the misrouting of a waste transfer into the annulus; or a waste 19 
transfer that overfills DST 241-AY-101, 241-AY-102, 241-AZ-101, or 241-AZ-102 in 20 
conjunction with a side fill line leak into the annulus.  As documented in RPP-8050, 21 
Lower Flammability Limit Calculations for Catch Tanks, DST Annuli, Waste Transfer-22 
Associated Structures, and Double-Contained Receiver Tanks in Tank Farms at the 23 
Hanford Site, if a sufficiently large volume of waste were present, the LFL could be 24 
reached in the annulus headspace.  The frequency of a deflagration in a DST annulus 25 
without controls is qualitatively estimated to be “unlikely” for the primary tank leak and 26 
waste transfer misroute scenarios, and “extremely unlikely” for the DST 241-AY-101, 27 
241-AY-102, 241-AZ-101, or 241-AZ-102 overfill and side fill line leak scenario.  The 28 
consequences without controls are qualitatively determined to be bounded by the 29 
representative accident. 30 

 31 
3.3.2.4.1.3  Single-Shell Tank Flammable Gas Evaluation.  The representative accident for 32 
SSTs is a headspace deflagration due to a steady-state accumulation of flammable gas.   33 
 34 
Representative Accident Scenario – Elevated flammable gas concentrations can result from the 35 
steady-state generation and accumulation of flammable gas.  RPP-5926 calculates the 36 
steady-state flammable gas concentration in SSTs.  Under barometric breathing conditions, in 37 
which the only movement of air into or out of the tank is due to variations in atmospheric 38 
pressure, flammable gas concentrations in excess of the LFL can be reached in some SSTs.  39 
Under zero ventilation conditions, concentrations in excess of the LFL will eventually be reached 40 
in most SSTs. 41 
 42 
An ignition source is assumed to be present and ignite the flammable gas in the SST headspace 43 
resulting in a deflagration. 44 
 45 
As documented in WHC-SD-TWR-RPT-003, at internal pressures in the range of 11 to 15 lb/in2 46 
gauge, some cracking of the SST concrete tank dome with distributed pressure venting and 47 
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overstressing of rebar is predicted.  This failure would lead to self-venting through the soil 1 
overburden.  Given a very rapid, high pressure transient, the pressure may not have time to vent.  2 
At pressures significantly greater than 11 to 15 lb/in2 gauge, the center portion of the dome to a 3 
radial distance of 2 to 20 ft, along with the soil overburden, would likely be blown out.  Based on 4 
existing stress analyses, the DELPHI Panel concluded there is no reason to expect complete 5 
dome collapse.   6 
 7 
Frequency Determination – As documented in RPP-13510, the frequency of a headspace 8 
deflagration in an SST due to a steady-state accumulation of flammable gas without controls is 9 
qualitatively determined to be “unlikely.”  In making this determination, consideration is given 10 
to:  (1) the likelihood of reaching the LFL considering the conservatisms in the RPP-5926 11 
calculations, and no consideration of diffusion, (2) the presence of an ignition source, (3) the 12 
55-yr operating history of the tank farms during which time no deflagrations are known to have 13 
occurred, and (4) flammable gas monitoring data (i.e., SST headspace flammable gas 14 
concentration are typically well below 25% of the LFL). 15 
 16 
Note: The frequency of an SST headspace detonation due to a steady-state accumulation of 17 

flammable gas without controls is qualitatively determined to be “beyond extremely 18 
unlikely.”  The basis for this qualitative determination is (1) the likelihood of reaching 19 
detonable limits prior to the occurrence of a deflagration, (2) the strong ignition source 20 
requirement for the direct initiation of a detonation, and (3) the special geometry 21 
conditions required for a DDT. 22 

 23 
Consequence Determination – Scoping calculations of the potential consequences from an SST 24 
headspace deflagration are documented in RPP-13510.  The scoping calculations estimate that 25 
6 kg of respirable SST waste is suspended and released.  This estimate, which assumes tank 26 
failure, is based on the aggregate best estimate of a number of subject matter experts who 27 
considered various modeling techniques and assumptions.  The consequence calculations, similar 28 
to the DST scoping calculations, use a volumetric χ/Q.  To estimate the consequences, the 29 
scoping calculations apply the bounding ULD and USOFs for waste in SSTs where a flammable 30 
gas deflagration is possible. 31 
 32 
Based on the RPP-13510 scoping calculations of a deflagration in the headspace of an SST, 33 
without controls, the onsite radiological consequence is < 100 rem, the offsite toxicological 34 
consequences is < PAC-2, and the onsite toxicological consequence is < PAC-3 (see 35 
Table 3.3.2.4.1-2) and, therefore, no safety-significant SSCs or TSRs are required to prevent or 36 
mitigate this postulated accident scenario.  However, it is qualitatively determined that without 37 
controls an SST headspace deflagration could result in significant facility worker consequences 38 
(i.e., grievous injury or death to a facility worker due to overpressure or physical impact from 39 
SSC failure [missiles], or from toxicological exposure exceeding PAC-3).  Accordingly, 40 
safety-significant SSCs and/or TSRs are required to protect the facility worker. 41 
 42 
Below are other accident scenarios associated with the SST flammable gas representative 43 
accident or, that based on the evaluation of potential flammable gas hazards in RPP-15188, 44 
Hazard Evaluation Database Report, have the potential for significant facility worker 45 
consequences.  The frequency and consequences of these accident scenarios without controls are 46 
summarized in Table 3.3.2.4.1-2. 47 
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 1 
 SST Headspace Deflagration Due to an Induced GRE.  This accident scenario is 2 

identical to the representative accident except that the flammable gas concentration in the 3 
headspace reaches the LFL due to an induced GRE.  However, there are no authorized 4 
operations in SSTs that pose a potential induced flammable gas hazard (see 5 
Section 3.3.2.4.1.4.2.3).  In addition, the frequency of a seismic induced GRE flammable 6 
gas deflagration is qualitatively determined to be “beyond extremely unlikely” because 7 
the volume of retained flammable gas in the SST solids estimated to released by a 8 
seismic event is insufficient to achieve 100% of the LFL.  See also 9 
Section 3.3.2.4.1.4.2.3. 10 
 11 
Note: The frequency of a headspace detonation in an SST due to an operation or seismic 12 

induced GRE without controls is qualitatively determined to be “beyond 13 
extremely unlikely.”  The basis for this qualitative determination is (1) the 14 
likelihood of reaching detonable limits prior to the occurrence of a deflagration, 15 
(2) the strong ignition source requirement for the direct initiation of a detonation, 16 
(3) the special geometry conditions required for a DDT, and (4) an insufficient 17 
volume of retained flammable gas in the SST solids to achieve detonable 18 
concentrations.  See also Section 3.3.2.4.1.4.2.3. 19 

 20 
 Deflagration in a Double-Contained Receiver Tank.  DCRTs 244-BX, 244-S, and 21 

244-TX were formerly used as interim short-term waste storage and transfer facilities.  22 
Steady-state flammable gas evaluations in RPP-8050 show that, in the absence of 23 
controls, the flammable gas concentration in DCRTs can exceed the LFL.  The frequency 24 
of a steady-state flammable gas deflagration in a DCRT without controls is qualitatively 25 
estimated to be “unlikely,” and the consequences without controls are qualitatively 26 
determined to be bounded by the representative accident.  Therefore, no safety-significant 27 
SSCs or TSRs are required to prevent or mitigate consequences to the offsite public or 28 
onsite worker.  However, it is qualitatively determined that a deflagration in a DCRT 29 
without controls could result in significant facility worker consequences (i.e., grievous 30 
injury or death to a facility worker due to overpressure or physical impact from SSC 31 
failure [missiles], or from toxicological exposure exceeding PAC-3).  Accordingly, 32 
safety-significant SSCs and/or TSRs are required for a deflagration in a DCRT due to 33 
steady-state accumulation of flammable gas to protect the facility worker. 34 
 35 
Evaluations of GRE flammable gas hazards in DCRTs (see Section 3.3.2.4.1.4.2.4) 36 
conclude that there are no authorized operations that pose an induced GRE flammable 37 
gas hazard and that the qualitatively determined frequency of a spontaneous GRE and 38 
seismic induced GRE flammable gas hazard without controls are “beyond extremely 39 
unlikely.” 40 
 41 

 Deflagration in an Inactive/Miscellaneous Tank/Facility.  RPP-15188 identifies the 42 
following inactive/miscellaneous tanks/facilities where a deflagration due to the 43 
generation and accumulation of flammable gases from residual waste is credible 44 
(i.e., “anticipated,” “unlikely,” or “extremely unlikely” [> 10-6 to ≤ 10-4 per year]). 45 
 46 

- Catch tanks (see Chapter 2.0 for the list of catch tanks) 47 
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 1 
- IMUSTs (see Chapter 2.0 for the list of IMUSTs) 2 

 3 
- 244-CR Vault tanks 244-CR-TK-001, -002, -003, and -011 4 

 5 
- 242-T Evaporator tanks/vessels 242-T-101, -102, -103, -104, -105, -106, -107, 6 

-108, -109, and -110 7 
 8 

- 242-S Evaporator (Hot Side) tank/vessels 9 
 10 

- Miscellaneous inactive processing facilities ITS-1, 241-C-801, 241-SX-401, 11 
and 241-SX-402 12 
 13 

- Waste transfer systems (active and inactive primary piping and encasements) 14 
 15 

- Hose-in-hose transfer line (HIHTL) systems (active and inactive primary hose 16 
and encasement hose assemblies) 17 

 18 
- Vacuum retrieval system slurry tank and water separator 19 

  20 
- IMUST vaults. 21 

 22 
- DST leak detection pits. 23 

 24 
The consequences of a flammable gas deflagration in these inactive/miscellaneous 25 
tanks/facilities without controls are below the offsite public and onsite worker evaluation 26 
guidelines (i.e., onsite radiological consequence < 100 rem, offsite toxicological 27 
consequence < PAC-2, and onsite toxicological consequence is < PAC-3).  Therefore, no 28 
safety-significant SSCs or TSRs are required to prevent or mitigate consequences to the 29 
offsite public or onsite worker.  A flammable gas deflagration in these 30 
inactive/miscellaneous tanks/facilities without controls could cause significant facility 31 
worker consequences (i.e., grievous injury or death to a facility worker due to 32 
overpressure or physical impact from SSC failure [missiles], or from toxicological 33 
exposure exceeding PAC-3).  However, the facility worker risk is only significant 34 
(i.e., requires controls to protect the facility worker) for manned work activities involving 35 
the tank/facility.2  That is, the probability of two random, independent events 36 
(i.e., flammable gas concentration above the LFL and its ignition; and the presence of a 37 
facility worker) is sufficiently low to only require TSR controls when the facility worker 38 
is present.  For manned work activities, the potential flammable gas hazards include 39 
steady-state generation and accumulation, and spontaneous GREs (see 40 
Section 3.3.2.4.1.4.2.4).  There are no authorized operations for these 41 
inactive/miscellaneous tanks/facilities that could release sufficient retained flammable 42 

                                                 
 
2 Manned work activities are activities that can cause an uncontrolled ignition source (e.g., errant spark) as a result 
of the use or manipulation of equipment or material by personal or human error. 
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gases to achieve 100% of the LFL (i.e., no induced GRE flammable gas hazard)3 and, 1 
based on the low risk of a seismic induced GRE when a facility worker is present at one 2 
of these inactive/miscellaneous tanks/facilities, no TSR controls are required. 3 
  4 

 Deflagration in a Waste Transfer-Associated Structure.  There are two means by 5 
which flammable gas can be present in a waste transfer-associated structure.  First, 6 
flammable gases can enter a structure if it is connected via open piping, drain lines, or 7 
risers to an SST, DST, or other tank containing waste.  Second, flammable gases would 8 
be produced if waste is present in a structure due to a waste transfer leak or misroute.  In 9 
the absence of controls, the flammable gas concentration could exceed the LFL via either 10 
means. 11 
 12 
The frequency of a flammable gas deflagration in a waste transfer-associated structure 13 
due to flammable gases entering from the headspace of a directly connected tank is the 14 
same frequency as the flammable gas deflagration hazard in the connected tank.  The 15 
consequences of the flammable gas deflagration in the waste transfer-associated structure 16 
are bounded by the deflagration in the connected tank.  Therefore, based on the 17 
evaluation guidelines, no safety-significant SSCs or TSRs are required to prevent or 18 
mitigate consequences to the offsite public or onsite worker.  However, it is qualitatively 19 
determined that a deflagration in a waste transfer-associated structure without controls 20 
could result in significant facility worker consequences (i.e., grievous injury or death to a 21 
facility worker due to overpressure or physical impact from SSC failure [missiles]).  22 
Accordingly, safety-significant SSCs and/or TSRs are required to protect the facility 23 
worker from a deflagration in a waste transfer-associated structure due to flammable 24 
gases entering from a connected tank.  Because the controls are the same as the controls 25 
that prevent the flammable gas deflagration in the connected tank, this accident scenario 26 
does not required further discussion.  (Note:  The controls that prevent flammable gas 27 
deflagrations in tanks also address flammable gas hazards in tank risers and flexible 28 
receiver bags that could also cause significant facility worker hazards during manned 29 
work activities.  These hazardous conditions also require no further discussion.) 30 
 31 
The frequency and consequences of flammable gas deflagrations in waste 32 
transfer-associated structures due to waste leaks or misroutes are addressed in 33 
Section 3.3.2.4.4. 34 

 35 
 Deflagration in Waste-Intruding Equipment.  Waste-intruding equipment is 36 

equipment that (1) is open ended or breached below the waste surface in a tank or waste 37 
transfer-associated structure and (2) has an unvented vapor space where flammable gases 38 
generated or retained in the waste may accumulate.  A mechanical seal shall not be 39 
credited as a barrier between electrical components and the waste.  Examples of 40 
waste-intruding equipment include core sample drill pipes, waste transfer pump column, 41 
weight factor dip tubes, and the motor housing of submersible sump pumps in above 42 
grade waste transfer-associated structures.  Equipment below the waste surface that is 43 
sealed (e.g., thermocouple trees) is not considered waste-intruding equipment. 44 

                                                 
 
3 Sampling activities are authorized because they only disturb a small fraction of the waste solids. 
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 1 
Incidents have occurred where the concentration of flammable gas in waste-intruding 2 
equipment has exceeded the LFL (RPP-13121, Historical Summary of Occurrences from 3 
the Tank Farms Final Safety Analysis Report).  These incidents were attributed to the 4 
equipment encountering gas pockets in the waste.  Flammable gas concentrations 5 
exceeding the LFL in waste-intruding equipment have also resulted from steady-state 6 
generation and accumulation (HNF-5985, Tank 241-ER-311 Flammable Gas Response 7 
and Findings).  Given this operational history, the frequency of a deflagration in 8 
waste-intruding equipment without controls is qualitatively determined to be 9 
“anticipated.”  The consequences without controls are qualitatively determined to be less 10 
than the evaluation guidelines (i.e., onsite radiological consequence < 100 rem, offsite 11 
toxicological consequence < PAC-2, and onsite toxicological consequence < PAC-3), but 12 
could be a significant facility worker hazard with the following exceptions. 13 
 14 

1. Waste-intruding equipment where the volume of unvented vapor space inside the 15 
waste-intruding equipment is ≤ 10 L.  For this waste-intruding equipment, a 16 
flammable gas deflagration is not a significant facility worker hazard because of 17 
the limited available energy and the protection provided by the waste-intruding 18 
equipment.  (Note:  The maximum explosive energy available from a deflagration 19 
of 10 L of hydrogen [i.e., a stoichiometric mixture of 30% by volume hydrogen 20 
and air] is approximately equivalent to an M-80, which is a large firecracker 21 
designed for military use as a gunfire simulator.) 22 

 23 
2. Waste-intruding equipment where the unvented vapor space is beneath the cover 24 

of a waste transfer-associated structure and the volume of unvented vapor space is 25 
≤ 100 L.  For this waste-intruding equipment, a flammable gas deflagration is not 26 
a significant facility worker hazard because of the limited available energy and 27 
the protection provided by the waste-intruding equipment and the waste 28 
transfer-associated structure. 29 

 30 
3. Waste-intruding equipment where the unvented vapor space is totally within a 31 

tank.  For this waste-intruding equipment, a flammable gas deflagration is not a 32 
significant facility worker hazard because of the protection provided by the 33 
waste-intruding equipment and tank structure and intervening structures and soil. 34 

 35 
4. Waste-intruding equipment where the unvented vapor space is a waste transfer 36 

pump column and connected safety-significant waste transfer primary piping 37 
systems/hose-in-hose transfer line (HIHTL) primary hose assemblies, and the 38 
ignition source is from waste transfer pump operation.  That is, the unvented 39 
vapor space of concern is the vapor space within the waste transfer pump column 40 
above the waste surface and the contiguous vapor space within the connected 41 
safety-significant waste transfer primary piping systems/HIHTL systems up to 42 
either a closed valve or loop seal (local low spot filled with waste or water) in the 43 
waste transfer primary piping system/HIHTL system.  For this waste-intruding 44 
equipment, a flammable gas deflagration is not a significant facility worker 45 
hazard based on the evaluation documented in RPP-13510.  The RPP-13510 46 
evaluation concludes that a flammable gas deflagration is not expected to fail the 47 
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safety-significant waste transfer primary piping systems/HIHTL primary hose 1 
assemblies, which are located outside of the tank.  A detonation or DDT may fail 2 
safety-significant waste transfer primary piping system/HIHTL primary hose 3 
assembly components, but fragmentation creating missiles is not a predicted 4 
failure mode (i.e., the failure mode is ductile tearing of metal components and 5 
tearing or splitting of hoses).  In addition, even if fragmentation is postulated, 6 
fragment velocities are low and would not penetrate waste transfer-associated 7 
structures/covers, HIHTL encasement hose assemblies, or buried/bermed waste 8 
transfer line encasements and/or soil.  Waste transfer-associated structures/covers, 9 
HIHTL encasement hose assemblies, and buried/bermed waste transfer line 10 
encasements and/or soil would also protect the facility worker from any potential 11 
overpressure from failed waste transfer primary piping systems/HIHTL primary 12 
hose assemblies.   13 

 14 
This exception from ignition controls is limited to ignition sources in the waste 15 
transfer pump column resulting from pump operation (e.g., mechanical sparks 16 
from waste particulate interacting with pump internals or a pump impeller 17 
impacting the pump stator or housing; high temperature from friction heating of 18 
worn or failed pump shaft bearings/bushings in the pump column).  This 19 
limitation is based on the assumption in the RPP-13510 evaluation that waste 20 
transfer-associated structure covers are installed and that the connected waste 21 
transfer primary piping systems/HIHTL primary hose assemblies are 22 
safety-significant and encased.  During waste transfer pump operation, structures 23 
covers are required to be installed (see Section 3.3.2.4.3 and Section 5.5.3.3), the 24 
physically connected waste transfer primary piping systems and HIHTL primary 25 
and encasement hose assemblies are required to be safety-significant (see 26 
Section 3.3.2.4.3, Section 4.4.1, and Section 4.4.2) and waste transfer line 27 
encasements on buried/bermed transfer lines are required as defense-in-depth (see 28 
Section 3.3.2.4.3 and Section 3.3.2.3.2).  Because other ignition sources in the 29 
waste transfer pump column or connected waste transfer primary piping 30 
systems/HIHTL primary hose assemblies (e.g., installed instrumentation, manned 31 
work activities) may exist when these barriers are not in place, this exception does 32 
not apply to ignition sources that do not result from pump operation. 33 

 34 
Except for waste-intruding equipment where the first three exceptions above apply, a 35 
significant facility worker hazard from the flammable gases accumulated inside of  36 
waste-intruding equipment may remain for a period of time when waste-intruding 37 
equipment is opened/breached or raised above the waste surface in a tank or waste 38 
transfer-associated structure (i.e., for equipment that was waste-intruding equipment). 39 

 40 
 Gasoline (or LPG) Deflagration.  Vehicles are routinely used in tank farms to support 41 

surveillance, sampling, maintenance, and construction activities.  A vehicle accident in a 42 
tank farm could result in fuel from a ruptured fuel tank spilling into a DST, DST annuli, 43 
SST, DCRT, catch tank, IMUST, or 244-AR or 244-CR vault tank.  Fuel could also leak 44 
or spill into these tanks during fueling activities or from a liquefied petroleum gas (LPG) 45 
container leak near the tanks.  A flammable gas deflagration could occur if the fuel were 46 
to subsequently volatilize and ignite.  The frequency of a gasoline or LPG deflagration 47 

RPP-13033 1/29/2015 - 12:56 PM 394 of 1079



RPP-13033 REV 5-G 
 

 

 
 3.3.2.4.1-14 

without controls is qualitatively determined to be “unlikely” based on evaluations 1 
contained in RPP-13261, Analysis of Vehicle Fuel Release Resulting in a Waste Tank 2 
Fire, and evaluations of potential tank farm fueling accidents and potential LPG 3 
container locations.  The consequences of a gasoline or LPG deflagration without 4 
controls are qualitatively determined to be bounded by a DST or SST flammable gas 5 
deflagration.  Therefore, based on the evaluation guidelines, no safety-significant SSCs or 6 
TSRs are required to prevent or mitigate consequences to the offsite public or onsite 7 
worker.  Even though a gasoline or LPG flammable gas deflagration in a tank could result 8 
in significant facility worker consequences, this hazard is a common industrial hazard 9 
that is regulated by DOE-prescribed occupational safety and health standards (i.e., fire 10 
protection requirement).  That is, the primary facility worker consequence is from 11 
overpressure or physical impact from SSC failure [missiles] and is independent of where 12 
the gasoline or LPG flammable gas deflagration occurs.  Therefore, no safety-significant 13 
SSCs or TSRs are required to protect the facility worker. 14 

 15 
 Deflagration in a Waste Sample Container.  The flammable gas hazard associated with 16 

a waste sample container (i.e., Sample Pig Transport System, onsite transfer casks, and 17 
Hedgehog II Packaging System) is a postulated deflagration when removing a lid from a 18 
container (see RPP-13978, Technical Basis for the Transportation-Related Handling 19 
Accidents and Associated Representative Hazardous Conditions).  The frequency of a 20 
flammable gas deflagration in a waste sample container without controls is qualitatively 21 
determined to be “anticipated.”  The consequences without controls are qualitatively 22 
determined to be less than the evaluation guidelines (i.e., onsite radiological consequence 23 
< 100 rem, offsite toxicological consequence < PAC-2, and onsite toxicological 24 
consequence < PAC-3) due to the localized nature of the deflagration and the smaller 25 
material at risk (MAR) relative to the representative accident.  It is also qualitatively 26 
determined that a deflagration in a waste sample container could not result in significant 27 
facility worker consequences because of the limited volume of flammable gas that could 28 
accumulate in the waste sample cask (i.e., < 1 L).  Therefore, no safety-significant SSCs 29 
or TSRs are required for this postulated accident scenario. 30 

 31 
 Deflagration in a Low-Level Radioactive, Mixed, and TRU Waste Package.  32 

Deflagration in a low-level radioactive, mixed, and TRU waste package (i.e., drum, box) 33 
due to flammable gas generation and accumulation is a recognized hazard.  The 34 
frequency of a flammable gas deflagration in a low-level radioactive, mixed, and TRU 35 
waste package that is temporarily stored in the tank farms or at the 616 Facility is 36 
qualitatively determined to be “unlikely” without controls.  Based on the limited MAR, 37 
the onsite radiological consequence without controls is < 100 rem, the offsite 38 
toxicological consequence is < PAC-2, and the onsite toxicological consequence is 39 
< PAC-3 and, therefore, no safety-significant SSCs or TSRs are required to prevent or 40 
mitigate this postulated accident scenario.  However, it is qualitatively determined that a 41 
deflagration without controls could result in significant facility worker consequences 42 
(i.e., grievous injury or death to a facility worker due to overpressure or physical impact 43 
from SSC failure [missiles]).  Accordingly, safety-significant SSCs and/or TSRs are 44 
required to protect the facility worker. 45 

 46 
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3.3.2.4.1.4  Summary of Safety-Significant Structures, Systems, and Components and 1 
Technical Safety Requirement Controls; and Defense-in-Depth Features.  Based on the 2 
hazard evaluation of postulated flammable gas accidents, safety-significant SSCs and/or TSRs 3 
are only required to protect the facility worker.  Tables 3.3.2.4.1-3 and 3.3.2.4.1-4 list the 4 
selected safety-significant SSCs and the TSRs.  For each safety SSC and TSR, the safety 5 
function is described. 6 
 7 
In these controls, the tank headspace is the space inside the tank above the waste surface and 8 
includes ventilation ducts up to the suction side mixing point when an active ventilation system 9 
is operating.  Connected enclosed spaces are enclosed spaces directly connected to the tank 10 
headspace that could reasonably achieve the flammable gas concentration of the headspace.  The 11 
identification of connected enclosed spaces depends on the additional mixing volume, distance, 12 
and time, but could theoretically include all connected spaces up to the point where they are open 13 
to the outside environment or terminated by a closed valve or flange.  When an active ventilation 14 
system is operating, there are no connected enclosed spaces (i.e., the flammable gas hazard is 15 
limited to the tank headspace). 16 
 17 
For controls that maintain the flammable gas concentration from steady-state releases or induced 18 
GREs below 25% of the LFL, the controls are required to be monitored on a frequency to ensure 19 
that appropriate actions are taken for conditions > 25% of the LFL.  If the concentration of 20 
flammable gas is > 25% of the LFL, all activities in and directly above the affected tank farm 21 
facility are required to stop, except for flammable gas sampling/monitoring; deenergizing or 22 
removing the use of equipment that does not meet ignition controls; and actions to reduce the 23 
flammable gas concentration.  In addition, prior to the flammable gas concentration exceeding 24 
60% of the LFL: 25 
 26 

1. All activities in enclosed spaces connected to the affected tank headspace are required to 27 
stop except for flammable gas sampling/monitoring and actions to reduce the flammable 28 
gas concentration, and 29 
 30 

2. Equipment that does not meet ignition controls in the affected tank headspace and 31 
connected enclosed spaces are required to be deenergized or removed. 32 

 33 
Also, as directed by the U.S. Department of Energy, Office of River Protection (ORP) (Bechtol 34 
and Samuelson 2012), if the concentration of flammable gas is > 25% of the LFL, the flammable 35 
gas concentration in the tank headspace shall be verified to be < 60% of the LFL, and it is a TSR 36 
violation if the flammable gas concentration is > 60% of the LFL.  This requirement emphasizes 37 
the importance of taking actions to reduce the flammable gas concentration when it is found 38 
> 25% of the LFL.  (Note:  There is a planned improvement to require verifying the flammable 39 
gas concentration is < 60% of the LFL in the DST annulus headspace if the DST annulus waste 40 
level is > 15 in. following the installation of sample lines to facilitate flammable gas monitoring 41 
of the DST annulus headspace [see Section 3.3.2.3.5].) 42 
 43 
For controls that require verification that the flammable gas concentration is ≤ 25% of the LFL in 44 
the tank headspace, flammable gas sampling or monitoring is required in the tank headspace or 45 
in a location where the flammable gas sampling or monitoring method ensures a representative 46 
measurement of the tank headspace flammable gas concentration. 47 
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 1 
For ignition controls, ignition source control requirements are established consistent with NFPA 2 
requirements.  The Tanks Operations Contractor (TOC) Chief Engineer, or delegate, is the 3 
interpretive authority for determining equivalency of equipment, material, and work practices 4 
with respect to ignition source control requirements.  Where ignition controls are required, 5 
evaluations of the activities, equipment, and materials is required to determine the applicability 6 
of and compliance with ignition source control requirements.  See Section 5.5.3.2. 7 
 8 
Flammable gas controls are described below for steady-state and GRE flammable gas hazards.  9 
Note that controls that prevent flammable gas deflagration accidents also inherently prevent 10 
flammable gas detonation accidents.  Table 3.3.2.4.1-5 identifies key assumptions, that if 11 
significantly changed, could increase the frequency shown in Table 3.3.2.4.1-2, except for the 12 
radiological and toxicological source term assumptions which are protected as described in 13 
Section 3.3.2.4 (see also Section 5.5.3.4). 14 
 15 
3.3.2.4.1.4.1 Steady-State Controls.  This section describes the controls selected to prevent 16 
steady-state flammable gas hazards in DSTs, SSTs, and other tank farm facilities. 17 
 18 
Double-Shell Tanks – The U.S. Department of Energy, Office of River Protection (ORP) in 19 
their letter 11-AMD-054, dated March 1, 2011 (Dowell and Bechtol 2011) directed that the DST 20 
primary tank ventilation systems be designated safety significant.  Therefore, safety-significant 21 
DST primary tank ventilation systems are identified to prevent the steady-state accumulation of 22 
flammable gas in the DST headspace (see Section 4.4.10).  A TSR limiting condition for 23 
operation (LCO) ensures the DST primary tank ventilation systems are operable and operating to 24 
prevent flammable gas hazards from steady-state releases (see Section 5.5.2.1).  The safety 25 
function of the DST primary tank ventilation systems is to maintain the concentration of 26 
flammable gases below the LFL in the DST headspace for steady-state releases.  Maintaining the 27 
flammable gas concentration below the LFL protects the facility worker from a flammable gas 28 
deflagration in a DST.  The functional requirement of DST primary tank ventilation systems is to 29 
provide sufficient tank headspace ventilation to maintain the concentration of flammable gas  30 
< 100% of the LFL from steady-state releases.  To provide a margin of safety consistent with 31 
NFPA requirements, the performance requirement for DST primary tank ventilation systems is to 32 
provide sufficient ventilation to maintain the concentration of flammable gas < 25% of the LFL 33 
from steady-state releases.  In addition to addressing steady-state releases, the safety function, 34 
functional requirement, and performance requirement for DST primary tank ventilation systems 35 
address induced GREs due to water additions, chemical additions, and waste transfers into DSTs 36 
(see Section 3.3.2.4.1.4.2.3). 37 
 38 
Note: Experience shows that passive ventilation should be sufficient to maintain the 39 

concentration of flammable gas < 25% of the LFL from steady-state releases (and from 40 
slow, continuing induced gas releases following water additions, chemical additions, and 41 
waste transfers into DSTs).  That is, the passive ventilation flow rate exceeds the 42 
calculated flow rate required to maintain the flammable gas concentration < 25% of the 43 
LFL (i.e., the calculated flow rate ranges from approximately 1 to < 8 ft3/min) 44 
(RPP-5926). 45 

  46 
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Another TSR Administrative Control (AC) Key Element (DST and SST Time to Lower 1 
Flammability Limit – see Section 5.5.3.1) protects the minimum time for the flammable gas 2 
concentration in DSTs to increase by 25% of the LFL.  This time is used to establish the action 3 
statement completion times and surveillance requirement frequencies in the LCO for DST 4 
primary tank ventilation systems.  The AC Key Element ensures that the time for DST headspace 5 
flammable gas concentration to increase by 25% of the LFL for the actual tank condition is 6 
greater than or equal to the time calculated using the methodology in RPP-5926 and the 7 
following specific assumptions: 8 
 9 

 A zero airflow condition, which eliminates the need to define and control barometric 10 
breathing paths 11 
 12 

 A 10,000-gal water addition, which eliminates the need to reanalyze small water 13 
additions such as those associated with flushing equipment 14 
 15 

 A conservative initial tank waste temperature, which eliminates the need to reanalyze 16 
should small increases in tank waste temperature occur over time.  (Note:  Significant 17 
DST waste temperature increases that may result from mixer pump operation are not 18 
addressed in the DSA and, therefore, mixer pump operation is not authorized.) 19 

 20 
In addition to the calculated steady-state releases, the RPP-5926 analysis methodology includes a 21 
hydrogen release of 9.6 ft3/day for slow, continuing induced gas releases from dissolution of 22 
soluble settled solids following water additions, chemical additions, and waste transfers into 23 
DSTs (see Section 3.3.2.4.1.4.2.3).  A hydrogen release of 9.6 ft3/day bounds the potential 24 
hydrogen release from the dissolution of soluble settled solids following water additions, 25 
chemical additions, and waste transfers into DSTs (RPP-RPT-47933, Flammable Gas Release 26 
Rate from Double Shell Tank Solids Dissolution) and is conservatively added to steady-state 27 
releases for all 28 DSTs. 28 
 29 
Because the action statement completion times and surveillance requirement frequencies in the 30 
LCO for DST primary tank ventilation systems are based on the minimum time for the 31 
flammable gas concentration to increase by 25% of the LFL, the flammable gas concentration 32 
could theoretically exceed 25% of the LFL prior to initiating required actions (i.e., stopping 33 
activities and deenergizing or removing ignition sources) if the starting tank headspace 34 
flammable gas concentration is above 0% of the LFL.  For example, if the tank headspace 35 
flammable gas concentration at the start of the surveillance interval is 5% of the LFL, the first 36 
flammable gas reading following loss of active ventilation could theoretically be 30% of the LFL 37 
(see Section 5.5.2.1).  This is acceptable based on: 38 
 39 

1. The conservatively calculated time for the flammable gas concentration to increase by 40 
25% of the LFL (e.g., zero airflow). 41 

 42 
2. The DST headspace flammable gas concentration is normally at or near 0% of the LFL 43 

with operation of the DST primary tank ventilation system (and should be well below 44 
25% of the LFL with passive ventilation when active ventilation is lost). 45 

 46 
3. The margin of safety provided by the 25% of the LFL control point. 47 
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 1 
Even if a flammable gas concentration is discovered above 25% of the LFL (the worst case is  2 
< 50% of the LFL), there is sufficient time (weeks to months) to take the necessary actions to 3 
prevent a flammable gas deflagration (see RPP-5926). 4 
 5 
Operations that decrease the time to the LFL in a DST require a prior determination that the time 6 
to increase by 25% of the LFL is greater than or equal to the minimum time used to establish the 7 
action statement completion times and surveillance requirement frequencies in the LCO for DST 8 
primary tank ventilation systems.  These operations include waste transfers into DSTs, large 9 
water additions (> 10,000 gal) to DSTs, and chemical additions of sodium hydroxide or sodium 10 
nitrite to DSTs for waste chemistry management.  DST waste temperature is also required to be 11 
monitored to ensure that waste temperatures do not increase to temperatures greater than that 12 
assumed in the time to LFL analysis.  The minimum time to 25% of the LFL is also required to 13 
be determined every 2 years to account for slow changes that are possible in tank waste 14 
characteristics and conditions (e.g., cumulative small water additions). 15 
 16 
Double-Shell Tank Annuli – Waste transfer primary piping systems have been identified as 17 
safety-significant SSCs to prevent misroutes of waste into a DST annulus that could cause a 18 
flammable gas deflagration in the annulus.  The safety function of waste transfer primary piping 19 
systems is to provide confinement of waste.  Providing confinement of the waste protects the 20 
facility worker from flammable gas accidents in a DST annulus due to a misroute.  Because there 21 
are no waste transfer primary piping systems located where a waste leak could flow into a DST 22 
annulus, waste can only be misrouted into a DST annulus by a cross-connected jumper (i.e., the 23 
discharge end of a flexible jumper is inadvertently connected to the wrong nozzle).  24 
Configuration management of safety-significant waste transfer primary piping systems ensures 25 
that flexible jumpers are installed correctly (see Section 4.4.1).  Material balance monitoring 26 
provides defense-in-depth by identifying any significant waste transfer misroutes into the DST 27 
annulus. 28 
 29 
A SAC DST Annulus Flammable Gas Control has been established to prevent flammable gas 30 
hazards in DST annuli from primary tank leaks and leaks into the annulus of DSTs 241-AY-101, 31 
241-AY-102, 241-AZ-101, and 241-AZ-102 from the side fill lines if the DSTs are overfilled.  32 
The safety function is to protect the facility worker from a flammable gas deflagration in a DST 33 
annulus caused by steady-state flammable gas releases from waste in the DST annulus.  The 34 
safety function is provided by monitoring the DST annulus waste level and taking action to 35 
control the flammable gas concentration or eliminate potential ignition sources if a significant 36 
quantity of waste is detected in the DST annulus.  See Section 4.5.4.  Material balance 37 
monitoring also provides defense-in-depth for the DST 241-AY-101, 241-AY-102, 241-AZ-101, 38 
or 241-AZ-102 overfill and side fill line leak scenario. 39 
 40 
Single-Shell Tanks – A SAC SST Steady-State Flammable Gas Control is established that 41 
requires periodic verification that the tank headspace flammable gas concentration is ≤ 25% of 42 
the LFL (see Section 4.5.2).  For SSTs 241-B-203 and 241-B-204, the SAC requires periodic 43 
verification that the high-efficiency particulate air (HEPA) breather filter isolation valve is open 44 
and that the tank headspace flammable gas concentration is ≤ 25% of the LFL.  The safety 45 
function of this SAC is to protect the facility worker from a flammable gas deflagration due to 46 
steady-state flammable gas releases in an SST by monitoring the flammable gas concentration, 47 
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verifying passive ventilation for 241-B-203 and 241-B-204, and taking action to reduce the 1 
flammable gas concentration or eliminate potential ignition sources prior to the flammable gas 2 
concentration exceeding the LFL.  Because, as shown in RPP-5926, diffusion through the 3 
concrete dome of SSTs in the 241-AX and 241-SX tank farms prevents the flammable gas 4 
concentration from reaching 100% of the LFL even under a zero airflow condition, the SAC is 5 
not applicable to these SSTs.  A margin of safety is provided by controlling the flammable gas 6 
concentration to ≤ 25% of the LFL which is consistent with NFPA 69 requirements. 7 
 8 
To prevent steady-state flammable gas hazards in most SSTs, the SAC requires flammable gas 9 
monitoring to directly verify that the flammable gas concentration in the tank headspace is 10 
≤ 25% of the LFL.  This confirms that sufficient ventilation is available to control the 11 
steady-state generation of flammable gas in the SST.  Extensive flammable gas monitoring data 12 
on SSTs demonstrate that passive ventilation (and/or diffusion) sufficient to prevent steady-state 13 
flammable gas hazards is inherent in the normal operation and configuration of the SSTs.  14 
RPP-5926 calculates the steady-state flammable gas concentration in SSTs and shows that small 15 
ventilation rates (i.e., < 1 ft3/min) are adequate to prevent the flammable gas concentration from 16 
reaching 25% of the LFL, and that very small ventilation rates (i.e., < 0.2 ft3/min) are adequate to 17 
prevent the flammable gas concentration from reaching 100% of the LFL. 18 
 19 
For SSTs 241-B-203 and 241-B-204, the SAC requires an open HEPA breather filter isolation 20 
valve to provide a defined flow path for passive ventilation in addition to flammable gas 21 
monitoring to verify that the flammable gas concentration is ≤ 25% of the LFL.  The HEPA 22 
breather filter isolation valve is required to be open because the 241-B Tank Farm is on a 23 
quarterly outage schedule and, if the SAC only required flammable gas monitoring, more 24 
frequent tank farm entries specifically to perform flammable gas monitoring would be required 25 
for these two SSTs.  RPP-5926 calculates the steady-state flammable gas concentration in SSTs 26 
241-B-203 and 241-B-204 and shows that very small ventilation rates (i.e., < 0.1 ft3/min) are 27 
adequate to prevent the flammable gas concentration from reaching 25% of the LFL, and that 28 
very, very small ventilation rates (i.e., < 0.01 ft3/min) are adequate to prevent the flammable gas 29 
concentration from reaching 100% of the LFL.  Passive ventilation flow rate monitoring 30 
(PNNL-11925, Waste Tank Ventilation Rates Measured with a Tracer Gas Method, 31 
PNNL-11683, Measurements of Waste Tank Passive Ventilation Rates Using Tracer Gases) and 32 
operational experience have demonstrated that passive ventilation provided when there is an 33 
open HEPA breather filter isolation valve adequately controls the steady-state flammable gas 34 
hazard in SSTs. 35 
 36 
Another AC Key Element (DST and SST Time to Lower Flammability Limit – see 37 
Section 5.5.3.1) protects the minimum time for the flammable gas concentration in SSTs to 38 
increase by 25% of the LFL.  This time is used to established the action statement completion 39 
times and surveillance requirement frequencies in the SAC for verifying that the HEPA breather 40 
filter isolation valves are open or that the flammable gas concentration is ≤ 25% of the LFL.  The 41 
AC Key Element ensures that the time for the SST headspace flammable gas concentration to 42 
increase by 25% of the LFL for the actual tank condition is greater than or equal to the time 43 
calculated using the methodology in RPP-5926 and the following specific assumptions: 44 
 45 

 A zero airflow condition, which eliminates the need to define and control barometric 46 
breathing paths 47 

RPP-13033 1/29/2015 - 12:56 PM 400 of 1079



RPP-13033 REV 5-G 
 

 

 
 3.3.2.4.1-20 

 1 
 A 10,000-gal water addition (100-series SSTs) or 1,000-gal water addition (200-series 2 

SSTs), which eliminates the need to reanalyze small water additions such as those 3 
associated with flushing equipment. 4 

 5 
Because the action statement completion times and surveillance requirement frequencies in the 6 
SAC are based on the minimum time for the flammable gas concentration to increase by 25% of 7 
the LFL, the flammable gas concentration could theoretically exceed 25% of the LFL between 8 
surveillances if the starting tank headspace flammable gas concentration is above 0% of the LFL.  9 
For example, if the tank headspace flammable gas concentration at the start of the surveillance 10 
interval is 5% of the LFL, the next flammable gas reading could theoretically be 30% of the 11 
LFL.  This is acceptable based on: 12 
 13 

1. The conservatively calculated time for the flammable gas concentration to increase by 14 
25% of the LFL (e.g., zero airflow) 15 

 16 
2. The SST headspace flammable gas concentration is expected to be very low due to 17 

passive ventilation (and/or diffusion) inherent in the normal operation and configuration 18 
of SSTs (see above) 19 

 20 
3. The margin of safety provided by the 25% of the LFL control point. 21 

 22 
Even if the surveillance discovers a flammable gas concentration above 25% of the LFL (the 23 
worst case is < 50% of the LFL), there is sufficient time (months to years) to take the necessary 24 
actions to prevent a flammable gas deflagration (see RPP-5926). 25 
 26 
Operations that decrease the time to the LFL in an SST require a prior determination that the 27 
time to increase by 25% of the LFL is greater than or equal to the minimum time used to 28 
establish the action statement completion times and surveillance requirement frequencies in the 29 
SAC.  These operations include waste additions to SSTs, large water additions to SSTs 30 
(> 10,000 gal in 100-series SSTs or > 1,000 gal in 200-series SSTs), and chemical additions of 31 
sodium hydroxide to 100-series SSTs to support waste retrieval.  Waste temperature monitoring 32 
is not required for SSTs because past temperature monitoring has demonstrated that the tank 33 
waste temperature is decreasing, and there is no credible way to exceed the waste temperature 34 
assumed in the time to LFL analysis (see RPP-5926).  The minimum time to increase by 25% of 35 
the LFL is also required to be determined periodically (every 2 years) to account for slow 36 
changes that are possible in tank waste characteristics and conditions (e.g., cumulative small 37 
water additions). 38 
 39 
Double-Contained Receiver Tanks – A SAC DCRT Steady-State Flammable Gas Control is 40 
established for controlling steady-state flammable gas hazards in DCRTs 244-BX, 244-S, and 41 
244-TX.  The SAC requires either (1) maintaining an open passive ventilation path from the 42 
DCRT headspace to the atmosphere or (2) periodic verification that the DCRT headspace 43 
flammable gas concentration is ≤ 25% of the LFL.  The safety function of the SAC is to protect 44 
the facility worker from a flammable gas deflagration due to steady-state flammable gas releases 45 
in a DCRT by either verifying passive ventilation or monitoring the flammable gas concentration 46 
and taking action to reduce the flammable gas concentration or eliminate potential ignition 47 
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sources prior to the flammable gas concentration exceeding the LFL.  A margin of safety is 1 
provided by controlling the flammable gas concentration to < 25% of the LFL which is 2 
consistent with NFPA 69 requirements.  (See Section 4.5.5.) 3 
 4 
Maintaining a manually configured DCRT passive ventilation path (i.e., DCRT HEPA breather 5 
filter isolation valve is open) ensures barometric breathing.  RPP-8050 shows that for the 6 
existing waste levels in the DCRTs, the flammable gas concentration cannot reach 25% of the 7 
LFL assuming barometric breathing.  Maintaining an open HEPA filtered ventilation path is 8 
sufficient to ensure barometric breathing because there are no credible DCRT HEPA filter failure 9 
modes (i.e., plugging) that would significantly impact barometric breathing based on an 10 
evaluation of DCRT HEPA breather filters in OE-05-033, “Operability Evaluation for Tank 11 
Farm Ventilation System HEPA Filters.”  Temporary loss of passive ventilation caused by 12 
freezing of DCRT HEPA filters has also been demonstrated to not affect the safety function of 13 
the SAC (see OE-09-004, “Operability Evaluation for Ventilation System Freezing”).  Because 14 
water intrusion (i.e., rain water, snow melt) could cause the DCRT waste level to increase, 15 
monitoring of the waste level in the DCRTs is also required to ensure the waste level does not 16 
exceed the level at which the flammable gas concentration could reach 25% of the LFL with 17 
barometric breathing.  Conservative estimates of the historical water intrusion rate into the 18 
DCRTs are used to establish the SAC surveillance frequency.  (Note:  The DCRTs have been 19 
removed from service [i.e., no further waste additions are allowed] and have been physically 20 
isolated from the tank farm waste transfer system.  Thus, there is no possibility of a waste or 21 
flush water leak or misroute into a DCRT.) 22 
 23 
An alternative to ensuring an open passive ventilation path from a DCRT headspace to the 24 
atmosphere is periodic verification that the DCRT headspace flammable gas concentration is 25 
≤ 25% of the LFL.  The surveillance frequency for this SAC is based on calculations in 26 
RPP-8050 that are dependent on the waste level in the DCRTs.  Therefore, monitoring of the 27 
waste level in the DCRTs is also required for this alternative. 28 
 29 
Inactive/Miscellaneous Tanks/Facilities – For inactive/miscellaneous tanks/facilities, a SAC is 30 
established to: 31 

 32 
1. Eliminate potential ignition sources from equipment installed in the headspace of 33 

IMUSTs. 34 
 35 

2. For manned work activities involving inactive/miscellaneous tanks/facilities, either 36 
ensure the concentration of flammable gases from steady-state releases and/or 37 
spontaneous GREs are < 100% of the LFL, or eliminate potential ignition sources 38 
(i.e., activities, equipment, materials) during manned work activities.  39 

 40 
The safety function of this SAC is to protect the facility worker from a flammable gas 41 
deflagration due to the release and accumulation of flammable gases in inactive/miscellaneous 42 
tanks/facilities.  (See Section 4.5.6.) 43 
 44 
Ignitions controls are required for equipment in the IMUST headspace because there is 45 
insufficient information on waste quantities/characterization and/or passive ventilation pathways 46 
to conclude that the flammable gas accident is “unlikely”/“extremely unlikely.”  For the other 47 
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inactive/miscellaneous tanks/facilities, the frequency of a flammable gas deflagration without 1 
controls is qualitatively determined to be “unlikely”/“extremely unlikely” and, except for 2 
manned work activities, the frequency of a deflagration when a facility worker just happens to be 3 
present (i.e., two random, independent events) is sufficiently low to not require TSR controls.  4 
For IMUSTs, the ignition controls on equipment is only required in the tank headspace (i.e., 5 
ignition controls are not required in the connected enclosed spaces).  This is based on historical 6 
knowledge that connected enclosed spaces for IMUSTs are expected to be limited and ignition 7 
sources are not expected to be present in connected enclosed spaces. 8 
 9 
For waste transfer systems and HIHTL systems, design/procedures for draining transfer systems 10 
and flushing of waste transfer lines provide defense-in-depth by limiting the quantity of 11 
flammable gas generating waste. 12 
 13 
Waste-Intruding Equipment – A SAC is established to require ignition controls at all times 14 
inside waste-intruding equipment with the following exceptions that are derived from the hazard 15 
evaluation (see Section 3.3.2.4.1.3). 16 
 17 

1. Waste-intruding equipment where the volume of unvented vapor space inside the 18 
waste-intruding equipment is ≤ 10 L. 19 
 20 

2. Waste-intruding equipment where the unvented vapor space is beneath the cover of a 21 
waste transfer-associated structure and the volume of unvented vapor space is ≤ 100 L. 22 
 23 

3. Waste-intruding equipment where the unvented vapor space is totally within a tank. 24 
 25 

4. Waste-intruding equipment where the unvented vapor space is a waste transfer pump 26 
column and connected safety-significant waste transfer primary piping 27 
systems/hose-in-hose transfer line (HIHTL) primary hose assemblies, and the ignition 28 
source is from waste transfer pump operation. 29 

 30 
Except for waste-intruding equipment where the Exceptions 1, 2, or 3 above apply, the SAC also 31 
requires ignition controls for equipment that was waste-intruding equipment.  That is, when 32 
waste-intruding equipment is opened/breached or raised above the waste surface in a tank or 33 
waste transfer-associated structure, ignition controls must be maintained inside the equipment 34 
and must be implemented during manned work activities involving the equipment.  Ignition 35 
controls are not required or may be discontinued if the flammable gas concentration inside the 36 
equipment is verified to be < 25% of the LFL. 37 
 38 
The safety function of this SAC is protect the facility worker from a flammable gas deflagration 39 
due to the release and accumulation of flammable gases in waste-intruding equipment.  (See 40 
Section 4.5.6.) 41 
 42 
Gasoline (or LPG) Deflagration – No safety-significant SSCs or TSRs are required for a 43 
potential gasoline or LPG deflagration, but the following fire protection requirements are 44 
identified as providing defense-in-depth (see Section 3.3.2.3.2). 45 
 46 
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 Vehicle Access – Vehicle fuel systems are protected from leaks caused by collisions with 1 
tank structures within tank farms and physical barriers are required to restrict vehicle 2 
access in the vicinity of aboveground waste tank structures outside of tank farms. 3 

 4 
 Fuel Handling Within Tank Farms - Fuel transport, storage, and transfer (including 5 

refueling of equipment) are controlled within tank farm boundaries. 6 
 7 
 Fire Marshal Permitting – Fire marshal permitting controls potential initiators of 8 

flammable gas deflagrations that could spill or leak into waste tanks (i.e., LPG). 9 
 10 
Waste Sample Containers – No safety-significant SSCs or TSRs are required for a potential 11 
flammable gas deflagration in a waste sample container, but flammable gas concentration 12 
requirements for waste sample containers are identified as providing defense-in-depth.  Per the 13 
flammable gas concentration requirements, time restrictions are applied which maintain the 14 
flammable gas concentration below 5% hydrogen by volume (see Section 3.3.2.3.2). 15 
 16 
Low-Level Radioactive, Mixed, and TRU Waste Packaging – For a potential flammable gas 17 
deflagration in a low-level radioactive, mixed, and TRU waste package, there is both a 18 
safety-significant SSC and a SAC.  Low-level radioactive, mixed, and TRU waste packaging 19 
vents are identified as safety significant with a safety function to limit the accumulation of 20 
flammable gases in the waste packages.  Limiting the flammable gas concentration protects the 21 
facility worker from a flammable gas deflagration in the waste package.  (See Section 4.4.8.) 22 
 23 
In addition, a SAC is established to analyze and take action prior to one half the time required for 24 
the hydrogen concentration in a low-level radioactive, mixed, and TRU waste package to reach 25 
5% by volume while in temporary storage in the tank farms or at the 616 Facility.  (Note:  26 
Requiring action prior to one half the time for the hydrogen concentration to reach 5% by 27 
volume provides a margin of safety.)  The safety function is to protect the facility worker from a 28 
flammable gas deflagration due to hydrogen release and accumulation in a low-level radioactive, 29 
mixed, or TRU waste package by venting the package prior to the hydrogen concentration 30 
reaching 5% by volume.  (See Section 4.5.8.) 31 
 32 
3.3.2.4.1.4.2 Gas Release Event Controls – The controls derived to prevent potential GRE 33 
flammable gas hazards are based on evaluations and observations of gas retention and release 34 
behavior in tank farm waste contained in documents prepared to support resolution of the 35 
flammable gas safety issue (i.e., RPP-7771, Flammable Gas Safety Issue Resolution; RPP-6655, 36 
Data Observations on Double-Shell Flammable Gas Watch List Tank Behavior; RPP-7249; and 37 
PNNL-13269) and in documents developed specifically to support GRE flammable gas hazard 38 
control decisions (i.e., RPP-10006, Methodology and Calculations for the Assignment of Waste 39 
Groups for the Large Underground Waste Storage Tanks at the Hanford Site; RPP-10007, 40 
Flammable Gas Release Calculational Methodology and Results for Catch Tanks and 41 
Double-Contained Receiver Tanks at the Hanford Site; PNNL-13781; PNNL-13782, Analysis of 42 
Induced Gas Releases During Retrieval of Hanford Double-Shell Tank Waste, and PNNL-14271, 43 
Flammable Gas Release Estimates for Modified Sluicing Retrieval of Waste from Selected 44 
Hanford Single-Shell Tanks). 45 
 46 
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This section describes the controls selected to prevent GRE flammable gas hazards in DSTs, 1 
SSTs, and other tank farm facilities.  Section 3.3.2.4.1.4.2.1 defines the waste groups used to 2 
identify potential GRE flammable gas hazards and controls in DSTs and SSTs, and the criteria 3 
and methodology for determining waste groups.  DST and SST controls for spontaneous GRE 4 
hazards and induced GRE hazards are presented in Section 3.3.2.4.1.4.2.2 and 5 
Section 3.3.2.4.1.4.2.3, respectively.  Other tank farm facilities that pose potential GRE 6 
flammable gas hazards, and the controls selected to prevent these hazards, are identified in 7 
Section 3.3.2.4.1.4.2.4. 8 
 9 
One additional flammable gas release event control is required to prevent waste gel formation in 10 
the tank farms (i.e., phosphate precipitation as trisodium phosphate dodecahydrate 11 
[Na3PO412H2O0.25NaOH]) (AC Key Element Waste Characteristics Controls – see 12 
Section 5.5.3.4).  As described in RPP-23584, waste gel prevention is required because of 13 
uncertainty concerning flammable gas retention and release behavior in a waste gel layer and, 14 
therefore, in the applicability of the spontaneous and induced GRE models that provide the basis 15 
for the flammable gas release hazard controls presented in the following sections.  The AC Key 16 
Element requires that waste conditions in DSTs and SSTs are maintained to prevent the 17 
precipitation of a gel (i.e., waste conditions are maintained below the solubility limit of 18 
components of the waste that could precipitate as a gel).  The control is applicable for waste 19 
transfers, including concentrated waste received from the 242-A Evaporator and waste transfers 20 
from the 222-S Laboratory, chemical additions of sodium hydroxide and sodium nitrite required 21 
to manage DST chemistry, and chemical additions of sodium hydroxide to 100-series SSTs to 22 
support waste retrieval. 23 
 24 
3.3.2.4.1.4.2.1  Double-Shell Tank and Single-Shell Tank Waste Groups.  The following 25 
waste group designations (C, B, and A) are used to identify potential GRE flammable gas 26 
hazards in DSTs and SSTs. 27 
 28 
Waste Group C:  Tanks with no potential GRE flammable gas hazard.  That is, tanks that are 29 
conservatively estimated to contain insufficient retained gas to achieve 100% of the LFL even if 30 
all of the retained gas is released into the tank headspace. 31 
 32 
Waste Group B:  Tanks with a potential induced GRE flammable gas hazard, but no potential 33 
spontaneous buoyant displacement gas release event (BDGRE) flammable gas hazard.  That is, 34 
tanks that are conservatively estimated to contain sufficient retained gas to achieve 100% of the 35 
LFL if all of the retained gas is released into the tank headspace, but are not Waste Group A 36 
tanks (see below). 37 
 38 
Note: Potential induced GRE flammable gas hazards exist in Waste Group B (and A) tanks only 39 

for specific operations that can release the retained gas in the tank at a rate and quantity 40 
that results in reaching 100% of the LFL in the tank headspace (see 41 
Section 3.3.2.4.1.4.2.3). 42 

 43 
Waste Group A:  Tanks with a potential spontaneous BDGRE flammable gas hazard in addition 44 
to a potential induced GRE flammable gas hazard.  That is, tanks that are conservatively 45 
estimated to achieve a flammable gas concentration of 100% of the LFL in the tank headspace if 46 
all of the retained gas is released from a spontaneous BDGRE. 47 
 48 
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DST and SST waste group designations are determined from tank and tank waste characteristics 1 
and conditions based on the three criteria in Table 3.3.2.4.1-6 and the methodology described in 2 
RPP-10006.  The three criteria (i.e., retained gas volume, energy ratio, and buoyancy ratio), the 3 
basis for the energy ratio and buoyancy ratio criteria, and the equations developed for each 4 
criteria are described in RPP-10006.  The retained gas volume criterion is used to determine the 5 
DSTs and SSTs where there is no potential GRE flammable gas hazard (i.e., Waste Group C).  6 
The energy ratio and buoyancy ratio criteria are then used to determine the non-Waste Group C 7 
tanks with a potential spontaneous BDGRE flammable gas hazard in addition to a potential 8 
induced GRE flammable gas hazard (i.e., Waste Group A).  (Note:  Sludge-behavior waste tanks 9 
are not evaluated for BDGRE criteria and are not categorized as Waste Group A because sludge 10 
wastes develop connected pathways that allow gas to escape continuously, which limits gas 11 
retention and prevents BDGREs.  The list of sludge-behavior waste tanks is maintained in 12 
RPP-10006 [i.e., DSTs 241-AN-101 and 241-AN-106].)  Even though the designation of Waste 13 
Group A or B indicates the potential for an induced GRE flammable gas hazard, an induced GRE 14 
flammable gas hazard exists only for specific operations that are identified in  15 
Section 3.3.2.4.1.4.2.3. 16 
 17 
Tank and tank waste characteristics and conditions for waste group determinations are obtained 18 
from the best available tank data (e.g., the best-basis inventory [BBI]).  Because there is 19 
uncertainty in tank data (e.g., waste depth, waste density, void fraction, waste yield stress, 20 
retained gas composition, hydrogen generation rate), distributions are assigned and a statistical 21 
Monte Carlo analysis is performed to determine the waste group for each DST and SST.  The 22 
DST and SST waste group designation is based on results at the 95% confidence level.  23 
Considering the conservative waste group definitions (i.e., release of all of the retained gas) and 24 
the conservatism in the energy ratio and buoyancy ratio criteria, waste group designations based 25 
on a 95% confidence level are acceptable and conservative for use in the application of GRE 26 
flammable gas hazard controls.  A controlled list of the waste group designations for DSTs and 27 
SSTs is maintained in HNF-IP-1266, Tank Farms Operations Administrative Controls. 28 
  29 
Changes in tank waste characteristics and conditions (e.g., waste density, waste depth) from tank 30 
farm operations could cause a DST or SST waste group designation to change.  Tank farm 31 
operations that could result in a revised tank waste group designation are identified and evaluated 32 
in PNNL-13781.  Based on the PNNL-13781 results, which are summarized in Table 3.3.2.4.1-7, 33 
a waste group re-evaluation is performed prior to the following operations that have the potential 34 
to raise the waste group (i.e., change the waste group from Waste Group C to Waste Group A or 35 
B, or from Waste Group B to Waste Group A). 36 
 37 

 Waste transfers into DSTs that are Waste Groups B and C (receiving tank). 38 
 39 

 Waste transfers out of DSTs that are Waste Group B (sending tank). 40 
 41 
 Waste additions to SSTs that are Waste Groups B and C.4 42 

                                                 
 
4 Although waste additions to Waste Group B and C SSTs are not specifically evaluated in PNNL-13781, the 
potential for raising the waste group is derived from the PNNL-13781 results.  An example of SST waste additions 
is SST modified sluicing using DST supernatant. 
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 1 
 Large water additions to DSTs (> 10,000 gal) and SSTs (> 10,000 gal for 100-series 2 

SSTs and 1,000 gal for 200-series SSTs) that are Waste Groups B and C.5 3 
 4 

 Large chemical additions (> 500 gal of sodium hydroxide and sodium nitrite) to DSTs 5 
that are Waste Groups B and C.5 6 

 7 
 Chemical additions of sodium hydroxide to 100-series SSTs that are Waste Group C to 8 

support waste retrieval.  (Note:  Chemical additions to 200-series SSTs have not been 9 
evaluated in this DSA.  In addition, chemical additions to 100-series SSTs that are Waste 10 
Group B have not been evaluated for potential GRE flammable gas hazards [see 11 
Section 3.3.2.4.1.4.2.3].) 12 

 13 
The waste group re-evaluations ensure that controls for flammable gas hazards are applied to the 14 
existing and/or the final state (waste group) of the tank.  That is, the waste group for the existing 15 
state of the DST or SST and/or the final state of the DST or SST following the planned operation 16 
are used for determining the induced flammable GRE hazard controls (see Section 3.3.2.4.1.4.2.3 17 
and Table 3.3.2.4.1-8).  For example, if the planned operation changes an existing Waste 18 
Group C tank to a Waste Group B tank, the Waste Group B induced flammable GRE hazard 19 
controls are applied during the planned operation (i.e., there are no induced flammable GRE 20 
hazard controls for Waste Group C tanks).  Note that waste group re-evaluations for DSTs need 21 
to consider interim states (i.e., interim waste levels) because it is possible that during waste 22 
removal a Waste Group B DST may transition to a Waste Group A DST over a limited waste 23 
level range and that a Waste Group B or C DST may transition to a Waste Group A DST over a 24 
limited waste level range during a waste, water, or chemical addition even though the expected 25 
final end state for either the waste removal or waste, water, or chemical addition is Waste 26 
Group B or C. 27 
 28 
Periodic (every 2 years) review/re-evaluation of the waste group designations for DSTs and 29 
SSTs is also performed to account for slow changes that are possible in tank waste characteristics 30 
and conditions (e.g., cumulative small water additions, evaporation). 31 
 32 
3.3.2.4.1.4.2.2  Spontaneous Gas Release Event Controls in Double-Shell Tanks and 33 
Single-Shell Tanks.  Based on the evaluations and observations of SSTs in RPP-7771, there is 34 
no mechanism for a spontaneous GRE flammable gas hazard in SSTs.  Spontaneous GREs 35 
observed in SSTs are slow, involving percolation of gas through the waste, and occur over many 36 
hours to several days.  Hydrogen release volumes are small (i.e., the median hydrogen release 37 
volume is about 0.5 m3 and the 99.9 percentile release is only 3 m3) and the maximum SST 38 

                                                 
 
5 The RPP-10006 methodology for determining DST and SST waste group designations includes the addition of 
10,000 gal of water or 500 gal of caustic to DSTs, 10,000 gal of water to 100-series SSTs, and 1,000 gal of water to 
200-series SSTs to address small additions that occur during normal tank farm operations. 
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spontaneous GRE hydrogen concentration is 2,190 ppm or about 6.1% of the LFL 1 
(36,000 ppm).6 2 
 3 
There are only five DSTs (241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, and 4 
241-SY-103) designated as Waste Group A (RPP-10006).  The Waste Group A designation of 5 
these DSTs is conservative based on their observed spontaneous BDGRE behavior.  Based on 6 
the operational history of these DSTs, a spontaneous GRE of sufficient size to cause the tank 7 
headspace to reach 100% of the LFL is not expected.  Based on Standard Hydrogen Monitoring 8 
Systems (SHMS) data from 1994 to 2001, the hydrogen concentration from spontaneous GREs 9 
has only exceeded 25% of the LFL (9,000 ppm)6 twice in DST 241-AN-105 with a maximum 10 
hydrogen concentration of 17,000 ppm or 47% of the LFL (36,000 ppm).6  In addition: 11 
 12 

 Waste additions to DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, and 13 
241-SY-103, which may result in spontaneous GREs larger than those historically 14 
observed (see PNNL-13781), are prohibited by the terms and conditions of the River 15 
Protection Project Authorization Agreement between the U.S. Department of Energy, 16 
Office of River Protection and Washington River Protection Solutions LLC (Smith, 2013) 17 
without prior ORP approval. 18 

 19 
 The effect of water additions on the spontaneous GRE behavior of DSTs 241-AN-103, 20 

241-AN-104, 241-AN-105, 241-AW-101, and 241-SY-103 is evaluated in PNNL-13781.  21 
With no dissolution, the evaluation shows that while water additions may result in 22 
spontaneous GREs larger than those historically observed, the GREs would not approach 23 
the size required to reach 100% of the LFL in the tank headspace.  Conservatively 24 
assuming coincident releases from a BDGRE and from dissolution, the evaluation shows 25 
that small water additions (≤ 10,000 gal in DSTs 241-AN-103, 241-AN-104, 26 
241-AW-101, and 241-SY-103; and ≤ 5,000 gal in DST 241-AN-105) that are required to 27 
support DST operations (e.g., flushing equipment, decontamination of waste 28 
transfer-associated structures) would not exceed 100% of the LFL.  Larger water 29 
additions are not authorized. 30 
 31 

 Chemical additions to DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, and 32 
241-SY-103, which may result in spontaneous GREs larger than those historically 33 
observed, are not authorized. 34 

 35 
 The terms and conditions of the Smith 2013 also prohibit creating additional Waste 36 

Group A tanks without prior ORP approval. 37 
 38 
Therefore, no safety-significant SSCs or SACs are required for the prevention or mitigation of 39 
spontaneous GREs in DSTs.  However, as an important contributor to defense-in-depth, ignition 40 
controls are required at all times in the tank headspace and connected enclosed spaces directly 41 
above DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, and 241-SY-103.  See 42 
                                                 
 
6 RPP-7771 assumed an LFL of 3.6% (36,000 ppm) for a mixture of hydrogen and other flammable gases (versus 
4.0% for hydrogen in air) which allows for other flammable components such as ammonia and methane.  Note that 
for tank farm operations, an LFL of 2.5% (25,000 ppm) is assumed for a mixture of hydrogen and other flammable 
gases based on PNNL-13933 (see the discussion of “Flammability Limits” in Section 3.3.2.4.1.1). 
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Section 5.5.3.2, AC Key Element Ignition Controls.  In addition, waste surface level monitoring 1 
and trending provides defense-in-depth for spontaneous GREs by evaluating DST waste surface 2 
level data for adverse trends or deviations that may be indicative of unanticipated gas retention 3 
or GRE behavior (see Section 3.3.2.3.2). 4 
 5 
3.3.2.4.1.4.2.3  Induced Gas Release Event Controls in Double-Shell Tanks and Single-Shell 6 
Tanks.  Flammable gas concentration controls with a control point of ≤ 25% of the LFL are 7 
implemented during activities that can induce a GRE which can achieve 100% of the LFL.  8 
Flammable gas concentration controls are only applicable to authorized globally waste disturbing 9 
operations in DSTs and SSTs that could potentially cause an induced GRE flammable gas 10 
hazard.  Globally waste disturbing operations identified and evaluated in PNNL-13781 and 11 
PNNL-14271 that could potentially cause an induced GRE flammable gas hazard are: 12 
 13 

 DST waste transfers (sending tank) 14 
 15 

 DST waste transfers and SST waste additions (receiving tank) 16 
 17 

 SST water additions and saltcake dissolution 18 
 19 

 SST modified sluicing operations 20 
 21 

 DST water additions 22 
 23 

 Mixer pump operation 24 
 25 

 Air lift circulator operation 26 
 27 

 Chemical additions (DSTs) 28 
 29 

 Natural evaporation (Note:  Although not a tank farm operation, evaporation of water was 30 
evaluated to assess its potential to cause an induced GRE flammable gas hazard). 31 

 32 
Note: Chemical additions of sodium hydroxide to Waste Group B SSTs have not been 33 

evaluated for potential GRE flammable gas hazards.   34 
 35 
Gas releases observed as a result of local waste disturbances (e.g., sampling, lancing, equipment 36 
removal) have not been significant and none have exceeded 25% of the LFL (RPP-6655, 37 
RPP-7249).  These operations do not pose an induced flammable gas hazard and do not require 38 
controls. 39 
 40 
Table 3.3.2.4.1-8 provides the results of the PNNL-13781 and PNNL-14271 evaluations and 41 
acceptable flammable gas concentration controls to prevent potential induced GRE flammable 42 
gas hazards from authorized tank farm operations.  As described below, these flammable gas 43 
concentration controls, which represent an acceptable combination of controls to maintain the 44 
flammable gas concentration ≤ 25% of the LFL, are different for DSTs and SSTs, and are 45 
different for the different induced GRE flammable gas hazards in DSTs and SSTs. 46 
 47 
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An earthquake (seismic event) could also cause a significant gas release and the ignition source 1 
for a flammable gas accident.  An earthquake of sufficient magnitude to release a significant 2 
fraction of gases retained in DST waste and cause a flammable gas concentration exceeding the 3 
LFL in the tank headspace is qualitatively determined to be at least “unlikely” (> 10-4 to  4 
< 10-2 per year).  Because of the generally higher strength of SST waste, the gas release fraction 5 
in a SST from a design basis seismic event is estimated as 10% (RPP-7771).  Based on this  6 
10% gas release fraction and the estimated retained flammable gas in SSTs from RPP-10006, a 7 
seismic induced flammable gas accident in SSTs is beyond extremely unlikely (i.e., there is 8 
insufficient retained flammable gas in SSTs assuming a 10% gas release to reach 100% of the 9 
LFL in the tank headspace).  Based on an estimated gas release fraction in a DST of 50% from a 10 
design basis seismic event (RPP-7771), the hazard is limited to a subset of Waste Group A and B 11 
DSTs that contain enough retained flammable gas to reach 100% of the LFL in the tank 12 
headspace if 50% of the retained gas is released.  There are no practical controls to ensure the 13 
protection of facility workers from seismic induced GRE flammable gas hazards.  The 14 
emergency preparedness program through normal implementation of the program (i.e., 15 
responding to emergencies such as seismic events) provides defense-in-depth for natural events.  16 
However, ORP directed that a TSR AC Key Element be established that requires evacuating 17 
personnel from DST tank farms following a detected seismic event.  The safety function of the 18 
AC Key Element Emergency Preparedness is to establish emergency preparedness requirements 19 
to reduce the risk from seismic induced flammable gas accidents in DSTs.  The Emergency 20 
Preparedness AC Key Element requirement is that emergency response planning shall include 21 
response procedures for the evacuation of personnel from the DST 241-AN, 241-AP, 241-AW, 22 
241-AY, 241-AZ, and 241-SY tank farms following seismic events that could cause induced 23 
flammable gas accidents.  See Section 5.5.3.6. 24 
 25 
Double-Shell Tank Induced Gas Release Event Controls – Based on the evaluations in 26 
PNNL-13781 and the authorized tank farm operations described in Chapter 2, there are only two 27 
DST operations that pose a potential induced flammable gas hazard (i.e., where operations 28 
induced GREs could achieve 100% of the LFLs):  waste transfers that uncover solids in Waste 29 
Group B DSTs and water additions, chemical additions, and waste transfers into a Waste Group 30 
B DSTs.  (Note:  Limited water additions to Waste Group A DSTs required to support operations 31 
are addressed in Section 3.3.2.4.1.4.2.2). 32 
 33 
For waste transfers that could uncover solids in Waste Group B DSTs, the flammable gas 34 
concentration control is a SAC DST Induced Gas Release Event Flammable Gas Controls (see 35 
Section 4.5.3).  The SAC requires an engineering evaluation is performed to determine if the 36 
flammable gas release by the removal of liquid waste and potential draining of DST solids is 37 
sufficient to achieve 100% of the LFL in the tank headspace assuming no ventilation.  If a 38 
flammable gas concentration of 100% of the LFL is possible, the liquid waste transfer volume is 39 
limited to prevent achieving 100% of the LFL assuming no ventilation.  (Note:  Induced 40 
BDGREs are possible during waste transfers from Waste Group B DSTs, but no flammable gas 41 
concentration controls are required because of the low risk of the release achieving 100% of the 42 
LFL.  The low risk is based on the analysis of waste transfers [supernatant decant] from Waste 43 
Group A DSTs that bounds waste transfers from Waste Group B DSTs, and on the BDGRE 44 
behavior of DSTs with low buoyancy ratios.  The analysis of decanting Waste Group A DSTs 45 
summarized in PNNL-13781 shows that releases from induced BDGREs do not challenge 100% 46 
of the LFL in the tank headspace.  In addition, an evaluation of historic BDGREs in DSTs cited 47 
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in PNNL-13781 shows that the size of the BDGRE release is roughly proportional to the 1 
buoyancy ratio, and that the maximum expected release at a buoyancy ratio of one results in a 2 
tank headspace concentration significantly below 100% of the LFL.) 3 
 4 
For water additions, chemical additions, and waste transfers into Waste Group B DSTs, the 5 
flammable gas concentration controls are a SAC DST Induced Gas Release Event Flammable 6 
Gas Controls (see Section 4.5.3), safety-significant DST primary tank ventilation systems (see 7 
Section 4.4.10), and TSR LCOs to ensure the DST primary tank ventilation systems are operable 8 
and operating (see Sections 5.5.2.1 and 5.5.2.4).  These flammable gas concentration controls 9 
prevent induced GRE flammable gas hazards caused by the dissolution of soluble settled solids 10 
which induces the release of retained gases.  (Note:  An induced BDGRE is possible from the 11 
dissolution of soluble settled solids, but no controls are required because of the low risk of the 12 
release achieving 100% of the LFL.  The low risk is based on the unlikely conditions required for 13 
dissolution to induce a BDGRE and the very low likelihood that the induced BDGRE would be 14 
large enough to achieve 100% of the LFL in the DST headspace based on the low buoyancy ratio 15 
[see PNNL-13781]). 16 
 17 
The SAC DST Induced Gas Release Event Flammable Gas Controls requires an engineering 18 
evaluation be performed for water additions, chemical additions, and waste transfers into Waste 19 
Group B DSTs exceeding 20,000 gal for waste levels ≤ 422 in. and 10,000 gal for waste levels 20 
> 422 in.7  The evaluation determines if the release of flammable gas from the dissolution of 21 
soluble settled solids is sufficient to achieve 100% of the LFL in the tank headspace assuming no 22 
ventilation.  Unless the evaluation demonstrates that the release of flammable gases are 23 
insufficient to achieve 100% of the LFL, a safety-significant DST primary tank ventilation 24 
system is required to be operable and operating during the water addition, chemical addition, or 25 
waste transfer into the DST.  Safety-significant DST primary tank ventilations are conservatively 26 
required to operable and operating at all times to prevent flammable gas hazards from slow, 27 
continuing induced gas releases following water additions, chemical additions, waste transfers 28 
into DSTs in addition to steady-state releases (see Section 3.3.2.4.1.4.1). 29 
 30 
The engineering evaluation of SAC DST Induced Gas Release Event Flammable Gas Controls 31 
determines the requirement for a safety-significant DST primary tank ventilation system to 32 
prevent induced GREs during water additions, chemical additions, and waste transfer into DSTs.  33 
A TSR LCO ensures the DST primary tank ventilation system is operable and operating to 34 
prevent flammable gas hazards from induced GREs during the water addition, chemical addition, 35 
or waste transfer into a DST (see Section 5.5.2.4).  The safety function of the DST primary tank 36 
ventilation systems is to maintain the concentration of flammable gases below the LFL in the 37 
DST headspace for induced GREs during water additions, chemical additions, and waste 38 
transfers into DSTs.  Maintaining the flammable gas concentration below the LFL protects the 39 
facility worker from a flammable gas deflagration in a DST.  The functional requirement of DST 40 
primary tank ventilation systems is to provide sufficient tank headspace ventilation to maintain 41 
                                                 
 
7 The 20,000 gal and 10,000 gal are based on conservative calculations in PNNL-13781 that show a water addition 
of > 20,000 gal or > 10,000 gal is required to reach 100% of the LFL in the DST headspace from the dissolution of 
soluble settled solids assuming no ventilation and the maximum DST waste level is 422 in. and 460 in., respectively.  
The calculation of 20,000 gal and 10,000 gal for water can also be conservatively applied to waste transfers (i.e., 
unsaturated liquid waste) and chemical additions (i.e., dilute chemical additions). 
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the concentration of flammable gas < 100% of the LFL for induced GREs during water 1 
additions, chemical additions, and waste transfers into DSTs.  To provide a margin of safety 2 
consistent with NFPA requirements, the performance requirement for DST primary tank 3 
ventilation systems is to provide sufficient ventilation to maintain the concentration of 4 
flammable gas < 25% of the LFL for induced GREs during water additions, chemical additions, 5 
and waste transfers into DSTs.  Based on the analysis in RPP-RPT-47933, a ventilation rate of  6 
58 ft3/min is sufficient to meet the performance requirement for the bounding hydrogen release 7 
rate from induced GREs during water additions, chemical additions, and waste transfers into 8 
DSTs (0.58 ft3/min). 9 
  10 
Single-Shell Tank Induced Gas Release Event – There are no operations authorized in Waste 11 
Group B SSTs that could result in an induced GRE flammable gas hazard (i.e., where operations 12 
induced GREs could achieve 100% of the LFLs).  (Note:  Additions of < 30,000 gal of water to 13 
Waste Group B 100-series SSTs and < 500 gal of water to Waste Group B 200-series SSTs are 14 
allowed based on conservative calculations in PNNL-13781 that show a water addition of 15 
> 30,000 gal in 100-series SSTs and > 500 gal in 200-series is required to reach 100% of the 16 
LFL in the tank headspace from the dissolution of soluble solids.) 17 
 18 
3.3.2.4.1.4.2.4  Gas Release Event Controls for DCRTs and Inactive/Miscellaneous 19 
Tanks/Facilities. 20 
 21 
DCRTs – The potential for GRE flammable gas hazards in DCRTs 244-BX, 244-S, and 244-SX 22 
is evaluated in RPP-10007.  The evaluation of the DCRTs used the retained gas criteria to 23 
determine if a GRE flammable gas hazard could exist (i.e., is there sufficient retained gas in the 24 
DCRT solids to achieve 100% of the LFL if all of the retained gas is released into the tank 25 
headspace).  The evaluation is performed assuming the current waste level and assuming water 26 
intrusion (i.e., rain water, snow melt) fills the tank to 80% full.  The solids depth is based on the 27 
best available information, and the solids void fraction and hydrogen gas fraction are 28 
conservatively assumed to be 0.147 and 0.70, respectively.  The evaluation showed that at their 29 
current waste level, releasing 100% of the retained flammable gases could not achieve 100% of 30 
the LFL.  For a GRE to achieve 100% of the LFL in the DCRT headspace, significant water 31 
intrusion would be required and approximately 40% to 50% of the conservatively calculated 32 
flammable gas retained in the solids would have to be released.  Considering that the DCRTs are 33 
protected from water intrusion and that release fractions approaching 40% to 50% have not been 34 
observed for spontaneous GREs, the frequency of a spontaneous GRE flammable gas hazard in 35 
the DCRTs without controls is qualitatively determined to be “beyond extremely unlikely.”  For 36 
the same reasons, a seismic induced GRE flammable gas deflagration is also “beyond extremely 37 
unlikely.”  There are also no authorized operations that could release a significant fraction of the 38 
retained gas in the tank solids.  (Note:  Sampling activities are authorized because they only 39 
disturb a small fraction of the waste solids.)  Therefore, no safety-significant SSCs or TSRs are 40 
required for GRE flammable gas hazards in DCRTs. 41 
 42 
Inactive/Miscellaneous Tanks/Facilities – There are no authorized operations that could release 43 
a significant fraction of the retained gas in the solids of inactive/miscellaneous tanks/facilities.  44 
(Note:  Sampling activities are authorized because they only disturb a small fraction of the waste 45 
solids.)  Except for some catch tanks that are evaluated in RPP-10007, there is no evaluation of 46 
the spontaneous GRE flammable gas hazard.  Therefore, the SAC for steady-state flammable gas 47 
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hazard for inactive/miscellaneous tanks/facilities also addresses the potential for spontaneous 1 
GRE flammable gas hazards.  That is, the SAC requires for manned work activities involving 2 
inactive/miscellaneous tanks/facilities, either ensuring the concentration of flammable gases 3 
from spontaneous GREs are < 100% of the LFL or eliminating potential ignition sources 4 
(i.e., activities, equipment, materials) during manned work activities.  The safety function of this 5 
SAC is to protect the facility worker from a flammable gas deflagration due to the release and 6 
accumulation of flammable gases in inactive/miscellaneous tanks/facilities.  (See Section 4.5.6.) 7 
 8 
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Table 3.3.2.4.1-1.  Flammability Limits in Air.* 

Fuel 
Lower flammability limit (mole%) 

Upward propagation Downward propagation 

Hydrogen 4 8 

Methane 5 5 

Ammonia 15 18 

Notes: 
*From PNNL-13269. 
 
PNNL-13269, 2000, Overview of the Flammability of Gases Generated in Hanford Waste Tanks, Pacific 

Northwest National Laboratory, Richland, Washington. 
 1 
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Table 3.3.2.4.1-2.  Summary of Frequency and Consequences for 
Flammable Gas Accidents Without Controls.  (2 Sheets) 

Accident Frequency 
Onsite radiological 

Consequence 
Offsite toxicological 

Consequence 
Onsite toxicological 

Consequence 

DST headspace deflagration due to 
steady-state accumulation of 
flammable gas  

Unlikely 

(> 10-4 to < 10-2   
per year) 

< 100 rem < PAC-2 < PAC-3 

DST headspace deflagration due to a 
spontaneous GRE 

See Section 
3.3.2.4.1.4.2.2 

< 100 rem < PAC-2 < PAC-3 

DST headspace deflagration due to 
an induced GRE 

Anticipated 

(> 10-2 to < 10-1 per 
year) 

< 100 rem < PAC-2 < PAC-3 

Deflagration in a DST annulus  Unlikely 

(> 10-4 to < 10-2  
per year) 

< 100 rem < PAC-2 < PAC-3 

SST headspace deflagration due to 
steady-state accumulation of 
flammable gas 

Unlikely 

(> 10-4 to < 10-2 
per year) 

< 100 rem < PAC-2 < PAC-3 

Deflagration in a DCRT due to 
steady-state accumulation of 
flammable gas 

Unlikely 

(> 10-4 to < 10-2  

per year) 

< 100 rem < PAC-2 < PAC-3 

Deflagration in an 
inactive/miscellaneous tank/facility 

See Note a < 100 rem < PAC-2 < PAC-3 

Deflagration in waste-intruding 
equipment 

Anticipated 

(> 10-2 to < 10-1 per 
year) 

< 100 rem < PAC-2 < PAC-3 

Gasoline (or LPG) deflagration Unlikely 

(> 10-4 to < 10-2 

per year) 

< 100 rem < PAC-2 < PAC-3 
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Table 3.3.2.4.1-2.  Summary of Frequency and Consequences for 
Flammable Gas Accidents Without Controls.  (2 Sheets) 

Accident Frequency 
Onsite radiological 

Consequence 
Offsite toxicological 

Consequence 
Onsite toxicological 

Consequence 

Deflagration in a waste sample 
container (i.e., Sample Pig Transport 
System, onsite transfer casks, and 
Hedgehog II Packaging System) 

Anticipated 

(> 10-2 to < 10-1 per 
year) 

< 100 rem < PAC-2 < PAC-3 

Deflagration in a low-level 
radioactive, mixed, and TRU waste 
package 

Unlikely 

(> 10-4 to < 10-2 

per year) 

< 100 rem < PAC-2 < PAC-3 

Notes: 
*The frequency is dependent on the tank/facility where the deflagration is postulated (see RPP-15188). 
 
RPP-15188, 2014, Hazard Evaluation Database Report, Rev. 10-O, Washington River Protection Solutions LLC, Richland, Washington. 

 
 DCRT = double-contained receiver tank. 
 DST = double-shell tank. 
 GRE = gas release event. 
 IMUST = inactive miscellaneous underground storage tank. 

 LPG = liquefied petroleum gas. 
 PAC = Protective Action Criteria. 
 SST = single-shell tank. 
 TRU = transuranic. 
 

 1 
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Table 3.3.2.4.1-3.  Summary of Safety Structures, Systems, and Components for 
Flammable Gas Accidents 

Structures, systems, 
and components 

Safety 
classification 

Safety function Comments 

DST primary tank 
ventilation systems 

Safety-significant To maintain the concentration of 
flammable gases below the LFL 
in the DST headspace for 
steady-state releases and induced 
GREs due to water additions, 
chemical additions, and waste 
transfers into DSTs 

The performance 
requirement is to provide 
sufficient ventilation to 
maintain the concentration 
of flammable gas < 25% of 
the LFL from steady-state 
releases and induced GREs 
due to water additions, 
chemical additions, and 
waste transfers into DSTs. 
 
See Section 4.4.10. 

Waste transfer primary 
piping systems 

Safety-significant To provide confinement of waste. 
 
Providing confinement of the 
waste protects the facility worker 
from flammable gas accidents in a 
DST annulus due to a misroute. 

Configuration management 
of waste transfer primary 
piping systems prevents a 
misroute of waste into DST 
annuli (i.e., prevents 
cross-connected jumpers) 
(see Section 4.4.1).

Low-level radioactive, 
mixed, and TRU waste 
packaging vents 

Safety-significant To limit the accumulation of 
flammable gases in the waste 
packages. 
 
Limiting the flammable gas 
concentration protects the facility 
worker from a flammable gas 
deflagration in the waste package. 

See Section 4.4.8. 

Notes: 
DST = double-shell tank. 
LFL = lower flammability limit. 
TRU = transuranic. 

 1 
  2 

RPP-13033 1/29/2015 - 12:56 PM 421 of 1079



RPP-13033 REV 5 
 
 

 
 T3.3.2.4.1-5  

Table 3.3.2.4.1-4.  Summary of Technical Safety Requirements for 
Flammable Gas Accidents.  (3 sheets) 

Technical safety requirement* Safety function Comment 
LCO:  DST Primary Tank 
Ventilation Systems 

To ensure the DST primary tank 
ventilation systems are operable 
and operating to prevent flammable 
gas hazards from steady-state 
releases and slow, continuing 
induced gas releases following 
water additions, chemical additions, 
and waste transfers into DSTs 

Applicable to all DSTs. 
 
See Section 5.5.2.1. 

SAC:  SST Steady-State 
Flammable Gas Control 

To protect the facility worker from 
a flammable gas deflagration due to 
steady-state flammable gas releases 
in an SST by monitoring the 
flammable gas concentration, 
verifying passive ventilation for 
241-B-203 and 241-B-204, and 
taking action to reduce the 
flammable gas concentration or 
eliminate potential ignition sources 
prior to the flammable gas 
concentration exceeding the LFL. 

Applicable to all SSTs, except for 
SSTs in the 241-AX and 241-SX 
tank farms. 
 
See Section 4.5.2. 

SAC:  DST Induced Gas Release 
Event Flammable Gas Controls 

To protect the facility worker from 
a flammable gas deflagration in a 
DST due to an operations induced 
GRE. 
 
The safety function is provided by 
requiring evaluations of waste 
transfers from DSTs and water 
additions, chemical additions, and 
waste transfers into DSTs to 
determine restrictions or required 
controls to prevent an induced GRE 
flammable gas deflagration. 

See Section 4.5.3. 

LCO:  DST Induced Gas Release 
Event Flammable Gas Control 

To ensure the DST primary tank 
ventilation systems are operable 
and operating to prevent flammable 
gas hazards from induced GREs 
during water additions, chemical 
additions, and waste transfers into 
DSTs 

Applicable when required by SAC 
DST Induced Gas Release Event 
Flammable Gas Controls. 
 
See Section 5.5.2.4. 
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Table 3.3.2.4.1-4.  Summary of Technical Safety Requirements for 
Flammable Gas Accidents.  (3 sheets) 

Technical safety requirement* Safety function Comment 
SAC:  DST Annulus Flammable 
Gas Control 

To protect the facility worker from 
a flammable gas deflagration in a 
DST annulus caused by steady-
state flammable gas releases from 
waste in the DST annulus. 
 
The safety function is provided by 
monitoring the DST annulus waste 
level and taking action to control 
the flammable gas concentration or 
eliminate potential ignition sources 
if a significant quantity of waste is 
detected in the DST annulus. 

Applicable to all DSTs. 
 
See Section 4.5.4. 

SAC:  DCRT Steady-State 
Flammable Gas Control 

To protect the facility worker from 
a flammable gas deflagration due to 
steady-state flammable gas releases 
in a DCRT by either verifying 
passive ventilation or monitoring 
the flammable gas concentration 
and taking action to reduce the 
flammable gas concentration or 
eliminate potential ignition sources 
prior to the flammable gas 
concentration exceeding the LFL. 

Applicable to DCRTs 244-BX, 
244-S, and 244-TX. 
 
See Section 4.5.5. 

SAC:  Flammable Gas Controls for 
Inactive/Miscellaneous 
Tanks/Facilities and Waste-
Intruding Equipment 

To protect the facility worker from 
a flammable gas deflagration due to 
the release and accumulation of 
flammable gases in 
inactive/miscellaneous 
tanks/facilities and waste-intruding 
equipment. 

See Section 4.5.6. 

SAC:  Low-Level Radioactive, 
Mixed, and TRU Waste Packaging 
Flammable Gas Controls 

To protect the facility worker from 
a flammable gas deflagration due to 
hydrogen release and accumulation 
in a low-level radioactive, mixed, 
or TRU waste package by venting 
the package prior to the hydrogen 
concentration reaching 5% by 
volume. 

See Section 4.5.8. 

Key Element:  DST and SST Time 
to LFL 

To protect assumptions used to 
develop surveillance frequencies 
and action completion times in the 
LCO DST Primary Tank 
Ventilation Systems and SACs:  
SST Steady-State Flammable Gas 
Control and DST Annulus 
Flammable Gas Control. 

See Section 5.5.3.1. 
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Table 3.3.2.4.1-4.  Summary of Technical Safety Requirements for 
Flammable Gas Accidents.  (3 sheets) 

Technical safety requirement* Safety function Comment 
Key Element:  Ignition Controls To establish ignition source control 

requirements consistent with NFPA 
requirements for eliminating 
potential flammable gas ignition 
sources. 
 
To evaluate activities, equipment, 
and materials to determine the 
applicability of and compliance 
with ignition source control 
requirements. 
 
To be an important contributor to 
defense-in-depth by applying 
ignition controls for the 
spontaneous GRE hazard in 
DSTs 241-AN-103, 241-AN-104, 
241-AN-105, 241-AW-101, and 
241-SY-103. 

See Section 5.5.3.2. 
 
 
 
 
 
 
 
 
 
 
 
The ignition control requirement in 
DSTs 241-AN-103, 241-AN-104, 
241-AN-105, 241-AW-101, and 
241-SY-103 is that ignition 
controls are applied at all times in 
the tank headspace and in 
connected enclosed spaces directly 
above these DSTs. 

Key Element:  Waste 
Characteristics Controls 

To protect assumptions on waste 
characteristics used to develop 
controls for flammable gas 
deflagrations due to GRE by 
preventing the formation of waste 
gel in DSTs and SSTs. 

See Section 5.5.3.4. 

Key Element:  Emergency 
Preparedness 

To establish emergency 
preparedness requirements to 
reduce the risk from seismic 
induced flammable gas accidents in 
DSTs. 

The emergency preparedness 
requirement is that emergency 
response planning shall include 
response procedures for the 
evacuation of personnel from the 
DST 241-AN, 241-AP, 241-AW, 
241-AY, 241-AZ, and 241-SY tank 
farms following seismic events that 
could cause induced flammable gas 
accidents.  See Section 5.5.3.6. 

Notes: 
*For the complete text of the controls summarized in this table refer to the latest revision of HNF-SD-WM-TSR-006. 
 
HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, as amended, Washington River Protection 

Solutions LLC, Richland, Washington. 
 

 DCRT = double-contained receiver tank. 
 DST = double-shell tank. 
 GRE = gas release event. 
 LCO = limiting condition for operation. 
 LFL = lower flammability limit. 
 NFPA = National Fire Protection Association. 
 SAC = Specific Administrative Control. 
 SST = single-shell tank. 
 TRU = transuranic. 
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Table 3.3.2.4.1-5.  Key Control Selection Assumptions and Input Parameters.  (3 sheets) 
Assumption/input parameter and basis Assumption type Sensitivity Protection basis 

Input Parameter:  DST and SST tank waste 
characteristics.  Based on the BBI.  The tank 
waste characteristics used in RPP-5926 
include: 

(1) concentration of total organic carbon, 
nitrate ion, nitrite ion, sodium ion, and 
aluminum ion in the liquid waste 

(2) cesium, strontium, plutonium, and 
americium concentrations 

(3) weight-percent water 

(4) hydroxide 

Best Estimate (1) Total organic carbon data are used as an indicator of organic 
species because organic species provide the source term for 
thermolysis and organic radiolysis.  Nitrate, nitrite, and sodium 
concentrations are used to estimate the scavenger effects for 
radiolysis of pure water.  Aluminate is a catalyst in the 
thermal-chemical reaction and its concentration is used in the 
thermolysis rate calculation. 

(2) Cesium, strontium, plutonium, and americium 
concentrations are used to estimate the heat load of the tank 
waste, which is the power source for both water and organic 
radiolysis. 

(3) Weight-percent water data are used to estimate the liquid 
fraction of the waste because the model considers gas 
generation reactions occur more effectively in the liquid phase. 

(4) Hydroxide, as well as nitrate and nitrite, is used to estimate 
hydrogen generation from corrosion. 

Tank waste characteristics are based on the BBI.  New 
sampling results or changes in tank waste inventories could 
result in different characteristics and potentially higher 
flammable gas generation rates than currently analyzed in 
RPP-5926, which forms the basis for surveillance requirement 
frequencies and action statement completion times. 

Protected by AC Key Element 
DST and SST Time to Lower 
Flammability Limit and AC 
Key Element Waste 
Characteristics Controls 

Input Parameter:  Tank waste volume and 
densities.  Based on the BBI. 

Best Estimate 

 

The tank waste volume and densities are used to calculate the 
total mass of waste and to estimate wetted surface area for 
calculating corrosion rates.  Increasing the total mass of waste 
and increasing the wetted surface area increases the flammable 
gas generation rate.   

The tank waste volume also determines the tank headspace 
volume.  Increasing the waste volume decreases the headspace 
volume such that the LFL is reached in a shorter period of time. 

Tank waste volume and densities are based on the BBI.  New 
sampling results or changes in tank waste inventories (i.e., 
waste transfers into DSTs) could result in larger waste volumes 
and wetted surface areas than are currently analyzed in 
RPP-5926.  

Protected by AC Key Element 
DST and SST Time to Lower 
Flammability Limit and AC 
Key Element Waste 
Characteristics Controls 
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Table 3.3.2.4.1-5.  Key Control Selection Assumptions and Input Parameters.  (3 sheets) 
Assumption/input parameter and basis Assumption type Sensitivity Protection basis 

Input Parameter:  Initial tank waste 
temperature.  For SSTs, based on PCSACS, 
applied maximum tank waste temperatures 
over a 1-yr period (to cover seasonal 
effects).  For DSTs, based on conservative 
tank waste temperatures that conservatively 
bound monitored DST waste temperatures. 

Best Estimate 

 

The tank waste temperature is needed to calculate the radiolysis 
G value and to account for the Arrhenius behavior of the 
thermolysis rate.  The sensitivity of this assumption is a 
function of the tank waste characteristics. 

Higher initial tank waste temperatures could result in higher 
flammable gas generation rates than currently analyzed in 
RPP-5926, which forms the basis for surveillance frequencies 
and action statement completion times. 

Protected by AC Key Element 
DST and SST Time to Lower 
Flammability Limit 

Assumption:  RPP-5926 assumes a 10,000 
gal water addition for DSTs and 100-series 
SSTs and 1,000 gal for 200-series SSTs.  
This is intended to account for routine 
activities that add water to DSTs and SSTs 
(e.g., transfer line flushes, rinsing of 
equipment). 

Reasonably 
Conservative 

The addition of water reduces the tank headspace volume such 
that the LFL is reached in a shorter period of time.  

Additions greater than 10,000 gal (1,000 gal for 200-series 
SSTs) will require an evaluation of the tank end-state to ensure 
surveillance requirement frequencies and action statement 
completion times are still limiting. 

Protected by AC Key Element 
DST and SST Time to Lower 
Flammability Limit 
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Table 3.3.2.4.1-5.  Key Control Selection Assumptions and Input Parameters.  (3 sheets) 
Assumption/input parameter and basis Assumption type Sensitivity Protection basis 

Parameter:  Tank waste information has a 
degree of uncertainty associated with its 
value.  To account for this uncertainty in the 
data, values used in RPP-10006 have been 
assigned distributions and a statistical 
calculation method applied (i.e., Monte 
Carlo methodology).  Waste groups are 
designated based on the 95th confidence 
level. 

Parameters include: 

 Height of wetted non-convective layer 

 Void fraction of wetted non-convective 
layer 

 Tank vapor space volume 

 Neutral buoyancy of wetted 
non-convective layer 

 Yield stress of wetted non-convective 
layer 

 Height of convective layer 

 Specific gravity of convective layer 

 Hydrogen generation rate 

 Temperature of wetted non-convective 
layer 

 Volume of retained gas that is hydrogen 

 Retained gas pressure 

Reasonably 
Conservative 

Small variations in the value of a given tank waste 
characteristic or tank condition are accounted for by the Monte 
Carlo analysis.  A significant variation in a given parameter has 
the potential to change waste groups.  Therefore, waste 
transfers and large water and chemical additions must be 
evaluated to determine if the end state of the tank results in a 
change in waste group.  Additionally, variations in a large 
number of parameters has the potential to change waste groups. 

TOC Procedures 

Notes: 
RPP-5926, 2014, Steady-State Flammable Gas Release Rate and Lower Flammability Level Evaluation for Hanford Tank Waste, Rev. 14, Washington River 

Protection Solutions LLC, Richland, Washington. 
RPP-10006, 2014, Methodology and Calculations for the Assignment of Waste Groups for the Large Underground Waste Storage Tanks at the Hanford Site, 

Rev. 12, Washington River Protection Solutions LLC, Richland, Washington. 
 
 BBI = best-basis inventory. 
 DST = double-shell tank. 
 LFL = lower flammability limit. 

 PCSACS = Personal Computer Surveillance 
Analysis Computer System. 

 SST = single-shell tank. 

 TOC = Tank Operations Contractor. 
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Table 3.3.2.4.1-6.  Criteria for Tank Waste Group Designations.a 

Criteria Tank waste characteristics Waste group 

1 The volume of retained gas in the solids saturated with 
liquid is insufficient to make the tank headspace 
flammable if the gas contained therein is all released 
into the tank headspace. 

If Criterion 1 is met, then designate 
the tank as Waste Group C.b 

If Criterion 1 is not met, then go to Criterion 2 

2 The depth of the liquid layer over the settled solids does 
not provide sufficient potential energy to create the 
possibility of a gas release during a buoyant 
displacement event. 

The criterion is:  The Energy Ratio is < 3. 

If Criterion 1 is not met but 
Criterion 2 is met, then designate the 
tank as Waste Group B.c 

If Criteria 1 and 2 are not met, then go to Criterion 3 

3 The tank waste characteristics do not create the 
possibility of a buoyant displacement event. 

The criterion is:  The Buoyancy Ratio is < 1. 

If Criteria 1 and 2 are not met but 
Criterion 3 is met, then designate the 
tank as Waste Group B. 

If Criteria 1, 2, and 3 are not met, 
then designate the tank as Waste 
Group A.d 

Notes: 
aFrom RPP-10006. 
bWaste Group C:  Tanks with no potential GRE flammable gas hazard. 
cWaste Group B:  Tanks with a potential induced GRE flammable gas hazard, but no potential spontaneous 

BDGRE flammable gas hazard. 
dWaste Group A:  Tanks with a potential spontaneous BDGRE flammable gas hazard in addition to a potential 

induced GRE flammable gas hazard.  
 

RPP-10006, 2014, Methodology and Calculations for the Assignment of Waste Groups for the Large 
Underground Waste Storage Tanks at the Hanford Site, Rev. 12, Washington River Protection Solutions LLC, 
Richland, Washington. 
 

 BDGRE = buoyant displacement gas release event. 
 GRE = gas release event. 
 LFL = lower flammability limit. 
 
 1 

2 
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Table 3.3.2.4.1-7.  Potential Tank Farm Operations Requiring 

Waste Group Evaluations.a  (2 sheets) 

Operation 
Waste Group 

A B C 

DST Waste Transfers 
(sending tank) 

No Yes No 

DST Waste Transfers 
(receiving tank) 

No Yes Yes 

SST Water Additions and 
Saltcake Dissolution 

N/Ab Yes for large water 
additions (> 10,000 gal for 
100-series SSTs and 1,000 
gal for 200-series SSTs)c,d 

Yes for large water 
additions (> 10,000 gal for 
100-series SSTs and 1,000 
gal for 200-series SSTs)c,d 

SST Waste Additionse N/A Yes Yes 

SST Modified Sluicing 
Operationsf 

N/A See SST Water Additions 
and Saltcake Dissolution 
and SST Waste Additions 

See SST Water Additions 
and Saltcake Dissolution 
and SST Waste Additions 

DST Water Additions  No Yes for large water 
additions (> 10,000 gal)c  

Yes for large water 
additions (> 10,000 gal)c  

Mixer Pump Operation No No No 

Air Lift Circulator 
Operation 

No No No 

DST Chemical Additions No Yes for large chemical 
additions (NaOH, NaNO2) 
(> 500 gal)c 

Yes for large chemical 
additions (NaOH, NaNO2) 
(> 500 gal)c 

SST Chemical Additions 
(100-series SSTs)g 

N/A Not evaluatedh Yes for chemical additions 
(NaOH) to support waste 
retrieval 

Natural Evaporation No No No 

Notes: 
aSource:  PNNL-13781 unless otherwise indicated. 
bN/A = Not applicable.  There are no Waste Group A SSTs, and operations that could create a Waste Group A 

tank are prohibited or not authorized. 
cThe RPP-10006 methodology for determining DST and SST waste group determinations includes the addition 

of 10,000 gal of water and 500 gal of caustic to DSTs, 10,000 gal of water to 100-series SSTs, and 1,000 gal of 
water to 200-series SSTs to address small additions that occur during tank farm operations. 

dWater additions to SSTs that would result in failing Criteria 1 and 2 in Table 3.3.4.2.1-6 are prohibited to 
satisfy the terms and conditions of the River Protection Project Authorization Agreement between the U.S. 
Department of Energy, Office of River Protection and Washington River Protection Solutions LLC (Smith, 2013), 
that prohibit creating additional Waste Group A tanks without prior ORP approval. 

eAlthough waste additions to Waste Group B and C SSTs are not specifically evaluated in PNNL-13781, the 
potential for raising the waste group is derived from the PNNL-13781 results.  An example of SST waste additions 
is SST modified sluicing using DST supernatant. 

fSST modified sluicing is not specifically evaluated in PNNL-13781, but the potential for raising the waste 
group for water and/or waste additions to SSTs are applicable. 

gAlthough chemical additions of sodium hydroxide to 100-series SSTs to support waste retrieval are not 
specifically evaluated in PNNL-13781, the potential for raising the waste group is derived from the PNNL-13781 
results.  (Note:  Chemical additions to 200-series SSTs have not been evaluated in this DSA.) 

hThe potential for gas release event flammable gas hazards in Waste Group B SSTs from chemical additions of 
sodium hydroxide to support waste retrieval has not been evaluated (see Section 3.3.2.4.1.4.2.3). 
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Table 3.3.2.4.1-7.  Potential for Tank Farm Operations to Raise the Waste Group.a  (2 sheets) 

Operation 
Waste Group 

A B C 
Notes (cont.) 

PNNL-13781, 2005, Effects of Globally Waste-Disturbing Activities on Gas Generation, Retention, and Release 
in Hanford Waste Tanks, Rev. 3, Pacific Northwest National Laboratory, Richland, Washington. 

RPP-10006, 2014, Methodology and Calculations for the Assignment of Waste Groups for the Large 
Underground Waste Storage Tanks at the Hanford Site, Rev. 12, Washington River Protection Solutions LLC, 
Richland, Washington. 

Smith, K. W., 2013, “Contract No. DE-AC27-08RV14800 - Approval of River Protection Project Authorization 
Agreement,” (letter 13-NSD-0002 to M. D. Johnson, Washington River Protection Solutions LLC, January 31), U.S. 
Department of Energy, Office of River Protection, Richland, Washington. 

 
 DST = double-shell tank. 
 N/A = not applicable. 
 SST = single-shell tank. 

 1 
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Table 3.3.2.4.1-8.  Potential Induced Flammable Gas Release Event Hazards and Acceptable 
Flammable Gas Concentration Controls.a (3 sheets) 

Operation 
Waste Groupb 

A B C 

DST waste transfers (sending tank) 

Potential Induced GRE 
Hazardc 

Not authorized Yes No 

Controlsd --  Liquid waste transfer 
volumes are limited 
to prevent potential 
induced GRE hazards 
from uncovering 
solids  

None Required 

DST waste transfers (receiving tank) 

Potential Induced GRE 
Hazard 

Not authorized Yes for large waste 
transferse 

No 

Controls --  Active Ventilation  None Required 

SST water additions and saltcake dissolution  

Potential Induced GRE 
Hazard 

N/Af Large water additionsg 
and saltcake dissolution 
are not authorized 

No 

Controls N/A -- None Required 

SST waste additions 

Potential Induced GRE 
Hazard 

N/A Not authorized No 

Controls N/A -- None Required 

SST modified sluicing operations 

Potential Induced GRE 
Hazard 

N/A Not authorized No 

Controls N/A -- None Required 

DST water additions  

Potential Induced GRE 
Hazard 

See Note h Yes for large water 
additionsi 

No 

Controls See Note h  Active Ventilation  None Required 

Mixer pump operation 

Potential Induced GRE 
Hazard 

Not authorized Not authorized No 

Controls -- -- None Required 

1 
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 1 
Table 3.3.2.4.1-8.  Potential Induced Flammable Gas Release Event Hazards and Acceptable 

Flammable Gas Concentration Controls.a (3 sheets) 

Operation 
Waste Groupb 

A B C 

Air lift circulator operation 

Potential Induced GRE 
Hazard 

Not authorized Not authorized No 

Controls -- -- None Required 

DST chemical additions 

Potential Induced GRE 
Hazard 

Not authorized Yes for large chemical 
additionsj 

No 

Controls --  Active Ventilation  None Required 

SST chemical additions 

Potential Induced GRE 
Hazard 

N/A Not authorized No 

Controls N/A -- None Required 

Natural evaporation 

Potential Induced GRE 
Hazard 

No No No 

Controls None Required None Required None Required 

Notes: 
aSource:  PNNL-13781 unless otherwise indicated. 
bThe waste group for the existing state of the DST or SST and/or the final state of the DST or SST following 

the planned operation are used for determining the induced flammable GRE hazard controls.  That is, the required 
induced flammable GRE hazard controls during the planned operation include controls for the existing state 
and/or final state.  For example, if the planned operation changes an existing Waste Group C tank to a Waste 
Group B tank, the Waste Group B induced flammable GRE hazard controls are applied during the planned 
operation (i.e., there are no induced flammable GRE hazard controls for Waste Group C tanks).  If the planned 
operation changes an existing Waste Group A DST to a Waste Group B DST, Waste Group A and B induced 
flammable GRE hazard controls are applied during the planned operation. 

cA potential induced flammable GRE hazard exists when the quantity of gas released could cause the 
flammable gas concentration in the tank headspace to exceed the LFL. 

dThe identified controls represent an acceptable combination of flammable gas concentration controls to 
maintain the flammable gas concentration < 25% of the LFL. 

eThe potential induced flammable GRE hazard is from the dissolution of solids from an unsaturated liquid 
waste transfer.  Note:  The 20,000 gal and 10,000 gal calculated for water additions to DSTs with waste levels of 
< 422 in. and > 422 in., respectively, (see Note i) can be conservatively applied for waste transfers (i.e., 
unsaturated liquid waste). 

fN/A = Not applicable.  There are no Waste Group A SSTs, and operations that could create a 
Waste Group A SST are prohibited or not authorized. 

gLarge water additions are additions exceeding 30,000 gal for 100-series SSTs and 500 gal for 200-series 
SSTs.  These limits are based on conservative calculations in PNNL-13781 that show a water addition of 
> 30,000 gal in 100-series SST and > 500 gal in 200-series SSTs is required to reach 100% of the LFL in the tank 
headspace from the dissolution of soluble solids assuming no ventilation. 
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Table 3.3.2.4.1-8.  Potential Induced Flammable Gas Release Event Hazards and Acceptable 
Flammable Gas Concentration Controls.a (3 sheets) 

Operation 
Waste Groupb 

A B C 
Notes (continued): 

hThe evaluation in PNNL-13781 shows that small water additions (< 10,000 gal in DSTs 241-AN-103, 
241-AN-104, 241-AW-101, and 241-SY-103; and < 5,000 gal in DST 241-AN-105) that are required to support 
DST operations (e.g., flushing equipment, decontamination of waste transfer-associated structures) would not 
exceed 100% of the LFL.  The potential for larger water additions (> 10,000 gal in DSTs 241-AN-103, 
241-AN-104, 241-AW-101, and 241-SY-103; and > 5,000 gal in DST 241-AN-105) in these DSTs to increase the 
assumed DST spontaneous GRE accident frequency (i.e., resulting spontaneous GRE releases sufficient gas to 
achieve a flammable gas concentration of > 100% of the LFL when combined with potential induced flammable 
gas releases due to dissolution and steady-state flammable gas conditions) has not been evaluated. 

iPNNL-13781 shows that a water addition of > 20,000 gal in DSTs with a waste level of < 422 in. and  
> 10,000 gal in DSTs with waste level of > 422 in. is required to reach 100% of the LFL in the tank headspace 
from the dissolution of soluble solids assuming no ventilation. 

jThe 20,000 gal and 10,000 gal calculated for water additions to DSTs with waste levels of < 422 in. and 
> 422 in., respectively, (see Note i) can be conservatively applied for chemical additions (i.e., dilute chemical 
additions). 
 

PNNL-13781, 2005, Effects of Globally Waste-Disturbing Activities on Gas Generation, Retention, and 
Release in Hanford Waste Tanks, Rev. 3, Pacific Northwest National Laboratory, Richland, Washington. 
 

DST = double-shell tank. 
GRE = gas release event. 
LFL = lower flammability limit. 
N/A = not applicable. 
SST = single-shell tank. 

 
 1 
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3.3.2.4.2  Nuclear Criticality.  When sufficient concentrations of fissile materials such as 1 
plutonium collect in the correct geometry, a nuclear criticality may occur.  A nuclear criticality is 2 
an uncontrolled fission reaction that releases energy in the form of heat and radiation, and 3 
generates highly radioactive fission products, including gases. 4 
 5 
A qualitative evaluation of the frequency and consequences of a nuclear criticality accident is 6 
described in RPP-12371, Technical Basis for the Nuclear Criticality Representative Accident and 7 
Associated Represented Hazardous Conditions.  This qualitative evaluation, summarized below, 8 
considered past analyses that modeled this event, the current configuration of the tank waste, and 9 
current tank farm operations. 10 
 11 
3.3.2.4.2.1  Representative Accident Scenario.  Although the frequency of a nuclear criticality 12 
is considered to be “beyond extremely unlikely” (see Section 3.3.2.4.2.2), a criticality event 13 
assuming no controls was postulated and the consequences were estimated to provide additional 14 
perspective on the risk from a criticality event.  The postulated nuclear criticality accident 15 
assumes that conditions occur that allow a criticality to occur within an abovegrade facility.  16 
These conditions include: 17 
 18 

 Waste retrieval or processing separates fissile material from neutron absorbers. 19 
 20 

 The now concentrated fissile material forms a geometrically-favorable (spherical) critical 21 
volume in the abovegrade facility. 22 

 23 
 Sufficient concentrated material accumulates to a point of critical mass, causing initiation 24 

of a nuclear criticality. 25 
 26 
3.3.2.4.2.2  Frequency Determination.  The assignment of frequency in RPP-12371 was largely 27 
based on analysis documented in RPP-7475, Criticality Safety Evaluation of Hanford Tank 28 
Farms Facility, and WHC-SD-WM-TI-725, Tank Farm Nuclear Criticality Review.  As 29 
indicated in these documents, the potential for a criticality in tank farms is influenced by four 30 
factors: 31 
 32 

 Fissile material quantity and concentration 33 
 Neutron absorber type and amount 34 
 Waste geometry 35 
 Neutron moderation. 36 

 37 
When considering the first factor, the concentration of the fissile material in the tank waste is the 38 
key consideration.  The total amount of fissile material in all tank farms facilities is estimated to 39 
be 500 to 1,000 kg of plutonium, which is contained almost exclusively in the waste sludge.  40 
However, the maximum measured plutonium concentration based on waste sample analysis is 41 
0.35 g/L. (The highest plutonium concentration estimated for a waste sample is 0.89 g/L, but this 42 
was a conservative estimate based on gross alpha counts.)  Typical fissile material concentration, 43 
based on past waste sample analysis, is less than 0.1 g/L.  These concentrations are considerably 44 
lower than the 2.6 g/L plutonium (Pu-equivalent) that was calculated, based on a conservative 45 
model, to be the minimum concentration required to produce a nuclear criticality in an 46 
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optimally-sized spherical configuration.  (See RPP-7475 for additional discussions of the 1 
calculated 2.6 g/L plutonium minimum critical concentration.) 2 
 3 
With respect to the second factor, neutron absorbers, the tank waste contains a number of good 4 
neutron absorbers such as aluminum, iron, manganese, and uranium.  The neutron 5 
absorber(s)-to-plutonium mass ratios are typically well above those needed to ensure subcritical 6 
conditions, and the fissile materials in the waste are closely associated with these absorbers.  7 
Typically, the fissile material and absorber are either chemically bound, or are tightly physically 8 
bound in agglomerates that formed as species precipitated when the waste was made alkaline for 9 
corrosion control (thus creating the sludge phases in the waste tanks).  As discussed in RPP-7475 10 
and WHC-SD-WM-TI-725, it is extremely difficult to separate these agglomerates so as to 11 
disassociate fissile material from neutron absorbers and make it available to join with other 12 
fissile materials.  Under current conditions and operations there is no physical mechanism that 13 
could drive such separation.  An exception to this conclusion, not addressed in RPP-7475, is the 14 
potential for sludge disturbing activities to segregate large particle size PuO2 or Pu metal due to 15 
gravity segregation.  Such segregation could, potentially, change the distribution of the fissile 16 
material in the tank (change the association of this fissile material with neutron absorbers).   17 
RPP-RPT-50941, Review of Plutonium Oxide Receipts into Hanford Tank Farms, identified 18 
eight tanks that may have received more than the minimum critical mass (> 450 g ) of large 19 
particle size PuO2 or Pu metal (241-TX-105, 241-TX-109, 241-TX-118, 244-TX, 241-SY-102, 20 
241-C-102, 241-AN-101, and 241-S-108).  Sludge disturbing activities within these tanks are 21 
prohibited until a criticality safety evaluation is completed demonstrating that nuclear criticality 22 
remains “beyond extremely unlikely” for the activity (i.e., RPP-50963, Criticality Safety 23 
Evaluation Report for Disturbing Tank AN-101 Waste, RPP-51388, Criticality Safety Evaluation 24 
Report for Level Monitoring and Condensate Return in Tanks with Appreciable Particulate 25 
Plutonium, RPP-51423, Criticality Safety Evaluation Report for C-102 Waste Investigation 26 
Activities, RPP-53112, Criticality Safety Evaluation Report for Sampling of Tanks with 27 
Appreciable Particulate Pu, and RPP-53817, Criticality Safety Evaluation Report for Waste 28 
Retrieval into AN-101).  In addition, RPP-RPT-50941 identified eight tanks that might contain 29 
less than the minimum critical mass of large particle size PuO2 or Pu metal (241-A-105,  30 
241-BX-101, 241-S-107, 241-S-111, 241-SX-114, 241-B-101, 241-TX-101, and 241-C-104).  31 
Sludge disturbing activities within these tanks are not a criticality hazard because there is 32 
insufficient PuO2 or Pu metal to support a criticality.  The transfer of waste containing these 33 
large particle size PuO2 or Pu metal is reviewed by the criticality safety representative (CSR) to 34 
ensure that the operation is within the criticality safety evaluation reports (CSER) and the 35 
criticality prevention specification (CPS). 36 
 37 
One chemical mechanism that could cause the fissile material to separate from the sludge and 38 
solids phase is acidification.  As noted in RPP-7475, a key chemical property of plutonium, 39 
uranium, and related fissile materials is a tendency to dissolve in acid environments and 40 
precipitate in alkaline environments.  Tank wastes are maintained at an alkaline pH, which 41 
ensures that the fissile material remains in the sludge or solids phase. 42 
 43 
A key consideration with respect to the third factor, waste geometry, is that the minimum 44 
calculated plutonium concentration necessary to sustain a criticality (2.6 g/L) was derived by 45 
assuming that the plutonium was contained in a very large spherical mass.  In reality, the sludge 46 
phases in the tanks (which contain virtually all of the fissile material) are in slab-like 47 
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configurations, a geometry that requires a much higher concentration of fissile material to 1 
achieve criticality.  For abovegrade facilities, waste slurry could take the shape of the vessels that 2 
contain it (e.g., tanks) rather than be in a settled, slab shape.  However, RPP-7475 indicates that 3 
even at a plutonium concentration of 4 g/L, criticality requires 215 kg of plutonium in a spherical 4 
volume of 14,200 gal which is not credible given the limited quantity of plutonium in any source 5 
SST or DST and the agglomerated neutron absorbers that would be contained in the slurry. 6 
 7 
The final factor, neutron moderation, is in tank wastes largely dependent on the amount of water 8 
present.  As indicated in RPP-7475, the maximum subcritical fissile material concentration is 9 
2.6 g/L, conservatively calculated for dry tank waste.  The maximum subcritical fissile material 10 
concentration increases as water is added to the waste.  Therefore, because of the presence of 11 
water, tank wastes in general are greatly overmoderated, relative to this optimum (i.e., dry waste) 12 
configuration. 13 
 14 
Due to the factors summarized in the preceding paragraphs, under current tank farm conditions, a 15 
criticality is not credible because the fissile material concentration is too low, the neutron 16 
absorbers are too abundant, the waste geometry is unfavorable, and the waste is overmoderated.  17 
Thus, the nuclear criticality representative accident was qualitatively assigned a frequency of 18 
“beyond extremely unlikely.” 19 
 20 
3.3.2.4.2.3  Consequence Determination.  An overview of the postulated criticality scenario is 21 
provided below.  Assumptions used in this analysis are described in more detail in RPP-12371.  22 
Included there is a basis or reference, a qualitative judgment of the sensitivity of the assumption 23 
on the frequency or consequence, and a judgment on whether the assumption needs to be 24 
protected.  25 
 26 
The criticality occurs in a single burst of 2.8 x 1018 fissions, and is followed by a rapid shutdown.  27 
This rapid shutdown occurs because the fission energy release disrupts the critical geometry by 28 
causing thermal expansion, because of density reduction from bubble formation, and because of 29 
dispersion of some of the concentrated plutonium solution from the critical volume.  Steam is 30 
produced by the energy release and pressurizes the headspace.  Included in this steam are fission 31 
gases and small amounts of aerosolized plutonium and tank waste.  Because this scenario 32 
assumes no controls, no credit is taken for hold up in abovegrade facility (e.g., tanks, secondary 33 
confinement).  34 
 35 
Scoping calculations are documented in RPP-12371 and resulted in conclusions that the onsite 36 
radiological consequence, and onsite and offsite toxicological consequences, are below 37 
guidelines (i.e., < 100 rem, and < Protective Action Criteria [PAC]-2 offsite and < PAC-3 38 
onsite). 39 
 40 
3.3.2.4.2.4 Summary of Safety-Significant Structures, Systems, and Components and/or 41 
Technical Safety Requirements and Defense-in-Depth Controls.  No safety-significant 42 
structures, systems, and components (SSC) were selected to prevent or mitigate a nuclear 43 
criticality.  The nuclear criticality safety program described in Chapter 6.0 ensures that the 44 
characteristics of the waste in tank farm facilities (both form and distribution) are maintained to 45 
preclude a potential criticality accident.  However, the U.S. Department of Energy Office of 46 
River Protection directed that a technical safety requirement (TSR) Administrative Control (AC) 47 
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be established for the nuclear criticality accident (i.e., AC Key Element Nuclear Criticality 1 
Safety) (see Table 3.3.2.4.2-2).  The safety function of the AC Key Element Nuclear Criticality 2 
Safety is to protect the assumption that nuclear criticality accidents in the tank farm facilities are 3 
beyond extremely unlikely (i.e., prevents nuclear criticality accidents in the tank farm facilities).  4 
The requirements of the Nuclear Criticality Safety AC Key Element are: 5 
 6 

1. Criticality safety evaluations shall be performed for tank farm operations that could 7 
change the form of the fissile material (i.e., alkaline chemistry) or the distribution of the 8 
fissile material in the tanks (i.e., association with neutron absorbers). 9 
 10 

2. Controlled parameters for waste (i.e., minimum pH, minimum neutron absorber to 11 
plutonium mass ratio, and maximum plutonium concentration) shall be established and 12 
maintained for tank farm operations (e.g., tank-to-tank waste transfers, single-shell tank 13 
retrievals [including all retrieval methodologies], waste transfers to and from the 242-A 14 
Evaporator). 15 
 16 

3. Waste acceptance criteria (i.e., minimum pH, minimum neutron absorber to plutonium 17 
mass ratio, and maximum plutonium concentration) shall be established for wastes 18 
entering the tank farms from outside sources.  Non-tank farm facilities shall satisfy the 19 
established waste acceptance criteria prior to transferring waste to the tank farms. 20 

 21 
The Nuclear Criticality Safety AC Key Element requirements are implemented by the nuclear 22 
criticality safety program as described in Section 5.5.3.5. 23 
 24 
3.3.2.4.2.5  References. 25 
 26 
HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, as amended, Washington 27 

River Protection Solutions LLC, Richland, Washington. 28 
 29 
RPP-7475, Criticality Safety Evaluation for Hanford Tank Farms Facility, as amended, 30 

Washington River Protection Solutions LLC, Richland, Washington. 31 
 32 
RPP-12371, 2006, Technical Basis for the Nuclear Criticality Representative Accident and 33 

Associated Represented Hazardous Conditions, Rev. 2-A, CH2M HILL Hanford Group, 34 
Inc., Richland, Washington. 35 

 36 
RPP-50963, Criticality Safety Evaluation Report for Disturbing Tank AN-101 Waste, 37 

as amended, Washington River Protection Solutions LLC, Richland, Washington. 38 
 39 
RPP-RPT-50941, 2011, Review of Plutonium Oxide Receipts into Hanford Tank Farms, Rev. 0, 40 

Washington River Protection Solutions LLC, Richland, Washington.  41 
 42 
RPP-51388, Criticality Safety Evaluation Report for Level Monitoring and Condensate Return in 43 

Tanks with Appreciable Particulate Plutonium, as amended, Washington River 44 
Protection Solutions LLC, Richland, Washington.  45 

 46 
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as amended, Washington River Protection Solutions LLC, Richland, Washington. 2 

  3 
RPP-53112, Criticality Safety Evaluation Report for Sampling of Tanks with Appreciable 4 

Particulate Pu, as amended, Washington River Protection Solutions LLC, Richland, 5 
Washington. 6 

 7 
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Table 3.3.2.4.2-1.  Summary of Frequency and Consequences for a Nuclear Criticality Without Controls. 

Accident Frequency 

Onsite radiological 

Consequence 

 

Offsite toxicological 

Consequences 

 

Onsite toxicological 

Consequences 

 

Nuclear Criticality Beyond Extremely Unlikely
(< 10-6 per year) 

 
< 100 rem 

 

 
< PAC-2 

 

 
< PAC-3 

 

Notes: 
PAC = Protective Action Criteria.  
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Table 3.3.2.4.2-2.  Summary of Technical Safety Requirements for the 
Nuclear Criticality Accident. 

Technical safety requirement* Safety function Comments 

Key Element:  Nuclear Criticality 
Safety 

To protect the assumption that 
nuclear criticality accidents in the 
tank farm facilities are beyond 
extremely unlikely (i.e., prevents 
nuclear criticality accidents in the 
tank farm facilities). 

See Section 5.5.3.5 and the 
description of the nuclear criticality 
safety program in Chapter 6.0. 

Notes: 
*For the complete text of the controls summarized in this table refer to the latest revision of  

HNF-SD-WM-TSR-006. 
 
HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, as amended, Washington River 

Protection Solutions LLC, Richland, Washington. 
 

 1 
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3.3.2.4.3  Waste Transfer Leak.  Liquid waste and waste slurry (liquids and suspended solids) 1 
transfers performed at the tank farms are described in Section 2.5.2.  These transfers occur 2 
through a network of transfer lines (underground or aboveground) and waste transfer-associated 3 
structures (see Chapter 2 for a description of waste transfer-associated structures), or through 4 
dedicated transfer lines (i.e., lines without branch connections and, therefore, a waste misroute is 5 
not possible).  In some instances, waste transfers may be made through normally buried lines, 6 
sections of which have temporarily been excavated (unburied, exposed).  7 
 8 
Waste would also need to be transferred from a double-shell tank (DST) annulus to a DST if the 9 
DST tank leaks or there is a misroute of waste into the DST annulus.  Emergency annulus 10 
pumping system equipment includes permanent structures, systems, and components (SSC) and 11 
portable equipment that is staged and stored. 12 
 13 
The hazards analysis performed for tank farms identified hazardous conditions resulting in 14 
radioactive and other hazardous material releases due to waste transfer leaks that could exceed 15 
onsite evaluation guidelines or present a significant facility worker hazard.  Such hazards include 16 
waste leaks to the atmosphere that can pose a radiological and toxicological hazard to the onsite 17 
worker, waste leaks into a waste transfer-associated structure that generate flammable gas at a 18 
slow rate and could create a flammable gas hazard, and waste leaks that directly contact and wet 19 
a facility worker and could result in a significant chemical (caustic) burn hazard.  (Note:  The 20 
frequency and consequences for flammable gas accidents in waste transfer-associated structures 21 
due to a waste transfer leaks or waste transfer misroutes are addressed in Section 3.3.2.4.4, 22 
“Release from Contaminated Facility,” but the controls are identified in this section.)  Other 23 
waste leak scenarios do not exceed onsite evaluation guidelines and do not present a significant 24 
facility worker hazard such as large leaks into waste transfer-associated structures that create 25 
large surface pools that are readily detected and the pump stopped.   26 
 27 
The consequences of a waste transfer leak vary based on the amount and type of material being 28 
transferred, the motive force (e.g., pump characteristics, gravity head), and the configuration of 29 
the leak (fine crack vs. larger opening). 30 
 31 
Analysis of bounding waste transfer pumps and waste source terms documented in RPP-13750, 32 
Waste Transfer Leaks Technical Basis Document, concludes that only leaks that include direct 33 
pressurized spray of aerosol into the air can have consequences that exceed evaluation 34 
guidelines, and only onsite guidelines are exceeded.  Such leaks involve fine cracks and high 35 
pressures (high head transfer pumps) and are termed fine spray leaks.  Fine spray leaks produce 36 
the maximum amount of fine aerosol spray, which may be carried substantial distances through 37 
the air.  For bounding cases, consequences from the other pathways are insignificant by 38 
comparison.  Fine spray leaks are not postulated due to failures of the EPDM portion of 39 
non-metallic flexible hose jumpers or HIHTL primary hose assemblies because the EPDM hose 40 
cannot maintain the fine crack geometry required for a fine spray leak release (i.e., the EPDM 41 
hose leak location would expand [fish mouth] rather than form the narrow crack required for a 42 
fine spray leak that could exceed onsite guidelines).  Fine spray leaks are also not postulated for 43 
waste leaks from waste transfer pump seals, from the mobile arm retrieval system (MARS) 44 
rotary union, or from waste transfer valve stems, because of the long, tortuous leak path. 45 
 46 
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Hazard analysis has identified that releases can occur due to waste transfer leaks (i.e., leaks from 1 
waste transfer primary piping systems, hose-in-hose transfer line [HIHTL] primary hose 2 
assemblies, waste transfer pump shaft seals) as well as due to waste transfer misroutes (i.e., leaks 3 
from unintended waste transfer primary piping systems, HIHTL primary hose assemblies, or 4 
interfacing water system piping due to failed or mispositioned isolation valves or 5 
cross-connected flexible jumpers [discharge end of jumper connected to the wrong nozzle]).  6 
 7 
In the following sections, the analysis methodology is summarized.  From this methodology, a 8 
de minimus leak is defined in terms of leak pressure (head) and flow rate.  Leaks that do not 9 
exceed this de minimus head/flow curve can not exceed toxicological evaluation guidelines for 10 
the public or radiological or toxicological evaluation guidelines for the onsite worker (Note:  11 
Offsite radiological consequences are addressed in Section 3.4.2.4).  Waste transfers that are not 12 
bounded by the de minimus head/flow curve are evaluated, including scenarios with unique 13 
conditions.  The key assumptions and resulting frequency and consequence estimates, without 14 
controls, for the evaluated scenarios are then summarized.  Scenarios with specific onsite 15 
evaluations include: 16 
 17 

 Fine spray leak during a transfer using a high head waste transfer pump, 18 
 19 

 Fine spray leak due to a misroute during a transfer using a high head waste transfer 20 
pump, 21 

 22 
 Leaks during 242-A Evaporator vessel dump. 23 

 24 
In addition, waste transfer leak hazards (chemical burns) for facility workers are described. 25 
 26 
Finally, controls to protect onsite workers and facility workers are described. 27 
 28 
3.3.2.4.3.1 Analysis Methodology.  The waste transfer leak analysis uses a deterministic 29 
approach to evaluate onsite radiological consequences and offsite and onsite toxicological 30 
consequences.  The analysis methodology is described in detail in RPP-37897, Waste Transfer 31 
Leak Analysis Methodology Description Document, including consequence contributions from 32 
direct pressurized spray of aerosol into the air, airborne release of aerosol generated by splash 33 
and splatter from liquid falling onto or impacting surfaces, aerosol entrainment from wind 34 
blowing across a waste pool surface, and radiation dose due to gamma-ray shine from an 35 
exposed waste pool.  Only the consequences due to direct pressurized spray of aerosol into the 36 
air from a fine spray can exceed evaluation guidelines, therefore, the methodology for this 37 
release mechanism are summarized below. 38 
 39 
Fine Spray Leak Crack Size – The crack is assumed to be rectangular with a maximum length 40 
equal to the pipe diameter.  This length is based on a review of several studies of transfer pipe 41 
cracks that have occurred in the past at tank farms, as well as a review of the Hanford Database 42 
for Unusual Operational Occurrences (Occurrence Reporting & Processing System).  A detailed 43 
discussion of this review is presented in RPP-37897.  The rectangular shape is assumed because 44 
it allows the width of the crack to be very narrow, thus producing the maximum amount of fine 45 
spray, while still maintaining a significant total leak flow area. 46 
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 1 
The crack width for the fine spray leak accident scenario is selected to be the width that produces 2 
the maximum atomization of the leaking solution, based on a Weber Number criterion.  The 3 
Weber Number is the ratio of the aerodynamic forces tending to tear a liquid drop apart to the 4 
forces tending to hold the drop together.  It is given by: 5 
 6 
 We = ρgu

2d/σ  7 
 8 

where: 9 
 10 
 ρg = density of air, kg/m3 11 
 u = velocity of leak, m/sec 12 
 d = width of crack, m 13 
 σ = surface tension of leaking fluid, N/m (= kg/sec2). 14 
 15 
In general, smaller crack widths produce greater atomization of a solution leaking under 16 
pressure.  However, if the crack width becomes too small, atomization becomes less prevalent 17 
and other forms of liquid jet breakup dominate.  This phenomenon has been analyzed and a 18 
Weber Number of 60 has been used to calculate a minimum crack width “d” which allows 19 
maximum atomization of the jet of leaking waste (Source Term, Downwind Transport and 20 
Dispersion of Caustic Solution Aerosol, [FAI 2001]). 21 
 22 
Solids Fraction – The waste solids fraction (volume percent of the transfer fluid that is made up 23 
of waste sludge or saltcake) is varied over a range that is judged to bound reasonable solids 24 
content.  The solids content impacts the waste viscosity, waste density, and source terms 25 
(unit-liter dose [ULD], unit sum-of-fraction [USOF], and 137Cs and 90Sr concentrations). 26 
 27 
Material Release Fractions and Rates and Respirable Fractions – The amount of material 28 
released from the crack is estimated by calculating a velocity of fluid through the crack and 29 
multiplying by the crack cross sectional area.  All of this material is assumed to be airborne with 30 
a particle size distribution described by the Rosin-Rammler formula.  The Rosin-Rammler 31 
formula is described in RPP-37897.  For radiological dose calculations, this distribution is used 32 
to determine the fraction of the aerosol particles that is in the respirable range.  For toxicological 33 
consequence calculations, this formula is used to determine the fraction of spray particles that 34 
fall out of the spray as it moves downwind, due to gravity deposition, as described in the 35 
atmospheric dispersion coefficient paragraph provided below. 36 
 37 
Unit-Liter Doses and Unit Sum-of-Fractions – ULDs are the conversion factors that allow 38 
calculation of the radiological inhalation dose that results from inhalation of a unit volume of 39 
leaked tank waste.  USOFs are conversion factors that allow calculation of the toxicological 40 
effect of exposure to a leaked waste at a given concentration.  (See Section 3.4.1 for a description 41 
of tank farm waste source terms). 42 
 43 
Accident Duration – The accident duration for radiological consequences is assumed to be 8 hr 44 
for slow developing scenarios involving small leaks rates that may not be readily identified and 45 
2 hr for scenarios involving larger leak rates that are readily identifiable.  The accident duration 46 
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for each analyzed scenario is described under that scenario below.  Note that toxicological 1 
consequences are based on 15-min peak average release concentrations. 2 
 3 
Atmospheric Dispersion Coefficients – For radiological consequence calculations, atmospheric 4 
dispersion coefficients (χ/Q') assume a 2-hr or 8-hr exposure time depending on the accident 5 
duration.  For toxicological calculations, the χ/Q' for acute release are used because toxicological 6 
consequences are estimated based on peak concentrations over short durations (i.e., 15 min). 7 
 8 
For toxicological consequence estimates for the fine spray leak accident scenario, the χ/Q' also 9 
includes a correction for gravity deposition of larger size aerosols.  This correction assumes that 10 
the aerosol particles have a size distribution as defined by the Rosin-Rammler formula.  The 11 
evaluation for gravity deposition indicated that aerosols larger than approximately 50 microns in 12 
diameter fall out and do not reach the 100-m onsite receptor. 13 
 14 
For radiological dose estimates, only the respirable size (< 10 microns in diameter) particles are 15 
of interest.  These particles exhibit minimal fallout due to gravity. 16 
 17 
De Minimus Head/Flow Accident – The purpose of this waste transfer leak evaluation is to 18 
define minimum waste transfer leak pressure and flow rate combinations that can result in onsite 19 
radiological or toxicological consequences that equal onsite evaluation guidelines.  Transfer 20 
systems that can not exceed these pressure and flow conditions can not support a waste transfer 21 
leak accident that can exceed offsite toxicological or onsite radiological or toxicological 22 
evaluation guidelines and, therefore, do not require controls (i.e., safety SSCs or technical safety 23 
requirement [TSR] specific administrative controls [SAC]) to prevent or mitigate waste transfer 24 
leak accidents.  The analysis is documented in RPP-13750 and summarized below. 25 
 26 
Key Assumptions: 27 
 28 

 Consequences consider contributions from all pathways (direct pressurized spray of 29 
aerosol into the air, aerosol generated by splash and splatter, aerosol entrainment from 30 
wind blowing across the waste pool surface, and radiation dose due to gamma-ray shine 31 
from the exposed waste pool). 32 

 33 
 Waste properties assume ULDs, USOFs, and 137Cs and 90Sr concentrations that bound all 34 

waste layers in the single-shell tanks (SST) and DSTs, except for C-Farm 200-Series 35 
SSTs that have been retrieved.  The analysis evaluates a full range of waste solids (sludge 36 
or saltcake) in the transferred slurry.  The bounding solids and liquids values may be 37 
based on different waste tanks.  These waste properties are: 38 

 39 
 Onsite ULD for liquids  = 1.0 x 103 Sv/L 40 
 Onsite ULD for solids   = 2.0 x 105 Sv/L 41 
 PAC-2 USOF for liquids  = 5.0 x 108 42 
 PAC-2 USOF for solids  = 5.0 x 108 43 

PAC-3 USOF for liquids  = 2.0 x 107 44 
 PAC-3 USOF for solids  = 6.0 x 107 45 
 137Cs concentration in liquids  = 7.0 x 1010 Bq/L 46 
 137Cs concentration in solids  = 7.0 x 1010 Bq/L 47 
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 90Sr concentration in liquids  = 3.0 x 109 Bq/L 1 
 90Sr concentration in solids  = 3.0 x 1012 Bq/L 2 

 3 
 The evaluation considers both 2-hr and 8-hr accident durations. 4 

 5 
The results are shown in Figures 3.3.2.4.3-1 and 3.3.2.4.3-2 for the 2-hr and 8-hr duration 6 
accidents, respectively. 7 
 8 
Based on a review of the figures and supporting analysis, and the bounding pump curves for 9 
waste transfer pumps used in the tank farms or the 242-A Evaporator (see RPP-15810, 10 
Enveloping Tank Farm Transfer Pump Power, Discharge Head, and Flow), the following 11 
conclusions are reached: 12 
 13 

 The de minimus head/flow curves for the 2-hr and 8-hr duration accidents are similar for 14 
pressures above 420 ft of head and are based on onsite toxicological consequences.  15 
Onsite toxicological consequences are based on 15-min exposures and thus are not 16 
affected by the accident durations being 2-hr vs. 8-hr, 17 

 18 
 At transfer system pressures of less than 420 ft of head, the flow rate required to exceed 19 

guidelines is greater than 100 gal/min for 8-hr duration accidents.  This is a total leak 20 
volume of greater than 48,000 gal.  This leak rate and volume is judged to be readily 21 
identifiable and the leak terminated before exceeding evaluation guidelines, therefore, the 22 
de minimus head/flow curve is based on 2-hr releases (Figure 3.3.2.4.3-1), 23 

 24 
 At transfer system pressures of less than 420 ft of head, the flow rate required to exceed 25 

guidelines is greater than 1,100 gal/min for a 2-hr duration accident (see 26 
Figure 3.3.2.4.3-1).  No transfer pump used in the tank farms or in interfacing facilities 27 
(242-A Evaporator or 222-S Laboratory) has a maximum (runout) flow rate that 28 
challenges or exceeds 1,100 gal/min.  Therefore, only leaks that occur with a transfer 29 
pressure of greater than 420 ft of head (i.e., fine spray leaks) can exceed guidelines.  30 
Large break accidents (low pressure, high flow rates, where consequences are dominated 31 
by splash and splatter aerosol releases and gamma-ray shine from the exposed waste 32 
pool) and waste pool only leaks (where consequences are dominated by gamma-ray shine 33 
from the exposed waste pool) can not exceed onsite radiological or offsite or onsite 34 
toxicological evaluation guidelines, 35 

 36 
Note that the flow rate during a 242-Evaporator vessel dump through a 10-in drain line can 37 
exceed the de minimus head/flow curve (although the head available is less than 50 ft, the 38 
flow rate exceeds 1,100 gal/min) and, therefore, leaks during 242-A Evaporator vessel dump 39 
operations are evaluated as a unique scenario, 40 

 41 
Transfer pumps with a head/flow curve, transfer system conditions (gravity or siphon flow), or 42 
waste leak head/flow situations, without controls, that are bounded by Figure 3.3.2.4.3-1, do not 43 
require controls to prevent or mitigate a waste transfer leak accident for the public (offsite) or 44 
onsite workers.  Specific waste transfer systems, operations, and leak situations that are bounded 45 
by this de minimus head/flow curve include: 46 
 47 
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 Low head DST waste transfer pumps (pumps whose head/flow curve is bounded by 1 
Figure 3.3.2.4.3-1), 2 

  3 
 242-A Evaporator gravity transfers through 2-in or 3-in transfer lines are limited to a flow 4 

rate of less than 100 gal/min (RPP-13750, Attachment A5) and the pressure available is 5 
less than 50 ft of head for a full evaporator vessel.  This head/flow combination is well 6 
below the de minimus head/flow curve (Figure 3.3.2.4.3-1), 7 

 8 
 Waste in the 242-A Evaporator pump room sump can be transferred to DST 241-AW-102 9 

using the pump room sump steam jet pump J-B-1.  Steam jet pump J-B-1 lifts the waste 10 
from the sump into drain line DR-334 by steam eductor vacuum.  The waste then gravity 11 
drains to DST 241-AW-102.  The steam jet waste transfer head/flow combination is 12 
below the de minimus head/flow curve (Figure 3.3.2.4.3-1), 13 

 14 
 Inter-farm gravity head and volume is bounded by the replacement cross-site transfer 15 

system (RCSTS) at 100 ft of head and 7,400 gal.  A conservatively calculated leak rate is 16 
less than 500 gal/min (RPP-13750, Attachment A6).  100 ft of head and 500 gal/min is 17 
below the de minimus head/flow curve (Figure 3.3.2.4.3-1).  This head and flow rate 18 
combination also bounds leaks that could occur due to siphoning, 19 

 20 
 Transfers to the tank farms from 222-S Laboratory use pump WT-P-1 with a maximum 21 

head of 290 ft and a maximum flow rate of 260 gal/min, which is below the de minimus 22 
head/flow curve (Figure 3.3.2.4.3-1), 23 

 24 
 Transfer pumps used to pump a DST annulus, if needed, have a maximum head and 25 

flowrate that is below the de minimus head/flow curve (Figure 3.3.2.4.3-1),   26 
 27 

 Condensate generated within tank farm systems (DST primary tank ventilation systems, 28 
SST portable exhausters, SST breather filter assemblies, inactive ventilation systems, 29 
instrument lines), including corrosion inhibiting chemicals added to the 30 
AZ301-COND-TK-001 condensate tank, caustic solutions used to flush ventilation 31 
systems, and contaminants (precipitated condensate materials such as ammonium nitrate 32 
and evaporated condensate residues that may be redissolved) (see Section 2.4.1.3, 33 
“Ventilation”) are transferred by gravity and condensate pumps.  Pumped transfers are 34 
bounded in head by the 241-AP Tank Farm ventilation system seal pot pit sump pump 35 
(P-101) at less than 70 ft, and flowrate at less than 100 gal/min, which is below the 36 
de minimus head/flow curve (Figure 3.3.2.4.3-1), 37 

 38 
3.3.2.4.3.2 Accident Scenarios.  Table 3.3.2.4.3-1 presents the frequency and consequences for 39 
the evaluated scenarios (those not bounded by the de minimus head/flow curve) assuming no 40 
controls.  The basis for these evaluation conclusions is summarized below. 41 
 42 
3.3.2.4.3.2.1 Fine Spray Leak During a Transfer Using a High Head Waste Transfer 43 
Pump.  High head waste transfer pumps are those with head/flow performance curves that 44 
exceed the de minimus head/flow curve (Figure 3.3.2.4.3-1).  45 

 46 
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The fine spray leak accident results from a specific geometry (fine) crack in waste transfer 1 
primary piping systems or a HIHTL primary hose assembly (connection or connector).  The 2 
consequence analysis is documented in RPP-13750, Attachment A2.    3 
 4 
Key Assumptions: 5 
 6 

 The crack is assumed to have a width equal to the optimal crack width for producing fine 7 
aerosol drops.  The crack length is assumed to be a maximum of the pipe diameter 8 
(i.e., 3 in.). 9 

 10 
 It is assumed that a blockage exists downstream of the crack, and that there is minimal 11 

pressure loss between the pump and the crack, thus maximizing the pressure available to 12 
drive the spray release. 13 

 14 
 The leak rate may be low and still exceed onsite radiological evaluation guidelines if the 15 

pressure is high, which may not be readily identified.  Therefore, the accident duration is 16 
assumed to be 8-hr. 17 

 18 
 The waste transfer pump performance is shown in Figure 3.3.2.4.3-3 which bounds all 19 

DST transfer pumps, waste transfers from the 242-A Evaporator using waste transfer 20 
pump P-B-2, and SST retrieval waste transfer pumps with the exception of the mobile 21 
arm retrieval system – vacuum (MARS-V) version slurry pump, which has a lower head 22 
at low flow rates but a higher head at higher flow rates (see RPP-15810).  The 23 
consequences of a fine spray leak using the pump performance shown in  24 
Figure 3.3.2.4.3-3 bound the consequence of a fine spray leak using the MARS-V slurry 25 
pump performance (see RPP-13750, Attachment A15). 26 

  27 
 Waste properties for waste transfers use ULDs, USOFs, and 137Cs and 90Sr concentrations 28 

that bound all waste layers in the SSTs and DSTs, except for C-Farm 200-Series SSTs 29 
that have been retrieved.  The bounding values may be based on different waste tanks.  30 
The analysis evaluates a full range of waste solids (sludge or saltcake) in the transferred 31 
slurry.  These waste properties are: 32 

 33 
Onsite ULD for liquids  = 1.0 x 103 Sv/L 34 

 Onsite ULD for solids   = 2.0 x 105 Sv/L  35 
PAC-2 USOF for liquids  = 5.0 x 108  36 
PAC-2 USOF for solids  = 5.0 x 108 37 
PAC-3 USOF for liquids  = 2.0 x 107 38 

 PAC-3 USOF for solids  = 6.0 x 107 39 
 137Cs concentration in liquids  = 7.0 x 1010 Bq/L 40 
 137Cs concentration in solids  = 7.0 x 1010 Bq/L 41 
 90Sr concentration in liquids  = 3.0 x 109 Bq/L 42 
 90Sr concentration in solids  = 3.0 x 1012 Bq/L 43 

   44 
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Frequency.  This scenario is qualitatively determined to have a frequency of “unlikely” because 1 
the accident consequence requires a specific crack geometry that produces near optimal aerosol 2 
generation.  Most cracks are expected to have a width such that they would not be optimal 3 
producers of fine aerosol spray.  Fine spray radiological and toxicological consequences are very 4 
sensitive to crack width, and decrease as crack width either increases or decreases from the 5 
optimal value. 6 
Consequences.  Based on the analysis of the two cases described above, the bounding offsite 7 
toxicological consequence is concluded to be less than Protective Action Criteria (PAC)-2, the 8 
bounding onsite radiological consequence is greater than 100 rem, and the bounding onsite 9 
toxicological consequence is greater than PAC-3. 10 
 11 
3.3.2.4.3.2.2 Fine Spray Leak Due to a Misroute During a Transfer Using a High Head 12 
Waste Transfer Pump.  This accident scenario is similar in consequences to the fine spray leak 13 
from the waste transfer primary piping system or a HIHTL primary hose assembly above, but 14 
occurs because waste is sent down an unintended route, either into unintended waste transfer 15 
piping systems, HIHTL primary hose assemblies, or interfacing water system piping 16 
(e.g., service water, raw water) due to failed or mispositioned isolation valves or a 17 
cross-connected flexible jumper (discharge end of jumper connected to the wrong nozzle).  To 18 
exceed onsite worker evaluation guidelines, the misrouted waste must find a fine crack leak path 19 
resulting in a fine spray leak accident.   20 

 21 
Key Assumptions: 22 
 23 

 It is assumed that misrouted waste leaks from a fine crack. 24 
 25 

 Other assumptions are the same as described for the fine spray leak from the waste 26 
transfer primary piping systems or a HIHTL primary hose assembly scenario above. 27 

 28 
Frequency.  This scenario is qualitatively determined to have a frequency of “extremely 29 
unlikely,” because the fine spray leak (assigned a frequency of “unlikely” for the intended 30 
transfer route) must occur in conjunction with a misroute. 31 
 32 
Consequences.  Consequences are bounded by the fine spray leak from the waste transfer 33 
primary piping system or a HIHTL primary hose assembly scenario described above.  The offsite 34 
toxicological consequence is less than PAC-2, the onsite radiological consequence is greater than 35 
100 rem, and the onsite toxicological consequence is greater than PAC-3. 36 
 37 
3.3.2.4.3.2.3 Leak During a 242-A Evaporator Dump.  This accident scenario occurs during 38 
a 242-A Evaporator vessel dump.  The flow rate during a 242-Evaporator vessel dump is high 39 
(26,000 gal drain within about 10 min [HNF-14755, 242-A Evaporator Documented Safety 40 
Analysis]) and is not bounded by the de minimus head/flow curve and, therefore, is evaluated as 41 
a unique scenario.   42 

 43 
By design, the 242-A Evaporator vessel can be dumped (i.e., waste is gravity drained) to DST 44 
241-AW-102 through a dedicated, continuous (i.e., no jumpers) 10-in. diameter drain line 45 
(DR-335).  This drain line is buried and encased, but the encasement ends at pit AW02D, and the 46 
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line then runs unencased within the pit.  In addition, as a backup, the vessel can be emptied to the 1 
pump room sump, which drains by gravity to DST 241-AW-102 through drain line DR-334.  2 
DR-334 is also an encased, dedicated, and continuous (i.e., no jumpers) 10-in. diameter drain 3 
line. 4 
 5 
Key Assumptions: 6 
 7 

 Waste may be dumped at a rate up to 26,000 gal in about 10 minutes through a 10-in 8 
drain line. 9 

 10 
 There is 49 ft of head pressure for a full evaporator vessel. 11 

 12 
 Waste properties use ULDs, USOFs, and 137Cs and 90Sr concentrations that bound all 13 

waste layers in the DSTs.  The bounding values may be based on different waste tanks.  14 
This is reasonably conservative given that the wastes stored in DSTs include those that 15 
have been processed through the 242-A Evaporator and concentrated to higher levels than 16 
planned for future 242-A Evaporator operations.  The 242-A Evaporator slurry is not 17 
expected to contain significant amounts of entrained solids, however, a solids content of 18 
up to 1 vol% is evaluated as a sensitivity case.  These waste properties are: 19 
 20 

Onsite ULD for liquids  = 1.0 x 103 Sv/L  21 
Onsite ULD for solids  = 2.0 x 105 Sv/L  22 
PAC-2 USOF for liquids  = 3.5 x 108   23 
PAC-2 USOF for solids  = 3.5 x 108  24 
PAC-3 USOF for liquids  = 1.2 x 107  25 
PAC-3 USOF for solids  = 2.3 x 107  26 
137Cs concentration in liquids  = 7.0 x 1010 Bq/L  27 
137Cs concentration in solids  = 7.0 x 1010 Bq/L  28 
90Sr concentration in liquids  = 3.0 x 109 Bq/L  29 
90Sr concentration in solids  = 3.0 x 1012 Bq/L  30 

  31 
Frequency.  Because evaporator dumps are uncommon events, and because there are no jumpers 32 
in the 10-in. drain line DR-335 or DR-334, leaks during a 242-A Evaporator vessel dump are 33 
assigned a frequency of “extremely unlikely.” 34 
 35 
Consequences.  Consequence estimates for waste transfer leaks during a 242-A Evaporator 36 
vessel dump are documented in RPP-13750, Attachment A4, and consider all consequence 37 
pathways (direct pressurized spray of aerosol into the air, aerosol generated by splash and 38 
splatter, aerosol entrainment from wind blowing across the waste pool surface, and radiation 39 
dose due to gamma-ray shine from the exposed waste pool).  The onsite radiological 40 
consequence for a large pipe break is limited because the maximum waste volume available to 41 
leak is approximately 26,000 gal, limiting both the gamma-ray shine dose and the total quantity 42 
of splash and splatter aerosol generated. 43 
 44 
A leak from a fine crack is possible, but the head available to cause a spray leak is less than 50 ft 45 
and thus below the de minimus head/flow curve portion that is based on a leak from a fine crack 46 
(i.e., the portion above 420 ft of head). 47 
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 1 
The offsite toxicological consequence is less than PAC-2, the onsite radiological consequence is 2 
less than 100 rem, and the onsite toxicological consequence is less than PAC-3. 3 
 4 
3.3.2.4.3.3 Significant Facility Worker Hazards Due to Waste Transfer Leaks and Waste 5 
Transfer Misroutes.  The hazard evaluation has concluded that radiological and toxicological 6 
exposures due to waste aerosol release and gamma-ray shine from waste transfer leaks and waste 7 
transfer misroutes do not pose a significant facility worker hazard, except for a waste leak from a 8 
buried/bermed transfer line that remains subsurface (i.e., with no observable sign of a waste leak, 9 
gamma-ray shine could result in a significant facility worker hazard).  A waste leak does, 10 
however, pose a significant facility work hazard due to chemical (caustic) burns if a waste leak 11 
occurred in a normally occupied space, the worker is directly contacted (wetted) by the leak, and 12 
the waste is highly caustic (i.e., has a pH > 12.5).  Such a leak would need to be a wetting 13 
spray/jet/stream leak that is under some pressure and with a flow rate that can cause a significant 14 
wetting before the worker can react to avoid the spray/jet/stream; not a pool. 15 
 16 
Wastes that exceed a pH of 12.5 generally include those in DSTs or SSTs, or wastes that 17 
originated from a DST or SST (SST modified sluicing transfers, 242-A Evaporator to DST 18 
transfers, pumping of wastes from DST annuli, pumping leaked DST or SST waste from waste 19 
transfer-associated structures using a sump pump).  Waste transferred to the tank farms from 20 
222-S Laboratory may also be at a pH > 12.5. 21 
 22 
Leaks into normally occupied areas could occur as a result of a waste transfer leak in a HIHTL, a 23 
leak from waste transfer primary piping that then leaks through an encasement riser, a leak in 24 
unburied or exposed waste transfer primary piping, or a waste leak into a normally occupied area 25 
due to a misroute into an inactive facility (e.g., 204-AR Waste Unloading Facility), or interfacing 26 
water system.  27 
 28 
Motive forces that could create a wetting spray/jet/stream leak include waste transfer pumps and 29 
gravity head from waste in the 242-A Evaporator vessel. 30 
 31 
A unique waste leak scenario involves leaks from electrical power cables or hydraulic lines that 32 
interface with submersible waste transfer pumps.  Scenarios involve leakage into the pump motor 33 
that then leaks into a normally occupied area through electric power cables or hydraulic lines.  34 
The pathways for leakage are much smaller than for a waste transfer system and, therefore, waste 35 
leak rates are much smaller.  Evaluations of such scenarios (e.g., see TE-07-009, Technical 36 
Evaluation for the C-109 and AN-106 Transfer Pumps) have concluded that leak rates are very 37 
small (i.e., less than 0.1 gal/min), and thus do not pose a significant facility worker hazard. 38 
 39 
3.3.2.4.3.4 Summary of Safety-Significant SSCs and/or TSRs and Defense-in-Depth 40 
Controls.  Safety-significant SSCs and TSRs have been selected to address the following 41 
hazards that either exceed onsite evaluation guidelines or pose a significant facility worker 42 
hazard as a result of a waste transfer leak or a waste transfer misroute: 43 
 44 

 Onsite toxicological hazards due to fine spray leaks during a transfer using a high head 45 
waste transfer pump 46 

 47 
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 Onsite toxicological hazards due to fine spray leaks as a result of a misroute during a 1 
transfer using a high head waste transfer pump 2 

 3 
 Significant facility worker hazards due to a wetting spray/jet/stream leak into a normally 4 

occupied area 5 
 6 

 Significant facility worker hazards due to a flammable gas deflagration in a waste 7 
transfer-associated structure (see Section 3.3.2.4.4). 8 

 9 
Safety-significant SSCs and TSRs selected for these accident scenarios are listed in 10 
Tables 3.3.2.4.3-2 and 3.3.2.4.3-3, respectively.  They are summarized below. 11 
 12 
The frequency and consequences for the evaluated scenarios, with credited preventive or 13 
mitigative safety-significant SSCs and TSR SACs are shown in Table 3.3.2.4.3-4.  “Summary of 14 
Frequency and Consequences for Waste Transfer Leak Accidents, With Controls.” 15 
 16 
The primary control approach is to prevent leaks from the waste transfer primary piping systems 17 
and HIHTL primary hose assemblies and limit the rate of leakage into unintended transfer 18 
system piping and interfacing water systems.  19 
 20 
In addition, controls are selected for the unique scenario of a flammable gas deflagration in a 21 
waste transfer-associated structure due to a waste transfer leak from waste transfer pump shaft 22 
seals.  23 
 24 
3.3.2.4.3.4.1 Leaks from the waste transfer primary piping systems and HIHTL primary 25 
hose assemblies.  The following safety-significant SSCs are credited to prevent waste transfer 26 
leaks from the waste transfer primary piping systems and HIHTL primary hose assemblies. 27 

 28 
 Waste transfer primary piping systems. 29 
 HIHTL primary hose assemblies. 30 

 31 
No TSRs have been credited to prevent or mitigate these leaks. 32 
 33 
The following safety-significant SSC is identified as an important contributor to  34 
defense-in-depth for waste transfer leaks from HIHTL primary hose assemblies. 35 
 36 

 HIHTL encasement hose assemblies. 37 
 38 
The following TSR Administrative Control (AC) Key Element is identified as an important 39 
contributor to defense-in-depth for waste transfer leaks. 40 
 41 

 Key Element:  Waste transfer-associated structure cover installation and door closure. 42 
 43 
The following non-safety-significant SSCs provide defense-in-depth. 44 
 45 

 Pre-transfer verification of valve lineup. 46 
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 Waste transfer line encasements. 1 
 Transfer leak detection systems. 2 

 3 
Safety-Significant Waste Transfer Primary Piping Systems – The safety function of the waste 4 
transfer primary piping systems is to provide confinement of waste.  Providing confinement of 5 
waste decreases the frequency of a fine spray leak.  In addition, providing confinement of waste 6 
protects the facility worker from wetting spray/jet/stream leaks into a normally occupied area 7 
and from flammable gas deflagrations in a waste transfer-associated structure due to a waste 8 
transfer leak.  Providing confinement of waste also protects the facility worker from the direct 9 
radiation of a subsurface leak that remains subsurface.  The safety-significant designation applies 10 
to the waste transfer primary piping systems that are outside of the DST or SST (i.e., outside the 11 
tank riser).  That is, primary piping systems within a DST or SST, including within the risers, are 12 
not designated safety significant because waste leaks are contained within the DST or SST.  13 
Waste transfer primary piping systems include piping, jumpers, and all components that provide 14 
the primary confinement boundary for the waste during a transfer.  To accomplish this safety 15 
function, the functional requirement of waste transfer primary piping systems is to prevent leaks.  16 
(See Section 4.4.1 for a description of the conditions for which this functional requirement is met 17 
by the safety-significant waste transfer primary piping systems.)  18 
 19 
There are exceptions where waste transfer piping is not required to be safety significant.  One 20 
exception is sump pump systems in SST retrieval system aboveground manifold boxes, in SST 21 
retrieval system waste transfer-associated structures that transfer waste directly back to the 22 
underlying tank, in the RCSTS Diversion Box 6241-A and Vent Station 6241-V, and in the 23 
siphon standpipe stations for transfer lines SNL-5350 and SNL-5341.  A leak in the piping 24 
between the sump pump discharge and the waste transfer primary piping (sump pumps in SST 25 
retrieval system aboveground manifold boxes and sump pumps in the RCSTS Diversion Box 26 
6241-A and Vent Station 6241-V), between the sump pump discharge and the waste transfer line 27 
encasement (sump pumps in the SNL-5350 and SNL-5351 standpipe stations), or between the 28 
sump pump discharge and riser (sump pumps in SST retrieval system waste transfer-associated 29 
structures that transfer waste directly back to the underlying tank) does not pose an onsite hazard 30 
as the sump pumps’ maximum heads and flow rates are below the de minimus head/flow curve.  31 
In addition, waste leaks from this piping would not be into a normally occupied area and, 32 
therefore, do not pose a significant facility worker hazard due to wetting spray/jet/stream leaks.  33 
Also, the sump pumps are used to pump leaked waste from the structure, and thus leakage from 34 
this piping is waste that is already present in the structure and does not increase the flammable 35 
gas hazard.  Therefore, the sump pump systems in SST retrieval system aboveground manifold 36 
boxes and in the RCSTS Diversion Box 6241-A and Vent Station 6241-V are not required to be 37 
safety significant.  For these sump pump systems, the safety-significant waste transfer primary 38 
piping systems only extend to the downstream side of the second closed valve that is 39 
downstream of the pressurized waste in the primary piping system.  In addition, sump pump 40 
systems that transfer waste present in a waste transfer-associated structure directly back to the 41 
underlying tank, are not required to be safety significant.  Note that sump pumps in the  42 
SNL-5350 and SNL-5351 standpipe stations transfer through the piping encasements, which are 43 
not required to be safety significant.  44 
 45 
Another exception where waste transfer piping is not required to be safety significant is the vent 46 
line on the primary piping in the RCSTS Vent Station 6241-V.  The boundary of the 47 
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safety-significant waste transfer primary piping system only extends to the downstream side of 1 
the second isolation valve that isolates the waste transfer primary piping system from the vent 2 
line.  Leaks downstream of the second isolation valve off of the RCSTS supernatant transfer line 3 
would not result in consequences above guidelines because the primary piping vent is open to the 4 
sump and thus leak pressure is limited to below the de minimus head/flow curve (Figure 5 
3.3.2.4.3.-1).  In addition, leaks downstream of the isolation valves would be into the Vent 6 
Station 6241-V, which is not a normally occupied area.  Also, the Vent Station 6241-V is a large 7 
passively ventilated structure and an undetected waste leak in the vent line downstream of the 8 
second isolation valve off of the RCSTS supernatant transfer line that could fill this structure 9 
sufficiently to allow flammable gas generation and accumulation to the LFL is qualitatively 10 
determined to have a frequency of “beyond extremely unlikely.” 11 
 12 
Except for waste transfer pump components outside the tank riser, waste transfer pumps are 13 
located within an SST or DST (or within the 222-S Laboratory or the 242-A Evaporator) and are 14 
not safety significant.  (Note:  The two RCSTS slurry line [SLL-3160] booster pumps located in 15 
Diversion Box 6241-A are inactive [i.e., the slurry line is not authorized for waste transfers], and 16 
sump pump systems are not required to be safety significant [see above].)  The only waste 17 
transfer pump components that are safety significant are those outside the tank riser that provide 18 
the primary confinement boundary for waste transfers (i.e., pump discharge components 19 
including hoses).  For waste transfer pumps where the pump motor is in the pump pit above the 20 
tank, the shaft seal system located outside the tank riser is not designated safety significant.  The 21 
shaft seal system is designed to drain any waste that flows past the shaft seals/bushings back into 22 
the tank.  Shaft seal system failures could, however, result in a waste leak into the pump pit 23 
(waste transfer-associated structure) and a potential flammable gas hazard.  The inspections for 24 
waste leaks required for waste transfer primary piping systems (see Section 4.4.1.4.5) prevent 25 
this flammable gas hazard.  In addition, there are defense-in-depth features identified to address 26 
this potential hazard (see below). 27 
  28 
Safety-significant waste transfer primary piping systems are required: 29 
 30 

1. When physically connected to an active waste transfer pump not under administrative 31 
lock, except for sump pumps in SST retrieval system aboveground manifold boxes and 32 
sump pumps in the RCSTS Diversion Box 6241-A and Vent Station 6241-V, and 33 

 34 
2. When physically connected to the 242-A Evaporator vessel when the vessel contains 35 

waste. 36 
 37 
See Section 3.3.2.4.3.5 for definitions of physically connected and when the 242-A Evaporator 38 
vessel contains waste.  The exceptions for sump pumps in SST retrieval system aboveground 39 
manifold boxes and sump pumps in the RCSTS Diversion Box 6241-A and Vent Station 6241-V 40 
are required because these sump pumps are designed to transfer waste that leaks into these waste 41 
transfer-associated structures back through waste transfer primary piping systems that may have 42 
failed (i.e., the cause of the waste leak into the structure).  The exceptions are acceptable based 43 
on the following. 44 
 45 

 Any waste leak would not result in consequences above guidelines because the sump 46 
pumps’ maximum heads and flow rates are below the de minimus head/flow curve. 47 
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 1 
 Any waste leak would be into a waste transfer-associated structure, which is not a 2 

normally occupied area, or would be contained by the waste transfer primary piping 3 
system encasement, which is normally buried, and, therefore, does not pose a significant 4 
facility worker hazard due to wetting spray/jet/stream leaks. 5 

 6 
 Any leakage back into the structure is waste that is already present in the structure and 7 

does not increase the flammable gas hazard. 8 
 9 
The TSR AC Key Element requiring the installation of waste transfer-associated structure covers 10 
and closure of RCSTS Diversion Box 6241-A and Vent Station 6241-V doors (see below) is 11 
required when the waste in these structures transferred with the sump pumps is highly caustic 12 
waste [i.e., pH > 12.5]. 13 
 14 
Safety-Significant Hose-in-Hose Transfer Lines – The safety function of the HIHTL primary 15 
hose assemblies is to provide confinement of waste.  By providing confinement of waste, the 16 
HIHTL primary hose assemblies decrease the frequency of a fine spray leak.  In addition, by 17 
providing confinement of waste the HIHTL primary hose assemblies protect the facility worker 18 
from wetting spray/jet/stream leaks into a normally occupied area and from flammable gas 19 
deflagrations in a waste transfer-associated structure due to a waste transfer leak.  To accomplish 20 
this safety function the following functional requirement is developed. 21 
 22 
The functional requirement of the HIHTL primary hose assemblies is to prevent leaks.  (See 23 
Section 4.4.2 for a description of the conditions for which this functional requirement is met by 24 
the safety-significant HIHTL primary hose assemblies.)   25 
 26 
The safety function of the HIHTL encasement hose assemblies is to be an important contributor 27 
to defense-in-depth by providing secondary confinement of leaks in the HIHTL primary hose 28 
assemblies.  By providing secondary confinement, the HIHTL encasement hose assemblies 29 
provide a second barrier to a fine spray leak to the atmosphere as well as wetting spray/jet/stream 30 
leaks into a normally occupied area. 31 
 32 
Safety-significant HIHTL systems are required: 33 
 34 

1. When physically connected to an active waste transfer pump not under administrative 35 
lock, except for sump pumps in SST retrieval system aboveground manifold boxes, and 36 

 37 
2. When physically connected to the 242-A Evaporator vessel when the vessel contains 38 

waste. 39 
 40 

See Section 3.3.2.4.3.5 for definitions of physically connected and when the 242-A Evaporator 41 
vessel contains waste.  The exception for sump pumps in SST retrieval system aboveground 42 
manifold boxes is required because these sump pumps are designed to transfer waste that leaks 43 
into these waste transfer-associated structures back through HIHTL primary hose assemblies that 44 
may have failed (i.e., the cause of the waste leak into the structure).  The exception is acceptable 45 
based on the following. 46 
 47 
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 Any waste leak would not result in consequences above guidelines because the sump 1 
pumps’ maximum heads and flow rates are below the de minimus head/flow curve. 2 

 3 
 Any waste leak would be into a waste transfer-associated structure, which is not a 4 

normally occupied area, or would be contained by the HIHTL encasement hose assembly 5 
and, therefore, does not pose a significant facility worker hazard due to wetting 6 
spray/jet/stream leaks. 7 

 8 
 Any leakage back into the structure is waste that is already present in the structure and 9 

does not increase the flammable gas hazard. 10 
 11 
The TSR AC Key Element requiring the installation of waste transfer-associated structure covers 12 
(see below) is required when the waste in these structures transferred with the sump pumps is 13 
highly caustic waste [i.e., pH > 12.5]. 14 
 15 
TSR AC Key Element:  Waste Transfer-Associated Structure Cover Installation and Door 16 
Closure – The safety function of the TSR AC Key Element for waste transfer-associated 17 
structure cover installation and door closure is to be an important contributor to defense-in-depth 18 
by providing secondary confinement of leaks into waste transfer-associated structures.  The 19 
waste transfer-associated structures, including associated covers and doors, are not leak tight, but 20 
do provide an initial holdup of aerosol generated by fine spray leaks and an impaction surface 21 
that leads to attenuation of the aerosol that is eventually released to the atmosphere, as well as 22 
providing a barrier to a wetting spray/jet/stream leak reaching a normally occupied area. 23 
 24 
The AC Key Element requires that the waste transfer-associated structure covers be installed or 25 
doors be closed when the structure is physically connected to an active waste transfer pump not 26 
under administrative lock or to the 242-A Evaporator when the vessel contains waste (see 27 
Section 3.3.2.4.3.5 for definitions of physically connected and when the 242-A Evaporator vessel 28 
contains waste). 29 
 30 
Note that leakage through safety-significant waste transfer primary piping may not be confined 31 
within a waste transfer-associated structure if the leak is through waste transfer instrumentation 32 
systems such as flow and pressure instruments that are part of safety-significant waste transfer 33 
primary piping system.  Leakage could bypass the waste transfer-associated structure through 34 
system equipment such as instrument and power cables and pressure transmitting capillary tubes.  35 
The pathways for leakage, however, are small and restricted and, therefore, waste leak rates are 36 
low.  For example, see TE-07-027, Technical Evaluation of Waste Leak Paths and Waste Leaks 37 
Due to Waste Channeling for Transfer Related Activities Associated with Tanks 241-AP-101, 38 
241-AP-105, and 241-AW-102.  Based on the much reduced leak rates, defense-in-depth is not 39 
required. 40 
 41 
Defense-in-Depth – Waste transfer line encasements provide defense-in-depth for leaks in the 42 
waste transfer primary piping systems.  The encasement provides a barrier to fine spray leaks to 43 
the atmosphere as well as wetting spray/jet/stream leaks into a normally occupied area if the 44 
transfer line is unburied or exposed.  The encasement also provides another barrier to a 45 
subsurface leak to the soil for buried/bermed transfer lines. 46 
 47 
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The design of waste transfer pump shaft sealing systems, which includes slingers (on most 1 
pumps), seals, and seal cavity drains, provides defense-in-depth by stopping waste leakage up the 2 
shaft and into the pit. 3 
 4 
Pre-transfer verification of valve lineup provides defense-in-depth against deadheading of the 5 
waste transfer pump.  Deadheading of the waste transfer pump maximizes the pressure of fine 6 
spray leaks which increases the consequences.  Avoiding pump deadhead conditions also reduces 7 
the waste pressure and flowrate through waste transfer pump bearings and bushings that could 8 
challenge the shaft seals and seal cavity drains. 9 
 10 
Transfer leak detection systems provide defense-in-depth for flammable gas deflagrations in 11 
waste transfer-associated structures due to waste transfer leaks by providing a means to detect 12 
waste accumulations that could pose a flammable gas hazard. 13 
 14 
3.3.2.4.3.4.2 Leaks due to a waste transfer misroute.  The tank farm transfer systems can be 15 
highly interconnected to provide flexibility in establishing routes between sending tanks and 16 
receiving tanks.  Transfer routes, therefore, are often established by arranging valves and 17 
jumpers.  Therefore, leaks can occur in the physically connected waste transfer primary piping 18 
systems or HIHTL primary hose assemblies due to a misroute through failed or mispositioned 19 
valves, or a cross-connected flexible jumper (discharge end of jumper connected to the wrong 20 
nozzle). 21 
 22 
In addition, interfacing water system piping can be physically connected to the transfer system to 23 
provide water used for waste transfer pump, piping, and HIHTL flushing after a waste transfer; 24 
for dilution of transferred waste; for jumper connection leak testing; and for transfer line pressure 25 
testing.  Backflow of waste into these interfacing water systems could also result in a waste leak 26 
from the interfacing waste system piping. 27 
 28 
Piping (including waste transfer primary piping systems, HIHTL systems, and interfacing water 29 
system piping) is considered physically connected to an active waste transfer pump or the 242-A 30 
Evaporator vessel if it is possible for waste to flow from the active waste transfer pump or 242-A 31 
Evaporator vessel to the piping.  (See Section 3.3.2.4.3.5 for a more detailed explanation and 32 
definition for physically connected piping and when the 242-A Evaporator vessel contains 33 
waste.) 34 
 35 
The following safety-significant SSCs are credited to mitigate a fine spray leak and protect the 36 
facility worker from a wetting spray/jet/stream leak or a flammable gas deflagration in a waste 37 
transfer-associated structure or other facility due to a misroute. 38 
 39 

 Waste transfer primary piping systems (configuration management). 40 
 Isolation valves for double valve isolation. 41 

  42 
The following TSR is credited with mitigating the accident. 43 
 44 

 TSR SAC: Double valve isolation. 45 
 46 
The following non-TSR administrative feature provides defense-in-depth. 47 
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 1 
 Pre-transfer verification of valve lineup. 2 
 Material balance. 3 

 4 
Safety-Significant Waste Transfer Primary Piping Systems – There is no specific safety 5 
function or functional requirement for waste transfer primary piping relative to mitigating a 6 
waste transfer misroute.  However, configuration management of waste transfer primary piping 7 
systems ensures that jumpers are installed correctly so that a misroute due to a cross-connected 8 
jumper is prevented. 9 
 10 
Safety-Significant Isolation Valves for Double Valve Isolation – The safety function of 11 
safety-significant isolation valves is to limit the leakage of waste (through valve leakage).  12 
Limiting through valve leakage decreases the consequences of a fine spray leak due to a 13 
misroute.  In addition, limiting through valve leakage protects the facility worker from wetting 14 
spray/jet/stream leaks into a normally occupied area and from flammable gas deflagrations in a 15 
waste transfer-associated structure (or other facility) due to a misroute. 16 
 17 
To mitigate onsite consequences from fine spray leaks, the functional requirement is to limit 18 
through valve leakage (i.e., leak rate) to below the curve in Figure 3.3.2.4.3-1.  This leak rate 19 
ensures that onsite worker consequences due to a waste transfer leak accident are below 100 rem 20 
and PAC-3. 21 
 22 
To provide a margin of safety, the following performance requirement is developed.  The 23 
performance requirement is to limit the through valve leakage (i.e., leak rate) to below the curve 24 
in Figure 3.3.2.4.3-4.  This leak rate provides a margin of safety to the functional requirement by 25 
ensuring that onsite worker consequences of a waste transfer leak accident are below 5 rem and 26 
PAC-2.  (See RPP-13750 for the analysis basis for this figure.)  The performance requirement for 27 
through valve leakage (i.e., leak rate) is ≤ 0.1 gal/min (rounded up to the nearest 0.1 gal/min).  28 
This is a rounded value from the curve in Figure 3.3.2.4.3-4 based on a maximum allowed 29 
transfer system head of 780 ft.  780 ft is based on a maximum allowed transfer system pressure 30 
of 440 lb/in2 gauge (based on transfer system design pressure limitations plus allowed relief 31 
overpressure of 10%) and an assumed supernatant waste specific gravity of 1.3 that corresponds 32 
to 0 vol% solids (100 vol% supernatant is the bounding assumption).  (See Section 4.4.6. for a 33 
description of the conditions for which this functional/performance requirement is met by the 34 
safety-significant isolation valves.) 35 
 36 
This leak rate, derived for mitigating fine spray leaks due to a misroute, is also judged adequate 37 
to protect the facility worker from wetting spray/jet/stream leaks as well as protect the facility 38 
worker from flammable gas deflagrations in a waste transfer-associated structure.  Note that the 39 
potential for flammable gas deflagrations in a physically connected waste transfer-associated 40 
structure (i.e., where the further of the two isolation valves is located) as a result of longer term 41 
accumulation of waste from slow through valve leakage is addressed by non-safety-significant, 42 
defense-in-depth transfer leak detection systems. 43 
 44 
An exception to the safety-significant classification is for the isolation valves for the sump 45 
pumps in RCSTS Diversion Box 6241-A and Vent Station 6241-V and primary piping vent in 46 
RCSTS Vent Station 6241-V.  Leaks downstream of the second isolation valve off of the RCSTS 47 
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supernatant transfer line would not result in consequences above guidelines because the sump 1 
pump system and primary piping vent are open to the sump and thus leak pressure is limited to 2 
below the de minimus head/flow curve (Figure 3.3.2.4.3.-1).  In addition, leaks downstream of 3 
the isolation valves would be into the Diversion Box 6241-A and Vent Station 6241-V 4 
structures, which are not normally occupied areas.  Also, these are large passively ventilated 5 
structures and an undetected waste leak through these valves that could fill these structures 6 
sufficiently to allow flammable gas generation and accumulation to the LFL is qualitatively 7 
determined to have a frequency of “beyond extremely unlikely.”  Therefore, these isolation 8 
valves are not required to be safety significant. 9 
  10 
TSR SAC: Double Valve Isolation – The safety function of the TSR SAC on double valve 11 
isolation is to ensure that safety-significant isolation valves for double valve isolation are in the 12 
closed or block flow position when used to physically disconnect waste transfer primary piping 13 
systems, HIHTL primary hose assemblies, and interfacing water systems. 14 
 15 
An exception is for isolation valves for the sump pumps in RSCTS Diversion Box 6241-A and 16 
Vent Station 6241-V, and the primary piping vent in RCSTS Vent Station 6241-V.  Note that the 17 
TSR Key Element for closure of the RCSTS vent station and diversion box doors provides an 18 
important contribution to defense-in-depth, and the non-safety-significant transfer leak detection 19 
system and the non-TSR administrative feature of valve line-ups provide defense-in-depth for 20 
leaks into RSCTS Diversion Box 6241-A and Vent Station 6241-V through the sump pump and 21 
vent systems. 22 
 23 
Defense-in-Depth – Pre-transfer verification of valve lineup provides defense-in-depth against 24 
deadheading of the waste transfer pump.  Deadheading of the waste transfer pump maximizes the 25 
pressure of fine spray leaks which increases the consequences.  Material balance monitoring 26 
provides defense-in-depth by detecting misroute leakage and thus the possibility of waste 27 
accumulation in a waste transfer-associated structure (or other facilities) due to a misroute.  28 
Material balance monitoring also provides defense-in-depth by detecting waste leaks in 29 
buried/bermed transfer lines into the soil that remain subsurface. 30 
 31 
3.3.2.4.3.4.3 Waste Leaks During Pump Bumps and Rotation Direction Checks.   32 
Maintenance activities to check waste transfer pump rotation direction and to bump waste 33 
transfer pumps to prevent pumps from locking up or to check that a pump is not locked up pose 34 
limited risk and require graded controls.  These maintenance activities require removal of the 35 
administrative lock from the waste transfer pump and momentary energization of the pump.  For 36 
waste transfer pump rotation direction checks, energization is only required long enough to 37 
observe the direction of pump rotation.  A waste transfer pump bump is performed by energizing 38 
the pump while monitoring pump current and, when the initial starting current drops to the 39 
operating current indicating pump operation, immediately de-energizing the pump. 40 
 41 
If the waste transfer pump is inadvertently operated for a longer duration than described above, 42 
and pressurizes the waste transfer system, hazards would be similar to those during a waste 43 
transfer.  The controls selected to address these hazards are those described in 3.3.2.4.3.4.1, 44 
3.3.2.4.3.4.2, 3.3.2.4.3.4.3 above with the exception that the non-safety SSC, non-TSR 45 
defense-in-depth features of transfer leak detection systems and material balance are not required 46 
during maintenance activities to check waste transfer pump rotation direction and to bump waste 47 
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transfer pumps.  These defense-in-depth features address flammable gas deflagrations due to 1 
large accumulation of leaked waste in waste transfer-associated structures.  The risk of this 2 
hazard is minimal during pump bumps and rotation checks. 3 
 4 
3.3.2.4.3.5 Definitions Used to Determine Waste Transfer Leak Control Applicability.  The 5 
following definitions of waste transfer pump, physically connected, active waste transfer pump, 6 
under administrative lock, and when the 242-A Evaporator vessel contains waste are used to 7 
define the applicability of the safety SSC and TSR waste transfer leak controls listed in 8 
Tables 3.3.2.4.3-2 and 3.3.2.4.3-3.   9 
 10 
Waste Transfer Pump – Waste transfer pumps are defined as pumps that have a suction source 11 
of waste in a DST, SST, DST annulus, the 242-A Evaporator (P-B-2 and J-B-1)1, or 222-S 12 
Laboratory (WT-P-1).  Sump pumps in SST retrieval system aboveground manifold boxes; sump 13 
pumps in SST retrieval system waste transfer-associated structures that transfer waste directly 14 
back to the underlying tank; sump pumps in the RCSTS Diversion Box 6241-A and Vent Station 15 
6241-V; and sump pumps in the siphon standpipe station installed on each of the waste transfer 16 
lines that connect the 219-S Facility to DSTs 241-SY-101 and 241-SY-103 (SNL-5350 and 17 
SNL-5351) are also considered waste transfer pumps if their suction source of waste in the 18 
associated waste transfer-associated structure is highly caustic (i.e., pH > 12.5). 19 
 20 
Physically Connected – Physically connected is a configuration where waste can flow between 21 
a source (i.e., waste transfer pump, 242-A Evaporator vessel) and piping or a waste 22 
transfer-associated structure. 23 
 24 
Physically connected piping includes waste transfer primary piping systems, HIHTL systems, 25 
and interfacing water system piping (e.g., service water, raw water) that are not physically 26 
disconnected (see below). 27 
 28 
Piping is not physically connected if it is physically disconnected as follows. 29 
 30 

1. A blind flange is considered to physically disconnect piping on the side of the blind 31 
flange that is downstream of the source of pressurized waste. 32 

   33 
2. Two safety-significant waste transfer system isolation valves, independently verified to 34 

be in the closed or block flow position, are considered to physically disconnect piping on 35 
the downstream side of the second valve that is downstream of the source of pressurized 36 
waste.  37 

  38 
3. The inlet to a waste transfer pump is considered to be physically disconnected from the 39 

waste transfer pump if the inlet cannot be pressurized by the pump (e.g., a centrifugal 40 
pump located in a tank).  (Note: The determination of whether the inlet to a waste transfer 41 
pump can be pressurized shall consider reverse operation of the pump.) 42 

 43 
                                                 
1 242-A Evaporator pumps P-B-2 (slurry pump) or J-B-1 (pump room sump steam jet pump) are not waste transfer 
pumps when they can only transfer water, antifoaming agent, process condensate, inhibited water (e.g., water treated 
with hydroxide and/or nitrite used for corrosion control), etc., in the 242-A Evaporator C-A-1 vessel or pump room 
sump. 
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Note: Instrumentation systems for monitoring waste transfer system pressure, flow, etc., that 1 
interface with physically connected piping (e.g., pressure transmitting capillaries, 2 
instrument cables) and power supply systems that interface with waste transfer pumps 3 
(e.g., electric power cables, hydraulic power system lines) are not considered physically 4 
connected because they do not provide a pathway for a significant waste leak.  5 

  6 
Physically connected waste transfer-associated structures are those structures through which 7 
physically connected piping runs or terminates. 8 
 9 
Active Waste Transfer Pump – Active waste transfer pumps are those that are capable of being 10 
used for waste transfers.  Inactive waste transfer pumps are those that have been permanently 11 
disabled from use (e.g., power supplies permanently disconnected), such that waste transfers 12 
cannot be made without engineering change. 13 
 14 
Under Administrative Lock – Waste transfer pumps that are physically connected to waste 15 
transfer piping have the potential to pressurize the piping at any time, including inadvertent 16 
pump starts.  Thus, if there were no means to preclude inadvertent pump starts, the 17 
transfer-related controls would have to be applied at all times to all physically connected waste 18 
transfer piping and waste transfer-associated structures.  Placing the waste transfer pump “under 19 
administrative lock” allows operational flexibility by providing a means to remove and secure 20 
the motive force to the waste transfer pump and preclude the possibility of inadvertent pump 21 
starts, thereby allowing the relaxation of controls in the downstream physically connected piping 22 
or structures. 23 
 24 
A waste transfer pump is “under administrative lock” when the motive force (i.e., electrical 25 
power, steam, hydraulic power, air) to the pump is removed and secured.  Securing of the motive 26 
force is accomplished through the use of an installed and engaged lock mechanism on the pump's 27 
motive force supply or an alternate enforcement method.  Examples of alternate enforcement 28 
include stationing of an operator to maintain the motive force in a secure configuration, and 29 
physical disconnection of the motive force from the pump (e.g., disconnecting a power supply by 30 
lifting leads). 31 
 32 
The administrative locks are not associated with the tank farm lock & tag program, which is a 33 
separate program with a different purpose.  In situations where lock & tag locks and 34 
administrative locks are both required to be used, a spyder type locking device may be used to 35 
ensure proper configuration management of both devices. 36 
 37 
Definitions Related to the 242-A Evaporator – TSRs to address waste transfer leaks during a 38 
242-A Evaporator dump or gravity transfer are applicable when “the 242-A Evaporator vessel 39 
contains waste.”  The 242-A Evaporator vessel (C-A-1) shall be assumed to contain waste except 40 
when the vessel is “empty” (i.e., the 242-A Evaporator is in the Shutdown Mode).  The 242-A 41 
Evaporator vessel does not contain waste if it only contains water, antifoaming agents, process 42 
condensate, inhibited water (e.g., water treated with hydroxide and/or nitrite used for corrosion 43 
control), etc., which may be added to support maintenance, testing, or startup activities. 44 
 45 
“Empty” is defined in HNF-15279, 242-A Evaporator Technical Safety Requirements, as 46 
follows: 47 
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 1 
“Empty”: As applied to the C-A-1 vessel, it is the condition when dump valves  2 

HV-CA1-7 and HV-CA1-9 have been opened and as much waste as 3 
possible has been allowed to drain.  Residual waste may remain on some 4 
surfaces.  After draining, the dump valves may be closed. 5 

  6 
3.3.2.4.3.6 References. 7 
 8 
FAI, 2001, Source Term, Downwind Transport and Dispersion of Caustic Solution Aerosol, 9 
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 11 
HNF-14755, 242-A Evaporator Documented Safety Analysis, as amended, Washington River 12 

Protection Solutions LLC, Richland, Washington. 13 
 14 
HNF-15279, 242-A Evaporator Technical Safety Requirements, as amended, Washington River 15 

Protection Solutions LLC, Richland, Washington. 16 
 17 
HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, as amended, Washington 18 

River Protection Solutions LLC, Richland, Washington. 19 
 20 
RPP-13750, 2014, Waste Transfer Leaks Technical Basis Document, Rev. 41, Washington River 21 

Protection Solutions LLC, Richland, Washington.  22 
 23 
RPP-15810, 2014, Enveloping Tank Farm Transfer Pump Power, Discharge Head, and Flow, 24 

Rev. 11, Washington River Protection Solutions LLC, Richland, Washington. 25 
 26 
RPP-37897, 2009, Waste Transfer Leak Analysis Methodology Description Document, Rev. 1, 27 

Washington River Protection Solutions LLC, Richland, Washington. 28 
  29 
TE-07-009, 2008, Technical Evaluation for the C-109 and AN-106 Transfer Pumps, Rev. 3, 30 

CH2M HILL Hanford Group, Inc., Richland, Washington. 31 
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TE-07-027, 2007, Technical Evaluation of Waste Leak Paths and Waste Leaks Due to Waste 33 

Channeling for Transfer Related Activities Associated with Tanks 241-AP-101, 34 
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Figure 3.3.2.4.3-1.  De Minimus Head/Flow Curve for 2-Hour Releases 1 
(Onsite worker consequences equal to 100 rem and PAC-3) 2 
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Figure 3.3.2.4.3-2.  De Minimus Head/Flow Curve for 8-Hour Releases 1 
(Onsite worker consequences equal to 100 rem and PAC-3) 2 
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Figure 3.3.2.4.3-3.  Bounding Pump Performance Curve Used in Consequence Analysis. 1 
 2 
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Figure 3.3.2.4.3-4.  Performance Requirement for Through Valve Leakage to Mitigate Misroutes 1 
(Onsite worker consequences equal to the more restrictive of 5 rem or PAC-2). 2 
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Table 3.3.2.4.3-1.  Summary of Frequency and Consequences for  
Waste Transfer Leak Accidents Without Controls. 

Accident Frequency 

Onsite radiological 

Consequence 

 

Offsite toxicological 

Consequence 

 

Onsite toxicological 

Consequence 

 

Fine spray leak during a transfer using a 
high head waste transfer pump 

Unlikely 

(>10-4 to 10-2  
per year) 

> 100 rem < PAC-2 > PAC-3 

Fine spray leak due to a misroute during 
a transfer using a high head waste 
transfer pump 

Extremely 
Unlikely 

(>10-6 to 10-4  
per year) 

> 100 rem < PAC-2 > PAC-3 

Leak during a 242-A evaporator vessel 
dump 

Extremely 
Unlikely 

(>10-6 to 10-4  
per year) 

< 100 rem < PAC-2 < PAC-3 

Notes: 
PAC = Protective Action Criteria. 
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Table 3.3.2.4.3-2.  Safety-Significant Structures, Systems, and Components 
for the Waste Transfer Leak Accident.  (2 sheets) 

Structures, systems, and 
components 

Safety 
classification 

Safety function Comments 

Waste transfer primary 
piping systems 

Safety-significant To provide confinement of 
waste. 

 

Providing confinement of 
waste decreases the 
frequency of a fine spray 
leak.  In addition, providing 
confinement of waste 
protects the facility worker 
from wetting 
spray/jet/stream leaks into a 
normally occupied area and 
from flammable gas 
deflagrations in a waste 
transfer-associated structure 
due to a waste transfer leak. 

The functional requirement 
is that waste transfer primary 
piping systems must prevent 
leaks.   
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Table 3.3.2.4.3-2.  Safety-Significant Structures, Systems, and Components 
for the Waste Transfer Leak Accident.  (2 sheets) 

Structures, systems, and 
components 

Safety 
classification 

Safety function Comments 

Hose-in-hose transfer line 
systems (HIHTL) 

Safety-significant For HIHTL primary hose 
assemblies, to provide 
confinement of waste 
 
Providing confinement of 
waste decreases the 
frequency of a fine spray 
leak.  In addition, providing 
confinement of waste 
protects the facility worker 
from wetting 
spray/jet/stream leaks into a 
normally occupied area and 
from flammable gas 
deflagrations in a waste 
transfer-associated structure 
due to a waste transfer leak. 
 
For HIHTL encasement hose 
assemblies, to be an 
important contributor to 
defense-in-depth by 
providing secondary 
confinement of leaks in the 
HIHTL primary hose 
assemblies. 

The functional requirement 
is that HIHTL primary hose 
assemblies must prevent 
leaks.   

Isolation valves for 
double valve isolation 

Safety-significant To limit the leakage of waste 
(through valve leakage). 
 
Limiting through valve 
leakage decreases the 
consequences of a fine spray 
leak due to a misroute.  In 
addition, limiting through 
valve leakage protects the 
facility worker from wetting 
spray/jet/stream leaks into a 
normally occupied area and 
from flammable gas 
deflagrations in a waste 
transfer-associated structure 
(or other facility) due to a 
misroute. 

Isolation valves are 
designated as  
safety-significant only when 
used to physically 
disconnect piping from the 
transfer route. 
 

The functional/performance 
requirement is to limit 
through valve leakage 
(i.e., leak rate) to ≤ 0.1 
gal/min. 

Notes:   
HIHTL = hose-in-hose transfer line 
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Table 3.3.2.4.3-3.  Summary of Technical Safety Requirements for the 
Waste Transfer Leak Accident. 

Technical safety requirement* Safety function Comments 

SAC:  Double valve isolation To ensure that safety-significant 
isolation valves for double valve 
isolation are in the closed or block 
flow position when used to 
physically disconnect waste transfer 
primary piping systems, HIHTL 
primary hose assemblies, and 
interfacing water systems 

 

In their closed or block flow 
position, safety-significant isolation 
valves limit waste leakage into the 
physically disconnected waste 
transfer primary piping systems, 
HIHTL primary hose assemblies, 
and interfacing water systems.  
Limiting waste leakage decreases 
the consequences of a fine spray 
leak due to a misroute.  In addition, 
limiting waste leakage protects the 
facility worker from a wetting 
spray/jet/stream leak and from a 
flammable gas deflagration in a 
waste transfer-associated structure 
(or other facility) due to a misroute. 

The functional requirement is to 
independently verify that two 
safety-significant isolation valves 
are in the closed or block flow 
position when used to physically 
disconnect waste transfer primary 
piping systems, HIHTL primary 
hose assemblies, or interfacing 
water systems. 

Key Element:  Waste  
transfer-associated structure cover 
installation and door closure 

To be an important contributor to 
defense-in-depth by providing 
secondary confinement of leaks into 
waste transfer-associated structures.  
The Key Element requires that the 
waste transfer-associated structure 
covers are installed or doors are 
closed when the structure is 
physically connected to an active 
waste transfer pump not under 
administrative lock or to the 242-A 
Evaporator vessel when the vessel 
contains waste. 

The waste transfer-associated 
structures, including associated 
covers and doors, are not leak 
tight, but do provide an initial 
holdup of aerosol generated by 
fine spray leaks and an impaction 
surface that leads to attenuation 
of the aerosol that is eventually 
released to the atmosphere, as 
well as providing a barrier to a 
wetting spray/jet/stream leak 
reaching a normally occupied 
area. 

Notes: 
*For the complete text of the controls summarized in this table refer to the latest revision of  

HNF-SD-WM-TSR-006. 
 

HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, Washington River Protection 
Solutions LLC, Richland, Washington. 

 
HIHTL =  hose-in-hose transfer line. 
SAC      =  specific administrative control. 
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Table 3.3.2.4.3-4.  Summary of Frequency and Consequences for  
Waste Transfer Leak Accidents With Controls. 

Accident Frequency 
Onsite radiological 

Consequence 

Offsite toxicological 

Consequence 

Onsite toxicological 

Consequence 

Fine spray leak during a transfer using a 
high head waste transfer pump 

Prevented -- -- -- 

Fine spray leak due to a misroute during 
a transfer using a high head waste 
transfer pump 

Extremely 
Unlikely 

(> 10-6 to  10-4  
per year) 

< 5 rem < PAC-2 < PAC-2 

Notes: 
PAC = Protective Action Criteria. 

 1 
2 
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3.3.2.4.4  Release from Contaminated Facility.  Contamination of tank farm facilities occurs 1 
from operations required to manage tank waste.  Contaminated facilities at the tank farms 2 
addressed by the release from contaminated facility accident include waste transfer-associated 3 
structures (see Chapter 2 for a description of waste-transfer associated structures), 4 
double-contained receiver tank (DCRT) vaults, catch tank vaults, inactive miscellaneous 5 
underground storage tank (IMUST) vaults, 244-AR Vault cells, 244-CR Vault cells, and vertical 6 
storage units.  (See Section 3.3.2.1.1.1, “Material at Risk,” for a description of the residual 7 
contamination in these facilities.)  The hazard analysis performed for tank farm facilities and 8 
operations (see Section 3.3.1) identify energy sources that could result in the uncontrolled release 9 
of radioactive and other hazardous material from contaminated tank farm facilities. 10 
 11 
Identified energy sources that could result in uncontrolled releases from contaminated facilities 12 
include fires, flammable gas deflagrations, load handling accidents, and compressed gas system 13 
failures.  Postulated causes of fires include electrical fires; fires due to maintenance activities 14 
(e.g., cutting, grinding, welding) and transient combustibles; and vehicle fuel fires.  The 15 
bounding material at risk for contaminated facilities is judged to be the potential contamination 16 
in a waste transfer-associated structure.  Representative accident scenarios for a release from a 17 
contaminated facility, therefore, include the following: 18 
 19 

 A fire in a waste transfer-associated structure, 20 
 A flammable gas deflagration in a waste transfer-associated structure, 21 
 A load handling accident in a waste transfer-associated structure, 22 
 A compressed gas system failure in a waste transfer-associated structure. 23 

 24 
A flammable gas deflagration in a waste transfer-associated structure is the bounding accident.  25 
A flammable gas deflagration in a waste transfer-associated structure may occur as a result of 26 
flammable gas generated by waste in the structure or due to gas entering from the headspace of a 27 
directly connected tank.  Flammable gas deflagrations in a waste transfer-associated structure 28 
due to gas entering from the headspace of a directly connected tank are addressed in 29 
Section 3.3.2.4.1.  Flammable gas deflagrations due to gas generated by waste in the waste 30 
transfer-associated structure are addressed below. 31 
 32 
A qualitative evaluation of the consequences for these postulated release accidents from 33 
contaminated facilities is described in RPP-13354, Technical Basis for the Release from 34 
Contaminated Facility Representative Accident. 35 
 36 
3.3.2.4.4.1 Representative Accident Scenario for a Contaminated Facility.  In this accident 37 
scenario, flammable gases from waste present in a waste transfer-associated structure accumulate 38 
to the lower flammability limit (LFL) and are ignited.  Waste may be in a waste 39 
transfer-associated structure due to (1) a waste transfer leak (i.e., leak from waste transfer 40 
primary piping systems, hose-in-hose transfer line primary hose assemblies, or waste transfer 41 
pump shaft seals into the waste transfer-associated structure), (2) a waste transfer misroute 42 
(i.e., due to failed or mispositioned valves, or cross-connected flexible jumpers [discharge end of 43 
jumper connected to the wrong nozzle]), or (3) a waste leak or spill in the structure that occurred 44 
in the past (residual contamination).  Table 3.3.2.4.4-1 presents the frequency and consequences 45 
for these evaluated scenarios assuming no controls.  The basis for the evaluation conclusions is 46 
summarized below. 47 
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 1 
Key Assumptions:   2 
 3 

 The material at risk (MAR) is conservatively assumed to range from a shallow heel of 4 
waste as a dry powder to a waste transfer-associated structure nearly full of liquid waste.  5 
(Note:  The replacement cross-site transfer system [RCSTS] Diversion Box 6241-A and 6 
Vent Station 6241-V are significantly larger than other waste transfer-associated 7 
structures, but the frequency of a flammable gas deflagration in these structures due to a 8 
waste leak or misroute is “beyond  extremely unlikely” based on their large volume and 9 
passive ventilation.) 10 

 11 
 The aerosol release fractions (ARF) and respirable fractions (RF) used to determine the 12 

amount of respirable material released during a flammable gas deflagration are from 13 
DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for 14 
Nonreactor Nuclear Facilities.  An ARF of 0.005 and an RF of 0.3 for the suspension of 15 
a powder from a smooth, unyielding surface from the pressure impulse generated 16 
(i.e., gas flow parallel to surface) by an explosion are considered bounding.  Note that the 17 
MAR from a new leak into a waste transfer-associated structure that could generate 18 
flammable gas at a rate that could exceed the LFL would be a liquid.  The release fraction 19 
for suspension of material from a liquid surface due to an explosion is much less than for 20 
a dry powder.  In addition, the release is a surface effect and increasing the waste pool 21 
depth in the structure would not increase consequences.  Therefore, the consequences for 22 
a deflagration involving a shallow dry waste heel bound those for deeper liquid waste 23 
pools. 24 

 25 
 Waste properties assume unit-liter doses (ULD) and unit sum-of-fractions (USOF) that 26 

bound all waste layers in the single-shell tanks (SST) and double-shell tanks (DST).  27 
These waste properties used are: 28 
 29 

Onsite ULD  = 2.0 x 105 Sv/L 30 
 PAC-2 USOF   = 5.0 x 108 31 
 PAC-3 USOF  = 8.0 x 107 32 
 33 

 Toxicological exposures are based on the peak 15-min average airborne concentrations. 34 
 35 

Frequency.  The frequency of a postulated flammable gas deflagration in a waste 36 
transfer-associated structure without controls depends on the source of the flammable gas hazard 37 
(e.g., flammable gases generated by waste from a past or new leak and how the new leak 38 
occurred). 39 
 40 
A flammable gas deflagration due to a past leak or spill (residual waste contamination) in a waste 41 
transfer-associated structure is qualitatively determined to be “beyond extremely unlikely” based 42 
on evaluations in RPP-12710, Flammable Gas Diffusion from Waste Transfer Associated 43 
Structures, and RPP-13503, Accumulation of Flammable Gas in Sealed Waste Transfer 44 
Associated Structures.  The diffusion analyses in RPP-12710 estimated the equilibrium (peak) 45 
concentration of hydrogen for concrete waste transfer-associated structures restricting the 46 
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hydrogen loss mechanism to molecular diffusion alone (i.e., a polyurethane foam applied for 1 
interim isolation of the waste-transfer-associated structure eliminates ventilation).  The 2 
parametric calculations showed hydrogen concentrations would only approach to within an order 3 
of magnitude of the LFL even at the extreme end of the parameter ranges.  A deterministic 4 
calculation using the highest postulated values for hydrogen generation, paint effective 5 
diffusivity, concrete thickness, concrete effective diffusivity, soil effective diffusivity, and a 10% 6 
fill volume showed that a hypothetical structure would only reach about 62% of the LFL.  7 
Specific examples of large waste transfer-associated structures showed hydrogen concentrations 8 
two orders of magnitude below the LFL using reasonably conservative input parameters.  9 
RPP-33763, Safety Evaluation for the 241-T Farm Interim Surface Barrier, further evaluated the 10 
effect of an interim surface barrier on the diffusion rates and concluded that the effect is 11 
negligible. 12 
 13 
RPP-13503 analyzed sealed (e.g., interim isolated) waste transfer-associated structures that 14 
might have significantly lower or negligible flammable gas diffusion rates such as structures 15 
with internal coatings (e.g., polyurea that is being applied to active structures) or steel or 16 
steel-lined structures.  The RPP-13503 analyses showed for a sealed waste transfer-associated 17 
structure with an internal coating (i.e., no corrosion), that it would take approximately 125 yr to 18 
reach the LFL at the highest postulated hydrogen generation rate if the structure were 5% full of 19 
waste.  The time to LFL is approximately 45 yr under the same bounding conditions if the 20 
structure was 10% full.  It would take centuries to reach the LFL at an average hydrogen 21 
generation rate.  The steel waste transfer-associated structures have painted interiors and would 22 
have little hydrogen contribution from corrosion.  Calculations showed that it would take 23 
approximately 84 yr to reach the LFL at the highest postulated hydrogen generation and 24 
corrosion rates if a structure were 5% full of waste and 25% of the paint were removed.  The 25 
time to LFL is approximately 34 yr under the same condition if the structure was 10% full.  26 
10% full is judged to be a conservative upper value for residual waste heels in an interim 27 
isolation structure because the interim isolation criteria called for removing pumpable waste and 28 
leak detection at levels  ≤ 10% full were typical.  Based on the long time required to reach the 29 
LFL in these conservative calculations that assume the structure is hermitically sealed, the 30 
observation that these structure were not designed to store waste for many decades (the caustic 31 
waste could seep through the structure), and the limited design life of the sealing devices used 32 
for interim isolation, it is concluded that a flammable gas hazard does not exist in waste 33 
transfer-associated structures due to residual contamination even in structures that are covered 34 
and sealed with polyurethane foam. 35 
 36 
The frequency of a flammable gas deflagration due to a new waste transfer leak is qualitatively 37 
determined to be “unlikely.”  For the flammable gas to accumulate to a concentration above the 38 
LFL, the leak must be undetected and fill the waste transfer-associated structure above a 39 
minimum level (fill volume > 10% for worst case waste, but more typically > 70-80%, see 40 
RPP-8050, Lower Flammability Limit Calculations for Catch Tanks, DST Annuli, Waste 41 
Transfer-Associated Structures, and Double-Contained Receiver Tanks in Tank Farms at the 42 
Hanford Site), but not completely full, and ventilation and hydrogen diffusion must be 43 
significantly restricted (e.g., the structure must be steel lined, painted, or coated with a 44 
non-porous membrane, to restrict diffusion through the structure walls; passive ventilation and 45 
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diffusion through the structure covers must be restricted by sealing cracks and gaps in cover 1 
blocks and valve handle access ports). 2 
 3 
The frequency of a flammable gas deflagration due to a waste transfer misroute into a waste 4 
transfer-associated structure is qualitatively determined to be one frequency level less than that 5 
due to a waste transfer leak, i.e., “extremely unlikely.” 6 
 7 
Consequences.  Scoping consequence calculations for a flammable gas deflagration in a waste 8 
transfer-associated structure are documented in RPP-13354.  Based on the above MAR and 9 
release fractions, the total amount of respirable material suspended by a flammable gas 10 
deflagration in a waste transfer-associated structure is conservatively estimated to be less than 11 
0.1 L. 12 
 13 
The radiological consequence to the onsite worker is below 100 rem.  The toxicological 14 
consequence to the offsite public is below Protective Action Criteria (PAC)-2, and the 15 
toxicological consequence to the onsite worker is below PAC-3.  Therefore, no safety-significant 16 
structures, systems, and components (SSC) or technical safety requirements (TSR) are required 17 
to prevent or mitigate consequences to the offsite public or onsite worker from a flammable gas 18 
deflagration in a waste transfer-associated structure due to a waste transfer leak or misroute.  In 19 
addition, because the consequences of a flammable gas deflagration bound the consequences of a 20 
fire, load-handling accident, or a compressed gas system failure in a waste transfer-associated 21 
structure, no safety-significant SSCs or TSRs are required to prevent or mitigate consequences of 22 
these postulated accident scenarios to the offsite public or onsite worker. 23 
 24 
3.3.2.4.4.2 Significant Facility Worker Hazards Due to a Release from a Contaminated 25 
Facility.  The hazard evaluation for postulated release from contaminated facility accident 26 
scenarios has concluded that the airborne release of waste from a flammable gas deflagration, 27 
fire, load handling event, or compressed gas system failure in a contaminated facility does not 28 
pose a significant facility worker hazard.  However, it was qualitatively determined that a 29 
flammable gas deflagration in a waste transfer-associated structure could result in significant 30 
facility worker consequences (i.e., grievous injury or death to a facility worker due to 31 
overpressure or physical impact from SSC failure [missiles]).  Accordingly, safety-significant 32 
SSCs or TSRs (specific administrative controls [SAC]) are required for a flammable gas 33 
deflagration in a waste transfer-associated structure due to a waste transfer leak or misroute. 34 
 35 
3.3.2.4.4.3 Summary of Safety-Significant Structures, Systems, and Components and 36 
Technical Safety Requirements.  Safety-significant SSCs and TSRs (SACs) that protect facility 37 
workers from flammable gas deflagrations in waste transfer-associated structures due to waste 38 
transfer leaks or misroutes are identified in Section 3.3.2.4.3.4. 39 
 40 
3.3.2.4.4.4 References. 41 
 42 
DOE-HDBK-3010-94, 2000, Airborne Release Fractions/Rates and Respirable Fractions for 43 

Nonreactor Nuclear Facilities, Change Notice No. 1, U.S. Department of Energy, 44 
Washington, D.C. 45 

 46 
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RPP-8050, 2014, Lower Flammability Limit Calculations for Catch Tanks,  DST Annuli, Waste 1 
Transfer-Associated Structures, and Double-Contained Receiver Tanks in Tank Farms at 2 
the Hanford Site, Rev. 11, Washington River Protection Solutions LLC, Richland, 3 
Washington. 4 

 5 
RPP-12710, 2003, Flammable Gas Diffusion from Waste Transfer Associated Structures, Rev. 1, 6 

CH2M HILL Hanford Group, Inc., Richland, Washington. 7 
 8 
RPP-13354, 2009, Technical Basis for the Release from Contaminated Facility Representative 9 

Accident, Rev. 4, Washington River Protection Solutions LLC, Richland, Washington. 10 
 11 
RPP-13503, 2003, Accumulation of Flammable Gas in Sealed Waste Transfer Associated 12 

Structures, Rev. 1, CH2M HILL Hanford Group, Inc., Richland, Washington. 13 
  14 
RPP-33763, 2007, Safety Evaluation for the 241-T Farm Interim Surface Barrier, Rev. 0, CH2M 15 

HILL Hanford Group, Inc., Richland, Washington. 16 
 17 
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3.3.2.4.4-1 

Table 3.3.2.4.4-1.  Summary of Frequency and Consequences for Flammable Gas Accidents in  

Waste Transfer-Associated Structures Without Controls 

Accident Frequency 
Onsite Radiological 

Consequence 

Offsite Toxicological 

Consequence 

Onsite Toxicological 

Consequence 

Flammable gas deflagration in a waste 
transfer-associated structure due to 
residual contamination.  

Beyond Extremely 
Unlikely 

(≤ 10-6 per year) 

< 100 rem < PAC-2 < PAC-3 

Flammable gas deflagration in a waste 
transfer-associated structure due to a 
waste transfer leak 

Unlikely 

(> 10-4 to  10-2  
per year) 

< 100 rem < PAC-2 < PAC-3 

Flammable gas deflagration in a waste 
transfer-associated structure due to a 
waste transfer misroute 

Extremely 
Unlikely 

(> 10-6 to  10-4  
per year) 

< 100 rem < PAC-2 < PAC-3 

Notes: 
PAC = Protective Action Criteria. 
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3.3.2.4.5  Air Blow Accidents.  Air blow accidents may occur as a result of two activities that 1 
are performed in tank farms.  The first activity is introducing compressed air into a contaminated 2 
hose-in-hose transfer line (HIHTL) primary hose assembly to blow out residual liquid that does 3 
not drain from the HIHTL primary hose assembly and to dry it in preparation for extended 4 
shutdown, re-use, or disposal of the HIHTL (see Section 3.3.2.4.5.1).  The second activity is 5 
using compressed air to perform a pneumatic test of waste transfer primary piping system 6 
encasement integrity (see Section 3.3.2.4.5.2).   7 
 8 
3.3.2.4.5.1 Waste Release During Compressed Air Blowout of Hose-In-Hose Transfer Line 9 
Primary Hose Assemblies.  For compressed air blowout of HIHTL primary hose assemblies, 10 
the air flow is typically directed through the 2-inch diameter primary hose assembly and 11 
connected waste transfer primary piping system into a single-shell tank (SST) or double-shell 12 
tank (DST).  The HIHTL primary hose assembly could become clogged or a valve inadvertently 13 
closed and the air pressure inside the primary hose assembly increase above expected levels.  A 14 
leak may occur in the primary hose assembly due to mechanical failure from various causes 15 
(e.g., mechanical impact, material degradation, unidentified flaw, installation error, fabrication 16 
error), or due to overpressure of the primary hose assembly resulting from human error 17 
(i.e., obtaining the wrong compressor).  Also, the primary hose assembly may be connected to 18 
manifolds inside of waste transfer-associated structures (“pits”).  These manifold arrangements 19 
create the possibility for misrouting of compressed air into an unintended waste transfer line due 20 
to human error (i.e., mispositioning of valve) or failure of waste transfer system isolation valves.  21 
In either case, if there is residual waste in the primary hose assembly and connected waste 22 
transfer primary piping system, the air leak may involve the uncontrolled release of radioactive 23 
and other hazardous material.  Postulated waste release scenarios for compressed air blowout of 24 
a HIHTL primary hose assembly include: 25 
 26 

 Waste release from a HIHTL primary hose assembly and connected waste transfer 27 
primary piping system during compressed air blowout. 28 

 29 
 Release of waste aerosols from a DST headspace due to compressed air blowout through 30 

a HIHTL flow path that terminates below the waste level in the receiving DST. 31 
 32 
Qualitative evaluations of the consequences of postulated air blow accidents for these scenarios 33 
are described in RPP-37922, Technical Basis Document for Use of Compressed Air to Air Blow 34 
Potentially Contaminated Waste Transfer Lines.  Based on these evaluations, the bounding event 35 
is determined to be the waste release from a HIHTL primary hose assembly and connected waste 36 
transfer primary piping system during compressed air blowout. 37 
 38 
For the bounding waste release scenario, both small and large leaks are evaluated in RPP-37922.  39 
With a small leak, the air compressor supplies sufficient air to maintain the pre-leak pressure 40 
after the leak occurs, whereas with a large leak there is a rapid depressurization of the line.  41 
These small and large leaks are evaluated at locations below the waste surface, above the waste 42 
surface, and at the waste surface because of variations in the liquid/air configuration of the 43 
released material.  The bounding small leak occurs below the waste surface where it is assumed 44 
that a crack develops and a significant amount of aerosol is generated.  The bounding large leak 45 
occurs above the waste surface where the HIHTL primary hose assembly and connected waste 46 
transfer primary piping system depressurizes and the escaping compressed air entrains waste 47 
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aerosols.  Waste aerosol entrainment continues as compressed air flows through the HIHTL 1 
primary hose assembly and connected waste transfer primary piping system and exits at the crack 2 
location. 3 
 4 
Key Assumptions. 5 
 6 

 The material at risk (MAR) is conservatively assumed to be 122 gal of residual waste 7 
based on a 2-in diameter, 1,500-ft long HIHTL primary hose assembly that is half full. 8 

 9 
 Waste properties assume unit-liter doses (ULD), unit sum-of-fractions (USOF), and 137Cs 10 

and 90Sr concentrations that bound all waste layers in the SSTs and DSTs, except for 11 
241-C Tank Farm 200-series SSTs that have been retrieved.*  The analysis evaluates a 12 
full range of waste solids (i.e., 0 - 100 vol% sludge or saltcake) in the residual waste.  13 
These waste properties are: 14 
 15 
 Onsite ULD for liquids  = 1.0 x 103 Sv/L 16 
 Onsite ULD for solids   = 2.0 x 105 Sv/L 17 
 PAC-2 USOF for liquids  = 5.0 x 108 18 
 PAC-2 USOF for solids  = 5.0 x 108 19 
 PAC-3 USOF for liquids  = 2.0 x 107 20 
 PAC-3 USOF for solids  = 6.0 x 107 21 
 137Cs concentration in liquids  = 7.0 x 1010 Bq/L 22 
 137Cs concentration in solids  = 7.0 x 1010 Bq/L 23 
 90Sr concentration in liquids  = 3.0 x 109 Bq/L 24 
 90Sr concentration in solids  = 3.0 x 1012 Bq/L 25 
 26 
*Note:  Because it may be necessary to blowout some HIHTLs that were used for 27 

retrieval of 241-C Tank Farm 200-series SSTs, a comparison of bounding source 28 
term values for retrieved 200-series SSTs to the source terms listed above was 29 
performed in RPP-37922.  RPP-37922 concluded that consequences would 30 
remain below guidelines even if worst case 241-C Tank Farm 200-series SST 31 
solids waste (sludge) was the MAR involved in the accident. 32 

 33 
 The pressure in the HIHTL primary hose assembly and connected waste transfer primary 34 

piping system is 175 lb/in2 gauge based on the maximum pressure that a typical air 35 
compressor used for this activity can produce. 36 

 37 
 The volumetric flow rate is 185 ft3/min based on the maximum flow rate that a typical air 38 

compressor used for this activity can produce. 39 
 40 

 Toxicological exposures are based on the peak 15-min average airborne concentrations. 41 
 42 
Frequency.  Operational experience indicates that leaks from pressurized systems have occurred 43 
in tank farms and are “anticipated.”  (Note:  A frequency of “unlikely” is assigned to the fine 44 
spray leak scenario as this scenario requires a fine crack that has an optimal width for producing 45 
the maximum amount of fine spray aerosol and most cracks are expected to have a width such 46 
that they would not be optimal producers of fine aerosol spray.)47 
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 1 
Consequences.  The bounding small leak occurs below the waste surface and is evaluated using 2 
the waste transfer leak methodology described in RPP-37897, Waste Transfer Leak Analysis 3 
Methodology Description Document.  The bounding large leak occurs above the waste surface 4 
and produces a rapid depressurization.  DOE-HDBK-3010-94, Airborne Release Fractions/Rates 5 
and Respirable Fractions for Nonreactor Nuclear Facilities, Section 3.2.2.3.2, “Venting Above 6 
the Liquid Level,” presents a methodology for calculating the amount of liquid that is released 7 
from a pressurized tank or containment that experiences a sudden depressurization.  This 8 
methodology is used to calculate consequences for the large leak case. 9 
 10 
Consequences are estimated as described in RPP-37922.   For the bounding large leak scenario, 11 
the offsite toxicological consequence is less than Protection Action Criteria (PAC)-2, the onsite 12 
radiological consequence is less than 100 rem, and the onsite toxicological consequence is less 13 
than PAC-3.  For the bounding small leak (i.e., fine spray leak) scenario, the offsite toxicological 14 
consequence is less than PAC-2, the onsite radiological consequence is less than 100 rem, and 15 
the onsite toxicological consequence is greater than PAC-3.  The bounding small leak scenario 16 
onsite toxicological consequence is based on the results of a sensitivity analysis, which indicates 17 
that the consequence reaches PAC-3 at higher pressures (> 500 lb/in2 gauge).  Therefore, 18 
safety-significant compressed air system pressure relieving devices have been selected to limit 19 
compressed air system pressure. 20 
 21 
3.3.2.4.5.2 Waste Release during Pneumatic Testing of Waste Transfer Primary Piping 22 
System Encasements.  Pneumatic testing of the encasements of waste transfer primary piping 23 
systems is performed to demonstrate confinement integrity as described by the environmental 24 
management program and required by (Washington Administrative Code [WAC] 173-303, 25 
“Dangerous Waste Regulations”).  A compressed air source is connected to an encasement riser, 26 
the air pressure in the encasement is increased to the desired test pressure, and the air source is 27 
disconnected.  The encasement test pressure is 110% of the encasement design pressure, which is 28 
60 lb/in2 gauge for all waste transfer primary piping systems with encasements that require 29 
pneumatic testing, except for the two fiberglass-filled composite waste transfer lines from the 30 
222-S Laboratory (SNL-5350 and SNL-5351) where the encasement design pressure is 10 lb/in2 31 
gauge.  There are two postulated waste release scenarios for encasement pneumatic testing:  1) a 32 
waste release from a waste transfer primary piping system encasement during encasement 33 
pneumatic testing, and 2) a waste release from a waste transfer primary piping system during 34 
encasement pneumatic testing. 35 
 36 
A pressurized air leak from the encasement to the environment due to equipment failure or 37 
human error is qualitatively determined to be “anticipated.”  Based on the limited MAR in the 38 
encasement, all consequences are below guidelines.  Therefore, no safety-significant structures, 39 
systems, and components (SSC) or technical safety requirements (TSR) are required. 40 
  41 
A leak from the primary piping system to the environment is qualitatively determined to be 42 
“extremely unlikely” primarily because this waste release scenario requires the failure of the 43 
primary piping during the pneumatic test (i.e., overpressure) or an unknown failure of the 44 
primary piping prior to the pneumatic test.  (Note:  A fine spray leak also requires a fine crack 45 
that has an optimal width for producing the maximum amount of fine spray aerosol.)  The 46 
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consequences are qualitatively determined to be bounded by leaks from the HIHTL primary hose 1 
assembly and connected waste transfer primary piping system during compressed air blowout.   2 
 3 
That is, for small and large leaks all consequences are below guidelines, except for the bounding 4 
small leak (i.e., fine spray leak) where the onsite toxicological consequence could exceed 5 
PAC-3.  Therefore, safety-significant waste transfer primary piping systems are selected to 6 
prevent this accident scenario. 7 
 8 
3.3.2.4.5.3  Significant Facility Worker Hazards. The hazard evaluation for postulated 9 
releases from air blow accident scenarios concluded that a leak during compressed air blowout of 10 
a HIHTL, a release from a DST headspace due to compressed air from a HIHTL blowout 11 
terminating below the DST waste level, and a leak from the primary piping system or 12 
encasement during pneumatic testing of a waste transfer primary piping system encasement, do 13 
not pose a significant facility worker hazard because facility workers would take self-protective 14 
actions to evacuate the area and limit their radiological dose and toxicological exposure.  15 
Chemical burns caused by skin contact with caustic waste during these planned work activities is 16 
an occupational hazard addressed by safety management programs.  Therefore, no 17 
safety-significant SSCs or TSRs are required for significant facility worker hazards. 18 
  19 
3.3.2.4.5.4 Summary of Safety-Significant Structures, Systems, and Components and 20 
Technical Safety Requirements.  Safety-significant SSCs selected for air blow accidents are 21 
listed in Table 3.3.2.4.5-2 and summarized below.  Except for Design Features (i.e., passive 22 
safety-significant SSCs), no TSRs are selected for air blow accidents. 23 
 24 
The frequency and consequences for the evaluated scenarios, with the credited preventive or 25 
mitigative safety-significant SSCs are shown in Table 3.3.2.4.5-3, “Summary of Frequency and 26 
Consequences for Air Blow Accident, With Controls.” 27 
 28 
Safety-Significant Compressed Air System Pressure Relieving Devices.  Safety-significant 29 
compressed air system pressure relieving devices are selected for the waste release from a 30 
HIHTL primary hose assembly and connected waste transfer primary piping system during 31 
compressed air blowout scenario.  The safety function of the compressed air system pressure 32 
relieving devices is to limit air system pressure.  Limiting compressed air system pressure 33 
mitigates the consequences of an air blow accident.  The following functional requirement is 34 
developed to accomplish the safety function. 35 
 36 
The functional requirement for compressed air system pressure relieving devices is to limit 37 
compressed air system pressure to ≤ 500 lb/in2 gauge.  This ensures that onsite worker 38 
consequences due to an air blow accident are below 100 rem and PAC-3. 39 
 40 
To provide a margin of safety, the performance requirement for compressed air system pressure 41 
relieving devices is to limit compressed air pressure to ≤ 190 lb/in2 gauge.  This performance 42 
requirement ensures that onsite worker consequences of an air blow accident are below 5 rem 43 
and PAC-2.  See RPP-37922 for the basis for this performance requirement. 44 
 45 
Safety-Significant Waste Transfer Primary Piping Systems.  Safety-significant waste transfer 46 
primary piping systems are selected for the waste release from a waste transfer primary piping 47 
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system during encasement pneumatic testing scenario.  The safety function of the waste transfer 1 
primary piping systems is to provide confinement of waste.  Providing confinement of waste 2 
decreases the frequency of a waste release during pneumatic testing of waste transfer primary 3 
piping system encasements.  Waste transfer primary piping systems are required to be safety 4 
significant when a compressed air source is connected to the waste transfer primary piping 5 
system’s encasement for pneumatic testing of the encasement (i.e., the primary piping within the 6 
encasement). 7 
  8 
Defense-in Depth.  The following non-TSR administrative feature provides defense-in-depth for 9 
a waste release from a HIHTL primary hose assembly and connected waste transfer primary 10 
piping system during compressed air blowout. 11 
 12 

 Flushing of Waste Transfer Lines. 13 
 14 
Flushing of the HIHTL primary hose assembly and connected waste transfer primary piping 15 
system after completion of waste transfers provides defense-in-depth by reducing the amount 16 
and/or concentration of the residual waste. 17 
 18 
The following non-TSR administrative feature provides defense-in-depth for a waste release 19 
from a waste transfer primary piping system encasement during encasement pneumatic testing. 20 
 21 

 Encasement Leak Detection and Waste Removal 22 
 23 
Encasement leak detection and waste removal provides defense-in-depth by requiring detection 24 
of a waste leak from waste transfer primary piping into the encasement within 24 hr and removal 25 
of any waste that leaks into the encasement.  This ensures that the MAR in waste transfer 26 
primary piping system encasements is limited to residual contamination. 27 
 28 
3.3.2.4.5.5  References. 29 
 30 
DOE-HDBK-3010-94, 2000, Airborne Release Fractions/Rates and Respirable Fractions for 31 

Nonreactor Nuclear Facilities, Change Notice No. 1, U.S. Department of Energy, 32 
Washington, D.C. 33 

 34 
RPP-37897, 2009, Waste Transfer Leak Analysis Methodology Description Document, Rev. 1, 35 

Washington River Protection Solutions LLC, Richland, Washington. 36 
 37 
RPP-37922, 2009, Technical Basis Document for Use of Compressed Air to Air Blow Potentially 38 

Contaminated Waste Transfer Lines, Rev. 3, Washington River Protection Solutions 39 
LLC, Richland, Washington. 40 

 41 
WAC 173-303, “Dangerous Waste Regulations,” Washington Administrative Code, as amended. 42 
 43 
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Table 3.3.2.4.5-1.  Summary of Frequency and Consequences for Air Blow Accidents Without Controls. 

Accident Frequency 
Onsite radiological 

Consequence 

Offsite toxicological 

Consequence 

Onsite toxicological 

Consequence 

Waste release from a HIHTL primary 
hose assembly and connected waste 
transfer primary piping system during 
compressed air blowout 

Anticipated 

(> 10-2 to ≤ 10-1 
per year) 

 

< 100 rem 

 

< PAC-2 

 

> PAC-3 

Waste release from a waste transfer 
primary piping system encasement during 
encasement pneumatic testing 

Anticipated 

(> 10-2 to ≤ 10-1 
per year) 

< 100 rem < PAC-2 < PAC-3 

Waste release from a waste transfer 
primary piping system during encasement 
pneumatic testing 

Extremely 
Unlikely 

(> 10-6 to ≤ 10-4 
per year) 

< 100 rem < PAC-2 > PAC-3 

Notes: 
HIHTL = hose-in-hose transfer line. 
PAC  = Protective Action Criteria. 
 

 1 
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Table 3.3.2.4.5-2.  Safety-Significant Structures, Systems, and Components 
for Air Blow Accidents.   

Structures, systems, and 
components* 

Safety 
classification 

Safety function Comments 

Compressed air system 
pressure relieving devices 

Safety-significant To limit compressed air 
system pressure.  Limiting 
compressed air system 
pressure mitigates the 
consequences of an air blow 
accident. 

The functional/performance 
requirement is to limit 
compressed air pressure to 
≤ 190 lb/in2 gauge. 

Waste transfer primary 
piping systems 

Safety-significant To provide confinement of 
waste. 

- - 
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Table 3.3.2.4.5-3.  Summary of Frequency and Consequences for Air Blow Accidents With Controls. 

Accident Frequency 
Onsite radiological 

Consequence 

Offsite toxicological 

Consequence 

Onsite toxicological 

Consequence 

Waste release from a HIHTL primary 
hose assembly and connected waste 
transfer primary piping system during 
compressed air blowout  

Anticipated 

(> 10-2 to ≤ 10-1 
per year) 

 

< 5 rem 

 

< PAC-2 

 

< PAC-2 

Waste release from a waste transfer 
primary piping system during encasement 
pneumatic testing 

Prevented 
- - - - - - 

Notes: 
HIHTL = hose-in-hose transfer line. 
PAC = Protective Action Criteria. 
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3.3.2.4.6  External Events.  External events (i.e., externally initiated man-made events) are 1 
potential initiators for various categories of accidents.  The consequence estimation and control 2 
selection for external event-initiated accidents are covered in the sections that address the 3 
specific category of accident initiated.  This section provides the external event initiator selection 4 
and frequency basis for external event initiators. 5 
 6 
External events that are potential tank farm accident initiators are: 7 
 8 

 Aircraft crash 9 
 Vehicle accident 10 
 Range fire 11 
 Rail accident. 12 

 13 
These events were identified as part of the hazard evaluation process detailed in Section 3.3.2. 14 
 15 
The representative accidents initiated by external events are flammable gas accidents, release 16 
from contaminated facility, tank failure due to excessive loads, unplanned excavation/drilling, 17 
aboveground structure failure, and waste transfer leak. 18 
 19 
3.3.2.4.6.1  Aircraft Crash.  Aircraft crash is a potential initiator of accidents including 20 
double-shell tank (DST)/single-shell tank (SST) dome collapse with ensuing fuel fire, tank 21 
damage, facility damage, or piping damage.  A potential aircraft accident was quantitatively 22 
analyzed in Section 3.4.2.3 to provide a bounding external event accident for comparison to the 23 
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 24 
Facility Documented Safety Analyses, Appendix A, “Evaluation Guideline” of 25 rem.  Per 25 
DOE-STD-3014-96, Accident Analysis for Aircraft Crash into Hazardous Facilities, 26 
Appendix A, Section A.1.2, the onsite consequences of an aircraft accident are only evaluated in 27 
unique cases.  This is because an aircraft crash capable of causing a release from a facility will 28 
likely result in death or serious injuries for the aircraft occupants and people located in the 29 
facility or neighboring areas.  No technical safety requirement (TSR)-level controls are identified 30 
for this event.  The emergency preparedness program through normal implementation of the 31 
program (i.e., responding to emergencies such as an aircraft crash as the situation dictates) 32 
provides defense-in-depth for this event.  33 
 34 
The frequency of aircraft crash for Hazard Category 2 facilities was estimated in RPP-11736, 35 
Assessment of Aircraft Crash Frequency for the Hanford Site 200 Area Tank Farms.  Based on 36 
their inventories, the DSTs and SSTs are designated Hazard Category 2.  The frequency of 37 
general aviation impacting a specific individual DST or SST is “beyond extremely unlikely,” 38 
however, the tanks are treated cumulatively as one facility.  Therefore, the frequency of general 39 
aviation impacting a DST or SST is “extremely unlikely.”  Helicopter impacts on a DST or SST 40 
are “beyond extremely unlikely.”  The total frequency for aircraft (helicopter and general 41 
aviation) impacting a DST or SST is “extremely unlikely.”  The 204-AR Waste Unloading 42 
Facility was selected as the representative aboveground Hazard Category 2 facility.  Aircraft 43 
(helicopter and general aviation) impacting the 204-AR Waste Unloading Facility is “beyond 44 
extremely unlikely.”  Commercial or military aircraft impacting a tank or facility in the Hanford 45 
200 Areas is “beyond extremely unlikely.” 46 
 47 
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3.3.2.4.6.2  Vehicle Accident.  A vehicle accident is a potential external initiator of accidents 1 
including: fires (e.g., fires impacting tanks or facilities); deflagrations in tanks; and local loss of 2 
power.  The vehicles of interest for external event initiators are those being operated that are not 3 
involved with internal tank farm operations (e.g., propane refueling trucks). 4 
 5 
External event vehicle accidents, that result in fires, that can impact the tank farms are 6 
“anticipated” based on operational history.  The consequences of vehicle accidents are typically 7 
limited to the immediate vicinity of the accident.  However, a vehicle accident on June 29, 2000, 8 
started a range fire that spread to impact the operation of tank farms.  That range fire resulted in a 9 
loss of power to multiple tank farms.  The frequency of an external event vehicle accident that 10 
impacts tank farm operations (e.g., damaging high-efficiency particulate air [HEPA] filters, 11 
igniting a tank farm structure, or causing loss of power) is judged to be “unlikely.” 12 
 13 
A fuel delivery vehicle (e.g., propane, diesel, or gasoline truck) accident that leads to ignition of 14 
flammable gas in the waste tank requires a combination of several independent events.  First, the 15 
initiating event (external vehicle accident) must occur.  Necessary independent events include 16 
requisite proximity of accident, spill of fuel, ignition source, and presence of flammable gas in 17 
the waste tank.  The frequency for a fuel delivery vehicle accident that leads to ignition of 18 
flammable gas in the waste tank is judged to be “extremely unlikely.” 19 
 20 
The frequency of an external event vehicle accident that involves a waste tank riser being struck 21 
can be developed by qualitatively comparing it to the frequency of the same accident occurring 22 
to a vehicle operating within tank farms.  The frequency of a vehicle operating within tank farms 23 
shearing off one or more risers, rupturing the vehicle fuel tank, and fuel entering the waste tank, 24 
resulting in an explosion (5.7 x 10-4/yr) or a fire (1.3 x 10-5/yr) in the waste tank was determined 25 
in RPP-13261, Analysis of Vehicle Fuel Release Resulting in Waste Tank Fire.  The initial event 26 
frequency of an internal event vehicle accident resulting in a riser being struck was estimated to 27 
be 1.0 x 10-1/yr based on 3 recorded occurrences in a 30-yr period.  No events have been 28 
recorded for an external event vehicle accident resulting in a riser being struck.  Thus, the 29 
initiating event frequency for an external event vehicle accident resulting in a riser being struck 30 
is estimated to be significantly lower than for a vehicle operating within tank farms.  Considering 31 
the decrease in initial event frequency, the frequency of a vehicle operating outside tank farms 32 
shearing off one or more risers, rupturing the vehicle fuel tank, and fuel entering the waste tank, 33 
resulting in either an explosion or a fire in the waste tank is judged to be “extremely unlikely.” 34 
 35 
3.3.2.4.6.3  Range Fire.  Range fires are external events that are one of the initiators of fire 36 
accidents such as: ignition of tank vapors resulting in fires or explosions; fires impacting 37 
facilities or storage pads; overground hose-in-hose transfer line damage during transfers; release 38 
of radioactive and toxic material from contaminated vegetation consumed by the fire; suspension 39 
of radioactive and toxic material from contaminated soil by means of a fire; and power loss.  40 
Although range fires are often the result of human activities, range fires can also be the result of 41 
natural phenomena (e.g., lightning strike).  No frequency differentiation is made regarding the 42 
cause of a range fire. 43 
 44 
Based on operating history, a range fire is an “anticipated” event.  Scenario-specific event 45 
frequencies have also been estimated based on the frequency of a range fire as an initiating event 46 
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coupled with the conditional probability of subsequent events.  Scenario-specific event 1 
frequencies are developed and documented in the hazard evaluation database. 2 
 3 
3.3.2.4.6.4  Rail Accident.  Rail accidents may occur both onsite and offsite.  The potential 4 
accidents initiated by an onsite rail accident include local loss of power, building fires, HEPA 5 
filter fires, and range fires.  An offsite rail accident is considered as a potential initiator of a 6 
range fire. 7 
 8 
Onsite rail traffic is not currently associated with existing tank farm facilities.  Should onsite rail 9 
activity be restored, the frequency of an onsite rail accident is qualitatively estimated to be 10 
“extremely unlikely.”  There are no commercial rail lines that traverse the Hanford Site.  Due to 11 
the distance from the tank farms to the Hanford Site boundary, an offsite rail accident is not 12 
postulated to initiate any events within tank farms.  The frequency of an offsite rail accident 13 
impacting tank farms is qualitatively estimated to be “beyond extremely unlikely.” 14 
 15 
3.3.2.4.6.5  References. 16 
 17 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 18 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 19 
Energy, Washington, D.C. 20 

 21 
DOE-STD-3014-96, 1996, Accident Analysis for Aircraft Crash into Hazardous Facilities, 22 

U.S. Department of Energy, Washington, D.C. 23 
 24 
RPP-11736, 2003, Assessment of Aircraft Crash Frequency for the Hanford Site 200 Area Tank 25 

Farms, Rev. 1, CH2M HILL Hanford Group, Inc., Richland, Washington. 26 
 27 
RPP-13261, 2003, Analysis of Vehicle Fuel Release Resulting In Waste Tank Fire, Rev. 2, 28 

CH2M HILL Hanford Group, Inc., Richland, Washington. 29 
 30 
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3.3.2.4.7 Natural Events.  This section identifies and evaluates natural events (i.e., natural 1 
phenomena hazards) with the potential for initiating tank farm accidents (i.e., that are the direct 2 
cause of a tank farm accident).  Site characteristics described in Chapter 1.0 and U.S. 3 
Department of Energy (DOE) requirements and guidelines for the mitigation of natural 4 
phenomena hazards at DOE facilities1 support the natural phenomena hazard analysis in this 5 
section. 6 
 7 
3.3.2.4.7.1  Natural Phenomena Hazards.  The hazard analysis of tank farm facilities and 8 
operations includes natural events that are potential initiators of accidents (i.e., natural 9 
phenomena hazards).  Potential natural phenomena hazards identified include lightning, high 10 
winds, earthquakes (seismic events), flooding, extreme temperatures, volcanic eruptions and 11 
ashfall, snow loads, dust storms/dust devils, and hail storms.  Representative accidents that have 12 
consequences exceeding the guidelines for the onsite worker or that present significant facility 13 
worker hazards and that include natural events as possible initiators are: 14 
 15 

 Flammable gas accidents (Section 3.3.2.4.1) 16 
 Waste transfer leak (Section 3.3.2.4.3) 17 
 Release from contaminated facility (Section 3.3.2.4.4) 18 
 19 

Because the consequences of these representative accidents are provided in the referenced 20 
documented safety analysis (DSA) sections, only the frequency of the natural events are 21 
described here.  Also identified are the initiated accidents where the potential consequences may 22 
require controls (safety structures, systems, and components [SSC] and technical safety 23 
requirements [TSR]).  (Note:  There are additional representative accidents described in 24 
Section 3.3.2.3.1 that may be initiated by natural events (e.g., tank failure due to excessive loads, 25 
aboveground structure failure).  However, these accidents do not have consequences exceeding 26 
the guidelines for the onsite worker and do not present significant facility worker hazards, and 27 
thus are not considered further.) 28 
 29 
Lightning – Thunderstorms can produce lightning strikes that discharge the electrical potential 30 
between the atmosphere and the ground.  Although rare, ash fall and dust storms can also 31 
produce lightning.  Lightning strikes at the tank farms are potential initiators of flammable gas 32 
accidents. 33 
 34 
WHC-SD-WM-ES-387, Probability, Consequences, and Mitigation for Lightning Strikes to 35 
Hanford Site High-Level Waste Tanks, evaluates lightning hazards at the tank farms.  No 36 
documented reports or evidence of lightning striking a tank farm exists.  However, anecdotal 37 
evidence suggests that lightning strikes do occur in the tank farms.  The estimated lightning 38 
strike frequency in the tank farm area is 0.16 strike/mi2/yr. 39 
 40 

                                                 
1  DOE Order 420.1B, Facility Safety; DOE G 420.1-2, Guide for the Mitigation of Natural Phenomena Hazards for 
DOE Nuclear Facilities and Nonnuclear Facilities; DOE-STD-1020-2002, Natural Phenomena Hazards Design 
and Evaluation Criteria for Department of Energy Facilities; DOE-STD-1021-93, Natural Phenomena Hazards 
Performance Categorization Guidelines for Structures, Systems, and Components; DOE-STD-1022-94, Natural 
Phenomena Hazards Site Characterization Criteria; and DOE-STD-1023-95, Natural Phenomena Hazards 
Assessment Criteria. 
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Lightning is not a significant contributor to the accident frequency of flammable gas accidents.  1 
For flammable gas accidents, the frequency that the flammable gas concentration in a tank is 2 
above the lower flammability limit (LFL) and that lightning is the ignition source is 3 
conservatively estimated as “unlikely” (10-2 to 10-4 per yr).  There are no practical controls to 4 
prevent lightning as an initiator for these accidents and no specific lightning controls are 5 
warranted based on the insignificant reduction in risk. 6 
 7 
High Winds – High winds are a natural phenomena hazard that is postulated to cause flammable 8 
gas accidents (ignition source) and waste transfer leaks (aboveground transfer line failure).  9 
Based on DOE requirements and guidelines, Chapter 1.0 describes the design (evaluation) basis 10 
wind load and missile criteria at the Hanford Site.2  The frequency of occurrence for 11 
Performance Category 23 is once in 100 yr which is the division point between “anticipated” and 12 
“unlikely.”  However, as presented in Chapter 1.0, wind gusts with peaks from 60 to 80 mi/h are 13 
“anticipated” at the Hanford Site and are generally sufficient to initiate the postulated accidents.  14 
When high wind is the natural phenomena hazard, engineering judgement is used to assign the 15 
frequency for the specific accident scenario starting with an “anticipated” frequency for the high 16 
wind. 17 
 18 
Earthquakes – Accidents postulated to occur from an earthquake (seismic event) include 19 
flammable gas accidents (gas release and/or ignition source) and waste transfer leaks.  For tank 20 
farm Hazard Category 2 facilities, including double-shell tanks (DST), single-shell tanks (SST), 21 
and their associated waste transfer systems (see Section 3.3.2.2), Performance Category 2 is used 22 
as the design (evaluation) basis earthquake.  The earthquake load design for Performance 23 
Category 2 is based on a maximum considered earthquake with a 2,500 yr return period (see 24 
Section 1.4.3.7.1) and, therefore, the frequency of seismically-induced accidents is “unlikely.” 25 
 26 
Flooding – Natural flooding is not a credible hazard for tank farm facilities.  As described in 27 
Chapter 1.0, the tank farm elevations are above the flood level of the Columbia River based on 28 
U.S. Army Corps of Engineering evaluations of postulated failures of the Grand Coulee Dam.  29 
For the postulated maximum probable flood of Cold Creek, no surface flooding at tank farms is 30 
anticipated, but the bottoms of some tanks are below the flood level.  Because of the expected 31 
short duration of precipitation-caused (flash) floods, a significant rise in the water table is not 32 
expected and, therefore, the tanks would not be affected.  Local flooding from probable 33 
maximum precipitation storms is also insufficient to affect tanks.   34 
 35 
Note: Flooding in the tank farms by system failures (e.g., water line breaks) are identified and 36 

addressed in the hazard analysis. 37 
 38 
Extreme temperatures – High and low temperature extremes at the tank farms are described in 39 
Chapter 1.0.  Without controls, freezing is an “anticipated” (10-2 to 1 per yr) cause of waste 40 
transfer leaks except for fine spray leaks using a high head waste transfer pump where the 41 
frequency is “unlikely” (10-2 to 10-4 per yr). 42 
 43 
                                                 
2 There is no design basis tornado for the Hanford Site. 
3 Performance Category 2 corresponds to the hazard categorization of tank farm facilities (Hazard Category 2) (see 
Section 3.3.2.2). 
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Volcanic eruptions and ash fall - Volcanic eruption (i.e., flow of molten lava) is a beyond 1 
design basis event at the Hanford site.  Ash fall is identified as a potential cause of structure 2 
failure (i.e., ash fall loads) and equipment failure.  Based on WHC-SD-GN-ER-30038, Volcanic 3 
Ashfall Loads for the Hanford Site, the design basis Performance Category 1 and 2 ash fall loads 4 
are 3.2 lb/ft2 and 11.8 lb/ft2 with return periods of 1,000 yr and 2,000 yr, respectively.  Airborne 5 
ash concentration estimates are also developed in WHC-SD-GN-ER-30038 for both the initial 6 
ash fall event and separately for ash resuspension due to wind or mechanical action.  The 7 
combined momentary peak ash concentrations (at the end of the initial 12 hour fallout period) are  8 
370 mg/m3 and 1,325 mg/m3 for Performance Category 1 and 2, respectively.  (See  9 
Section 1.4.3.7.2 for additional details on ash fall loading and estimated airborne ash 10 
concentration.)  No tank farm accidents with consequences that require controls (safety SSCs or 11 
TSRs) are postulated from volcanic ash fall. 12 
 13 
Snow Loads – Snow loads are identified as a potential cause of structure failure.  14 
TFC-ENG-STD-06, Design Loads for Tank Farm Facilities, establishes the snow loading design 15 
basis for tank farm facilities (i.e., 15 lb/ft2).  No tank farm accidents with consequences that 16 
require controls (safety SSCs or TSRs) are postulated from snow loads. 17 
 18 
Dust Storms/Dust Devils – Dust storms and dust devils are identified as potential causes of 19 
equipment failure and the direct release of contaminated soil or contamination present in tank 20 
farm facilities.  Dust and blowing dust is an “anticipated” occurrence at tank farms (see 21 
Chapter 1.0), but no tank farm accidents with consequences that require controls (safety SSCs or 22 
TSRs) are postulated from this natural phenomena hazard. 23 
 24 
Hail Storm – In addition to lightning, thunderstorms can produce hail.  Hail is identified as a 25 
potential cause of equipment failure and is an “anticipated” occurrence at the tank farms (see 26 
Chapter 1.0).  No tank farm accidents with consequences that require controls (safety SSCs or 27 
TSRs) are postulated from hail damage. 28 
 29 
3.3.2.4.7.2  Natural Events Risk.  Because natural events are simply a specific cause for an 30 
accident, the frequency and consequences for accidents initiated by natural events are included 31 
with the discussions of the representative accidents and their associated hazardous conditions in 32 
the preceding DSA sections.  The only unique aspect of natural events is the potential of natural 33 
events (e.g., earthquakes, high wind) to cause multiple failures (i.e., common cause failures). 34 
 35 
Although a natural event (e.g., design basis earthquake or high wind) may cause multiple 36 
accidents (e.g., flammable gas accidents, waste transfer leaks), it is not reasonable to expect that 37 
all of the releases would be the highest estimated release for the individual accidents.  That is, 38 
there would be a range of consequences below the reasonably conservative consequences 39 
estimated for each individual accident.  In addition, the onsite radiological and offsite and onsite 40 
toxicological exposures from the multiple accidents are not directly additive because the 41 
accidents occur at different locations within the tank farms.  That is, a hypothetical  42 
maximally-exposed offsite individual (MOI) at the Hanford Site boundary and a hypothetical 43 
onsite worker at 100 m will not receive the maximum exposure estimated from every release 44 
location.  For these reasons, it is judged that even if natural events initiated multiple accidents 45 
that any cumulative effects would not increase consequences from below the evaluation 46 
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guidelines (i.e., PAC-2 for MOI toxicological consequences and 100 rem and PAC-3 for onsite 1 
worker [100 m] radiological and toxicological consequences, respectively) to above the 2 
evaluation guidelines and, therefore, no additional controls (safety SSCs or TSRs) are required. 3 
 4 
3.3.2.4.7.3  Summary of Safety-Significant Structures, Systems, and Components and 5 

Technical Safety Requirements, and Defense-in-Depth. 6 
 7 
Safety Structures, Systems, and Components.  No safety-significant SSCs have been 8 
identified specifically to prevent or mitigate uncontrolled releases of radioactive and other 9 
hazardous material initiated by natural events.  In addition, the safety functions of 10 
safety-significant SSCs identified to prevent or mitigate accidents (e.g., waste transfer primary 11 
piping systems) do not require that the SSC safety function be satisfied for design (evaluation) 12 
basis natural events, except DST primary tank ventilation systems. 13 
 14 
Technical Safety Requirements.  During the control decisions for the accidents that have 15 
consequences exceeding the guidelines for the onsite worker or that present significant facility 16 
worker hazards, no TSRs were selected to uniquely address hazards that are caused by natural 17 
events.  That is, no TSRs were identified that effectively prevent or mitigate hazards specifically 18 
initiated by natural events.  However, the U.S. Department of Energy, Office of River Protection 19 
(ORP) directed that a TSR Administrative Control (AC) Key Element be established that 20 
requires stopping waste transfers and evacuating personnel from tank farms following a detected 21 
seismic event.  See Section 5.5.3.6. 22 
 23 
Defense-in-Depth.  The emergency preparedness program through normal implementation of 24 
the program (i.e., responding to emergencies such as seismic events) provides defense-in-depth 25 
for natural events. 26 
 27 
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3.4 ACCIDENT ANALYSIS 1 
 2 
This section describes the quantitative accident analysis and is comprised of three discrete 3 
subsections.  Section 3.4.1 describes the methodology for estimating radiological and 4 
toxicological consequences.  Radionuclide and chemical inventories, exposure pathways, and 5 
radiological dose and chemical exposure calculation methods are discussed in this section.  6 
Section 3.4.2 describes the selection criteria for the design basis accidents and documents the 7 
radiological consequence analysis that was conducted for each accident.  A quantitative analysis 8 
of the unmitigated offsite radiological consequences for each design basis accident is presented 9 
and the results are compared with the Evaluation Guideline of 25 rem.  Section 3.4.3 describes 10 
the assessment of accidents, which may be beyond the design basis of the facility.  An 11 
assessment of the need to analyze beyond design basis accidents to provide a perspective of the 12 
residual risk associated with the operation of the facility also is provided in this section.  13 
 14 

15 
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3.4.2 Design Basis Accidents 1 
 2 
This section presents the quantitative analyses of the potential radiological consequences to the 3 
offsite public from the design basis accidents (DBA).  It is important to note that the concept of a 4 
DBA evolved in the commercial nuclear industry and typically applies to high consequence 5 
accidents that are analyzed during the planning stages of new facilities.  It is acknowledged that 6 
the DBA concept is not strictly applicable to many U.S. Department of Energy (DOE) facilities 7 
because the original design bases are not well understood.  Nonetheless this documented safety 8 
analysis (DSA) uses the term DBA for simplicity to identify bounding accidents.   9 
 10 
Following the accident selection methodology described in Section 3.3.2.3.1, four DBAs were 11 
selected for comparison to the offsite Evaluation Guideline of 25 rem total effective dose (TED).  12 
The Evaluation Guideline is used for comparison to the estimated dose received by a 13 
hypothetical maximally-exposed offsite individual at the Hanford Site boundary.  For most 14 
DBAs an exposure duration of 2 hr is used, but for release scenarios that are especially slow to 15 
develop, the exposure duration may be extended to 8 hr.  The purpose of the dose calculations 16 
and comparison to the Evaluation Guideline is to determine whether hazards posed by the tank 17 
farms warrant the designation of safety-class structures, systems, and components (SSCs). 18 
 19 
Of the four identified DBAs, two involve operational events.  The following two operational 20 
accidents are selected primarily based on release characteristics of the representative accidents 21 
(see Section 3.3.2.3.1). 22 
 23 

 Flammable Gas Accidents 24 
 Waste Transfer Leak 25 

 26 
The remaining two DBAs analyzed for comparison to the Evaluation Guideline were natural 27 
events and external events (specifically the aircraft crash). 28 
 29 
Unmitigated consequence calculations were performed for these DBAs and, in accordance with 30 
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 31 
Facility Documented Safety Analyses, no credit was taken for active safety features or for passive 32 
safety features that produce a leakpath reduction in source term.  In this regard it is important to 33 
note that the unmitigated release calculation represents a theoretical condition as opposed to an 34 
evaluation of the current operational configuration of a subject facility.   35 
 36 
With respect to accident frequency, there is no predetermined cutoff value, such as 1 x 10-6/yr, 37 
for excluding low frequency operational accidents from consideration.  Therefore, there is no 38 
discussion of frequency in the evaluation of the operational accidents.  However, estimated 39 
frequencies for the operational accidents are discussed in the corresponding sections for the 40 
representative accidents (e.g., frequencies of flammable gas accidents are discussed in 41 
Section 3.3.2.4.1).  There is a frequency cutoff for external events of 1 x 10-6/yr, conservatively 42 
calculated; and 1 x 10-7/yr, realistically calculated.  Frequency analysis of the aircraft crash, 43 
documented in RPP-11736, Assessment of Aircraft Crash Frequency for the Hanford Site 200 44 
Area Tank Farms, indicated that the frequency was greater than 1 x 10-6/yr and thus the accident 45 
was analyzed for comparison to the Evaluation Guideline.  Natural events are evaluated in 46 
accordance with the requirements and guidelines provided in DOE O 420.1B, Facility Safety; 47 
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DOE G 420.1-2, Guide for the Mitigation of Natural Phenomena Hazards for DOE Nuclear and 1 
Nonnuclear Facilities, and the associated DOE Standards.    2 
 3 
The unmitigated consequence analysis and the comparison to the Evaluation Guideline is 4 
presented in the following subsections.  Three of the four analyzed DBAs do not challenge the 5 
Evaluation Guideline.  One, the flammable gas accident, does challenge the Evaluation 6 
Guideline, but as described in Section 3.4.2.1 safety-class SSCs are not required for this 7 
accident.  Therefore, no safety-class SSCs are required for the tank farms.  In addition, the 8 
accident analysis of the DBAs was compared with DOE/EIS-0189, Tank Waste Remediation 9 
System, Hanford Site, Richland, Washington, Final Environmental Impact Statement, and no 10 
significant discrepancies were identified. 11 
 12 
Additional information on the four DBAs is provided in the corresponding sections for the 13 
representative accidents (i.e., Sections 3.3.2.4.1, 3.3.2.4.3, 3.3.2.4.6, and 3.3.2.4.7.) 14 
 15 
References 16 
 17 
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 19 
DOE G 420.1-2, 2000, Guide for the Mitigation of Natural Phenomena Hazards for DOE 20 

Nuclear Facilities and Nonnuclear Facilities, U.S. Department of Energy, 21 
Washington, D.C. 22 

 23 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 24 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 25 
Energy, Washington, D.C. 26 

 27 
DOE/EIS-0189, 1996, Tank Waste Remediation System, Hanford Site, Richland, Washington, 28 

Final Environmental Impact Statement, U.S. Department of Energy, Washington, D.C., 29 
and Washington State Department of Ecology. 30 

 31 
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Farms, Rev. 1, CH2M HILL Hanford Group, Inc., Richland, Washington. 33 
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3.4.2.1  Flammable Gas Accidents.  This section summarizes the accident analysis of potential 1 
radioactive material releases due to a flammable gas accident for comparison to the 2 
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 3 
Facility Documented Safety Analyses, Appendix A, Evaluation Guideline of 25 rem.  The 4 
bounding flammable gas accident is a flammable gas detonation in a single-shell tank (SST) or a 5 
double-shell tank (DST).  The calculations supporting the consequences presented here are 6 
documented in RPP-13470, Offsite Radiological Consequence Analysis for the Bounding 7 
Flammable Gas Accident. 8 
  9 
Flammable gas generation, retention, and release phenomenon are discussed in Section 3.3.2.4.1.  10 
In summary, there are two mechanisms by which waste-generated flammable gases can reach 11 
high concentrations in an SST or DST.  First, flammable gases generated by the waste are 12 
continuously released into the tank headspace.  In the absence of adequate ventilation, the 13 
steady-state concentration of these gases can potentially exceed the lower flammability limit 14 
(LFL).  Second, a fraction of the gas generated by the waste can be retained within the waste.  15 
This retained gas can be released in a spontaneous or an induced gas release event (GRE) thereby 16 
increasing the flammable gas concentration in a tank headspace to above the LFL.   17 
 18 
3.4.2.1.1  Scenario Development.  For a detonation or a deflagration-to-detonation transition 19 
(DDT) to occur in an SST or DST, the flammable gas concentration must be greater than or 20 
equal to the detonable or DDT limit and an ignition source must be present.  Combustion limits 21 
for detonations and DDTs have been evaluated for tank waste flammable gas mixtures.  22 
Detonations and DDTs can occur when the hydrogen concentration reaches between 8% and 23 
14%, depending on the presence of nitrous oxide (WHC-SD-WM-RPT-281, Deflagration and 24 
Detonation Hazards in Hanford Tank Farm Facilities). 25 
  26 
Given the detonable limit is reached, a detonation will occur if an ignition source is present.  The 27 
direct initiation of a detonation requires an ignition source of high energy, high power, or large 28 
size (i.e., 4.6 kJ for a stoichiometric hydrogen/air mixture, which is roughly equal to 1 g of high 29 
explosive).  Such strong ignition sources have been judged to be incredible for in-tank ignition 30 
sources (LA-UR-92-3196, A Safety Assessment for Proposed Pump Mixing Operations to 31 
Mitigate Episodic Gas Releases in Tank 241-SY-101).   32 
 33 
In contrast to detonations, deflagrations (and thus DDTs) can be ignited with very small energy 34 
sources on the order of 0.01 mJ (PNNL-13269, Overview of the Flammability of Gases 35 
Generated in Hanford Waste Tanks).  However, a DDT requires a geometry or configuration 36 
conducive to flame acceleration (e.g., confinement, obstructions).  An evaluation of the geometry 37 
of SSTs and DSTs concluded that, given the DDT hydrogen concentration limit is reached, a 38 
DDT is possible but not likely (WHC-SD-WM-RPT-281). 39 
 40 
Given a detonation occurs, it is assumed that an SST or DST will pressurize to the point of 41 
failure.  A panel of experts was convened to evaluate the structural response of SSTs and DSTs 42 
to pressurization loads.  As documented in WHC-SD-TWR-RPT-003, DELPHI Expert Panel 43 
Evaluation of Hanford High Level Waste Tank Failure Modes and Release Quantities, at internal 44 
pressures in the range of 11 to 15 lb/in2  gauge, some cracking of the SST concrete tank dome 45 
with distributed pressure venting and overstressing of rebar is predicted.  This failure would lead 46 
to self-venting through the soil overburden.  Given a very rapid, high pressure transient, the 47 
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pressure may not have time to vent.  At pressures significantly greater than 11 to 15 lb/in2 gauge, 1 
the center portion of the dome to a radial distance of 2 to 20 ft, along with the soil overburden, 2 
would likely be blown out.  Fall back of debris would be limited to the ejected dome material 3 
and soil adjacent to the failed portion of the dome.  Based on existing stress analyses, the 4 
DELPHI Panel concluded there is no reason to expect complete dome collapse. 5 
 6 
As documented in WHC-SD-TWR-RPT-003, at internal pressures in the range of  7 
55 to 60 lb/in2 gauge the steel liner of the DST primary tank will fail along a transition weld 8 
located at a 6-ft radius from the dome center.  The energy of the high-pressure air at failure is 9 
such that it is postulated that part of the concrete and soil overburden above the center 6-ft radius 10 
of the primary tank will blow out.  No dome collapse is predicted. 11 
 12 
In summary, the flammable gas concentration in the headspace of an SST or DST is postulated to 13 
reach detonation or DDT limits.  An ignition source is assumed to be present.  In accordance 14 
with structural evaluations, the detonation is assumed to blow out the center portion of the dome.   15 
 16 
Note: The frequency of an SST or DST headspace detonation due to a steady-state 17 

accumulation of flammable gas, a spontaneous GRE, and an operation or seismic induced 18 
GRE is “beyond extremely unlikely” (< 10-6 per year) (see Section 3.3.2.4.1).  However, 19 
because DOE-STD-3009-94, Appendix A, states that there is no predetermined frequency 20 
cutoff value for excluding low frequency operational accidents, a flammable gas 21 
detonation in an SST or DST is evaluated as the bounding flammable gas design basis 22 
accident. 23 

 24 
3.4.2.1.2  Source Term Analysis.  It is estimated that 100 kg of respirable waste would be 25 
released by a detonation in an SST or DST that results in partial dome collapse.  This estimate is 26 
based on information contained in HNF-2577, Flammable Gas Project Expert Elicitation Results 27 
for Hanford Site Double-Shell Tanks, and other flammable gas consequence assessments, as 28 
described below. 29 
 30 
Considerable uncertainty exists in estimating the mass and particle size distribution of tank waste 31 
that would become airborne given a detonation in an SST or DST.  Previous analyses of 32 
consequences due to a flammable gas accident have, in general, estimated airborne releases 33 
based on aerodynamic entrainment and, in cases where partial dome collapse was postulated, by 34 
the impact of concrete masses on the waste surface.   35 
 36 
In WHC-SD-TWR-RTP-003, deflagrations in an SST and DST are analyzed.  The material 37 
sources for airborne release include the inventory of material in the tank headspace at the time of 38 
the deflagration, the aerodynamic entrainment of material from the waste surface by the 39 
deflagration, and material released from the impact of the spalled concrete (SSTs) or solid debris 40 
(DSTs) on the waste surface.  For both the SST and DST cases, the total estimated waste release 41 
is < 1 kg. 42 
  43 
In WHC-SD-WM-TI-753, Summary of Flammable Gas Hazards and Potential Consequences in 44 
Tank Waste Remediation System Facilities at the Hanford Site, a deflagration is estimated to 45 
release approximately 2.3 kg of respirable material from a SST and 4.6 kg from a DST, primarily 46 
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due to entrainment from the waste surface.  The release of respirable material due to partial dome 1 
collapse would be additive to these values.  2 
 3 
In HNF-SD-WM-ES-412, Safety Controls Optimization by Performance Evaluation (SCOPE) 4 
Expert Elicitation Results for Hanford Site Single-Shell Tanks, an expert elicitation process was 5 
used to estimate the mass of respirable material suspended by a deflagration in an SST that 6 
causes dome failure.  Seven different experts applied various modeling techniques to generate a 7 
best estimate of the mass of respirable material suspended and an associated uncertainty 8 
distribution.  As a point of reference, the seven median estimates (i.e., the true value is equally as 9 
likely to be greater than or less than the estimate) range in value from 0.3 kg to 300 kg with an 10 
aggregate median value of 6 kg.  For the dome failure scenario, HNF-SD-WM-ES-412 11 
conservatively assumes 100% of the material suspended is released. 12 
 13 
In HNF-2577, an expert elicitation process was again used to estimate the mass of respirable 14 
material released by a deflagration in a DST that causes dome failure.  Nine different experts 15 
applied various modeling techniques to estimate the respirable mass of material released and an 16 
associated uncertainty distribution.  The nine median estimates range in value from 0.2 kg to 17 
50 kg with an aggregate median value of approximately 1 kg.  These estimates are lower than 18 
those for a deflagration in an SST because the DST expert panel determined that it is 19 
unacceptably conservative to assume that all of the material suspended is released as such an 20 
assumption does not account for suspended waste falling back into the tank or on the ground in 21 
the immediate vicinity of the tank, nor does it account for coarse filtering of the waste as gases 22 
vent through the tank overburden.   23 
 24 
The analyses summarized above address a deflagration versus a detonation, the difference being 25 
the speed at which the flame front moves as the gas burns.  In a deflagration, the combustion 26 
front travels at speeds on the order of 10 to 55 m/s (WHC-SD-WM-TI-753, LA-UR-92-3196) 27 
whereas a detonation combustion front travels at supersonic speeds ranging up to 2,000 m/s for a 28 
stoichiometric hydrogen/air mixture (HNF-2577).  In HNF-2577, the expert elicitation process 29 
was also used to estimate the mass of respirable material released from a DST detonation that 30 
causes dome failure.  For a detonation, the median estimates range from 0.5 kg to 400 kg with an 31 
aggregate median value of 7 kg.  These values are approximately an order-of-magnitude greater 32 
than the deflagration estimates. 33 
 34 
For the purposes of calculating the offsite radiological consequences of a detonation in an SST or 35 
DST, a value of 100 kg is selected as being a reasonably conservative estimate of the mass of 36 
respirable material released.  The expert elicitation estimates for detonations in DSTs can be 37 
reasonably applied to SSTs because, in general, the applied models either assume the DST has a 38 
solid waste surface (e.g., aerodynamic entrainment from a floating crust) or are waste-phase 39 
insensitive. 40 
 41 
SST and DST waste phases include supernatant, saltcake, and sludge.  These waste phases are 42 
stratified within the tanks due to density differences and process histories with the sludge 43 
typically at the bottom, covered by saltcake (if present), covered by supernatant (if present).  44 
Note that not all tanks contain all waste phases.  As discussed above, detonations resulting in 45 
partial dome collapse generate airborne material primarily by aerodynamic entrainment and by 46 
suspension caused by falling debris.  Both of these phenomena impact the surface layer of the 47 
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waste.  Depending on the SST or DST, the surface layer of waste could be supernatant, saltcake, 1 
or sludge.   2 
 3 
The selection of the bounding waste layer to be impacted by the accident considers both waste 4 
layer ULD and waste layer density.  A larger ULD results in higher consequences, while a lower 5 
density results in higher consequences because the 100 kg must be converted to a volume 6 
release.  Of the waste layers reported in the best-basis inventory with the twenty highest offsite 7 
ULDs, the waste layer with the bounding combination of a high ULD and a low density is sludge 8 
in SST 241-AX-102 (Waste Type B Solid).  The ULD is 1.5 x 10+5 Sv/L and the density is 9 
1.6 kg/L.  In performing this evaluation, waste layers with a ULD of up to 1.7 x 10+5 Sv/L were 10 
included.    11 
 12 
Note: The selection of the bounding waste layer excludes the sludge layers at the bottom of 13 

DST 241-AZ-101 because there are no plans to remove the supernatant and uncover the 14 
sludge in DST 241-AZ-101 and, therefore, the detonation material release mechanisms 15 
do not involve these sludge layers.  This exclusion is protected by the decision rules in 16 
HNF-SD-WM-OCD-015, Tank Farms Waste Transfer Compatibility Program,  17 
Section 3.1.1.4, “DST Controls for Uncovering or Dissolving Solids (AC 5.8.1),” which 18 
do not allow transfers from DST 241-AZ-101 that could uncover solids in the tank.  The 19 
decision rule further states that if a transfer from DST 241-AZ-101 that could uncover 20 
solids in the tank is needed, an evaluation of the changes to the consequence analysis of 21 
the flammable gas accident in the headspace of a DST is required. 22 

 23 
3.4.2.1.3  Consequence Analysis.  As documented in RPP-13470, a release of 63 L of waste 24 
(100 kg and a density of 1.6 kg/L) with a ULD of 1.5 x 10+5 Sv/L results in an offsite 25 
radiological consequence of 7.0 rem. 26 
 27 
The dose calculation is as follows: 28 
 29 

rem 7.0 

 rem/Sv) (100 Sv)10 x (7.0D(rem)

Sv10 x 7.0 

 Sv/L)10 x (1.5 /s)m 10 x (3.33 )s/m 10 x (2.22 L) (63D(Sv)

 2-

 2-

53-43-5






 

  30 

 31 
3.4.2.1.4  Comparison to the Evaluation Guideline.  The bounding flammable gas accident is a 32 
detonation in an SST or DST.  The offsite radiological consequence is calculated to be 7 rem, 33 
which is in the challenge range (i.e., ≥ 5 rem total effective dose [TED], but < 25 rem TED) of 34 
the 25 rem Evaluation Guideline from DOE-STD-3009-94, Appendix A.  All other represented 35 
accidents have consequences that do not challenge the Evaluation Guideline. 36 
 37 
3.4.2.1.5  Summary of Safety-Class Structures, Systems, and Components and Technical 38 
Safety Requirement Controls.  Because the consequences are in the challenge range, 39 
safety-class SSCs were considered.  No safety-class SSCs were selected to prevent a flammable 40 
gas detonation for the following reasons. 41 
 42 
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 The frequency of an SST or DST flammable gas detonation is “beyond extremely 1 
unlikely.” 2 

 3 
 The controls selected in Section 3.3.2.4.1 to prevent flammable gas deflagrations in SSTs 4 

and DSTs also prevent flammable gas detonations.    5 
 6 
3.4.2.1.6  References. 7 
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Company, Richland, Washington.  35 
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3.4.2.2  Waste Transfer Leak.  This section summarizes the accident analysis of potential 1 
radioactive material releases due to waste transfer leaks for comparison to the 2 
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 3 
Facility Documented Safety Analyses, Appendix A, Evaluation Guideline of 25 rem.  The 4 
calculations supporting the consequences presented here are documented in RPP-13750, Waste 5 
Transfer Leaks Technical Basis Document. 6 
 7 
3.4.2.2.1  Scenario Development.  Liquid waste and waste slurry (liquids and suspended solids) 8 
transfers performed at the Tank Farms are described in Section 2.5.2.  These transfers occur 9 
through a network of transfer lines (underground or aboveground) and waste transfer-associated 10 
structures (see Chapter 2 for a description of waste transfer-associated structures), or through 11 
dedicated transfer lines. 12 
 13 
The hazards analysis performed for tank farms identified hazardous conditions resulting in 14 
radioactive and other hazardous material releases due to waste transfer leaks.  There is a 15 
substantial similarity among all the scenarios in that all can be modeled as a crack or break in a 16 
transfer pipe.  Consequently, for the waste transfer leak accident, two scenarios using two 17 
different modeling approaches were evaluated: 18 
 19 

1. Fine spray leak - the leak occurs in the form of a fine spray from a narrow crack, and 20 
2. Large break leak - the leak occurs in the form of a large stream due to a large pipe break. 21 

 22 
The accident duration for radiological consequences is assumed to be 8 hr for slow developing 23 
scenarios such as the fine spray leak and 2 hr for scenarios such as the large break leak involving 24 
larger leak rates that are readily identifiable. 25 
 26 
Based on the analysis contained in RPP-13750, the bounding case for the offsite radiological 27 
consequences is the fine spray leak. 28 
 29 
3.4.2.2.2  Source Term Analysis.  The waste aerosol release rate for this analysis is developed 30 
using an iterative process to determine the flow rate of waste through the leak.  The key 31 
parameters and assumptions required as input to the crack pressure and leak flow rate iteration 32 
include crack size, solids fraction, distance of the leak from the waste transfer pump, and the 33 
pump characteristic curve.  These parameters and assumptions are briefly discussed below.  34 
Additional details are presented in RPP-13750. 35 
 36 
Crack Size – For the fine spray leak scenario, the crack length is assumed equal to the diameter 37 
of a typical waste transfer line (3 in.), and the crack width is selected to maximize the amount of 38 
fine waste aerosol spray produced by the leak.  The crack length of 3 inches is selected as 39 
reasonably conservative based on review of previous experience with waste transfer line leaks. 40 
The crack width is selected based on a Weber Number criterion, as discussed in RPP-37897, 41 
Waste Transfer Leak Analysis Methodology Description Document.  Assuming either a larger or 42 
smaller crack width would result in reduced fine aerosol production. 43 
 44 
Solids Fraction and Radiological Source Term Parameters – The analysis varies the waste 45 
solids fraction (volume percent of the transfer fluid that is made up of waste sludge or saltcake) 46 
over the range of 0 vol% to 100 vol%.  Parametric analysis indicates that the bounding case for 47 
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solids fraction in the waste occurs at 7 vol% solids (see Table 3.4.2.4-1).  The waste radiological 1 
source term parameters (i.e., unit-liter doses (ULD), 137Cs concentrations, and 90Sr 2 
concentrations) bound all waste layers in double-shell tanks (DST) and single-shell tanks (SST). 3 
 4 
Distance of the Leak from the Waste Transfer Pump – The pressure drop between the waste 5 
transfer pump discharge and the leak location may be significant.  However, for this analysis, the 6 
pipe break is assumed to occur approximately 1 m from the discharge of the waste transfer 7 
pump.  This is a conservative choice for leak location, and results in a negligible reduction in 8 
leak flow rate due to pipe friction. 9 
 10 
Waste Transfer Pump Performance – The waste transfer pump performance is shown in 11 
Figure 3.3.2.4.3-3 which bounds all DST transfer pumps, waste transfers from the 242-A 12 
Evaporator using waste transfer pump P-B-2, and SST retrieval waste transfer pumps with the 13 
exception of the mobile arm retrieval system – vacuum (MARS-V) version slurry pump, which 14 
has a lower head at low flow rates but a higher head at higher flow rates (see RPP-15810, 15 
Enveloping Tank Farm Transfer Pump Power, Discharge Head, and Flow).  The consequences 16 
of a fine spray leak using the pump performance shown in Figure 3.3.2.4.3-3 bound the 17 
consequence of a fine spray leak using the MARS-V slurry pump performance (see RPP-13750, 18 
Attachment A15). 19 
 20 
It is assumed that there is a blockage in the transfer line downstream of the crack location, so that 21 
the approximate deadhead (maximum) pressure of the waste transfer pump exists at the leak 22 
location. 23 
  24 
Leak Rate – The flow rate of waste through the leak is calculated using an iterative procedure 25 
that balances the flow rate and pressure produced by the waste transfer pump with the flow rate 26 
and pressure at the crack location, given that pressure drop occurs between the pump and the 27 
leak.    28 
 29 
For the bounding fine spray leak scenario, the calculated leak rate is 3.84E-3 m3/sec 30 
(60.9 gal/min). 31 
 32 
3.4.2.2.3  Consequence Analysis.  For the offsite radiological dose, the total dose is the sum of 33 
the following individual dose pathways: 34 
 35 

 Direct pressurized spray of aerosol into the air 36 
 Aerosol generated from splash and splatter from liquid falling onto surfaces 37 
 Aerosol entrainment from wind blowing across a wet pool surface. 38 

 39 
For the fine spray leak scenario, the dose due to the direct release of aerosol into the air is the 40 
dominant dose contributor.  Since the contribution from the “splash and splatter” and 41 
entrainment pathways are negligible compared to the direct spray of aerosol, the dose 42 
consequence calculations for these contributors are not presented here.  However, these pathways 43 
are included in the values presented in Table 3.4.2.4-1. 44 
 45 
The dose due to direct spray is calculated as shown in Equation 3.4.2.4-1: 46 
 47 
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 Ds  =  (1000 L/m3) * RF * Vs * χ/Q' * BR * ULD (3.4.2.4-1) 1 
 2 
where: 3 
 RF = respirable fraction (unitless) 4 
 Vs  =  volume of waste subjected to direct spray (m3) 5 
 χ/Q' =  atmospheric dispersion coefficient (sec/m3) 6 
 BR =  receptor breathing rate (m3/sec)  7 
 ULD  =  unit-liter dose for inhalation of waste (Sv/L). 8 
 9 
The volume of waste subjected to direct spray is given by Equation 3.4.2.4-2: 10 
 11 
 Vs = Wleak * Et (3.4.2.4-2) 12 
 13 
where: 14 

Wleak  = Leak flow rate (3.84E-03 m3/sec). 15 
      Et = Exposure time (8 hr) 16 

 17 
Therefore, the volume of waste subjected to direct spray becomes Equation 3.4.2.4-3: 18 
 19 
 Vs = 3.84E-03 m3/sec * 8 hr * 3600 sec/hr (3.4.2.4-3) 20 
 21 

Vs = 1.11E+02 m3 22 
 23 
The radiological ULDs bound all DST and SST waste layers in Tank Farms.    24 
 25 
The ULD for the liquid/solid mixture is calculated in Equation 3.4.2.4-4: 26 
 27 
 ULD = F * ULDsol + (1-F) * ULDliq (3.4.2.4-4) 28 
 29 
where: 30 
 F  =  fraction of waste (by volume) composed of solids 31 
 ULDsol =  unit-liter dose for inhalation of solids (Sv/L) 32 
 ULDliq =  unit-liter dose for inhalation of liquids (Sv/L). 33 
 34 
Given: 35 

ULD, sludge = 2.9E+05 Sv/L   36 
ULD, liquids = 1.5E+03 Sv/L   37 
 38 

and the assumption that the release is 93 vol% liquids and 7 vol% solids (this is the bounding 39 
case, as shown in Table 3.4.2.4-1). 40 

 41 
Then: 42 

ULD  = [(0.07) (2.9E+05 Sv/L)] + [(1-0.07) (1.5E+03 Sv/L)] = 2.17E+04 Sv/L. 43 
 44 
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The respirable fraction is calculated based on the Rosin-Rammler particle size distribution 1 
formula, as described in RPP-37897.  Major parameters that affect the particle size distribution 2 
include the crack size, leak pressure, and viscosity of the waste.  A correction for aerosol particle 3 
evaporation is also included.  Assuming 7 vol% solids in the leaking waste, the respirable 4 
fraction is 1.12E-03 (by volume). 5 
 6 
The offsite radiological dose due to aerosol spray is then calculated in Equation 3.4.2.4-5: 7 
 8 
 Ds = 1000 L/m3 * 1.12E-03 * 1.11E+02 m3 * 7.9E-06 sec/m3 *  9 
   3.33E-04 m3/sec * 2.17E+04 Sv/L  (3.4.2.4-5) 10 
  = 7.1E-03 Sv 11 
  = 7.1E-01 rem 12 

 13 
where: 14 

  7.9E-06 sec/m3 = offsite χ/Q'   15 
3.33E-04 m3/sec = breathing rate.  16 

 17 
Note:  RPP-13750 calculates the total dose to the offsite receptor due to all applicable dose 18 

pathways.  The result of that calculation is also 7.1E-01 rem.   19 
 20 
3.4.2.2.4  Comparison to the Evaluation Guideline.  Table 3.4.2.4-1 compares the offsite 21 
radiological consequences to the 25 rem Evaluation Guideline from DOE-STD-3009-94, 22 
Appendix A.  Reviewing the consequences shows that the consequences do not challenge the 23 
25 rem Evaluation Guideline (i.e., < 5 rem). 24 
 25 
3.4.2.2.5  Summary of Safety Structures, Systems, and Components and Technical Safety 26 
Requirements Controls.  No safety-class SSCs or TSRs to protect the offsite public are required 27 
to prevent or mitigate the risk associated with the offsite radiological consequences of this 28 
accident.   29 
 30 
3.4.2.2.6  References. 31 
 32 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 33 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 34 
Energy, Washington, D.C. 35 

  36 
RPP-13750, 2014, Waste Transfer Leaks Technical Basis Document, Rev. 41, Washington River 37 

Protection Solutions LLC, Richland, Washington. 38 
 39 
RPP-15810, 2014, Enveloping Tank Farm Transfer Pump Power, Discharge Head, and Flow, 40 

Rev. 11, Washington River Protection Solutions LLC, Richland, Washington. 41 
 42 
RPP-37897, 2009, Waste Transfer Leak Analysis Methodology Description Document, Rev. 1, 43 

Washington River Protection Solutions LLC, Richland, Washington. 44 
  45 
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Table 3.4.2.2-1.  Summary of Consequences Without 
Controls for the Waste Transfer Leak (Fine Spray Leak). 

Volume % sludge 
Offsite radiological consequences 

Calculated dose 
(rem) 

Evaluation guideline 
(rem) 

0 vol% 1.0 E-01 2.5 E+01 

7 vol% 7.1 E-01 2.5 E+01 

15 vol% 5.5 E-01 2.5 E+01 

25 vol% 3.1 E-02 2.5 E+01 

50 vol% 5.4 E-02 2.5 E+01 

100 vol% 1.2 E-03 2.5 E+01 

  1 
 2 
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3.4.2.3  External Events.  This section summarizes the accident analysis of a postulated aircraft 1 
accident.  This scenario was quantitatively analyzed to provide a bounding external event 2 
accident for comparison to the DOE-STD-3009-94, Preparation Guide for U.S. Department of 3 
Energy Nonreactor Nuclear Facility Documented Safety Analyses, Appendix A, “Evaluation 4 
Guideline.”  5 
 6 
3.4.2.3.1  Scenario Development.  A twin-engine fixed-wing general aviation aircraft 7 
(Raytheon1 King Air B200) is postulated to impact an underground waste storage tank; 8 
collapsing its dome and causing an uncontrolled release of radiological material to the 9 
atmosphere.  Either a single-shell tank (SST) or a double-shell tank (DST) could be struck, but a 10 
crash into a DST produces the bounding consequences.  11 
 12 
3.4.2.3.2  Source Term Analysis.  There are two contributors to the source term.  First, the 13 
mechanical impact of the aircraft produces a dome collapse whose debris impacts the waste 14 
surface and releases aerosols.  Secondly, aircraft fuel spreads across the waste surface and burns, 15 
causing aerosol to be released.  These events are treated separately and their individual source 16 
terms are added to represent the aircraft accident source term. 17 
 18 
3.4.2.3.2.1  Source Term from Dome Collapse.  The consequences of waste tank failure due to 19 
excessive concentrated load (RPP-12444, Technical Basis for the Tank Failure Due to Excessive 20 
Loads Representative Accident) bounds the contribution to consequences due to the mechanical 21 
impact of the aircraft crash.  This conclusion is reached in RPP-12683, Offsite Radiological 22 
Consequence Analysis for the Bounding Aircraft Crash Accident, by comparing the impact 23 
energy for each scenario.  The bounding source term volume due to dome collapse is 0.15 L 24 
(RPP-12444). 25 
 26 
3.4.2.3.2.2  Source Term from Burning Fuel.  The method of determining the source term from 27 
the aviation fuel fire is summarized from RPP-12683.  It is assumed that the aircraft fuel tank is 28 
full and that all of the fuel enters the waste tank.  The fuel capacity of a Raytheon King Air B200 29 
is 1,654 kg.  The waste is assumed to have a density of 1.4 kg/L.  The airborne release fraction 30 
(ARF) was assigned a value of 0.002 on the basis of release fractions for boiling liquids as 31 
recommended in DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable 32 
Fractions for Nonreactor Nuclear Facilities.  The respirable fraction (RF) and leak path factor 33 
(LPF) were assigned bounding values of 1.0. 34 
 35 
The fire causes aerosolization of waste by boiling water and by entrainment caused by airflow.  36 
The fire-induced air circulation in the headspace produces air velocities that are judged to be too 37 
low to cause appreciable waste entrainment; therefore, entrainment of waste is discounted.  38 
Waste aerosolization caused by moisture evaporation is quantified on the basis of releases from 39 
boiling liquids.  A conservative heat transfer rate of 57 kW/m2 was applied.  This rate takes into 40 
consideration both the aircraft fuel and potential organic waste constituents.  The average 41 
specific burning rate is 1.2 kg/m2/min.  The latent heat of vaporization of water is 2.26 MJ/kg.   42 
 43 

                                                 
1 Raytheon is a registered trademark of Raytheon Aircraft Services, Wichita, Kansas. 
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The mass of liquid at risk is computed as the mass of water evaporated by heat transferred from 1 
the burning fuel.  The mass of water evaporated per mass of fuel burned is:  2 
 3 
 (57 kJ/sec m2) x (60 sec/min) x (m2 min/1.2 kg fuel) x (1 kg H2O/2,260 kJ) =  4 

1.26 kg H2O/kg fuel 5 
 6 
The mass of water vaporized is: 7 
 8 

1,654 kg fuel x 1.26 kg H2O/kg fuel = 2,084 kg H2O. 9 
 10 
The quantity of respirable material released to the environment based on the mass of water 11 
vaporized is provided in Equation 3.4.2.6-1:   12 
 13 
 Source Term  = MAR x LPF x ARF x RF (3.4.2.6-1) 14 
 15 

where:   16 
 17 
 MAR = material at risk, 2,084 kg water 18 
 ARF = airborne release fraction, 0.002 19 
 RF = respirable fraction, 1.0 20 
 LPF = leak path factor, 1.0. 21 
 22 
The source-term mass based on boiling liquid is: 23 
 24 

Source term = (2,084 kg H2O)(1.0)(0.002)(1.0) = 4.17 kg aerosolized. 25 
 26 
The source-term volume contributed from the burning fuel is: 27 
 28 

Source term  = 4.17 kg/1.4 kg/L = 3.0 L (at a waste density of 1.4 kg/L). 29 
 30 
3.4.2.3.2.3  Total Source Term.  The total source term volume from the dome collapse plus the 31 
burning fuel is 0.15 L + 3.0 L = 3.15 L.  32 
 33 
3.4.2.3.3  Consequence Analysis.  The calculations supporting the consequences are 34 
documented in RPP-12683, which concludes that the consequence do not challenge the 25 rem 35 
Evaluation Guideline (i.e., consequences are < 5 rem). 36 
 37 
3.4.2.3.3.1  Consequence from Dome Collapse.  Using the unit-liter dose (ULD) for DST 38 
sludge (which bounds all waste layers), the offsite radiological dose consequence for a dome 39 
collapse is calculated in Equation 3.4.2.6-2:   40 
 41 
 Dose = (respirable material released)(χ/Q', offsite)(ULD)(breathing rate) (3.4.2.6-2) 42 
 43 

where: 44 
 45 

    χ/Q', offsite = 2.22 x 10-5 s/m3   46 
breathing rate = 3.33 x 10-4 m3/s. 47 
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 1 
  Dose = (0.15 L) (2.22 x 10-5 s/m3)(3.0 x 105 Sv/L)(3.33 x 10-4 m3/s) 2 
   = 3.3 x 10-4 Sv 3 
   = 3.3 x 10-2 rem. 4 
 5 
3.4.2.3.3.2  Consequence from Burning Fuel.  Although it is expected that the release would 6 
primarily consist of liquid waste, it is possible that some fraction of solids would also be 7 
released.  Since the fraction of released solids is unknown, a conservative approach is taken.  It is 8 
assumed that the release consists of 3.0 L of sludge, because it has a higher radiological ULD 9 
than supernatant.  It is conservatively assumed that all the waste aerosolized by the boiloff is 10 
swept out of the tank.  Using the ULD for DST sludge, the contribution of the burning fuel to the 11 
offsite consequences is:  12 
 13 

Dose = (Q, released) (χ/Q’) (BR) (ULD). 14 
 15 
 Dose = (3.0 L)(2.22 x 10-5 s/m3)(3.33 x 10-4 m3/s)(3.0 x 105 Sv/L) 16 
  = 6.7 x 10-3 Sv 17 
  = 6.7 x 10-1 rem. 18 
 19 
3.4.2.3.3.3  Total Consequence.  The total dose consequences from the dome collapse and the 20 
burning fuel are dominated by the contribution from burning fuel as shown below. 21 
 22 
 Total Dose = Dose from dome collapse + Dose from burning fuel  23 
   = 3.3 x 10-4 Sv + 6.7 x 10-3 Sv 24 
   = 7.0 x 10-3 Sv 25 
   = 7.0 x 10-1 rem 26 
 27 
3.4.2.3.4  Comparison to the Evaluation Guideline.  The worst-case unmitigated radiological 28 
consequence of 0.7 rem does not challenge the Evaluation Guideline of 25 rem (i.e., 29 
consequences are < 5 rem).   30 
 31 
3.4.2.3.5  Summary of Safety Structures, Systems, and Components and Technical Safety 32 
Requirement Controls.  No safety-class SSCs or TSRs are required to protect the offsite 33 
receptor for the postulated accident. 34 
 35 
3.4.2.3.6  References.   36 
 37 
DOE-HDBK-3010-94, 2000, Airborne Release Fractions/Rates and Respirable Fractions for 38 

Nonreactor Nuclear Facilities, Change Notice No. 1, U.S. Department of Energy, 39 
Washington, D.C. 40 

 41 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 42 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 43 
Energy, Washington, D.C. 44 

 45 
RPP-12444, 2009, Technical Basis for the Tank Failure Due to Excessive Loads Representative 46 

Accident, Rev. 3, Washington River Protection Solutions LLC, Richland, Washington. 47 
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 1 
RPP-12683, 2009, Offsite Radiological Consequence Analysis for the Bounding Aircraft Crash 2 

Accident, Rev. 2, Washington River Protection Solutions LLC, Richland, Washington. 3 
 4 
  5 
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3.4.2.4  Natural Events.  This section presents the analysis of the bounding offsite radiological 1 
consequences from accidents initiated by natural events.  Based on the hazard analysis in 2 
Section 3.3, the natural event (i.e., natural phenomena hazard) postulated to result in the highest 3 
offsite radiological consequences is the design (evaluation) basis earthquake because of its 4 
potential to initiate multiple accidents from this common cause. 5 
 6 
U.S. Department of Energy (DOE) requirements and guidelines for the mitigation of natural 7 
phenomena hazards at DOE facilities are provided in DOE O 420.1B, Facility Safety; 8 
DOE G 420.1-2, Guide for the Mitigation of Natural Phenomena Hazards for DOE Nuclear 9 
Facilities and Nonnuclear Facilities; and the associated DOE Standards.1   10 
DOE-STD-1189-2008, Integration of Safety into the Design Process, also provides requirements 11 
and guidelines for the seismic design of new or major modifications to Hazard Category 1, 2, and 12 
3 nuclear facilities.  For tank farm Hazard Category 2 facilities, including double-shell tanks 13 
(DST), single-shell tanks (SST), and their waste transfer-associated systems (see 14 
Section 3.3.2.2), Performance Category 2 is used as the design basis earthquake.  The earthquake 15 
load design for Performance Category 2 is based on a maximum considered earthquake with a 16 
2,500 yr return period (see Section 1.4.3.7.1).  Note that a seismic event of this magnitude has 17 
never been recorded at the Hanford Site. 18 
 19 
3.4.2.4.1  Scenario Development.  The damage to tank farm facilities and the resulting 20 
uncontrolled releases of radioactive material from a design basis earthquake is uncertain, but is 21 
conservatively bounded by an accident scenario that includes possible flammable gas accidents 22 
and waste transfer leaks.  (Note:  These are the bounding operational accidents analyzed for 23 
offsite radiological consequences in Section 3.4.2.  As described in Section 3.3.2.3.1 other 24 
representative accidents are either of the same release type and bounded by flammable gas 25 
accidents or waste transfer leaks, or have limited potential for offsite radiological consequences.  26 
While some of these other representative accidents could be caused by a design basis earthquake, 27 
the resultant radioactive material releases and offsite radiological consequences would be small 28 
compared to the cumulative consequences of flammable gas accidents and waste transfer leaks.) 29 
 30 
An earthquake could cause a significant gas release and the ignition source for a flammable gas 31 
accident.  Seismically-induced flammable gas accidents are limited to tanks where there is 32 
sufficient retained gas to achieve the lower flammability limit (LFL) if 100% of the retained gas 33 
is released instantaneously to the tank headspace (i.e., Waste Group A and B tanks that comprise 34 
approximately 30% of the 177 DSTs and SSTs).  Section 3.4.2.1 calculates the offsite 35 
radiological consequences of the bounding flammable gas accident (i.e., SST detonation). 36 
 37 
The design basis earthquake is also postulated to cause waste transfer leaks.  The bounding 38 
offsite radiological consequence for a waste transfer leak (i.e., fine spray leak) is calculated in 39 
Section 3.4.2.2. 40 
 41 

                                                 
1 DOE-STD-1020-2002, Natural Phenomena Hazards Design and Evaluation Criteria for Department of Energy 
Facilities; DOE-STD-1021-93, Natural Phenomena Hazards Performance Categorization Guidelines for 
Structures, Systems, and Components; DOE-STD-1022-94, Natural Phenomena Hazards Site Characterization 
Criteria; and DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria. 
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3.4.2.4.2  Source Term Analysis.  The source term analyses for the bounding flammable gas 1 
accident and the bounding waste transfer leak are described in Sections 3.4.2.1.2 and 3.4.2.2.2, 2 
respectively.  These bounding source terms are used to qualitatively estimate the cumulative 3 
releases of radioactive material from possible multiple flammable gas accidents and multiple 4 
waste transfer leaks caused by a design basis earthquake. 5 
 6 
3.4.2.4.3  Consequence Analysis.  Summarized in Table 3.4.2.7-1 are the calculated offsite 7 
radiological consequences for the bounding flammable gas accident and the bounding waste 8 
transfer leak.  These bounding offsite radiological consequences are used in conjunction with the 9 
following additional factors to qualitatively estimate the cumulative consequences to a 10 
hypothetical maximally-exposed offsite individual (MOI) at the Hanford Site boundary from a 11 
design basis earthquake that could cause multiple flammable gas accidents and multiple waste 12 
transfer leaks. 13 
 14 

 The flammable gas concentration required for a flammable gas detonation is at least 15 
twice the concentration for a flammable gas deflagration, and the frequency of a 16 
seismically-induced flammable gas detonation in an SST or DST is “beyond extremely 17 
unlikely” (see Section 3.4.2.1). 18 

 19 
 The offsite radiological consequences of a flammable gas deflagration are an order of 20 

magnitude lower than a flammable gas detonation based on the detonation source term 21 
(100 kg of respirable tank waste released to the atmosphere) versus the deflagration 22 
source term (< 10 kg – see RPP-13510, Flammable Gas Technical Basis Document). 23 

 24 
 Although a design basis earthquake may cause multiple flammable gas accidents 25 

(i.e., deflagrations), it is not reasonable to expect that flammable gas accidents occur in 26 
all Waste Group A and B tanks.  It is also unlikely that more than one waste transfer 27 
would be ongoing at the time of a design basis earthquake.  28 

 29 
 Although a design basis earthquake may cause multiple flammable gas accidents 30 

(i.e., deflagrations) and waste transfer leaks, it is not reasonable to expect that all of the 31 
radioactive material releases would be the bounding release.  That is, there would be a 32 
range of offsite radiological consequences below the bounding consequences. 33 

 34 
 The MOI doses from the postulated flammable gas accidents (i.e. deflagrations) and 35 

waste transfer leaks are not directly additive because the accidents occur at different 36 
locations within the tank farms. 37 

 38 
Based on the offsite radiological consequences calculated for the bounding flammable gas 39 
accident (i.e., deflagrations) and the bounding waste transfer leak, and the above additional 40 
factors for estimating cumulative consequences from possible multiple seismically-induced 41 
accidents, the consequences to the MOI at the Hanford Site boundary for the bounding 42 
unmitigated design basis earthquake is qualitatively judged to be < 25 rem total effective dose 43 
(TED) and to not challenge this guideline (i.e., the consequences are qualitatively judged to be 44 
< 5 rem). 45 
 46 
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3.4.2.4.4  Comparison to the Evaluation Guideline.  The offsite radiological consequences of 1 
the bounding natural event, a design basis earthquake, are qualitatively judged not to challenge 2 
the DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear 3 
Facility Documented Safety Analyses, Appendix A, Evaluation Guideline of 25 rem.   4 
 5 
3.4.2.4.5  Summary of Safety Structures, Systems, and Components and Technical Safety 6 
Requirement Controls.  Because the offsite radiological consequences of natural events do not 7 
challenge the 25 rem Evaluation Guideline, no safety-class structures, systems, and components 8 
(SSCs) are required and no assumptions of the analysis require technical safety requirement 9 
(TSR) coverage.   10 
 11 
3.4.2.4.6  References. 12 
 13 
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 19 
DOE-STD-1020-2002, 2002, Natural Phenomena Hazards Design and Evaluation Criteria for 20 

Department of Energy Facilities, U.S. Department of Energy, Washington, D.C. 21 
 22 
DOE-STD-1021-93, 2002, Natural Phenomena Hazards Performance Categorization Guidelines 23 

for Structures, Systems, and Components, U.S. Department of Energy, Washington, D.C. 24 
 25 
DOE-STD-1022-94, 2002, Natural Phenomena Hazards Site Characterization Criteria, Change 26 

Notice No. 1, U.S. Department of Energy, Washington, D.C. 27 
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No. 1, U.S. Department of Energy, Washington, D.C. 30 
 31 
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Table 3.4.2.4-1.  Offsite Radiological Consequences for Bounding Accidents 
Postulated to Result from a Design Basis Earthquake. 

Bounding accident MOI dose (TED) 

Flammable gas accident (SST/DST detonation) (see Section 3.4.2.1) 7 rem* 

Waste transfer leak (fine spray) (see Section 3.4.2.2) 0.71 rem 

Notes: 
*These are the consequences for the flammable gas detonation.  The flammable gas concentration required for a 

flammable gas detonation is at least twice the concentration for a flammable gas deflagration, and the frequency of a 
seismically-induced flammable gas detonation in an SST or DST is “beyond extremely unlikely” (see 
Section 3.4.2.1).  The offsite radiological consequences of a flammable gas deflagration are an order of magnitude 
lower than a flammable gas detonation based on the detonation source term (100 kg of respirable tank waste 
released to the atmosphere) versus the deflagration source term (< 10 kg – see RPP-13510). 

 
RPP-13510, 2013, Flammable Gas Technical Basis Document, Rev. 11, Washington River Protection Solutions 

LLC, Richland, Washington. 
 
 DST = double-shell tank. 
 MOI = maximally-exposed offsite individual. 
 SST = single-shell tank. 
 TED = total effective dose. 

 1 
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3.4.3 Beyond Design Basis Accidents 1 
 2 
As stated in DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor 3 
Nuclear Facility Documented Safety Analyses, “The Rule requires consideration of the need for 4 
analysis of accidents which may be beyond the design basis of the facility to provide a 5 
perspective of the residual risk associated with the operation of the facility.”  Beyond design 6 
basis accidents (DBA) serve as the bases for cost-benefit considerations if consequences exceed 7 
the evaluation guidelines.  Cost-benefit analysis, if required, is performed outside the 8 
documented safety analysis (DSA). 9 
 10 
As discussed below, considering the need for beyond DBA operational accidents and natural 11 
phenomenon events, it has been determined that no beyond DBA analysis is needed (per 12 
DOE-STD-3009-94, beyond DBAs are not evaluated for man-made external events). 13 
 14 
3.4.3.1  Operational Beyond Design Basis Accidents.  As discussed in DOE-STD-3009–94, 15 
operational beyond DBAs are simply those operational accidents with more severe conditions or 16 
equipment failures than are estimated for the corresponding DBA.  The operational accidents 17 
analyzed in Section 3.4.2 are flammable gas accidents and waste transfer leaks.  These accidents 18 
were analyzed in accordance with DOE-STD-3009-94, Appendix A, “Evaluation Guideline,” 19 
which, consistent with the guidelines for beyond DBA analyses, stipulates that there is no 20 
predetermined frequency cutoff for excluding low frequency operational accidents.  Accordingly, 21 
the accidents as analyzed in Section 3.4.2 already assume severe conditions and equipment 22 
failures.   23 
 24 
3.4.3.1.1  Flammable Gas Accidents.  The flammable gas accident analyzed in Section 3.4.2.1 25 
is a detonation in a single-shell tank (SST) or double-shell tank (DST) that results in a 7.0 rem 26 
offsite radiological consequence.  A detonation is the most severe flammable gas accident 27 
because it results in faster flame speeds than a deflagration and thus suspends the most tank 28 
waste.   29 
 30 
As analyzed in Section 3.4.2.1, the detonation is assumed to blow out the center portion of the 31 
dome resulting in a release of 63 L of respirable material.  Dome blow out is the most severe 32 
tank failure mode.  Other failure modes include: (1) pressure venting through the tank ventilation 33 
system and other dome penetrations, and (2) dome cracking and self-venting through the soil 34 
overburden.   35 
 36 
Based on the above considerations and the fact that the DBA consequence is less than the 25 rem 37 
Evaluation Guideline, it is concluded that a beyond DBA flammable gas accident analysis is not 38 
needed because the residual risk is low. 39 
 40 
3.4.3.1.2  Waste Transfer Leak.  The waste transfer leak analyzed in Section 3.4.2.2 is a fine 41 
spray leak that results in a 0.71 rem offsite radiological consequence.  A fine spray leak is the 42 
most severe waste transfer leak because it is considered a slow developing scenario and, 43 
therefore, is analyzed for 8 hr.  The large break leak, which involves larger leak rates that are 44 
readily identifiable, is only analyzed for 2 hr. 45 
 46 
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The fine spray leak analyzed in Section 3.4.2.2, assumes a crack length equal to the diameter of a 1 
typical waste transfer line (3 in.), and an optimal crack width selected to maximize the amount of 2 
fine waste aerosol spray produced by the leak.  Assuming either a larger or smaller crack width 3 
would result in reduced fine aerosol production and lower consequences.  The crack is assumed 4 
to occur approximately 1 m from the discharge of the waste transfer pump.  A bounding pump 5 
curve is used, and it is assumed that there is a blockage in the transfer line downstream of the 6 
crack location, so that the approximate deadhead pressure of the waste transfer pump exists at the 7 
leak location.  8 
 9 
Based on the above considerations, and the fact that the DBA consequence is a small fraction of 10 
the 25 rem Evaluation Guideline, it is concluded that a beyond DBA waste transfer leak analysis 11 
is not needed because the residual risk is low. 12 
 13 
3.4.3.2  Natural Event Beyond Design Basis Accidents.  As discussed in DOE-STD-3009–94, 14 
beyond DBA natural events are defined by the initiating frequency (i.e., a frequency of 15 
occurrence less than the DBA frequency of occurrence).  An earthquake is the natural event 16 
(i.e., natural phenomena hazard) with the highest potential for consequences at the tank farms 17 
because it can initiate multiple, concurrent accidents (e.g., flammable gas accidents, waste 18 
transfer leaks). 19 
 20 
For Hazard Category 2 tank farm facilities, which include the double-shell tanks (DSTs), SSTs, 21 
and their associated waste transfer systems (see Section 3.3.2.2), Performance Category 2 defines 22 
the design (i.e., evaluation) basis earthquake.  The less frequent, higher peak horizontal ground 23 
acceleration earthquakes corresponding to performance categories 3 and 4 are beyond DBA 24 
earthquakes. 25 
 26 
Because the damage to tank farm facilities and the resulting uncontrolled releases of radioactive 27 
material from an earthquake are uncertain, the analysis in Section 3.4.2.4 conservatively assumes 28 
multiple flammable gas accidents and waste transfer leaks.  Although higher magnitude 29 
earthquakes may result in higher releases of retained gas, the conclusion in Section 3.4.2.4 that 30 
the 25 rem Evaluation Guideline is not challenged is qualitatively judged to encompass not only 31 
the Performance Category 2 design basis earthquake, but also the beyond DBA Performance 32 
Category 3 and Performance Category 4 earthquakes.  Based on this, further analysis of beyond 33 
DBA natural events is not needed. 34 
 35 
3.4.3.3  References. 36 
 37 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 38 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 39 
Energy, Washington, D.C.

  

40 
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4.1-1 

4.0 SAFETY STRUCTURES, SYSTEMS, AND COMPONENTS 1 
 2 
 3 
 4 
4.1 INTRODUCTION 5 
  6 
This chapter provides details on those tank farm structures, systems, and components (SSC) and 7 
specific administrative controls (SAC) that are required to (1) prevent or mitigate radioactive or 8 
hazardous material exposure to the public or onsite worker, (2) protect facility workers from 9 
significant hazards, or (3) provide an important contribution to defense-in-depth.  (See Section 10 
3.3.1, “Methodology,” for nuclear safety control selection and classification methodology and 11 
criteria.)  The determination of which SSCs and administrative controls protect the public, onsite 12 
workers, facility workers, or provide an important contribution to defense-in-depth is 13 
documented in Chapter 3.0, “Hazard and Accident Analyses.” 14 
 15 
The scope of this chapter includes the following for safety SSCs. 16 
 17 

 Descriptions of safety SSCs, including safety function(s), the basic principles by which 18 
they perform their safety function(s), their boundaries, and required support systems. 19 

 20 
 System evaluations of safety SSCs that identify the functional/performance requirements 21 

necessary for the SSCs to perform their safety function(s).  The evaluations also identify 22 
and evaluate potential failure modes of the safety SSCs considering the conditions and 23 
events in which the safety function(s) must be met.  Potential failure modes considered in 24 
the evaluations include: 25 
 26 
- Loadings (normal, anticipated, and accident) considering operation, external events, 27 

and natural phenomena 28 
 29 

- Process conditions including normal, off-normal, and accident conditions 30 
 31 
- Environmental conditions including climatic conditions and postulated accident 32 

environments 33 
 34 
- Other failure modes 35 
 36 
- General aging (i.e., design or service life). 37 
 38 
In addition, the evaluations identify and evaluate interfaces whose failure could prevent 39 
the SSCs from performing their safety function(s).  The system evaluation satisfies 40 
U.S. Department of Energy (DOE) and Tank Operations Contractor (TOC) requirements 41 
to ensure the reliable performance of safety-significant SSCs to meet the safety 42 
function(s) determined from the hazard and accident analyses. 43 

 44 
 Identification of technical safety requirement (TSR) controls to ensure performance of 45 

the safety function(s). 46 
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The scope of this chapter includes the following for SACs: 1 
 2 

 Descriptions of SACs, including safety function(s), the basic principles by which they 3 
performs their safety function(s), their boundaries, and interface points with SSCs 4 
relevant to the safety function(s). 5 

 6 
 Evaluations of the SACs that identify the functional/performance requirements that are 7 

necessary for the SACs to perform their safety function(s).  In addition, the evaluation 8 
considers human performance factors to provide assurance that operators can adequately 9 
perform their required tasks, including: 10 
 11 
- The adequacy of the description of the task in facility procedures 12 

 13 
- The level of difficulty of the task 14 

 15 
- The design of the equipment and feedback, e.g., indicators and alarms 16 

 17 
- The time available to do the task or recover from an error 18 

 19 
- The stress levels induced by the external environment, e.g., noise, heat, light, and 20 

protective clothing worn. 21 
 22 

 Identification of TSR controls to ensure performance of the safety function(s). 23 
 24 
Note: The figures provided in this chapter have been included to aid the reader in visualizing 25 

information that is presented in the text.  These sketches should not be considered design 26 
drawings, and they must not be used to make engineering modifications to any SSCs 27 
depicted.  Facility modifications are approved in accordance with detailed design 28 
information found in established procedures, configuration-controlled drawings, and 29 
vendor information. 30 

 31 
 32 
 33 
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4.2 REQUIREMENTS 1 
 2 
Standards, regulations, and DOE Orders required for establishing the facility safety basis specific 3 
to this chapter and pertinent to the safety analysis include the following: 4 
 5 

 Title 10, Code of Federal Regulations, Part 830 (10 CFR 830), “Nuclear Safety 6 
Management” 7 

 8 
 DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety 9 

Analyses to Meet Subpart B of 10 CFR 830 10 
 11 

 DOE-STD-1186-2004, Specific Administrative Controls 12 
 13 

 DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor 14 
Nuclear Facility Documented Safety Analyses 15 

 16 
Where applicable, specific design codes, standards, and regulations for a safety SSC that relate 17 
directly to the safety function of that safety SSC have been identified and are provided in the 18 
respective system description section in this chapter. 19 
 20 
4.2.1 References 21 
 22 
10 CFR 830, “Nuclear Safety Management,” Office of the Federal Register (FR 1810, Vol. 66, 23 

No. 7) January 10, 2001. 24 
 25 
DOE G 421.1-2, 2001, Implementation Guide for Use in Developing Documented Safety 26 

Analyses to Meet Subpart B of 10 CFR 830, U.S. Department of Energy, Washington 27 
D.C. 28 

 29 
DOE-STD-1186-2004, 2004, Specific Administrative Controls, U.S. Department of Energy, 30 

Washington, D.C. 31 
 32 
DOE-STD-3009-94, 2006, Preparation Guide for U.S. Department of Energy Nonreactor 33 

Nuclear Facility Documented Safety Analyses, Change Notice No. 3, U.S. Department of 34 
Energy, Washington, D.C. 35 

36 
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4.3 SAFETY-CLASS STRUCTURES, SYSTEMS, AND COMPONENTS 1 
 2 
There are no safety-class SSCs identified for tank farm operations in this documented safety 3 
analysis (DSA). 4 
  5 
 6 

7 
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4.4 SAFETY-SIGNIFICANT STRUCTURES, 1 
SYSTEMS, AND COMPONENTS 2 

 3 
 4 
4.4.1 Waste Transfer Primary Piping Systems  5 
 6 
Waste transfer primary piping systems are identified as safety-significant SSCs for the waste 7 
transfer leak accident (Section 3.3.2.4.3), the release from contaminated facility (flammable gas 8 
deflagration in a waste transfer-associated structure) accident (Section 3.3.2.4.4), and the air 9 
blow (waste release during pneumatic testing of waste transfer primary piping system 10 
encasements) accident (Section 3.3.2.4.5).  Hose-in-hose transfer line (HIHTL) systems are 11 
separately addressed in Section 4.4.2.  Isolation valves for double valve isolation with respect to 12 
their safety function to limit leakage of waste (through valve leakage) are separately addressed in 13 
Section 4.4.3. 14 
 15 
Note: Waste transfer systems may exist in tank farms that are not safety significant.  The 16 

requirements established in this section only apply to waste transfer primary piping 17 
systems that are (1) physically connected to an active waste transfer pump not under 18 
administrative lock, or (2) physically connected to the 242-A Evaporator vessel when the 19 
vessel contains waste.  (See Section 3.3.2.4.3.5 for definitions of physically connected 20 
and when the 242-A Evaporator vessel contains waste.)  The waste transfer primary 21 
piping systems installed for waste transfers to the Waste Treatment Plant (WTP) 22 
(i.e., SN-637, SN-700, and SN-701) are also designated safety significant.  Waste transfer 23 
primary piping systems for emergency pumping of a double-shell tank (DST) annulus are 24 
not required to be safety significant since the piping is used for accident response and not 25 
for normal operation. 26 

 27 
4.4.1.1 Safety Function(s).  The safety function of waste transfer primary piping systems is to 28 
provide confinement of waste.  Providing confinement of waste decreases the frequency of a fine 29 
spray leak.  Providing confinement of waste also decreases the frequency of a waste release 30 
during pneumatic testing of waste transfer primary piping system encasements.  In addition, 31 
providing confinement of waste protects the facility worker from a wetting spray/jet/stream leak, 32 
from a flammable gas deflagration in a DST annulus due to a misroute, and from a flammable 33 
gas deflagration in a waste transfer-associated structure due to a waste transfer leak. 34 
 35 
4.4.1.2 System Description.  Waste transfer primary piping systems that provide the primary 36 
confinement boundary for waste include: 37 
 38 

 Piping 39 
 40 
 Jumpers (e.g., rigid jumpers; flexible metal hose jumpers; flexible non-metallic hoses, 41 

including extended reach sluicer system [ERSS] process hoses), including connecting 42 
hardware (e.g., plutonium-uranium extraction [PUREX] nozzles and heads, Chemjoints, 43 
process blank/nozzle connections, blind flange/piping connections, Hiltap1 coupling44 

                                                 
1 Hiltap is a registered trademark of Hiltap Fittings, Ltd., Calgary, Alberta, Canada. 
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assemblies) 1 
 2 

 Valves 3 
 4 

 Pressure relieving devices (e.g., pressure relief valves, rupture disk holders, buckling pin 5 
relief valves), including their inlet, interconnecting, and discharge piping 6 

 7 
 Instrumentation (e.g., pressure, flow, temperature) 8 

 9 
 Pumps 10 

  11 
 The mobile arm retrieval system (MARS) rotary union  12 

 13 
 Other miscellaneous equipment (e.g., sluicers, slurry distributors, drop legs).  14 

 15 
Primary piping is typically 2-in. or 3-in. diameter, schedule 40, carbon or stainless steel pipe.  16 
The transfer lines from the 222-S Laboratory (SNL-5350 and SNL-5351) are constructed of a 17 
fiberglass-filled composite material.  Jumpers are a removable/reconfigurable assembly of 18 
piping, tubing, hose, and components installed within waste transfer-associated structures to 19 
connect transfer lines and tank equipment.  Rigid jumpers are made of schedule 40, carbon or 20 
stainless steel pipe.  Flexible jumpers are made of carbon or stainless steel flexible hose with 21 
braided jacket; or high-strength, wire-reinforced, ethylene-propylene-diene monomer (EPDM) 22 
hose.  Waste transfer primary piping system connections (e.g., jumper connections) in waste 23 
transfer-associated structures are typically PUREX nozzles.  The jumper configurations typically 24 
have a PUREX head connector at the end to interface with the structure nozzle.  Chemjoints and 25 
other connectors are also used for waste transfer primary piping system connections.  Process 26 
blanks are PUREX head connectors without the flow path and are typically connected to the 27 
structure nozzle.  Blind flanges are bolted to a flange on the primary piping.  These are additional 28 
types of waste transfer primary piping system connections.  Two-way and three-way valves are 29 
included in the primary piping systems to change transfer routes without repositioning jumpers 30 
and to isolate transfer lines.  Pressure relieving devices may be included as part of the waste 31 
transfer primary piping systems.  Transfer-related process instrumentation that provides the 32 
primary confinement boundary for waste include volume and mass flow meters, pressure gauges, 33 
and temperature monitors.  Transfer pumps are used to provide the motive force for moving 34 
waste through the primary piping.  The gravity head of waste in the 242-A Evaporator vessel 35 
C-A-1 also provides the motive force for waste transfers from the 242-A Evaporator.  The 36 
MARS rotary union allows rotation of the arm.  Recycled supernatant from the DST, slurry from 37 
the retrieval single-shell tank (SST), and any discharge through the slurry pump pressure relief 38 
valve for the SST 241-C-107 MARS, pass through the rotary union.  The pressure boundary of 39 
these waste carrying flow paths includes seals that prevent leakage from the rotary union into the 40 
MARS containment box.  Other miscellaneous equipment that may provide the primary 41 
confinement boundary for waste includes sluicers, slurry distributors, drop legs, etc. 42 
 43 
For waste transfers to and from the 242-A Evaporator, the primary piping systems include the 44 
waste feed transfer lines from the 241-AW Tank Farm to the 242-A Evaporator (SN-269 and 45 
SN-270) and the waste slurry lines from the 242-A Evaporator to the 241-AW Tank Farm 46 
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(SL-167 and SL-168).  The safety-significant primary piping systems also include the 10-in. 1 
drain lines DR-334 and DR-335.  Waste in the 242-A Evaporator pump room sump is transferred 2 
to the 241-AW Tank Farm by steam jet pump J-B-1 through DR-334.  (Note:  Because the 3-in. 3 
drain line DR-338 connects to DR-334, it is also a safety-significant waste transfer primary 4 
piping system.)  DR-335 drains the 242-A Evaporator vessel C-A-1 back to the 241-AW Tank 5 
Farm. 6 
  7 
Additional description of waste transfer primary piping systems is provided in RPP-RPT-42297, 8 
Safety-Significant Waste Transfer Primary Piping Systems – Functions and Requirements 9 
Evaluation Document. 10 
 11 
Boundaries – The boundary of safety-significant waste transfer primary piping systems is at the 12 
interface with the DST or SST riser.  That is, primary piping systems within a DST or SST, 13 
including within the tank risers, are not designated safety significant because waste leaks are 14 
contained within the DST or SST.  The boundary of safety-significant waste transfer primary 15 
piping systems for waste transfers to and from the 242-A Evaporator is at the exterior wall of the 16 
242-A Evaporator Building.  For the two waste transfer lines from the 222-S Laboratory 17 
(SNL-5350 and SNL-5351), the boundary of the safety-significant waste transfer primary piping 18 
systems is at the exterior wall of the 219-S Building.  The safety-significant boundary of the 19 
waste transfer primary piping systems for waste transfers to the WTP is at the current 20 
termination point to WTP.  (Note:  Where HIHTL systems interface with waste transfer primary 21 
piping systems, the boundary is at the breakpoint of the connecting hardware.) 22 
 23 
In addition, the boundary of safety-significant waste transfer primary piping systems includes the 24 
primary piping on the planned waste transfer route and physically connected piping systems.  25 
Physically connected piping systems include other primary piping systems and water systems 26 
that interface with primary piping systems (e.g., service water systems, raw water systems).     27 
 28 
There are the following exceptions where physically connected piping is not required to be safety 29 
significant. 30 
 31 

 Sump pump systems in: 32 
 33 

- SST retrieval system aboveground manifold boxes 34 
 35 
- SST retrieval system waste transfer-associated structures that transfer waste 36 

directly back to the underlying tank 37 
 38 
- The RCSTS Diversion Box 6241-A and Vent Station 6241-V 39 
 40 
- The siphon standpipe stations SNL-5350 and SNL-5351. 41 
 42 

For the sump pump systems in SST retrieval system aboveground manifold boxes and the 43 
RCSTS Diversion Box 6241-A and the RCSTS Vent Station 6241-V, the boundary of the 44 
safety-significant waste transfer primary piping system only extends to the downstream45 
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side of the second isolation valve that isolates the waste transfer primary piping system 1 
from the sump pump system.2 2 

 3 
 The vent line on the primary piping in the RCSTS Vent Station 6241-V.  For the vent line 4 

in the RCSTS Vent Station 6241-V, the boundary of the safety-significant waste transfer 5 
primary piping system only extends to the downstream side of the second isolation valve 6 
that isolates the waste transfer primary piping system from the vent line.3 7 

 8 
The basis for these exceptions is provided in Section 3.3.2.4.3. 9 
 10 
Except for waste transfer pump components outside the tank riser, waste transfer pumps are 11 
located within an SST or DST (or within the 222-S Laboratory or 242-A Evaporator) and are not 12 
safety significant.  (Note:  The two RCSTS slurry line [SLL-3160] booster pumps located in 13 
Diversion Box 6241-A are inactive [i.e., the slurry line is not authorized for waste transfers], and 14 
sump pump systems are not required to be safety significant [see above].)  The only waste 15 
transfer pump components that are safety significant are those outside the tank riser that provide 16 
the primary confinement boundary for waste transfers (i.e., pump discharge components 17 
including hoses).  For waste transfer pumps where the pump motor is in the pump pit above the 18 
tank, the shaft seal system located outside the tank riser is not designated safety significant.  The 19 
basis for this is provided in Section 3.3.2.4.3.  Piping systems that extend outside of the tank riser 20 
and that are physically connected to waste transfer pumps within an SST or DST (e.g., water 21 
dilution line) are safety-significant waste transfer primary piping systems. 22 
 23 
Support Systems – ERSS hydraulic system pressure reducing devices are required to protect 24 
ERSS process hoses from excessive tensile forces and, therefore, are designated safety 25 
significant (see Section 4.4.4). 26 
 27 
The mobile arm retrieval system - vacuum (MARS-V) waste accumulator tank (WAT) waste 28 
high temperature control system is required to protect waste transfer primary piping systems 29 
from high waste temperatures and, therefore, is designated safety significant (see Section 4.4.12). 30 
 31 
There are no other safety-significant support systems specifically identified for waste transfer 32 
primary piping systems, but additional safety-significant support systems may be identified by: 33 
 34 

 The SAC Waste Transfer System Overpressure and Flow Transient Protection to prevent 35 
damage to waste transfer primary piping systems due to waste transfer pump 36 
overpressure and flow transients (water hammer) during waste transfers,  37 
 38 

 The SAC Waste Transfer System Freeze Protection to prevent damage to waste transfer 39 
primary piping systems due to freezing,  40 

                                                 
2 The isolation valves that isolate the sump pump systems in SST retrieval system aboveground manifold boxes are 
safety significant.  The isolation valves that isolate the sump pump systems in RCSTS Diversion Box 6241-A and 
Vent Station 6241-V are not safety significant (see Section 3.3.2.4.3).  
3 The isolation valves that isolate the vent line in the RCSTS Vent Station 6241-V are not safety significant (see 
Section 3.3.2.4.3).   
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 The SAC Waste Transfer System Freeze Protection for 241-C-107 MARS Containment 1 
Box and Transition Shield Box, and  2 
 3 

 The SAC SST 241-C-105 Waste Transfer System Freeze Protection Using Automated 4 
Temperature Monitoring Systems (ATMS). 5 

 6 
See the failure mode evaluation in Section 4.4.1.4.3. 7 
 8 
4.4.1.3 Functional Requirements.  The functional requirement of waste transfer primary 9 
piping systems is to prevent leaks.  MARS rotary union leakage and waste transfer valve stem 10 
leakage, however, are anticipated conditions and are allowed because (1) there is no public, 11 
onsite worker, or significant facility worker hazard directly resulting from these waste releases 12 
(see Section 3.3.2.4.3), and (2) the potential flammable gas hazard to facility workers is 13 
prevented by the waste transfer primary piping system in-service inspection/test to verify that 14 
waste does not accumulate in waste transfer-associated structures (see Section 4.4.1.5).  15 
Although allowed by the Safety Basis, environmental requirements (i.e., 40 CFR 265.196, 16 
“Response to leaks or spills and disposition of leaking or unfit-for-use tank systems”) may not 17 
allow MARS rotary union leakage or waste transfer valve stem leakage, if identified.  (Note:  18 
Although the functional requirement allows MARS rotary union leakage and waste transfer valve 19 
stem leakage, the qualification of grandfathered systems [see Section 4.4.1.4.1.1] or testing of 20 
non-grandfathered systems [see Section 4.4.1.4.1.2] require no detectable leakage.) 21 
 22 
The conditions for which this functional requirement is met are indicated in Table 4.4.1-1 (see 23 
the “Condition addressed by SSC design” column). 24 
 25 
There are no other functional/performance requirements derived from the hazard and accident 26 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 27 
system evaluation of waste transfer primary piping systems (see Section 4.4.1.4). 28 
 29 
4.4.1.4 System Evaluation.  The system evaluation of waste transfer primary piping systems is 30 
documented in RPP-RPT-42297.  The evaluation identifies the requirements necessary for the 31 
waste transfer primary piping systems to perform their safety function.  The evaluation also 32 
identifies and evaluates potential failure modes of the waste transfer primary piping systems 33 
considering the conditions and events in which the safety function must be met.  In addition, the 34 
evaluation identifies and evaluates support systems whose function is required for waste transfer 35 
primary piping systems to perform their safety function and interfaces whose failure could 36 
prevent the waste transfer primary piping systems from performing their safety function.  The 37 
system evaluation satisfies DOE and TOC requirements to ensure the reliable performance of 38 
safety-significant SSCs to meet the safety function(s) determined from the hazard and accident 39 
analyses. 40 
 41 
4.4.1.4.1 Primary Confinement. The primary functional/performance requirement is that the 42 
waste transfer primary piping system does not leak.  Compliance with this requirement is 43 
demonstrated differently depending on whether the waste transfer primary piping system is a 44 
grandfathered system or a non-grandfathered system.  (Note:  The compliance requirements for 45 
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non-grandfathered systems may be used for grandfathered systems, but the compliance 1 
requirements used for grandfathered systems may not be used for non-grandfathered systems.) 2 
 3 
Grandfathered waste transfer primary piping systems include retrieval systems for SSTs 4 
241-C-104, 241-C-108, 241-C-109, and 241-C-110; and DST waste transfer systems installed 5 
prior to October 1, 2008.  These SST retrieval systems are grandfathered because their design 6 
has either been initiated or is complete.  (Note:  Grandfathered SST retrieval systems are also 7 
grandfathered if used for subsequent SST retrievals [e.g., primary piping systems within 8 
aboveground manifold boxes].)  Non-grandfathered waste transfer primary piping systems 9 
include SST retrieval systems, except for the grandfathered 241-C-104, 241-C-108, 241-C-109, 10 
and 241-C-110 retrieval systems, and DST systems installed after October 1, 2008.  (Note:  11 
Grandfathered jumpers and process blanks that are removed and re-installed or repositioned 12 
within waste transfer-associated structures after October 1, 2008, remain grandfathered.)  13 
Replacement pressure boundary parts (e.g., gaskets) for grandfathered systems must meet the 14 
compliance requirements of non-grandfathered systems. 15 
 16 
4.4.1.4.1.1 Grandfathered Systems.  Grandfathered waste transfer primary piping systems 17 
shall meet the requirements of 40 CFR 265.191, “Assessment of existing tank system’s 18 
integrity,” or 40 CFR 265.192, “Design and installation of new tank systems or components” 19 
(i.e., system integrity assessment and independent qualified registered professional engineer 20 
[IQRPE] certification).  The 40 CFR 265.191/.192 regulations apply to the tank farms (i.e., 21 
DSTs, SSTs, and ancillary equipment, including waste transfer primary piping systems).  For 22 
existing tank systems, 40 CFR 265.191 requires a written assessment, reviewed and certified by 23 
an IQRPE, that attests to the tank system’s integrity.  For new tank systems, 40 CFR 265.192 24 
requires a written assessment, reviewed and certified by an IQRPE, attesting that the tank system 25 
has sufficient structural integrity and is acceptable for storing waste.  These system integrity 26 
assessments of waste transfer primary piping systems, defined as existing and new systems, are 27 
required to address the following.   28 
 29 

 Design standard(s) according to which the system was/is constructed. 30 
 31 

 Dangerous characteristics of the waste that have been and/or will be handled. 32 
 33 

 Documented age of the existing system. 34 
 35 

 Results of a leak test, internal inspection, or other integrity examination certified by an 36 
IQRPE that addresses cracks, leaks, corrosion, and erosion.  (Note:  Although the 37 
functional requirement of waste transfer primary piping systems allows waste transfer 38 
valve stem leakage [see Section 4.4.1.3], the acceptance criteria for leak tests, internal 39 
inspections, and other integrity examinations is no detectable leakage.) 40 

 41 
A schedule is also required for conducting integrity assessments over the life of the system to 42 
ensure that the system retains its structural integrity and will not collapse, rupture, or fail 43 
(TFC-ESHQ-ENV-PP-C-11, Independent Qualified Registered Professional Engineer 44 
Assessment Process).  The schedule is based on the results of past integrity assessments, age of 45 
the system, materials of construction, characteristics of the waste, and any other relevant factors.  46 
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(Note:  Additional integrity assessments are not required for SST retrieval systems because of 1 
their short or limited service lives.) 2 
 3 
The system integrity assessments and IQRPE certifications for grandfathered existing DST waste 4 
transfer primary piping systems are documented in the following.4 5 
 6 

 HNF-4737, Consolidation of Integrity Assessment Reports for Project W-087, 1-E-2 Hot 7 
Cell (Project W-251), and Room 1J and 1K Upgrades. 8 
 9 

 RPP-28538, Volume 1: IQRPE Double-Shell Tank System Integrity Assessment Report 10 
HFFCO M-48-14. 11 
 12 

 RPP-27591, Volume 2:  IQRPE DST System Integrity Assessment – Pipeline Integrity.5,6 13 
 14 

 RPP-45569, AW-B Rigid Jumper A-D Independent Integrity Assessment Report. 15 
 16 

 RPP-46637, AY-02A Pump and Jumpers Independent Integrity Assessment Report. 17 
 18 

 RPP-RPT-50836, Project W-566 AZ-102 Jumper and Pump Integrity Assessment Report. 19 
 20 

The system integrity assessments and IQRPE certifications for grandfathered SST retrieval 21 
systems are documented in the following.7 22 
 23 

 RPP-RPT-42938, Integrity Assessments for 241-C-104 Waste Retrieval Project. 24 
 25 

 RPP-RPT-52721, Integrity Assessments for C-104 Hard Heel Removal Waste Retrieval 26 
Project.  27 
 28 

                                                 
4 Note:  The system integrity assessments and IQRPE certifications were performed to meet Washington 
Administrative Code (WAC) 173-303-640, “Tank Systems,” Paragraph (2) for existing tank systems, but the 
WAC 173-303-640 Paragraph (2) requirements for system integrity assessments are derived from the requirements 
in 40 CFR 265.191. 
5 There are DST transfer lines that are not approved for use until the transfer line encasements are pneumatically 
tested (see RPP-16922, Environmental Specifications Requirements, Table 5-4, “Calibration and Functional 
Testing”).  There is one DST transfer line (SY transfer line SL-178) that has been granted a variance from the 
secondary containment standards because the encasement does not penetrate the wall of waste transfer-associated 
structures.  As a condition of the variance, this transfer line must be hydraulically leak tested annually or prior to use 
if the line will be used less often than once a year.  (See RPP-16922, Table 5-4.)  Because for these DST transfer 
lines there are no issues involving primary piping system integrity, the primary piping systems may be designated 
safety significant prior to pneumatic testing of the encasements or without the hydraulic testing required by the 
secondary containment variance. 
6 In addition to conclusions on whether waste transfer primary piping systems meet the requirements of 
40 CFR 265.191/.192, the DST system integrity assessment includes recommendations to ensure or extend the life 
of primary piping systems, or to better predict the life of primary piping systems.  These recommendations have 
been or are being addressed by the TOC DST Life Extension/Integrity Project.  
7 Note:  The system integrity assessments and IQRPE certifications were performed to meet WAC 173-303-640, 
“Tank Systems,” Paragraph (3) for new tank systems, but the WAC 173-303-640 Paragraph (3) requirements for 
system integrity assessments are derived from the requirements in 40 CFR 265.192. 
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 RPP-RPT-32094, Integrity Assessments for 241-C-108 Waste Retrieval Project. 1 
 2 

 RPP-RPT-51111, Integrity Assessments for C-108 Hard Heel Removal Waste Retrieval 3 
Project. 4 
 5 

 RPP-RPT-34052, Integrity Assessments for 241-C-109 Waste Retrieval Project. 6 
 7 

 RPP-RPT-38997, Integrity Assessments for 241-C-110 Waste Retrieval Project 8 
 9 
These system integrity assessments and the additional assessments required over the life of the 10 
systems (see Section 4.4.1.4.4) ensure the safety function of the primary piping systems.   11 
 12 
Non-Grandfathered Systems.  The primary functional/performance requirement that non-13 
grandfathered primary piping systems do not leak is demonstrated by successfully passing leak 14 
testing performed in accordance with the requirements of American Society of Mechanical 15 
Engineers (ASME) B31.3, Process Piping, for normal fluid service.  Flexible  16 
non-metallic hoses comply with this requirement by successfully passing (1) a prototypic 17 
pressure-temperature testing of samples from each hose assembly variation (i.e., hose 18 
composition, construction, and method of attaching end fittings), (2) burst pressure and 19 
steady-state pressure-temperature testing of samples from each hose lot, and (3) proof pressure 20 
testing all finished production primary hose assemblies in accordance with the requirements of 21 
ASTM D380-94, Standard Test Methods for Rubber Hose, and RMA-IP-2, Hose Handbook.  For 22 
the MARS rotary union, successfully passing simulant testing of seal durability under slurry 23 
conditions demonstrates compliance with this requirement.  Rotary union simulant testing uses a 24 
test unit constructed of the same or bounding materials and geometrical proportions and test 25 
conditions that represent the process conditions (i.e., number of rotation cycles, fluid simulating 26 
tank waste, pressure, and temperature).  (Note:  Although the functional requirement of waste 27 
transfer primary piping systems allows MARS rotary union leakage and waste transfer valve 28 
stem leakage [see Section 4.4.1.3], the acceptance criteria for leak testing, the testing of flexible 29 
non-metallic hoses, and the MARS rotary union simulant test is no detectable leakage.) 30 
 31 
Non-grandfathered primary piping systems are designed to perform the safety function of 32 
providing confinement of waste for the required process and environmental conditions.  The 33 
non-grandfathered primary piping systems are designed to not leak under process (waste) 34 
pressure-temperature conditions.  The design pressures and temperatures of  35 
non-grandfathered primary piping systems have been established by meeting the requirements of 36 
ASME B31.3, Section 302, “Design Criteria.”  37 
 38 
The non-grandfathered primary piping systems have been designed to address compatibility 39 
issues associated with the chemical characteristics of the waste and exposure to radiation.  40 
RPP-RPT-42297 demonstrates compliance with this functional/performance requirement.  The 41 
primary design requirements for non-grandfathered primary piping systems are that flexible  42 
non-metallic hoses are constructed of EPDM with reinforcement materials fully encapsulated, 43 
and metallic piping and connectors are constructed of carbon steel, stainless steel, or Hastelloy.8  44 

                                                 
8 Hastelloy is a registered trademark of Haynes International, Inc., Kokomo, Indiana.   
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Non-metallic components including gaskets and seals are constructed of materials that have been 1 
evaluated for compatibility with waste as described in TFC-ENG-STD-34, Standard for the 2 
Selection of Non-Metallic Materials in Contact with Tank Waste. 3 
 4 
ERSS process hoses are also designed not to fail (i.e., not leak) when subjected to the potential 5 
forces that could be applied on the hose by the hydraulic cylinders that extend and retract the 6 
sluicer boom and the hydraulic motor that controls the hose reel (i.e., forces that pull on the 7 
hose).  (See Section 2.5.2.4 for a description of the ERSS.)  The design requirement for the 8 
ERSS process hoses is the burst pressure at the maximum tensile load and design temperature.  9 
The burst pressure at the maximum tensile load and design temperature is demonstrated by 10 
testing.  In accordance with RMA-IP-2, the burst pressure must be at least four times the design 11 
(working) pressure.  The ERSS hydraulic power unit (HPU) assembly hydraulic pressure to the 12 
hydraulic cylinders that extend and retract the sluicer boom and the hydraulic motor that controls 13 
the hose reel is limited by the ERSS hydraulic system pressure reducing devices (see  14 
Section 4.4.4). 15 
  16 
4.4.1.4.2 Waste Transfer Primary Piping System Connection Leak Testing.  Operating 17 
experience has shown that waste leaks at waste transfer primary piping system (jumper) 18 
connections have occurred from changing jumpers to support waste transfers.  To address the 19 
potential for waste transfer primary piping system connection leaks, leak testing of newly 20 
installed or repositioned jumper and other waste transfer primary piping connections 21 
(e.g., PUREX head/nozzle connections, Chemjoint connections, process blank/nozzle 22 
connections) is required.  (Note:  Connections that are leak tested during fabrication or 23 
installation [e.g., system hydrostatic leak test] do not require additional connection leak testing 24 
unless the connection is unmade and remade.) 25 
 26 
Leak testing of the waste transfer primary piping connections shall be performed by visual 27 
observation.  The connection leak testing shall be performed with water at the interfacing water 28 
system pressure except when (a) there is no waste transfer system valve downstream of the 29 
connection, or (b) closing the valve with water flowing causes a flow transient (water hammer) 30 
that could damage safety-significant waste transfer system SSCs.  For this leak test, the 31 
interfacing water system pressure is maintained at the connection for at least 10 min.  If there is 32 
no valve downstream of the connection or closing the valve causes an unacceptable water 33 
hammer, leak testing is allowed with water flowing through the connection.  This leak test 34 
requires a minimum water flow of 200 gal through the connection after flow is established in the 35 
line.  If leak testing with water is not practical (i.e., no available water source), leak testing may 36 
be performed at the beginning of the initial waste transfer through the connection.  This leak test 37 
also requires a minimum waste flow of 200 gal through the connection after flow is established 38 
in the line. 39 
 40 
Leakage observed at the waste transfer primary piping system connections during the leak test 41 
shall be eliminated.  Subsequent leak testing of waste transfer primary piping system connections 42 
is not required unless the connection is unmade and remade (e.g., the jumper is disconnected and 43 
re-installed or repositioned). 44 
 45 
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The intent of the waste transfer primary piping system connection leak tests is to detect leakage 1 
from a misaligned or disconnected piping system connection.  The tests are not required by 2 
applicable codes and are not required to verify leak tightness at operating or design pressures 3 
because the waste transfer primary piping systems are not designed for such in-service tests (e.g., 4 
absence of required valves, limited interfacing water system pressure).  That is, leak testing 5 
performed at the interfacing water systems pressure, if possible, or by routing water (or waste) 6 
through the connection while visually observing for leaks is acceptable.  Acceptable methods for 7 
visual observation to verify no connection leakage are direct visual observation or visual 8 
observation using cameras or borescopes. 9 
 10 
The above leak testing is required only for connections on the planned waste transfer route.  The 11 
planned waste transfer route includes the waste transfer primary piping systems that are 12 
pressurized by the waste transfer pump (or gravity head from the 242-A Evaporator vessel when 13 
the vessel contains waste) up to the first closed isolation valve.  The isolation valve is not 14 
required to be safety significant with respect to through valve leakage.  In addition, leak testing 15 
of connections in piping systems on the discharge side of pressure relieving devices cannot be 16 
performed and, therefore, leak testing of these connections is not required.  The limited risk of 17 
waste leaks in connections that are physically connected to, but not on the direct route (i.e., leaks 18 
through a closed valve and the connection), and leaks in the discharge piping of pressure 19 
relieving devices, is addressed by the administrative control (AC) Key Element Waste 20 
Transfer-Associated Structure Cover Installation and Door Closure (see Section 5.5.3.3), the  21 
in-service inspection/test of waste transfer primary piping systems to verify that waste does not 22 
accumulate in waste transfer-associated structures (see Section 4.4.1.5), and other  23 
defense-in-depth features (e.g., transfer leak detection and alarm response) described in  24 
Section 3.3.2.3.2. 25 
 26 
4.4.1.4.3 Failure Mode Evaluation.  RPP-RPT-42297 reviewed and evaluated waste transfer 27 
primary piping systems (both grandfathered and non-grandfathered) for potential failure modes 28 
that could impact the ability to meet the safety function.  The evaluation results are summarized 29 
in Table 4.4.1-1.  Where the waste transfer primary piping systems are not designed to withstand 30 
the cause of the identified failure mode, the risk of the resulting hazard is low, the damage/failure 31 
is readily detected, safety-significant support systems or SACs are required, or defense-in-depth 32 
features (see Section 3.3.2.3.2) are provided.  The results of the evaluation are summarized 33 
below. 34 
 35 

 Damage to waste transfer primary piping systems from readily detected events 36 
(i.e., seismic events, undermining from failed water lines, vehicle accidents, load 37 
handling accidents, blast effects/missiles from propane/liquefied petroleum gas [LPG] 38 
tank explosions, fires, and impacts/damage from excavation activities) during waste 39 
transfers will result in prompt shutdown of the waste transfer if a waste leak is detected.  40 
Operations may also shutdown the waste transfer if the damage is determined to be 41 
significant enough to prevent the waste transfer primary piping systems from meeting 42 
their safety function.  In addition, these readily detected events will result in an 43 
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inspection, an evaluation of fitness for service,9 if required, and the necessary 1 
testing/repair/replacement prior to returning the waste transfer primary piping systems to 2 
operation.  (Note:  There are defense-in-depth features to address some of these initiators.  3 
For example, the emergency preparedness program for seismic events and undermining 4 
due to failed water lines; requirements for vehicle barriers or vehicle restrictions and 5 
spotters to prevent vehicle accidents; the hoisting and rigging program to prevent load 6 
handling accidents; the fire protection requirements to address explosions and fires; and 7 
the excavation program and pre-transfer excavation walkdowns to prevent or detect 8 
damage from excavation activities.) 9 
 10 
Note: The U.S. Department of Energy, Office of River Protection (ORP) directed that a 11 

TSR Administrative Control (AC) Key Element be established that requires 12 
stopping waste transfers and evacuating personnel from the tank farms following 13 
a detected seismic event, and terminating waste transfers in response to identified 14 
off normal events that fail waste transfer system components (i.e., cause a waste 15 
transfer leak).  See Section 5.5.3.6. 16 

 17 
 Damage to waste transfer primary piping systems from readily detected events 18 

(i.e., seismic events, undermining from failed water lines, vehicle accidents, load 19 
handling accidents, blast effects/missiles from propane/LPG tank explosions, fires, and 20 
impacts/damage from excavation activities) when waste transfers are not occurring will 21 
result in an inspection, an evaluation of fitness for service, if required, and the necessary 22 
testing/repair/replacement prior to operation.  (See also the note in the bullet above.)  23 

  24 
 For the following causes of damage to waste transfer primary piping systems that may 25 

occur during a transfer, that are not readily detectable, and could result in a waste leak, a 26 
safety-significant support SSC or SAC was identified to control the risk of these potential 27 
failure modes. 28 

 29 
 Damage due to overpressure and flow transients:  SAC Waste Transfer System 30 

Overpressure and Flow Transient Protection (see Section 4.5.7) is required to 31 
prevent damage due to waste transfer pump overpressure and flow transients 32 
(water hammer). 33 
 34 

 Damage due to high waste temperature:  The MARS-V WAT waste high 35 
temperature control system (see Section 4.4.12) is required to prevent damage due 36 
to high temperature waste transferred from the MARS-V WAT.  37 
 38 

 Damage due to freezing:  SAC Waste Transfer System Freeze Protection (see 39 
Section 4.5.11), SAC Waste Transfer System Freeze Protection for SST  40 
241-C-107 MARS Containment Box and Transition Shield Box (see  41 
Section 4.5.12), and SAC SST 241-C-105 Waste Transfer System Freeze 42 
Protection Using ATMS (see Section 4.5.13) are required to prevent damage due 43 

                                                 
9 Fitness-for-service evaluations are performed in accordance with TFC-ENG-STD-42, Tank Farm Waste Transfer 
Fitness-for-Service Evaluation. 
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to freezing.  An exception is flexible non-metallic hoses, including their hose 1 
barbs and Chemjoint connectors, where freezing is not a credible failure mode 2 
(i.e., freezing would not cause loss of the safety function to provide confinement 3 
of waste). 4 

 5 
 For the following cause of damage to waste transfer primary piping systems that may 6 

occur during a transfer, that is not readily detectable, and could exceed code 7 
allowances,10 but would not result in a waste leak, a defense-in-depth feature was 8 
identified and determined to acceptably control the risk of this potential failure mode. 9 

 10 
 Damage due to overpressure and flow transients:  Waste transfer system 11 

overpressure and flow transient defense-in-depth features addresses potential 12 
damage (i.e., exceeding code allowances) due to waste transfer pump 13 
overpressure and flow transients (water hammer). 14 
 15 

 For the following causes of damage to waste transfer primary piping systems when waste 16 
transfers are not occurring, and that may not be readily detected, defense-in-depth 17 
features were identified and determined to acceptably control the risk of these potential 18 
failure modes. 19 

 20 
- Damage due to freezing:  Winterization/freeze protection requirements address 21 

damage due to freezing.  Heat tracing, insulation, and pit heaters are provided for 22 
waste transfer primary piping systems to support implementation of 23 
winterization/freeze protection requirements. 24 

  25 
- Damage due to a flammable gas deflagration:  Flammable gas deflagrations in the 26 

waste transfer primary piping systems are unlikely based on flushing (and, for 27 
most DST waste transfer primary piping systems, draining) of waste transfer lines 28 
and the absence of ignition sources (see Section 3.3.2.4.1).  Flammable gas 29 
deflagrations in waste transfer-associated structures that could damage waste 30 
transfer primary piping systems are prevented by other safety-significant SSCs 31 
and TSRs (see Section 3.3.2.4.1 and Section 3.3.2.4.4). 32 

  33 
- Damage due to interfacing water system overpressure and flow transients:  34 

Interfacing water system overpressure and flow transient protection addresses 35 
damage to connected waste transfer primary piping systems due to overpressure 36 
and flow transients (water hammer) from interfacing water systems. 37 
 38 

- Damage due to high temperature from interfacing water systems:  Interfacing 39 
water system high temperature protection addresses damage to connected waste 40 
transfer primary piping systems due to high temperature from interfacing water 41 
systems.  42 

  43 

                                                 
10 Based on the design code (ASME B31.3). 
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- Damage due to overpressure from interfacing compressed air systems: 1 
Compressed air system overpressure protection addresses damage to connected 2 
waste transfer primary piping systems due to overpressure from interfacing 3 
compressed air systems. 4 
  5 

- Damage due to high temperature from interfacing compressed air systems:  6 
Compressed air system high temperature protection addresses damage to 7 
connected waste transfer primary piping systems due to high temperature from 8 
interfacing compressed air systems.  9 

 10 
 Waste transfer primary piping, except for the fiberglass-filled composite piping from the 11 

222-S Laboratory (SNL-5350 and SNL-5351),11 has been evaluated for damage due to 12 
external overpressure during pneumatic testing of primary piping encasements.  The 13 
conclusion is that breach of the primary piping due to overpressurization from portable 14 
air compressors during encasement pneumatic testing is not credible.  However, to 15 
prevent exceeding the external allowable pressure of the waste transfer primary piping 16 
during encasement pneumatic testing, overpressure protection is required to limit the 17 
pressure within the encasement. 18 
 19 

 Supporting systems whose function is required for waste transfer primary piping systems 20 
to perform their safety function are identified in Section 4.4.1.2 (see Support Systems).  21 
(Note:  Additional safety-significant support systems may be required by SAC Waste 22 
Transfer System Overpressure and Flow Transient Protection [see Section 4.5.7], SAC 23 
Waste Transfer System Freeze Protection [see Section 4.5.11], SAC Waste Transfer 24 
System Freeze Protection for SST 241-C-107 MARS Containment Box and Transition 25 
Shield Box [see Section 4.5.12], and SAC SST 241-C-105 Waste Transfer System Freeze 26 
Protection Using ATMS [see Section 4.5.13].) 27 

  28 
4.4.1.4.4 General Aging.  Based on design life and operating conditions, the ability of waste 29 
transfer primary piping systems to perform their safety functions can degrade (i.e., aging issues).  30 
Wear on the piping and components is not considered an issue of concern.  Experience has 31 
shown that non-metallic gaskets, valve stem packing, seals, and O-rings do not fail 32 
catastrophically, but rather tend to leak.  When unacceptable leakage is found, the parts are 33 
replaced.  Therefore, no service life is required for metallic parts or non-metallic gaskets, valve 34 
stem packing, seals, or O-rings.  RPP-RPT-42297 establishes a shelf life for EPDM non-metallic 35 
flexible hoses of 7 years from the date of manufacture and a service life of 3 years from the date 36 
of first use for transfer of waste, for a total maximum life of 10 years.  The EPDM  37 
non-metallic flexible hoses may be evaluated for extended service life considering process 38 
chemistry, pressure and temperature service, and exposure to radiation.  To enhance the technical 39 
basis of the service life established for waste transfer primary piping system  non-metallic 40 
components and non-metallic flexible hoses, there is a planned improvement (see  41 
Section 3.3.2.3.5) to perform tests that closely resemble the irregular/occasional or episodic 42 
exposure to tank farm low dose rate radiation, waste chemistry, and temperatures on commonly 43 

                                                 
11 Encasement pneumatic testing of the fiberglass-filled composite piping from the 222-S Laboratory (SNL-5350 
and SNL-5351) is not authorized. 
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used non-metallic materials (e.g., EPDM, Teflon, and other commonly used polymers and 1 
elastomers). 2 
 3 
The integrity assessments of grandfathered and non-grandfathered waste transfer primary piping 4 
systems address the schedule required for conducting integrity assessments over the life of the 5 
system to ensure that the system retains its structural integrity and will not collapse, rupture, or 6 
fail.  The schedule is based on the results of past integrity assessments, age of the system, 7 
materials of construction, characteristics of the waste, and any other relevant factors.  In 8 
accordance with the IQRPE recommendations in RPP-27591, the next integrity assessment 9 
encompassing safety-significant, grandfathered, DST waste transfer primary piping systems is                              10 
scheduled to be completed by March 30, 2016.  (Note:  Additional integrity assessments may not 11 
be required for systems with short or limited service lives.) 12 
 13 
4.4.1.4.5 Inspections for Waste Leaks.  Although qualified to satisfy the 14 
functional/performance requirements necessary to meet the safety function, waste leaks from 15 
safety-significant waste transfer primary piping systems may still occur.  In addition, waste leaks 16 
into waste transfer-associated structures are possible due to waste transfer pump shaft seal failure 17 
(see Section 3.3.2.4.3.1) and from MARS rotary union leakage and waste transfer valve stem 18 
leakage.  To prevent a flammable gas accident due to flammable gases generated by potential 19 
waste leaks into waste transfer-associated structures, inspections for waste transfer primary 20 
piping system leaks are required to verify the waste level is < 10% of the structure volume in 21 
waste transfer-associated structures that are physically connected to an active waste transfer 22 
pump not under administrative lock or to the 242-A Evaporator vessel when the vessel contains 23 
waste.  For active waste transfer pumps, this inspection is required within 2 days after removing 24 
the administrative lock from an active waste transfer pump, once per 2 days thereafter until the 25 
administrative lock is installed on the active waste transfer pump, and within 2 days after 26 
installing the administrative lock on the active waste transfer pump.  For the 242-A Evaporator 27 
vessel, this inspection is required once every 2 days when the vessel contains waste and once 28 
within 2 days after the vessel is empty.  Verification may be provided by installed waste transfer 29 
leak detection systems, zip cords, or cameras/boroscopes.  The 10% criteria is based on analyses 30 
in RPP-12710, Flammable Gas Diffusion from Waste Transfer Associated Structures, and  31 
RPP-13503, Accumulation of Flammable Gas in Sealed Waste Transfer Associated Structures, 32 
that show for waste levels < 10% of the structure volume flammable gas hazards are not credible 33 
(i.e., beyond extremely unlikely).  The 2 day frequency is based on RPP-8050, Lower 34 
Flammability Limit Calculations for Catch Tanks, DST Annuli, Waste Transfer-Associated 35 
Structures, and Double-Contained Receiver Tanks in Tank Farms at the Hanford Site, 36 
calculations for a waste transfer-associated structure 80% full of the waste with 25% solids with 37 
the highest solid-layer unit gas generation rates assuming zero ventilation.  The time to 25% of 38 
the lower flammability limit (LFL) based on these reasonably conservative assumptions on 39 
flammable gas generation rates and structure fill volume, and the conservative assumption of no 40 
passive ventilation or diffusion, is > 2 days.  The solid-layer unit gas generation rates used in the 41 
RPP-8050 calculations are conservative for future waste transfers considering radionuclide decay 42 
and that waste transfers mix and dilute existing solid layers.   43 
 44 
4.4.1.5 Controls (TSRs).  The waste transfer primary piping systems are generally passive 45 
design features whose characteristics are ensured through design, procurement, installation, 46 
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startup testing, configuration control, and quality conformance inspections.  The activities 1 
performed under these programs ensure that the safety function of waste transfer primary piping 2 
systems is preserved and protect the design baseline from inadvertent change. 3 
 4 
Waste transfer primary piping systems are required to be operable: 5 
 6 

1. When physically connected to an active waste transfer pump not under administrative 7 
lock, except for sump pumps in SST retrieval system aboveground manifold boxes and 8 
sump pumps in the replacement cross-site transfer system (RCSTS) Diversion Box 9 
6241-A and Vent Station 6241-V.  The basis for the exceptions is provided in 10 
Section 3.3.2.4.3. 11 
 12 

2. When physically connected to the 242-A Evaporator vessel when the vessel contains 13 
waste. 14 
 15 

3. When a compressed air source is connected to the waste transfer primary piping system’s 16 
encasement for pneumatic testing of the encasement (i.e., the primary piping within the 17 
encasement). 18 

 19 
Because safety-significant waste transfer primary piping systems can be exposed to overpressure 20 
by some waste transfer pumps as well as flow transients (water hammer) during waste transfers, 21 
a SAC (see Section 4.5.7) is implemented to prevent the loss of the safety function of waste 22 
transfer primary piping systems due to waste transfer pump overpressure and flow transients. 23 
 24 
Because safety-significant waste transfer primary piping systems can be exposed to freezing 25 
temperatures, three SACs (see Sections 4.5.11, 4.5.12, and 4.5.13) are implemented to prevent 26 
the loss of the safety function of waste transfer primary piping systems due to freezing. 27 
 28 
In-service inspections/tests are required to ensure the operability of the waste transfer primary 29 
piping systems by: 30 
 31 

 Performing waste transfer primary piping system connection leak testing of newly 32 
installed or repositioned jumpers and other waste transfer primary piping system 33 
connections.  Waste transfer primary piping system connection leak testing requirements 34 
are as described in the system evaluation. 35 

 36 
 Replacing EPDM non-metallic flexible hoses if the shelf life or the service life is 37 

exceeded.  The shelf life and service life are as described in the system evaluation. 38 
 39 

 Performing scheduled integrity assessments required to maintain compliance with the 40 
WAC 173-303, “Dangerous Waste Regulations.”  The required schedules or intervals are 41 
as described in the integrity assessments. 42 
 43 

 Performing inspections for waste leaks in waste transfer-associated structures physically 44 
connected to an active waste transfer pump not under administrative lock or physically 45 
connected to the 242-A Evaporator vessel when the vessel contains waste by verifying 46 
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the waste level is < 10% of the structure volume.  The inspection frequency is as 1 
described in the system evaluation. 2 

 3 
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Table 4.4.1-1.  Waste Transfer Primary Piping Systems – Failure Mode Evaluation.  (3 sheets) 
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Structural Loading Conditions 
 
Dead loads X - - - - - - - - - - - - - -  - - 
Snow loads X - - - - - - - - - - - - - -  - - 
Wind loads (i.e., high winds) X - - - - - - - - - - - - - -  - - 
Earthquake loads (i.e., seismic events) - X - - - - - - - - - - - - -  - X 
Ashfall loads X - - - - - - - - - - - - - -  - - 
Earth and groundwater pressures X - - - - - - - - - - - - - -  - - 
Thermal forces X - - - - - - - - - - - - - -  - - 
Vehicle traffic X - - - - - - - - - - - - - -  - - 
Vehicle accidents - X X X - - - - - - - - - - -  - - 
Load handling accidents - X - - - - - - - - - - - - -  X - 
Undermining from failed water lines - X - - - - - - - - - - - - -  - X 
Blast effects/missiles from propane/LPG 
tank explosions 

- X - - - - - - - X - - - - -  - - 

Impacts/damage from excavation activities - X - - X X - - - - - - - - -  - - 
Process and Environmental Conditions 
 
Process pressure/vacuum Xc - - - - - X - - - - - - - -  - - 
Water hammer Xc - - - - - - - - - - - - - -  - - 
Process/environmental temperature (low) X - - - - - - - - - - - - - -  - - 
Expansion from freezing fluidsd - - - - - - - - X - - - - - -  - - 
Process/environmental temperature (high)e X - - - - - - - - - - - - - -  - - 
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Process chemistry (chemical 
attack/corrosion by waste, headspace 
vapors) 

X - - - - - - - - - - - - - -  - - 

Fluid expansion effects N/A - - - - - - - - - - - - - -  - - 
Erosion X - - - - - - - - - - - - - -  - - 
Radiation fields X - - - - - - - - - - - - - -  - - 
Plugging/fouling X - - - - - - - - - - - - - -  - - 
Flammable gas deflagrations/detonations 
within process equipment 

- - - - - - - X - - X - - - -  - - 

Exposure to dust/volcanic ash N/A - - - - - - - - - - - - - -  - - 
Exposure to water (e.g., 
humidity/condensation, precipitation, 
flooding by service water) 

X - - - - - - - - - - - - - -  - - 

Exposure to solar radiation 
 

N/A - - - - - - - - - - - - - -  - - 

Exposure to leaked fluids other than water 
(e.g., hydraulic fluid, vehicle fluids) 

X - - - - - - - - - - - - - -  - - 

Fires (range fires, vehicle fires, refueling 
activity fires, other fires) 

- X - - - - - - - X - - - - -  - X 

Interfacing Systems 
 
Interfacing water systems (i.e., 
overpressure, flow transients, high 
temperature) 

- - - - - - - - - - - X - X - - - 
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Interfacing compressed air systems (i.e., 
overpressure, high temperature, external 
pressure during encasement pneumatic 
testing)ef 

- - - - - - - - - - - - X - X - - 

Other  
 
Cycle fatigue X - - - - - - - - - - - - - - - - 
General aging X - - - - - - - - - - - - - - - -  
Notes: 

aDefense-in-depth features are described in Section 3.3.2.3.2, “Defense-in-Depth.” 
bThese safety management programs are applied throughout tank farms and, through normal implementation of the program, provide defense-in-depth. 
cMay require safety-significant support systems or SACs as determined by SAC Waste Transfer System Overpressure and Flow Transient Protection. 
dDamage caused by the expansion of freezing waste during a waste transfer is prevented by SAC Waste Transfer System Freeze Protection, SAC Waste 

Transfer System Freeze Protection for SST 241-C-107 MARS Containment Box and Transition Shield Box, and SAC SST 241-C-105 Waste Transfer System 
Freeze Protection Using ATMS.  (Note: Based on testing documented in report RPP-RPT-52155, Test Report for Freeze Testing of 2” Safe-T-Chem Hose, it is 
concluded that EPDM non-metallic flexible hoses, including their hose barbs and Chemjoint connectors, can withstand freezing of contained waste or water.) 

eDamage caused by exposure to high waste temperature is prevented by the safety-significant MARS-V WAT waste high temperature control system. 
fExposure to the limited quantities of hydraulic fluid entrained in compressed air systems is within the design basis. 

 
RPP-RPT-52155, 2012, Test Report for Freeze Testing of 2” Safe-T-Chem Hose, Rev. 0, Washington River Protection Solutions LLC, Richland, 

Washington.  
 

ATMS = automated temperature monitoring system. MARS-V = mobile arm retrieval system – vacuum (version). 
EPDM = ethylene propylene diene monomer. N/A = not applicable. 

LPG = liquefied petroleum gas. WAT = waste accumulator tank. 
MARS = mobile arm retrieval system.    
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4.4.2 Hose-in-Hose Transfer Line Systems 1 
 2 
Hose-in-hose transfer line (HIHTL) systems are identified as safety-significant SSCs for the 3 
waste transfer leak accident (Section 3.3.2.4.3) and release from contaminated facility 4 
(flammable gas deflagration in a waste transfer-associated structure) accident (Section 3.3.2.4.4).   5 
 6 
Note: HIHTL systems may exist in tank farms that are not safety significant.  The requirements 7 

established in this section only apply to HIHTL system that are (1) physically connected 8 
to an active waste transfer pump not under administrative lock, or (2) physically 9 
connected to the 242-A Evaporator vessel when the vessel contains waste.  (See  10 
Section 3.3.2.4.3.5 for definitions of physically connected and when the 242-A 11 
Evaporator vessel contains waste.) 12 

 13 
4.4.2.1 Safety Function(s).  The safety functions of HIHTL systems are: 14 
 15 

1. For the HIHTL primary hose assemblies, to provide confinement of waste. 16 
 17 

2. For the HIHTL encasement hose assemblies, to be an important contributor to 18 
defense-in-depth by providing secondary confinement of leaks in the HIHTL primary 19 
hose assemblies. 20 

 21 
By providing confinement of waste, the HIHTL primary hose assemblies decrease the frequency 22 
of a fine spray leak.  In addition, by providing confinement of waste, the HIHTL primary hose 23 
assemblies protect the facility worker from wetting spray/jet/stream leaks and from flammable 24 
gas deflagrations in a waste transfer-associated structure due to a waste transfer leak. 25 
 26 
By providing secondary confinement, the HIHTL encasement hose assemblies provide a second 27 
barrier to a fine spray leak to the atmosphere as well as wetting spray/jet/stream leaks. 28 
 29 
4.4.2.2 System Description.  HIHTL systems are used to transfer waste where permanently 30 
installed, functional, and reliable lines are not available.  Each HIHTL consists of 31 
wire-reinforced, EPDM hose as a primary line to carry the waste during normal operations.  This 32 
primary hose is fully contained within a larger diameter wire-reinforced, EPDM outer hose, 33 
referred to as the encasement hose (or sometimes referred to as the secondary hose).  Some 34 
HIHTL systems are required to be longer than can be manufactured in one continuous length 35 
and, therefore, two or more hoses must be connected.  In the case of connected hoses, both the 36 
primary and the encasement hose are connected with stainless steel (intermediate) connectors 37 
(with O-rings for primary hoses and gaskets for encasement hoses) that provide continuous 38 
confinement of the waste.  The connectors are swaged to the hoses. 39 
 40 
HIHTL systems span between waste transfer-associated structures.  The HIHTL primary hose is 41 
connected to other waste transfer primary piping systems through the use of connections 42 
provided within the waste transfer-associated structure.  The flexible HIHTL is placed on the 43 
ground or into a shallow ditch near the surface.  Each end of a HIHTL encasement hose 44 
assembly is open to the interior of the waste transfer-associated structure.  The HIHTL system 45 
may be elevated above grade level to enter waste transfer-associated structures.46 
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 1 
The design pressure1 (maximum working pressure) for 2-in diameter HIHTL primary hose 2 
assemblies is 425 lb/in2 gauge and the design temperature is 180°F.     3 
 4 
Additional description of HIHTL systems is provided in RPP-RPT-42153, Safety-Significant 5 
Hose-in-Hose Transfer Line (HIHTL) Systems – Functions and Requirements Evaluation 6 
Document. 7 

 8 
Boundaries – The HIHTL primary hose assembly includes the primary hose and the end and 9 
intermediate connections including O-rings, fasteners, and end fitting welds.  The HIHTL 10 
encasement hose assembly includes the encasement hose and connections not contained within 11 
waste transfer-associated structures.  The HIHTL primary hose assembly and the HIHTL 12 
encasement hose assembly are considered the HIHTL system and are included within the system 13 
boundary. 14 
 15 
Note: The gaskets and fasteners that are part of the HIHTL encasement connections are not 16 

classified as safety significant because they are not required for the HIHTL encasement 17 
connections to provide their important contributor to defense-in-depth safety function of 18 
providing secondary confinement of leaks in the HIHTL primary hose assemblies (i.e., to 19 
provide a second barrier to a fine spray leak to the atmosphere as well as wetting 20 
spray/jet/stream leaks). 21 

 22 
Support Systems – The mobile arm retrieval system - vacuum (MARS-V) waste accumulator 23 
tank (WAT) waste high temperature control system is required to protect HIHTL systems from 24 
high waste temperatures and, therefore, is designated safety significant (see Section 4.4.12). 25 
 26 
There are no other safety-significant support systems specifically identified for HIHTL systems, 27 
but additional safety-significant support systems may be identified by the SAC Waste Transfer 28 
System Overpressure and Flow Transient Protection to prevent damage to HIHTL systems due to 29 
waste transfer pump overpressure and flow transients (water hammer) during waste transfers.  30 
See the system evaluation in Section 4.4.2.4.   31 
 32 
4.4.2.3 Functional Requirements.  The functional requirement of HIHTL primary hose 33 
assemblies is to prevent leaks.  The acceptance criteria for proof pressure tests of HIHTL 34 
systems [see Section 4.4.2.4] is no detectable leakage. 35 
 36 
The conditions for which this functional requirement is met are indicated in Table 4.4.2-1 (see 37 
the “Condition addressed by SSC design” column). 38 
 39 
There are no other functional/performance requirements derived from the hazard and accident 40 
analyses, but additional requirements necessary to satisfy the safety functions are developed in 41 
the system evaluation of HIHTL systems (see Section 4.4.2.4). 42 
 43 

                                                 
1 The design pressure is as defined by the design code (ASME B31.3, Process Piping) including any allowances for 
pressure and temperature variations. 
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4.4.2.4 System Evaluation.  The system evaluation of HIHTL systems is documented in 1 
RPP-RPT-42153.  The evaluation identifies the requirements necessary for the HIHTL systems 2 
to perform their safety functions.  The evaluation also identifies and evaluates potential failure 3 
modes of the HIHTL systems considering the conditions and events in which the safety function 4 
must be met.  In addition, the evaluation identifies and evaluates support systems whose function 5 
is required for HIHTL systems to perform their safety functions and interfaces whose failure 6 
could prevent the HIHTL systems from performing their safety functions.  The system evaluation 7 
satisfies DOE and TOC requirements to ensure the reliable performance of safety-significant 8 
SSCs to meet the safety function(s) determined from the hazard and accident analyses. 9 
 10 
4.4.2.4.1 Confinement.  The primary functional/performance requirement is that the HIHTL 11 
primary hose assemblies do not leak.  Compliance with this requirement is demonstrated by (1) 12 
completing prototypic pressure-temperature testing of samples from each primary hose assembly 13 
variation (i.e., hose composition, construction, and method of attaching end fittings), (2) burst 14 
pressure and steady-state pressure-temperature testing of samples from each hose lot, and (3) 15 
proof pressure testing all finished production HIHTL primary hose assemblies.  This testing 16 
consists of the following. 17 
  18 

 Prototypic testing demonstrated no detectable leakage during cyclic testing performed on 19 
two coupons of the primary hose with end fittings.  The test consisted of at least 20 
300 cycles of pressure testing at 425 lb/in2 gauge to 500 lb/in2 gauge with water as the 21 
test media at 170 to 180°F followed by a hold test at a pressure of between 650 and 700 22 
lb/in2 gauge, held for no less than 12 hours while the hose internal temperature was 23 
maintained between 170 to 180°F. 24 

 25 
 Burst testing of a coupon from the hose lot demonstrated a burst pressure of at least four 26 

times the design (working) pressure. 27 
 28 

 Steady-state high pressure-high temperature testing of a coupon from the hose lot 29 
demonstrated no detectable leakage at an internal pressure of at least 600 lb/in2 gauge, 30 
and internal temperature of 170 to 180°F, held for no less than 12 hours using water as 31 
the test media. 32 
 33 

 Proof pressure testing of each production primary hose assembly demonstrated no 34 
detectable leakage at an internal pressure of between 800 and 850 lb/in2 gauge held for no 35 
less than 10 minute, using water as the test media. 36 

 37 
HIHTL systems have been designed to address compatibility issues associated with the chemical 38 
characteristics of the waste and exposure to radiation.  RPP-RPT-42153 demonstrates 39 
compliance with these general functional/performance requirements.  The primary design 40 
requirements are that the HIHTL primary hose is constructed of EPDM with reinforcement 41 
materials fully encapsulated and connectors (end fittings) constructed of stainless steel. 42 
 43 
4.4.2.4.2 HIHTL Primary Hose Assembly Connection Leak Testing.  To address the 44 
potential for HIHTL primary hose assembly connection leaks, the leak testing requirements for 45 
waste transfer primary piping system connections (see Section 4.4.1.4.2) are conservatively46 
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 applied to newly installed or unmade and remade HIHTL primary hose assembly connections.  1 
(Note:  Connections that are leak tested during installation [e.g., system hydrostatic leak test] do 2 
not require additional connection leak testing unless the connection is unmade and remade.) 3 
 4 
Leak testing of the HIHTL primary hose assembly connections shall be performed by visual 5 
observation.  The connection leak testing shall be performed with water at the interfacing water 6 
system pressure except when (a) there is no waste transfer system valve downstream of the 7 
connection, or (b) closing the valve with water flowing causes a flow transient (water hammer) 8 
that could damage safety-significant waste transfer system SSCs.  For this leak test, the 9 
interfacing water system pressure is maintained at the connection for at least 10 min.  If there is 10 
no valve downstream of the connection or closing the valve causes an unacceptable water 11 
hammer, leak testing is allowed with water flowing through the connection.  This leak test 12 
requires a minimum water flow of 200 gal through the connection after flow is established in the 13 
line.  If leak testing with water is not practical (i.e., no available water source), leak testing may 14 
be performed at the beginning of the initial waste transfer through the connection.  This leak test 15 
also requires a minimum waste flow of 200 gal through the connection after flow is established 16 
in the line. 17 
 18 
Leakage observed at the HIHTL primary hose assembly connections during the leak test shall be 19 
eliminated.  Subsequent leak testing of HIHTL primary hose assembly connections is not 20 
required unless the connection is unmade and remade. 21 
 22 
The intent of the HIHTL primary hose assembly connection leak tests is to detect leakage from a 23 
faulty connection.  The tests are not required by applicable codes and are not required to verify 24 
leak tightness at operating or design pressures because the HIHTL systems are not designed for 25 
such in-service tests (e.g., absence of required valves, limited interfacing water system pressure).  26 
That is, leak testing performed at the interfacing water systems pressure, if possible, or by 27 
routing water (or waste) through the connection while visually observing for leaks is acceptable.  28 
Acceptable methods for visual observation to verify no connection leakage are direct visual 29 
observation or visual observation using cameras or borescopes. 30 
 31 
The above leak testing is required only for connections on the planned waste transfer route.  The 32 
planned waste transfer route is the HIHTL primary hose assemblies that are pressurized by the 33 
waste transfer pump up to the first closed isolation valve.  The isolation valve is not required to 34 
be safety significant with respect to through valve leakage.  The limited risk of waste leaks in 35 
connections that are physically connected to, but not on the direct route (i.e., leaks through a 36 
closed valve and the connection) is addressed by the safety-significant HIHTL encasement hose 37 
assemblies, the in-service inspection/test of waste transfer primary piping systems to verify that 38 
waste does not accumulate in waste transfer-associated structures (see Section 4.4.1.5), and other 39 
defense-in-depth features (e.g., transfer leak detection and alarm response) described in 40 
Section 3.3.2.3.2. 41 
 42 
4.4.2.4.3 Failure Mode Evaluation.  RPP-RPT-42153 reviewed and evaluated HIHTL systems 43 
for potential failure modes that could impact the ability to meet the safety functions.  The 44 
evaluation results are summarized in Table 4.4.2-1.  Where the HIHTL systems are not designed 45 
to withstand the cause of the identified failure mode, the risk of the resulting hazard is low, the 46 
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damage/failure is readily detected, safety-significant support systems or SACs are identified, or 1 
defense-in-depth features (see Section 3.3.2.3.2) are provided.  The results of the evaluation are 2 
summarized below. 3 
 4 

 Damage to HIHTL systems from readily detected events (i.e., seismic events, lightning, 5 
undermining due to failed water lines, vehicle accidents, load handling accidents, blast 6 
effects/missiles from propane/LPG tank explosions, and fires) during waste transfers will 7 
result in prompt shutdown of the waste transfer if a waste leak is detected.  Operations 8 
may also shutdown the waste transfer if the damage is determined to be significant 9 
enough to prevent the HIHTL systems from meeting their safety functions.  In addition, 10 
these readily detected events will result in an inspection, an evaluation of fitness for 11 
service,2 if required, and the necessary testing/repair/replacement prior to returning the 12 
HIHTL systems to operation.  (Note:  There are also defense-in-depth features to address 13 
some of these initiators.  For example, the emergency preparedness program for seismic 14 
events, lightning, and undermining due to failed water lines; the requirements for vehicle 15 
barriers or vehicle restrictions and spotters to prevent vehicle accidents; the hoisting and 16 
rigging program to prevent load handling accidents; and the fire protection requirements 17 
to address explosions and fires).  18 
 19 
Note: ORP directed that a TSR AC Key Element be established that requires stopping 20 

waste transfers and evacuating personnel from the tank farms following a detected 21 
seismic event, and terminating waste transfers in response to identified off normal 22 
events that fail waste transfer system components (i.e., cause a waste transfer 23 
leak).  See Section 5.5.3.6. 24 

 25 
 Damage to HIHTL systems from readily detected events (i.e., seismic events, lightning, 26 

undermining due to failed water lines, vehicle accidents, load handling accidents, blast 27 
effects/missiles from propane/LPG tank explosions, and fires) when waste transfers are 28 
not occurring will result in an inspection, an evaluation of fitness for service, if required, 29 
and the necessary testing/repair/replacement prior to operation.  (See also the note in the 30 
bullet above.) 31 
 32 

 For the following causes of damage to HIHTL systems that may occur during a transfer, 33 
that is not readily detectable, and could result in a waste leak, a safety-significant support 34 
SSC or SAC was identified to control the risk of these potential failure modes. 35 

 36 
 Damage due to overpressure and flow transients.  SAC Waste Transfer System 37 

Overpressure and Flow Transient Protection (see Section 4.5.7) is required to 38 
prevent damage due to waste transfer pump overpressure and flow transients 39 
(water hammer). 40 
 41 

                                                 
2 Fitness-for-service evaluations are performed in accordance with TFC-ENG-STD-42, Tank Farm Waste Transfer 
Fitness-for-Service Evaluation. 
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 Damage due to high waste temperature:  The MARS-V WAT waste high 1 
temperature control system (see Section 4.4.12) is required to prevent damage due 2 
to high temperature waste transferred from the MARS-V WAT. 3 

 4 
 For the following cause of damage to HIHTL systems that may occur during a transfer, 5 

that is not readily detectable, and could exceed code allowances,3 but would not result in 6 
a waste leak, a defense-in-depth feature was identified and determined to acceptably 7 
control the risk of this potential failure mode. 8 

 9 
 Damage due to overpressure and flow transients:  Waste transfer system 10 

overpressure and flow transient defense-in-depth features addresses potential 11 
damage (i.e., exceeding code allowances) due to waste transfer pump 12 
overpressure and flow transients (water hammer). 13 

 14 
 For the following causes of damage to HIHTL systems when waste transfers are not 15 

occurring, and that may not be readily detected, defense-in-depth features were identified 16 
and determined to acceptably control the risk of these potential failure modes. 17 
  18 

- Damage due to a flammable gas deflagration:  Flammable gas deflagrations in the 19 
HIHTL systems are unlikely based on flushing of waste transfer lines and the 20 
absence of ignition sources (see Section 3.3.2.4.1).  Flammable gas deflagrations 21 
in waste transfer-associated structures that could damage HIHTLs are prevented 22 
by other safety-significant SSCs and TSRs (see Section 3.3.2.4.1 and 23 
Section 3.3.2.4.4).    24 

 25 
- Damage due to interfacing water system overpressure and flow transients:  26 

Interfacing water system overpressure and flow transient protection addresses 27 
damage to connected HIHTL systems due to overpressure and flow transients 28 
(water hammer) from interfacing water systems. 29 

 30 
- Damage due to high temperature from interfacing water systems:  Interfacing 31 

water system high temperature protection addresses damage to connected HIHTL 32 
systems due to high temperature from interfacing water systems. 33 
 34 

- Damage due to overpressure from interfacing compressed air systems:  35 
Compressed air system overpressure protection addresses damage to connected 36 
HIHTL systems due to overpressure from interfacing compressed air systems. 37 

    38 
- Damage due to high temperature from interfacing compressed air systems:  39 

Compressed air system high temperature protection addresses damage to 40 
connected HIHTL systems due to high temperature from interfacing compressed 41 
air systems.  42 

 43 

                                                 
3 Based on the design code (ASME B31.3). 
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 Supporting systems whose function is required for HIHTL systems to perform their 1 
safety functions are identified in Section 4.4.2.2 (see Support Systems).  (Note:  2 
Additional safety-significant support systems may be required by SAC Waste Transfer 3 
System Overpressure and Flow Transient Protection [see Section 4.5.7].) 4 

  5 
4.4.2.4.4 General Aging.  Based on design life and operating conditions, the ability of HIHTL 6 
systems to perform their safety functions can degrade (i.e., aging issues) and periodic 7 
replacement is required.  RPP-RPT-42153 establishes a shelf life of 7 years from the date the 8 
hose is finished at the manufacturing plant (prior to shipment to the HIHTL assembler) and a 9 
service life of three years from the date of first use for transfer of waste, for a total maximum life 10 
of 10 years.  The HIHTL systems may be evaluated for extended service life considering process 11 
chemistry, pressure and temperature service, and exposure to radiation as documented in  12 
RPP-6711, Evaluation of Hose-in-Hose Transfer Line Service Life.  To enhance the technical 13 
basis of the service life of HIHTL systems, there is a planned improvement (see  14 
Section 3.3.2.3.5) to perform tests that closely resemble the irregular/occasional or episodic 15 
exposure to tank farm low dose rate radiation, waste chemistry, and temperatures on EPDM. 16 
 17 
Note: The safety-significant waste transfer primary piping system inspection for waste leaks 18 

(see Section 4.4.1.4.5) also prevents a flammable gas accident in a waste 19 
transfer-associated structure due to flammable gases generated by waste from a HIHTL 20 
primary hose assembly leak that is directed to the structure via the HIHTL encasement 21 
hose assembly. 22 

 23 
4.4.2.5 Controls (TSRs).  The HIHTL systems are passive design features whose 24 
characteristics are ensured through design, procurement, installation, startup testing, 25 
configuration control, and quality conformance inspections.  The activities performed under 26 
these programs ensure that the safety functions of the HIHTL systems are preserved and protect 27 
the design baseline from inadvertent change. 28 
 29 
HIHTL systems are required to be operable: 30 
 31 

1. When physically connected to an active waste transfer pump not under administrative 32 
lock, except for sump pumps in SST retrieval system aboveground manifold boxes.  The 33 
basis for the exception is provided in Section 3.3.2.4.3. 34 
 35 

2. When PHYSICALLY CONNECTED to the 242-A Evaporator vessel when the vessel 36 
contains waste. 37 

 38 
Because safety-significant HIHTL primary hose assemblies can be exposed to overpressure by 39 
some waste transfer pumps as well as flow transients (water hammer) during waste transfers, a 40 
SAC (see Section 4.5.7) is implemented to prevent the loss of the safety function of HIHTL 41 
primary hose assemblies due to waste transfer pump overpressure and flow transients.  42 
 43 
In-service inspections/tests are required to ensure the operability of the HIHTL systems by: 44 
 45 
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 Performing HIHTL primary hose assembly connection leak testing of newly installed or 1 
unmade and remade HIHTL primary hose assembly connections.  HIHTL primary hose 2 
assembly connection leak testing requirements are as described in the system evaluation. 3 
 4 

 Replacing HIHTL systems if the shelf life or the service life is exceeded, whichever 5 
occurs first.  The shelf life and service life are as described in the system evaluation. 6 

 7 
4.4.2.6 References  8 
 9 
ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York, 10 

New York. 11 
 12 
RPP-6711, Evaluation of Hose-in-Hose Transfer Line Service Life, as amended, Washington 13 

River Protection Solutions LLC, Richland, Washington. 14 
 15 
RPP-RPT-42153, 2014, Safety-Significant Hose-in-Hose Transfer Line (HIHTL) Systems – 16 

Functions and Requirements Evaluation Document, Rev. 5, Washington River Protection 17 
Solutions LLC, Richland, Washington. 18 

 19 
TFC-ENG-STD-42, Tank Farm Waste Transfer Fitness-for-Service Evaluation, as amended, 20 

Washington River Protection Solutions LLC, Richland, Washington. 21 
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Structural Loading Conditions 
 
Dead loads X - - - - - - - - - - - - - 
Snow loads X - - - - - - - - - - - - - 
Wind loads (i.e., high 
winds) 

X - - - - - - - - - - - - - 

Earthquake loads (i.e., 
seismic events) 

- X - - - - - - - - - - - X 

Ashfall loads X - - - - - - - - - - - - - 
Earth and groundwater 
pressures 

X - - - - - - - - - - - - - 

Thermal forces X - - - - - - - - - - - - - 
Vehicle traffic Xc - - X - - - - - - - - - - 
Vehicle accidents - X X X - - - - - - - - - - 
Load handling accidents X X - - - - - - - - - - X - 
Undermining from failed 
water lines 

- X - - - - - - - - - - - X 

Blast effects/missiles 
from propane/LPG tank 
explosions 

- X - - - - X - - - - - - - 

Impacts/damage from 
excavation activities 

N/A - - - - - - - - - - - - - 

Process and Environmental Conditions 
 
Process pressure/vacuum Xd - - - X - - - - - - - - - 
Water hammer Xd - - - - - - - - - - - - - 
Process/environmental 
temperature (low) 

X - - - - - - - - - - - - - 

Expansion from freezing 
fluids 

Xe - - - - - - - - - - - - - 

Process/environmental 
temperature (high)f 

X - - - - - - - - - - - - - 

Process chemistry 
(chemical 
attack/corrosion by 
waste, headspace vapors) 

X - - - - - - - - - - - - - 

Fluid expansion effects X - - - - - - - - - - - - - 
Erosion X - - - - - - - - - - - - - 
Radiation fields X - - - - - - - - - - - - - 
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Plugging/fouling X - - - - - - - - - - - - - 
Flammable gas 
deflagrations/detonations 
within process equipment 

- - - - - - - X - - - - - - 

Exposure to 
dust/volcanic ash 

N/A - - - - - - - - - - - - - 

Exposure to water (e.g., 
humidity/condensation, 
precipitation, flooding by 
service water) 

X - - - - - - - - - - - - - 

Lightning - X - - - - - - - - - - - X 

Exposure to solar 
radiation 

X - - - - - - - - - - - - - 

Exposure to leaked fluids 
other than water (e.g., 
hydraulic fluid, vehicle 
fluids) 

N/A - - - - - - - - - - - - - 

Fires (range fires, vehicle 
fires, refueling activity 
fires, other fires) 

- X - - - - X - - - - - - X 

Interfacing Systems 
 
Interfacing water systems  
(i.e., overpressure, flow 
transients, high 
temperature) 

- - - - - - - - X - X - - - 

Interfacing compressed 
air systems (i.e., 
overpressure, high 
temperature)g 

- - - - - - - - - X - X - - 

Heat tracing 
(temperature) 

X - - - - - - - - - - - - - 

Other 
 
General aging X - - - - - - - - - - - - - 

RPP-13033 1/29/2015 - 12:56 PM 573 of 1079



RPP-13033 REV 5-E 
 
 

T4.4.2-3 

Table 4.4.2-1.  HIHTL Systems – Failure Mode Evaluation.  (3 sheets) 
Condition 
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Notes: 
aDefense-in-depth features are described in Section 3.3.2.3.2, “Defense-in-Depth.” 
bThese safety management programs are applied throughout tank farms and, through normal implementation of the 

program, provide defense-in-depth. 
cHIHTL systems have been tested to maintain their safety functions for a vehicle tire loading of up to 7,500 lb per 

tire.  Some large cranes can exceed this loading. 
dMay require support systems or SACs as determined by SAC Waste Transfer System Overpressure and Flow 

Transient Protection. 
eHIHTL primary hose assemblies, including connectors, have been tested to maintain their safety functions for 

expansion due to freezing fluids. 
fDamage caused by exposure to high waste temperature is prevented by the safety-significant MARS-V WAT waste 

high temperature control system. 
gExposure to the limited quantities of hydraulic fluid entrained in compressed air systems is within the design basis. 

 
HIHTL = hose-in-hose transfer line. 

LPG = liquefied petroleum gas. 
MARS-V = mobile arm retrieval system – vacuum (version). 

N/A = not applicable. 
WAT = waste accumulator tank. 

RPP-13033 1/29/2015 - 12:56 PM 574 of 1079



RPP-13033 REV 5 
 

T4.4.2-4 

 This page intentionally left blank. 

1 

 2 

RPP-13033 1/29/2015 - 12:56 PM 575 of 1079



RPP-13033 REV 5 
 
 

4.4.3-1 

4.4.3 Isolation Valves for Double Valve Isolation 1 
 2 
Isolation valves are identified as safety-significant SSCs for the waste transfer leak accident 3 
(Section 3.3.2.4.3) and release from contaminated facility (flammable gas deflagration in a waste 4 
transfer-associated structure due to a waste transfer misroute) accident (Section 3.3.2.4.4) when 5 
used to physically disconnect waste transfer primary piping systems, HIHTL primary hose 6 
assemblies, and interfacing water systems using double valve isolation.  Isolation valves for 7 
double valve isolation, with respect to their safety function of providing confinement of waste, 8 
are addressed in Section 4.4.1. 9 
 10 
4.4.3.1 Safety Function(s).  The safety function of safety-significant isolation valves is to limit 11 
the leakage of waste (through valve leakage).  Limiting through valve leakage decreases the 12 
consequences of a fine spray leak due to a misroute.  In addition, limiting through valve leakage 13 
protects the facility worker from a wetting spray/jet/stream leak and from a flammable gas 14 
deflagration in a waste transfer-associated structure or other facility due to a misroute. 15 
 16 
4.4.3.2 System Description.  Waste is transferred from one location to another through an 17 
interconnected network of waste transfer system piping.  Isolation valves are arranged such that 18 
closing or repositioning valves can isolate the planned waste transfer route from other portions of 19 
the waste transfer system.  Isolation valves (and jumpers) allow changing waste transfer routes. 20 
 21 
Controls to prevent or mitigate waste transfer leak accidents are required for physically 22 
connected piping and waste transfer-associated structures (see the definition of physically 23 
connected in Section 3.3.2.4.3.5).  Two closed safety-significant isolation valves are used to 24 
physically disconnect piping (and the associated waste transfer-associated structures) and 25 
interfacing water systems. 26 
 27 
Isolation valves are located within waste transfer-associated structures.  In most cases, the 28 
structures are below grade pits with steel or concrete covers.  For waste retrieval operations and 29 
DST 241-SY-101, some of the isolation valves are located in fully abovegrade waste 30 
transfer-associated structures. 31 
 32 
Isolation valves are mechanical components used to direct or block the flow of waste in piping.  33 
To provide isolation, valves may be two-way (two-port) valves in the “closed” position or 34 
three-way (three-port) valves in the “block flow” position.  The internals of the valve that ensure 35 
adequate leak tightness of the valve include the valve body, valve ball, and the valve seats.  36 
These internal parts provide the isolation of one connection from the other(s).  The valve bodies 37 
are designed to meet American Society of Mechanical Engineers (ASME) B16.34, 38 
Valves - Flanged, Threaded, and Welding End.  Valves meeting the requirements of ASME 39 
B16.34 are listed components for ASME B31.3, Process Piping.  The valves have resilient seats.  40 
 41 
Isolation valves are positioned by either T-handle actuators (manually), wrench (manually), or 42 
gear actuators (manually or power operated). 43 
 44 
Some valves have valve stops to support alignment of the valve.  A valve stop consists of a valve 45 
stop disk installed on the valve stem and a valve stop pin.  Two-way T-handle valves with valve 46 
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stops and three-way T-handle valves with valve stops in the outboard positions (i.e., 0 and 1 
180 degree positions for three position valves and 0 and 90 degree positions for two position 2 
valves) are closed by rotating the valve stop disk against the valve stop pins.  The motor operator 3 
has been removed from some three-way valves and the valves are positioned manually with a 4 
wrench.  These valves are also closed by rotating the valve stop disk against the valve stop pins.  5 
Gear-actuated valves that have valve stops are positioned in the outboard positions by rotating 6 
the valve stop disk in contact with or close proximity to the stop pin, and a camera is used to 7 
verify the positioning. 8 
 9 
Some isolation valves are not positioned using valve stops (e.g., valves without stops, three-way 10 
valves in the center position) and are positioned as described below. 11 
 12 

Some gear-actuated isolation valves have a valve indicating disk and reference pointer.  In 13 
this design, a valve indicator plate is attached to the valve body below the valve stop disk.  14 
Painted markings on the valve indicator plate are set to allow accurate positioning of the 15 
valve.  A valve funnel is used to facilitate connection of the extension rod to the valve.  The 16 
valve funnel consists of a funnel collar, funnel receiver, and funnel cone.  The funnel collar is 17 
secured to the valve stem.  The funnel receiver has a keyed connection to allow insertion of 18 
an extension rod in a single orientation.  When the jumper with the valve is installed, the 19 
cover blocks are set, the extension rod is inserted into the funnel, and a camera is used to 20 
align the valve stop disk with the markings on the valve indicator plate to ensure that the 21 
valve ball port is in the correct position.  The reference pointer on the actuator body is set to 22 
align with the markings (i.e., pointer, painted line, notch, decal) on the indicating disk.  This 23 
is repeated for each valve position.  If the reference pointer cannot be aligned with the 24 
markings on the indicating disk, additional pointers (that act as markings) are installed on the 25 
indicating disk for proper valve alignment.  The tolerances of the reference pointer, 26 
indicating disk, extension rod, funnel receiver, funnel collar, valve stop disk, and valve 27 
indicator plate are addressed during installation and positioning of the reference pointer.  The 28 
gear actuator is rotated to align the reference pointer on the actuator housing with the 29 
markings on the indicating disk for all valve positions. 30 

 31 
RPP-RPT-41859, Safety-Significant Isolation Valves for Double Valve Isolation – Functions and 32 
Requirements Evaluation Document, provides additional description of isolation valves for 33 
double valve isolation. 34 
 35 
Boundaries – Safety-significant isolation valves include the valve body, the valve ball, and the 36 
valve seats.  In addition, the following components are safety significant due to their role in 37 
achieving correct valve positioning. 38 
 39 

 For isolation valves that are positioned against the valve stops, the valve stop disk and 40 
valve stop pins are safety significant. 41 

 42 
 For gear-actuated isolation valves with a valve indicating disk and reference pointer, the 43 

reference pointer, indicating disk, extension rod, funnel receiver, funnel collar, valve stop 44 
disk, and valve indicator plate are safety significant. 45 

 46 
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Note: The isolation valves that isolate the sump pump systems in the replacement cross-site 1 
transfer system (RCSTS) Diversion Box 6241-A and Vent Station 6241-V, and the 2 
isolation valves that isolate the vent line in the RCSTS Vent Station 6241-V, are not 3 
safety significant (see Section 3.3.2.4.3). 4 

 5 
Support Systems – The mobile arm retrieval system - vacuum (MARS-V) waste accumulator 6 
tank (WAT) waste high temperature control system is required to protect isolation valves for 7 
double valve isolation from high waste temperatures and, therefore, is designated safety 8 
significant (see Section 4.4.12). 9 
 10 
There are no other safety-significant support systems specifically identified for isolation valves 11 
for double valve isolation, but additional safety-significant support systems may be identified by: 12 
 13 

 The SAC Waste Transfer System Overpressure and Flow Transient Protection to prevent 14 
damage to isolation valves for double valve isolation due to waste transfer pump 15 
overpressure and flow transients (water hammer) during waste transfers, and 16 
 17 

 The SAC Waste Transfer System Freeze Protection to prevent damage to isolation valves 18 
for double valve isolation due to freezing. 19 

 20 
 The SAC SST 241-C-105 Waste Transfer System Freeze Protection Using Automated 21 

Temperature Monitoring Systems (ATMS). 22 
 23 
See the system evaluation in Section 4.4.3.4. 24 
  25 
4.4.3.3 Functional Requirements.  The functional requirement for isolation valves for double 26 
valve isolation is to limit through valve leakage (i.e., leak rate) to a rate that ensures that onsite 27 
worker consequences due to a waste transfer leak accident are below 100 rem and Protective 28 
Action Criteria (PAC)-3. 29 
 30 
To provide a margin of safety, the performance requirement for isolation valves for double valve 31 
isolation is through valve leakage (i.e., leak rate) that is ≤ 0.1 gal/min.  This performance 32 
requirement ensures that onsite worker consequences of a waste transfer leak accident are below 33 
5 rem and PAC-2.  See Section 3.3.2.4.3 for the basis for this performance requirement. 34 
 35 
The leak rate of ≤ 0.1 gal/min, derived for mitigating onsite worker consequences, is also judged 36 
adequate to protect the facility worker from wetting spray/jet/stream leaks as well as protect the 37 
facility worker from flammable gas deflagrations in a waste transfer-associated structure.  (See 38 
Section 3.3.2.4.3.) 39 
 40 
The conditions for which these functional requirements are met are indicated in Table 4.4.3-1 41 
(see the “Condition addressed by SSC design” column). 42 
 43 
There are no other functional/performance requirements derived from the hazard and accident 44 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 45 
system evaluation (see Section 4.4.3.4).46 
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 1 
4.4.3.4 System Evaluation.  The system evaluation of isolation valves for double valve 2 
isolation is documented in RPP-RPT-41859.  The evaluation identifies the requirements 3 
necessary for the isolation valves to perform their safety function.  The evaluation also identifies 4 
and evaluates potential failure modes of the isolation valves considering the conditions and 5 
events in which the safety function must be met.  In addition, the evaluation identifies and 6 
evaluates support systems whose function is required for isolation valves for double valve 7 
isolation to perform their safety function and interfaces whose failure could prevent the isolation 8 
valves from performing their safety function.  The system evaluation satisfies DOE and TOC 9 
requirements to ensure the reliable performance of safety-significant SSCs to meet the safety 10 
function(s) determined from the hazard and accident analyses. 11 
 12 
Functional/Performance Requirement 1.  The primary functional/performance requirement is 13 
that through valve leakage (i.e., leak rate) is ≤ 0.1 gal/min.  All isolation valves for double valve 14 
isolation have been evaluated for through valve leakage at low pressure (e.g., 50 lb/in2 gauge) 15 
and the design pressure.  All isolation valves for double valve isolation installed in jumpers after 16 
September 30, 2009 will be tested using water for through valve leakage at 50 ±5 lb/in2 gauge 17 
and 400 +0/-20 lb/in2 gauge. 18 
 19 
Functional/Performance Requirement 2.  For T-handle actuated two-way isolation valves that 20 
are positioned using valve stops, the functional/performance requirement is that the valve shall 21 
be in the closed position when the valve stop disk is positioned against the valve stop pin in the 22 
clockwise direction.  For T-handle and wrench actuated three-way isolation valves that are 23 
positioned by using valve stops, the functional/performance requirement is that the valve shall be 24 
in the block flow position when the valve stop disk is positioned against the valve stop pin.  For 25 
gear actuated valves that are positioned by using valve stops, the functional/performance 26 
requirement is that the valve shall be in the closed or block flow position when the valve stop 27 
disk is in contact with or close proximity to the valve stop pin.  That is, the valve stop disk and 28 
valve stop pin must position the valve ball within the valve over- or under-travel tolerance.  29 
Proper valve positioning has been verified by demonstrating the valve stop design is within the 30 
valve tolerance for over- or under-travel or by testing (i.e., valve leak rate testing is performed 31 
with the valve stop disk positioned against or in close proximity to the valve stop pin, as 32 
applicable). 33 
 34 
Functional/Performance Requirement 3.  For isolation valves that are positioned by using the 35 
valve indicating disk and reference pointer, the functional/performance requirement is that the 36 
reference pointer shall align with the indicator disk marking (i.e., pointer, painted line, notch, 37 
decal) when the valve is in the closed or block flow position.  That is, the alignment of reference 38 
pointer and indicator disk must position the valve ball within the valve over- or under-travel 39 
tolerance.  The adequacy of the valve indicator disk and reference pointer is documented in 40 
RPP-RPT-41859. 41 
  42 
In addition, isolation valves for double valve isolation must be designed for the required process 43 
and environmental conditions.  Functional/performance requirements including design pressure, 44 
design temperature, and materials of construction are documented in RPP-RPT-41859, which 45 
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also demonstrates the design adequacy of valves.  The design pressure1 of the isolation valves is 1 
400 lb/in2 gauge.  The design temperature of the isolation valves is ≥ 180°F which bounds the 2 
maximum process and environmental conditions the valves can be exposed to.   3 
 4 
The materials of the isolation valve bodies, valve balls, and valve seats are selected to be 5 
resistant to the chemicals in the waste and radiation.  The primary design requirements for valve 6 
materials are that the valve bodies are constructed of carbon or stainless steel, the ball is 7 
constructed of solid 316 stainless steel or a nickel coated 316 stainless steel, and the valve seats 8 
are constructed of one of the materials evaluated and accepted for use as described in  9 
TFC-ENG-STD-34, Standard for the Selection of Non-Metallic Materials in Contact with Tank 10 
Waste. 11 
  12 
RPP-RPT-41859 reviewed and evaluated isolation valves for double valve isolation for potential 13 
failure modes that could impact the ability to meet the safety function.  The evaluation results are 14 
summarized in Table 4.4.3-1.  Where the isolation valves are not designed to withstand the cause 15 
of the identified failure mode, the risk of the resulting hazard is low, the damage/failure is readily 16 
detected, safety-significant support systems or SACs are required, or defense-in-depth features 17 
(see Section 3.3.2.3.2) are provided.  The results of the evaluation are summarized below. 18 
 19 

 Damage to isolation valves from readily detected events (i.e., seismic events, 20 
undermining from failed water lines, vehicle accidents, load handling accidents, blast 21 
effects/missiles from propane/LPG tank explosions, and fires) during waste transfers will 22 
result in a prompt determination by operations if the waste transfer should be shutdown 23 
(i.e., if the damage is significant enough to prevent the isolation valves from meeting 24 
their safety function).  In addition, these readily detected events will result in an 25 
inspection, an evaluation of fitness for service,2 if required, and the necessary 26 
testing/repair/replacement prior to returning the isolation valves to operation.  (Note:  27 
There are also defense-in-depth features to address some of these initiators.  For example, 28 
the emergency preparedness program for seismic events and undermining from failed 29 
water lines; requirements for vehicle barriers or vehicle restrictions and spotters to 30 
prevent vehicle accidents; the hoisting and rigging program to prevent load handling 31 
accidents; and fire protection requirements to address explosions and fires). 32 
 33 
Note: ORP directed that a TSR AC Key Element be established that requires stopping 34 

waste transfers and evacuating personnel from the tank farms following a detected 35 
seismic event.  See Section 5.5.3.6. 36 

 37 
 Damage to the isolation valves from readily detected events (i.e., seismic events, 38 

undermining from failed water lines, vehicle accidents, load handling accidents, blast 39 
effects/missiles from propane/LPG tank explosions, and fires) when waste transfers are 40 
not occurring will result in an inspection, an evaluation of fitness for service, if required, 41 

                                                 
1 The design pressure is as defined by the design code (ASME B31.3, Process Piping) including any allowances for 
pressure and temperature variations. 
2 Fitness-for-service evaluations are performed in accordance with TFC-ENG-STD-42, Tank Farm Waste Transfer 
Fitness-for-Service Evaluation. 
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and the necessary testing/repair/replacement prior to operation.  (See also the note in the 1 
bullet above.) 2 

 3 
 For the following causes of damage to isolation valves for double valve isolation that 4 

may occur during a transfer, that are not readily detectable, and could result in a waste 5 
misroute, a safety-significant support SSC or SAC was identified to control the risk of 6 
these potential failure modes. 7 

 8 
 Damage due to overpressure and flow transient:  SAC Waste Transfer System 9 

Overpressure and Flow Transient Protection (see Section 4.5.7) is required to 10 
prevent damage due to waste transfer pump overpressure and flow transients 11 
(water hammer).   12 
 13 

 Damage due to high waste temperature:  The MARS-V WAT waste high 14 
temperature control system (see Section 4.4.12) is required to prevent damage due 15 
to high temperature waste transferred from the MARS-V WAT.  16 
 17 

 Damage due to freezing:  SAC Waste Transfer System Freeze Protection (see 18 
Section 4.5.11) and SAC SST 241-C-105 Waste Transfer System Freeze 19 
Protection Using ATMS (see Section 4.5.13) are required to prevent damage due 20 
to freezing. 21 

 22 
 For the following cause of damage to isolation valves for double valve isolation that may 23 

occur during a transfer, that is not readily detectable, and could exceed code allowances,3 24 
but would not result in a waste leak, a defense-in-depth features was identified and 25 
determined to acceptably control the risk of this potential failure mode. 26 

 27 
 Damage due to overpressure and flow transients:  Waste transfer system 28 

overpressure and flow transient defense-in-depth features addresses potential 29 
damage (i.e., exceeding code allowances) due to waste transfer pump 30 
overpressure and flow transients (water hammer). 31 

 32 
 For the following causes of damage to the isolation valves when waste transfers are not 33 

occurring, and that may not be readily detected, defense-in-depth features were identified 34 
and determined to acceptably control the risk of these potential failure modes.  35 

 36 
- Damage due to freezing:  Winterization/freeze protection requirements address 37 

damage due to freezing.  Heat tracing, insulation, and pit heaters are provided for 38 
some isolation valves to support implementation of winterization/freeze 39 
protection requirements. 40 

  41 
- Damage due to a flammable gas deflagration:  Flammable gas deflagrations in 42 

waste transfer primary piping systems and HIHTL systems (that could damage 43 
isolation valves) are unlikely based on flushing (and, for most DST waste transfer 44 

                                                 
3 Based on the design code (ASME B31.3). 
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primary piping systems, draining) of waste transfer lines and the absence of 1 
ignition sources (see Section 3.3.2.4.1).  Flammable gas deflagrations in waste 2 
transfer-associated structures that could damage isolation valves are prevented by 3 
other safety-significant SSCs and TSRs (see Section 3.3.2.4.1 and 4 
Section 3.3.2.4.4). 5 

 6 
- Damage due to interfacing water system overpressure and flow transients:  7 

Interfacing water system overpressure and flow transient protection addresses 8 
damage to connected isolation valves for double valve isolation due to 9 
overpressure and flow transients (water hammer) from interfacing water systems. 10 

 11 
- Damage due to high temperature from interfacing water systems:  Interfacing 12 

water system high temperature protection addresses damage to connected 13 
isolation valves for double valve isolation due to high temperature from 14 
interfacing water systems. 15 

 16 
- Damage due to overpressure from interfacing compressed air systems:  17 

Compressed air system overpressure protection addresses damage to connected 18 
isolation valves for double valve isolation due to overpressure from interfacing 19 
compressed air systems. 20 
 21 

- Damage due to high temperature from interfacing compressed air systems:  22 
Compressed air system high temperature protection addresses damage to 23 
connected isolation valves for double valve isolation due to high temperature 24 
from interfacing compressed air systems.  25 
 26 

Material balance monitoring also provides defense-in-depth for these causes of damage 27 
that may not be readily detected. 28 

  29 
 Supporting systems whose function is required for isolation valves for double valve 30 

isolation to perform their safety function are identified in Section 4.4.3.2 (see Support 31 
Systems).  (Note:  Additional safety-significant support systems may be required by SAC 32 
Waste Transfer System Overpressure and Flow Transient Protection [see Section 4.5.7], 33 
SAC Waste Transfer System Freeze Protection [see Section 4.5.11], and SAC SST  34 
241-C-105 Waste Transfer System Freeze Protection Using ATMS [see Section 4.5.13].) 35 

  36 
Based on design life and operating conditions, the ability of isolation valves to perform their 37 
safety function can degrade (i.e., aging issues).  Issues related to leakage past valve seats that are 38 
constructed of polymer material are related to plastic deformation and breakdown of the polymer 39 
bonds.  Industry studies on plastic deformation show that this is only an issue in applications of 40 
high temperature and high pressure for long durations.  These conditions do not apply in the tank 41 
farms waste transfer systems and issues of through valve leakage due to plastic deformation have 42 
not been observed.  There is no identified service life due to plastic deformation and breakdown 43 
of valve seats and polymeric material and no in-service inspection or replacement is required. 44 
 45 
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Isolation valve materials are selected to be abrasion resistant.  However, there is a need for 1 
testing of these valves in abrasive fluids representative of transferred waste.  Therefore, a 2 
planned improvement is identified to perform life cycle testing of isolation valves in abrasive 3 
fluids representative of transferred waste (see Section 3.3.2.3.5).  The life cycle of each valve has 4 
been evaluated and accepted as satisfactory for the present and future waste transfers until the 5 
testing under the planned improvement is completed considering the following. 6 
 7 

 Some DST isolation valves have been in service for 10 or more years, but based on 8 
operating history and their use for waste transfers and flushing operations, these valves 9 
experience a limited number of valve (close and open) cycles (i.e., an upper estimate of 10 
500 cycles). 11 
 12 

 Extensive valve cycle testing performed on SST 241-C Tank Farm retrieval isolation 13 
valves with water to support operation beyond 500 cycles showed no leakage or leak 14 
rates an order of magnitude less than the functional/performance requirement of  15 
< 0.1 gal/min. 16 
 17 

 Existing history and experience with the isolation valves. 18 
 19 

 Leak rate results of the initial simulant cycle testing for abrasive wear are well below the 20 
functional/performance requirement of ≤ 0.1 gal/min (see RPP-RPT-56061, Tank Farms 21 
Double Valve Isolation (DVI) Cycle Test Report). 22 

 23 
Valve stops may be damaged during isolation valve operation.  For isolation valves positioned 24 
with stops using a camera, valve stop pin damage would be noticed during the valve positioning 25 
and no additional inspections are required.  For T-handle operated isolation valves where the 26 
valve stop disk is not integral with the funnel, the valve stop pins are inspected annually 27 
(i.e., every 365 days).  Where the valve stop disk is integral with the valve funnel, either 28 
disassembly is required for a visual inspection or inspection using a camera as described in 29 
RPP-RPT-41859 is allowed if the responsible engineer verifies that no work has been done to 30 
tighten the funnel base plate nut since the last inspection.  These valves and funnels were tested 31 
subsequent to installation and, based on expected service cycling, the in-service inspection 32 
frequency is established to be 2 years. 33 
 34 
Isolation valves positioned with a reference pointer and indicating disk are subject to wear during 35 
valve operation and, therefore, the reference pointer and indicating disk are inspected annually 36 
(i.e., every 365 days). 37 
 38 
If the isolation valve is not operated (repositioned) damage and wear is not a credible failure 39 
mode and the above inspections are not required.  That is, if the valve has not been repositioned 40 
since the last inspection, as evidenced by a tamper seal (see Section 4.5.9) installed at the time of 41 
the last inspection, additional inspections are not required. 42 
 43 
Isolation valves for double valve isolation could fail to perform their safety function if they were 44 
not properly positioned.  Independent verification that the isolation valves are in the closed or 45 
block flow position minimizes this failure mode.   46 
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 1 
4.4.3.5 Controls (TSRs).  Isolation valves for double valve isolation are passive design 2 
features whose characteristics are ensured through design, procurement, installation, startup 3 
testing, configuration control, and quality conformance inspections.  The activities performed 4 
under these programs ensure that the safety functions of the isolation valves are preserved and 5 
protect the design baseline from inadvertent change.   6 
 7 
Isolation valves for double valve isolation are required to be operable when used to physically 8 
disconnect waste transfer primary piping systems, HIHTL primary hose assemblies, and 9 
interfacing water systems from an active waste transfer pump not under administrative lock, or 10 
the 242-A Evaporator vessel when the vessel contains waste.  (See Section 3.3.2.4.3.5 for 11 
definitions of physically connected and when the 242-A Evaporator vessel contains waste.) 12 
 13 
When safety-significant isolation valves are used to physically disconnect waste transfer primary 14 
piping systems, HIHTL primary hose assemblies, and/or interfacing water systems, a SAC (see 15 
Section 4.5.9) is implemented to ensure the isolation valves are properly positioned to provide 16 
the required physical disconnection (i.e., independent verification). 17 
 18 
Because safety-significant isolation valves for double valve isolation can be exposed to 19 
overpressure by some waste transfer pumps as well as flow transients (water hammer) during 20 
waste transfers, a SAC (see Section 4.5.7) is implemented to prevent the loss of the safety 21 
function of isolation valves for double valve isolation due to waste transfer pump overpressure 22 
and flow transients. 23 
 24 
Because safety-significant isolation valves for double valve isolation can be exposed to freezing 25 
temperatures, two SACs (see Section 4.5.11 and 4.5.13) are implemented to prevent the loss of 26 
the safety function of isolation valves for double valve isolation due to freezing. 27 
  28 
In-service inspections/tests are required to ensure the operability of isolation valves for double 29 
valve isolation by: 30 
 31 

 For T-handle operated isolation valves where the valve stop disk is not integral with the 32 
funnel, inspecting the valve stop pins annually (i.e., every 365 days) to verify that when 33 
the valve stop disk is positioned against the valve stop pin, the valve is in the closed or 34 
block flow position. 35 
 36 

 For isolation valves where the valve stop disk is integral with the valve funnel, inspecting 37 
the valve stop disk and valve stop pin every 2 years to verify that when the valve stop 38 
disk is in contact with or close proximity to the valve stop pin, the valve is in the closed 39 
or block flow position. 40 

 41 
 For isolation valves positioned with a reference pointer and indicating disk, inspecting 42 

the reference pointer and indicating disk annually (i.e., every 365 days) to verify that 43 
when the reference pointer is aligned with the indicator disk markings, the valve is in the 44 
closed or block flow position. 45 
 46 
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Note:  If the valve has not been repositioned since the last inspection, as evidenced by a tamper 1 
seal (see Section 4.5.9) installed at the time of the last inspection, an inspection is not 2 
required. 3 

 4 
4.4.3.6 References  5 
 6 
ASME B16.34, Valves – Flanged, Threaded, and Welding End, ASME International, New York, 7 

New York. 8 
 9 
ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York, 10 

New York. 11 
 12 
RPP-RPT-41859, 2014, Safety-Significant Isolation Valves for Double Valve Isolation – 13 

Functions and Requirements Evaluation Document, Rev. 6, Washington River Protection 14 
Solutions LLC, Richland, Washington. 15 

 16 
RPP-RPT-56061, 2013, Tank Farms Double Valve Isolation (DVI) Cycle Test Report, Rev. 0, 17 

Washington River Protection Solutions LLC, Richland, Washington. 18 
 19 
TFC-ENG-STD-34, Standard for the Selection of Non-Metallic Materials in Contact with Tank 20 

Waste, as amended, Washington River Protection Solutions LLC, Richland, Washington. 21 
 22 
TFC-ENG-STD-42, Tank Farm Waste Transfer Fitness-for-Service Evaluation, as amended, 23 

Washington River Protection Solutions LLC, Richland, Washington. 24 
  25 
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Table 4.4.3-1.  Isolation Valves for Double Valve Isolation – Failure Mode Evaluation.  (3 sheets) 
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Structural Loading Conditions 
 
Dead loads X - - - - - - - - - - -  - - - 
Snow loads N/A - - - - - - - - - - -  - - - 
Wind loads (i.e., high winds) N/A - - - - - - - - - - -  - - - 
Earthquake loads (i.e., seismic events) - X - - - - - - - - - -  - - X 
Ashfall loads N/A - - - - - - - - - - -  - - - 
Earth and groundwater pressures N/A - - - - - - - - - - -  - - - 
Thermal forces X - - - - - - - - - - -  - - - 
Vehicle traffic N/A - - - - - - - - - - -  - - - 
Vehicle accidents - X X X - - - - - - - -  - - - 
Load handling accidents - X - - - - - - - - - -  - X - 
Undermining from failed water lines - X - - - - - - - - - -  - - X 
Blast effects/missiles from 
propane/LPG tank explosions 

- X - - - - - X - - - -  - - - 

Impacts/damage from excavation 
activities 

N/A  - - - - - - - - - -  - - - 

Process and Environmental Conditions 
 

Process pressure/vacuum Xc - - - X - - - - - - -  - - - 
Water hammer Xc - - - - - - - - - - -  - - - 
Process/environmental temperature 
(low) 

X - - - - - - - - - - -  - - - 

Expansion from freezing fluidsd  - - - - - - X - - - - -  - - - 
Process/environmental temperature 
(high)e 

X - - - - - - - - - - - - - - 
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Table 4.4.3-1.  Isolation Valves for Double Valve Isolation – Failure Mode Evaluation.  (3 sheets) 
Condition 
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Process chemistry (chemical 
attack/corrosion by waste, headspace 
vapors) 

X - - - - - - - - - - - - - - 

Fluid expansion effects N/A - - - - - - - - - - - - - - 
Erosion X - - - - - - - - - - - - - - 
Radiation fields X - - - - - - - - - - - - - - 
Plugging/fouling X - - - - - - - - - - - - - - 
Flammable gas 
deflagrations/detonations within 
process equipment 

- - - - - X - - X - - - - - - 

Exposure to dust/volcanic ash X - - - - - - - - - - - - - - 
Exposure to water (e.g., 
humidity/condensation, precipitation, 
flooding by service water) 

X - - - - - - - - - - - - - - 

Exposure to solar radiation N/A - - - - - - - - - - - - - - 
Exposure to leaked fluids other than 
water (e.g., hydraulic fluid, vehicle 
fluids) 

X - - - - - - - - - - -  - - - 

Fires (range fires, vehicle fires, 
refueling activity fires, other fires) 

- X - - - - - X - - - -  - - X 

Interfacing Systems 
 
Interfacing water systems (i.e., 
overpressure, flow transients, high 
temperature) 

- - - - - - - - - X - X  - - - 
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Table 4.4.3-1.  Isolation Valves for Double Valve Isolation – Failure Mode Evaluation.  (3 sheets) 
Condition 
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Interfacing compressed air systems 
(i.e., overpressure, high temperature)f 

- - - - - - - - - - X - X - - 

Other 
 
General aging X - - - - - - - - - - -  - - - 
Notes: 

aDefense-in-depth features are described in Section 3.3.2.3.2, “Defense-in-Depth.” 
bThese safety management programs are applied throughout tank farms and, through normal implementation of the program, provide  

defense-in-depth. 
cMay require support systems or SACs as determined by SAC Waste Transfer System Overpressure and Flow Transient Protection. 
dDamage caused by the expansion of freezing waste during a waste transfer is prevented by SAC Waste Transfer System Freeze Protection and 

SAC SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS. 
eDamage caused by exposure to high waste temperature is prevented by the safety-significant MARS-V WAT waste high temperature control 

system. 
fExposure to the limited quantities of hydraulic fluid entrained in compressed air systems is within the design basis. 

  
ATMS = automated temperature monitoring system. 
HIHTL = hose-in-hose transfer line. 

LPG = liquefied petroleum gas. 
MARS-V = mobile arm retrieval system – vacuum (version). 

N/A = not applicable. 
WAT = waste accumulator tank. 
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4.4.4 Extended Reach Sluicer System Hydraulic 1 
System Pressure Reducing Devices  2 

 3 
Extended Reach Sluicer System (ERSS) hydraulic system pressure reducing devices are 4 
identified as safety-significant support systems for waste transfer primary piping systems 5 
(Section 4.4.1).  6 
 7 
Note: Hydraulic system pressure reducing devices may exist in tank farms that are not safety 8 

significant.  The requirements established in this section only apply to ERSS hydraulic 9 
system pressure reducing devices that prevent the loss of the safety function of the  10 
safety-significant ERSS process hoses (i.e., are required safety-significant support 11 
systems that protect ERSS process hoses from excessive tensile forces). 12 

 13 
4.4.4.1 Safety Function(s).  The safety function of the ERSS hydraulic system pressure 14 
reducing devices is to prevent the loss of the safety function of ERSS process hoses.  The ERSS 15 
hydraulic system pressure reducing devices limit the hydraulic pressure and, therefore, the force 16 
that can be applied on the process hoses by the hydraulic cylinders that extend and retract the 17 
ERSS sluicer boom and by the hose reel hydraulic motor.  18 
 19 
4.4.4.2 System Description.  ERSSs support the retrieval of waste from SSTs.  Each ERSS is 20 
independently controlled by a hydraulic valve manifold block powered by a hydraulic power 21 
unit.  Each hydraulic valve manifold block includes two safety-significant pressure reducing 22 
valves, one for boom extension and one for hose reel retraction, and a safety-significant inline 23 
filter.  (Note:  Some ERSS designs include two parallel safety-significant inline filters.)  The 24 
ERSS boom extension pressure reducing valve is attached to the ERSS hydraulic valve manifold 25 
block in the hydraulic circuit supplying hydraulic pressure to the hydraulic cylinders that extend 26 
and retract the ERSS process hose.  The ERSS hose reel retraction pressure reducing valve is 27 
attached to the ERSS hydraulic valve manifold block in the hydraulic circuit supplying hydraulic 28 
pressure to the hose reel hydraulic motor.  The ERSS hose reel retraction pressure reducing valve 29 
consists of a pressure reducing main stage valve and an electro-proportional valve and coil for 30 
smoother operation of the hose reel and to allow for variable control of the pressure reducing 31 
valve set pressure.  An inline filter is upstream of both the ERSS boom extension pressure 32 
reducing valve and the ERSS hose reel retraction pressure reducing valve.  33 
 34 
Additional description of the ERSS hydraulic system pressure reducing devices is provided in 35 
RPP-RPT-51989, Safety-Significant Extended Reach Sluicer System Hydraulic System Pressure 36 
Reducing Devices – Functions and Requirements Evaluation Document.  See Section 2.5.2.4 for 37 
a description of the ERSS. 38 
 39 
Boundaries – The boundaries of the safety-significant ERSS hydraulic system pressure reducing 40 
devices are the ERSS boom extension pressure reducing valves, the ERSS hose reel retraction 41 
pressure reducing valves, and the inline filters. 42 
 43 
Note:  The inline filters are included because they prevent failure of the pressure reducing valves 44 

due to fouling/plugging. 45 
 46 
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Support Systems – There are no safety-significant support systems identified for the ERSS 1 
hydraulic system pressure reducing devices (see the system evaluation in Section 4.4.4.4).   2 
 3 
4.4.4.3 Functional Requirements.  The functional requirement is that the ERSS hydraulic 4 
system pressure reducing valves have set pressures that limit the hydraulic system pressure to the 5 
hydraulic cylinders that extend and retract the sluicer boom and to the hydraulic motor that 6 
controls the hose reel.  Limiting the hydraulic pressure prevents the hydraulic cylinders and 7 
hydraulic motor from applying tension loads (forces) that exceed the tension load applied during 8 
burst testing of the safety-significant ERSS process hoses. 9 
 10 
The functional requirement of the safety-significant inline filters is to prevent plugging/fouling 11 
of the safety-significant ERSS hydraulic system pressure reducing valves. 12 
 13 
The conditions for which these functional/performance requirements are met are indicated in 14 
Table 4.4.4-4 (see the “Condition addressed by SSC design” column). 15 
 16 
There are no other functional/performance requirements derived from the hazard and accident 17 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 18 
system evaluation of the ERSS hydraulic system pressure relieving devices (see Section 4.4.4.4). 19 
 20 
4.4.4.4 System Evaluation.  The system evaluation of the ERSS hydraulic system pressure 21 
reducing devices is documented in RPP-RPT-51989.  The evaluation identifies the 22 
functional/performance requirements necessary for the pressure reducing devices to perform 23 
their safety function.  The evaluation also identifies and evaluates potential failure modes of the 24 
pressure reducing devices considering the conditions and events in which the safety function 25 
must be met.  In addition, the evaluation identifies and evaluates support systems whose function 26 
is required for the pressure reducing devices to perform their safety function and interfaces 27 
whose failure could prevent the pressure reducing devices from performing their safety function.  28 
The system evaluation satisfies DOE and TOC requirements to ensure the reliable performance 29 
of safety-significant SSCs to meet the safety function(s) determined from the hazard and 30 
accident analyses. 31 
  32 
The primary functional/performance requirement is that the ERSS hydraulic system pressure 33 
reducing devices have set pressures to prevent the ERSS process hoses from exceeding the 34 
tension load applied during burst testing.  To meet this requirement, the ERSS boom extension 35 
pressure reducing valve set pressure is established at ≤ 847 lb/in2 gauge.  The ERSS hose reel 36 
retraction pressure reducing valve maximum set pressure is established at ≤ 2,802 lb/in2 gauge 37 
(Note:  The electro-proportional valve and coil allow for variable control of the pressure 38 
reducing valve set pressure but cannot vary the set pressure above this established maximum set 39 
pressure).  The set pressures are verified through testing.  40 
 41 
The functional/performance requirement of the inline filters is to maintain fluid cleanliness in 42 
accordance with ISO 4406, Hydraulic fluid power – Fluids – Method for coding the level of 43 
contamination by solid particles.  ISO 4406 specifies a fluid cleanliness of 19/17/14 for a 44 
cartridge valve (e.g., the ERSS boom extension pressure reducing valve and the ERSS hose reel 45 
pressure reducing main stage valve) and 15/13/11 for an electro-proportional valve.  Filtering out 46 
large particles maintains the cleanliness of the hydraulic fluid flowing through the pressure 47 
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reducing valves and, thereby, prevents failure due to plugging/fouling.  The inline filters consist 1 
of a replaceable filter element assembled with O-rings inside a metal filter housing.  The filter 2 
elements have a high collapse (i.e., differential pressure) rating of 3,000 lb/in2.  To meet the  3 
ISO 4406 fluid cleanliness requirements, the inline filter is tested in accordance with  4 
ISO 16889-2008, Hydraulic fluid power – Filters – Multi-pass method for evaluating filtration 5 
performance of a filter element. 6 
 7 
The ERSS hydraulic system pressure reducing devices must also be designed for applicable 8 
process and environmental conditions.  RPP-RPT-51989 demonstrates compliance with the 9 
applicable process and environmental conditions.   10 
 11 
RPP-RPT-51989 also reviewed and evaluated ERSS hydraulic system pressure reducing devices 12 
for potential failure modes that could impact the ability to meet the safety function.  The 13 
evaluation results are summarized in Table 4.4.4-1.  Where the ERSS hydraulic system pressure 14 
reducing devices are not designed to withstand the cause of the identified failure mode, the risk 15 
of the resulting hazard is low, the damage/failure is readily detected, or defense-in-depth features 16 
(see Section 3.3.2.3.2) are provided.  The results of the evaluation are summarized below. 17 
 18 

 Damage to ERSS hydraulic system pressure reducing devices from readily detected 19 
events (i.e., seismic events, vehicle accidents, load handling accidents, blast 20 
effects/missiles from propane/LPG tank explosions, and fires) during waste transfers will 21 
result in a prompt determination by operations if the waste transfer should be shutdown 22 
(i.e., if the damage is significant enough to prevent the ERSS hydraulic system pressure 23 
reducing devices from meeting their safety function).  In addition, these readily detected 24 
events will result in an inspection and, if necessary, replacement prior to returning the 25 
ERSS hydraulic system pressure reducing devices to operation.  (Note:  There are also 26 
defense-in-depth features to address some of these initiators.  For example, the 27 
emergency preparedness program to address seismic events, spotters to prevent vehicle 28 
accidents, the hoisting and rigging program to prevent load handling accidents, and fire 29 
protection requirements to address explosions and fires). 30 
 31 
Note: ORP directed that a TSR AC Key Element be established that requires stopping 32 

waste transfers and evacuating personnel from the tank farms following a detected 33 
seismic event.  See Section 5.5.3.6. 34 

 35 
 Damage to ERSS hydraulic system pressure reducing devices from readily detected 36 

events (i.e., seismic events, vehicle accidents, load handling accidents, blast 37 
effects/missiles from propane/LPG tank explosions, and fires) when waste transfers are 38 
not occurring will result in an inspection and, if necessary, replacement prior to 39 
operation.  (See also the note in the bullet above.)  40 

 41 
 Damage to ERSS hydraulic system pressure reducing devices that may occur during a 42 

transfer and are not readily detected are addressed as follows.  A safety-significant inline 43 
filter is installed upstream of the both the ERSS boom extension pressure reducing valve 44 
and the ERSS hose reel retraction pressure reducing valve to prevent pressure reducing 45 
valve failure due to plugging/fouling. 46 
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 1 
 No supporting systems were identified whose function is required for the ERSS hydraulic 2 

system pressure reducing devices to perform their safety function.   3 
 4 

 No interfacing systems were identified that would result in the failure of the pressure 5 
reducing devices to perform their safety function. 6 
 7 

The ability of the hydraulic system pressure reducing valves to perform their safety function does 8 
not degrade over time.  However, based on design life, the performance of the inline filters can 9 
degrade and periodic replacement is required.  The following shelf/service life for the ERSS 10 
hydraulic system pressure reducing device inline filters has been established. 11 
  12 

 Inline filters – A shelf/service life of 5 years from the date of manufacture (month/year 13 
indicated on the filter) is conservatively established based on potential O-ring material 14 
degradation. 15 

 16 
4.4.4.5 Controls (TSRs).  The ERSS hydraulic system pressure reducing devices are generally 17 
passive design features whose characteristics are ensured through design, procurement, 18 
installation, startup testing, configuration control, and quality conformance inspections.  The 19 
activities performed under these programs ensure that the safety function of the ERSS hydraulic 20 
system pressure reducing devices are preserved and protect the design baseline from inadvertent 21 
change.   22 
  23 
Safety-significant ERSS hydraulic system pressure reducing devices are required to be operable 24 
when the ERSS is physically connected to an active waste transfer pump not under 25 
administrative lock. 26 
 27 
In-service inspections/tests are required to ensure the operability of the ERSS hydraulic system 28 
pressure reducing devices by: 29 
 30 

 Replacing the ERSS hydraulic system pressure reducing device inline filters if the 31 
shelf/service life is exceeded.  The shelf/service life is as described in the system 32 
evaluation. 33 

 34 
4.4.4.6 References 35 
 36 
ISO 4406, 1999, Hydraulic fluid power – Fluids – Method for coding the level of contamination 37 

by solid particles, Second Edition, International Organization for Standardization, 38 
Geneva, Switzerland. 39 

 40 
ISO 16889-2008, 2008, Hydraulic fluid power – Filters – Multi-pass method for evaluating 41 

filtration performance of a filter element, International Organization for Standardization, 42 
Geneva, Switzerland.  43 

 44 
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RPP-RPT-51989, 2013, Safety-Significant Extended Reach Sluicer System Hydraulic System 1 
Pressure Reducing Devices – Functions and Requirements Evaluation Document, Rev. 2 
1B, Washington River Protection Solutions LLC, Richland, Washington. 3 

  4 
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Table 4.4.4-1.  ERSS Hydraulic System Pressure Reducing Devices – Failure Mode Evaluation.  
(2 sheets) 

Condition 

C
on

di
ti

on
 a

dd
re

ss
ed

 b
y 

S
S

C
 d

es
ig

n 

R
ea

di
ly

 d
et

ec
te

d 
fa

il
ur

e 

Defense-in-Depth Featuresa 
 

S
po

tt
er

s 

F
ir

e 
pr

ot
ec

ti
on

 r
eq

ui
re

m
en

ts
 

H
oi

st
in

g 
&

 r
ig

gi
ng

 p
ro

gr
am

b 

E
m

er
ge

nc
y 

pr
ep

ar
ed

ne
ss

 p
ro

gr
am

b 
 

Structural Loading Conditions 
 
Dead loads X - - - - -  
Snow loads X - - - - -  
Wind loads (i.e., high winds) X - - - - -  
Earthquake loads (i.e., seismic events) - X - - - X  
Ashfall loads X - - - - -  
Earth and groundwater pressures N/A - - - - -  
Thermal forces X - - - - -  
Vehicle traffic N/A - - - - -  
Vehicle accidents - X X - - -  
Load handling accidents - X - - X -  
Undermining from failed water lines N/A - - - - -  
Blast effects/missiles from propane/LPG tank explosions - X - X - -  
Impacts/damage from excavation activities N/A - - - - -  
Vibrations X - - - - - 
Process and Environmental Conditions 
 
Process pressure/vacuum X - - - - -  
Water hammer N/A - - - - -  
Process/environmental temperature (low) X - - - - -  
Expansion from freezing fluids X - - - - -  
Process/environmental temperature (high) X - - - - -  
Process chemistry (chemical attack/corrosion by waste, headspace 
vapors) 

X - - - - -  

Fluid expansion effects X - - - - -  
Erosion N/A - - - - -  
Radiation fields N/A - - - - -  
Plugging by waste N/A - - - - - 
Plugged filters X - - - - -  
Plugging/Fouling (other than filters) X - - - - - 
Flammable gas deflagrations/detonations within process equipment N/A - - - - -  
Exposure to dust/volcanic ash X - - - - -  
Exposure to water (e.g., humidity/condensation, precipitation, flooding 
by service water) 

X - - - - -  

Exposure to solar radiation X - - - - -  
Exposure to leaked fluids other than water (e.g., hydraulic fluid, 
vehicle fluids) 

N/A - - - - -  

Fires (range fires, vehicle fires, refueling activity fires, other fires) - X - X - - 
Quick disconnect not connected X - - - - - 
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Table 4.4.4-1.  ERSS Hydraulic System Pressure Reducing Devices – Failure Mode Evaluation.  
(2 sheets) 

Condition 

C
on

di
ti

on
 a

dd
re

ss
ed

 b
y 

S
S

C
 d

es
ig

n 

R
ea

di
ly

 d
et

ec
te

d 
fa

il
ur

e 

Defense-in-Depth Featuresa 
 

S
po

tt
er

s 

F
ir

e 
pr

ot
ec

ti
on

 r
eq

ui
re

m
en

ts
 

H
oi

st
in

g 
&

 r
ig

gi
ng

 p
ro

gr
am

b 

E
m

er
ge

nc
y 

pr
ep

ar
ed

ne
ss

 p
ro

gr
am

b 
 

Interfacing Systems 
 
None - - - - - - 
Other 
 
General aging X - - - - - 
Notes: 

aDefense-in-depth features are described in Section 3.3.2.3.2, “Defense-in-Depth.” 
bThese safety management programs are applied throughout tank farms, and through normal implementation of 

the program, provide defense-in-depth. 
 

LPG = liquefied petroleum gas. 
N/A = not applicable. 

 
 1 
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4.4.5 Reserved for Future Use 1 
 2 

3 
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4.4.6 242-A Evaporator Slurry Line Vacuum Breaker PSV-CA1-4 1 
     2 
The 242-A Evaporator slurry line vacuum breaker PSV-CA1-4 is identified as a  3 
safety-significant support SSC for waste transfer primary piping systems (Section 4.4.1) and 4 
isolation valves for double valve isolation (Section 4.4.3). 5 
 6 
4.4.6.1 Safety Function(s).  The safety function of the 242-A Evaporator slurry line vacuum 7 
breaker PSV-CA1-4 is to prevent the loss of the safety function of safety-significant SSCs from 8 
flow transients (i.e., water hammers) caused by vapor bubble collapse.  The protected  9 
safety-significant SSCs and their safety functions are: 10 
 11 

 Waste transfer primary piping systems – safety function is to provide confinement of the 12 
waste.  13 
 14 

 Isolation valves for double valve isolation – safety function is to limit leakage of waste 15 
(through valve leakage).  16 

 17 
4.4.6.2 System Description.  The 242-A Evaporator slurry line vacuum breaker PSV-CA1-4 is 18 
a 2-inch wafer-insert type check valve/vacuum breaker located at a relative high point on the  19 
242-A Evaporator slurry line to the tank farms, downstream of slurry flush valves HV-CA1-2 20 
and HV-CA1-2A, within the 242-A Evaporator pump room.  The elevation change from valves 21 
HV-CA1-2 and HV-CA1-2A to the tank farms can cause a vacuum in the slurry line after valves 22 
HV-CA1-2 and/or HV-CA1-2A are closed that exceeds the vapor pressure of waste or flush 23 
water.  Column separation could then occur creating a vapor bubble that could collapse and 24 
result in a water hammer when valves HV-CA1-2 and/or HV-CA1-2A are re-opened.  Vacuum 25 
breaker PSV-CA1-4 opens and allows air into the transfer line when a vacuum is initiated that 26 
exceeds the check valve/vacuum breaker cracking pressure, thus limiting the vacuum that can 27 
occur in the transfer line.  Vacuum breaker PSV-CA1-4 is installed between two standard flanges 28 
and is installed in a vertical orientation above the slurry line by a 2-inch tee. 29 
 30 
RPP-RPT-52813, 242-A Evaporator Jumper C to 4-40 Vacuum Breaker – Functions and 31 
Requirements Evaluation Document, provides additional description of the 242-A Evaporator 32 
slurry line vacuum breaker PSV-CA1-4. 33 
 34 
Boundaries – The safety-significant 242-A Evaporator slurry line vacuum breaker PSV-CA1-4 35 
consists of the check valve/vacuum breaker. 36 
 37 
Note: The inlet and discharge piping associated with the 242-A Evaporator slurry line vacuum 38 

breaker PSV-CA1-4 are not included in the safety-significant boundary because there are 39 
no failure modes that can fail the safety function of the check valve/vacuum breaker. 40 

 41 
Support Systems – The 242-A Building is required to protect the 242-A Evaporator slurry line 42 
vacuum breaker PSV-CA1-4 from damage due to ash, snow, and wind loads and, therefore, is 43 
designated safety significant (see HNF-14755, 242-A Evaporator Documented Safety Analysis, 44 
Section 4.4.7, “242-A Building”). 45 
 46 
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4.4.6.3 Functional Requirements.  The functional requirement of the 242-A Evaporator slurry 1 
line vacuum breaker PSV-CA1-4 is to prevent water hammers due to vapor bubble formation and 2 
collapse by maintaining the pressure in the transfer line greater than the vapor pressure of waste 3 
or water. 4 
 5 
There are no other functional/performance requirements derived from the hazard and accident 6 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 7 
system evaluation (see Section 4.4.6.4). 8 
 9 
4.4.6.4 System Evaluation.  The system evaluation of the 242-A Evaporator slurry line 10 
vacuum breaker PSV-CA1-4 is documented in RPP-RPT-52813.  The evaluation identifies the 11 
functional/performance requirements necessary for vacuum breaker PSV-CA1-4 to perform its 12 
safety function.  The evaluation also identifies and evaluates potential failure modes of vacuum 13 
breaker PSV-CA1-4 considering the conditions and events in which the safety function must be 14 
met.  In addition, the evaluation identifies and evaluates support systems whose function is 15 
required for vacuum breaker PSV-CA1-4 to perform its safety function and interfaces whose 16 
failure could prevent vacuum breaker PSV-CA1-4 from performing its safety function.  The 17 
system evaluation satisfies DOE and TOC requirements to ensure the reliable performance of 18 
safety-significant SSCs to meet the safety function(s) determined from the hazard and accident 19 
analyses. 20 
 21 
The primary functional/performance requirement is that the 242-A Evaporator slurry line 22 
vacuum breaker PSV-CA1-4 prevents water hammers due to vapor bubble formation and 23 
collapse by maintaining the pressure in the transfer line greater than the vapor pressure of waste 24 
or water.  Based on the vapor pressure of waste or water, a vapor bubble is prevented by 25 
maintaining the pressure in the transfer line greater than 4.7 lb/in2 absolute.  Therefore, the 26 
cracking pressure of vacuum breaker PSV-CA1-4 shall be < 9.1 lb/in2 differential (assuming a 27 
conservatively low atmospheric pressure of 13.8 lb/in2 absolute [TFC-ENG-STD-02, 28 
Environmental/Seasonal Requirements for TOC Systems, Structures, and Components]). 29 
 30 
The 242-A Evaporator slurry line vacuum breaker PSV-CA1-4 is also designed for applicable 31 
process (waste, raw water) and environmental conditions, which results in requirements on 32 
design pressure, design temperature, and materials of construction.  Functional/performance 33 
requirements including design pressure, design temperature, and materials of construction are 34 
documented in RPP-RPT-52813, which also demonstrates the design adequacy of vacuum 35 
breaker PSV-CA1-4. 36 
 37 
4.4.6.4.1 Failure Mode Evaluation.  RPP-RPT-52813 reviewed and evaluated the 242-A 38 
Evaporator slurry line vacuum breaker PSV-CA1-4 for potential failure modes that could impact 39 
the ability to meet the safety function.  The evaluation results are summarized in Table 4.4.6-1.  40 
Where vacuum breaker PSV-CA1-4 is not designed to withstand the cause of the identified 41 
failure mode, the risk of the resulting hazard is low, the damage/failure mode is readily detected, 42 
or defense-in-depth features (see Section 3.3.2.3.2) are provided.  The results of the evaluation 43 
are summarized below.   44 
 45 
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 To ensure that vacuum breaker PSV-CA1-4 is not obstructed due to accumulation of 1 
waste solids, the vacuum breaker shall be installed in a vertical orientation above the 2 
slurry line. 3 

 4 
 The safety-significant 242-A Building is identified as a supporting SSC.  It is designed to 5 

not fail due to ash, snow, and wind loads, and thus protects vacuum breaker PSV-CA1-4 6 
from damage due to these loads.   7 
 8 

 Damage to vacuum breaker PSV-CA1-4 from readily detected events (i.e., seismic events 9 
and fires) during waste transfers will result in prompt shutdown of the waste transfer if a 10 
waste leak is detected.  Operations may also shutdown the waste transfer if the damage is 11 
determined to be significant enough to prevent vacuum breaker PSV-CA1-4 from 12 
meeting its safety function.  In addition, these readily detected events will result in an 13 
inspection and, if necessary, replacement prior to returning vacuum breaker PSV-CA1-4 14 
to operation.  (Note:  There are defense-in-depth features to address some of these 15 
initiators.  For example, the emergency preparedness program for seismic events and fire 16 
protection requirements to address fires.) 17 
 18 

 Damage to vacuum breaker PSV-CA1-4 from readily detected events (i.e., seismic 19 
events, load handling accidents, and fires) when waste transfers are not occurring will 20 
result in an inspection and, if necessary, replacement prior to operation.  (Note:  There are 21 
defense-in-depth features to address some of these initiators.  For example, the 22 
emergency preparedness program for seismic events, the hoisting and rigging program 23 
prevents load handling accidents, and fire protection requirements to address fires.)  24 

 25 
 For the following cause of damage to vacuum breaker PSV-CA1-4 that may occur when 26 

waste transfers are not occurring, and may not be readily detected, defense-in-depth 27 
features were identified and determined to acceptably control the risk of this potential 28 
failure mode. 29 
 30 
- Damage due to a flammable gas deflagration:  Flammable gas deflagrations in the 31 

waste slurry piping are unlikely based on flushing and draining of waste transfer lines 32 
and the absence of ignition sources (see Section 3.3.2.4.1).  33 

 34 
Based on operating conditions, the ability of the 242-A Evaporator slurry line vacuum breaker 35 
PSV-CA1-4 to perform its safety function can degrade and periodic replacement is required.  36 
RPP-RPT-52813 establishes a service life of 2 years from the date of first use for transfer of 37 
waste.  During replacement of vacuum breaker PSV-CA1-4, the upper (inlet) flange shall be 38 
inspected for waste build-up and cleaned or replaced as needed. 39 
 40 
4.4.6.5 Controls (TSRs).  The 242-A Evaporator slurry line vacuum breaker PSV-CA1-4 is a 41 
generally passive design feature whose characteristics are ensured through design, procurement, 42 
installation, startup testing, configuration control, and quality conformance inspections.  The 43 
activities performed under these programs ensure that the safety function of vacuum breaker 44 
PSV-CA1-4 is preserved and protect the design baseline from inadvertent change. 45 
 46 
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Safety-significant 242-A Evaporator slurry line vacuum breaker PSV-CA1-4 is required to be 1 
operable when the 242-A Evaporator vessel contains waste.  (See Section 3.3.2.4.3.5 for the 2 
definition of when the 242-A Evaporator vessel contains waste.)   3 
 4 
In-service inspections/tests are required to ensure the operability of the 242-A Evaporator slurry 5 
line vacuum breaker PSV-CA1-4 by: 6 
 7 

 Replacing the 242-A Evaporator slurry line vacuum breaker PSV-CA1-4 if the service 8 
life is exceeded.  The service life is as described in the system evaluation.      9 

 10 
4.4.6.6 References.  11 
 12 
HNF-14755, 242-A Evaporator Documented Safety Analysis, as amended, Washington River 13 

Protection Solutions LLC, Richland, Washington.  14 
 15 
RPP-RPT-52813, 2014, 242-A Evaporator Jumper C to 4-40 Vacuum Breaker – Functions and 16 

Requirements Evaluation Document, Rev. 2, Washington River Protection Solutions 17 
LLC, Richland, Washington. 18 

 19 
TFC-ENG-STD-02, Environmental/Seasonal Requirements for TOC Systems, Structures, and 20 

Components, as amended, Washington River Protection Solutions LLC, Richland, 21 
Washington. 22 
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Table 4.4.6-1.  242-A Evaporator Slurry Line Vacuum Breaker  
PSV-CA1-4 - Failure Mode Evaluation. 

Condition 
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Structural Loading Conditions 
 
Seismic loadings - X - - - X 
Snow, ash, and wind loadsc X - - - - - 
Dead loads, operating loads X - - - - - 
Load handling accidents N/A - - - - - 
Process and Environmental Conditions 
 
242-A Building temperatures X X - - - - 
Lightning X - - - - - 
Exposure to water and humidity X - - - - - 
Exposure to dust and ash X - - - - - 
Process pressured X - - - - - 
Process temperatures X - - - - - 
Process chemistry/corrosion/erosion X - - - - - 
Radiation fields X - - - - - 
Sediment accumulation/plugging/fouling X - - - - - 
Flammable gas deflagrations/detonations within process equipment - - X X - - 
Fires - X - - X - 
Interfacing Systems 
 
Interfacing water system  X - - - - - 
Other 
 
General aging X - - - - - 
Notes: 

a Defense-in-depth features are described in Section 3.3.2.3.2, “Defense-in-Depth.” 
b These safety management programs are applied throughout tank farms, and through normal implementation of 

the program, provide defense-in-depth. 
c Protected by safety-significant 242-A Building. 
d Includes flow transients (water hammers). 

 
N/A = not applicable. 
SSC = structures, systems, and components. 

 
 

1 
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4.4.7 Compressed Air System Pressure Relieving Devices 1 
 2 
Compressed air system pressure relieving devices are identified as safety-significant for air blow 3 
accidents (Section 3.3.2.4.5).    4 
 5 
Note: Compressed air system pressure relieving devices may exist in the tank farms that are not 6 

safety significant.  The requirements established in this section only apply to compressed 7 
air system pressure relieving devices that are credited with limiting the pressure of 8 
compressed air systems used to blow out HIHTL primary hose assemblies. 9 

 10 
4.4.7.1 Safety Function(s).  The safety function of the compressed air system pressure 11 
relieving devices is to limit compressed air system pressure.  Limiting compressed air system 12 
pressure mitigates the consequences of an air blow accident.    13 
 14 
4.4.7.2 System Description.  The safety-significant compressed air system pressure relieving 15 
devices are listed in Table 4.4.7-1 and include the following. 16 
 17 
POR315-IA-PRV-101 18 
 19 
Pressure relief valve POR315-IA-PRV-101 is included in the portable compressed air system 20 
used to blow out residual liquid from HIHTL primary hose assemblies.  Pressure relief valve 21 
POR315-IA-PRV-101 is installed in the compressed air manifold between the air compressor 22 
and the HIHTL systems.  The compressed air manifold is comprised of inlet piping from a tee 23 
connection on the air compressor outlet line, the POR315-IA-PRV-101 pressure relief valve, and 24 
the pressure relief valve discharge piping.  The discharge from the pressure relief valve faces 25 
downward and is to the atmosphere because check valve(s) downstream of the compressed air 26 
manifold prevent the backflow of contamination into the compressed air system from the HIHTL 27 
primary hose assemblies and connected waste transfer primary system.  The compressed air 28 
manifold is connected to a Sullair 185 portable air compressor.  The compressed air manifold is 29 
controlled under the work control program during use.  When not in use and removed from the 30 
air compressor, the compressed air manifold should be stored indoors.  RPP-RPT-48192,  31 
Safety-Significant Compressed Air System Pressure Relieving Assembly – Functions and 32 
Requirements Evaluation Document, provides additional description of pressure relief valve 33 
POR315-IA-PRV-101. 34 
 35 
Boundaries – The boundaries of the compressed air system pressure relieving devices are the 36 
pressure relief valve (POR315-IA-PRV-101) and the associated inlet piping system components 37 
starting at the connection to the compressed air manifold and any discharge piping that may be 38 
provided. 39 
 40 
Note: Discharge piping system components associated with the pressure relieving devices are 41 

included in the safety-significant boundary because their physical characteristics are 42 
important in sizing the pressure relieving devices.  The inlet piping to the pressure 43 
relieving devices is included in the safety-significant boundary to ensure their flow 44 
capacity does not affect the safety function of the pressure relieving devices. 45 

 46 
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Support Systems – There are no safety-significant support systems identified for the 1 
compressed air system pressure relieving devices (see the system evaluation in Section 4.4.7.4). 2 
 3 
4.4.7.3 Functional Requirements.  The functional requirement of compressed air system 4 
pressure relieving devices is to limit compressed air system pressure to ≤ 500 lb/in2 gauge.  This 5 
ensures that onsite worker consequences due to an air blow accident are below 100 rem and 6 
PAC-3.  (See Section 3.3.2.4.5 for the basis for this functional requirement.) 7 
 8 
To provide a margin of safety, the performance requirement for compressed air system pressure 9 
relieving devices is to limit compressed air pressure to ≤ 190 lb/in2 gauge.  This performance 10 
requirement ensures that onsite worker consequences of an air blow accident are below 5 rem 11 
and PAC-2.  (See Section 3.3.2.4.5 for the basis for this performance requirement.) 12 
  13 
Table 4.4.7-1 lists the compressed air system pressure relieving devices that meet the above 14 
functional/performance requirement.  The conditions for which the functional/performance 15 
requirement is met are indicated in Table 4.4.7-2 (see the “Condition addressed by SSC design” 16 
column). 17 
 18 
There are no other functional/performance requirements derived from the hazard and accident 19 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 20 
system evaluation of compressed air system pressure relieving devices (see Section 4.4.7.4). 21 
 22 
4.4.7.4 System Evaluation.  The system evaluation of the POR315-IA-PRV-101 compressed 23 
air system pressure relieving device is documented in RPP-RPT-48192.  The evaluation 24 
identifies the functional/performance requirements necessary for the pressure relieving device to 25 
perform its safety function.  The evaluation also identifies and evaluates potential failure modes 26 
of the pressure relieving device considering the conditions and events in which the safety 27 
function must be met.  In addition, the evaluation identifies and evaluates support systems whose 28 
function is required for the pressure relieving device to perform its safety function and interfaces 29 
whose failure could prevent the pressure relieving device from performing its safety function.  30 
The system evaluation satisfies DOE and TOC requirements to ensure the reliable performance 31 
of safety-significant SSCs to meet the safety function(s) determined from the hazard and 32 
accident analyses. 33 
 34 
The primary functional/performance requirement is that the POR315-IA-PRV-101 compressed 35 
air system pressure relieving device is sized and has a set pressure that limits compressed air 36 
pressure to ≤ 190 lb/in2 gauge.  To meet this requirement, the pressure relieving device is sized 37 
(i.e., flow capacity) and the set pressure established in accordance with American Society of 38 
Mechanical Engineers (ASME) B31.3, Process Piping, Section 322.6.3, which references ASME 39 
Boiler and Pressure Vessel Code, Section VIII, Rules for Construction of Pressure Vessels, 40 
Division 1.  In accordance with ASME B31.3 and ASME Boiler and Pressure Vessel Code, 41 
Section VIII, Division 1 [UG-125(c)], pressure relieving devices shall prevent the pressure from 42 
rising more than 10% or 3 lb/in2, whichever is greater, above the set pressure except as permitted 43 
elsewhere in the code.  Therefore, a set pressure of ≤ 172 lb/in2 gauge is required to limit the 44 
compressed air pressure to ≤ 190 lb/in2 gauge (172 lb/in2 gauge + 10% of 172 lb/in2 gauge  45 
≤ 190 lb/in2 gauge).  Table 4.4.7-1 lists the pressure relieving devices and references the 46 
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engineering evaluation that demonstrates compliance with the ASME requirements.1  The 1 
engineering evaluation considers the highest possible compressor pressure and flow rate, the 2 
fluid properties of air, and the backpressure from discharge piping system components.  The inlet 3 
piping to the pressure relieving devices is also designed to not affect the safety function of the 4 
pressure relieving. 5 
 6 
The POR315-IA-PRV-101 compressed air system pressure relieving device must also be 7 
designed for applicable process conditions, which results in requirements on design pressure, 8 
design temperature, and materials of construction to address compatibility issues associated with 9 
the environment.  RPP-RPT-48192 demonstrates compliance with these functional/performance 10 
requirements.   11 
 12 
RPP-RPT-48192 also reviewed and evaluated the POR315-IA-PRV-101 compressed air system 13 
pressure relief device for potential failure modes that could impact the ability to meet the safety 14 
function.  The evaluation results are summarized in Table 4.4.7-2.  Where the pressure relieving 15 
device is not designed to withstand the cause of the identified failure mode, the risk of the 16 
resulting hazard is low, the damage/failure is readily detected, or defense-in-depth features (see 17 
Section 3.3.2.3.2) are provided.  The results of the evaluation are summarized below. 18 
 19 

 Damage to the pressure relieving device from readily detected events (i.e., high winds, 20 
seismic events, vehicle accidents, load handling accidents, blast effects/missiles from 21 
propane/LPG tank explosions, and fires) during compressed air blowout of HIHTL 22 
primary hose assemblies will result in prompt shutdown of the activity.  Additionally, the 23 
pressure relieving device will be inspected and, if necessary, tested or replaced prior to 24 
reuse.  (Note:  There are also defense-in-depth features to address some of these 25 
initiators.  For example, the emergency preparedness program to address high wind and 26 
seismic events, spotters to prevent vehicle accidents, the hoisting and rigging program to  27 
prevent load handling accidents, and fire protection requirements to address explosions 28 
and fires).  29 

 30 
 No failure modes were identified that could damage the pressure relieving device and not 31 

be readily detected. 32 
 33 

 No supporting systems were identified whose function is required for the pressure 34 
relieving device to perform its safety function. 35 
 36 

 No interfacing systems were identified that would result in the failure of the pressure 37 
relieving device to perform its safety function. 38 

 39 
Based on the design life, the ability of the POR315-IA-PRV-101 compressed air system pressure 40 
relieving device to perform its safety function can degrade with time due to general aging and 41 
periodic testing or replacement is required.  The following interval for testing or replacing 42 
compressed air system pressure relief valve POR315-IA-PRV-101 has been established based on 43 

                                                 
1 The set pressure may be lower than the maximum allowable set pressure to provide protection of interfacing 
equipment. 
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ASME Boiler and Pressure Vessel Code, Section VII, Recommended Guidelines for the Care of 1 
Power Boilers, C4.220, “Inspection and Maintenance,” recommendations. 2 
 3 

 Pressure relief valves – Replace or perform a test to verify the pressure relief valve set 4 
pressure is ≤ 172 lb/in2 gauge within 24 months of installation (first time connected to an 5 
air compressor) and every 24 months thereafter.   6 

 7 
4.4.7.5 Controls (TSRs).  The compressed air system pressure relieving devices are generally 8 
passive design features whose characteristics are ensured through design, procurement, 9 
installation, startup testing, configuration control, and quality conformance inspections.  The 10 
activities performed under these programs ensure that the safety function of the pressure 11 
relieving devices is preserved and protect the design baseline from inadvertent change. 12 
 13 
Compressed air system pressure relieving devices are required to be operable when a compressed 14 
air system is used to air blow a HIHTL primary hose assembly.  15 
 16 
In-service inspections/tests are required to ensure the operability of the compressed air system 17 
pressure relieving devices by: 18 
 19 

 Within 24 months of installation (first time connected to an air compressor) and every  20 
24 months thereafter, the compressed air system pressure relief valve shall be:  21 

 22 
A.  Tested to verify the set pressure is ≤ 172 lb/in2 gauge. 23 

 24 
  OR 25 

 26 
B.  Replaced. 27 

 28 
4.4.7.6 References  29 
 30 
ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York, 31 

New York. 32 
 33 
ASME Boiler & Pressure Vessel Code, Section VII, Recommended Guidelines for the Care of 34 

Power Boilers, American Society of Mechanical Engineers, New York, New York. 35 
 36 
ASME Boiler & Pressure Vessel Code, Section VIII, Rules for Construction of Pressure Vessels, 37 

American Society of Mechanical Engineers, New York, New York. 38 
 39 
RPP-RPT-48192, 2011, Safety-Significant Compressed Air System Pressure Relieving 40 

Assembly – Functions and Requirements Evaluation Document, Rev. 0, Washington 41 
River Protection Solutions LLC, Richland, Washington. 42 
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Table 4.4.7-1.  Compressed Air System Pressure 
Relieving Devices. 

Pressure Relieving Device Set Pressure  Evaluation 

POR315-IA-PRV-101 ≤ 172 lb/in2 gauge* RPP-CALC-48263 

Notes: 
*Marked set pressure including tolerances allowed by ASME B31.3 and ASME Boiler and 

Pressure Vessel Code, Section VIII, Division 1 [UG-126(d)]. 
  
ASME Boiler & Pressure Vessel Code, Section VIII, Rules for Construction of Pressure 

Vessels, American Society of Mechanical Engineers, New York, New York. 
RPP-CALC-48263, 2011, Portable Air Compressor Pressure Relief Valve Sizing Analysis,  

Rev. 0, Washington River Protection Solutions LLC, Richland, Washington. 
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Table 4.4.7-2.  Compressed Air System Pressure Relieving Devices – Failure Mode 
Evaluation.  (2 sheets) 

Condition 
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Structural Loading Conditions 
 
Dead loads X - - - - -  
Snow loads X - - - - -  
Wind loads (i.e., high winds) - X - - - X  
Earthquake loads (i.e., seismic events) - X - - - X  
Ashfall loads X - - - - -  
Earth and groundwater pressures N/A - - - - -  
Thermal forces X - - - - -  
Vehicle traffic N/A - - - - -  
Vehicle accidents - X X - - -  
Load handling accidents - X - - X -  
Undermining from failed water lines N/A - - - - -  
Blast effects/missiles from propane/LPG tank explosions - X - X - -  
Impacts/damage from excavation activities N/A - - - - -  
Process and Environmental Conditions 
 
Process pressure/vacuum X - - - - -  
Water hammer N/A - - - - -  
Process/environmental temperature (low) X - - - - -  
Expansion from freezing fluids X - - - - -  
Process/environmental temperature (high) X - - - - -  
Process chemistry (chemical attack/corrosion by waste, headspace 
vapors) 

N/A - - - - -  

Fluid expansion effects X - - - - -  
Erosion N/A - - - - -  
Radiation fields N/A - - - - -  
Plugging/fouling N/A - - - - -  
Flammable gas deflagrations/detonations within process equipment N/A - - - - -  
Exposure to dust/volcanic ash X - - - - -  
Exposure to water (e.g., humidity/condensation, precipitation, 
flooding by service water) 

X - - - - -  

Exposure to solar radiation X - - - - -  
Exposure to leaked fluids other than water (e.g., hydraulic fluid, 
vehicle fluids) 

N/A - - - - -  

Fires (range fires, vehicle fires, refueling activity fires, other fires) - X - X - -  
Interfaces 
 
None - - - - - - 
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Table 4.4.7-2.  Compressed Air System Pressure Relieving Devices – Failure Mode 
Evaluation.  (2 sheets) 

Condition 
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Other 
 
Vibration X - - - - -  
Chattering X - - - - -  
General aging X - - - - -  
Notes: 

aDefense-in-depth features are described in Section 3.3.2.3.2, “Defense-in-Depth.” 
bThese safety management programs are applied throughout tank farms, and through normal implementation 

of the program, provide defense-in-depth. 
 

LPG = liquefied petroleum gas. 
N/A = not applicable. 

 
1 
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4.4.8 Low-Level Radioactive, Mixed, and TRU Waste Packaging Vents 1 
 2 
Low-level radioactive, mixed, and transuranic (TRU) waste packaging vents are identified as 3 
safety-significant SSCs for the flammable gas accident (Section 3.3.2.4.1). 4 
 5 
4.4.8.1 Safety Function(s).  The safety function of low-level radioactive, mixed, and TRU 6 
waste packaging vents is to limit the accumulation of flammable gases in the waste packages.  7 
Limiting the flammable gas concentration protects the facility worker from a flammable gas 8 
deflagration in the waste package (see Section 3.3.2.4.1). 9 
 10 
4.4.8.2 System Description.  The waste packaging vent is a filtered vent device from the list of 11 
approved filters in HNF-EP-0063, Hanford Site Solid Waste Acceptance Criteria, Appendix H, 12 
“Approved Vents.”  Waste package venting is performed by installing a filtered vent to maintain 13 
confinement of the package contents and limit the accumulation of flammable gases. 14 
 15 
Boundaries – The safety-significant low-level radioactive, mixed, and TRU waste packaging 16 
vents consist of the filtered vent device described in Section 4.4.8.2.  (Note:  The 17 
safety-significant boundary does not include the filter media.)   18 
 19 
Support Systems – There are no safety-significant support systems identified for the low-level 20 
radioactive, mixed, and TRU waste packaging vents. 21 
 22 
4.4.8.3 Functional Requirements.  The functional requirement is that the waste packaging 23 
vent must be on the approved listing in HNF-EP-0063 Appendix H (see Section 4.4.8.2).  This 24 
list of filtered vent devices has been approved by the U.S. Department of Energy for use in 25 
venting waste packages. 26 
 27 
4.4.8.4 System Evaluation.  Compliance with the safety function is demonstrated through use 28 
of the approved filtered vent devices in HNF-EP-0063, Appendix H (see Section 4.4.8.2) and 29 
installation of the approved filtered vent device in accordance with the manufacturer’s 30 
recommendations. 31 
 32 
4.4.8.5 Controls (TSRs).  Low-level radioactive, mixed, and TRU waste packaging vents are 33 
passive design features whose characteristics are ensured through procurement, installation, 34 
configuration control, and quality conformance inspections.  The activities performed under 35 
these programs ensure that the safety function of the waste packaging vents is preserved. 36 
 37 
4.4.8.6 References  38 

 39 
HNF-EP-0063, Hanford Site Solid Waste Acceptance Criteria, as amended, CH2M HILL Plateau 40 

Remediation Company, Richland, Washington. 41 
 42 

43 
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4.4.9 Waste Transfer Freeze Protection Temperature Monitoring Systems  1 
 2 
Waste transfer freeze protection temperature monitoring systems are identified as a  3 
safety-significant support system for waste transfer primary piping systems (Section 4.4.1) and 4 
isolation valves for double valve isolation (Section 4.4.3) when required by the SAC Waste 5 
Transfer System Freeze Protection (see Section 4.5.11) or the SAC Waste Transfer System 6 
Freeze Protection for SST 241-C-107 MARS Containment Box and Transition Shield Box (see 7 
Section 4.5.12).  SST 241-C-105 waste transfer freeze protection automated temperature 8 
monitoring systems (ATMS) are also identified as a safety-significant support system to prevent 9 
the loss of the safety function of waste transfer primary piping systems and isolation valves for 10 
double valve isolation due to freezing (see Section 4.4.11).  11 
 12 
Note: Temperature monitoring systems may exist in tank farms that are not safety significant.  13 

The requirements established in this section only apply to waste transfer freeze protection 14 
temperature monitoring systems that prevent the loss of the safety function of  15 
safety-significant SSCs due to freezing (i.e., that are required safety-significant support 16 
systems).  17 

 18 
4.4.9.1 Safety Function(s).  The safety function of waste transfer freeze protection 19 
temperature monitoring systems is to monitor the air temperature in waste transfer-associated 20 
structures and in waste transfer primary piping encasements to support the Waste Transfer 21 
System Freeze Protection SAC (see Section 4.5.11) and to support temperature monitoring for 22 
the Waste Transfer System Freeze Protection for SST 241-C-107 MARS Containment Box and 23 
Transition Shield Box SAC (see Section 4.5.12).  The Waste Transfer System Freeze Protection 24 
SAC prevents the loss of the safety functions of safety-significant SSCs located in waste  25 
transfer-associated structures (i.e., waste transfer primary piping systems and isolation valves for 26 
double valve isolation) and buried/bermed waste transfer primary piping.  The Waste Transfer 27 
System Freeze Protection for SST 241-C-107 MARS Containment Box and Transition Shield 28 
Box SAC prevents the loss of the safety function of safety-significant waste transfer primary 29 
piping systems located in the SST 241-C-107 mobile arm retrieval system (MARS) containment 30 
box and transition shield box. 31 
 32 
4.4.9.2 System Description.  Waste transfer freeze protection temperature monitoring systems 33 
are installed in waste transfer-associated structures, in the encasements of buried/bermed waste 34 
transfer primary piping, in the SST 241-C-107 MARS containment box and transition shield box, 35 
and to monitor the outside air temperature in the SST 241-C Tank Farm.  The temperature 36 
monitoring systems consist of Type T thermocouples with matching extension wires, and 37 
connectors.  There may also be terminal strips, multi-switches, and output leads from the  38 
multi-switches.  The multi-switches collect the thermocouple wires from a specific area and 39 
select each thermocouple, in turn, to connect to one set of output leads.  An operator connects a 40 
hand-held potentiometer (thermocouple monitoring device) to the output leads to read the 41 
thermocouple temperature.  Thermocouple trees, mounts, and probes may be used to locate the 42 
thermocouples within the waste transfer-associated structures, waste transfer primary piping 43 
encasements, and the SST 241-C-107 MARS containment box and transition shield box.  The 44 
terminal strips and multi-switches are located in an enclosure rated for the environment with 45 
access to the permanently-installed output leads. The terminal strip/multi-switch enclosure is 46 
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typically mounted on a stand.  The thermocouple for monitoring the outside temperature in the 1 
SST 241-C Tank Farm is installed in a stand-alone structure with a sun shield for protection from 2 
the environmental conditions (e.g., sun, snow, wind).  3 
 4 
RPP-RPT-53037, Safety Requirements Specification for the Tank Farms Waste Transfer Freeze 5 
Protection Temperature Monitoring System, provides additional description of the waste transfer 6 
freeze protection temperature monitoring systems. 7 
 8 
Boundaries – The boundaries of the safety-significant waste transfer freeze protection 9 
temperature monitoring systems are the thermocouples, thermocouple extension wires, and 10 
connectors; and, if used, the terminal strips, multi-switches, output leads, and the terminal 11 
strip/multi-switch enclosures.   12 
 13 
Note: The hand-held potentiometers used to read the thermocouples are calibrated in 14 

accordance with the requirements of TFC-PLN-02, Quality Assurance Program 15 
Description, Section 2.12, “Control of Measuring and Test Equipment” (i.e., NQA-1).  16 
The potentiometers are not designated safety significant since they are not installed plant 17 
equipment (see Section 3.3.1.5). 18 

  19 
Support Systems – There are no safety-significant support systems identified for the waste 20 
transfer freeze protection temperature monitoring systems (see the system evaluation in 21 
Section 4.4.9.4). 22 
 23 
4.4.9.3 Functional Requirements.  The functional requirement of the waste transfer freeze 24 
protection temperature monitoring systems is to provide temperature measurements that are 25 
required to protect safety-significant SSCs from freezing.  The waste transfer freeze protection 26 
temperature monitoring systems are required to support SAC Waste Transfer System Freeze 27 
Protection and SAC Waste Transfer System Freeze Protection for SST 241-C-107 MARS 28 
Containment Box and Transition Shield Box whose safety functions are to prevent the loss of the 29 
safety function of safety-significant SSCs from freezing during waste transfers (see  30 
Sections 4.5.11 and 4.5.12). 31 
 32 
The waste transfer freeze protection temperature monitoring systems are  33 
safety-significant instruments (sensors) and operators who are relied upon to initiate an action in 34 
a SAC.  Therefore, the waste transfer freeze protection temperature monitoring systems are 35 
safety instrumented systems (SIS).  In accordance with the methodology for safety integrity level 36 
(SIL) determination for SIS described in Section 3.3.1.5, the required safety integrity level is 37 
SIL-1.  The basis for SIL-1 is described in RPP-RPT-53037 and is based on the frequency of the 38 
accidents that can be caused by freezing of safety-significant waste transfer system SSCs being 39 
“extremely unlikely.” 40 
 41 
There are no other functional/performance requirements derived from the hazard and accident 42 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 43 
system evaluation of waste transfer freeze protection temperature monitoring systems (see 44 
Section 4.4.9.4). 45 
 46 
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4.4.9.4 System Evaluation.  The system evaluation of waste transfer freeze protection 1 
temperature monitoring systems is documented in RPP-RPT-53037 and RPP-CALC-53087, SIL 2 
Scoping Calculation for Tank Farms Waste Transfer Freeze Protection Monitoring SS SIS.  The 3 
evaluation identifies the functional/performance requirements necessary for the waste transfer 4 
freeze protection temperature monitoring systems to perform their safety function.  The 5 
evaluation also identifies and evaluates potential failure modes of the waste transfer freeze 6 
protection temperature monitoring systems considering the conditions and events in which the 7 
safety function must be met.  In addition, the evaluation identifies and evaluates support systems 8 
whose function is required for the waste transfer freeze protection temperature monitoring 9 
systems to perform their safety function and interfaces whose failure could prevent the waste 10 
transfer freeze protection temperature monitoring systems from performing their safety function.  11 
The system evaluation satisfies DOE and TOC requirements to ensure the reliable performance 12 
of safety-significant SSCs to meet the safety function(s) determined from the hazard and 13 
accident analyses. 14 
 15 
The primary functional/performance requirement is that the waste transfer freeze protection 16 
temperature monitoring systems provide temperature measurements that are required to protect 17 
safety-significant SSCs from freezing.  This functional/performance requirement is met by 18 
placing the thermocouples in locations as required by the SAC Waste Transfer System Freeze 19 
Protection (see Section 4.5.11) and the SAC Waste Transfer System Freeze Protection for SST 20 
241-C-107 MARS Containment Box and Transition Shield Box (see Section 4.5.12).  SAC 21 
Waste Transfer System Freeze Protection and SAC Waste Transfer System Freeze Protection for 22 
SST 241-C-107 MARS Containment Box and Transition Shield Box consider instrument 23 
accuracy and temperature monitoring uncertainties.     24 
 25 
RPP-RPT-53037 reviewed and evaluated the waste transfer freeze protection temperature 26 
monitoring systems for potential failure modes that could impact the ability to meet the safety 27 
function.  The evaluation results in the following design requirements for the waste transfer 28 
freeze protection temperature monitoring systems.  29 
 30 

 Type T thermocouples with matching extension wire are required to meet the standard 31 
tolerances stated in Table 1 of ASTM E230/E230M-11, Standard Specification and 32 
Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples. 33 

 34 
 The thermocouples and thermocouple extension wires are required to be protected from 35 

failure due to exposure to waste, hydraulic fluid, radiation, and other 36 
operational/environmental conditions.  Epoxy coated tips, polyvinyl chloride (PVC) 37 
insulation, or other means are used to protect the thermocouples and thermocouple 38 
extension wires.  The thermocouple and thermocouple extension wire is not required to 39 
be in conduit inside waste transfer-associated structures because damage that would 40 
occur during the limited work in the structures would be observed prior to replacing 41 
covers or access ports.  The thermocouples are ungrounded because each thermocouple 42 
circuit is stand alone.  No sheathing is required. 43 

 44 
 The terminal strips/multi-switches are required to be in an enclosure rated for the 45 

applicable environmental conditions.  The enclosures protect the terminal 46 
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strips/multi-switches from failure due to moisture, ash, dust, and other weather related 1 
conditions. 2 

 3 
 The multi-switches are required to be located at an elevation where they can be easily 4 

read and operated in accordance with NUREG-0700, Human-System Interface Design 5 
Review Guidelines, Section 11.1.4.  This ensures the operator is able to easily view the 6 
multi-switch labeling and select the needed position. 7 

 8 
 The multi-switches are required to have detents at each switch position to provide tactile 9 

feedback to the operator that turning the switch changes the contacts aligned to the output 10 
leads. 11 

 12 
 The multi-switches are required to have an “off” (i.e., open circuit) position. 13 
 14 
 Failure of the multi-switches due to internal and external shorting of components are 15 

required to be detectable by the operator with a temperature reading, instead of an open 16 
circuit indication (e.g., “----”), when the multi-switch is in the off position.  A 17 
temperature reading at the “off” position indicates either multi-switch handle 18 
misalignment or a short circuit. 19 

 20 
 Failure of the multi-switches due to internal and external open circuits are required to be 21 

detectable by the operator with open circuit indication (e.g., “----”). 22 
 23 

Where the waste transfer freeze protection temperature monitoring systems are not designed to 24 
withstand the cause of the identified failure mode, the risk of the resulting hazard is low, the 25 
failure mode is readily detected, or defense-in-depth features are provided as follows. 26 
 27 

 Damage to the waste transfer freeze protection temperature monitoring systems from 28 
readily detected events (i.e., high winds, seismic events, lightning, vehicle accidents, load 29 
handling accidents, blast effects/missiles from propane/LPG tank explosions, and fires) 30 
during waste transfers when temperature monitoring is required will result in a prompt 31 
determination by operations if the waste transfer should be shutdown (i.e., if the damage 32 
is significant enough to prevent the waste transfer freeze protection temperature 33 
monitoring systems from meeting their safety function).  In addition, these readily 34 
detected events will result in an inspection and, if necessary, replacement prior to 35 
returning the waste transfer freeze protection temperature monitoring systems to 36 
operation.  (Note:  There are also defense-in-depth features to address some of these 37 
initiators.  For example, the emergency preparedness program to address high winds and 38 
seismic events, spotters to prevent vehicle accidents, the hoisting and rigging program to 39 
prevent load handling accidents, and fire protection requirements to address explosions 40 
and fires).  41 

 42 
 Damage to the waste transfer freeze protection temperature monitoring systems from 43 

readily detected events (i.e., high winds, seismic events, lightning, vehicle accidents, load 44 
handling accidents, blast effects/missiles from propane/LPG tank explosions, and fires) 45 
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when waste transfers are not occurring will result in an inspection and, if necessary, 1 
replacement prior to operation.  (See also the note in the bullet above.) 2 

 3 
 No supporting systems were identified whose function is required for the waste transfer 4 

freeze protection temperature monitoring systems to perform their safety function. 5 
 6 

 No interfacing systems were identified that would result in the failure of the waste 7 
transfer freeze protection temperature monitoring systems to perform their safety 8 
function. 9 
 10 

Based on design life and operating conditions, the ability of waste transfer freeze protection 11 
temperature monitoring systems to perform their safety function can degrade and periodic  12 
in-service tests/inspections and periodic replacement are required.  The dominant failure mode of 13 
the thermocouples is open circuits.  Another failure mode is wire shorts.  Potentiometers 14 
(thermocouple monitoring device) indicate open circuits during temperature monitoring.  The 15 
following in-service test/inspection has been established to address wiring short circuits. 16 
 17 

 Waste transfer freeze protection temperature monitoring systems shall be tested (i.e., 18 
resistance checks) every 48 months to verify there are no short circuits in the 19 
thermocouples and thermocouple extension wires. 20 

 21 
The waste transfer freeze protection temperature monitoring system thermocouples and 22 
thermocouple extension wires shall be replaced if the service life has been exceeded. 23 
 24 

 A service life of 20 years is established for the thermocouples and thermocouple 25 
extension wires from the date of installation.   26 

 27 
RPP-CALC-53087 evaluates waste transfer freeze protection temperature monitoring systems 28 
and demonstrates compliance with SIL-1 requirements. 29 
 30 
4.4.9.5 Controls (TSRs).  Waste transfer freeze protection temperature monitoring systems are 31 
passive design features whose characteristics are ensured through design, procurement, 32 
installation, startup testing, configuration control, and quality conformance inspections.  The 33 
activities performed under these programs ensure that the safety function of the waste transfer 34 
freeze protection temperature monitoring systems are preserved and protect the design baseline 35 
from inadvertent change.   36 
  37 
Safety-significant waste transfer freeze protection temperature monitoring systems are required 38 
to be operable when identified as required by the SAC Waste Transfer System Freeze Protection 39 
(see Section 4.5.11) or the SAC Waste Transfer System Freeze Protection for SST 241-C-107 40 
MARS Containment Box and Transition Shield Box (see Section 4.5.12). 41 
 42 
In-service inspections/tests are required to ensure the operability of the waste transfer freeze 43 
protection temperature monitoring systems by: 44 
 45 
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 Verifying there are no short circuits in the thermocouples and thermocouple extension 1 
wires every 48 months. 2 
 3 

 Replacing the thermocouples and thermocouple extension wires if the service life has 4 
been exceeded.  The service life is as described in the system evaluation. 5 

 6 
4.4.9.6 References 7 
 8 
ASTM E230/E230M-11, 2011, Standard Specification and Temperature-Electromotive Force 9 

(emf) Tables for Standardized Thermocouples, American Society for Testing and 10 
Materials International, Conshocken, Pennsylvania. 11 

 12 
NUREG-0700, 2002, Human-System Interface Design Review Guidelines, Rev. 2, U.S. Nuclear 13 

Regulatory Commission, Washington, D.C. 14 
 15 
RPP-CALC-53087, 2013, SIL Scoping Calculation for Tank Farms Waste Transfer Freeze 16 

Protection Monitoring SS SIS, Rev. 2, Washington River Protection Solutions LLC, 17 
Richland, Washington.  18 

 19 
RPP-RPT-53037, 2013, Safety Requirements Specification for the Tank Farms Waste Transfer 20 

Freeze Protection Temperature Monitoring System, Rev. 1, Washington River Protection 21 
Solutions LLC, Richland, Washington.  22 

 23 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 24 

Protection Solutions LLC, Richland, Washington. 25 
 26 
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4.4.10 DST Primary Tank Ventilation Systems 1 
 2 
Double-shell tank (DST) primary tank ventilation systems are identified as safety-significant 3 
SSCs for flammable gas accidents in DSTs (Section 3.3.2.4.1). 4 
 5 
Note: The U.S. Department of Energy, Office of River Protection (ORP) in their letter 6 

11-AMD-054, dated March 1, 2011 (Dowell and Bechtol 2011) directed that the DST 7 
primary tank ventilation systems be designated safety significant.  The ORP letter also 8 
directed that a gap analysis be performed to identify differences between the 9 
functional/performance requirements for the safety-significant DST primary tank 10 
ventilation systems to perform their safety function and the existing system designs.  The 11 
system evaluation of the DST primary tank ventilation systems in this section, which 12 
includes the results of the gap analysis, identifies planned improvements that are required 13 
to the existing DST primary tank ventilation systems.  These planned improvements are 14 
also included in Section 3.3.2.3.5. 15 
 16 

4.4.10.1 Safety Function(s).  The safety function of DST primary tank ventilation systems is to 17 
maintain the concentration of flammable gases below the lower flammability limit (LFL) in the 18 
DST headspace from steady-state releases and induced gas release events (GRE) due to water 19 
additions, chemical additions, and waste transfers into DSTs.  Maintaining the flammable gas 20 
concentration below the LFL protects the facility worker from a flammable gas deflagration in a 21 
DST. 22 
 23 
4.4.10.2 System Description.  DST primary tank ventilation systems are designed to provide a 24 
flow of air through the tank headspace that purges flammable gases generated and released from 25 
the waste.  Other non-safety related functions of the DST primary tank ventilation systems 26 
include providing cooling of tank waste and limiting fugitive air emissions (i.e., radioactive 27 
material releases) in accordance with environmental permits.  The 241-AN, 241-AP, 241-AW, 28 
and 241-SY tank farms each have a DST primary tank ventilation system, and there is one DST 29 
primary tank ventilation system (702-AZ) for the 241-AY and 241-AZ tank farms.  The DST 30 
primary tank ventilation systems have redundant exhaust trains capable of providing airflow 31 
through the tank headspace.  Summary descriptions of the DST primary tank ventilation systems 32 
are provided below.  See RPP-RPT-49447, Safety-Significant DST Primary Tank Ventilation 33 
Systems – Functions and Requirements Evaluation Document, for additional description. 34 
 35 
4.4.10.2.1 241-AN Tank Farm - The DST 241-AN Tank Farm primary tank ventilation system 36 
provides active ventilation for the seven DSTs in the 241-AN Tank Farm.  Air enters each of the 37 
DSTs through an inlet air-control station, inlet air-control station bypass, and/or through 38 
infiltration pathways such as around cover blocks on tank pits.  The air then flows through the 39 
DST headspace and out through a tank riser and connected exhaust system ductwork.  The air 40 
outlet ductwork from the seven DSTs join in a common header that is connected to two identical, 41 
parallel, and redundant de-entrainers and exhaust trains.  See Figure 4.4.10-1. 42 
 43 
The inlet air-control stations are above grade and are connected to tank risers.  Each inlet  44 
air-control station consists of an inlet screen, a flow controller (constant flow device), a 45 
mechanical vacuum relief valve, a pre-filter, a high-efficiency particulate air (HEPA) filter, an 46 
inlet isolation valve, and an inlet air-control station bypass valve.  A pneumatic vacuum relief 47 

RPP-13033 1/29/2015 - 12:56 PM 622 of 1079



RPP-13033 REV 5-B 
 

 

 
4.4.10-2 

valve is also installed on the inlet air-control stations for DSTs 241-AN-101 and 241-AN-102.  1 
The inlet air-control stations include instrumentation to measure the inlet air-control station 2 
differential pressure to the atmosphere and differential pressure gages to measure pressure across 3 
the pre-filter and HEPA filter. 4 
 5 
Air leaves the DST through a tank riser and connected exhaust system ductwork.  The exhaust 6 
ductwork is flanged to the tank riser.  A manual tank outlet isolation valve allows for tank 7 
isolation and ventilation system balancing.  The exhaust ductwork for each tank has ports for 8 
obtaining manual measurement of the flow before the ductwork joins to a common exhaust 9 
header.  The ventilation air passes through the header and enters first the de-entrainers and then 10 
the exhaust trains.  The exhaust ductwork and header are below grade upstream of the  11 
de-entrainers and above grade thereafter.  The ductwork is of welded and flanged construction 12 
and includes expansion joints. 13 
 14 
There are two identical, parallel de-entrainers with manual inlet and outlet isolation valves.  15 
Normally only one de-entrainer is used.  Condensate from the de-entrainers is collected in a 16 
common seal pot that drains back to DST 241-AN-101.  A common header connects the 17 
de-entrainers to the exhaust trains. 18 
 19 
Each exhaust train consists of an inlet motor-operated isolation valve, a glycol heater, a 20 
pre-filter, two in-series HEPA filters, an outlet motor-operated isolation valve, an exhaust fan, 21 
and an exhaust stack.  The inlet and outlet isolation valves are controlled to open when the 22 
exhaust fan is started and to close when the exhaust is stopped, but can also be manually 23 
operated.  The glycol heater includes the heat exchanger located upstream of the pre-filter, a 24 
glycol tank, glycol recirculation pump, and glycol electric heater.  Each exhaust train has a seal 25 
pot that collects condensate that drains to the seal pot for the de-entrainers. 26 
 27 
The exhaust fans are driven by electric motors with variable frequency drives (VFD), which 28 
control the fan speed.  The VFDs are controlled to maintain the exhaust stack flow at the control 29 
set point.  The exhaust fans have rated capacities of 2,000 standard ft3/min. 30 
 31 
Instrumentation is provided for controlling and monitoring the exhaust systems.  Instrumentation 32 
measures temperatures, pressures, differential pressures, flow, levels, and valve positions.  Stack 33 
radionuclide sampling and monitoring systems (i.e., continuous air monitors [CAM] and record 34 
samplers) are also provided. 35 
 36 
The control system for the exhaust systems includes an electronic controller (i.e., programmable 37 
logic controller [PLC]) for each exhaust train, and a common human machine interface (HMI) 38 
and input/output (I/O) server.  The control system includes interlocks that shutdown the  39 
in-service train to meet requirements established in environmental permits. 40 
 41 
Boundaries – The safety-significant DST 241-AN Tank Farm primary tank ventilation system is 42 
the structures that confine and direct airflow from the tank headspace to the stack emission point, 43 
and the exhaust fans, motors, VFDs, and control system that provide the required airflow. 44 
 45 
4.4.10.2.2 241-AP Tank Farm - The DST 241-AP Tank Farm primary tank ventilation system 46 
provides active ventilation for the eight DSTs in the 241-AP Tank Farm.  Air enters each of the 47 
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DSTs through infiltration pathways such as around cover blocks on tank pits.  These DSTs do 1 
not have inlet air-control stations.  The air then flows through the DST headspace and out 2 
through a tank riser and connected exhaust system ductwork.  The air outlet ductwork from the 3 
eight DSTs join in a common header that is connected to two identical, parallel, and redundant 4 
demisters and exhaust trains.  See Figure 4.4.10-2. 5 
 6 
The exhaust ductwork is welded to a tank riser.  A manual tank outlet isolation valve allows for 7 
tank isolation and ventilation system balancing.  The exhaust ductwork for each tank has ports 8 
for obtaining manual measurement of the flow before the ductwork joins to a common exhaust 9 
header.  The ventilation air passes through the header and enters first the de-entrainers and then 10 
the exhaust trains.  The exhaust ductwork and header are below grade upstream of the  11 
de-entrainers and above grade thereafter.  The ductwork is of welded and flanged construction 12 
and includes expansion joints. 13 
 14 
There are two identical, parallel demisters with manual inlet and outlet isolation valves.  15 
Normally only one demister is used.  One seal pot collects condensate from the demisters and the 16 
exhaust trains (see below) and the seal pot drains back to DST 241-AP-103.  The ductwork 17 
exiting each demister is connected directly to one of the two parallel exhaust trains with a cross 18 
connect between the ductwork that allows either demister to be connected with either exhaust 19 
train. 20 
 21 
Each exhaust train consists of an inlet motor-operated isolation valve, an electric heater, a 22 
pre-filter, two in-series HEPA filters, a manual outlet isolation valve, an exhaust fan, and a 23 
backflow damper.  The discharge of each exhaust fan is tied into a common header that leads to a 24 
common stack.  The inlet isolation valves are controlled to open when the exhaust fan is started 25 
and to close when the exhaust is stopped, but can also be manually operated.  The manual outlet 26 
isolation valves are used to isolate the train for maintenance.  The backflow dampers ensure flow 27 
is directed toward the stack and not back through the standby exhaust fan. 28 
 29 
The exhaust fans are driven by an electric motor and have a rated capacity in excess of 30 
1,000 standard ft3/min. 31 
 32 
Instrumentation is provided for controlling and monitoring the exhaust system.  Instrumentation 33 
measures temperatures, pressures, differential pressures, flow, level, and valve positions.  Stack 34 
radionuclide sampling and monitoring systems (i.e., CAM and record sampler) are also provided. 35 
 36 
The control system for the exhaust system includes hardwired control logic, on-off control of the 37 
fan motor, and interlocks that shutdown the in-service train to meet requirements established in 38 
environmental permits. 39 
 40 
Boundaries – The safety-significant DST 241-AP Tank Farm primary tank ventilation system is 41 
the structures that confine and direct airflow from the tank headspace to the stack emission point, 42 
and the exhaust fans, motors, and control system that provide the required airflow.   43 
 44 
4.4.10.2.3 241-AW Tank Farm – The DST 241-AW Tank Farm primary tank ventilation 45 
system provides active ventilation for the six DSTs in the 241-AW Tank Farm.  Air enters each 46 
of the DSTs through an inlet air-control station, inlet air-control station bypass, and/or through 47 
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infiltration pathways such as around cover blocks on tank pits.  The air then flows through the 1 
DST headspace and out through a tank riser and connected exhaust system ductwork.  The air 2 
outlet ductwork from the six DSTs join in a common header that is connected to two identical, 3 
parallel, and redundant de-entrainers and exhaust trains.  See Figure 4.4.10-3. 4 
 5 
The inlet air-control stations are above grade and are connected to tank risers.  Each inlet  6 
air-control station consists of an inlet screen, a flow controller (constant flow device), a 7 
mechanical vacuum relief valve, a pre-filter, a HEPA filter, an inlet isolation valve, and an inlet 8 
air-control station bypass valve.  A pneumatic vacuum relief valve is also installed on the inlet 9 
air-control stations for DSTs 241-AW-104 and 241-AW-106.  The inlet air-control stations 10 
include instrumentation to measure the inlet air-control station differential pressure to the 11 
atmosphere and differential pressure gages to measure pressure across the pre-filter and HEPA 12 
filter. 13 
 14 
Air leaves the DST through a tank riser and connected exhaust system ductwork.  The exhaust 15 
ductwork is flanged to the tank riser.  A manual tank outlet isolation valve allows for tank 16 
isolation and ventilation system balancing.  The exhaust ductwork for each tank has ports for 17 
obtaining manual measurement of the flow before the ductwork joins to a common exhaust 18 
header.  The ventilation air passes through the header and enters first the de-entrainers and then 19 
the exhaust trains.  The exhaust ductwork and header are below grade upstream of the  20 
de-entrainers and above grade thereafter.  The ductwork is of welded and flanged construction 21 
and includes expansion joints. 22 
 23 
There are two identical, parallel de-entrainers with manual inlet and outlet isolation valves.  24 
Normally only one de-entrainer is used.  Condensate from the de-entrainers is collected in a 25 
common seal pot that drains back to DST 241-AW-106.  A common header connects the 26 
de-entrainers to the exhaust trains. 27 
 28 
Each exhaust train consists of an inlet motor-operated isolation valve, a glycol heater, a 29 
pre-filter, two in-series HEPA filters, an outlet motor-operated isolation valve, an exhaust fan, 30 
and an exhaust stack.  The inlet and outlet isolation valves are controlled to open when the 31 
exhaust fan is started and to close when the exhaust is stopped, but can also be manually 32 
operated.  The glycol heater includes the heat exchanger located upstream of the pre-filter, a 33 
glycol tank, glycol recirculation pump, and glycol electric heater.  Each exhaust train has a seal 34 
pot that collects condensate that drains to the seal pot for the de-entrainers. 35 
 36 
The exhaust fans are driven by electric motors with VFDs, which control the fan speed.  The 37 
VFDs are controlled to maintain the exhaust stack flow at the control set point.  The exhaust fans 38 
have rated capacities of 2,000 standard ft3/min. 39 
 40 
Instrumentation is provided for controlling and monitoring the exhaust systems.  Instrumentation 41 
measures temperatures, pressures, differential pressures, flow, levels, and valve positions.  Stack 42 
radionuclide sampling and monitoring systems (i.e., CAMs and record samplers) are also 43 
provided. 44 
 45 
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The control system for the exhaust systems includes an electronic controller (i.e., PLC) for each 1 
exhaust train, and a common HMI and I/O server.  The control system includes interlocks that 2 
shutdown the in-service train to meet requirements established in environmental permits. 3 
 4 
Boundaries – The safety-significant DST 241-AW Tank Farm primary tank ventilation system 5 
is the structures that confine and direct airflow from the tank headspace to the stack emission 6 
point, and the exhaust fans, motors, VFDs, and control system that provide the required airflow. 7 
 8 
4.4.10.2.4 241-AY and 241-AZ Tank Farms – There is one DST primary tank ventilation 9 
system (i.e., 702-AZ) that provides active ventilation for the two DSTs in the 241-AY Tank 10 
Farm and the two DSTs in the 241-AZ Tank Farm.  Air enters each of the DSTs through an inlet 11 
air-control station and/or through infiltration pathways such as around cover blocks on tank pits.  12 
The air then flows through the DST headspace and out through a tank riser into a recirculation 13 
loop connected to each DST.  From each DST recirculation loop, air is drawn into a common 14 
exhaust subsystem that includes a primary condenser, a high-efficiency mist eliminator (HEME), 15 
and two identical, parallel, and redundant exhaust trains.  The ductwork is of welded and flanged 16 
construction and includes expansion joints.  See Figures 4.4.10-4 and 4.4.10-5. 17 
 18 
The inlet air-control stations are above grade and are connected to tank risers.  Each inlet  19 
air-control station consists of an electric heater (disconnected), a pre-filter, a HEPA filter, a 20 
motor-operated pressure control valve, and a vacuum relief valve.  The inlet air-control stations 21 
includes differential pressure gages to measure pressure across the pre-filter and HEPA filter. 22 
 23 
Air leaves the DST through a tank riser that is connected to an above grade recirculation loop 24 
designed to cool the tank waste.  Each DST has a recirculation loop that includes a recirculation 25 
condenser, moisture separator, and recirculation fan.  Condensate collected in the recirculation 26 
loop drains back to the associated DST.  Manual valves and ductwork allow the recirculation 27 
condenser, moisture separator, and recirculation fan to be bypassed. 28 
 29 
There is a motor-operated valve in the exhaust ductwork from each recirculation loop to the 30 
common exhaust subsystem that controls the airflow from each tank.  Manual valves and 31 
ductwork allow bypassing the flow control valve.  There are also ports for obtaining manual 32 
measurement of the exhaust flow in this exhaust ductwork. 33 
 34 
The exhaust ductwork from the recirculation loops join in a common header that connects to the 35 
primary condenser and HEME.  Condensate from the primary condenser and HEME is collected 36 
in a condensate seal pot that drains to a condensate tank.  From the condensate tank, the 37 
condensate is pumped back to DST 241-AY-101 or 241-AZ-102.  Manual valves and ductwork 38 
are provided to bypass the primary condenser and/or the HEME. 39 
 40 
The common exhaust ductwork then connects to two identical, parallel exhaust trains and two 41 
exhaust fans with backflow dampers.  Each exhaust train include a motor-operated inlet isolation 42 
valve, an electric heater, a HEPA filter, a high-efficiency gas adsorber (HEGA) (the HEGA filter 43 
elements have been removed), a second HEPA filter, and a motor-operated outlet isolation valve.  44 
Cross connect ductwork and manual isolation valves allow either exhaust fan to be operated with 45 
either exhaust train.  The two exhaust fans are connected to one exhaust stack.  The backflow 46 
dampers ensure flow is directed toward the stack and not back through the standby exhaust fan. 47 
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 1 
The exhaust fans are driven by electric motors with VFDs, which control the fan speed.  The 2 
VFDs are controlled to maintain the exhaust train inlet pressure at the control set point.  Each 3 
exhaust fan has a rated capacity of 1,000 standard ft3/min. 4 
 5 
Instrumentation is provided for controlling and monitoring the exhaust systems.  Instrumentation 6 
measures temperatures, pressures, differential pressures, flow, level, and valve position.   Stack 7 
radionuclide sampling and monitoring systems (i.e., CAM and record sampler) are also provided. 8 
 9 
The control system for the exhaust systems includes two redundant electronic controllers  10 
(i.e., digital control systems [DCS]) either of which can control both exhaust trains, a separate 11 
circuit that will switch to the backup controller upon power or communication failure of the 12 
primary controller, two HMIs that can interact with either controller, and an I/O server.  The 13 
control system includes interlocks that shutdown the in-service train to meet requirements 14 
established in environmental permits. 15 
 16 
Boundaries – The safety-significant 702-AZ DST primary tank ventilation system for the 17 
241-AY and 241-AZ tank farms is the structures that confine and direct airflow from the tank 18 
headspace to the stack emission point, and the exhaust fans, motors, VFDs, and control system 19 
that provide the required airflow.   20 
 21 
4.4.10.2.5 241-SY Tank Farm – The DST 241-SY Tank Farm primary tank ventilation system 22 
provides active ventilation for the three DSTs in the 241-SY Tank Farm.  Air enters each of the 23 
DSTs through an inlet air station, inlet air station bypass, and/or through infiltration pathways 24 
such as around cover blocks on tank pits.  The air then flows through the DST headspace and out 25 
through a tank riser and connected exhaust system ductwork.  The air outlet ductwork from the 26 
three DSTs join in a common header that is connected to two parallel and redundant exhaust 27 
trains - Train A and Train B.  See Figure 4.4.10-6. 28 
 29 
The air inlet stations are above grade and are connected to tank risers.  Each air inlet station 30 
consists of pre-filter, a HEPA filter, an inlet isolation valve, and an air inlet station bypass valve.  31 
The air inlet stations include differential pressure gages to measure pressure across the pre-filter 32 
and HEPA filter.  The air inlet station for DST 241-SY-101 has an inlet stack and pressure and 33 
temperature gages. 34 
 35 
Air leaves the DST through a tank riser and connected exhaust system ductwork.  The exhaust 36 
ductwork is welded to a tank riser.  A manual tank outlet isolation valve allows for tank isolation 37 
and ventilation system balancing.  There is also instrumentation to monitor flow and a 38 
temperature gage in the exhaust ductwork from DST 241-SY-101.  The exhaust ductwork for 39 
each tank has ports for obtaining manual measurement of the flow before the ductwork joins to a 40 
common exhaust header.  The ventilation air passes through the header to the exhaust trains.  The 41 
exhaust ductwork and header are above grade.  The ductwork is of welded and flanged 42 
construction and includes expansion joints. 43 
 44 
Exhaust Train A consists of a manual inlet isolation valve, a demister, an electric heater, a 45 
pre-filter, two in-series HEPA filters, an exhaust fan, and an exhaust stack.  Exhaust Train B 46 
consists of a manual inlet isolation valve, a demister, a glycol heater, a pre-filter, two in-series 47 
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HEPA filters, manual outlet isolation valve, an exhaust fan, and an exhaust stack.  The isolation 1 
valves are used for train switchover and train isolation for maintenance.  Each exhaust train has a 2 
seal pot to collect condensate that drains to DST 241-SY-102. 3 
 4 
The exhaust fans are driven by electric motors.  The Train B exhaust fan motor is controlled by a 5 
VFD which controls the fan speed.  The VFD is controlled to maintain the exhaust stack flow at 6 
the control set point.  The exhaust fans have rated capacities of 1,000 standard ft3/min. 7 
 8 
Instrumentation is provided for controlling and monitoring the exhaust systems.  Instrumentation 9 
measures temperatures, pressures, differential pressures, flow, and level.  Stack radionuclide 10 
sampling and monitoring systems (i.e., CAMs and record samplers) are also provided. 11 
 12 
The control system for exhaust Train A includes hardwired control logic, on-off control of the 13 
fan motor, and interlocks that shutdown the in-service train to meet requirements established in 14 
environmental permits.  The control system for exhaust Train B includes an electronic controller 15 
(i.e., PLC), a local HMI, and interlocks that shutdown the in-service train to meet requirements 16 
established in environmental permits. 17 
 18 
Boundaries – The safety-significant DST 241-SY Tank Farm primary tank ventilation system is 19 
the structures that confine and direct airflow from the tank headspace to the stack emission point, 20 
and the exhaust fans, motors, VFD for exhaust Train B, and control systems that provide the 21 
required airflow. 22 
 23 
4.4.10.2.6 Support Systems – Electrical power is required for the DST primary tank ventilation 24 
systems to perform their safety function and, therefore, electrical power is a safety-significant 25 
support system.  Because upgrading the existing electrical power supply and distribution system 26 
to safety significant is not feasible, a safety-significant backup diesel generator system will be 27 
installed to provide electric power for each of the five DST primary tank ventilation systems 28 
(i.e., total of five backup diesel generator systems).  Each backup diesel generator system will 29 
provide the electrical power required to operate one DST primary tank ventilation system train.  30 
Following loss of normal electric power, manual start up and switchover to the backup diesel 31 
generator systems is acceptable based on the time required for a flammable gas hazard to occur 32 
following loss of power.  The installation and operation of the backup diesel generator systems is 33 
a planned improvement (see Section 3.3.2.3.5). 34 
 35 
Safety-significant support systems may include heating and cooling systems to maintain 36 
environmental conditions for safety-significant exhaust fan motor VFDs and control systems for 37 
the DST primary tank ventilation systems.  The need for safety-significant designation of these 38 
support systems will be included in the planned improvement to qualify the VFDs and upgrade 39 
the control systems to safety significant (see the system evaluation in Section 4.4.10.4). 40 
 41 
Safety-significant support systems may also include structures identified from the evaluation of 42 
systems interaction effects (“two over one protection”) planned as a design improvement (see the 43 
system evaluation in Section 4.4.10.4). 44 
 45 
The DST primary tank ventilation system exhaust fan motors, except for the DST 241-AP and 46 
DST 241-SY Train A exhaust fan motors, are controlled by VFDs.  The DST 241-AN, 241-AW, 47 
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and 241-SY Train B control systems are designed to have the VFDs control the motor frequency 1 
(i.e., fan speed) to maintain the exhaust stack flow at the control setpoint.  The exhaust stack 2 
flow is determined from exhaust stack flow instrumentation and also, for the DST 241-AN and  3 
241-AW tank farms, stack temperature instrumentation.  Because failures in this instrumentation 4 
could cause a reduction of the fan speed (i.e., exhaust flow) below that required to meet the 5 
safety function, exhaust stack flow instrumentation and, for the DST 241-AN and 241-AW tank 6 
farms, exhaust stack temperature instrumentation are safety-significant support systems.  The 7 
DST 241-AY/241-AZ control system is designed to have the VFDs control the motor frequency 8 
(i.e., fan speed) to maintain the exhaust train inlet pressure at the control setpoint.  The exhaust 9 
train inlet pressure is determined from exhaust train inlet pressure instrumentation.  Because 10 
failure of this instrumentation could cause a reduction of the fan speed (i.e., exhaust flow) below 11 
that required to meet the safety function, exhaust train inlet pressure instrumentation are  12 
safety-significant support systems.  The existing exhaust stack flow instrumentation for the DST 13 
241-AN, 241-AW, and 241-SY tank farms; the exhaust stack temperature instrumentation for the 14 
DST 241-AN and 241-AW tank farms; and the DST 241-AY/241-AZ tank farm exhaust train 15 
inlet pressure instrumentation are designated general service and cannot be qualified as safety 16 
significant.  Therefore, there is a planned improvement to provide safety-significant 17 
instrumentation in conjunction with the required upgrade or replacement of the associated 18 
control systems (see the system evaluation in Section 4.4.10.4). 19 
 20 
Safety-significant instrumentation to monitor the exhaust flow from each DST to verify that the 21 
DST primary tank ventilation system functional/performance requirement is met will be installed 22 
as a planned improvement (see Section 3.3.2.3.5).  The safety-significant designation of tank 23 
exhaust flow instrumentation is based on ORP direction (Dowell 2011) that permanently 24 
installed instrumentation used to determine entry conditions into limiting condition for operation 25 
(LCO) action statements be designated safety significant.  Until completion of this planned 26 
design improvement, verification that the exhaust flow from DSTs meets required flows will be 27 
determined from (1) periodic manual measurement of DST exhaust flows and (2) existing tank 28 
pressure (vacuum) instrumentation (i.e., the headspace in the tank is < 0 in. w.g. relative to 29 
atmospheric pressure).  The manual measurement of DST exhaust flow will use portable 30 
instrumentation which is not required to be safety significant (Dowell 2011).  Because of the 31 
planned design improvement to install safety-significant tank exhaust flow instrumentation, the 32 
existing tank pressure (vacuum) instrumentation will not be designated or upgraded to safety 33 
significant.  The portable instrumentation used for manual flow measurement and tank pressure 34 
(vacuum) instrumentation will be calibrated in accordance with the requirements of  35 
TFC-PLN-02, Quality Assurance Program Description. 36 
 37 
4.4.10.3 Functional Requirements.  The primary functional requirement of the DST primary 38 
tank ventilation systems is to provide sufficient tank headspace ventilation to maintain the 39 
concentration of flammable gas < 100% of the LFL from steady-state releases and induced GREs 40 
due to water additions, chemical additions, and waste transfers into DSTs.  The performance 41 
requirement for DST primary tank ventilation systems is to provide sufficient tank headspace 42 
ventilation to maintain the concentration of flammable gas < 25% of the LFL from steady-state 43 
releases and induced GREs due to water additions, chemical additions, and waste transfers into 44 
DSTs.  The performance requirement establishes a margin of safety by maintaining the 45 
flammable gas concentration ≤ 25% of the LFL.  The use of 25% of the LFL as a control point 46 
has been established based on National Fire Protection Association (NFPA) standards.  47 
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Specifically, NFPA 69, Standard on Explosion Prevention Systems, states that, relative to the 1 
design and operational requirements of systems used for combustion concentration reduction, the 2 
combustible concentration shall be maintained at or below 25% of the LFL. 3 
 4 
The DST primary tank ventilation systems must meet the above functional/performance 5 
requirement for normal and off-normal conditions and events, including design basis natural 6 
phenomena (i.e., earthquakes [seismic events], high wind, volcanic ash fall, lightning, dust 7 
storms/dust devils, extreme temperatures, precipitation/snow).  TFC-ENG-STD-07, Ventilation 8 
System Design Standard, establishes process conditions, TFC-ENG-STD-02, 9 
Environmental/Seasonal Requirements for TOC Systems, Structures, and Components, identifies 10 
the climatological (environmental) conditions, and TFC-ENG-STD-06, Design Loads for Tank 11 
Farm Facilities, establishes structural design loads and acceptance criteria that the DST primary 12 
tank ventilation systems must meet.  For safety-significant SSCs, DOE-STD-1021-93, Natural 13 
Phenomena Hazards Performance Categorization Guidelines for Structures, Systems, and 14 
Components, states the applicable performance category (PC) is PC-2.  For earthquakes, the 15 
requirement is seismic design category (SDC)-2 based on DOE-STD-1189-2008, Integration of 16 
Safety into the Design Process, and the postulated radiological consequences of DST flammable 17 
gas accidents (i.e., onsite radiological consequences > 5 rem and < 100 rem and offsite 18 
radiological consequences > 5 rem and < 25 rem – see Sections 3.3.2.4.1 and 3.4.2.1).  19 
 20 
To ensure the required availability of the DST primary tank ventilation systems, there shall be 21 
two redundant safety-significant primary tank ventilation system trains (i.e., exhaust fans).  22 
Ventilation system ductwork/housing common to both system trains is acceptable because the 23 
postulated failure modes of these passive structures pose limited risk.  Manual transfer between 24 
system trains is acceptable based on the time required for a flammable gas hazard to occur 25 
following loss of active ventilation.  In addition, there shall be no interfacing system single 26 
active failures that cause the inoperability of both system trains (i.e., loss of DST active 27 
ventilation).  Interfacing systems, however, are not required to function following design basis 28 
natural events (e.g., earthquake, high wind).  This is qualitatively based on the low likelihood of 29 
design basis natural events and the low likelihood of common mode failure of interfacing 30 
systems based on their design to applicable codes and standards in effect at the time and 31 
operating experience (e.g., high winds). 32 
 33 
Note: These functional/performance requirements for the DST primary tank ventilation system 34 

reliability may not be sufficient for future DST mixer pump operation.  For example, 35 
manual transfer between exhaust trains may not be adequate. 36 

 37 
There are no other functional/performance requirements derived from the hazard and accident 38 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 39 
system evaluation (see Section 4.4.10.4). 40 
 41 
4.4.10.4 System Evaluation.  The system evaluations of the DST primary tank ventilation 42 
systems are documented in RPP-RPT-49447.  The evaluations identify the requirements 43 
necessary for the DST primary tank ventilation systems to perform their safety function.  The 44 
evaluations also identify and evaluate potential failure modes of the DST primary tank 45 
ventilation systems considering the conditions and events in which the safety function must be 46 
met.  In addition, the evaluations identify and evaluate support systems and interfaces whose 47 
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failure could prevent the DST primary tank ventilation systems from performing their safety 1 
function.  The system evaluation satisfies DOE and TOC requirements to ensure the reliable 2 
performance of safety-significant SSCs to meet the safety function(s) determined from the 3 
hazard and accident analyses. 4 
 5 
The primary functional/performance requirement is to provide sufficient tank headspace 6 
ventilation to maintain the concentration of flammable gas < 25% of the LFL from steady-state 7 
releases and induced GREs due to water additions, chemical additions, and waste transfers into 8 
DSTs.  The required flow to meet this functional/performance requirement is different for  9 
(1) steady-state releases and slow, continuing induced gas releases following water additions, 10 
chemical additions, and waste transfers into DSTs and for (2) induced GREs during water 11 
additions, chemical additions, and waste transfers into DSTs.  The required flow is also 12 
dependent on the existing limitations for measuring the exhaust flow from each tank.  That is, 13 
only manual measurements are possible and, because of the difficulties and occupational hazards  14 
(i.e., radiation exposure [ALARA] and entry into confined spaces) involved in taking these 15 
measurements, frequent manual measurements are not possible. 16 
 17 
Note: A design improvement is planned to install safety-significant instrumentation to monitor 18 

the exhaust flow from each DST (see Section 4.4.10.2.6).  This exhaust flow 19 
measurement will allow “real time” verification that the DST primary tank ventilation 20 
system is meeting the functional/performance requirement and will simplify the 21 
surveillance requirements for verifying tank exhaust flow.  Until this planned 22 
improvement for safety-significant instrumentation to monitor the exhaust airflow from 23 
each DST is completed, ORP directed retaining the SAC requiring flammable gas 24 
monitoring to directly verify that the flammable gas concentration in the tank headspace 25 
is ≤ 25% of the LFL, which confirms that sufficient ventilation is available to control the 26 
steady-state generation of flammable gas in DSTs and induced gas releases following 27 
water additions, chemical additions, and waste transfers into DSTs (Samuelson 2012).  28 
Flammable gas monitoring provides additional protection and assurance that unexpected, 29 
off-normal conditions that could result in flammable gas concentrations > 25% of the 30 
LFL are detected and required actions taken to prevent flammable gas accidents (i.e., 31 
actions to reduce the flammable gas concentration or eliminate potential ignition sources 32 
prior to the flammable gas concentration exceeding the LFL).  See Section 4.5.1. 33 

 34 
For steady-state releases and slow, continuing induced gas releases following water additions, 35 
chemical additions, and waste transfers into DSTs, the required exhaust airflow is > 40 ft3/min.  36 
This flow is based on the following. 37 
 38 

1. Calculations in RPP-5926, Steady-State Flammable Gas Release Rate Calculation and 39 
Lower Flammability Level Evaluation for Hanford Tank Waste, that show the required 40 
tank exhaust airflow to maintain the flammable gas concentration < 25% of the LFL for 41 
steady-state releases and slow, continuing induced gas releases following water additions, 42 
chemical additions, and waste transfers into DSTs ranges from approximately  43 
1 to < 8 ft3/min for the 28 DSTs. 44 
  45 

2. Engineering judgment on air in-leakage between the tank and the location for manual 46 
measurement of the exhaust flow.  For 241-AN, 241-AP, 241-AW, and 241-SY tank farm 47 
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tanks, the in-leakage of air in the welded and flanged ductwork between the tank and the 1 
flow measurement location should be insignificant.  For the 241-AY and 241-AZ tank 2 
farm tanks, the flow measurement is taken downstream of the recirculation loops, but the 3 
air in-leakage should also be insignificant because of the welded and flanged construction 4 
of the ductwork and recirculation loop components.  Air in-leakage through the 5 
recirculation fan shaft seal is conservatively estimated to be less than 1 ft3/min. 6 
 7 

3. Engineering judgment on expected slow, cumulative changes in tank exhaust airflow that 8 
may occur between surveillances (e.g., increases in air in-leakage, HEPA filter loading). 9 
 10 
Note:  Periodic measurements to verify the exhaust airflow is > 40 ft3/min also verify the 11 

integrity (i.e., limited air in-leakage) of the ductwork, housing, valves, etc. 12 
between the flow measurement location and the exhaust fan.  This requires that the 13 
measurements of exhaust airflow from each tank in the tank farm for each DST 14 
primary tank ventilation system train encompass planned system operating 15 
configurations (e.g., different alignments of the 241-AN, 241-AP, and 241-AW 16 
primary tank ventilation system de-entrainers/demisters, different operating 17 
configurations of the 241-AY/241-AZ tank farm recirculation loops, different 18 
alignments of the 241-AY/241-AZ exhaust fans). 19 

 20 
4. Engineering judgment on expected variations in the tank exhaust airflow due to tank farm 21 

operations between surveillances.  The exhaust airflow from a DST will vary with 22 
changes to the inlet airflow paths of tanks connected to a DST primary tank ventilation 23 
system.  For example, opening or closing an inlet air-control station inlet isolation valve 24 
or bypass valve; opening or closing a tank riser; or removing or installing a waste 25 
transfer-associated structure cover will affect all of the DST exhaust flows within the 26 
tank farm.  The exhaust airflow from a DST will also vary with changes to the exhaust 27 
stack airflow control setpoint which are required to maintain tank vacuum within a 28 
prescribed range (i.e., to prevent fugitive emissions and to prevent excessive vacuum that 29 
could damage the tank). 30 
 31 

5. Engineering judgment on expected variations in tank exhaust airflow due to changes in 32 
temperature and wind speed. 33 

 34 
The flow rate is also based on expected and measured DST exhaust flows (see RPP-RPT-49447). 35 
 36 
For induced GREs during water additions, chemical additions, and waste transfers into DSTs, the 37 
required exhaust airflow is > 99 ft3/min.  This flow is based on the following. 38 
 39 

1. Calculations in RPP-RPT-47933, Flammable Gas Release Rate from Double-Shell Tank 40 
Solids Dissolution, that show a ventilation rate of 58 ft3/min will conservatively maintain 41 
the flammable gas concentration in the DST headspace < 25% of the LFL for the 42 
bounding hydrogen release rate from induced GREs during water additions, chemical 43 
additions, and waste transfers into DSTs. 44 

 45 
2. The conservative assumption that the displacement of air resulting from the water 46 

addition, chemical addition, or waste transfer into the DST reduces the purge airflow into 47 
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the DST.  A reasonably conservative water addition, chemical addition, or waste transfer 1 
rate of 250 gal/min results in an air displacement of 34 ft3/min. 2 
 3 

3. Calculations in RPP-5926 that show the required tank exhaust airflow to maintain the 4 
flammable gas concentration < 25% of the LFL for steady-state releases ranges from 5 
approximately 0 to < 7 ft3/min for the 28 DSTs. 6 
 7 

4. Limiting tank farm operations between measuring the tank exhaust airflow and the water 8 
addition, chemical addition, or waste transfer.  That is, opening or closing an inlet  9 
air-control station inlet isolation valve or bypass valve; opening or closing a tank riser; 10 
removing or installing a waste transfer-associated structure cover; repositioning a  11 
241-AN/241-AP/241-AW/241-SY tank outlet isolation valve or a 241-AY/241-AZ flow 12 
control valve; or reducing the exhaust fan flow control set point prior to the water 13 
addition, chemical addition, or waste transfer into the DST requires re-verification of the 14 
tank exhaust airflow. 15 
 16 

5. Engineering judgment that slow, cumulative changes in tank exhaust airflow that may 17 
occur between measuring the exhaust airflow and the water addition, chemical addition, 18 
or waste transfer (e.g., increases in air in-leakage, HEPA filter loading) are encompassed 19 
by the conservative airflow to control the hydrogen release rate from induced GREs 20 
during water additions, chemical additions, and waste transfers into DSTs (58 ft3/min) 21 
and the displacement of air resulting from the water addition, chemical addition, or waste 22 
transfer (34 ft3/min).  This also encompasses air in-leakage between the tank and the flow 23 
measurement location and changes to tank exhaust airflow due to changes in air 24 
temperature and wind speed. 25 

 26 
The measurement of exhaust airflow will be performed manually in accordance with the 27 
requirements of ANSI/ASHRAE Standard 111-2008, Measurement, Testing, Adjusting, and 28 
Balancing of Building HVAC Systems, except after repositioning a 241-AY/241-AZ flow control 29 
valve.  After repositioning a 241-AY/241-AZ flow control valve, the measurement of tank 30 
exhaust airflow may be performed using the existing flow instrumentation. 31 
 32 
RPP-RPT-49447 reviewed and evaluated the design of the DST primary tank ventilation systems 33 
against the requirements of TFC-ENG-STD-07 (process conditions), TFC-ENG-STD-02 34 
(environmental conditions), and TFC-ENG-STD-06 (structural design loads, including natural 35 
events) and for potential failure modes that could impact the ability to meet their safety function.  36 
The RPP-RPT-49447 evaluation results for each of the DST primary tank ventilation systems are 37 
summarized in Sections 4.4.10.4.1 through 4.4.10.4.5. 38 
 39 
With respect to their availability, RPP-RPT-49447 concluded that the existing DST primary tank 40 
ventilation systems meet the functional/performance requirements for redundancy.  That is, all 41 
five DST primary tank ventilation systems have redundant trains to provide tank exhaust airflow 42 
to meet the functional/performance requirements.  This allows operation of one DST primary 43 
tank ventilation system train (the in-service train) while the other DST primary tank ventilation 44 
system train (the standby train) is available to start up if the in-service train becomes inoperable.  45 
However, the RPP-RPT-49447 evaluation identified failure modes in the existing control 46 
systems for the DST primary tank ventilation systems and single failures in interfacing systems 47 
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that require planned improvements to resolve.  These results are also summarized in 1 
Sections 4.4.10.4.1 through 4.4.10.4.5 2 
 3 
4.4.10.4.1 241-AN Tank Farm 4 
 5 
Because of the limited time allowed, the system evaluation of the DST 241-AN Tank Farm 6 
primary tank ventilation system in RPP-RPT-49447 was not able to document verification of 7 
how the functional/performance design requirements established for safety-significant DST 8 
primary tank ventilation systems are met for the conditions and events in which their safety 9 
function must be met (i.e., applicable process conditions from TFC-ENG-STD-07, 10 
environmental conditions from TFC-ENG-STD-02, and design loads, including natural events, 11 
from TFC-ENG-STD-06).  Therefore, a planned improvement is required to retrieve or 12 
reconstitute the design basis demonstrating compliance with these functional/performance design 13 
requirements or to identify the need for additional planned improvements (see Section 3.3.2.3.5).  14 
The results of this planned improvement will be documented in a revision to RPP-RPT-49447.  15 
The interim risk until the planned improvement is completed is minimal based on (1) a recent 16 
(2008) upgrade of the 241-AN primary tank ventilation system, except for the below grade 17 
ductwork, and (2) the existing systems should have been designed or modified in accordance 18 
with the applicable codes, standards, and procedures in effect at the time. 19 
 20 
The RPP-RPT-49447 evaluation of environmental conditions in which the 241-AN primary tank 21 
ventilation system must perform its safety function, however, identified the potential for ice to 22 
restrict tank inlet airflow, and thus reduce tank exhaust airflow.  The planned improvement to 23 
install instrumentation to monitor the exhaust flow from each tank (see Section 4.4.10.2.6) will 24 
address this issue.  In the interim, there is minimal risk for steady-state releases and slow, 25 
continuing induced gas releases following water additions, chemical additions, and waste 26 
transfers into DSTs because of the expected time that ice could reduce the tank exhaust airflow 27 
versus the time to LFL.  However, for induced GREs during water additions, chemical additions, 28 
and waste transfer into DSTs, ice that reduces the tank exhaust airflow is possible for the short 29 
time (approximately 24 hours) to reach the LFL for the bounding releases estimated in 30 
RPP-RPT-47933.  Therefore, when DST primary tank ventilation systems are required to prevent 31 
induced GRE during water additions, chemical additions, and waste transfers into DSTs, there is 32 
an additional requirement for flammable gas monitoring when the tank farm temperature is 33 
< 32°F (see Section 5.5.2.4). 34 
 35 
In addition, the RPP-RPT-49447 system evaluation identified that the existing 241-AN primary 36 
tank ventilation system is not designed for vehicle accidents (i.e., vehicle impact), blast 37 
effects/missiles from propane/liquefied petroleum gas (LPG) tank explosions, impacts/damage 38 
from excavation activities, load handling accidents (e.g., load drops), undermining from failed 39 
water lines, and fires.  Damage to the 241-AN primary tank ventilation system from these readily 40 
detected events will result in an evaluation of system operability and required actions will be 41 
taken if system operability is affected (see Sections 5.5.2.1 and 5.5.2.4).  (Note:  TOC safety 42 
management programs address some of these initiators.  For example, the fire protection 43 
program addresses explosions and fires, the excavation program addresses damage from 44 
excavation activities, and the hoisting and rigging program addresses load handling accidents.)  45 
The 241-AN primary tank ventilation system is also not designed for flammable gas 46 
deflagrations/detonations which the ventilation system is designed to prevent. 47 
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 1 
Additional specific results of the RPP-RPT-49447 system evaluation, including additional 2 
required planned improvements, are presented below. 3 
 4 

Electrical Power 5 
 6 
Electrical power is required for the DST primary tank ventilation systems to perform their 7 
safety function and, therefore, electrical power is a safety-significant support system.  8 
Because upgrading the existing electrical power supply and distribution system to safety 9 
significant is not feasible, there is a planned improvement to install safety-significant backup 10 
diesel generator systems (see Section 4.4.10.2.6).  The risk of interim operation with the 11 
existing electrical power supply and distribution system is minimal because: 12 
 13 

 For flammable gas hazards from steady-state releases and slow, continuing induced 14 
gas releases following water additions, chemical additions, and waste transfers into 15 
DSTs, there is time (weeks to months) following loss of power to restore active 16 
primary tank ventilation or to eliminate potential ignition sources prior to achieving a 17 
flammable gas concentration > 100% of the LFL, and 18 
 19 

 For induced GREs during water additions, chemical additions, and waste transfers 20 
into DSTs, immediate action to stop the water addition, chemical addition, or waste 21 
transfer following loss of power limits the induced GRE from the dissolution of 22 
soluble settle solids. 23 

 24 
Below Grade Ventilation System Ductwork 25 
 26 
Although the above grade DST primary tank ventilation systems were replaced in a recent 27 
(2008) upgrade, the below grade ductwork installed around 1986 was not upgraded.  Because 28 
of their age and the absence of any in-service inspection since their installation, the  29 
RPP-RPT-49447 system evaluation of the safety-significant below grade ventilation system 30 
ductwork could not demonstrate compliance with the functional/performance requirements 31 
due to potential degradation/deterioration from corrosion.  An evaluation of the integrity of 32 
below grade primary tank ventilation system ductwork is, therefore, required.  The results of 33 
the evaluation will (1) provide the basis for compliance with the functional/performance 34 
requirements, (2) establish in-service inspections/tests or controls (e.g., vehicle load 35 
restrictions) required to ensure the safety function is met, and/or (3) identify planned 36 
improvements to replace the below grade DST primary tank ventilation system ductwork.  In 37 
the interim, TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm 38 
Facilities, limits the risk to the below grade primary tank ventilation systems ductwork by 39 
controlling concentrated loads over the below grade ductwork from tank farm activities 40 
including vehicles (e.g., route maps). 41 
 42 
System Interaction Effects from Natural Events 43 
 44 
The above planned improvement to revise RPP-RPT-49447 will evaluate compliance of the 45 
primary tank ventilation system with the design loading requirements of TFC-ENG-STD-06 46 
for natural events.  In addition, DOE-STD-1021-93, Natural Phenomena Hazards 47 
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Performance Categorization Guidelines for Structures, Systems, and Components, requires 1 
an evaluation of system interaction effects (“two over one protection”) from natural events 2 
(e.g., earthquakes [seismic events], high winds).  Because of the limited time allowed for the 3 
system evaluations of the safety-significant DST primary tank ventilation systems, this 4 
system interaction evaluation has not been completed.  The system interaction evaluation for 5 
the existing DST primary tank ventilations systems will be completed as a planned 6 
improvement and will identify the SSCs whose failure from a natural event could have an 7 
adverse interaction with the DST primary tank ventilation systems.  The identified SSCs will 8 
either be designated safety significant to prevent the adverse interaction or planned 9 
improvements will be identified to eliminate the adverse interactions.  Based on a 10 
preliminary walkdown of the DST 241-AN Tank Farm, the only identified SSCs whose 11 
failure from natural events could potentially adversely affect primary tank ventilation 12 
systems are light poles and ventilation system work/access platforms whose failure could 13 
impact above grade ventilation system ductwork.  The interim risk until completion of the 14 
system interaction effect evaluation and subsequent planned improvement is minimal. 15 
 16 
VFDs 17 
 18 
The existing VFDs for the exhaust fan motors are designated general services, but are 19 
required to be safety significant.  An evaluation and documentation is required to establish 20 
and verify compliance with the critical design, material, and performance characteristics 21 
necessary to ensure the VFDs will perform their safety function.  This system evaluation will 22 
be performed as a planned improvement (see Section 3.3.2.3.5).  The system evaluation will 23 
also identify any safety-significant support systems needed to maintain the environmental 24 
conditions (e.g., temperature, humidity) required for the VFDs to perform their safety 25 
function.  The interim risk of operation before completion of this system evaluation is 26 
minimal based on operating experience, high reliability of VFDs, and configuration controls 27 
on the VFDs. 28 
 29 
Control System 30 
 31 
The control system is required to be safety significant, but the existing control system is 32 
designated general service.  Because qualifying the existing control system as safety 33 
significant is not feasible, a planned improvement is required to upgrade the control system, 34 
including the instrumentation required to support the control system (i.e., exhaust stack flow 35 
and temperature instrumentation [see Section 4.4.10.2.6] and potentially valve position 36 
instrumentation on the exhaust train inlet and outlet motor-operated isolation valves) (see 37 
Section 3.3.2.3.5).  The upgraded control system will be designated safety significant.  Based 38 
on operating experience, interim operation of the DST primary tank ventilation system with 39 
the existing general service control system until the planned improvement is completed does 40 
not pose a significant risk. 41 
 42 

The RPP-RPT-49447 system evaluation also performed an analysis to determine compliance 43 
with the functional/performance requirement that there are no single active failures in interfacing 44 
systems that could cause the inoperability of both system trains.  The results of this analysis 45 
identified the following interfacing system that does not meet this functional/performance 46 
requirement. 47 
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 1 
 There are potential failure modes of the tank pressure (vacuum) instrumentation that 2 

could shutdown both system exhaust trains. 3 
 4 
A planned improvement is required to eliminate this potential interfacing system single active 5 
failure (see Section 3.3.2.3.5). 6 
 7 
Based on the RPP-RPT-49447 system evaluation of the 241-AN primary tank ventilation system, 8 
Table 4.4.10-1 is a checklist of in-service inspections/tests, functional tests, instrument 9 
calibration, and preventive maintenance necessary for a primary tank ventilation system standby 10 
train to be operable.  The Table 4.4.10-1 checklist includes the DST primary tank ventilation 11 
system train components that are required to meet the safety function and the interfacing systems 12 
that are required for train operation.  The Table 4.4.10-1 checklist is used to verify that the DST 13 
primary tank ventilation system standby train is operable. 14 
 15 
241-AN Tank Farm System Evaluation Conclusion 16 
 17 
The system evaluation determined that planned improvements are required prior to 18 
safety-significant designation of the 241-AN Tank Farm primary tank ventilation system and the 19 
supporting SSCs required for the ventilation system to perform its safety function.  Therefore, 20 
the 241-AN Tank Farm primary tank ventilation system and its supporting SSCs will remain 21 
general service until the identified planned improvements are completed and the  22 
RPP-RPT-49447 system evaluation is revised.  The 241-AN Tank Farm primary tank ventilation 23 
system is required to meet the technical safety requirements established to ensure its operability 24 
and operation (see Section 4.4.10.5). 25 
 26 
4.4.10.4.2 241-AP Tank Farm 27 
 28 
There is a planned improvement to upgrade the existing 241-AP Tank Farm primary tank 29 
ventilation system (see Section 3.3.2.3.5).  The planned upgrade will replace or address all 30 
existing 241-AP primary tank ventilation system components, with the exception of the below 31 
grade ductwork, and will include the exhaust fans, motors, and control systems.  A system 32 
evaluation of the upgraded 241-AP primary tank ventilation system will be performed to 33 
demonstrate compliance with the functional/performance design requirements established for 34 
safety-significant DST primary tank ventilation systems and will be documented in a revision to 35 
RPP-RPT-49477. 36 
 37 
Because of the planned upgrade to the existing 241-AP primary tank ventilation system, a system 38 
evaluation of the existing primary tank ventilation system was not performed to document 39 
verification of how the applicable process conditions from TFC-ENG-STD-07, environmental 40 
conditions from TFC-ENG-STD-02, and design loads, including natural events, from  41 
TFC-ENG-STD-06 are met.  The interim risk of operation with the existing 241-AP primary tank 42 
ventilation systems until the planned upgrade is completed is acceptable based on system 43 
operating experience and because the existing systems should have been designed or modified in 44 
accordance with the applicable codes, standards, and procedures in effect at the time. 45 
 46 
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The RPP-RPT-49447 evaluation of environmental conditions in which the 241-AP primary tank 1 
ventilation system must perform its safety function, however, identified the potential for ice to 2 
restrict tank inlet airflow, and thus reduce tank exhaust airflow.  The planned improvement to 3 
install instrumentation to monitor the exhaust flow from each tank (see Section 4.4.10.2.6) will 4 
address this issue.  In the interim, there is minimal risk for steady-state releases and slow, 5 
continuing induced gas releases following water additions, chemical additions, and waste 6 
transfers into DSTs because of the expected time that ice could reduce the tank exhaust airflow 7 
versus the time to LFL.  However, for induced GREs during water additions, chemical additions, 8 
and waste transfer into DSTs, ice that reduces the tank exhaust airflow is possible for the short 9 
time (approximately 24 hours) to reach the LFL for the bounding releases estimated in 10 
RPP-RPT-47933.  Therefore, when DST primary tank ventilation systems are required to prevent 11 
induced GREs during water additions, chemical additions, and waste transfers into DSTs, there is 12 
an additional requirement for flammable gas monitoring when the tank farm temperature is 13 
< 32°F (see Section 5.5.2.4). 14 
 15 
In addition, the RPP-RPT-49447 system evaluation identified that the existing 241-AP primary 16 
tank ventilation system is not designed for vehicle accidents (i.e., vehicle impact), blast 17 
effects/missiles from propane/LPG tank explosions, impacts/damage from excavation activities, 18 
load handling accidents (e.g., load drops), undermining from failed water lines, and fires.  The 19 
planned 241-AP primary tank ventilation system upgrade will also not be designed for these 20 
events.  Damage to the 241-AP primary tank ventilation system from these readily detected 21 
events will result in an evaluation of system operability and required actions will be taken if 22 
system operability is affected (see Sections 5.5.2.1 and 5.5.2.4).  (Note:  TOC safety 23 
management programs address some of these initiators.  For example, the fire protection 24 
program addresses explosions and fires, the excavation program addresses damage from 25 
excavation activities, and the hoisting and rigging program addresses load handling accidents.)  26 
The 241-AP primary tank ventilation system is also not designed for flammable gas 27 
deflagrations/detonations which the ventilation system is designed to prevent. 28 
 29 
Additional specific results of the RPP-RPT-49447 system evaluation of the existing 241-AP 30 
primary tank ventilation systems including additional required planned improvements, are 31 
presented below. 32 
 33 

Electrical Power 34 
 35 
Electrical power is required for the DST primary tank ventilation systems to perform their 36 
safety function and, therefore, electrical power is a safety-significant support system.  37 
Because upgrading the existing electrical power supply and distribution system to safety 38 
significant is not feasible, there is a planned improvement to install safety-significant backup 39 
diesel generator systems (see Section 4.4.10.2.6).  The risk of interim operation with the 40 
existing electrical power supply and distribution system is minimal because: 41 
 42 

 For flammable gas hazards from steady-state releases and slow, continuing induced 43 
gas releases following water additions, chemical additions, and waste transfers into 44 
DSTs, there is time (weeks to months) following loss of power to restore active 45 
primary tank ventilation or to eliminate potential ignition sources prior to achieving a 46 
flammable gas concentration > 100% of the LFL, and 47 
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 1 
 For induced GREs during water additions, chemical additions, and waste transfers 2 

into DSTs, immediate action to stop the water addition, chemical addition, or waste 3 
transfer following loss of power limits the induced GRE from the dissolution of 4 
soluble settle solids. 5 

 6 
Below Grade Ventilation System Ductwork 7 
 8 
The planned upgrade of the 241-AP primary tank ventilation system does not include 9 
replacement of the below grade ductwork which was installed around 1986.  Because of their 10 
age and the absence of any in-service inspection since their installation, the RPP-RPT-49447 11 
system evaluation of the safety-significant below grade ventilation system ductwork 12 
could not demonstrate compliance with the functional/performance requirements due to 13 
potential degradation/deterioration from corrosion.  An evaluation of the integrity of below 14 
grade primary tank ventilation system ductwork is, therefore, required.  The results of the 15 
evaluation will (1) provide the basis for compliance with the functional/performance 16 
requirements, (2) establish in-service inspections/tests or controls (e.g., vehicle load 17 
restrictions) required to ensure the safety function is met, and/or (3) identify planned 18 
improvements to replace the below grade DST primary tank ventilation system ductwork.  In 19 
the interim, TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm 20 
Facilities, limits the risk to the below grade primary tank ventilation systems ductwork by 21 
controlling concentrated loads over the below grade ductwork from tank farm activities 22 
including vehicles (e.g., route maps). 23 
 24 
System Interaction Effects from Natural Events 25 
 26 
The planned upgrade to the 241-AP primary tank ventilation system will evaluate compliance 27 
of the primary tank ventilation system with the design loading requirements of 28 
TFC-ENG-STD-06 for natural events.  In addition, DOE-STD-1021-93, Natural Phenomena 29 
Hazards Performance Categorization Guidelines for Structures, Systems, and Components, 30 
requires an evaluation of system interaction effects (“two over one protection”) from natural 31 
events (e.g., earthquakes [seismic events], high winds), which will be completed for the 32 
upgraded primary tank ventilation system.  That is, a system interaction evaluation for the 33 
upgraded DST primary tank ventilations system will identify the SSCs whose failure from a 34 
natural event could have an adverse interaction with the primary tank ventilation systems.  35 
The identified SSCs will either be designated safety significant to prevent the adverse 36 
interaction or planned improvements will be identified to eliminate the adverse interactions.  37 
Based on a walkdown of the existing 241-AP primary tank ventilation system, the only 38 
identified SSCs whose failure from natural events could potentially adversely affect primary 39 
tank ventilation systems are light poles whose failure could impact above grade ventilation 40 
system ductwork.  The interim risk until completion of the ventilation system upgrade is 41 
minimal. 42 

 43 
The RPP-RPT-49447 system evaluation performed an analysis of the existing 241-AP primary 44 
tank ventilation system to determine compliance with the functional/performance requirement 45 
that there are no single active failures in interfacing systems that could cause the inoperability of 46 
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both system trains.  The results of this analysis identified the following interfacing systems that 1 
do not meet this functional/performance requirement. 2 
 3 

 Failure of fans and heaters required to maintain environmental conditions in the enclosure 4 
housing instrumentation for interfacing systems could cause failures that could shutdown 5 
both system exhaust trains. 6 

 7 
There is minimum risk that this postulated failure would result in loss of active ventilation in the 8 
interim until the planned improvement is completed to upgrade the 241-AP primary tank 9 
ventilation system. 10 
 11 
Based on the RPP-RPT-49447 system evaluation of the DST 241-AP primary tank ventilation 12 
system, Table 4.4.10-1 is a checklist of in-service inspections/tests, functional tests, instrument 13 
calibration, and preventive maintenance necessary for a primary tank ventilation system train to 14 
be operable.  The Table 4.4.10-1 checklist includes the DST primary tank ventilation system 15 
train components that are required to meet the safety function and the interfacing systems that 16 
are required for train operation.  The Table 4.4.10-1 checklist is used to verify that the DST 17 
primary tank ventilation system standby train is operable. 18 
 19 
241-AP Tank Farm System Evaluation Conclusion 20 
 21 
Because of the planned upgrades and other planned improvements, the existing 241-AP Tank 22 
Farm primary tank ventilation system, and the supporting SSCs required for the ventilation 23 
system to perform its safety function, will remain general service until the identified planned 24 
improvements are completed and the RPP-RPT-49447 system evaluation is revised.  The 241-AP 25 
Tank Farm primary tank ventilation system is required to meet the technical safety requirements 26 
established to ensure its operability and operation (see Section 4.4.10.5). 27 
 28 
4.4.10.4.3 241-AW Tank Farm 29 
 30 
Because of the limited time allowed, the system evaluation of the DST 241-AW Tank Farm 31 
primary tank ventilation system in RPP-RPT-49447 was not able to document verification of 32 
how the functional/performance design requirements established for safety-significant DST 33 
primary tank ventilation systems are met for the conditions and events in which their safety 34 
function must be met (i.e., applicable process conditions from TFC-ENG-STD-07, 35 
environmental conditions from TFC-ENG-STD-02, and design loads, including natural events, 36 
from TFC-ENG-STD-06).  Therefore, a planned improvement is required to retrieve or 37 
reconstitute the design basis demonstrating compliance with these functional/performance design 38 
requirements or to identify the need for additional planned improvements (see Section 3.3.2.3.5).  39 
The results of this planned improvement will be documented in a revision to RPP-RPT-49447.  40 
The interim risk until the planned improvement is completed is minimal based on (1) a recent 41 
(2008) upgrade of the 241-AW primary tank ventilation system, except for the below grade 42 
ductwork, and (2) the existing systems should have been designed or modified in accordance 43 
with the applicable codes, standards, and procedures in effect at the time. 44 
 45 
The RPP-RPT-49447 evaluation of environmental conditions in which the 241-AW primary tank 46 
ventilation system must perform its safety function, however, identified the potential for ice to 47 
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restrict tank inlet airflow, and thus reduce tank exhaust airflow.  The planned improvement to 1 
install instrumentation to monitor the exhaust flow from each tank (see Section 4.4.10.2.6) will 2 
address this issue.  In the interim, there is minimal risk for steady-state releases and slow, 3 
continuing induced gas releases following water additions, chemical additions, and waste 4 
transfers into DSTs because of the expected time that ice could reduce the tank exhaust airflow 5 
versus the time to LFL.  However, for induced GREs during water additions, chemical additions, 6 
and waste transfer into DSTs, ice that reduces the tank exhaust airflow is possible for the short 7 
time (approximately 24 hours) to reach the LFL for the bounding releases estimated in 8 
RPP-RPT-47933.  Therefore, when DST primary tank ventilation systems are required to prevent 9 
induced GRE during water additions, chemical additions, and waste transfers into DSTs, there is 10 
an additional requirement for flammable gas monitoring when the tank farm temperature is 11 
< 32°F (see Section 5.5.2.4). 12 
 13 
In addition, the RPP-RPT-49447 system evaluation identified that the existing 241-AW primary 14 
tank ventilation system is not designed for vehicle accidents (i.e., vehicle impact), blast 15 
effects/missiles from propane/LPG tank explosions, impacts/damage from excavation activities, 16 
load handling accidents (e.g., load drops), undermining from failed water lines, and fires.  17 
Damage to the 241-AW primary tank ventilation system from these readily detected events will 18 
result in an evaluation of system operability and required actions will be taken if system 19 
operability is affected (see Sections 5.5.2.1 and 5.5.2.4).  (Note:  TOC safety management 20 
programs address some of these initiators.  For example, the fire protection program addresses 21 
explosions and fires, the excavation program addresses damage from excavation activities, and 22 
the hoisting and rigging program addresses load handling accidents.)  The 241-AW primary tank 23 
ventilation system is also not designed for flammable gas deflagrations/detonations which the 24 
ventilation system is designed to prevent. 25 
 26 
Additional specific results of the RPP-RPT-49447 system evaluation, including additional 27 
required planned improvements, are presented below. 28 

 29 
Electrical Power 30 
 31 
Electrical power is required for the DST primary tank ventilation systems to perform their 32 
safety function and, therefore, electrical power is a safety-significant support system.  33 
Because upgrading the existing electrical power supply and distribution system to safety 34 
significant is not feasible, there is a planned improvement to install safety-significant backup 35 
diesel generator systems (see Section 4.4.10.2.6).  The risk of interim operation with the 36 
existing electrical power supply and distribution system is minimal because: 37 

 38 
 For flammable gas hazards from steady-state releases and slow, continuing induced 39 

gas releases following water additions, chemical additions, and waste transfers into 40 
DSTs, there is time (weeks to months) following loss of power to restore active 41 
primary tank ventilation or to eliminate potential ignition sources prior to achieving a 42 
flammable gas concentration > 100% of the LFL, and 43 
 44 

 For induced GREs during water additions, chemical additions, and waste transfers 45 
into DSTs, immediate action to stop the water addition, chemical addition, or waste 46 
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transfer following loss of power limits the induced GRE from the dissolution of 1 
soluble settle solids. 2 

 3 
Below Grade Ventilation System Ductwork 4 
 5 
Although the above grade DST primary tank ventilation systems were replaced in a recent 6 
(2008) upgrade, the below grade ductwork installed around 1986 was not upgraded.  Because 7 
of their age and the absence of any in-service inspection since their installation, the  8 
RPP-RPT-49447 system evaluation of the safety-significant below grade ventilation system 9 
ductwork could not demonstrate compliance with the functional/performance requirements 10 
due to potential degradation/deterioration from corrosion.  An evaluation of the integrity of 11 
below grade primary tank ventilation system ductwork is, therefore, required.  The results of 12 
the evaluation will (1) provide the basis for compliance with the functional/performance 13 
requirements, (2) establish in-service inspections/tests or controls (e.g., vehicle load 14 
restrictions) required to ensure the safety function is met, and/or (3) identify planned 15 
improvements to replace the below grade DST primary tank ventilation system ductwork.  In 16 
the interim, TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm 17 
Facilities, limits the risk to the below grade primary tank ventilation systems ductwork by 18 
controlling concentrated loads over the below grade ductwork from tank farm activities 19 
including vehicles (e.g., route maps). 20 
 21 
System Interaction Effects from Natural Events 22 
 23 
The above planned improvement to revise RPP-RPT-49447 will evaluate compliance of the 24 
primary tank ventilation system with the design loading requirements of TFC-ENG-STD-06 25 
for natural events.  In addition, DOE-STD-1021-93, Natural Phenomena Hazards 26 
Performance Categorization Guidelines for Structures, Systems, and Components, requires 27 
an evaluation of system interaction effects (“two over one protection”) from natural events 28 
(e.g., earthquakes [seismic events], high winds).  Because of the limited time allowed for the 29 
system evaluations of the safety-significant DST primary tank ventilation systems, this 30 
system interaction evaluation has not been completed.  The system interaction evaluation for 31 
the existing DST primary tank ventilations systems will be completed as a planned 32 
improvement and will identify the SSCs whose failure from a natural event could have an 33 
adverse interaction with the DST primary tank ventilation systems.  The identified SSCs will 34 
either be designated safety significant to prevent the adverse interaction or planned 35 
improvements will be identified to eliminate the adverse interactions.  Based on a 36 
preliminary walkdown of the DST 241-AW Tank Farm, the only identified SSCs whose 37 
failure from natural events could potentially adversely affect primary tank ventilation 38 
systems are light poles and ventilation system work/access platforms whose failure could 39 
impact above grade ventilation system ductwork.  The interim risk until completion of the 40 
system interaction effect evaluation and subsequent planned improvement is minimal. 41 
 42 
VFDs 43 
 44 
The existing VFDs for the exhaust fan motors are designated general services, but are 45 
required to be safety significant.  An evaluation and documentation is required to establish 46 
and verify compliance with the critical design, material, and performance characteristics 47 

RPP-13033 1/29/2015 - 12:56 PM 642 of 1079



RPP-13033 REV 5-B 
 

 

 
4.4.10-22 

necessary to ensure the VFDs will perform their safety function.  This system evaluation will 1 
be performed as a planned improvement (see Section 3.3.2.3.5).  The system evaluation will 2 
also identify any safety-significant support systems needed to maintain the environmental 3 
conditions (e.g., temperature, humidity) required for the VFDs to perform their safety 4 
function.  The interim risk of operation before completion of this system evaluation is 5 
minimal based on operating experience, high reliability of VFDs, and configuration controls 6 
on the VFDs. 7 
 8 
Control System 9 
 10 
The control system is required to be safety significant, but the existing control system is 11 
designated general service.  Because qualifying the existing control system as safety 12 
significant is not feasible, a planned improvement is required to upgrade the control system, 13 
including the instrumentation required to support the control system (i.e., exhaust stack flow 14 
and temperature instrumentation [see Section 4.4.10.2.6] and potentially valve position 15 
instrumentation on the exhaust train inlet and outlet motor-operated isolation valves) (see 16 
Section 3.3.2.3.5).  The upgraded control system will be designated safety significant.  Based 17 
on operating experience, interim operation of the DST primary tank ventilation system with 18 
the existing general service control system until the planned improvement is completed does 19 
not pose a significant risk. 20 

 21 
The RPP-RPT-49447 system evaluation also performed an analysis to determine compliance 22 
with the functional/performance requirement that there are no single active failures in interfacing 23 
systems that could cause the inoperability of both system trains.  The results of this analysis 24 
identified the following interfacing system that does not meet this functional/performance 25 
requirement. 26 
 27 

 There are potential failure modes of the tank pressure (vacuum) instrumentation that 28 
could shutdown both system exhaust trains. 29 

 30 
A planned improvement is required to eliminate this potential interfacing system single active 31 
failure (see Section 3.3.2.3.5). 32 
 33 
Based on the RPP-RPT-49447 system evaluation of the DST 241-AW Tank Farm primary tank 34 
ventilation system, Table 4.4.10-1 is a checklist of in-service inspections/tests, functional tests, 35 
instrument calibration, and preventive maintenance necessary for a primary tank ventilation 36 
system train to be operable.  The Table 4.4.10-1 checklist includes the DST primary tank 37 
ventilation system train components that are required to meet the safety function and the 38 
interfacing systems that are required for train operation.  The Table 4.4.10-1 checklist is used to 39 
verify that the DST primary tank ventilation system standby train is operable. 40 
 41 
241-AW Tank Farm System Evaluation Conclusion 42 
 43 
The system evaluation determined that planned improvements are required prior to 44 
safety-significant designation of the 241-AW Tank Farm primary tank ventilation system and the 45 
supporting SSCs required for the ventilation system to perform its safety function.  Therefore, 46 
the 241-AW Tank Farm primary tank ventilation system and its supporting SSCs will remain 47 
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general service until the identified planned improvements are completed and the  1 
RPP-RPT-49447 system evaluation is revised.  The 241-AW Tank Farm primary tank ventilation 2 
system is required to meet the technical safety requirements established to ensure its operability 3 
and operation (see Section 4.4.10.5). 4 
 5 
4.4.10.4.4 241-AY and 241-AZ Tank Farms 6 
 7 
There is a planned improvement to upgrade the existing 241-AY/241-AZ (i.e., 702-AZ) tank 8 
farm primary tank ventilation system (see Section 3.3.2.3.5).  The planned upgrade will replace 9 
or address all existing 241-AY/241-AZ primary tank ventilation system components, with the 10 
exception of the below grade ductwork, and will include the exhaust fans, motors, VFDs, and 11 
control systems.  A system evaluation of the upgraded 241-AY/241-AZ primary tank ventilation 12 
system will be performed to demonstrate compliance with the functional/performance design 13 
requirements established for safety-significant DST primary tank ventilation systems and will be 14 
documented in a revision to RPP-RPT-49477. 15 
 16 
Because of the planned upgrade to the existing 241-AY/241-AZ primary tank ventilation system, 17 
a system evaluation of the existing primary tank ventilation system was not performed to 18 
document verification of how the applicable process conditions from TFC-ENG-STD-07, 19 
environmental conditions from TFC-ENG-STD-02, and design loads, including natural events, 20 
from TFC-ENG-STD-06 are met.  The interim risk of operation with the existing  21 
241-AY/241-AZ primary tank ventilation systems until the planned upgrade is completed is 22 
acceptable based on operating experience and because the existing systems should have been 23 
designed or modified in accordance with the applicable codes, standards, and procedures in 24 
effect at the time. 25 
 26 
The RPP-RPT-49447 evaluation of environmental conditions in which the 241-AY/241-AZ 27 
primary tank ventilation system must perform its safety function, however, identified the 28 
potential for ice to restrict tank inlet airflow, and thus reduce tank exhaust airflow.  The planned 29 
improvement to install instrumentation to monitor the exhaust flow from each tank (see Section 30 
4.4.10.2.6) will address this issue.  In the interim, there is minimal risk for steady-state releases 31 
and slow, continuing induced gas releases following water additions, chemical additions, and 32 
waste transfers into DSTs because of the expected time that ice could reduce the tank exhaust 33 
airflow versus the time to LFL.  However, for induced GREs during water additions, chemical 34 
additions, and waste transfer into DSTs, ice that reduces the tank exhaust airflow is possible for 35 
the short time (approximately 24 hours) to reach the LFL for the bounding releases estimated in 36 
RPP-RPT-47933.  Therefore, when DST primary tank ventilation systems are required to prevent 37 
induced GRE during water additions, chemical additions, and waste transfers into DSTs, there is 38 
an additional requirement for flammable gas monitoring when the tank farm temperature is  39 
< 32°F (see Section 5.5.2.4). 40 
 41 
In addition, the RPP-RPT-49447 system evaluation identified that the existing 241-AY/241-AZ 42 
primary tank ventilation system is not designed for vehicle accidents (i.e., vehicle impact), blast 43 
effects/missiles from propane/LPG tank explosions, impacts/damage from excavation activities, 44 
load handling accidents (e.g., load drops), undermining from failed water lines, and fires.  The 45 
planned 241-AY/241-AZ primary tank ventilation system upgrade will also not be designed for 46 
these events.  Damage to the 241-AY/241-AZ primary tank ventilation system from these readily 47 
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detected events will result in an evaluation of system operability and required actions will be 1 
taken if system operability is affected (see Sections 5.5.2.1 and 5.5.2.4).  (Note:  TOC safety 2 
management programs address some of these initiators.  For example, the fire protection 3 
program addresses explosions and fires, the excavation program addresses damage from 4 
excavation activities, and the hoisting and rigging program addresses load handling accidents.)  5 
The 241-AY/241-AZ primary tank ventilation system is also not designed for flammable gas 6 
deflagrations/detonations which the ventilation system is designed to prevent. 7 
 8 
Additional specific results of the RPP-RPT-49447 system evaluation of the existing  9 
241-AY/241-AZ primary tank ventilation systems including additional required planned 10 
improvements, are presented below. 11 
 12 

Electrical Power 13 
 14 
Electrical power is required for the DST primary tank ventilation systems to perform their 15 
safety function and, therefore, electrical power is a safety-significant support system.  16 
Because upgrading the existing electrical power supply and distribution system to safety 17 
significant is not feasible, there is a planned improvement to install safety-significant backup 18 
diesel generator systems (see Section 4.4.10.2.6).  The risk of interim operation with the 19 
existing electrical power supply and distribution system is minimal because: 20 
 21 

 For flammable gas hazards from steady-state releases and slow, continuing induced 22 
gas releases following water additions, chemical additions, and waste transfers into 23 
DSTs, there is time (weeks to months) following loss of power to restore active 24 
primary tank ventilation or to eliminate potential ignition sources prior to achieving a 25 
flammable gas concentration > 100% of the LFL, and 26 
 27 

 For induced GREs during water additions, chemical additions, and waste transfers 28 
into DSTs, immediate action to stop the water addition, chemical addition, or waste 29 
transfer following loss of power limits the induced GRE from the dissolution of 30 
soluble settle solids. 31 

 32 
Below Grade Ventilation System Ductwork 33 
 34 
The planned upgrade of the 241-AY/241-AZ primary tank ventilation system does not 35 
include replacement of the below grade ductwork which was installed around 1995.  36 
Although the below grade ductwork is encased, because of the age and the absence of any  37 
in-service inspection since their installation, the RPP-RPT-49447 system evaluation of the  38 
safety-significant below grade ventilation system ductwork could not demonstrate 39 
compliance with the functional/performance requirements due to potential 40 
degradation/deterioration from corrosion.  An evaluation of the integrity of below grade 41 
primary tank ventilation system ductwork is, therefore, required.  The results of the 42 
evaluation will (1) provide the basis for compliance with the functional/performance 43 
requirements, (2) establish in-service inspections/tests or controls (e.g., vehicle load 44 
restrictions) required to ensure the safety function is met, and/or (3) identify planned 45 
improvements to replace the below grade DST primary tank ventilation system ductwork.  In 46 
the interim, TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm 47 
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Facilities, limits the risk to the below grade primary tank ventilation systems ductwork by 1 
controlling concentrated loads over the below grade ductwork from tank farm activities 2 
including vehicles (e.g., route maps). 3 
 4 
System Interaction Effects from Natural Events 5 
 6 
The planned upgrade to the 241-AY/241-AZ primary tank ventilation system will evaluate 7 
compliance of the primary tank ventilation system with the design loading requirements of 8 
TFC-ENG-STD-06 for natural events.  In addition, DOE-STD-1021-93, Natural Phenomena 9 
Hazards Performance Categorization Guidelines for Structures, Systems, and Components, 10 
requires an evaluation of system interaction effects (“two over one protection”) from natural 11 
events (e.g., earthquakes [seismic events], high winds), which will be completed for the 12 
upgraded primary tank ventilation system.  That is, a system interaction evaluation for the 13 
upgraded DST primary tank ventilations system will identify the SSCs whose failure from a 14 
natural event could have an adverse interaction with the primary tank ventilation systems.  15 
The identified SSCs will either be designated safety significant to prevent the adverse 16 
interaction or planned improvements will be identified to eliminate the adverse interactions.  17 
Based on a walkdown of the existing 241-AY/241-AZ primary tank ventilation system, the 18 
only identified SSCs whose failure from natural events could potentially adversely affect 19 
primary tank ventilation systems are building structures whose failure could impact above 20 
grade ventilation system ductwork.  The interim risk until completion of the ventilation 21 
system upgrade is minimal. 22 

 23 
Flow Control Valves 24 
 25 
The exhaust airflow leaving each recirculation loop is controlled by a motor-operated valve 26 
(i.e., flow control valve).  The position of the flow control valve can be manually controlled, 27 
or there is a control loop, including flow instrumentation, that automatically operates the 28 
valve to maintain the exhaust airflow at a specified set point.  The system evaluation 29 
identified that there are failure modes of the control loop and/or flow instrumentation that 30 
could cause the exhaust airflow in the associated DST or in the other DST 241-AY/241-AZ 31 
tank farm tanks to decrease below the exhaust airflow required to maintain the flammable gas 32 
concentration in the DSTs < 25% of the LFL.  Therefore, because the existing control loop 33 
and flow instrumentation are general service, operation of the flow control valves in the 34 
automatic mode is not authorized. 35 
 36 

The RPP-RPT-49447 system evaluation performed an analysis of the existing 241-AY/241-AZ 37 
primary tank ventilation system to determine compliance with the functional/performance 38 
requirement that there are no single active failures in interfacing systems that could cause the 39 
inoperability of both system trains.  The results of this analysis identified the following 40 
interfacing systems that do not meet this functional/performance requirement. 41 
 42 

 There are potential failure modes of condensate seal pot level instrumentation that could 43 
require shutdown of both system exhaust trains. 44 

 45 
 There are potential failure modes of the stack CAM, vacuum pumps, and related 46 

instrumentation that could shutdown both system exhaust trains. 47 
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 1 
 There are potential failure modes of exhaust stack flow instrumentation that could require 2 

shutdown of both system exhaust trains. 3 
 4 
 Failure of fans and heaters required to maintain environmental conditions in locations 5 

housing instrumentation for interfacing systems could cause failures that could shutdown 6 
both system exhaust trains. 7 

 8 
 There are potential failure modes of the tank pressure (vacuum) instrumentation that 9 

could shutdown both system exhaust trains. 10 
 11 
There are no planned improvements recommended to address these postulated failures before the 12 
planned upgrade of the 241-AY/241-AZ primary tank ventilation systems.  Based on operating 13 
experience, the risk of loss of active ventilation resulting from these single active interfacing 14 
system failures is small. 15 
 16 
Based on the RPP-RPT-49447 system evaluation of the DST 241-AY/241-AZ primary tank 17 
ventilation system, Table 4.4.10-1 is a checklist of in-service inspections/tests, functional tests, 18 
instrument calibration, and preventive maintenance necessary for a primary tank ventilation 19 
system train to be operable.  The Table 4.4.10-1 checklist includes the DST primary tank 20 
ventilation system train components that are required to meet the safety function and the 21 
interfacing systems that are required for train operation.  The Table 4.4.10-1 checklist is used to 22 
verify that the DST primary tank ventilation system standby train is operable. 23 
 24 
241-AY/241-AZ Tank Farm System Evaluation Conclusion 25 
 26 
Because of the planned upgrades and other planned improvements, the existing 241-AY/241-AZ 27 
tank farm primary tank ventilation system, and the supporting SSCs required for the ventilation 28 
system to perform its safety function, will remain general service until the identified planned 29 
improvements are completed and the RPP-RPT-49447 system evaluation is revised.  The  30 
241-AY/241-AZ tank farm primary tank ventilation system is required to meet the technical 31 
safety requirements established to ensure its operability and operation (see Section 4.4.10.5). 32 
 33 
4.4.10.4.5 241-SY Tank Farm 34 
 35 
There is a planned improvement to upgrade the existing 241-SY Tank Farm primary tank 36 
ventilation system (see Section 3.3.2.3.5).  The planned upgrade will replace or address all 37 
existing 241-SY primary tank ventilation system components, with the exception of the below 38 
grade ductwork, and will include the exhaust fans, motors, VFDs, and control systems.  A system 39 
evaluation of the upgraded 241-SY primary tank ventilation system will be performed to 40 
demonstrate compliance with the functional/performance design requirements established for 41 
safety-significant DST primary tank ventilation systems and will be documented in a revision to 42 
RPP-RPT-49477. 43 
 44 
Because of the planned upgrade to the existing 241-SY primary tank ventilation system, a system 45 
evaluation of the existing primary tank ventilation system was not performed to document 46 
verification of how the applicable process conditions from TFC-ENG-STD-07, environmental 47 
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conditions from TFC-ENG-STD-02, and design loads, including natural events, from  1 
TFC-ENG-STD-06 are met.  The interim risk of operation with the existing 241-SY primary tank 2 
ventilation systems until the planned upgrade is completed is acceptable based on system 3 
operating experience and because the existing systems should have been designed or modified in 4 
accordance with the applicable codes, standards, and procedures in effect at the time. 5 
 6 
The RPP-RPT-49447 evaluation of environmental conditions in which the 241-SY primary tank 7 
ventilation system must perform its safety function, however, identified the potential for ice to 8 
restrict tank inlet airflow, and thus reduce tank exhaust airflow.  The planned improvement to 9 
install instrumentation to monitor the exhaust flow from each tank (see Section 4.4.10.2.6) will 10 
address this issue.  In the interim, there is minimal risk for steady-state releases and slow, 11 
continuing induced gas releases following water additions, chemical additions, and waste 12 
transfers into DSTs because of the expected time that ice could reduce the tank exhaust airflow 13 
versus the time to LFL.  However, for induced GREs during water additions, chemical additions, 14 
and waste transfer into DSTs, ice that reduces the tank exhaust airflow is possible for the short 15 
time (approximately 24 hours) to reach the LFL for the bounding releases estimated in 16 
RPP-RPT-47933.  Therefore, when DST primary tank ventilation systems are required to prevent 17 
induced GRE during water additions, chemical additions, and waste transfers into DSTs, there is 18 
an additional requirement for flammable gas monitoring when the tank farm temperature is 19 
< 32°F (see Section 5.5.2.4). 20 
 21 
In addition, the RPP-RPT-49447 system evaluation identified that the existing 241-SY primary 22 
tank ventilation system is not designed for vehicle accidents (i.e., vehicle impact), blast 23 
effects/missiles from propane/LPG tank explosions, impacts/damage from excavation activities, 24 
load handling accidents (e.g., load drops), undermining from failed water lines, and fires.  The 25 
planned 241-SY primary tank ventilation system upgrade will also not be designed for these 26 
events.  Damage to the 241-SY primary tank ventilation system from these readily detected 27 
events will result in an evaluation of system operability and required actions will be taken if 28 
system operability is affected (see Sections 5.5.2.1 and 5.5.2.4).  (Note:  TOC safety 29 
management programs address some of these initiators.  For example, the fire protection 30 
program addresses explosions and fires, the excavation program addresses damage from 31 
excavation activities, and the hoisting and rigging program addresses load handling accidents.)  32 
The 241-SY primary tank ventilation system is also not designed for flammable gas 33 
deflagrations/detonations which the ventilation system is designed to prevent. 34 
 35 
Additional specific results of the RPP-RPT-49447 system evaluation of the existing 241-SY 36 
primary tank ventilation systems including additional required planned improvements, are 37 
presented below. 38 
 39 

Electrical Power 40 
 41 
Electrical power is required for the DST primary tank ventilation systems to perform their 42 
safety function and, therefore, electrical power is a safety-significant support system.  43 
Because upgrading the existing electrical power supply and distribution system to safety 44 
significant is not feasible, there is a planned improvement to install safety-significant backup 45 
diesel generator systems (see Section 4.4.10.2.6).  The risk of interim operation with the 46 
existing electrical power supply and distribution system is minimal because: 47 
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 1 
 For flammable gas hazards from steady-state releases and slow, continuing induced 2 

gas releases following water additions, chemical additions, and waste transfers into 3 
DSTs, there is time (weeks to months) following loss of power to restore active 4 
primary tank ventilation or to eliminate potential ignition sources prior to achieving a 5 
flammable gas concentration > 100% of the LFL, and 6 
 7 

 For induced GREs during water additions, chemical additions, and waste transfers 8 
into DSTs, immediate action to stop the water addition, chemical addition, or waste 9 
transfer following loss of power limits the induced GRE from the dissolution of 10 
soluble settle solids. 11 

 12 
Below Grade Ventilation System Ductwork 13 
 14 
The planned upgrade of the 241-SY primary tank ventilation system does not include 15 
replacement of the below grade ductwork which was installed in 1968-1970.  Because of 16 
their age and the absence of any in-service inspection since their installation, the  17 
RPP-RPT-49447 system evaluation of the safety-significant below grade ventilation system 18 
ductwork could not demonstrate compliance with the functional/performance requirements 19 
due to potential degradation/deterioration from corrosion.  An evaluation of the integrity of 20 
below grade primary tank ventilation system ductwork is, therefore, required.  The results of 21 
the evaluation will (1) provide the basis for compliance with the functional/performance 22 
requirements, (2) establish in-service inspections/tests or controls (e.g., vehicle load 23 
restrictions) required to ensure the safety function is met, and/or (3) identify planned 24 
improvements to replace the below grade DST primary tank ventilation system ductwork.  In 25 
the interim, TFC-OPS-OPER-C-10, Vehicle and Dome Load Control in Tank Farm 26 
Facilities, limits the risk to the below grade primary tank ventilation systems ductwork by 27 
controlling concentrated loads over the below grade ductwork from tank farm activities 28 
including vehicles (e.g., route maps). 29 
 30 
System Interaction Effects from Natural Events 31 
 32 
The planned upgrade to the 241-SY primary tank ventilation system will evaluate compliance 33 
of the primary tank ventilation system with the design loading requirements of 34 
TFC-ENG-STD-06 for natural events.  In addition, DOE-STD-1021-93, Natural Phenomena 35 
Hazards Performance Categorization Guidelines for Structures, Systems, and Components, 36 
requires an evaluation of system interaction effects (“two over one protection”) from natural 37 
events (e.g., earthquakes [seismic events], high winds), which will be completed for the 38 
upgraded primary tank ventilation system.  That is, a system interaction evaluation for the 39 
upgraded DST primary tank ventilations system will identify the SSCs whose failure from a 40 
natural event could have an adverse interaction with the primary tank ventilation systems.  41 
The identified SSCs will either be designated safety significant to prevent the adverse 42 
interaction or planned improvements will be identified to eliminate the adverse interactions.  43 
Based on a walkdown of the existing 241-SY primary tank ventilation system, the only 44 
identified SSCs whose failure from natural events could potentially adversely affect primary 45 
tank ventilation systems are light poles whose failure could impact above grade ventilation 46 
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system ductwork.  The interim risk until completion of the ventilation system upgrade is 1 
minimal. 2 

 3 
The RPP-RPT-49447 system evaluation performed an analysis of the existing 241-SY primary 4 
tank ventilation system to determine compliance with the functional/performance requirement 5 
that there are no single active failures in interfacing systems that could cause the inoperability of 6 
both system trains.  The results of this analysis identified no interfacing systems that do not meet 7 
this functional/performance requirement. 8 
 9 
Based on the RPP-RPT-49447 system evaluation of the DST 241-SY primary tank ventilation 10 
system, Table 4.4.10-1 is a checklist of in-service inspections/tests, functional tests, instrument 11 
calibration, and preventive maintenance necessary for a primary tank ventilation system train to 12 
be operable.  The Table 4.4.10-1 checklist includes the DST primary tank ventilation system 13 
train components that are required to meet the safety function and the interfacing systems that 14 
are required for train operation.  The Table 4.4.10-1 checklist is used to verify that the DST 15 
primary tank ventilation system standby train is operable. 16 
 17 
241-SY Tank Farm System Evaluation Conclusion 18 
 19 
Because of the planned upgrades and other planned improvements, the existing 241-SY Tank 20 
Farm primary tank ventilation system, and the supporting SSCs required for the ventilation 21 
system to perform its safety function, will remain general service until the identified planned 22 
improvements are completed and the RPP-RPT-49447 system evaluation is revised.  The 241-SY 23 
Tank Farm primary tank ventilation system is required to meet the technical safety requirements 24 
established to ensure its operability and operation (see Section 4.4.10.5). 25 
 26 
4.4.10.5 Controls (Technical Safety Requirements).  The operability and operation of the 27 
DST primary tank ventilation systems are controlled by TSR limiting conditions for operation 28 
(LCO) (see Section 5.5.2.1, “Limiting Condition for Operation 3.1 – DST Primary Tank 29 
Ventilation Systems,” and Section 5.5.2.4, “Limiting Condition for Operation 3.4 – DST Induced 30 
Gas Release Event Control”). 31 
 32 
LCO 3.1 requires that one DST primary tank ventilation system train (the in-service train) is 33 
operable and operating and that the other DST primary tank ventilation system train (the standby 34 
train) is operable at all times to prevent flammable gas hazards from steady-state releases and 35 
slow, continuing induced gas releases following water additions, chemical additions, and waste 36 
transfers into DSTs.  To meet the DST primary tank ventilation system functional/performance 37 
requirements, the LCO 3.1 surveillance requirements are: 38 
 39 

 Periodic verification that the exhaust airflow from each tank in the tank farm is 40 
> 40 ft3/min for each DST primary tank ventilation system train.  Verification that the 41 
exhaust airflow is > 40 ft3/min is also required after repositioning a 241-AN/241-AP/ 42 
241-AW/241-SY tank outlet isolation valve or a 241-AY/241-AZ flow control valve. 43 
 44 

 Periodic verification of DST primary tank ventilation system integrity (i.e., limited air 45 
in-leakage).  (Note:  Periodic verification that the tank exhaust airflow is > 40 ft3/min 46 
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[see above] also verifies DST primary tank ventilation system integrity when the 1 
measurements of exhaust airflow encompass planned system operating configurations.) 2 
 3 

 Periodic verification that the headspace of each tank in the tank farm is < 0 in. w.g., 4 
relative to atmospheric pressure.  (Note:  This is a surrogate for verifying tank exhaust 5 
flow until the planned improvement for safety-significant tank exhaust flow 6 
instrumentation is completed.) 7 

 8 
 Periodic verification that the standby DST primary tank ventilation system train  9 

safety-significant components are operable and the interfacing systems required for train 10 
operation are capable of performing their function.  (See the Table 4.4.10-1 operability 11 
checklist.) 12 
 13 

 Periodic startup of the standby DST primary tank ventilation system train to verify 14 
operation.   15 

 16 
LCO 3.4 requires that one DST primary tank ventilation system train (the in-service train) is 17 
operable and operating and that the other DST primary tank ventilation system train (the standby 18 
train) is operable when required by the SAC DST Induced Gas Release Event Flammable Gas 19 
Controls (see Section 4.5.3) to prevent flammable gas hazards from induced GREs during water 20 
additions, chemical additions, and waste transfers into DSTs.  To address the potential for ice to 21 
restrict tank inlet airflow, and thus reduce tank exhaust airflow, LCO 3.4 also requires 22 
monitoring to verify the flammable gas concentration is ≤ 25% of the LFL in the applicable tank 23 
headspace if the tank farm temperature is ≤ 32°F.  To meet the DST primary tank ventilation 24 
system functional/performance requirements, the LCO 3.4 surveillance requirements are: 25 

 26 
 Prior to the water addition, chemical addition, or waste transfer into the DST, verification 27 

that the exhaust airflow from the applicable tank is > 99 ft3/min for each DST primary 28 
tank ventilation system train.  Verification that the tank exhaust airflow is > 99 ft3/min is 29 
also required after the following changes in the applicable tank farm:  opening or closing 30 
an inlet air-control station inlet isolation valve or bypass valve; opening or closing a tank 31 
riser; removing or installing a waste transfer-associated cover; repositioning a  32 
241-AN/241-AP/241-AW/241-SY tank outlet isolation valve or a 241-AY/241-AZ flow 33 
control valve; and reducing an exhaust fan flow control set point. 34 
  35 

 Periodic verification that the headspace of the applicable tank is < 0 in. w.g., relative to 36 
atmospheric pressure.  (Note:  This is a surrogate for verifying tank exhaust flow until the 37 
planned improvement for safety-significant tank exhaust flow instrumentation is 38 
completed.) 39 
 40 

 Periodic verification that the standby DST primary tank ventilation system train  41 
safety-significant components are operable and the interfacing systems required for train 42 
operation are capable of performing their function.  (See the Table 4.4.10-1 operability 43 
checklist.) 44 
 45 

 Periodic verification that the tank farm temperature is > 32°F.46 
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 1 
Note: The development of the Table 4.4.10-1 checklist for periodic verification that the standby 2 

DST primary tank ventilation system train is operable identified a planned operational 3 
improvement to upgrade the existing predictive maintenance program for vibration 4 
monitoring of the DST primary tank ventilation system exhaust fans and motors.  The 5 
upgrade requires new vibration monitoring equipment and training.  This planned 6 
improvement will increase the confidence for determining the operability of a DST 7 
primary tank ventilation system train and should also increase system availability. 8 

 9 
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 11 
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Figure 4.4.10-1.  DST 241-AN Tank Farm Primary Tank Ventilation System Flow Diagram. 1 
2 
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Figure 4.4.10-2.  DST 241-AP Tank Farm Primary Tank Ventilation System Flow Diagram. 1 
2 
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Figure 4.4.10-3.  DST 241-AW Tank Farm Primary Tank Ventilation System Flow Diagram. 1 
2 
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Figure 4.4.10-4.  DST 241-AY/241-AZ Tank Farm Primary Tank Ventilation System Typical Recirculation Loop Flow Diagram. 1 

2 
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Figure 4.4.10-5.  DST 241-AY/241-AZ Tank Farm Primary Tank Ventilation System Flow Diagram. 1 
2 
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Figure 4.4.10-6.  DST 241-SY Tank Farm Primary Tank Ventilation System Flow Diagram. 1 
2 
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Table 4.4.10-1.  DST Primary Tank Ventilation System Standby Train Operability Checklist.  (4 sheets) 

Safety-Significant 
Component or Interfacing 

System 

Applicability Surveillance Surveillance 
Frequency 

Surveillance Frequency Basis 
DST Tank Farm 

AN AP AW AY/AZ SY-A SY-B 

Exhaust ventilation system 
structures that confine and 
direct airflow from the tank 
headspace to the stack 
emission pointa 

X X X X X X Visual inspection and/or 
replacement of filter housing access 
door gaskets  

or 

Perform surveillance to verify the 
exhaust airflow from each tank in 
the tank farm is > 40 ft3/min 

When filters 
are replaced 

Engineering and operating 
experience 

Note:  Required periodic 
surveillance to verify tank 
exhaust airflow is  
> 40 ft3/min verifies exhaust 
ventilation system integrity 

De-entrainer/demister 
differential pressure 
instrumentation 

Xb Xb Xb NA X X Calibration Annuallyc,d RPP-16922 

Primary condenser and 
HEME differential pressure 
instrumentation 

NA NA NA X NA NA Calibration Annuallyc,d RPP-16922 

Exhaust train inlet 
temperature instrumentation 

X X X X X X Calibration Annuallyc,d RPP-16922 

Exhaust train inlet pressure 
(vacuum) 

NA NA NA Xa X X Calibration 365 dayse Engineering and operating 
experience 

Electric heater NA X NA X X NA None 

Note:  Required periodic startup of 
the standby train verifies electric 
heater operability  

- - RPP-16922  

The requirement for an electric 
heater may be waived if 
approval is received and 
documented from the TOC 
Environmental Protection 
manager, or his/her delegate. 

Glycol heating system X NA X NA NA X None 

Note:  Required periodic startup of 
the standby train verifies glycol 
heating system operability 

- - RPP-16922  

The requirement for a glycol 
heating system may be waived 
if approval is received and 
documented from the TOC 
Environmental Protection 
manager, or his/her delegate. 
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Table 4.4.10-1.  DST Primary Tank Ventilation System Standby Train Operability Checklist.  (4 sheets) 

Safety-Significant 
Component or Interfacing 

System 

Applicability Surveillance Surveillance 
Frequency 

Surveillance Frequency Basis 
DST Tank Farm 

AN AP AW AY/AZ SY-A SY-B 
Pre-filter differential pressure 
instrumentation 

X X X NA X X Calibration Annuallyc,d RPP-16922 

Heater outlet/HEPA filter 
inlet temperature 
instrumentation 

X X X X X X Calibration Annuallyc,d RPP-16922 

HEPA filters X X X X X X In-place challenge (aerosol) test in 
accordance with ASME AG-1 

Annuallyc,d RPP-16922  

HEPA filter differential 
pressure instrumentation 

X X X X X X Calibration Annuallyc,d RPP-16922 

Exhaust train seal pot level 
instrumentation 

X NA X NA NA X Calibration 365 dayse Engineering and operating 
experience 

Exhaust fan, motor, VFD, 
and control systema 

X X X X X X Inspect the exhaust fan/motor for 
unusual vibration or noise during 
operation of ventilation system train 

45 dayse Engineering and operating 
experience 

NA X NA X X NA Visual inspection of V-belts 365 dayse Engineering and operating 
experience 

X NA X X NA X Inspect and clean VFD  365 dayse Engineering and operating 
experience  

Note:  Required periodic startup 
of the standby train verifies 
VFD and control system 
operability

Stack temperaturea X NA X NA NA NA Calibration 365 dayse Engineering and operating 
experience 

Stack CAM systemf X NA X X NA NA Calibration/ 
Functional Test 

Annuallyc,d RPP-16922 

Stack record sample systemf X Xg X X Xg Xg Functional Test 
 
Calibration 

Quarterlyd,h 
 

Annuallyc,d 

RPP-16922  
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Table 4.4.10-1.  DST Primary Tank Ventilation System Standby Train Operability Checklist.  (4 sheets) 

Safety-Significant 
Component or Interfacing 

System 

Applicability Surveillance Surveillance 
Frequency 

Surveillance Frequency Basis 
DST Tank Farm 

AN AP AW AY/AZ SY-A SY-B 
Heat trace on stack sample 
lines 

X NA X NA NA NA Insulation resistance testing in 
accordance with NECA 202 
 
Verify the heat trace breaker is on 
and not tripped 

365 dayse,i

 

 

45 dayse,i 

Engineering judgment and 
operating history 

General X NA X X NA NA Maintenance, calibration, field 
checks in accordance with ANSI 
N13.1 (see RPP-ENV-56271, 
Volume I, Table 5-3, for the specific 
required surveillances and their 
frequency)

Quarterlyd,h/ 
Annuallyc,d 

RPP-ENV-56271, Volume I 

General Xa X Xa X X Xa Stack air flow test Annuallyc,d RPP-16922 
Control/instrumentation 
enclosure environmental 
control equipment (e.g., 
heaters, fans, air 
conditioners) 

X X X X X X Maintenance/calibration/field 
checks 

Seasonal Engineering and operating 
experience 

Notes: 
aSafety-significant component. 
bBecause either of the two de-entrainers/demisters can be aligned to either exhaust system train, only one of the two de-entrainer/demister differential pressure 

instrument systems is required to be operable. 
cAnnually requires the surveillance be completed within 365 days of the previous completion date (no grace period) (RPP-16922). 
dA case-by-case exception to the surveillance requirement and/or the surveillance frequency is allowed if approval is received and documented from the TOC 

Environmental Protection manager, or his/her delegate. 
eThe specified frequency is met if the surveillance is performed within 1.25 times the interval specified in the frequency, as measured from the previous performance.  

The 25% extension of the interval specified in the surveillance frequency is not intended to be used repeatedly merely as an operational convenience to extend the 
surveillance interval beyond that specified. 

fA operational CAM or record sampler is capable of performing its intended function of monitoring/alarming or collecting air sample data on filter paper when 
sampler O-rings are in place, the collection canister is on, and the vacuum pump is operating within specified parameters (established flow rates) (RPP-16922). 

gFor 241-AP and 241-SY, the record sample systems are required for a minimum of four one-week periods during a calendar year and during waste disturbing 
activities (RPP-16922).  Waste disturbing activities include waste transfers (retrieval and receipt), mixing, air lift circulator operation, chemical (caustic) additions, water 
additions, rotary mode core sampling, etc. 
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Table 4.4.10-1.  DST Primary Tank Ventilation System Standby Train Operability Checklist.  (4 sheets) 

Safety-Significant 
Component or Interfacing 

System 

Applicability Surveillance Surveillance 
Frequency 

Surveillance Frequency Basis 
DST Tank Farm 

AN AP AW AY/AZ SY-A SY-B 
Notes (continued): 

hQuarterly requires the surveillance be completed during each calendar quarter.  That is, once during the first quarter (January 1 to March 31), the second quarter 
(April 1 to June 30), the third quarter (July 1 to September 30), and the fourth quarter (October 1 to December 31). 

iA case-by-case exception to the surveillance requirement and/or the surveillance frequency is allowed based on an operability evaluation prepared in accordance with 
TFC-ENG-FACSUP-C-02. 

 
ANSI N13.1, 1999, Sampling and Monitoring Releases of Airborne Radioactive Substances from the Stacks and Ducts of Nuclear Facilities, American National 

Standards Institute, New York, New York. 
ASME AG-1, Code on Nuclear Air and Gas Treatment, American Society of Mechanical Engineers, New York, New York.  (Note:  The applicable ASME AG-1 date 

is specified in the air operating permit.) 
NECA 202, 2006, Installing and Maintaining Industrial Heat Tracing Systems, National Electrical Contractors Association, Bethesda, Maryland. 
RPP-16922, Environmental Specification Requirements, as amended, Washington River Protection Solutions LLC, Richland, Washington. 
RPP-ENV-56271, Technical Basis Document for Air Emissions, Volume I: Radioactive Air Emissions, as amended, Washington River Protection Solutions LLC, 

Richland, Washington. 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, as amended, Washington River Protection Solutions LLC, Richland, Washington.  
 
CAM = continuous air monitor. 
HEME = high-efficiency mist eliminator. 
HEPA = high-efficiency particulate air (filter). 
NA = not applicable. 
TOC = Tank Operations Contractor. 
VFD       = variable frequency drive. 

 1 
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4.4.11-1 

4.4.11 SST 241-C-105 Waste Transfer Freeze 1 
Protection Automated Temperature Monitoring 2 
Systems (ATMS) 3 

 4 
The SST 241-C-105 waste transfer freeze protection automated temperature monitoring systems 5 
(ATMS) are identified as a safety-significant support system for waste transfer primary piping 6 
systems (Section 4.4.1) and isolation valves for double valve isolation (Section 4.4.3) when 7 
required by SAC SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS (see 8 
Section 4.5.13).  Waste transfer freeze protection temperature monitoring systems are also 9 
identified as a safety-significant support system to prevent the loss of the safety function of 10 
waste transfer primary piping systems and isolation valves for double valve isolation due to 11 
freezing (see Section 4.4.9).  12 
 13 
Note: Temperature monitoring systems may exist in tank farms that are not safety significant.  14 

The requirements established in this section only apply to ATMS that prevent the loss of 15 
the safety function of safety-significant SSCs due to freezing (i.e., that are required 16 
safety-significant support systems).  17 

 18 
4.4.11.1 Safety Function(s).  The safety function of the ATMS is to monitor the air temperature 19 
in waste transfer-associated structures to support the SST 241-C-105 Waste Transfer System 20 
Freeze Protection Using ATMS SAC.  The SST 241-C-105 Waste Transfer System Freeze 21 
Protection Using ATMS SAC prevents the loss of the safety function of safety-significant SSCs 22 
located in waste transfer-associated structures with an ATMS (i.e., waste transfer primary piping 23 
systems and isolation valves for double valve isolation) from freezing during SST 241-C-105 24 
retrieval waste transfers. 25 
 26 
4.4.11.2 System Description.  There may be four ATMS used to monitor the air temperature in 27 
the following waste transfer-associated structures. 28 
 29 

 ATMS (POR301-WT-EES-001)/Beacon #1 - SST 241-C-105 MARS containment box 30 
(POR297-WT-CB-001), transition shield box, and portable instrument and valve box 31 
(POR295-WT-VP-001). 32 
  33 

 ATMS (POR372-WT-EES-001)/Beacon #2 - Diversion box POR209-WT-DB-001. 34 
  35 

 ATMS (POR371-WT-EES-001)/Beacon #3 - Portable valve pit POR104-WT-VP-001. 36 
  37 

 ATMS (POR373-WT-EES-001)/Beacon #4 - DST 241-AN-106 central pump pit 38 
241-AN-06A.   39 

 40 
The ATMS provides continuous thermocouple monitoring with a flashing beacon that is 41 
illuminated when the ATMS is operational and all monitored thermocouples are > 50°F.  The 42 
SAC SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS requires verifying 43 
that the ATMS beacon is flashing during SST 241-C-105 retrieval waste transfers and, if the 44 
ATMS beacon is not flashing, placing waste transfer pumps under administrative lock that are 45 
physically connected to the ATMS waste transfer-associated structure (see Section 4.5.13).  Each 46 
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4.4.11-2 

ATMS is individually and uniquely identified (labeling is three sided and approximately  1 
12 inches tall) so operators can identify and determine the status of each individual ATMS 2 
beacon.  Figure 4.4.11-1 shows an ATMS, which consists of Type T thermocouples with 3 
matching extension wires, a logic solver, and a beacon.   4 
 5 
Thermocouples are placed in specific locations within the waste transfer-associated structures to 6 
monitor temperatures that are representative of the temperature of the safety-significant SSCs 7 
that are being protected from freezing.  Thermocouple trees, mounts, and probes may be used to 8 
locate the thermocouples within the waste transfer-associated structures.   9 
 10 
The logic solver uses safety trip alarms (STA) to continuously monitor the thermocouples.  11 
Electro-mechanical trip-fault safety relays are used to monitor the trip and fault contacts of the 12 
STAs and to control the electrical power used to illuminate the beacon.  The logic solver is 13 
designed using a “de-energize when dangerous” principle.  Under this principle, circuits are 14 
energized when no trip or fault condition exists and become de-energized when a trip condition 15 
occurs (any thermocouple temperature is < 50oF), a fault is detected, or there is a loss of power.  16 
Test push button switches are provided to perform functional testing of the trip-fault safety 17 
relays.  The logic solver also provides STA isolated analog output signals to the monitoring and 18 
control system.  In addition, the logic solver provides panel mounted indicators and 19 
thermocouple test ports that can be used to measure temperatures with redundant installed 20 
thermocouples using hand-held temperature instruments for troubleshooting.   21 
 22 
The ATMS thermocouple terminals and logic solver are installed in enclosures located outdoors 23 
in the tank farms.   24 
 25 
RPP-RPT-54327, Design Analysis Report for the Tank Farms Waste Transfer Freeze Protection 26 
Automated Temperature Monitoring System, provides additional description of the ATMS. 27 
 28 
Boundaries – The boundaries of the safety-significant ATMS include the following. 29 
 30 

 Thermocouples 31 
 Thermocouple extension wires  32 
 Thermocouple terminals 33 
 Thermocouple connection enclosure(s) (junction box[es]) 34 
 Trip-fault safety relays and their bases 35 
 Waste transfer temperature monitoring STAs 36 
 Control wire within the logic solver enclosure 37 
 Terminals (including cross connectors) within the logic solver enclosure 38 
 Logic solver enclosure. 39 

 40 
Note: The beacon is not included in the boundary because all credible failure modes result in a 41 

safe state (i.e., the beacon is de-energized).  The local enclosure ambient temperature 42 
element and associated STA are not included in the boundary because the components 43 
within the enclosure are designed for the environmental conditions. 44 

 45 
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Support Systems – There are no safety-significant support systems identified for the ATMS (see 1 
the system evaluation in Section 4.4.11.4). 2 
 3 
4.4.11.3 Functional Requirements.  The functional requirement of the ATMS is to monitor 4 
temperatures that are representative of the temperature of the safety-significant SSCs that are 5 
being protected from freezing.  ATMS are required to support the SST 241-C-105 Waste 6 
Transfer System Freeze Protection Using ATMS SAC whose safety-function is to prevent the 7 
loss of safety function of safety-significant SSCs located in waste transfer-associated structures 8 
with an ATMS (i.e., waste transfer primary piping systems and isolation valves for double valve 9 
isolation) from freezing during SST 241-C-105 retrieval waste transfers (see Section 4.5.13).  10 
The ATMS provides indication that monitored temperatures are > 50°F by illuminating a 11 
flashing beacon (i.e., the beacon is de-energized if a measured temperature is < 50oF). 12 
 13 
ATMS are safety-significant instruments (sensors), logic solvers, and indicators that are relied 14 
upon to initiate an action in a SAC.  Therefore, ATMS are safety instrumented systems (SIS).  In 15 
accordance with the methodology for safety integrity level (SIL) determination for SIS described 16 
in Section 3.3.1.5, the required safety integrity level is SIL-1.  The basis for SIL-1 is described in 17 
RPP-RPT-54327 and is based on the frequency of the accidents that can be caused by freezing of 18 
safety-significant waste transfer system SSCs being “extremely unlikely.” 19 
 20 
There are no other functional/performance requirements derived from the hazard and accident 21 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 22 
system evaluation (see Section 4.4.11.4). 23 
 24 
4.4.11.4 System Evaluation.  The system evaluation of ATMS is documented in  25 
RPP-RPT-54327.  The evaluation identifies the functional/performance requirements necessary 26 
for the ATMS to perform their safety function.  The evaluation also identifies and evaluates 27 
potential failure modes of ATMS considering the conditions and events in which the safety 28 
function must be met.  In addition, the evaluation identifies and evaluates support systems whose 29 
function is required for the ATMS to perform their safety function and interfaces whose failure 30 
could prevent the ATMS from performing their safety function.  The system evaluation satisfies 31 
DOE and TOC requirements to ensure the reliable performance of safety-significant SSCs to 32 
meet the safety function(s) determined from the hazard and accident analyses. 33 
 34 
The primary functional/performance requirement is that ATMS monitor temperatures that are 35 
representative of the temperature of the safety-significant SSCs that are being protected.  This 36 
functional/performance requirement is met by placing the thermocouples in locations as required 37 
by RPP-TE-55261, Methodology and Implementation of Thermocouple Placement for C-105 38 
Waste Retrieval Equipment. 39 
 40 

 POR297-WT-CB-001 - There are three vertically mounted thermocouples in the corner 41 
of the containment box near the slurry and supernatant lines that enter from the transition 42 
shield box and then run vertically to the top of the containment box.  One thermocouple 43 
is reasonably near the top of the containment box, one is reasonably near the containment 44 
box floor, and one is approximately mid-way between the other two. 45 

 46 
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 Transition Shield Box - There are three vertically mounted thermocouples in the 1 
transition shield box near the containment box penetrating pipes - one reasonably near the 2 
underside of the cover, one reasonably near grade, and one approximately mid-way 3 
between the other two. 4 

 5 
 POR295-WT-VP-001, POR209-WT-DB-001, POR104-WT-VP-001, and 241-AN-06A - 6 

There are three vertically mounted thermocouples within each structure - one reasonably 7 
near the underside of the cover, one reasonably near the top of the floor, and one 8 
approximately mid-way between the other two. 9 

 10 
Note: RPP-TE-55261 documents that there is no freezing hazard in the remaining waste 11 

transfer primary piping systems in the containment box, including the rotary union, 12 
because they are self-draining/siphoning (i.e., the waste transfer primary piping 13 
systems drain/siphon when the waste transfer pump stops with no operator action). 14 

 15 
The ATMS are located outdoors in the tank farms and are designed for applicable process 16 
conditions (exposure to waste and hydraulic fluid) and environmental conditions, which results 17 
in requirements on design temperature as well as protection from exposure to waste, hydraulic 18 
fluid, radiation, moisture, ash, and dust. 19 
 20 
Trip limits.  The temperature requirement to ensure there is no freezing hazard is that all 21 
monitored temperatures are > 50°F, which accounts for air leakage into the waste 22 
transfer-associated structure.  At > 50°F air leakage is no longer a concern, as derived in  23 
RPP-TE-55261, and does not require a correction for the accuracy of the temperature monitoring 24 
system. 25 
 26 
Monitoring the air temperature in the SST 241-C-105 MARS-V containment box, transition 27 
shield box, and other waste transfer-associated structures, and satisfying the above temperature 28 
requirement established for the structures, ensures that the temperature of the waste transfer 29 
system safety-significant SSCs located in the structures is > 32°F. 30 
 31 
Failure Mode Evaluation.  RPP-RPT-54327 reviewed and evaluated the ATMS for potential 32 
failure modes that could impact the ability to meet the safety function.  The evaluation results in 33 
the following design requirements for the ATMS.  34 
 35 

 The ATMS shall be individually and uniquely identified in a manner to support the 36 
necessary viewing distances and angles. 37 

  38 
 The ATMS beacon shall use a flashing internal light source.  This prevents external light 39 

from passing through it and appearing to be energized.  40 
 41 
 The ATMS shall de-energize the beacon upon loss of electrical power. 42 
 43 
 Type T thermocouples with matching extension wire are required to meet the standard 44 

tolerances stated in Table 1 of ASTM E230/E230M-11, Standard Specification and 45 
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Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples.  1 
Thermocouple terminals are also required to be Type T. 2 

 3 
 The thermocouples shall be ungrounded.  4 

  5 
 The thermocouple leads and thermocouple extension wires shall be shielded. 6 

   7 
 The thermocouples and thermocouple extension wires shall be protected from failure due 8 

to exposure to waste, hydraulic fluid, radiation, and other operational/environmental 9 
conditions.   10 

 11 
 The beacon shall be de-energized upon the following fault conditions. 12 
 13 

 Internal failure of an STA 14 
 An open thermocouple circuit 15 

 16 
 The control wires and terminals located inside the logic solver enclosure shall be properly 17 

insulated for the electrical and environmental conditions.  These control wires and 18 
terminals are required to be insulated to prevent a short resulting in the ATMS not 19 
performing its safety function (i.e., short to power). 20 
  21 

 General service wires located inside the logic solver enclosure shall be separated from 22 
safety-significant control wires by 1 inch or by a physical barrier using IEEE-384, IEEE 23 
Standard Criteria for Independence of Class 1E Equipment and Circuits, as guidance to 24 
prevent a short resulting in the MARS-V WAT waste high temperature control system 25 
not performing its safety function (i.e., short to power). 26 
  27 

 The thermocouple connection enclosure(s) and the logic solver enclosure shall protect the 28 
contained components from failure due to moisture, ash, and dust. 29 
  30 

 The ATMS shall latch in the tripped state when a trip or fault condition occurs.  The 31 
operator cannot reset the interlock until the trip or fault condition has been cleared.  32 
Latching the ATMS in the tripped state prevents re-energizing the beacon without 33 
operator knowledge. 34 

 35 
Where the ATMS are not designed to withstand the cause of the identified failure mode, the risk 36 
of the resulting hazard is low, the failure mode is readily detected, or defense-in-depth features 37 
are provided as follows. 38 
 39 

 Damage to ATMS from readily detected events (i.e., seismic events, lightning, vehicle 40 
accidents, load handling accidents, blast effects/missiles from propane/liquefied 41 
petroleum gas [LPG] tank explosions, and fires) during waste transfers when temperature 42 
monitoring is required will result in prompt shutdown of the waste transfer and initiation 43 
of response actions to mitigate the consequences of waste releases.  (Note:  There are also 44 
defense-in-depth features to address some of these initiators.  For example, the 45 
emergency preparedness program to address seismic events, spotters to prevent vehicle 46 
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accidents, the hoisting and rigging program to prevent load handling accidents, and fire 1 
protection requirements to address explosions and fires).  2 

 3 
 Damage to ATMS from readily detected events (i.e., seismic events, lightning, vehicle 4 

accidents, load handling accidents, blast effects/missiles from propane/LPG tank 5 
explosions, and fires) when waste transfers are not occurring will result in an inspection 6 
and, if necessary, repair or replacement prior to operation.  (See also the note in the bullet 7 
above.) 8 

 9 
 No supporting systems were identified whose function is required for the ATMS to 10 

perform their safety function. 11 
 12 

 No interfacing systems were identified that would result in the failure of the ATMS to 13 
perform their safety function. 14 
 15 

Based on design life and operating conditions, the ability of ATMS to perform their safety 16 
function can degrade and periodic tests and/or equipment replacement are required.  The 17 
following functional tests, calibration/calibration checks, in-service tests/inspections, and service 18 
lives are established in the SIL calculation (RPP-CALC-54345, SIL Calculation for Tank Farms 19 
Waste Transfer Freeze Protection Automated Temperature Monitoring System) to assure that 20 
ATMS reliability meets SIL-1 requirements. 21 
 22 
A functional test shall verify operability of the ATMS trip-fault safety relays every 276 days.  23 
(Note:  Test push button switches are provided to verify operability of the ATMS trip-fault safety 24 
relays). 25 
 26 
The ATMS STAs shall be proof tested in accordance with manufacturer instructions to verify the 27 
operability of ATMS fault detection every 48 months.   28 
 29 
The ATMS shall be calibrated/calibration checked, including verification of the 50°F trip limit 30 
for air temperature in ATMS waste transfer-associated structures, every 48 months.  The  31 
as-found and as-left results of the calibrations/calibration checks are independently verified to be 32 
within a specified range. 33 
 34 
Note: Calibration is the adjustment, as necessary, of the instrumentation such that it responds 35 

within the required range and accuracy to known values of input.  A calibration check is 36 
performed when the instrumentation cannot be calibrated (adjusted), and includes a 37 
comparison of the instrumentation with other independent instrumentation, known 38 
values, or other circuits/systems monitoring the same variable.  Instrumentation includes 39 
the sensor, signal conditioning elements, and output devices required to meet the safety 40 
function. 41 

 42 
The ATMS shall be tested (i.e., resistance checks) every 48 months to verify there are no short 43 
circuits in the thermocouples and thermocouple extension wires. 44 
 45 

RPP-13033 1/29/2015 - 12:56 PM 669 of 1079



RPP-13033 REV 5-E 
 

 

 
4.4.11-7 

ATMS thermocouples and thermocouple extension wires shall be replaced if the service life has 1 
been exceeded. 2 
 3 

 A service life of 20 years is established for the thermocouples and thermocouple 4 
extension wires from the date of installation.   5 

 6 
RPP-CALC-54345 evaluates ATMS and demonstrates compliance with SIL-1 requirements. 7 
 8 
4.4.11.5 Controls (TSRs).  ATMS are SIS whose characteristics are ensured through design, 9 
procurement, installation, startup testing, configuration control, and quality conformance 10 
inspections.  The activities performed under these programs ensure that the safety function of the 11 
ATMS is preserved and protect the design baseline from inadvertent change.  12 
  13 
ATMS are required to be operable when required by SAC SST 241-C-105 Waste Transfer 14 
System Freeze Protection Using ATMS (see Section 4.5.13). 15 
 16 
Periodic tests and/or equipment replacement are required to ensure the operability of the ATMS 17 
by: 18 
 19 

 Verifying operability of the ATMS trip-fault safety relays every 276 days. 20 
 21 

 Verify operability of the ATMS fault detection every 48 months.  22 
 23 

 Performing ATMS calibrations/calibration checks, including verification of the trip 24 
limits, every 48 months. 25 

 26 
 Performing resistance checks of the ATMS thermocouples and thermocouple extension 27 

wires every 48 months. 28 
 29 

 Replacing the ATMS thermocouples and thermocouple extension wires every 20 years. 30 
 31 
4.4.11.6 References  32 
 33 
ASTM E230/E230M-11, 2011, Standard Specification and Temperature-Electromotive Force 34 

(emf) Tables for Standardized Thermocouples, American Society for Testing and 35 
Materials International, Conshocken, Pennsylvania. 36 

 37 
IEEE-384, 2008, IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits,  38 

Institute of Electrical and Electronics Engineers, New York, New York. 39 
 40 
RPP-CALC-54345, 2014, SIL Calculation for Tank Farms Waste Transfer Freeze Protection 41 

Automated Temperature Monitoring System, Rev. 2, Washington River Protection 42 
Solutions LLC, Richland, Washington. 43 

 44 
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RPP-RPT-54327, 2014, Design Analysis Report for the Tank Farms Waste Transfer Freeze 1 
Protection Automated Temperature Monitoring System, Rev. 0, Washington River 2 
Protection Solutions LLC, Richland, Washington. 3 

 4 
RPP-TE-55261, 2014, Methodology and Implementation of Thermocouple Placement for C-105 5 

Waste Retrieval Equipment, Rev. 0, Washington River Protection Solutions LLC, 6 
Richland, Washington. 7 

 8 
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Figure 4.4.11-1.  SST 241-C-105 Waste Transfer Freeze Protection Automated Temperature Monitoring System (ATMS). 1 
 2 

 3 
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4.4.12-1 

4.4.12 MARS-V Waste Accumulator Tank (WAT) 1 
Waste High Temperature Control System 2 

 3 
The mobile arm retrieval system - vacuum (MARS-V) waste accumulator tank (WAT) waste 4 
high temperature control system is identified as a safety-significant support system for waste 5 
transfer primary piping systems (Section 4.4.1), hose-in-hose transfer line (HIHTL) systems 6 
(Section 4.4.2), and isolation valves for double valve isolation (Section 4.4.3). 7 
 8 
4.4.12.1 Safety Function(s).  The safety function of the MARS-V WAT waste high temperature 9 
control system is to prevent the loss of the safety function of waste transfer primary piping 10 
systems, HIHTL primary hose assemblies, and isolation valves for double valve isolation from 11 
high waste temperatures during waste transfers using the MARS-V slurry pump. 12 
  13 
4.4.12.2 System Description.  The MARS-V design has a small WAT located inside the SST 14 
being retrieved, and a slurry pump located inside the WAT.  The MARS-V slurry pump 15 
recirculates waste in the WAT through eductors that provide the vacuum to retrieve waste from 16 
the SST into the WAT.  The MARS-V slurry pump also transfers waste (slurry) from the WAT 17 
to the receiving DST.  Supernatant from the receiving DST is supplied to the WAT to maintain 18 
the needed waste level for MARS-V slurry pump operation and to mix the waste (i.e., suspend 19 
solids for transfer to the receiving DST).  Based on the small size of the WAT and the 20 
horsepower of the MARS-V slurry pump, there is a potential for excessive heating of the waste 21 
in the WAT if there is low supernatant flow to the WAT and low slurry flow to the DST. 22 
Therefore, a minimum supernatant flow is maintained into the WAT to ensure the waste 23 
temperature in the WAT remains below the limiting design temperature of the safety-significant 24 
waste transfer primary piping systems, HIHTL primary hose assemblies, and isolation valves for 25 
double valve isolation (i.e., 180°F) that are physically connected to the MARS-V slurry pump.  26 
The MARS-V WAT waste high temperature control system shuts down the MARS-V slurry 27 
pump (de-energizes the slurry pump hydraulic power unit [HPU] motor) on low supernatant flow 28 
to the WAT.  (See Section 2.5.2.6, “SST Retrieval Using the Mobile Arm Retrieval System – 29 
Vacuum Version,” for a description of the MARS-V system and operation.) 30 
 31 
The MARS-V WAT waste high temperature control system is shown in Figure 4.4.12-1.  The 32 
supernatant flow to the WAT is monitored by a flow element located in the supernatant flow 33 
stream within the portable instrumentation and valve box (PIVB) (POR295-WT-VP-001) with 34 
input to a flow switch.  The flow element works based upon the thermal dispersion principle 35 
where a low-power heater is used to produce a temperature differential between the active and 36 
reference resistance temperature detectors (RTD), and this temperature differential varies as a 37 
function of supernatant flow rate (forced convection heat transfer).  The flow switch also 38 
provides fault detection.  In addition to low supernatant flow, flow switch alarm 1 also outputs a 39 
fault signal on an open active RTD or a shorted reference RTD.  Flow switch alarm 2 outputs a 40 
fault signal on over range flow, a heater failure, a shorted active RTD, or an open reference 41 
RTD. 42 
 43 
Climate controlled cabinet POR302-WT-ENCL-900, located outdoors in the tank farms, contains 44 
the logic solver components (see Figure 4.4.12-1), which include the flow switch electronics, 45 
control relays, time delay relays, and other electrical components necessary to perform four 46 
functions: (1) detect trip conditions, (2) detect fault conditions, (3) monitor the slurry pump 47 
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hydraulic power unit (HPU) run signal from the monitoring and control system, and (4) control 1 
the slurry pump HPU motor electrical contactors.  A slurry pump run signal generated by the 2 
MARS-V monitoring and control system is used to inhibit generation of the trip alarm when low 3 
supernatant flow is detected after the monitoring and control system has shutdown the slurry 4 
pump, and the safety trip function is not necessary. 5 
 6 
The MARS-V WAT waste high temperature control system includes surge protection that 7 
dampens equipment caused electrical transients.  The logic solver detects inoperable surge 8 
protection (a fault condition) and stops the slurry pump. 9 
 10 
Climate controlled cabinet POR302-WT-ENCL-850, also located outdoors in the tank farms, 11 
contains the HPU motor electrical contactors that shut down the slurry pump.  The contactors 12 
include mirror contacts that are used to detect failure of either contactor (contactor fails to open 13 
when de-energized). 14 
 15 
The temperature in POR302-WT-ENCL-900 and POR302-WT-ENCL-850 is monitored with 16 
temperature switches.  If the temperature within the cabinet exceeds low or high temperature 17 
fault trip limits, a fault condition shuts down the slurry pump. 18 
 19 
The logic solver uses three time delay relays: (1) a power on time delay, (2) a contactor fault 20 
time delay, and (3) a supernatant low flow trip time delay. 21 
 22 
The power on time delay relay inhibits latching of trip and fault conditions immediately 23 
following application of 120VAC power to eliminate spurious trips.  This is necessary to allow 24 
the relay circuits time to stabilize before enabling latching of the trip or fault conditions.  The 25 
delay does not inhibit detection of faults, it only inhibits latching the trip and fault conditions 26 
until the power on delay has completed.  This time delay is adjustable from 3 to 30 seconds. 27 
 28 
The slurry pump HPU motor contactor fault detection circuit is designed to ensure the mirror 29 
contacts of both contactors are in same state, and if not, the circuit initiates a contactor fault.  The 30 
contactor fault time delay relay is necessary to allow for the different operating times of the 31 
contactors.  The time delay is adjustable from 0.2 to 2.0 seconds. 32 
 33 
The supernatant low flow time delay relay inhibits immediate opening of the control relays when 34 
low flow is detected by the flow switch.  This time delay prevents spurious trips caused by short 35 
duration flow/measurement irregularities caused by surges or air in the line.  The time delay is 36 
adjustable from 3 to 30 seconds. 37 
 38 
Logic solver status is provided to the monitoring and control system.  The interface signals are 39 
isolated from the MARS-V WAT waste high temperature control system safety circuits by 40 
interposing relays.  The monitoring and control system interface is to assist in operations and 41 
maintenance troubleshooting. 42 
 43 
RPP-RPT-52567, Design Analysis Report for the MARS-V Waste Accumulator Tank 44 
Temperature Safety Instrumented System, provides additional description of the MARS-V WAT 45 
waste high temperature control system. 46 
 47 
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Boundaries.  The boundary of the safety-significant MARS-V WAT waste high temperature 1 
control system consists of the following.   2 
 3 

 Supernatant flow element and flow element enclosure 4 
 5 

 Supernatant flow switch 6 
 7 

 Control relays and their bases (Note:  The safety-significant control relays are labeled 8 
SK-XXX.) 9 
 10 

 Supernatant low flow time delay relay and its base 11 
 12 

 Enclosures for the logic solver devices (POR302-WT-ENCL-900) and slurry pump 13 
contactors (POR302-WT-ENCL-850) 14 
 15 

 Enclosure POR302-WT-ENCL-900 ambient temperature switch 16 
 17 

 Enclosure POR302-WT-ENCL-850 ambient temperature switch 18 
 19 

 Slurry pump HPU motor contactors (safety contactors) 20 
 21 

 Control wire within enclosure POR302-WT-ENCL-900 and enclosure  22 
POR302-WT-ENCL-850 23 
 24 

 Temperature switch and mirror contact control wiring between enclosure  25 
POR302-WT-ENCL-850 and enclosure POR302-WT-ENCL-900 26 
  27 

 Terminals (including cross connectors) 28 
 29 

 Surge protection device and its base  30 
 31 
Note: The power on time delay relay and the contactor fault time delay relay are not included in 32 

the boundary because their time delay or failure does not prevent the trip or fault 33 
conditions from stopping the slurry pump.  The HPU motor contactor mirror contacts and 34 
associated relays are not included in the boundary because this fault detection capability 35 
is not credited in the SIL calculation (RPP-CALC-53500, SIL Calculation for MARS-V 36 
Waste Accumulator Tank Temperature Safety Instrumented System) to ensure that the 37 
MARS-V WAT waste high temperature control system meets safety integrity level (SIL) 38 
requirements. 39 

 40 
Support Systems – There are no safety-significant support systems identified for the MARS-V 41 
WAT waste high temperature control system. 42 
 43 
4.4.12.3 Functional Requirements.  The functional requirement for the MARS-V WAT waste 44 
high temperature control system is to monitor supernatant flow to the WAT and on low flow to 45 
stop the slurry pump.  Stopping the slurry pump on low supernatant flow prevents the transfer of 46 

RPP-13033 1/29/2015 - 12:56 PM 676 of 1079



RPP-13033 REV 5-E 
 

 

 
4.4.12-4 

waste (slurry) at greater than the design temperature of the physically connected  1 
safety-significant waste transfer system components. 2 
 3 
The MARS-V WAT waste high temperature control system includes safety-significant 4 
instruments (sensors), logic solvers, and final control elements.  Therefore, the MARS-V WAT 5 
waste high temperature control system is a safety instrumented system (SIS).  In accordance with 6 
the methodology for SIL determination for SIS described in Section 3.3.1.5, the required safety 7 
integrity level is SIL-1.  The basis for SIL-1 is described in RPP-RPT-52567 and is based on the 8 
frequency of accidents caused by the loss of the safety function of waste transfer primary piping 9 
systems, HIHTL primary hose assemblies, and isolation valves for double valve isolation from 10 
over temperature being no higher than “unlikely.” 11 
 12 
There are no other functional/performance requirements derived from the hazard and accident 13 
analyses, but additional requirements necessary to satisfy the safety function are developed in the 14 
system evaluation (see Section 4.4.12.4). 15 
 16 
4.4.12.4 System Evaluation.  The system evaluation of the MARS-V WAT waste high 17 
temperature control system is documented in RPP-RPT-52567.  The evaluation identifies the 18 
functional/performance requirements necessary for the MARS-V WAT waste high temperature 19 
control system to perform its safety function.  The evaluation also identifies and evaluates 20 
potential failure modes of the MARS-V WAT waste high temperature control system 21 
considering the conditions and events in which the safety function must be met.  In addition, the 22 
evaluation identifies and evaluates support systems whose function is required for the MARS-V 23 
WAT waste high temperature control system to perform its safety function and interfaces whose 24 
failure could prevent the MARS-V WAT waste high temperature control system from 25 
performing its safety function.  The system evaluation satisfies DOE and TOC requirements to 26 
ensure the reliable performance of safety-significant SSCs to meet the safety function(s) 27 
determined from the hazard and accident analyses. 28 
  29 
The primary functional/performance requirement is to monitor supernatant flow to the WAT and 30 
on low flow to stop the slurry pump.  This function must meet SIL-1 requirements for this SIS.  31 
This requirement is met by system design, selection of components, and by performing periodic 32 
functional tests and calibrations/calibration checks. 33 
 34 
The MARS-V WAT waste high temperature control system is located in the tank farms and is 35 
designed for applicable process conditions (supernatant flow sensor is exposed to waste) and 36 
environmental conditions, which results in requirements on design temperature, waste 37 
compatibility, exposure to radiation, moisture, ash, and dust. 38 
 39 
Trip limits and time delays.  The MARS-V WAT waste high temperature control system low 40 
supernatant flow trip limit and time delays are derived in RPP-CALC-49826, Vacuum 41 
Accumulator Tank Slurry Temperature Analysis.  Under upset conditions, operation of the slurry 42 
pump could cause the temperature of the waste in the WAT to rise above the design temperature 43 
of the physically connected safety-significant waste transfer system components, which is 180ºF, 44 
when both of the following conditions exist. 45 
 46 

 Supernatant flow into the WAT falls below 11.9 gal/min, and 47 
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 Slurry flow out of the WAT falls below 13.6 gal/min. 1 
 2 
The supernatant low flow trip limit is, therefore, 11.9 gal/min.  This trip limit is also below the 3 
monitoring and control system low flow trip setpoint such that the general service monitoring 4 
and control system should control the event before challenging the MARS-V WAT waste high 5 
temperature control system.   6 
 7 
To prevent unnecessary actuation of the MARS-V WAT waste high temperature control system 8 
(i.e., stopping the slurry pump), a time delay of up to 30 seconds is provided to delay tripping on 9 
low supernatant flow.  This is acceptable because the minimum time to reach 180ºF is  10 
353 seconds with the pump operating with no supernatant flow into the WAT and no slurry flow 11 
to the DST. 12 
 13 
The MARS-V WAT waste high temperature control system enclosure fault trip limits are based 14 
on the most restrictive of the manufacturers’ specified ambient temperature operating ranges for 15 
the enclosed components.   16 
 17 

 Enclosure POR302-WT-ENCL-850 low and high temperature fault trip limits are -13°F 18 
and 140°F, respectively.  19 

 Enclosure POR302-WT-ENCL-900 low and high temperature fault trip limits are -4°F 20 
and 140°F, respectively. 21 

 22 
Failure Mode Evaluation.  RPP-RPT-52567 reviewed and evaluated the MARS-V WAT waste 23 
high temperature control system for potential failure modes that could impact the ability to meet 24 
the safety function.  The evaluation results in the following design requirements for the  25 
MARS-V WAT waste high temperature control system.  26 
 27 

 The MARS-V WAT waste high temperature control system shall fail-safe upon a loss of 28 
power to the system or any individual system component. 29 
 30 

 The MARS-V WAT waste high temperature control system shall fail-safe when the 31 
following detected device failures occur. 32 
  33 

 Flow switch faults on open/shorted RTDs, over range flow, and heater failure 34 
  35 

 Enclosure temperature switch faults on high temperature, low temperature, and 36 
open/shorted RTDs 37 
  38 

 Surge protection faults on device failure 39 
  40 

 The MARS-V WAT waste high temperature control system shall include redundant 41 
slurry pump HPU motor contactors to address the contactor failure mode of a contactor 42 
remaining closed when de-energized.   43 

 44 
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 Because some of the components are not designed for their full enclosure temperature 1 
range, the slurry pump shall be shut down upon enclosure POR302-WT-ENCL-850 or 2 
enclosure POR302-WT-ENCL-900 low or high temperature. 3 

 4 
 The control wires and terminals located inside POR302-WT-ENCL-850 and enclosure 5 

POR302-WT-ENCL-900 shall be properly insulated for the electrical and environmental 6 
conditions to prevent a short resulting in the MARS-V WAT waste high temperature 7 
control system not performing its safety function (i.e., short to power). 8 
 9 

 The temperature switch and mirror contact control wires between enclosure 10 
POR302-WT-ENCL-850 and enclosure POR302-WT-ENCL-900 shall be properly 11 
insulated for the electrical and environmental conditions to prevent a short resulting in 12 
the MARS-V WAT waste high temperature control system not performing its safety 13 
function (i.e., short to power). 14 

 15 
 General service wires located inside enclosure POR302-WT-ENCL-850 and enclosure 16 

POR302-WT-ENCL-900 shall be separated from safety-significant control wires by 17 
1 inch or by a physical barrier using IEEE-384, IEEE Standard Criteria for Independence 18 
of Class 1E Equipment and Circuits, as guidance to prevent a short resulting in the 19 
MARS-V WAT waste high temperature control system not performing its safety function 20 
(i.e., short to power). 21 

  22 
 The flow element enclosure shall protect the flow element from directed or splashing 23 

liquids in the PIVB. 24 
 25 

 The enclosures for the logic solver devices and slurry pump contactors  26 
(POR302-WT-ENCL-900 and POR302-WT-ENCL-850) shall protect the contained 27 
components from failure due to moisture, ash, and dust. 28 
 29 

 The MARS-V WAT waste high temperature control system shall be isolated from the 30 
monitoring and control system using isolation devices or devices that include signal 31 
isolation. 32 
 33 

 The MARS-V WAT waste high temperature control system shall latch in the tripped state 34 
when a trip or fault condition occurs.  The operator cannot reset the interlock until the trip 35 
or fault condition has been cleared.  Latching the MARS-V WAT waste high temperature 36 
control system in the tripped state prevents the slurry pump from returning to normal 37 
operation without operator knowledge. 38 

 39 
Where the MARS-V WAT waste high temperature control system is not designed to withstand 40 
the cause of the identified failure mode, the risk of the resulting hazard is low, the failure mode is 41 
readily detected, or defense-in-depth features are provided as follows. 42 
 43 

 Damage to the MARS-V WAT waste high temperature control system from readily 44 
detected events (i.e., seismic events, lightning, vehicle accidents, load handling accidents, 45 
blast effects/missiles from propane/liquefied petroleum gas [LPG] tank explosions, and 46 
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fires) during waste transfers with the slurry pump will result in prompt shutdown of the 1 
waste transfer and initiation of response actions to mitigate the consequences of waste 2 
releases.  (Note:  There are also defense-in-depth features to address some of these 3 
initiators.  For example, the emergency preparedness program to address seismic events, 4 
spotters to prevent vehicle accidents, the hoisting and rigging program to prevent load 5 
handling accidents, and fire protection requirements to address explosions and fires).  6 

 7 
 Damage to the MARS-V WAT waste high temperature control system from readily 8 

detected events (i.e., seismic events, lightning, vehicle accidents, load handling accidents, 9 
blast effects/missiles from propane/LPG tank explosions, and fires) when waste transfers 10 
with the slurry pump are not occurring will result in an inspection and, if necessary, 11 
repair or replacement prior to operation.  (See also the note in the bullet above.) 12 

 13 
 No supporting systems were identified whose function is required for the MARS-V WAT 14 

waste high temperature control system to perform its safety function. 15 
 16 

 No interfacing systems were identified that would result in the failure of the MARS-V 17 
WAT waste high temperature control system to perform its safety function. 18 

 19 
Based on design life and operating conditions, the ability of the MARS-V WAT waste high 20 
temperature control system to perform its safety function can degrade and periodic 21 
calibrations/calibration checks and functional tests are required.  The calibration/calibration 22 
check and functional test frequencies are established in the SIL calculation (RPP-CALC-53500) 23 
to ensure that the MARS-V WAT waste high temperature control system meets SIL-1 24 
requirements.   25 
 26 
Calibrations/calibration checks, including verification of trip limits (and fault trip limits), shall be 27 
performed every 330 days.  Trip limits (and fault trip limits) requiring verification are: 28 
 29 

 11.9 gal/min for supernatant low flow. 30 
 31 

 -13°F for enclosure POR302-WT-ENCL-850 low temperature. 32 
 33 

 -4°F for enclosure POR302-WT-ENCL-900 low temperature. 34 
 35 

 140°F for enclosure POR302-WT-ENCL-850 and enclosure POR302-WT-ENCL-900 36 
high temperature. 37 

 38 
Note: The trip (and fault trip) setpoints shall account for instrumentation accuracy. 39 
 40 
The as-found and as-left results of the calibrations/calibration checks are independently verified 41 
to be within a specified range. 42 
 43 
Note: Calibration is the adjustment, as necessary, of the instrumentation such that it responds 44 

within the required range and accuracy to known values of input.  A calibration check is 45 
performed when the instrumentation cannot be calibrated (adjusted), and includes a 46 
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 comparison of the instrumentation with other independent instrumentation, known 1 
values, or other circuits/systems monitoring the same variable.  Instrumentation includes 2 
the sensor, signal conditioning elements, and output devices required to meet the safety 3 
function. 4 

 5 
The following functional tests shall be performed every 330 days. 6 
 7 

 Verifying timer duration. 8 
 9 

 < 353 seconds for the supernatant low flow time delay  10 
 11 

 Verifying with simulated or actual trip signal (i.e., low supernatant flow) that the  12 
MARS-V slurry pump HPU motor contactors open. 13 

 14 
 Verifying operability of the flow switch, enclosure temperature switches, and surge 15 

protection fault detection and any associated fault detection control relays. 16 
 17 
RPP-CALC-53500 evaluates the MARS-V WAT waste high temperature control system and 18 
demonstrates compliance with SIL-1 requirements. 19 
  20 
4.4.12.5 Controls (TSRs).  The MARS-V WAT waste high temperature control system is an 21 
SIS whose characteristics are ensured through design, procurement, installation, startup testing, 22 
configuration control, and quality conformance inspections.  The activities performed under 23 
these programs ensure that the safety functions of the MARS-V WAT waste high temperature 24 
control system are preserved and protect the design baseline from inadvertent change. 25 
 26 
The safety-significant MARS-V WAT waste high temperature control system is required to be 27 
operable when safety-significant waste transfer primary piping systems, HIHTL primary hose 28 
assemblies, or isolation valves for double valve isolation are physically connected to the SST 29 
241-C-105 MARS-V slurry pump when it is an active waste transfer pump not under 30 
administrative lock. 31 
 32 
Periodic calibrations/calibration checks and functional tests are required to ensure the operability 33 
of the MARS-V WAT waste high temperature control system by: 34 
 35 

 Performing calibrations/calibration checks, including verification of trip limits (and fault 36 
trip limits), of the MARS-V WAT waste high temperature control system every 330 days. 37 
 38 

 Performing functional tests of the MARS-V WAT waste high temperature control system 39 
every 330 days. 40 

 41 
4.4.12.6 References  42 
 43 
IEEE-384, 2008, IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits,  44 

Institute of Electrical and Electronics Engineers, New York, New York. 45 
 46 
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Washington River Protection Solutions LLC, Richland, Washington.  2 

 3 
RPP-CALC-53500, 2013, SIL Calculation for MARS-V Waste Accumulator Tank Temperature 4 

Safety Instrumented System, Rev. 1, Washington River Protection Solutions LLC, 5 
Richland, Washington 6 

 7 
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Temperature Safety Instrumented System, Rev. 0, Washington River Protection Solutions 9 
LLC, Richland, Washington. 10 

 11 
12 
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Figure 4.4.12-1.  MARS-V Waste Accumulator Tank Waste High Temperature Control System. 1 
 2 

 3 
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4.5 TSR SPECIFIC ADMINISTRATIVE CONTROLS 1 
 2 
 3 
A specific administrative control (SAC) provides a specific preventive or mitigative function for 4 
accident scenarios where the safety function has an importance similar to, or the same as, the 5 
safety function of a safety structure, system, or component (see DOE-STD-1186-2004, Specific 6 
Administrative Controls).  All of the SACs described in this section provide a safety-significant 7 
function. 8 
 9 
References  10 
 11 
DOE-STD-1186-2004, 2004, Specific Administrative Controls, U.S. Department of Energy, 12 

Washington, D.C.  13 
 14 

15 
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4.5.1 DST Flammable Gas Monitoring Control 1 
 2 

4.5.1.1 Safety Function.  The safety function of the SAC DST Flammable Gas Monitoring 3 
Control is to protect the facility worker from a flammable gas deflagration due to steady-state 4 
flammable gas releases in a DST and induced gas releases following water additions, chemical 5 
additions, and waste transfers into DSTs by monitoring the flammable gas concentration and 6 
taking action to reduce the flammable gas concentration or eliminate potential ignition sources 7 
prior to the flammable gas concentration exceeding the lower flammability limit (LFL).  (Note:  8 
The induced gas releases following water additions, chemical additions, and waste transfers into 9 
DSTs result from the slow, continuing dissolution of soluble settled solids in the tank.) 10 
 11 
ORP directed retaining this DST flammable gas monitoring control to supplement  12 
safety-significant DST primary tank ventilation systems (see Section 4.4.10) and the 13 
requirements for their operability (see Section 5.5.2.1, “Limiting Condition for Operation 3.1 – 14 
DST Primary Tank Ventilation Systems”) until a planned improvement for safety-significant 15 
instrumentation to monitor the exhaust airflow from each DST is completed (Samuelson 2012).  16 
Flammable gas monitoring provides additional protection and assurance that unexpected, 17 
off-normal conditions that could result in flammable gas concentrations > 25% of the LFL are 18 
detected and required actions taken to prevent flammable gas accidents. 19 
 20 
4.5.1.2 SAC Description.  This SAC is implemented through TF-OPS-IHT-001, IHT 21 
Flammable Gas Surveillances on Double Shell Tanks, a continuous use procedure.  The 22 
procedure identifies for each DST the riser and sampling location to take the headspace sample. 23 
 24 
The monitoring for flammable gas concentration is performed on a frequency based on the 25 
Administrative Control (AC) Key Element developed in Section 5.5.3.1, “DST and SST Time to 26 
Lower Flammability Limit.” 27 
 28 
Flammable gas monitoring is performed using a calibrated portable combustible gas monitor 29 
(CGM).  The CGM is connected to a permanently installed sample line.  Once the CGM is 30 
connected, the industrial hygiene technician (IHT) draws a sample from the tank headspace.1  31 
The IHT allows sufficient flow time for the sample line to be purged and the instrument to 32 
respond to assure the sample is representative of the tank headspace gases.  TF-OPS-IHT-001 33 
and TF-OPS-IHT-007, Using Direct Reading Instruments, provide instructions to the IHT on 34 
how to determine the required purge time, which is based on the sample line diameter and length, 35 
and instrument response time.  The flammable gas concentration is recorded in 36 
TF-OPS-IHT-001.  The procedure directs the IHT to notify the Shift Manager if the reading 37 
exceeds 25% of the LFL.  The Shift Manager also reviews and signs the sample results. 38 
 39 
If the flammable gas concentration exceeds 25% of the LFL, the Shift Manager takes action 40 
within 8 hours of when it was discovered that the flammable gas concentration was > 25% of the 41 
LFL to stop all activities in and directly above the affected tank (i.e., activities in the tank 42 
headspace, activities directly above the tank structure, and activities that disturb the waste), 43 
except for activities associated with:  44 

                                                 
1 The tank headspace is the space inside the tank above the waste surface and includes ventilation ducts up to the 
suction side mixing point when an active ventilation system is operating. 
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 1 
 flammable gas sampling/monitoring 2 

 3 
 deenergizing or removing equipment that does not meet ignition controls (i.e., equipment 4 

that has not been qualified in accordance with the requirements developed in the Ignition 5 
Controls AC Key Element [see Section 5.5.3.2]) 6 
 7 

 actions to reduce the flammable gas concentration (i.e., ventilation). 8 
 9 

If the flammable gas concentration continues to increase, prior to the flammable gas 10 
concentration exceeding 60% of the LFL (this establishes an additional margin of safety 11 
compared to the functional requirement of 100% of the LFL), the Shift Manager takes the 12 
following additional actions. 13 
 14 

 Stop all activities in enclosed spaces connected to the affected tank headspace, except for 15 
flammable gas sampling/monitoring and actions to reduce the flammable gas 16 
concentration. 17 
 18 

 Deenergize or remove equipment that does not meet ignition controls in the affected tank 19 
headspace and connected enclosed spaces. 20 
 21 

Note: Connected enclosed spaces are enclosed spaces directly connected to the tank headspace 22 
that could reasonably achieve the flammable gas concentration of the headspace.  The 23 
identification of connected enclosed spaces depends on the additional mixing volume, 24 
distance, and time, but could theoretically include all connected spaces up to the point 25 
where they are open to the outside environment or terminated by a closed valve or flange.  26 
When an active ventilation system is operating, there are no connected enclosed spaces 27 
(i.e., the flammable gas hazard is limited to the tank headspace).  The determination of 28 
connected enclosed spaces is further addressed in Section 5.5.3.2, “Ignition Controls.” 29 

 30 
In addition, in accordance with ORP direction (Bechtol and Samuelson 2012), if the 31 
concentration of flammable gas is > 25% of the LFL, the flammable gas concentration in the 32 
tank headspace is verified to be < 60% of the LFL. 33 
 34 
A recovery plan is also issued within 10 days of the flammable gas concentration exceeding  35 
60% of the LFL.  The recovery plan identifies how the flammable gas concentration will be 36 
reduced. 37 
 38 
4.5.1.3 Functional Requirements.  The SAC DST Flammable Gas Monitoring Control shall: 39 
 40 

 Ensure the concentration of flammable gas from steady-state releases and induced gas 41 
releases following water additions, chemical additions, and waste transfers into DSTs is 42 
< 100% of the LFL 43 

 44 
OR 45 

 46 
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 Eliminate potential ignition sources (i.e., activities, equipment, materials) in the tank 1 
headspace and in enclosed spaces connected to the tank headspace prior to achieving a 2 
flammable gas concentration ≥ 100% of the LFL. 3 
 4 

4.5.1.4 SAC Evaluation.  The DST Flammable Gas Monitoring Control is a SAC that 5 
establishes a margin of safety by monitoring the flammable gas concentration and taking action 6 
if the flammable gas concentration exceeds 25% of the LFL.  The use of 25% of the LFL as a 7 
control point has been established based on National Fire Protection Association (NFPA) 8 
standards.  Specifically, NFPA 69, Standard on Explosion Prevention Systems, states that, 9 
relative to the design and operational requirements of systems used for combustion concentration 10 
reduction, the combustible concentration shall be maintained at or below 25% of the LFL.  If the 11 
concentration exceeds 25% of the LFL, specific actions are taken within 8 hours of when it was 12 
discovered that the flammable gas concentration was > 25% of the LFL to stop activities in and 13 
directly above the affected tank, including activities in the tank headspace, activities directly 14 
above the tank structure, and activities that disturb the waste.  The 8 hours allowed to take action 15 
provides sufficient time to stop activities and is much less than the time to reach 100% of the 16 
LFL.  Stopping activities in and directly above the affected tank minimizes activities that can 17 
induce gas releases from the waste or that could be an ignition source, and restricts the presence 18 
of workers except when performing actions to control a potential flammable gas hazard.  19 
Activities that may continue are related to additional monitoring of the flammable gas 20 
concentration and activities that reduce the potential of a flammable gas deflagration 21 
(i.e., activities to reduce the flammable gas concentration or activities to eliminate potential 22 
ignition sources).  Additional monitoring to verify the flammable gas concentration is < 60% of 23 
the LFL is also required within 24 hours of discovering that the flammable gas concentration is  24 
> 25% of the LFL and once per 24 hours thereafter (Bechtol and Samuelson 2012). 25 
 26 
Flammable gas monitoring is performed in accordance with a continuous use procedure.  The 27 
IHTs are trained on the proper use of the CGM.  Retraining is provided every two years to 28 
reinforce the proper way to take a sample.  The CGM is an instrument calibrated in accordance 29 
with the requirements of TFC-PLN-02, Quality Assurance Program Description, Section 2.12, 30 
“Control of Measuring and Test Equipment.”  The CGM is not designated safety significant 31 
since it is not installed plant equipment (see Section 3.3.1.5).  The sample is drawn from the tank 32 
headspace through a permanently installed sample line.  The configuration of the sample line is 33 
captured in the drawing system and is maintained under change control.  To assure that the 34 
sample is representative of the tank headspace gases, the sample line extends below the bottom 35 
of the closed riser in the headspace of the tank.  The sample line is not classified as safety 36 
significant since its only function is to provide a flow path and that function is assured through 37 
the configuration which is maintained under the change control system.  An alternative sampling 38 
location requires a technical evaluation performed in accordance with  39 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, that demonstrates the alternative 40 
sampling location meets the requirements for tank headspace monitoring in 41 
TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring. 42 
 43 
Flammable gas monitoring is a simple process implemented through a continuous use procedure 44 
by qualified individuals.  The activity is routinely performed.  Even if one sample is taken 45 
incorrectly, since the frequency of the sampling is based on the time to 25% of the LFL 46 
conservatively assuming zero ventilation, a second reading would be taken prior to the 47 
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flammable gas concentration exceeding 50% of the LFL.  Additionally, the samples are reviewed 1 
by the IHT and the Shift Manager.  An abnormal reading is expected to be identified.  Also, past 2 
history has demonstrated that steady-state flammable gas readings have not exceeded 25% of the 3 
LFL even with the DST primary tank ventilation system off for extended periods (see 4 
RPP-13510, Flammable Gas Technical Basis Document). 5 
 6 
The Shift Managers are trained on the actions to take if the flammable gas concentration exceeds 7 
25% of the LFL, and there is adequate time for the Shift Manager to take the required actions.  If 8 
the flammable gas concentration exceeds 25% of the LFL, activities in and directly above the 9 
tank headspace are stopped.  Exceptions are allowed for flammable gas sampling/monitoring; 10 
deenergizing or removing equipment that does not meet ignition controls; and actions to reduce 11 
the flammable gas concentration. 12 
 13 
Prior to the flammable gas concentration exceeding 60% of the LFL, the boundary of the actions 14 
is extended to enclosed spaces connected to the tank headspace.  This addresses piping or 15 
ventilation ducts that are connected to the tank headspace where flammable gas may accumulate 16 
over time.  This also includes enclosed structures that are connected to the tank headspace 17 
through an open pipe or duct.  Additionally, a recovery plan is issued within 10 days of 18 
exceeding 60% of the LFL.  The recovery plan identifies the actions that will be taken to reduce 19 
the flammable gas concentration.  The 10 days provides sufficient time to identify the planned 20 
actions.  The 10 days is not directly tied to the time to LFL since the actions to eliminate ignition 21 
sources and minimize the activities near the DST have already been completed. 22 
 23 
Given the above, this control provides adequate assurance that detection of a DST with the 24 
flammable gas concentration above the LFL will be accomplished with time to take action to 25 
prevent a flammable gas deflagration. 26 
 27 
4.5.1.5 Controls (TSRs).  DST Flammable Gas Monitoring Control is a SAC that is 28 
implemented as a limiting condition for operation (LCO).  The surveillance frequency is based 29 
on the time to 25% of the LFL assuming zero ventilation as developed in AC Key Element DST 30 
and SST Time to Lower Flammability Limit (see Section 5.5.3.1). 31 
 32 
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4.5.2 SST Steady-State Flammable Gas Control 1 
 2 
4.5.2.1 Safety Function.  The safety function of the SAC SST Steady-State Flammable Gas 3 
Control is to protect the facility worker from a flammable gas deflagration due to steady-state 4 
flammable gas releases in a SST by monitoring the flammable gas concentration, verifying 5 
passive ventilation for 241-B-203 and 241-B-204, and taking action to reduce the flammable gas 6 
concentration or eliminate potential ignition sources prior to the flammable gas concentration 7 
exceeding the LFL.  (Note:  This SAC does not apply to SSTs in the 241-AX and 241-SX tank 8 
farms because, as shown in RPP-5926, Steady-State Flammable Gas Release Rate Calculation 9 
and Lower Flammability Level Evaluation for Hanford Tank Waste, diffusion through the 10 
concrete dome of these SSTs prevents the flammable gas concentration from reaching 100% of 11 
the LFL even under a zero ventilation condition.) 12 
 13 
This control is identified as a SAC for a steady-state flammable gas deflagration in a SST 14 
headspace (see Section 3.3.2.4.1).  No engineering controls are required for this hazard.   15 
Steady-state flammable gas releases are controlled by passive ventilation and/or diffusion, which 16 
is ensured by configuration control and/or flammable gas monitoring (i.e., this SAC).  The 17 
steady-state flammable gas hazard in SSTs is also very slow to develop (i.e., months to years for 18 
the flammable gas concentration to reach 100% of the LFL assuming no ventilation) allowing 19 
ample time to address any unexpected event. 20 
 21 
4.5.2.2 SAC Description.  This SAC has two parts: 22 
 23 

 Flammable Gas Monitoring 24 
 Verification of Passive Ventilation 25 

 26 
4.5.2.2.1 Flammable Gas Monitoring.  Flammable gas monitoring is implemented through 27 
TF-OPS-IHT-002, Perform IHT Flammable Gas Surveillances on Single Shell Tanks and Double 28 
Contained Receiver Tanks, a continuous use procedure.  The procedure identifies for each SST 29 
the riser and sampling location to take the headspace sample.   30 
 31 
The monitoring for flammable gas concentration is performed on a frequency based on the AC 32 
Key Element developed in Section 5.5.3.1, “DST and SST Time to Lower Flammability Limit,” 33 
except for SSTs 241-B-203 and 241-B-204.  For SSTs 241-B-203 and 241-B-204, the 34 
monitoring frequency is every 121 days based on maintaining passive ventilation (see 35 
Section 4.5.2.2.2).  (Note:  Flammable gas monitoring is also required for SSTs 241-B-203 and 36 
241-B-204 when the high-efficiency particulate air (HEPA) breather filter isolation valve is 37 
found closed [see Section 4.5.2.2.2].) 38 
 39 
Flammable gas monitoring is performed using a calibrated portable combustible gas monitor 40 
(CGM).  The CGM is connected to a permanently installed sample location.  Once the CGM is 41 
connected, the industrial hygiene technician (IHT) draws a sample from the tank headspace. 1  42 
The IHT allows sufficient flow time for the sample line to be purged and the instrument to 43 
respond to assure the sample is representative of the tank headspace gases.  TF-OPS-IHT-007, 44 

                                                 
1 The tank headspace is the space inside the tank above the waste surface and includes ventilation ducts up to the 
suction side mixing point when an active ventilation system is operating. 
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Using Direct Reading Instruments, provides instructions to the IHT on how to determine the 1 
required purge time, which is based on the sample line diameter and length, and instrument 2 
response time.  The flammable gas concentration is recorded in TF-OPS-IHT-002.  The 3 
procedure directs the IHT to notify the Shift Manager if the reading exceeds 25% of the LFL.  4 
The Shift Manager also reviews and signs the sample results. 5 
 6 
If the flammable gas concentration exceeds 25% of the LFL, the Shift Manager takes action 7 
within 8 hours of when it was discovered that the flammable gas concentration was > 25% of the 8 
LFL to stop all activities in and directly above the affected tank (i.e., activities in the tank 9 
headspace, activities directly above the tank structure, and activities that disturb the waste), 10 
except for activities associated with: 11 
 12 

 flammable gas sampling/monitoring 13 
 14 

 deenergizing or removing equipment that does not meet ignition controls (i.e., equipment 15 
that has not been qualified in accordance with the requirements developed in the Ignition 16 
Controls AC Key Element [see Section 5.5.3.2]) 17 
 18 

 actions to reduce the flammable gas concentration (i.e., ventilation). 19 
 20 

If the flammable gas concentration continues to increase, prior to the flammable gas 21 
concentration exceeding 60% of the LFL (this establishes an additional margin of safety 22 
compared to the functional requirement of 100% of the LFL), the Shift Manager takes the 23 
following additional actions. 24 
 25 

 Stop all activities in enclosed spaces connected to the affected tank headspace, except for 26 
flammable gas sampling/monitoring and actions to reduce the flammable gas 27 
concentration. 28 

 29 
 Deenergize or remove equipment that does not meet ignition controls in the affected tank 30 

headspace and connected enclosed spaces. 31 
 32 
Note: Connected enclosed spaces are enclosed spaces directly connected to the tank headspace 33 

that could reasonably achieve the flammable gas concentration of the headspace.  The 34 
identification of connected enclosed spaces depends on the additional mixing volume, 35 
distance, and time, but could theoretically include all connected spaces up to the point 36 
where they are open to the outside environment or terminated by a closed valve or flange.  37 
When an active ventilation system is operating, there are no connected enclosed spaces 38 
(i.e., the flammable gas hazard is limited to the tank headspace).  The determination of 39 
connected enclosed spaces is further addressed in Section 5.5.3.2, “Ignition Controls.” 40 

 41 
In addition, in accordance with U.S. Department of Energy, Office of River Protection (ORP) 42 
direction (Bechtol and Samuelson 2012), if the concentration of flammable gas is > 25% of the 43 
LFL, the flammable gas concentration in the tank headspace is verified to be < 60% of the LFL. 44 
 45 
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A recovery plan is also issued within 10 days of the flammable gas concentration exceeding  1 
60% of the LFL.  The recovery plan identifies how the flammable gas concentration will be 2 
reduced. 3 
 4 
4.5.2.2.2 Verification of Passive Ventilation.  Verification of passive ventilation for SSTs 5 
241-B-203 and 241-B-204 is provided every 30 days by verifying that the HEPA breather filter 6 
isolation valve is in the open position.  The verification of an open HEPA breather filter isolation 7 
valve is implemented by round sheets (continuous use) TF-OR-WR-AN, AN Weekly Rounds.  8 
The operator examines the HEPA breather filter isolation valve to verify it is in the open 9 
position.  The HEPA breather filter isolation valve is a butterfly valve and the position is 10 
determined by the position of the valve handle.  If the valve handle is parallel to the valve body, 11 
the valve is in an open position.  The configuration of the HEPA breather filter isolation valve is 12 
maintained under configuration management to assure the valve handle is aligned with the valve 13 
body when the valve is in the open position. 14 
 15 
If the HEPA breather filter isolation valve is found to be in the closed position, the valve is 16 
immediately opened and the flammable gas concentration in the tank headspace is monitored 17 
within 24 hours (see Section 4.5.2.2.1).  18 
 19 
Note: The HEPA breather filter isolation valve is allowed to be closed: 20 
 21 

 For planned activities (e.g., maintenance, HEPA filter testing/replacement) for a time 22 
period not to exceed 7 days 23 

 24 
 When the SST is actively ventilated 25 

 26 
 During transitions from passive to active and active to passive ventilation for a time 27 

period not to exceed 7 days. 28 
 29 
4.5.2.3 Functional Requirements.  The SAC SST Steady-State Flammable Gas Control shall: 30 
 31 

 Ensure the concentration of flammable gas from steady-state releases is < 100% of the 32 
LFL 33 

 34 
OR  35 

 36 
 Eliminate potential ignition sources (i.e., activities, equipment, materials) in the tank 37 

headspace and in enclosed spaces connected to the tank headspace prior to achieving a 38 
flammable gas concentration ≥ 100% of the LFL. 39 

 40 
4.5.2.4 SAC Evaluation.  The SST Steady-State Flammable Gas Control is a SAC that 41 
establishes a margin of safety by maintaining the flammable gas concentration ≤ 25% of the LFL 42 
(SSTs 241-B-203 and 241-B-204) and/or monitoring the flammable gas concentration and taking 43 
action if the flammable gas concentration exceeds 25% of the LFL.  The use of 25% of the LFL 44 
as a control point has been established based on NFPA standards.  Specifically, NFPA 69, 45 
Standard on Explosion Prevention Systems, states that, relative to the design and operational 46 
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requirements of systems used for combustion concentration reduction, the combustible 1 
concentration shall be maintained at or below 25% of the LFL.  If the concentration exceeds  2 
25% of the LFL, specific actions are taken within 8 hours of when it was discovered that the 3 
flammable gas concentration was > 25% of the LFL to stop activities in and directly above the 4 
affected tank, including activities in the tank headspace, activities directly above the tank 5 
structure, and activities that disturb the waste.  The 8 hours allowed to take action provides 6 
sufficient time to stop activities and is much less than the time to reach 100% of the LFL.  7 
Stopping activities in and directly above the affected tank minimizes activities that can induce 8 
gas releases from the waste or that could be an ignition source, and restricts the presence of 9 
workers except when performing actions to control a potential flammable gas hazard.  Activities 10 
that may continue are related to additional monitoring of the flammable gas concentration and 11 
activities that reduce the potential of a flammable gas deflagration (i.e., activities to reduce the 12 
flammable gas concentration or activities to eliminate potential ignition sources).  Additional 13 
monitoring to verify the flammable gas concentration is < 60% of the LFL is also required within 14 
24 hours of discovering that the flammable gas concentration is > 25% of the LFL and once per 15 
24 hours thereafter (Bechtol and Samuelson 2012). 16 
 17 
Flammable gas monitoring is performed in accordance with a continuous use procedure.  The 18 
IHTs are trained on the proper use of the CGM.  Retraining is provided every two years to 19 
reinforce the proper way to take a sample.  The CGM is an instrument calibrated in accordance 20 
with the requirements of TFC-PLN-02, Quality Assurance Program Description, Section 2.12, 21 
“Control of Measuring and Test Equipment.”  The CGM is not designated safety significant 22 
since it is not installed plant equipment (see Section 3.3.1.5).  The sample is drawn from the tank 23 
headspace through a preestablished sample location.  The sample locations have been determined 24 
to meet the requirements of TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring (see 25 
TE-09-022, Evaluation of Flammable Gas Sampling Locations on Single-Shell Tanks and 26 
Double Contained Receiver Tanks).  The permanently installed sample location is not classified 27 
as safety significant since its only function is to provide a flow path and that function is assured 28 
through the configuration which is maintained under the change control system.  An alternative 29 
sampling location requires a technical evaluation performed in accordance with 30 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, that demonstrates the alternative 31 
sampling location meets the requirements for tank headspace monitoring in 32 
TFC-ESHQ-FP-STD-05. 33 
 34 
Flammable gas monitoring is a simple process implemented through a continuous use procedure 35 
by qualified individuals.  The activity is routinely performed.  Even if one sample were taken 36 
incorrectly, since the frequency of the sampling is based on the time to 25% of the LFL 37 
conservatively assuming zero ventilation, a second reading would be taken prior to the 38 
flammable gas concentration exceeding 50% of the LFL.  Additionally, the samples are reviewed 39 
by the IHT and the Shift Manager.  An abnormal reading is expected to be identified.  Also, past 40 
history has demonstrated that steady-state flammable gas readings have not exceeded 25% of the 41 
LFL (see RPP-13510, Flammable Gas Technical Basis Document). 42 
 43 
The Shift Managers are trained on the actions to take if the flammable gas concentration exceeds 44 
25% of the LFL, and there is adequate time for the Shift Manager to take the required actions.  If 45 
the flammable gas concentration exceeds 25% of the LFL, activities in and directly above the 46 
tank headspace are stopped.  Exceptions are allowed for flammable gas sampling/monitoring; 47 
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deenergizing or removing equipment that does not meet ignition controls; and actions to reduce 1 
the flammable gas concentration. 2 
 3 
Prior to the flammable gas concentration exceeding 60% of the LFL, the boundary of the actions 4 
is extended to enclosed spaces connected to the tank headspace.  This addresses piping or 5 
ventilation ducts that are connected to the tank headspace where flammable gas may accumulate 6 
over time.  This also includes enclosed structures that are connected to the tank headspace 7 
through an open pipe or duct.  Additionally, a recovery plan is issued within 10 days of 8 
exceeding 60% of the LFL.  The recovery plan identifies the actions that will be taken to reduce 9 
the flammable gas concentration.  The 10 days provides sufficient time to identify the planned 10 
actions.  The 10 days is not directly tied to the time to LFL since the actions to eliminate ignition 11 
sources and minimize the activities near the SST have already been completed. 12 
 13 
For SSTs 241-B-203 and 241-B-204, RPP-5926 calculates the steady-state flammable 14 
concentrations in SSTs 241-B-203 and 241-B-204 and shows that very small ventilation rates 15 
(i.e., < 0.1 ft3/min) are adequate to prevent the flammable gas concentration from reaching  16 
25% of the LFL and smaller ventilation rates (i.e., < 0.01 ft3/min) are adequate to prevent the 17 
flammable gas concentration from reaching 100% of the LFL.  An open HEPA breather filter 18 
isolation valve provides a defined flow path for passive ventilation.  Passive ventilation flow rate 19 
monitoring (PNNL-11295, Waste Tank Ventilation Rates Measured with Tracer Gas Method, 20 
PNNL-11683, Measurements of Waste Tank Passive Ventilation Rates Using Tracer Gases) and 21 
past monitoring have demonstrated that passive ventilation provided when there is an HEPA 22 
open breather filter isolation valve adequately controls the steady-state flammable gas hazard.  23 
The surveillance frequency for verification that the HEPA breather filter isolation valve is in the 24 
open position (i.e., 30 days) plus the time to take action if the HEPA breather filter isolation 25 
valve is found closed (i.e., 24 hours) is less than or equal to the time for the flammable gas 26 
concentration to increase by 25% of the LFL assuming zero ventilation (RPP-5926).   27 
 28 
Based on several evaluations, the only credible cause for loss of passive ventilation via the 29 
HEPA breather filter for a duration that exceeds the time to reach 100% of the LFL is a closed 30 
HEPA breather filter isolation valve.  OE-05-033, Operability Evaluation for Tank Farm 31 
Ventilation System HEPA Filters, found that the HEPA breather filters on SSTs 241-B-203 and 32 
241-B-204 have shown no evidence of plugging (i.e., high differentiate pressure) that would 33 
significantly affect passive ventilation.  The evaluation in OE-09-004, Operability Evaluation for 34 
Ventilation System Freezing, concluded that it is not credible to reach the LFL due to ice 35 
blockage of the HEPA breather filter.  The conclusion was based on historical data for the 36 
number of days that the ice could be formed and remain versus the time to reach 100% of the 37 
LFL assuming zero ventilation. 38 
 39 
The HEPA breather filter isolation valve is in a location that is easily accessible.  The valve 40 
position is easily verified by examining the handle position.  This is a normal method of 41 
checking butterfly valves where the body of the valve and position of the handle relative to the 42 
valve body can be verified.  There is no specific training required to perform this inspection.  If 43 
the valve is found in the closed position, it is immediately opened to re-establish a passive 44 
ventilation path.  Additionally, the flammable gas concentration in the tank headspace is 45 
monitored within 24 hours.  The 24 hours is based on the time to 25% of the LFL conservatively 46 
assuming zero ventilation (see above). 47 
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 1 
The configuration of the HEPA breather filter isolation valve to maintain the handle parallel to 2 
the body when the valve is in the open position is maintained under configuration management.  3 
Since the only function of the valve is to provide a flow path, the valve is not classified as safety 4 
significant.  Maintaining the valve under configuration management provides adequate assurance 5 
that the valve handle will be installed properly relative to the valve body. 6 
 7 
The HEPA breather filter isolation valve is allowed to be closed for planned activities 8 
(e.g., maintenance, HEPA filter testing/replacement), when the SST is actively ventilated, and 9 
during transitions from passive to active and active to passive ventilation.  The time period of up 10 
to 7 days that the HEPA breather filter isolation valve may be closed for planned activities and 11 
during transitions from passive to active and active to passive ventilation is much less than the 12 
time for the flammable gas concentration to increase by 25% of the LFL.  During active 13 
ventilation, the airflow through the SST is significantly higher than the airflow from passive 14 
ventilation.   15 
 16 
In SSTs 241-B-203 and 241-B-204, flammable gas monitoring confirms that passive ventilation 17 
remains sufficient to control the steady-state flammable gas concentration ≤ 25% of the LFL.  18 
The surveillance frequency of 121 days is selected for operational convenience to align with the 19 
quarterly outage schedule.  This surveillance provides a redundant method to verify passive 20 
ventilation (i.e., redundant to the open HEPA breather filter isolation valve surveillance) and is, 21 
therefore, not tied directly to the time to reach the LFL. 22 
 23 
Given the above, this control provides adequate assurance that the flammable gas concentration 24 
in SSTs 241-B-203 and 241-B-204 is maintained below the LFL and that detection of a SST with 25 
the flammable gas concentration above the LFL will be accomplished with time to take action to 26 
prevent a flammable gas deflagration. 27 
 28 
4.5.2.5 Controls (TSRs).  SST Steady-State Flammable Gas Control is a SAC that is 29 
implemented as two LCOs. 30 
 31 
For all SSTs, except 241-B-203 and 241-B-204, an LCO is developed to monitor the flammable 32 
gas concentration.  The surveillance frequency for flammable gas monitoring is based on the 33 
time to 25% of the LFL assuming zero ventilation as developed in AC Key Element DST and 34 
SST Time to Lower Flammability Limit (see Section 5.5.3.1). 35 
 36 
For SSTs 241-B-203 and 241-B-204, an LCO is developed to verify passive ventilation 37 
(i.e., verify the HEPA breather filter isolation valve is open) and monitor the flammable gas 38 
concentration.  Based on the evaluation above, the following surveillance frequencies are 39 
established to assure the safety function is met. 40 
 41 

 Every 30 days, verify the HEPA breather filter isolation valve is in the open position. 42 
 43 

 Every 121 days, verify the flammable gas concentration is ≤ 25% of the LFL in the tank 44 
headspace. 45 
 46 
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 33 
TE-09-022, 2009, Evaluation of Flammable Gas Sampling Locations on Single-Shell Tanks and 34 

Double Contained Receiver Tanks, Rev. 0, Washington River Protection Solutions LLC, 35 
Richland, Washington. 36 

 37 
TF-OPS-IHT-002, Perform IHT Flammable Gas Surveillances on Single Shell Tanks and Double 38 

Contained Receiver Tanks, as amended, Washington River Protection Solutions LLC, 39 
Richland, Washington. 40 

 41 
TF-OPS-IHT-007, Using Direct Reading Instruments, as amended, Washington River Protection 42 

Solutions LLC, Richland, Washington. 43 
 44 
TF-OR-WR-AN, AN Weekly Rounds, as amended, Washington River Protection Solutions LLC, 45 

Richland, Washington. 46 
 47 
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TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, as amended, Washington River 1 
Protection Solutions LLC, Richland, Washington. 2 

 3 
TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring, as amended, Washington River Protection 4 

Solutions LLC, Richland, Washington. 5 
 6 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 7 

Protection Solutions LLC, Richland, Washington. 8 
 9 
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4.5.3 DST Induced Gas Release Event Flammable Gas Controls 1 
 2 

4.5.3.1 Safety Function.  The safety function of SAC DST Induced Gas Release Event 3 
Flammable Gas Controls is to protect the facility worker from a flammable gas deflagration in a 4 
DST due to an operations induced gas release event (GRE).  The safety function is provided by 5 
requiring evaluations of waste transfers from DSTs and water additions, chemical additions, and 6 
waste transfers into DSTs to determine restrictions or required controls to prevent an induced 7 
GRE flammable gas deflagration. 8 
 9 
The control is identified as a SAC for an operations induced GRE flammable gas deflagration in 10 
a DST headspace (see Section 3.3.2.4.1).  This SAC requires evaluations to determine when 11 
restrictions or controls are required to prevent an induced GRE flammable gas deflagration.  12 
When the SAC evaluation determines controls are needed, facility worker protection is provided 13 
by DST primary tank ventilation systems (i.e., an engineering control).  (Note:  The U.S. 14 
Department of Energy, Office of River Protection [ORP] in their letter 11-AMD-054, dated 15 
March 1, 2011 [Dowell and Bechtol 2011], directed that the DST primary tank ventilation 16 
systems be designated safety significant.  When this direction is implemented, this SAC DST 17 
Induced Gas Release Event Flammable Gas Control will be revised to require an operable and 18 
operating safety-significant DST primary tank ventilation system for water additions, chemical 19 
additions, and waste transfers where an induced GRE could result in a flammable gas 20 
concentration ≥ 100% of the LFL in the receiving DST headspace.) 21 
 22 
4.5.3.2 SAC Description.  This SAC has two parts: 23 
 24 

 Waste Transfers from DSTs 25 
 Water Additions, Chemical Additions, and Waste Transfers into DSTs. 26 

 27 
4.5.3.2.1 Waste Transfers from DSTs.  Based on the evaluations in PNNL-13781, Effects of 28 
Globally Waste-Disturbing Activities on Gas Generation, Retention, and Release in Hanford 29 
Waste Tanks, an induced gas release sufficient to achieve 100% of the LFL in the tank headspace 30 
is possible due to uncovering solids in the sending DST.  Prior to waste transfers from DSTs, 31 
engineering performs an evaluation in accordance with reference procedure 32 
TFC-ENG-CHEM-P-13, Tank Waste Compatibility Assessments, using the methodology in 33 
PNNL-13781 (see Section 3.1.1), to determine if an induced gas release due to uncovering solids 34 
is sufficient to achieve a flammable gas concentration of 100% of the LFL in the sending DST 35 
headspace assuming zero ventilation.  The evaluation is documented, and a second engineer 36 
checks the evaluation.  If the waste transfer will not uncover solids or the induced GRE caused 37 
by uncovering solids is insufficient to achieve 100%, no other actions are required.  If the waste 38 
transfer could uncover solids in the sending DST and the engineering evaluation identifies the 39 
flammable gas concentration could be ≥ 100% of the LFL, the volume of liquid waste transferred 40 
from the sending DST is limited to a volume that prevents achieving 100% of the LFL in the 41 
tank headspace.  In accordance with TFC-ENG-CHEM-P-13, the process engineer adds this 42 
waste transfer restriction to the waste compatibility assessment for the waste transfer.  The waste 43 
retrieval or transfer operating procedure, developed in accordance with TFC-OPS-OPER-C-49, 44 
Development of Waste Retrieval and Transfer Operating Procedures (Including Water and 45 
Chemical Additions), uses the waste compatibility assessment as input, and the process engineer 46 
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reviews the waste retrieval or transfer operating procedure to ensure the liquid waste transfer 1 
volume restriction is correctly incorporated. 2 
 3 
4.5.3.2.2 Water Additions, Chemical Additions, and Waste Transfers into DSTs.  Based on 4 
the evaluations and calculations in PNNL-13781, an induced gas release sufficient to achieve 5 
100% of the LFL in the tank headspace is possible from the following activities due to the 6 
dissolution of soluble solids in the receiving DST.1 7 
 8 

 Additions of > 20,000 gal of water when the resulting waste level in the receiving DST 9 
will be ≤ 422 in. 10 

 11 
 Additions of > 10,000 gal of water when the resulting waste level in the receiving DST 12 

will be > 422 in. 13 
 14 

 Additions of > 20,000 gal of sodium hydroxide or sodium nitrite solutions when the 15 
resulting waste level in the receiving DST will be ≤ 422 in. 16 
 17 

 Additions of > 10,000 gal of sodium hydroxide or sodium nitrite solutions when the 18 
resulting waste level in the receiving DST will be > 422 in. 19 
 20 

 Transfers of > 20,000 gal of waste when the resulting waste level in the receiving DST 21 
will be ≤ 422 in. 22 
 23 

 Transfers of > 10,000 gal of waste when the resulting waste level in the receiving DST 24 
will be > 422 in. 25 

 26 
Prior to the above activities, engineering performs an evaluation in accordance with reference 27 
procedure TFC-ENG-CHEM-P-13, using the methodology in PNNL-13781 (see Section 3.5.2) 28 
or RPP-RPT-47933, Flammable Gas Release Rate from Double-Shell Tank Solids Dissolution 29 
(see Section 3.1), to determine if an induced gas release due to dissolution of soluble settled 30 
solids is sufficient to achieve a flammable gas concentration ≥ 100% of the LFL in the receiving 31 
DST headspace assuming zero ventilation.  The evaluation is documented, and a second engineer 32 
checks the evaluation.  If the induced GRE from the activity is insufficient to achieve 100% of 33 
the LFL, no other actions are required. 34 
 35 
If the evaluation of the water addition, chemical addition, or waste transfer identifies the 36 
flammable gas concentration could be ≥ 100% of the LFL, in accordance with 37 
TFC-ENG-CHEM-P-13, the process engineer adds to the waste compatibility assessment for the 38 
activity the requirement for active primary tank ventilation during the water addition, chemical 39 
addition, or waste transfer.  Section 4.4.10, “DST Primary Tank Ventilation Systems,” and 40 
Section 5.5.2.4, “Limiting Condition for Operation 3.4 – DST Induced Gas Release Event 41 

                                                 
1 The 20,000 gal and 10,000 gal are based on conservative calculations in PNNL-13781 that show a water addition 
of > 20,000 gal or > 10,000 gal is required to reach 100% of the LFL in the DST headspace from the dissolution of 
soluble solids assuming the maximum DST waste level is 422 in. and 460 in., respectively.  The calculation of 
20,000 gal and 10,000 gal for water can also be conservatively applied to waste transfers (i.e., unsaturated liquid 
waste) and chemical additions (i.e., dilute chemical additions). 
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Flammable Gas Control,” establish the specific requirements for the DST primary tank 1 
ventilation systems to ensure that the concentration of flammable gases are maintained below the 2 
LFL in the DST headspace during the water addition, chemical addition, or waste transfer into 3 
the DST.  (Note:  Section 4.4.10 and Section 5.5.2.1, “Limiting Condition for Operation 3.1 – 4 
DST Primary Tank Ventilation Systems,” also establish the specific requirements that 5 
conservatively address the flammable gas hazards due to slow, continuing induced gas releases 6 
following water additions, chemical additions, and waste transfers into DSTs.) 7 
  8 
In addition, in accordance with ORP direction (Bechtol and Samuelson 2012), if the 9 
concentration of flammable gas is > 25% of the LFL, the flammable gas concentration in the 10 
tank headspace is verified to be < 60% of the LFL. 11 
 12 
The waste retrieval or transfer operating procedures are developed in accordance with 13 
TFC-OPS-OPER-C-49.  (Note:  Waste retrieval or transfer operating procedures developed in 14 
accordance with TFC-OPS-OPER-C-49 are required for water additions and chemical additions 15 
when the waste compatibility assessment includes controls to prevent an induced GRE hazard 16 
due to the dissolution of soluble settled solids.)  The waste compatibility assessment is an input 17 
used to develop the operating procedures, and the process engineer reviews the operating 18 
procedures for correct incorporation of the above requirements. 19 
 20 
4.5.3.3 Functional Requirements.  The functional requirements of the SAC DST Induced Gas 21 
Release Event Flammable Gas Controls are the following. 22 
 23 

 For waste transfers from DSTs, perform and document an evaluation, and if necessary 24 
impose waste transfer restrictions, to ensure the concentration of flammable gas in the 25 
sending DST headspace from an induced GRE due to uncovering solids is < 100% of the 26 
LFL. 27 

 28 
 For water additions, chemical additions, and waste transfers into DSTs that have not been 29 

pre-evaluated, perform and document an evaluation to determine if the concentration of 30 
flammable gas in the receiving DST headspace from an induced GRE due to the 31 
dissolution of soluble settled solids is < 100% of the LFL.  If the induced GRE 32 
flammable gas concentration could be ≥ 100% of the LFL, require active primary tank 33 
ventilation of the tank headspace during the water addition, chemical addition, or waste 34 
transfer to ensure the concentration of flammable gas from the induced GRE is < 100% 35 
of the LFL (i.e., require an operable and operating safety-significant DST primary tank 36 
ventilation system in accordance with LCO DST Induced Gas Release Event Flammable 37 
Gas Control). 38 

  39 
4.5.3.4 SAC Evaluation.  The only authorized tank farm operations that could cause an 40 
induced gas release sufficient to achieve 100% of the LFL in a tank headspace are (1) waste 41 
transfers that uncover solids in a DST (sending tank) and (2) water additions, chemical additions, 42 
and waste transfers into a DST (receiving tank).  No operations that could result in an induced 43 
GRE flammable gas hazard are authorized in SSTs or DSTs 241-AN-103, 241-AN-104, 44 
241-AN-105, 241-AW-101, and 241-SY-103.  In addition, a waste transfer from a DST that 45 
uncovers solids is not an induced GRE flammable gas hazard if prior to the transfer the sending 46 
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DST contains insufficient retained gas to achieve 100% of the LFL even if all of the retained gas 1 
is released into the tank headspace (i.e., Waste Group C DSTs).  See Section 3.3.2.4.1. 2 
 3 
For waste transfers from DSTs and water additions, chemical additions, and waste transfer into 4 
DSTs that are potential induced GRE flammable gas hazards, the process engineer evaluates the 5 
proposed activity to determine if an induced GRE could result in a flammable gas concentration 6 
≥ 100% of the LFL in the DST headspace.  If a flammable gas concentration ≥ 100% of the LFL 7 
is not possible, the process engineer documents the results, and a second engineer checks the 8 
evaluation.  Through this normal engineering process, there is adequate assurance that the 9 
analysis is correctly performed. 10 
 11 
If an induced GRE from a waste transfer that uncovers solids could result in a flammable gas 12 
concentration ≥ 100% of the LFL in the sending DST headspace, the volume of liquid waste 13 
transferred from the sending DST is limited to prevent achieving 100% of the LFL.  This waste 14 
transfer restriction is documented in the waste compatibility assessment, and incorporated and 15 
implemented in the waste transfer operating procedure.  The normal processes and procedures 16 
for developing waste compatibility assessments and waste transfer operating procedures provide 17 
adequate assurance that any required waste transfer restrictions are identified and implemented. 18 
 19 
For water additions, chemical additions, and waste transfers where an induced GRE could result 20 
in a flammable gas concentration ≥ 100% of the LFL in the receiving DST headspace, controls 21 
are required to prevent an induced flammable gas deflagration.  The control is to require a  22 
safety-significant DST primary tank ventilation system be operable and operating in accordance 23 
with LCO DST Induced Gas Release Event Flammable Gas Control.  Section 4.4.10 and  24 
Section 5.5.2.4 establish the specific requirements for the DST primary tank ventilation systems 25 
and the LCO that ensure the concentration of flammable gases are maintained below the LFL in 26 
the DST headspace during the water addition, chemical addition, or waste transfer into the DST.  27 
Section 4.4.10 and Section 5.5.2.1 establish the specific requirements that conservatively address 28 
the flammable gas hazards due to slow, continuing induced gas releases following water 29 
additions, chemical additions, and waste transfers into DSTs.   30 
  31 
Given the above, this control provides adequate assurance that activities that could cause an 32 
induced GRE flammable gas hazards are identified, and restrictions or controls implemented to 33 
prevent an induced GRE flammable gas deflagration. 34 
 35 
4.5.3.5 Controls (TSRs).  DST Induced Gas Release Event Flammable Gas Controls is a SAC 36 
that is implemented as a directed action AC.  37 
 38 
Note: The SAC is not applicable to DSTs 241-AN-103, 241-AN-104, 241-AN-105, 39 

241-AW-101, and 241-SY-103.  In addition, the SAC requirement for waste transfers 40 
from DSTs (i.e., preventing induced GRE flammable gas hazards due to uncovering 41 
solids) is not applicable to DSTs that prior to the waste transfer contain insufficient 42 
retained gas to achieve 100% of the LFL. 43 

 44 
For the directed action AC, the following is required. 45 
 46 
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1. Waste Transfers from DSTs 1 
 2 

An evaluation shall be performed and documented for waste transfers from DSTs to 3 
determine if an induced gas release due to uncovering solids in the sending DST is 4 
sufficient to achieve a flammable gas concentration of 100% of the LFL in the tank 5 
headspace assuming zero ventilation.  If a flammable gas concentration of 100% of the 6 
LFL can be achieved, the volume of liquid waste transferred from the sending DST shall 7 
be limited to a volume that prevents achieving 100% of the LFL in the tank headspace. 8 

 9 
2. Water Additions, Chemical Additions, and Waste Transfers into DSTs 10 

 11 
An evaluation shall be performed and documented for the following water additions, 12 
chemical additions, and waste transfers into DSTs. 13 

 14 
- Additions of > 20,000 gal of water when the resulting waste level in the receiving 15 

DST will be ≤ 422 in. 16 
 17 

- Additions of > 10,000 gal of water when the resulting waste level in the receiving 18 
DST will be > 422 in. 19 

 20 
- Additions of > 20,000 gal of sodium hydroxide or sodium nitrite when the 21 

resulting waste level in the receiving DST will be ≤ 422 in. 22 
 23 

- Additions of > 10,000 gal of sodium hydroxide or sodium nitrite when the 24 
resulting waste level in the receiving DST will be > 422 in. 25 

 26 
- Transfers of > 20,000 gal of waste when the resulting waste level in the receiving 27 

DST will be ≤ 422 in. 28 
 29 

- Transfers of > 10,000 gal of waste when the resulting waste level in the receiving 30 
DST will be > 422 in. 31 

 32 
The evaluation shall determine if an induced gas release due to the dissolution of soluble 33 
settled solids in the receiving DST is sufficient to achieve a flammable gas concentration 34 
of 100% of the LFL in the tank headspace assuming zero ventilation.  If a flammable gas 35 
concentration of 100% of the LFL can be achieved, LCO DST Induced Gas Release 36 
Event Flammable Gas Control shall be implemented during the water addition, chemical 37 
addition, or waste transfer (i.e., a safety-significant DST primary tank ventilation systems 38 
shall be operable and operating during the water addition, chemical addition, or waste 39 
transfer). 40 

  41 
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4.5.4 DST Annulus Flammable Gas Control  1 
 2 
4.5.4.1 Safety Function.  The safety function of the SAC DST Annulus Flammable Gas 3 
Control is to protect the facility worker from a flammable gas deflagration in a DST annulus 4 
caused by steady-state flammable gas releases from waste in the DST annulus.  The safety 5 
function is provided by monitoring the DST annulus waste level and taking action to control the 6 
flammable gas concentration or eliminate potential ignition sources if a significant quantity of 7 
waste is detected in the DST annulus. 8 
 9 
This control is identified as a SAC for a steady-state flammable gas deflagration in a DST 10 
annulus caused by a primary tank leak; or a waste transfer that overfills DST 241-AY-101, 11 
241-AY-102, 241-AZ-101, or 241-AZ-102 in conjunction with a side fill line leak into the 12 
annulus (see Section 3.3.2.4.1).  (Note:  The U.S. Department of Energy, Office of River 13 
Protection [ORP] in their letter 11-NSD-023, dated March 11, 2011 [Dowell 2011], directed that 14 
installed instrumentation used to support technical safety requirements be designated safety 15 
significant.  When this direction is implemented, the DST annulus waste level monitoring 16 
instrumentation will become safety significant [i.e., an engineering control] and this SAC DST 17 
Steady-State Flammable Gas Control will be revised to reflect that the DST annulus waste level 18 
monitoring instrumentation is safety significant.  The safety-significant designation of the DST 19 
annulus waste level monitoring instrumentation is identified as a planned improvement in 20 
Section 3.3.2.3.5.) 21 
 22 
4.5.4.2 SAC Description.  The DST annulus is monitored to detect the presence of waste.  If 23 
waste is present in the annulus, flammable gases generated by the waste could accumulate to a 24 
concentration ≥ 100% of the lower flammability limit (LFL), and if an ignition source is present, 25 
a flammable gas deflagration could occur. 26 
 27 
DST annulus waste level monitoring is implemented through TF-OR-DR-AN, AN Daily Rounds 28 
(for the 241-AN Tank Farm); TF-OR-DR-AZ, AZ Daily Rounds (for the 241-AY and 241-AZ 29 
tank farms); TF-OR-DR-EV, EV Daily Rounds (for the 241-AP and 241-AW tank farms); and 30 
TF-OR-DR-ST, ST Daily Rounds (for the 241-SY Tank Farm), which are continuous use 31 
procedures.  The monitoring is performed every 48 hours to determine if the waste level in the 32 
DST annulus is > 15 in. 33 
 34 
DST annulus waste level monitoring is performed using ENRAFs.  These ENRAFs are referred 35 
to as annulus leak detectors, and each DST has three annulus leak detectors spaced 36 
approximately equidistant within the annulus.  The procedures direct the person taking the 37 
measurement to report if the waste level is > 15 in.  The Shift Manager is trained on the actions 38 
to take in accordance with TF-AOP-005, Response to Unexpected Tank Temperature, Level or 39 
Flammable Gas Increase. 40 
 41 
If the waste level in the DST annulus is > 15 in. on any operable annulus leak detector, the Shift 42 
Manager takes action within 8 hours of when it was discovered that the waste level was > 15 in. 43 
to stop all activities in the affected DST annulus and directly above the affected DST 44 
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(i.e., activities in the DST annulus headspace,1 activities directly above the DST primary tank 1 
and annulus structures, and activities that disturb the waste in the DST annulus), except for 2 
activities associated with:  3 
 4 

 flammable gas sampling/monitoring  5 
 6 

 deenergizing or removing equipment that does not meet ignition controls (i.e., equipment 7 
that has not been qualified in accordance with the requirements developed in the Ignition 8 
Controls AC Key Element [see Section 5.5.3.2]) 9 

 10 
 actions to reduce the flammable gas concentration (e.g., ventilation, waste removal). 11 

 12 
If the flammable gas concentration continues to increase, prior to the flammable gas 13 
concentration exceeding 60% of the LFL (this establishes an additional margin of safety 14 
compared to the functional requirement of 100% of the LFL), the Shift Manager takes the 15 
following additional actions.  (Note:  Without flammable gas monitoring of the DST annulus 16 
headspace, these actions are required within 7 days of detecting the waste level in the DST 17 
annulus is > 15 in.) 18 
 19 

 Stop all activities in enclosed spaces connected to the affected DST annulus headspace, 20 
except for flammable gas sampling/monitoring and actions to reduce the flammable gas 21 
concentration. 22 

 23 
 Deenergize or remove equipment that does not meet ignition controls in the affected DST 24 

annulus headspace and connected enclosed spaces. 25 
 26 
Note: Connected enclosed spaces are enclosed spaces directly connected to the DST annulus 27 

headspace that could reasonably achieve the flammable gas concentration of the 28 
headspace.  The identification of connected enclosed spaces depends on the additional 29 
mixing volume, distance, and time, but could theoretically include all connected spaces 30 
up to the point where they are open to the outside environment.  When an active 31 
ventilation system is operating, there are no connected enclosed spaces (i.e., the 32 
flammable gas hazard is limited to the DST annulus headspace).  The determination of 33 
connected enclosed spaces is further addressed in Section 5.5.3.2, “Ignition Controls.” 34 

 35 
(Note:  There is a planned improvement to require verifying the flammable gas concentration is 36 
< 60% of the LFL in the DST annulus headspace if the DST annulus waste level is > 15 in. 37 
following the installation of sample lines to facilitate flammable gas monitoring of the DST 38 
annulus headspace [see Section 3.3.2.3.5].) 39 
 40 
A recovery plan is also issued within 10 days of the flammable gas concentration exceeding  41 
60% of the LFL.  The recovery plan identifies how the flammable gas concentration will be 42 
reduced.  (Note:  Without flammable gas monitoring, a recovery plan is issued within 19 days of 43 
detecting the waste level in the DST annulus is > 15 in.)44 

                                                 
1 The DST annulus headspace is the space inside the annulus above the waste surface and includes ventilation ducts 
up to the suction side mixing point when an active ventilation system is operating. 
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 1 
Although there are no existing requirements for flammable gas monitoring of the DST annulus 2 
headspace, flammable gas monitoring is expected following detecting a DST annulus waste level 3 
> 15 in.  Flammable gas monitoring would be performed using a calibrated portable combustible 4 
gas monitor (CGM).  The CGM would be connected to a sampling location that is shown in a 5 
technical evaluation performed in accordance with TFC-ENG-FACSUP-C-02, 6 
Operability/Technical Evaluations, to meet the requirements for tank headspace monitoring in 7 
TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring.  Once the CGM is connected, the 8 
industrial hygiene technician (IHT) draws a sample from the DST annulus headspace.  The IHT 9 
allows sufficient flow time for the sample line to be purged and the instrument to respond to 10 
ensure the sample is representative of the DST annulus headspace gases.  TF-OPS-IHT-007, 11 
Using Direct Reading Instruments, provides instructions to the IHT on how to determine the 12 
required purge time, which is based on the sample line diameter and length, and instrument 13 
response time.  The flammable gas concentration is recorded by the IHT and reviewed by the 14 
Shift Manager. 15 
 16 
4.5.4.3 Functional Requirements.  The SAC DST Annulus Flammable Gas Control shall: 17 
 18 

 Determine that the DST annulus waste level is ≤ 15 in. 19 
 20 

 If the DST annulus waste level is > 15 in.: 21 
 22 

a. Ensure the concentration of flammable gas is < 100% of the LFL 23 
 24 

OR  25 
 26 

b. Eliminate potential ignition sources (i.e., activities, equipment, and materials) in the 27 
DST annulus headspace and in enclosed spaces connected to the DST annulus 28 
headspace prior to achieving a flammable gas concentration ≥ 100% of the LFL. 29 

 30 
4.5.4.4 SAC Evaluation.  The only postulated sources of waste in the DST annulus are from a 31 
DST primary tank leak and from a waste transfer that overfills DST 241-AY-101, 241-AY-102, 32 
241-AZ-101, or 241-AZ-102 in conjunction with a side fill line leak into the annulus.  Waste 33 
leaks into the DST annulus from waste transfers due to a misroute are prevented by configuration 34 
management of safety-significant waste transfer primary piping systems (see Section 3.3.2.4.1 35 
and Section 4.4.1).  36 
 37 
As documented in RPP-8050, Lower Flammability Limit Calculations for Catch Tanks, DST 38 
Annuli, Waste Transfer-Associated Structures, and Double-Contained Receiver Tanks in Tank 39 
Farms at the Hanford Site, with ≤ 8,000 gal of waste in the DST annulus, it takes longer than 40 
2 years for the flammable gas concentration to exceed the LFL assuming zero ventilation.  Based 41 
on the dimensional and volume information for the DST annuli in RPP-8050, 8,000 gal of waste 42 
results in a waste level > 15 in. in the DST annulus.  Small leaks (i.e., ≤ 8,000 gal) into the DST 43 
annulus would be detected by the annulus leak detectors and do not pose a significant flammable 44 
gas hazard in the DST annulus (i.e., to meet environmental requirements for detecting DST 45 
primary tank waste leaks into the annulus, OSD-T-151-00031, Operating Specification for Tank 46 
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Farm Leak Detection and Single-Shell Tank Intrusion Detection, requires leak detection at 1 
0.25 in.) 2 
 3 
The 48 hour surveillance frequency for DST annulus waste level monitoring is based on the 4 
minimum time for the flammable gas concentration in the DST annulus headspace to reach  5 
25% of the LFL.  Using this time to reach 25% of the LFL as the basis for the surveillance 6 
frequency for monitoring the DST annulus waste level establishes a margin of safety.  The use of 7 
25% of the LFL as a control point has been established based on National Fire Protection 8 
Association (NFPA) standards.  Specifically, NFPA 69, Standard on Explosion Prevention 9 
Systems, states that, relative to the design and operational requirements of systems used for 10 
combustion concentration reduction, the combustible concentration shall be maintained at or 11 
below 25% of the LFL. 12 
 13 
The minimum time for the flammable gas concentration in the DST annulus headspace to reach 14 
25% of the LFL is calculated using the methodology in RPP-8050.  The analysis in RPP-8050 15 
assumes: 16 
 17 

 The waste level equalizes between the DST primary tank and the DST annulus. 18 
 19 
 The initial DST primary tank waste level includes a 10,000-gal water addition, which 20 

eliminates the need to reanalyze small water additions to the DST primary tank such as 21 
those associated with flushing equipment. 22 

 23 
 A conservative initial DST primary tank waste temperature, which eliminates the need to 24 

reanalyze should small increases in DST primary tank waste temperature occur over time. 25 
 26 
 A zero airflow condition in the DST annulus, which eliminates the need to define and 27 

control barometric breathing paths. 28 
 29 
The 48 hour surveillance frequency, which is based on the RPP-8050 analysis methodology, is 30 
conservative for a reasonable, undetected leak rate into the annulus from the side fill lines of 31 
DSTs 241-AY-101, 241-AY-102, 241-AZ-101, and 241-AZ-102 if a waste transfer overfills 32 
these DSTs.  The 48 hour surveillance frequency is also protected by the TSR Administrative 33 
Control “DST and SST Time to Lower Flammability Limit” (see Section 5.5.3.1). 34 
 35 
DST annulus waste level monitoring is performed in accordance with continuous use procedures 36 
and the data is recorded on round sheets.  Any of the three ENRAFs in the DST annulus can be 37 
used to satisfy the waste level monitoring requirement.  The ENRAFs are calibrated in 38 
accordance with the requirements of TFC-PLN-02, Quality Assurance Program Description.  39 
The ENRAFs are not classified as safety significant since the only function is to provide a level 40 
reading, the accuracy of which is ensured through compliance with the Quality Assurance 41 
Program requirements.  (Note:  In accordance with the ORP direction that installed 42 
instrumentation used to support technical safety requirements be designated safety significant 43 
[Dowell 2011], there is a planned improvement for the safety-significant designation of the DST 44 
annulus waste level monitoring instrumentation [see Section 3.3.2.3.5].) 45 
 46 
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If the waste level in the DST annulus is > 15 in., specific actions are taken within 8 hours of 1 
when it was discovered that the waste level was > 15 in. to stop activities in the affected DST 2 
annulus and directly above the affected DST, including activities in the DST annulus headspace, 3 
activities directly above the DST primary tank and annulus structures, and activities that disturb 4 
the waste in the DST annulus.  The 8 hours allowed to take action provides sufficient time to 5 
stop activities and is much less than the time to reach 100% of the LFL.  Stopping activities in 6 
the affected DST annulus and directly above the affected DST minimizes activities that can 7 
induce gas releases from the waste or that could be an ignition source, and restricts the presence 8 
of workers except when performing actions to control a potential flammable gas hazard.  9 
Activities that may continue are related to monitoring of the flammable gas concentration and 10 
activities that reduce the potential of a flammable gas deflagration (i.e., activities to control the 11 
flammable gas concentration or activities to eliminate potential ignition sources).  The 48 hour 12 
surveillance frequency for DST annulus waste level monitoring plus the 8 hour time to take these 13 
actions is less than or equal to the conservatively calculated time for the flammable gas 14 
concentration in the DST annulus to reach 25% of the LFL.  Note that even if waste leaks into 15 
the DST annulus, the flammable gas may not accumulate.  The flammable gas concentration is 16 
dependent upon the actual waste volume in the DST annulus, the actual flammable gas 17 
generation rate, and the actual ventilation rate. 18 
 19 
Prior to the flammable gas concentration exceeding 60% of the LFL, the boundary of the actions 20 
is extended to enclosed spaces connected to the DST annulus headspace.  This addresses piping 21 
or ventilation ducts that are connected to the DST annulus headspace where flammable gas may 22 
accumulate over time.  This also includes enclosed structures that are connected to the DST 23 
annulus headspace through an open pipe or duct.  Without flammable gas monitoring, the 24 
extension of the actions to connected enclosed spaces is required within 7 days of detecting the 25 
waste level in the DST annulus is > 15 in.  The 7 days, when added to the 48 hour surveillance 26 
frequency for DST annulus waste level monitoring, is less than or equal to the conservatively 27 
calculated time to reach 60% of the LFL using the methodology in RPP-8050 (see  28 
Section 5.5.3.1). 29 
 30 
The Shift Managers are trained on the actions to take if the DST annulus waste level is > 15 in.  31 
These actions are identified in an abnormal operating procedure and the Shift Manager receives 32 
training on the procedure. 33 
 34 
Additionally, a recovery plan is issued within 10 days of exceeding 60% of the LFL or, without 35 
flammable gas monitoring, within 19 days of detecting the waste level in the DST annulus is 36 
> 15 in (i.e., 10 days following the calculated time for the flammable gas concentration in the 37 
DST annulus to reach 60% of the LFL).  The recovery plan identifies the actions that will be 38 
taken to reduce the flammable gas concentration.  The 10 days following the DST flammable gas 39 
concentration exceeding 60% of the LFL provides sufficient time to identify the planned actions.  40 
The 10 days is not directly tied to the time to LFL since the actions to eliminate ignition sources 41 
and minimize the activities near the DST have already been completed. 42 
 43 
Flammable gas monitoring is performed by IHTs that are trained on the proper use of the CGM.  44 
Retraining is provided every two years to reinforce the proper way to take a sample.  The CGM 45 
is an instrument calibrated in accordance with the requirements of TFC-PLN-02, Quality 46 
Assurance Program Description, Section 2.12, “Control of Measuring and Test Equipment.”  47 
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The CGM is not designated safety significant since it is not installed plant equipment (see 1 
Section 3.3.1.5).  The sample is drawn from the DST annulus headspace through a sample 2 
location that meets the requirements of TFC-ESHQ-FP-STD-05 to ensure that the sample is 3 
representative of the DST annulus headspace gases.  The sample location is not classified as 4 
safety significant since its only function is to provide a flow path. 5 
 6 
Given the above, this control provides adequate assurance that > 15 in. of waste in the DST 7 
annulus is detected with sufficient time to take action to prevent a flammable gas deflagration. 8 
 9 
4.5.4.5 Controls (TSRs).  The DST Annulus Flammable Gas Control is a SAC that is 10 
implemented as a limiting condition for operation (LCO).  Based on the above evaluation, the 11 
surveillance frequency for verifying that the waste level in the DST annulus is ≤ 15 in. is every 12 
48 hours.  If the DST annulus waste level is > 15 in., the following actions are required. 13 
 14 

A. Within 8 hours, stop all activities in the affected DST annulus and directly above the 15 
affected DST, except for flammable gas sampling/monitoring, deenergizing or removing 16 
equipment that does not meet ignition controls, and actions to control the flammable gas 17 
concentration. 18 

 19 
B. Prior to the concentration of flammable gas exceeding 60% of the LFL (or within 7 days 20 

without flammable gas monitoring), stop all activities in the enclosed spaces connected to 21 
the affected DST annulus headspace, except for flammable gas sampling/monitoring and 22 
actions to control the flammable gas concentration. 23 

 24 
C. Prior to the concentration of flammable gas exceeding 60% of the LFL (or within  25 

7 days without flammable gas monitoring), deenergize or remove equipment that does 26 
not meet ignition controls in the affected DST annulus headspace and connected enclosed 27 
spaces. 28 

 29 
D. If the concentration of flammable gas is > 60% of the LFL in the DST annulus 30 

headspace, submit a recovery plan to the ORP within 10 days and reduce the DST 31 
annulus headspace flammable gas concentration to ≤ 25% of the LFL in accordance with 32 
the recovery plan.  Without flammable gas monitoring, submit a recovery plan to the 33 
ORP within 19 days of detecting the waste level in the DST annulus is > 15 in. and 34 
reduce the DST annulus headspace flammable gas concentration to ≤ 25% of the LFL in 35 
accordance with the recovery plan.    36 

 37 
4.5.4.6 References  38 
 39 
Dowell, J. A, 2011, “Contract No. DE-AC27-08RV14800 – Designation of Installed Equipment 40 
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LLC, March 11), U.S. Department of Energy, Office of River Protection, Richland, 43 
Washington. 44 

 45 
NFPA 69, 2002, Standard on Explosion Prevention Systems, National Fire Protection 46 

Association, Quincy, Massachusetts. 47 
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4.5.5 DCRT Steady-State Flammable Gas Control 1 
 2 
4.5.5.1 Safety Function.  The safety function of the SAC Double-Contained Receiver Tank 3 
(DCRT) Steady-State Flammable Gas Control is to protect the facility worker from a flammable 4 
gas deflagration due to steady-state flammable gas releases in a DCRT by either verifying 5 
passive ventilation or monitoring the flammable gas concentration and taking action to reduce 6 
the flammable gas concentration or eliminate potential ignition sources prior to the flammable 7 
gas concentration exceeding the LFL. 8 
 9 
This control is identified as a SAC for a steady-state flammable gas deflagration in a DCRT 10 
headspace (see Section 3.3.2.4.1).  No engineering controls are required for this hazard.  The 11 
DCRTs have been removed from service (i.e., no further waste additions are allowed), physically 12 
isolated to prevent waste leaks into the DCRTs, and stabilized to limit water intrusion.  Passive 13 
ventilation should be sufficient to control steady-state flammable gas releases, which is ensured 14 
by waste level monitoring and configuration control and/or flammable gas monitoring (i.e., this 15 
SAC).  The steady-state flammable gas hazard in DCRTs is also very slow to develop (i.e., 16 
months to years for the flammable gas concentration to reach the LFL assuming no ventilation) 17 
allowing ample time to address any unexpected event.  (Note:  The U.S. Department of Energy, 18 
Office of River Protection [ORP] in their letter 11-NSD-023, dated March 11, 2011 [Dowell 19 
2011], directed that installed instrumentation used to support technical safety requirements be 20 
designated safety significant.  When this direction is implemented, the DCRT waste level 21 
monitoring instrumentation will become safety significant, and this SAC DCRT Steady-State 22 
Flammable Gas Control will be revised to reflect that the DCRT waste level monitoring 23 
instrumentation is safety significant.  The safety-significant designation of the DCRT waste level 24 
monitoring instrumentation is identified as a planned improvement in Section 3.3.2.3.5.) 25 
 26 
4.5.5.2 SAC Description.  This control applies to DCRTs 244-BX, 244-S, and 244-TX and has 27 
three parts: 28 
 29 

 Verification of Passive Ventilation 30 
 Flammable Gas Monitoring 31 
 Waste Level Monitoring 32 

 33 
4.5.5.2.1 Verification of Passive Ventilation.  Verification of Passive Ventilation is provided 34 
every 182 days by verifying that the HEPA breather filter isolation valve is in the open position.  35 
The verification of an open HEPA breather filter isolation valve is implemented by round sheets 36 
(continuous use) TF-OR-QR-AN, AN Quarterly Rounds (for 244-BX); and TF-OR-WR-ST, 37 
ST Weekly Rounds (for 244-S and 244-TX).  The operator examines the HEPA breather filter 38 
isolation valve to verify it is in the open position.  The HEPA breather filter isolation valve is a 39 
butterfly valve and the position is determined by the position of the valve handle.  If the valve 40 
handle is parallel to the valve body, the valve is in the open position.  The configuration of the 41 
HEPA breather filter isolation valve is maintained under configuration management to assure the 42 
valve handle is aligned with the valve body when the valve is in the open position.  43 
 44 

RPP-13033 1/29/2015 - 12:56 PM 716 of 1079



RPP-13033 REV 5 
 
 

 
4.5.5-2 

If the HEPA breather filter isolation valve is found in the closed position, the valve is 1 
immediately opened and the flammable gas concentration in the tank headspace is monitored 2 
within 7 days (see Section 4.5.5.2.2). 3 
 4 
Note: The HEPA breather filter isolation valve is allowed to be closed for planned activities 5 

(e.g., maintenance, HEPA filter testing/replacement) for a time period not to exceed 6 
7 days. 7 

 8 
4.5.5.2.2 Flammable Gas Monitoring.  Flammable Gas Monitoring is implemented through 9 
TF-OPS-IHT-002, Perform IHT Flammable Gas Surveillances on Single Shell Tanks and Double 10 
Contained Receiver Tanks, a continuous use procedure.  The procedure identifies for each DCRT 11 
the sampling location to take the headspace sample.  Flammable gas monitoring is performed 12 
every 121 days.  (Note:  Flammable gas monitoring is also required for Passive Ventilation when 13 
the HEPA breather filter isolation valve is found closed [see Section 4.5.5.2.1] and when the 14 
maximum levels in Table 4.5.5-1 are exceeded [see Section 4.5.5.2.3].) 15 
 16 
Flammable gas monitoring is performed using a calibrated portable combustible gas monitor 17 
(CGM).  The CGM is connected to the permanently installed reference leg dip tube.  The 18 
reference leg dip tube extends into the DCRT headspace.  Once the CGM is connected, the 19 
industrial hygiene technician (IHT) draws a sample from the tank headspace.  The IHT allows 20 
sufficient flow time for the sample line to be purged and the instrument to respond to assure the 21 
sample is representative of the tank headspace gases.  TF-OPS-IHT-007, Using Direct Reading 22 
Instruments, provides instructions to the IHT on how to determine the required purge time, 23 
which is based on the sample line diameter and length, and instrument response time.  The 24 
flammable gas concentration is recorded in TF-OPS-IHT-002.  The procedure directs the IHT to 25 
notify the Shift Manager if the reading exceeds 25% of the LFL.  The Shift Manager also 26 
reviews and signs the sample results. 27 
 28 
If the flammable gas concentration exceeds 25% of the LFL, the Shift Manager takes action 29 
within 8 hours of when it was discovered that the flammable gas concentration was > 25% of the 30 
LFL to stop all activities in and directly above the affected tank (i.e., activities in the tank 31 
headspace, activities directly above the tank structure, and activities that disturb the waste), 32 
except for activities associated with: 33 
 34 

 flammable gas sampling/monitoring 35 
 36 

 deenergizing or removing equipment that does not meet ignition controls (i.e., equipment 37 
that has not been qualified in accordance with the requirements developed in the Ignition 38 
Controls AC Key Element [see Section 5.5.3.2]) 39 
 40 

 actions to reduce the flammable gas concentration (i.e., ventilation).   41 
 42 
If the flammable gas concentration continues to increase, prior to the flammable gas 43 
concentration exceeding 60% of the LFL (this establishes an additional margin of safety 44 
compared to the functional requirement of 100% of the LFL), the Shift Manager takes the 45 
following additional actions. 46 
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 1 
 Stop all activities in enclosed spaces connected to the affected tank headspace, except for 2 

flammable gas sampling/monitoring and actions to reduce the flammable gas 3 
concentration. 4 

 5 
 Deenergize or remove equipment that does not meet ignition controls in the affected tank 6 

headspace and connected enclosed spaces. 7 
 8 
Note: Connected enclosed spaces are enclosed spaces directly connected to the tank headspace 9 

that could reasonably achieve the flammable gas concentration of the headspace.  The 10 
identification of connected enclosed spaces depends on the additional mixing volume, 11 
distance, and time, but could theoretically include all connected spaces up to the point 12 
where they are open to the outside environment or terminated by a closed valve or flange.  13 
When an active ventilation system is operating, there are no connected enclosed spaces 14 
(i.e., the flammable gas hazard is limited to the tank headspace).  The determination of 15 
connected enclosed spaces is further addressed in Section 5.5.3.2, “Ignition Controls.” 16 

 17 
In addition, in accordance with ORP direction (Bechtol and Samuelson 2012), if the 18 
concentration of flammable gas is > 25% of the LFL, the flammable gas concentration in the 19 
tank headspace is verified to be < 60% of the LFL. 20 
 21 
A recovery plan is also issued within 10 days of the flammable gas concentration exceeding  22 
60% of the LFL.  The recovery plan identifies how the flammable gas concentration will be 23 
reduced. 24 
 25 
4.5.5.2.3 Waste Level Monitoring.  Waste level monitoring is required to support both Passive 26 
Ventilation (Section 4.5.5.2.1) and Flammable Gas Monitoring (Section 4.5.5.2.2).  Waste level 27 
monitoring is implemented through round sheets (continuous use) TF-OR-QR-AN (for 244-BX) 28 
and TF-OR-WR-ST (for 244-S and 244-TX).  The round sheets identify for each DCRT the 29 
allowed maximum waste levels (see Table 4.5.5-1).  The maximum allowed level and 30 
surveillance frequency for waste level monitoring are based on whether Passive Ventilation or 31 
Flammable Gas Monitoring is being used as the flammable gas control (see below). 32 
 33 
4.5.5.2.3.1 Waste Level Monitoring for Passive Ventilation.  The waste level in DCRT 34 
244-BX is monitored using a manual tape every 182 days to verify the level remains below the 35 
maximum allowed level.  The waste level in DCRT 244-S is monitored using weight factor dip 36 
tubes every 182 days to verify the level remains below the maximum allowed level.  The waste 37 
level in DCRT 244-TX is monitored using an ENRAF every 182 days to verify the level remains 38 
below the maximum allowed level.  The maximum allowed waste levels for Passive Ventilation 39 
calculated in RPP-CALC-42251, DCRT Level and Flammable Gas Monitoring Support 40 
Calculations, are shown in Table 4.5.5-1. 41 
 42 
If the waste level exceeds the maximum level in Table 4.5.5-1 for Passive Ventilation, the 43 
flammable gas concentration in the tank headspace is monitored within 7 days (see 44 
Section 4.5.5.2.2) and Flammable Gas Monitoring must then be used as the flammable gas 45 
control until the waste level is reduced to not exceed the maximum waste level for Passive 46 
Ventilation. 47 
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 1 
4.5.5.2.3.2 Waste Level Monitoring for Flammable Gas Monitoring.  The waste level in 2 
DCRT 244-BX is monitored using a manual tape every 121 days to verify the level remains 3 
below the maximum allowed level.  The waste level in DCRT 244-S is monitored using weight 4 
factor dip tubes every 121 days to verify the level remains below the maximum allowed level.  5 
The waste level in DCRT 244-TX is monitored using an ENRAF every 121 days to verify the 6 
level remains below the maximum allowed level.  The maximum allowed waste levels for 7 
Flammable Gas Monitoring calculated in RPP-CALC-42251 are shown in Table 4.5.5-1. 8 
 9 
If the waste level exceeds the maximum level for Flammable Gas Monitoring in Table 4.5.5-1, 10 
the flammable gas concentration in the tank headspace is monitored within 7 days and once per 11 
7 days thereafter (see Section 4.5.5.2.2). 12 
 13 
4.5.5.3 Functional Requirements.  The SAC DCRT Steady-State Flammable Gas Control 14 
shall: 15 
 16 

 Ensure the concentration of flammable gas from steady-state releases is < 100% of the 17 
LFL 18 

 19 
OR 20 

 21 
 Eliminate potential ignition sources (i.e., activities, equipment, materials) in the tank 22 

headspace and in enclosed spaces connected to the tank headspace prior to achieving a 23 
flammable gas concentration ≥ 100% of the LFL. 24 

 25 
4.5.5.4 SAC Evaluation.  The DCRT Steady-State Flammable Gas Control is a SAC that 26 
establishes a margin of safety by maintaining the flammable gas concentration ≤ 25% of the LFL 27 
(Passive Ventilation) or monitoring the flammable gas concentration and taking action if the 28 
flammable gas concentration exceeds 25% of the LFL (Flammable Gas Monitoring).  The use of 29 
25% of the LFL as a control point has been established based on National Fire Protection 30 
Association (NFPA) standards.  Specifically, NFPA 69, Standard on Explosion Prevention 31 
Systems, states that, relative to the design and operational requirements of systems used for 32 
combustion concentration reduction, the combustible concentration shall be maintained at or 33 
below 25% of the LFL.  This SAC is implemented by verifying the HEPA breather filter 34 
isolation valve is open (Passive Ventilation) or verifying the flammable gas concentration 35 
(Flammable Gas Monitoring).  Waste level monitoring of DCRTs is also required to support both 36 
Passive Ventilation and Flammable Gas Monitoring. 37 
 38 
Passive Ventilation - An open HEPA breather filter isolation valve provides a defined flow path 39 
for passive ventilation, and the analysis in RPP-8050, Lower Flammability Limit Calculations for 40 
Catch Tanks, DST Annuli, Waste Transfer-Associated Structures, and Double-Contained 41 
Receiver Tanks in Tank Farms at the Hanford Site, shows that as long as the waste level is below 42 
the maximum level for Passive Ventilation (see Table 4.5.5-1), passive ventilation (i.e., 43 
barometric breathing) is sufficient to maintain the flammable gas concentration < 25% of the 44 
LFL.  The surveillance frequency for verifying passive ventilation (i.e., the HEPA breather filter 45 
isolation valve is in the open position) (i.e., 182 days) plus the time to take action if the HEPA 46 
breather filter isolation valve is found closed (i.e., 7 days) is less than or equal to the time for the 47 
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flammable gas concentration to increase by 25% of the LFL assuming zero ventilation  1 
(RPP-8050). 2 
 3 
Based on several evaluations, the only credible cause for loss of passive ventilation via the 4 
HEPA breather filter for a duration that exceeds the time to reach 100% of the LFL is a closed 5 
HEPA breather filter isolation valve.  OE-05-033, Operability Evaluation for Tank Farm 6 
Ventilation System HEPA Filters, demonstrated that a plugged HEPA breather filter would still 7 
provide barometric breathing.  The evaluation in OE-09-004, Operability Evaluation for 8 
Ventilation System Freezing, concluded that it is not credible to reach the LFL due to ice 9 
blockage of the HEPA breather filter.  The conclusion was based on historical data for the 10 
number of days that the ice could be formed and remain versus the time to reach 100% of the 11 
LFL assuming zero ventilation. 12 
 13 
The HEPA breather filter isolation valve is in a location that is easily accessible.  The valve 14 
position is easily verified by examining the handle position.  This is a normal method of 15 
checking butterfly valves where the body of the valve and position of the handle relative to the 16 
valve body can be verified.  There is no specific training required to perform this inspection.  If 17 
the valve is found in the closed position, it is immediately opened to re-establish a passive 18 
ventilation path.  Additionally, the flammable gas concentration in the tank headspace is 19 
monitored within 7 days.  The 7 days is based on the time to 25% of the LFL assuming zero 20 
ventilation (see above). 21 
 22 
The configuration of the HEPA breather filter isolation valve to maintain the handle parallel to 23 
the body when the valve is in the open position is maintained under configuration management.  24 
Since the only function of the valve is to provide a flow path, the valve is not classified as safety 25 
significant.  Maintaining the valve under configuration management provides adequate assurance 26 
that the valve handle will be installed properly relative to the valve body. 27 
 28 
The HEPA breather filter isolation valve is allowed to be closed for planned activities 29 
(e.g., maintenance, HEPA filter testing/replacement) for a time period not to exceed 7 days.  The 30 
time period of up to 7 days is much less than the time necessary for the flammable gas 31 
concentration to increase by 25% of the LFL. 32 
 33 
Flammable Gas Monitoring - Flammable Gas Monitoring and taking action if the flammable 34 
gas concentration exceeds 25% of the LFL is required if the waste level exceeds the maximum 35 
level for Passive Ventilation.  (Note:  Flammable Gas Monitoring may also be used instead of 36 
Passive Ventilation at any time).  The surveillance frequency of 121 days for Flammable Gas 37 
Monitoring was selected for operational convenience.  For all three DCRTs, at the maximum 38 
waste level for Flammable Gas Monitoring in Table 4.5.5-1, the time to 25% of the LFL is 39 
greater than 121 days assuming zero ventilation.   40 
 41 
If the flammable gas concentration exceeds 25% of the LFL, specific actions are taken within 42 
8 hours of when it was discovered that the flammable gas concentration was > 25% of the LFL to 43 
stop activities in and directly above the affected tank, including activities in the tank headspace, 44 
activities directly above the tank structure, and activities that disturb the waste.  The 8 hours 45 
allowed to take action provides sufficient time to stop activities and is much less than the time to 46 
reach 100% of the LFL.  Stopping activities in and directly above the affected tank minimizes 47 
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activities that can induce gas releases from the waste or that could be an ignition source, and 1 
restricts the presence of workers except when performing actions to control a potential 2 
flammable gas hazard.  Activities that may continue are related to additional monitoring of the 3 
flammable gas concentration and activities that reduce the potential of a flammable gas 4 
deflagration (i.e., activities to reduce the flammable gas concentration or activities to eliminate 5 
potential ignition sources).  Additional monitoring to verify the flammable gas concentration is  6 
< 60% of the LFL is also required within 24 hours of discovering that the flammable gas 7 
concentration is > 25% of the LFL and once per 24 hours thereafter (Bechtol and Samuelson 8 
2012). 9 
 10 
Flammable Gas Monitoring is performed in accordance with a continuous use procedure.  The 11 
IHTs are trained on the proper use of the CGM.  Retraining is provided every two years to 12 
reinforce the proper way to take a sample.  The CGM is an instrument calibrated in accordance 13 
with the requirements of TFC-PLN-02, Quality Assurance Program Description, Section 2.12, 14 
“Control of Measuring and Test Equipment.”  The CGM is not designated safety significant 15 
since it is not installed plant equipment (see Section 3.3.1.5).  The sample is drawn from the tank 16 
headspace through the permanently installed reference leg dip tube.  This sample location has 17 
been documented to meet the requirements of TFC-ESHQ-FP-STD-05, Flammable Gas 18 
Monitoring (see TE-09-022, Evaluation of Flammable Gas Sampling Locations on Single-Shell 19 
Tanks and Double Contained Receiver Tanks).  The reference leg dip tube is not classified as 20 
safety significant since its only function is to provide a flow path and that function is assured 21 
through the configuration which is maintained under the change control system.  An alternative 22 
sampling location requires a technical evaluation performed in accordance with 23 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, that demonstrates the alternative 24 
sampling location meets the requirements for tank headspace monitoring in 25 
TFC-ESHQ-FP-STD-05. 26 
 27 
Flammable gas monitoring is a simple process implemented through a continuous use procedure 28 
by qualified individuals.  The activity is routinely performed.  Even if one sample were taken 29 
incorrectly, since the frequency of the sampling is based on the time to 25% of the LFL 30 
conservatively assuming zero ventilation, a second reading would be taken prior to the 31 
flammable gas concentration exceeding 50% of the LFL.  Additionally, the samples are reviewed 32 
by the IHT and by the Shift Manager.  An abnormal reading would be identified.  Also, past 33 
history has demonstrated that the steady-state flammable gas readings have not exceeded 25% of 34 
the LFL. 35 
 36 
The Shift Managers are trained on the actions to take if the flammable gas concentration exceeds 37 
25% of the LFL and there is adequate time for the Shift Manager to take the required actions.  If 38 
the flammable gas concentration exceeds 25% of the LFL, activities in and directly above the 39 
tank headspace are stopped.  Exceptions are allowed for flammable gas sampling/monitoring; 40 
deenergizing or removing equipment that does not meet ignition controls; and actions to reduce 41 
the flammable gas concentration. 42 
 43 
Prior to the flammable gas concentration exceeding 60% of the LFL, the boundary of the actions 44 
is extended to enclosed spaces connected to the tank headspace.  This addresses piping or 45 
ventilation ducts that are connected to the tank headspace where flammable gas may accumulate 46 
over time.  This also includes any enclosed structures that are connected to the tank headspace 47 
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through an open pipe or duct.  Additionally, a recovery plan is issued within 10 days of 1 
exceeding 60% of the LFL.  The recovery plan identifies the actions that will be taken to reduce 2 
the flammable gas concentration.  The 10 days provides sufficient time to identify the planned 3 
actions.  The 10 days is not directly tied to the time to LFL since the actions to eliminate ignition 4 
sources and minimize the activities near the DCRT have already been completed. 5 
 6 
Waste Level Monitoring - The time to 25% of the LFL in DCRTs (see RPP-8050) is based on 7 
the waste level.  The DCRTs are no longer in use so there is no waste transfer possible into the 8 
tanks.  However, there could be water intrusion (i.e., rain water and snow melt) into the tanks.  9 
Additionally, for DCRT 244-S there is a connected waste transfer line that may still contain flush 10 
water.  The maximum level for Passive Ventilation is based on maintaining the waste level 11 
below a level that would result in a steady-state flammable gas concentration of 25% of the LFL 12 
assuming barometric breathing.  The allowed waste levels are reduced to account for an 13 
allowance for water intrusion of 450 gal and with an additional allowance for DCRT 244-S of 14 
3,800 gal from the connected waste transfer line.  The water allowance is based on monitoring 15 
data that shows there has been no detectible increase in waste levels since water intrusion 16 
prevention measures were implemented.  Providing an allowance of 450 gal provides a margin of 17 
safety to account for a potential anomalous condition.  The 3,800 gal is based on the volume of 18 
the connected line between DCRT 244-S and DCRT 244-TX via the 244-S pump pit and also 19 
provides a margin of safety. 20 
 21 
Based on RPP-8050, a surveillance frequency of 182 days was selected for waste level 22 
monitoring for Passive Ventilation.  For all three DCRTs, at the maximum waste level for 23 
Passive Ventilation, the time to 25% of the LFL assuming zero ventilation is 182 days or longer.  24 
Therefore, even if the passive ventilation path was blocked (i.e., the HEPA breather filter 25 
isolation valve was closed), the flammable gas concentration would not exceed 25% of the LFL 26 
prior to the next surveillance. 27 
 28 
If the waste level exceeds the maximum level for Passive Ventilation, passive ventilation may 29 
not maintain the flammable gas concentration below 100% of the LFL.  However, as 30 
documented in RPP-8050, considering barometric breathing only, the time to 25% of the LFL is 31 
greater than 182 days for waste levels significantly higher than the current levels.  These waste 32 
levels would require a significant intrusion of water beyond the allowance already established.  33 
There is no credible method for this quantity of water intrusion. 34 
 35 
Given the long time for flammable gas concentrations to reach 25% of the LFL, allowing 7 days 36 
to initiate flammable gas monitoring provides an acceptable risk and allows adequate time for 37 
operations to implement the surveillance should the HEPA breather filter isolation valve be 38 
found closed or the waste level found to exceed the maximum level for Passive Ventilation. 39 
 40 
The maximum levels for Flammable Gas Monitoring were selected based on a surveillance 41 
frequency of 121 days.  The 121 days surveillance period was selected for operational 42 
convenience.  For all three DCRTs, at the identified waste levels the time to 25% of the LFL is 43 
greater than 121 days assuming zero ventilation.   44 
 45 
If the waste level exceeds the maximum level for Flammable Gas Monitoring identified in 46 
Table 4.5.5-1, the time to 25% of the LFL is less than 121 days assuming zero ventilation.  The 47 
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waste level exceeding these maximum levels does not indicate that the flammable gas 1 
concentration is greater than 25% of the LFL since the concentration is conservatively based on 2 
zero ventilation.  Therefore, monitoring the flammable gas concentration in the tank headspace is 3 
required.  Allowing 7 days for the first surveillance provides a reasonable time to implement 4 
flammable gas monitoring.  Seven days is acceptable from a risk perspective given (1) the long 5 
time to reach 100% of the LFL even if the tanks are 90% full, which is well above the maximum 6 
waste level for Flammable Gas Monitoring, and (2) no credible method for significant intrusion 7 
of water.  The 7 days for subsequent monitoring is based on the time to 25% of the LFL 8 
conservatively considering the tanks are up to 90% full.  The 7 day flammable gas monitoring 9 
frequency remains in effect until the waste level is reduced. 10 
 11 
The waste level in DCRT 244-BX is monitored using a manual tape.  There are no calibration or 12 
control measures required to ensure the accuracy of manual tapes (TFC-PLN-02, Section 2.12).  13 
The manual tapes are not classified as safety significant since the only function is to provide 14 
waste level, the accuracy of which is provide by the installed manual tape. 15 
 16 
The waste level in DCRT 244-S is monitored using weight factor dip tubes.  The associated 17 
weight factor dip tube instrumentation or portable pressure calibration instrument are calibrated 18 
in accordance with the requirements of TFC-PLN-02.  The weight factor dip tubes are not 19 
classified as safety significant since the only function is to provide waste level, the accuracy of 20 
which is assured through compliance with the Quality Assurance Program requirements.  (Note:  21 
In accordance with the ORP direction that installed instrumentation used to support technical 22 
safety requirements be designated safety significant [Dowell 2011], there is a planned 23 
improvement for the safety-significant designation of the DCRT 244-S waste level monitoring 24 
instrumentation [see Section 3.3.2.3.5].) 25 
 26 
The waste level in DCRT 244-TX is monitored using an ENRAF.  The ENRAF is calibrated in 27 
accordance with the requirements of TFC-PLN-02.  The ENRAF is not classified as safety 28 
significant since the only function is to provide waste level, the accuracy of which is assured 29 
through compliance with the Quality Assurance Program requirements.  (Note:  In accordance 30 
with the ORP direction that installed instrumentation used to support technical safety 31 
requirements be designated safety significant [Dowell 2011], there is a planned improvement for 32 
the safety-significant designation of the DCRT 244-TX waste level monitoring instrumentation 33 
[see Section 3.3.2.3.5].) 34 
 35 
Given the above, this control provides adequate assurance that the flammable gas concentration 36 
in the DCRTs is maintained below the LFL or that detection of a DCRT with the flammable gas 37 
concentration above the LFL will be accomplished with time to take action to prevent a 38 
flammable gas deflagration. 39 
 40 
4.5.5.5 Controls (TSRs).  DCRT Steady-State Flammable Gas Control is a SAC that is 41 
implemented as a LCO.  Based on the evaluation above, the following surveillance frequencies 42 
are established to assure the safety function is met.43 
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 1 
 For Passive Ventilation, every 182 days verify the HEPA breather filter isolation valve is 2 

in the open position and verify the waste level does not exceed the following maximum 3 
level. 4 

 5 
- 244-BX:  85 inches 6 
- 244-S:  32 inches 7 
- 244-TX:  43 inches 8 

 9 
 For Flammable Gas Monitoring, every 121 days verify the flammable gas concentration 10 

is ≤ 25% of the LFL in the tank headspace and verify the waste level does not exceed the 11 
following maximum level. 12 

 13 
- 244-BX:  99 inches 14 
- 244-S:  67 inches 15 
- 244-TX:  62 inches 16 

 17 
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Table 4.5.5-1.  DCRT Maximum Allowed Waste Levels. 
Tank Maximum Level for 

Passive Ventilation  
Maximum Level for 

Flammable Gas 
Monitoring 

244-BX 85 inches 99 inches 
244-S 32 inches 67 inches 
244-TX 43 inches 62 inches 

 1 
2 
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4.5.6 Flammable Gas Controls for Inactive/Miscellaneous Tanks/Facilities and 1 
Waste-Intruding Equipment 2 

 3 
4.5.6.1 Safety Function.  The safety function of the SAC Flammable Gas Controls for 4 
Inactive/Miscellaneous Tanks/Facilities and Waste-Intruding Equipment is to protect the facility 5 
worker from a flammable gas deflagration due to the release and accumulation of flammable 6 
gases in inactive/miscellaneous tanks/facilities and waste-intruding equipment.  The applicable 7 
inactive/miscellaneous tanks/facilities are: 8 
 9 

 Catch tanks (see Chapter 2.0 for the list of catch tanks). 10 
 11 

 Inactive miscellaneous underground storage tanks (IMUST) (see Chapter 2.0 for the list 12 
of IMUSTs). 13 

 14 
 244-CR Vault Tanks 244-CR-TK-001, -002, -003, and -011. 15 

 16 
 242-T Evaporator tanks/vessels 242-T-101, -102, -103, -104, -105, -106, -107, -17 

108, -109, and -110. 18 
 19 

 242-S Evaporator (Hot Side) tanks/vessels. 20 
 21 

 Miscellaneous inactive processing facilities ITS-1, 241-C-801, 241-SX-401, and 22 
241-SX-402. 23 
 24 

 Waste transfer systems (active and inactive primary piping and encasements). 25 
 26 

 Hose-in-hose transfer line systems (active and inactive primary hose and encasement 27 
hose assemblies). 28 
 29 

 Vacuum retrieval system slurry tank and water separator. 30 
  31 

 IMUST vaults. 32 
 33 

 Double-shell tank (DST) leak detection pits. 34 
 35 
This control is identified as a SAC for a flammable gas deflagration in inactive/miscellaneous 36 
tanks/facilities and waste-intruding equipment (see Sections 3.3.2.4.1).  There are no practical 37 
engineering controls for flammable gas hazards in inactive/miscellaneous tanks/facilities and 38 
waste-intruding equipment, and the only practical means for implementing ignition controls is a 39 
SAC because of the number and diversity of activities, equipment, and materials that require 40 
ignition controls. 41 
 42 
4.5.6.2 SAC Description.  This SAC has three parts: 43 
 44 

 Waste-Intruding Equipment 45 
 IMUSTs 46 
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 Manned Work Activities. 1 
 2 
4.5.6.2.1 Waste-Intruding Equipment.  Waste-intruding equipment is equipment that (1) is 3 
open ended or breached below the waste surface in a tank or waste transfer-associated structure 4 
AND (2) has an unvented vapor space where flammable gases generated or retained in the waste 5 
may accumulate.  A mechanical seal shall not be credited as a barrier between electrical 6 
components and the waste.  Examples of waste-intruding equipment include core sample drill 7 
pipes, waste transfer pump column, weight factor dip tubes, and the motor housing of 8 
submersible sump pumps in abovegrade waste transfer-associated structures.  Equipment below 9 
the waste surface that is sealed (e.g., thermocouple trees) is not considered waste-intruding 10 
equipment. 11 
 12 
Ignition controls are applied at all times inside waste-intruding equipment except for: 13 
 14 

a. Waste-intruding equipment where the volume of the unvented vapor space inside the 15 
waste-intruding equipment is ≤ 10 L. 16 

 17 
b. Waste-intruding equipment where the unvented vapor space is beneath the cover of a 18 

waste transfer-associated structure AND the volume of the unvented vapor space is 19 
≤ 100 L. 20 

 21 
c. Waste-intruding equipment where the unvented vapor space is totally within a tank. 22 

 23 
d. Waste-intruding equipment where the unvented vapor space is a waste transfer pump 24 

column and connected safety-significant waste transfer primary piping systems/HIHTL 25 
primary hose assemblies, AND the ignition source is from waste transfer pump operation 26 
(e.g., mechanical sparks from waste particulate interacting with pump internals or a pump 27 
impeller impacting the pump stator or housing; high temperature from friction heating of 28 
worn or failed pump shaft bearings/bushings in the pump column). 29 

 30 
In addition, except for waste-intruding equipment where Exceptions a, b, or c above apply, when 31 
waste-intruding equipment is opened/breached or raised above the waste surface in a tank or 32 
waste transfer-associated structure, ignition controls shall be maintained inside the equipment 33 
and shall be implemented during manned work activities involving the equipment.  (Note:  34 
Manned work activities are activities that can cause an uncontrolled ignition source [e.g., errant 35 
spark] as a result of the use or manipulation of equipment or material by personnel or human 36 
error.)  Ignition controls are not required or may be discontinued if the flammable gas 37 
concentration inside the equipment is verified to be < 25% of the LFL.  The use of 25% of the 38 
LFL as the control point establishes a margin of safety.  39 
 40 
Ignition source control requirements are determined in accordance with AC Key Element 41 
Ignition Controls (see Section 5.5.3.2). 42 
 43 
4.5.6.2.2 IMUSTs.  Equipment that is installed in the headspace of IMUSTs must meet ignition 44 
controls or be deenergized.  The tank headspace is the space inside the tank above the waste 45 
surface.  Ignition source control requirements for equipment in the headspace of IMUSTs are 46 
determined in accordance with AC Key Element Ignition Controls (see Section 5.5.3.2). 47 
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 1 
4.5.6.2.3 Manned Work Activities.  Based on the hazard and accident analyses in 2 
Section 3.3.2.4.1, a flammable gas deflagration in inactive/miscellaneous tanks/facilities that 3 
could cause significant facility worker consequences could occur during manned work activities 4 
involving an inactive/miscellaneous tank/facility.  5 
 6 
Manned work activities are activities that can cause an uncontrolled ignition source (e.g., errant 7 
spark) as a result of the use or manipulation of equipment or material by personnel or human 8 
error.  Therefore, prior to manned work activities involving inactive/miscellaneous 9 
tanks/facilities that could ignite potential flammable gases in these tanks/facilities, evaluations 10 
may be performed in accordance with HNF-IP-1266, Tank Farms Operations Administrative 11 
Controls, to determine: 12 
 13 

1. If the steady-state flammable gas concentration is < 100% of the LFL, and 14 
2. If a spontaneous release of flammable gases is sufficient to achieve 100% of the LFL. 15 

 16 
The steady-state flammable gas evaluation is performed using the methodology in RPP-8050, 17 
Lower Flammability Limit Calculations for Catch Tanks, DST Annuli, Waste 18 
Transfer-Associated Structures, and Double-Contained Receiver Tanks in Tank Farms at the 19 
Hanford Site, and the spontaneous gas release event (GRE) evaluation is performed using the 20 
methodology in RPP-10007, Flammable Gas Release Calculational Methodology and Results 21 
for Catch Tanks and Double-Contained Receiver Tanks at the Hanford Site.  The evaluations 22 
consider the quantity and characteristics of the contained waste and, for the steady-state 23 
flammable gas evaluation, whether there is an open passive ventilation path.  The evaluations 24 
are documented in accordance with TFC-ENG-DESIGN-C-10, Engineering Calculations.  If the 25 
evaluations demonstrate that there is no steady-state or spontaneous GRE flammable gas hazard, 26 
there are no required flammable gas controls. 27 
 28 
If the above evaluations are not performed, or if the evaluations determine that the steady-state 29 
flammable gas concentration or the headspace flammable gas concentration from a spontaneous 30 
GRE could be ≥ 100% of the LFL, ignition controls are required during the manned work 31 
activities.  Ignition controls eliminate potential ignition sources (i.e., activities, equipment, and 32 
materials) during manned work activities that could ignite the accumulated flammable gases in 33 
the inactive/miscellaneous tank/facility.  Ignition source control requirements for the manned 34 
work activities in inactive/miscellaneous tanks/facilities are determined in accordance with AC 35 
Key Element Ignition Controls (see Section 5.5.3.2). 36 
 37 
If during the performance of the manned work activity, monitoring verifies the flammable gas 38 
concentration is ≤ 25% of the LFL, AND there is no spontaneous GRE hazard (see above), 39 
ignition controls are no longer required.  The use of 25% of the LFL as the control point 40 
establishes a margin of safety. 41 
 42 
4.5.6.3 Functional Requirements.  The functional requirements of SAC Flammable Gas 43 
Controls for Miscellaneous/Inactive Tanks/Facilities and Waste-Intruding Equipment are: 44 
 45 

 Except for waste-intruding equipment where there is no potential for significant facility 46 
worker consequences from a flammable gas deflagration: 47 
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 1 
- Eliminate potential ignition sources at all times inside waste-intruding equipment. 2 
 3 
- For equipment that was waste-intruding equipment, eliminate potential ignition 4 

sources inside the equipment and during manned work activities involving the 5 
equipment unless the flammable gas concentration inside the equipment is 6 
verified to be < 25% of the LFL. 7 

  8 
 For IMUSTs, eliminate potential ignition sources from equipment installed in the 9 

headspace of IMUSTs. 10 
 11 

 For manned work activities involving inactive/miscellaneous tanks/facilities, either: 12 
 13 

- Ensure the concentration of flammable gases from steady-state releases and 14 
spontaneous GREs are < 100% of the LFL. 15 

 16 
OR 17 

 18 
- Eliminate potential ignition sources (i.e., activities, equipment, materials) during 19 

manned work activities. 20 
 21 
Ignition source control requirements are determined in accordance with AC Key Element 22 
Ignition Controls (see Section 5.5.3.2). 23 
 24 
4.5.6.4 SAC Evaluation. 25 
 26 
Waste-Intruding Equipment 27 
 28 
As described in Section 3.3.2.4.1, incidents have occurred where the concentration of flammable 29 
gases in waste-intruding equipment has exceed the LFL.  These incidents were attributed to the 30 
equipment encountering gas pockets in the waste and from steady-state generation and 31 
accumulation.  Based on this experience, flammable gas concentrations ≥ 100% of the LFL are 32 
“anticipated,” and ignition controls are implemented inside waste-intruding equipment at all 33 
times.  For the exceptions identified in Section 4.5.6.2.1, the hazard and accident analyses 34 
qualitatively determined that a flammable gas deflagration would not result in significant facility 35 
worker consequences (see Section 3.3.2.4.1).  Ignition source control requirements inside 36 
waste-intruding equipment have been established and implemented in accordance with AC Key 37 
Element Ignition Controls (see Section 5.5.3.2). 38 
 39 
Section 3.3.2.4.1 also describes that the flammable gases accumulated inside of waste-intruding 40 
equipment may remain a significant facility worker hazard after waste-intruding equipment is 41 
opened/breached or raised above the waste surface in a tank or waste transfer-associated 42 
structure, because it takes time for the accumulated flammable gases inside the equipment to 43 
dissipate.  For equipment that was waste-intruding equipment, ignition controls must be 44 
maintained inside the equipment and must be implemented during manned work activities 45 
involving the equipment.  See Section 5.5.3.2, “Ignition Controls,” for a description of the 46 
ignition source control evaluation process and ignition source control requirements.  Ignition 47 
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controls are not required or may be discontinued if the flammable gas concentration inside the 1 
equipment is verified to be < 25% of the LFL.  Verification that the flammable gas concentration 2 
inside the equipment is < 25% of the LFL may be performed by flammable gas monitoring or a 3 
documented evaluation.  If flammable gas monitoring is performed to verify that the flammable 4 
gas concentration inside the equipment is < 25% of the LFL, the monitoring would be performed 5 
by an industrial hygiene technician (IHT) using a calibrated portable combustible gas monitor 6 
(CGM).  The IHTs are trained on the proper use of the CGM.  Retraining is provided every two 7 
years to reinforce the proper way to take a sample.  The CGM is an instrument calibrated in 8 
accordance with the requirements of TFC-PLN-02, Quality Assurance Program Description, 9 
Section 2.12, “Control of Measuring and Test Equipment.”  The CGM is not designated safety 10 
significant since it is not installed plant equipment (see Section 3.3.1.5).  The sample is drawn 11 
from a location that meets the requirements of TFC-ESHQ-FP-STD-05, Flammable Gas 12 
Monitoring, to ensure that the sample is representative of the vapor space inside the equipment. 13 
If an evaluation is used to verify that the flammable gas concentration inside the equipment is 14 
< 25% of the LFL, the evaluation is documented in accordance with TFC-ENG-FACSUP-C-02, 15 
Operability/Technical Evaluations.  In accordance with TFC-ENG-FACSUP-C-02, a second 16 
engineer reviews the evaluation. 17 
 18 
IMUSTs 19 
 20 
IMUSTs are identified and described in Chapter 2.0.  Because of the limited or lack of 21 
information on the quantity and characteristics of the waste contained in IMUSTs and/or whether 22 
there is an open passive ventilation path, it is conservatively assumed that the flammable gas 23 
concentration in the headspace of IMUSTs could be ≥ 100% of the LFL.  Therefore, equipment 24 
that is installed in the headspace of IMUSTs must meet ignition controls or be deenergized.  25 
Limiting the requirement for ignition controls to the headspace of IMUSTs is based on the very 26 
low likelihood of a flammable gas concentration ≥ 100% and an ignition source in enclosed 27 
spaces connected to the IMUST headspace (see Section 3.3.2.4.1).  Known equipment in the 28 
headspace of IMUSTs has been deenergized, or ignition source control requirements for the 29 
equipment have been evaluated and implemented in accordance with AC Key Element Ignition 30 
Controls (see Section 5.5.3.2).  Based on the status of some of the IMUSTs and the associated 31 
configuration controlled documents, there is a small possibility that some equipment installed in 32 
an IMUST headspace has not been identified and evaluated, or deenergized.  Due to the low risk 33 
of a flammable gas deflagration, it was judged to not be cost effective to walk down all the 34 
IMUSTs to verify all equipment either meets ignition controls or is deenergized (see RPP-19974, 35 
Plan for Small Inactive Waste Tanks Flammable Gas Sampling and Long-Term Risk Reduction 36 
Recommendations).  If equipment is discovered in an IMUST headspace that does not meet 37 
ignition controls, it will immediately be verified to be deenergized or actions taken to deenergize 38 
the equipment. 39 
 40 
Note: The requirement that equipment installed in the headspace of IMUSTs meets ignition 41 

controls or be deenergized is not applicable to the other inactive/miscellaneous 42 
tanks/facilities.  This is based on the hazard and accident analyses (see Section 3.3.2.4.1) 43 
that qualitatively determined that significant facility worker consequences from a 44 
flammable gas deflagration in an inactive/miscellaneous tank/facility, except for 45 
IMUSTs, is “beyond extremely unlikely,” except during manned work activities 46 
involving the inactive/miscellaneous tank/facility. 47 
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 1 
Manned Work Activities 2 
 3 
For manned-work activities, HNF-IP-1266 requires that the responsible engineer either: 4 
 5 

 Evaluate and document (in accordance with TFC-ENG-DESIGN-C-10) the basis for 6 
determining that the steady-state flammable gas concentration is < 100% of the LFL 7 
AND the spontaneous release1 of flammable gases is insufficient to achieve 100% of the 8 
LFL using the methodologies in RPP-8050 and RPP-10007. 9 

 10 
OR 11 

 12 
 Request an ignition source control evaluation in accordance with 13 

TFC-ENG-FACSUP-P-17, Flammable Gas Ignition Source Control, to establish the 14 
ignition source control requirements for the manned work activity. 15 

 16 
In accordance with TFC-ENG-DESIGN-C-10, a second engineer checks the evaluations.  Both 17 
engineers are trained on the process documented in RPP-8050 for determining steady-state 18 
flammable gas concentration and RPP-10007 for determining the GRE flammable gas 19 
concentration. 20 
 21 
See Section 5.5.3.2, “Ignition Controls,” for a description of the ignition source control 22 
evaluation process and ignition source control requirements. 23 
 24 
If during the manned-work activities, flammable gas monitoring determines the steady-state 25 
flammable gas concentration is ≤ 25% of the LFL, and a spontaneous GRE cannot exceed  26 
100% of the LFL, ignition controls for the manned work activity are no longer required.  27 
Flammable gas monitoring is performed by an IHT using a calibrated portable CGM. The IHTs 28 
are trained on the proper use of the CGM and retraining is provided every two years to reinforce 29 
the proper way to take a sample. The CGM is an instrument calibrated in accordance with the 30 
requirements of TFC-PLN-02, Section 2.12.  The CGM is not designated safety significant since 31 
it is not installed plant equipment (see Section 3.3.1.5).  The sample is drawn from a location that 32 
meets the requirements of TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring, to ensure that 33 
the sample is representative of the inactive/miscellaneous tank/facility headspace gases. 34 
 35 
4.5.6.5 Controls (TSRs).  Flammable Gas Controls for Inactive/Miscellaneous 36 
Tanks/Facilities and Waste-Intruding Equipment is a SAC that is implemented as two directed 37 
action ACs. 38 
 39 
For waste-intruding equipment, ignition controls shall be applied at all times inside 40 
waste-intruding equipment except for: 41 
 42 

                                                 
1 Operations that could cause an induced release of flammable gases sufficient to achieve 100% of the LFL are not 
authorized in inactive/miscellaneous tanks/facilities.  Sampling of inactive/miscellaneous tanks/facilities is 
authorized because it can disturb and release retained flammable gases from only a small portion of the saturated 
settled solids in the tank/facility. 
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1. Waste-intruding equipment where the volume of the unvented vapor space inside the 1 
waste-intruding equipment is ≤ 10 L. 2 
 3 

2. Waste-intruding equipment where the unvented vapor space is beneath the cover of a 4 
waste transfer-associated structure AND the volume of the unvented vapor space is 5 
≤ 100 L. 6 
 7 

3. Waste-intruding equipment where the unvented vapor space is totally within a tank. 8 
 9 

4. Waste-intruding equipment where the unvented vapor space is a waste transfer pump 10 
column and connected safety-significant waste transfer primary piping 11 
systems/hose-in-hose transfer line (HIHTL) primary hose assemblies, AND the ignition 12 
source is from waste transfer pump operation. 13 

 14 
In addition, except for waste-intruding equipment where Exceptions 1, 2, or 3 above apply, when 15 
waste-intruding equipment is opened/breached or raised above the waste surface in a tank or 16 
waste transfer-associated structure, ignition controls shall be maintained inside the equipment 17 
and shall be implemented during manned work activities involving the equipment.  Ignition 18 
controls are not required or may be discontinued if the flammable gas concentration inside the 19 
equipment is verified to be < 25% of the LFL 20 
 21 
For inactive/miscellaneous tanks/facilities: 22 
 23 

1. Equipment that is installed in the headspace of IMUSTs shall meet ignition controls or be 24 
deenergized.  If equipment is discovered in the headspace of an IMUST that does not 25 
meet ignition controls and is not deenergized, the equipment shall be immediately 26 
deenergized. 27 

 28 
2. Manned work activities involving inactive/miscellaneous tanks/facilities shall require: 29 

 30 
a. Documented verification prior to the manned work activity that: 31 

 32 
1. The steady-state flammable gas concentration is < 100% of the LFL. 33 

 34 
AND 35 

 36 
2. The spontaneous release of flammable gases is insufficient to achieve 100% of the 37 

LFL. 38 
 39 

OR 40 
 41 

b. Implementation of ignition controls during the manned work activity.  Ignition 42 
controls may be discontinued if: 43 
 44 
1. Monitoring verifies the flammable gas concentration is ≤ 25% of the LFL. 45 

 46 
AND 47 
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 1 
2. There is documented verification that the spontaneous release of flammable gases 2 

is insufficient to achieve 100% of the LFL. 3 
 4 
Note: Ignition source control requirements shall be determined in accordance with AC Key 5 

Element Ignition Controls (see Section 5.5.3.2). 6 
 7 
4.5.6.6 References 8 
 9 
HNF-IP-1266, Tank Farms Operations Administrative Controls, as amended, Washington River 10 

Protection Solutions LLC, Richland, Washington. 11 
 12 
RPP-8050, 2014, Lower Flammability Limit Calculations for Catch Tanks, DST Annuli, Waste 13 

Transfer-Associated Structures, and Double-Contained Receiver Tanks in Tank Farms at 14 
the Hanford Site, Rev. 11, Washington River Protection Solutions LLC, Richland, 15 
Washington. 16 

 17 
RPP-10007, 2009, Flammable Gas Release Calculational Methodology and Results for Catch 18 

Tanks and Double-Contained Receiver Tanks at the Hanford Site, Rev. 3, Washington 19 
River Protection Solutions LLC, Richland, Washington. 20 

 21 
RPP-19974, 2004, Plan for Small Inactive Waste Tanks Flammable Gas Sampling and 22 

Long-Term Risk Reduction Recommendations, Rev. 2, CH2M HILL Hanford Group, Inc., 23 
Richland, Washington. 24 

 25 
TFC-ENG-DESIGN-C-10, Engineering Calculations, as amended, Washington River Protection 26 

Solutions LLC, Richland, Washington.  27 
 28 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, as amended, Washington River 29 

Protection Solutions LLC, Richland, Washington. 30 
 31 
TFC-ENG-FACSUP-P-17, Flammable Gas Ignition Source Control, as amended, Washington 32 

River Protection Solutions LLC, Richland, Washington. 33 
 34 
TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring, as amended, Washington River Protection 35 

Solutions LLC, Richland, Washington. 36 
 37 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 38 

Protection Solutions LLC, Richland, Washington. 39 
 40 
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4.5.7 Waste Transfer System Overpressure and Flow 1 
Transient Protection  2 
 3 

4.5.7.1 Safety Function.  The safety function of the SAC Waste Transfer System Overpressure 4 
and Flow Transient Protection is to identify safety-significant support SSCs and SACs required 5 
to protect the safety function of safety-significant SSCs from waste transfer pump overpressure 6 
and flow transients (water hammer) during waste transfers.  The protected safety-significant 7 
SSCs and their safety functions are: 8 
 9 

 Waste transfer primary piping systems - safety function is to provide confinement of 10 
waste. 11 

 12 
 HIHTL primary hose assemblies - safety function is to provide confinement of waste. 13 

 14 
 Isolation valves for double valve isolation - safety function is to limit leakage of waste 15 

(through valve leakage). 16 
 17 
This control is identified as a SAC to protect safety-significant waste transfer primary piping 18 
systems (see Section 4.4.1), HIHTL primary hose assemblies (see Section 4.4.2), and isolation 19 
valves for double valve isolation (see Section 4.4.3) from overpressure and flow transients (water 20 
hammer).  The SAC determines when SSCs or administrative controls are required to be 21 
designated safety-significant support SSCs or SACs to prevent waste transfer pump overpressure 22 
or flow transients (water hammer) during waste transfers that could cause the loss of the safety 23 
function of safety-significant waste transfer system SSCs.  24 
 25 
4.5.7.2 SAC Description.  This SAC requires an evaluation to determine if SSCs or 26 
administrative controls required to limit pressure and flow transients within American Society of 27 
Mechanical Engineers (ASME) B31.3, Process Piping, code allowances for waste transfer pump 28 
overpressure and flow transients during waste transfers are required to be designated  29 
safety-significant support SSCs or SACs.   30 
 31 
Some waste transfer pumps may have unmitigated head/flow curves that can exceed the waste 32 
transfer system design pressures (i.e., create an overpressure condition).  Flow transients (often 33 
called water hammer) might also cause an overpressure/stress condition.  If the 34 
overpressure/stress condition has the potential to fail the safety function of safety-significant 35 
waste transfer primary piping systems, HIHTL primary hose assemblies, or isolation valves for 36 
double valve isolation, SSCs or administrative controls required to address ASME code 37 
allowances are designated safety-significant support SSCs or SACs.   38 
 39 
Conditions resulting from a deadheaded waste transfer pump, or resulting from a flow transient 40 
can depend on the specific transfer route and the specific transferred waste parameters.  41 
Therefore, this SAC requires each waste transfer to be evaluated. 42 
 43 
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In accordance with the requirements of TFC-OPS-OPER-C-49, Development of Waste Retrieval 1 
and Transfer Operating Procedures (Including Water and Chemical Additions), the responsible 2 
engineer assigned to develop the procedure for a waste transfer performs an evaluation that 3 
includes the following. 4 
 5 

 Identification of the waste transfer primary piping systems, HIHTL primary hose 6 
assemblies, and isolation valves for double valve isolation that are physically connected 7 
to the waste transfer pump, or physically connected to the 242-A Evaporator vessel when 8 
the vessel contains waste, using configuration controlled documents.  (See  9 
Section 3.3.2.4.3.5 for definitions of physically connected and when the 242-A 10 
Evaporator vessel contains waste.) 11 

 12 
 Determination of the waste transfer primary piping systems, HIHTL primary hose 13 

assemblies, and isolation valves for double valve isolation that are on the planned waste 14 
transfer route.  The planned waste transfer route includes the waste transfer primary 15 
piping systems, HIHTL primary hose assemblies, and isolation valves for double valve 16 
isolation that are pressurized by the waste transfer pump, or the gravity head from the 17 
242-A Evaporator vessel when the vessel contains waste, up to the first closed isolation 18 
valve.  The isolation valve is not required to be safety significant with respect to through 19 
valve leakage. 20 
 21 

 Determination of the failure limits (loss of safety function) for the safety-significant 22 
waste transfer primary piping systems, HIHTL primary hose assemblies, and isolation 23 
valves for double valve isolation that are physically connected to the waste transfer pump 24 
or physically connected to the 242-A Evaporator vessel when the vessel contains waste. 25 
 26 

 Determination of the unmitigated pressure due to waste transfer pump operation at 27 
physically connected waste transfer primary piping systems, HIHTL primary hose 28 
assemblies, and isolation valves for double valve isolation.  The determination of the 29 
unmitigated pressure due to waste transfer pump operation is based on the safety basis 30 
case methodology in TFC-ENG-DESIGN-C-60, Preparation of Piping Analyses for 31 
Waste Transfer Systems.   32 
 33 

 Determination of the unmitigated pressures/stresses resulting from applicable flow 34 
transients for waste transfer primary piping systems, HIHTL primary hose assemblies, 35 
and isolation valves for double valve isolation on the planned waste transfer route.  The 36 
determination of the unmitigated pressures/stresses resulting from applicable flow 37 
transients is based on the safety basis case methodology in TFC-ENG-DESIGN-C-60. 38 

  39 
 If the unmitigated pressure due to waste transfer pump operation or the unmitigated 40 

pressures/stresses from the applicable flow transients exceed the failure limits, 41 
identification of SSCs or administrative controls designated safety-significant support 42 
SSCs or SACs to limit pressure and flow transients within ASME B31.3 code 43 
allowances.  The safety-significant support SSCs are described in Section 4.4.  The SACs 44 
are described in Section 4.5.  45 

 46 

RPP-13033 1/29/2015 - 12:56 PM 737 of 1079



RPP-13033 REV 5-C 
 

 

 
4.5.7-3 

The evaluation is documented in accordance with TFC-ENG-FACSUP-C-02, 1 
Operability/Technical Evaluations.  In accordance with TFC-ENG-FACSUP-C-02, a second 2 
engineer reviews the evaluation. 3 
 4 
4.5.7.3 Functional Requirements.  The Waste Transfer System Overpressure and Flow 5 
Transient Protection SAC shall ensure that required safety-significant support SSCs and SACs to 6 
address overpressure due to waste transfer pump operation or the pressures/stresses from 7 
applicable flow transients during waste transfers are identified.  8 
 9 
4.5.7.4 SAC Evaluation.  The SAC Waste Transfer System Overpressure and Flow Transient 10 
Protection addresses two conditions that may cause the loss of the safety function of  11 
safety-significant waste transfer system SSCs.  The first condition is waste transfer pump 12 
overpressure.  The second condition is flow transients, often called water hammers, during waste 13 
transfers.  The SAC requires the unmitigated waste transfer pump overpressure conditions during 14 
waste transfers to be determined at physically connected waste transfer primary piping systems, 15 
HIHTL primary hose assemblies, and isolation valves for double valve isolation and compared to 16 
failure limits for these physically connected SSCs.  The SAC also requires flow transient 17 
conditions to be determined for the planned waste transfer route and compared to failure limits 18 
for the waste transfer primary piping systems, HIHTL primary hose assemblies, and isolation 19 
valves for double valve isolation on the planned transfer route.  The failure limits are the 20 
pressures for the overpressure condition and the pressures/stresses for the flow transient 21 
condition that could cause the loss of the waste transfer system SSC safety function.  If the 22 
failure limits are exceeded, the identification of safety-significant SSCs and/or SACs is required. 23 
 24 
Waste Transfer Pump Overpressure.  To identify if safety-significant support SSCs and/or 25 
SACs are required to address waste transfer pump overpressure conditions, an evaluation is 26 
performed to compare the failure limits of physically connected safety-significant waste transfer 27 
system SSCs to the unmitigated pressure for the waste transfer route, as determined following 28 
the safety basis case methodology described in TFC-ENG-DESIGN-C-60.  The determination of 29 
the unmitigated waste transfer pump overpressure may consider piping design features 30 
(e.g., holes, recirculation lines) if there are no credible failure mechanisms (e.g., plugging) as 31 
documented (or referenced) in the evaluation.  The unmitigated performance for waste transfer 32 
pumps may be limited by design, such as single speed electric motor driven centrifugal pumps or 33 
hydraulic driven centrifugal pumps with hydraulic power units that are mechanically limited in 34 
their hydraulic fluid output flowrate (see RPP-RPT-52997, Failure Modes Evaluation Report:  35 
Waste Transfer Pump Hydraulic Power Units).  The unmitigated performance for centrifugal 36 
pumps that utilize a variable frequency drive (VFD) may be limited by available motor 37 
horsepower.  However, the evaluation of the unmitigated waste transfer system pressure does not 38 
consider the waste transfer pump VFD output frequency limit in determining the maximum head 39 
of the pump because the VFDs may have failure modes that can allow higher pump speeds, and 40 
the VFDs have not been qualified as safety-significant SSCs.  The determination of the 41 
unmitigated waste transfer system pressure at the safety-significant SSC is approved by the TOC 42 
Design Authority.  If the unmitigated pressure due to waste transfer pump operation exceeds the 43 
failure limits, the SSCs or administrative controls required to limit pressure within ASME B31.3 44 
code allowances are designated safety-significant support SSCs or SACs.  The safety-significant 45 
support SSCs are described in Section 4.4.  (Note:  No SSCs have been identified as  46 
safety-significant support SSCs as a result of waste transfer pump overpressure conditions).  The 47 
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SACs are described in Section 4.5.  (Note:  No administrative controls have been identified as 1 
SACs as a result of waste transfer pump overpressure conditions.) 2 
 3 
Flow Transients (Water Hammer).  To identify if safety-significant support SSCs and/or SACs 4 
are required to address flow transients during waste transfers, an evaluation is performed for the 5 
planned waste transfer route following the safety basis case methodology described in  6 
TFC-ENG-DESIGN-C-60.  If the unmitigated pressures/stresses from the applicable flow 7 
transients exceed the failure limits for safety-significant waste transfer system SSCs on the 8 
planned waste transfer route, SSCs or administrative controls required to limit flow transients 9 
within ASME B31.3 code allowances are designated safety-significant support SSCs or SACs.  10 
The limited risk of waste leaks in safety-significant waste transfer system SSCs that are 11 
physically connected to, but not on the planned transfer route (i.e., leaks caused by a flow 12 
transient coincident with a mispositioned valve) is addressed by the administrative control (AC) 13 
Key Element Waste Transfer-Associated Structure Cover Installation and Door Closure (see 14 
Section 5.5.3.3), the in-service inspection/test of waste transfer primary piping systems to verify 15 
that waste does not accumulate in waste transfer-associated structures (see Section 4.4.1.5), and 16 
other defense-in-depth features (e.g., transfer leak detection and alarm response) described in 17 
Section 3.3.2.3.2. 18 
 19 
Water hammer due to rapid valve closure.  The evaluation of water hammer due to rapid valve 20 
closure considers the maximum credible valve closure rate.  For valves with non-linear closing 21 
characteristics, the true valve closing will occur towards the end of the physical closure, so that 22 
the valve closure time is a fraction of the actual valve/operator closing time.  (Note:   23 
RPP-RPT-52715, Valve Actuator Failure Modes Evaluation Report, evaluated electrical motor 24 
operated, ¼ turn, rotary valve/actuators with no spring return that are used in SST retrieval 25 
systems, and concluded that there are no credible failure modes where these valves can close 26 
faster than the design cycle time.) 27 
 28 
If failure limits are exceeded, water hammers due to rapid valve closure can be mitigated by 29 
controlling the valve closure rate or controlling when manual waste transfer system valves can be 30 
closed.  Valve closure rates can be controlled with safety-significant valve actuation systems.  31 
(Note:  No evaluation has identified the need for safety-significant valve actuation systems.)  For 32 
manual waste transfer system valves that are required to be positioned during a waste transfer, 33 
SACs can be used to mitigate water hammers.  For example, the SAC Waste Transfer System 34 
Valve Closure Controls mitigates water hammers by verifying, prior to closing a manual waste 35 
transfer system valve used to isolate a SST modified sluicing waste retrieval sluicing system 36 
sluicer, that the waste transfer system isolation valve on the other sluicer is open (see  37 
Section 4.5.10). 38 
 39 
Water hammer due to vapor bubble collapse.  A vapor bubble could be created in a waste 40 
transfer primary piping system if the vacuum created by column separation of water or waste in 41 
the primary piping system could cause the water or waste to vaporize and create a vapor bubble.  42 
The bubble could collapse when the waste transfer is started and cause a water hammer.  The 43 
evaluation for vapor bubble collapse water hammer may consider self-draining systems 44 
(including siphon breaks) or valves that do not fully close that prevent column separation if there 45 
are no credible failure mechanisms (e.g., plugging) as documented (or referenced) in the 46 
evaluation. 47 
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 1 
If failure limits are exceeded, water hammers due to vapor bubble formation and collapse can be 2 
prevented by safety-significant vacuum breakers (see Section 4.4.6).  3 
 4 
Waste Transfer Specific Evaluations.  Waste transfer pump overpressure and flow transient 5 
conditions during waste transfers are waste specific (e.g., specific gravity, vapor pressure, bulk 6 
modulus) and waste transfer system configuration specific (e.g., length, elevation differences, 7 
materials of construction).  Therefore, an evaluation of each waste transfer is required to ensure 8 
that the waste transfer pump overpressure conditions and flow transient conditions during a 9 
waste transfer do not exceed the failure limits, or that the required safety-significant support 10 
SSCs or SACs are identified.  11 
  12 
Failure Criteria and Limits.  The general failure criteria and method for determining specific 13 
component failure limits for waste transfer primary piping system components, HIHTL primary 14 
hose assemblies, and isolation valve for double valve isolation are described in RPP-RPT-52248, 15 
Evaluation of Fitness-For-Service for Over-pressure Events.  Limits can be based on ASME 16 
B31.3 or, if a more rigorous analysis is used, are based on ASME Boiler & Pressure Vessel 17 
Code, Section III, Rules for Construction of Nuclear Facility Components, Division 1, ND-3600 18 
for Service Level D, excluding ND-3655(c).1  These criteria provide a margin of safety to 19 
pressure boundary failure that could result in a waste transfer leak accident.  Using this 20 
methodology and failure criteria, component specific failure limits are determined and are 21 
approved by the TOC Design Authority.   22 
 23 
The evaluation of waste transfer system overpressure and flow transients during waste transfers 24 
is developed, reviewed, and issued in accordance with the engineering procedures referenced in 25 
Section 4.5.7.2.  These procedures are compliant with the TOC quality assurance requirements, 26 
which meet the requirements of NQA-1 (see TFC-PLN-02, Quality Assurance Program 27 
Description).  If the waste transfer pump overpressure conditions or flow transient conditions 28 
during the waste transfer exceed the applicable failure limits, the required safety-significant 29 
support SSCs and SAC are identified and implemented or the waste transfer is not allowed.  30 
Following the engineering process for performing an evaluation of waste transfer pump 31 
overpressure and flow transient conditions during the waste transfer and the need for protection, 32 
there is adequate assurance that physically connected safety-significant SSCs will not be 33 
subjected to waste transfer pump overpressure conditions and safety-significant SSCs on the 34 
planned waste transfer route will not be subjected to flow transient conditions during the waste 35 
transfer that could affect their safety functions. 36 
 37 

                                                 
1 ASME Boiler & Pressure Vessel Code, Section III, Division 1, Appendix F is allowable for non-pressure boundary 
analyses (e.g., piping supports). 
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4.5.7.5 Controls (TSRs).  Waste Transfer System Overpressure and Flow Transient Protection 1 
is a SAC that is implemented as a directed action AC.  The SAC is applicable to  2 
safety-significant waste transfer primary piping systems, HIHTL primary hose assemblies, and 3 
isolation valves for double valve isolation that are physically connected to an active waste 4 
transfer pump not under administrative lock or that are physically connected to the 242-A 5 
Evaporator vessel when the vessel contains waste.  Additional applicability of the SAC is 6 
contained within the SAC requirement. 7 
 8 
The SAC requirement is:  9 
 10 

A documented evaluation shall: 11 
 12 

1. Demonstrate that during waste transfers: 13 
 14 

a. Waste transfer pump overpressure conditions do not exceed the failure limits 15 
of physically connected safety-significant waste transfer primary piping 16 
systems, HIHTL primary hose assemblies, and isolation valves for double 17 
valve isolation. 18 

 19 
AND 20 

 21 
b. Flow transient conditions do not exceed the failure limits of safety-significant 22 

SSCs on the planned waste transfer route.  The planned waste transfer route 23 
includes safety-significant waste transfer primary piping systems, HIHTL 24 
primary hose assemblies, and isolation valves for double valve isolation that 25 
are pressurized by the waste transfer pump, or the gravity head from the  26 
242-A Evaporator vessel when the vessel contains waste, up to the first closed 27 
isolation valve.  The isolation valve is not required to be safety significant 28 
with respect to through valve leakage. 29 

OR 30 
 31 

2. Identify the safety-significant support SSCs that are required to be operable and the 32 
SACs that are required to be applicable to protect the safety function of 33 
safety-significant waste transfer primary piping systems, HIHTL primary hose 34 
assemblies, and isolation valves for double valve isolation from waste transfer pump 35 
overpressure and flow transient conditions during waste transfers. 36 

  37 
4.5.7.6 References  38 
 39 
ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York, 40 

New York. 41 
 42 
ASME Boiler & Pressure Vessel Code, Section III, Rules for Construction of Nuclear Facility 43 

Components, American Society of Mechanical Engineers, New York, New York. 44 
 45 
RPP-RPT-52248, 2012, Evaluation of Fitness-For-Service for Over-pressure Events, Rev. 0, 46 

Washington River Protection Solutions LLC, Richland, Washington.  47 
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 1 
RPP-RPT-52715, 2012, Valve Actuator Failure Modes Evaluation Report, Rev. 0, Washington 2 

River Protection Solutions LLC, Richland, Washington.  3 
 4 
RPP-RPT-52997, 2012, Waste Transfer Pump Hydraulic Power Units - Failure Modes and 5 

Effects Analysis, Rev. 0, Washington River Protection Solutions LLC, Richland, 6 
Washington. 7 

 8 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, as amended, Washington River 9 

Protection Solutions LLC, Richland, Washington. 10 
 11 
TFC-ENG-DESIGN-C-60, Preparation of Piping Analyses for Waste Transfer Systems, as 12 

amended, Washington River Protection Solutions LLC, Richland, Washington. 13 
  14 
TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating Procedures 15 

(Including Water and Chemical Additions), as amended, Washington River Protection 16 
Solutions LLC, Richland, Washington. 17 

 18 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 19 

Protection Solutions LLC, Richland, Washington. 20 
 21 

22 
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4.5.8 Low-Level Radioactive, Mixed, and TRU Waste 1 
Packaging Flammable Gas Controls 2 

 3 
4.5.8.1 Safety Function.  The safety function of the SAC Low-Level Radioactive, Mixed, and 4 
TRU Waste Packaging Flammable Gas Controls is to protect the facility worker from a 5 
flammable gas deflagration due to hydrogen release and accumulation in a low-level radioactive, 6 
mixed, or transuranic (TRU) waste package by venting the package prior to the hydrogen 7 
concentration reaching 5% by volume. 8 
 9 
This control is selected as a SAC for a flammable gas deflagration in a low-level radioactive, 10 
mixed, or TRU waste package (see Section 3.3.2.4.1).  This SAC determines when  11 
safety-significant low-level radioactive, mixed, or TRU waste package vents (i.e., an engineering 12 
control – see Section 4.4.8) are required. 13 
 14 
Note: There may also be other transportation or receiving facility waste packaging vent 15 

requirements that are independent of the requirements for low-level radioactive, mixed, 16 
and TRU waste packaging vents defined in this SAC. 17 

 18 
4.5.8.2 SAC Description.  This SAC is implemented through TFC-PLN-33, Waste 19 
Management Basis.  In accordance with the plan, when low-level radioactive or mixed waste is 20 
temporarily stored in the tank farms or at the 616 Facility in waste packages (i.e., drums or 21 
boxes) without a safety-significant vent1 (i.e., non-vented), the time that the waste package is 22 
closed is tracked until it is shipped (i.e., no longer in the TOC custody).  The waste package data 23 
is entered in the tracking database by one person and is validated by a second person. 24 
 25 
If low-level radioactive waste will be in a closed, non-vented waste package in TOC custody for 26 
longer than 12 months, the plan requires that: 27 
 28 

 A specific analysis may be performed and documented to determine one half the time for 29 
the hydrogen concentration to reach 5% by volume based on the specific waste package, 30 
waste characteristics, and waste volume.  The time the waste is in the package is 31 
continued to be tracked. 32 

 33 
AND  34 

 35 
 The waste package is either shipped or a safety-significant vent is installed on the waste 36 

package prior to 18 months (if a specific analysis is not performed) or prior to one half 37 
the time determined by the analysis for the hydrogen concentration to reach 5% by 38 
volume (if a specific analysis is performed). 39 

 40 
If mixed waste will be in a closed, non-vented waste package in TOC custody for longer than 41 
90 days, the plan requires that: 42 
 43 

                                                 
1 Safety-significant waste packaging vents are described in Section 4.4.8, “Low-Level Radioactive, Mixed, or TRU 
Waste Packaging Vents.” 
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 A specific analysis may be performed and documented to determine one half the time for 1 
the hydrogen concentration to reach 5% by volume based on the specific waste package, 2 
waste characteristics, and waste volume.  The time the waste is in the package is 3 
continued to be tracked. 4 

 5 
AND  6 

 7 
 The waste package is either shipped or a safety-significant vent is installed on the waste 8 

package prior to 100 days (if a specific analysis is not performed) or prior to one half the 9 
time determined by the analysis for the hydrogen concentration to reach 5% by volume 10 
(if a specific analysis is performed). 11 

 12 
For all closed low-level radioactive or mixed waste packages containing equipment that was 13 
waste-intruding equipment,2 the plan requires installation of safety-significant vents unless the 14 
flammable gas concentration inside the equipment is verified to be < 1% of the LFL prior to 15 
closing the waste package. 16 
 17 
For TRU waste packaging, TFC-PLN-33 requires safety-significant waste packaging vents on all 18 
closed TRU waste packages. 19 
 20 
This SAC interfaces with safety-significant low-level radioactive, mixed, and TRU waste 21 
packaging vents which are described in Section 4.4.8, “Low-Level Radioactive, Mixed, or TRU 22 
Waste Packaging Vents.” 23 
 24 
4.5.8.3 Functional Requirements.  The Low-Level Radioactive, Mixed, and TRU Waste 25 
Packaging Flammable Gas Controls is a SAC.  As described below, for low-level radioactive and 26 
mixed waste packaging, the SAC establishes a margin of safety by analyzing and taking action  27 
prior to one half the time required for the hydrogen concentration to reach 5% by volume.  For 28 
low-level radioactive or mixed waste packages containing equipment that was waste-intruding 29 
equipment, venting is required on all closed packages unless the flammable gas concentration 30 
inside the equipment is verified to be < 1% of the LFL prior to closing the waste package. For 31 
TRU waste packaging, venting is required on all closed TRU waste packages based on existing 32 
waste acceptance criteria. 33 
 34 
4.5.8.4 SAC Evaluation.  The Low-Level Radioactive, Mixed, and/or Waste Packaging 35 
Flammable Gas Controls is a SAC that establishes a margin of safety by analyzing and taking 36 
action prior to one half the time for the hydrogen concentration to reach 5% by volume. 37 
 38 
For TOC low-level radioactive and mixed waste packaging, an analysis was performed to 39 
determine one half the time for the hydrogen concentration to reach 5% by volume 40 
(RPP-CALC-42233, Evaluation of Flammable Gas Accumulation and Pressure Buildup in 41 
Non-Vented Temporary Storage Waste Containers at WRPS).  For low-level radioactive waste, 42 

                                                 
2 Waste-intruding equipment is equipment that (1) is open ended or breached below the waste surface in a tank or 
waste transfer-associated structure AND (2) has an unvented vapor space where flammable gases generated or 
retained in the waste may accumulate.  See Section 4.5.6 for additional details. 

RPP-13033 1/29/2015 - 12:56 PM 745 of 1079



RPP-13033 REV 5-E 
 

 

 
4.5.8-3 

the minimum time was greater than 18 months.  For mixed waste, the minimum time was greater 1 
than 100 days. 2 
 3 
When low-level radioactive or mixed waste is packaged in a non-vented waste package, the time 4 
the package is closed is tracked until shipped (i.e., no longer in the TOC custody).  One person 5 
enters the data in the tracking database, and a second person verifies the input information is 6 
correct.  Both persons are trained on the use of the tracking database.  The tracking database uses 7 
software that has been qualified in accordance with software quality assurance requirements.  If 8 
the waste package is shipped prior to 1 year (low-level radioactive waste) or 90 days (mixed 9 
waste), no other actions are required.  If the waste package will not be shipped prior to the 10 
1 year/90 days times, then either of the following is performed. 11 
 12 

 The analysis in RPP-CALC-42233 can be used and a safety-significant vent installed on 13 
the waste package prior to 18 months (low-level radioactive waste) or 100 days (mixed 14 
waste).  If the vents are installed prior to the specified times, then no other action is 15 
required by this control. 16 

 17 
 A specific analysis may be performed for the waste package.  The times of 18 months 18 

and 100 days are bounding for TOC waste packages and allowed packaging limits.  One 19 
half the time for the hydrogen concentration to reach 5% by volume for specific waste 20 
packages may be much longer.  The analysis is performed by a qualified analyst and is 21 
reviewed by another qualified analyst.  The analysis determines the time limit prior to 22 
which the waste package must be shipped or a safety-significant vent installed on the 23 
waste package.  The time that the waste package is closed is continued to be tracked until 24 
either the waste package is shipped or the vent is installed. 25 

 26 
For all closed low-level radioactive or mixed waste packages containing equipment that was 27 
waste-intruding equipment, a safety-significant vent is required unless the flammable gas 28 
concentration inside the equipment is verified to be < 1% of the LFL prior to closing the waste 29 
package.  This requirement protects the analysis in RPP-CALC-42233, which assumes the initial 30 
hydrogen concentration in a low-level radioactive or mixed waste package prior to closure is  31 
0% by volume.  Verification that the flammable gas concentration inside the equipment is  32 
< 1% of the LFL may be performed by flammable gas monitoring or a documented evaluation. 33 
 34 
If flammable gas monitoring is performed to verify that the flammable gas concentration inside 35 
the equipment is < 1% of the LFL, the monitoring would be performed by an industrial hygiene 36 
technician (IHT) using a calibrated portable combustible gas monitor (CGM).  The IHTs are 37 
trained on the proper use of the CGM.  Retraining is provided every two years to reinforce the 38 
proper way to take a sample.  The CGM is an instrument calibrated in accordance with the 39 
requirements of TFC-PLN-02, Quality Assurance Program Description, Section 2.12, “Control 40 
of Measuring and Test Equipment.”  The CGM is not designated safety significant since it is not 41 
installed plant equipment (see Section 3.3.1.5).  The sample is drawn from a location that meets 42 
the requirements of TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring, to ensure that the 43 
sample is representative of the vapor space inside the equipment. 44 
 45 
If an evaluation is used to verify that the flammable gas concentration inside the equipment is 46 
< 1% of the LFL, the evaluation is documented in accordance with TFC-ENG-FACSUP-C-02, 47 
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Operability/Technical Evaluations.  In accordance with TFC-ENG-FACSUP-C-02, a second 1 
engineer reviews the evaluation. 2 
 3 
Verifying the flammable gas concentration inside the equipment is < 1% of the LFL protects the 4 
RPP-CALC-42233 analysis assumption that the initial hydrogen concentration is 0% by volume.  5 
The expectation is that either flammable gas monitoring or a documented evaluation would 6 
demonstrate the hydrogen concentration inside the equipment is approximately 0% by volume, 7 
and the < 1% of the LFL criteria addresses practical limitations in verifying 0% by volume, 8 
including CGM instrument accuracy.  Based on CGM instrument error analyzed in RPP-45645, 9 
Tank Farm Combustible Gas Monitoring Equipment Uncertainty Analysis, the margin of safety 10 
in the RPP-CALC-42233 analysis (i.e., one half the time for the hydrogen concentration to reach  11 
5% by volume), and the use of 1% of the LFL, which is based on 4% hydrogen by volume as the 12 
LFL, verifying the flammable gas concentration inside the equipment is < 1% of the LFL 13 
acceptably protects the RPP-CALC-42233 analysis. 14 
 15 
For TRU waste packaging, all closed TRU waste packages require safety-significant vents to 16 
prevent the hydrogen concentration from reaching 5% by volume.  This requirement is 17 
established in the waste acceptance criteria for TRU waste packaging contained in Appendix G 18 
(Contact-Handled TRU Waste) and Appendix I (Remote-Handled TRU Waste) of 19 
HNF-EP-0063, Hanford Site Solid Waste Acceptance Criteria. 20 
 21 
The effectiveness of this SAC is evaluated each year through a Management Assessment. 22 
 23 
4.5.8.5 Controls (TSRs).  Low-Level Radioactive, Mixed, and TRU Waste Packaging 24 
Flammable Gas Controls is a SAC that is implemented as a directed action AC with the 25 
following requirements. 26 
 27 

 When low-level radioactive or mixed waste is packaged in a non-vented waste package 28 
(i.e., drums or boxes without a safety-significant vent), the time that the waste package is 29 
closed shall be tracked until shipped (i.e., no longer in TOC custody). 30 

 31 
 When low-level radioactive or mixed waste is packaged in a non-vented waste package, 32 

the waste package shall be shipped or a safety-significant vent shall be installed prior to 33 
one half the time calculated for the hydrogen concentration in the waste package to reach 34 
5% by volume. 35 
 36 

 Safety-significant vents shall be installed on all closed low-level radioactive or mixed 37 
waste packages containing equipment that was waste-intruding equipment unless the 38 
flammable gas concentration inside the equipment is verified to be < 1% of the LFL prior 39 
to closing the waste package. 40 
 41 

 Safety-significant vents shall be installed on all closed TRU waste packages. 42 
 43 
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4.5.9 Double Valve Isolation 1 
 2 
4.5.9.1 Safety Function.  The safety function of the SAC Double Valve Isolation is to ensure 3 
that safety-significant isolation valves for double valve isolation (see Section 4.4.3) are in the 4 
closed or block flow position when used to physically disconnect waste transfer primary piping 5 
systems, HIHTL primary hose assemblies, and interfacing water systems.  In their closed or 6 
block flow position, safety-significant isolation valves limit waste leakage into the physically 7 
disconnected waste transfer primary piping systems, HIHTL primary hose assemblies, and 8 
interfacing water systems.  Limiting waste leakage decreases the consequences of a fine spray 9 
leak due to a misroute.  In addition, limiting waste leakage protects the facility worker from a 10 
wetting spray/jet/stream leak and from a flammable gas deflagration in a waste 11 
transfer-associated structure (or other facility) due to a misroute. 12 
 13 
This control is identified as a SAC for waste transfer leaks due to a misroute (see 14 
Section 3.3.2.4.3) and release from a contaminated facility (flammable gas deflagration in a 15 
waste transfer-associated structure or other facility) (see Section 3.3.2.4.4).  This SAC 16 
determines when safety-significant isolation valves for double valve isolation (i.e., an 17 
engineering control – see Section 4.4.3) are required. 18 
 19 
4.5.9.2 SAC Description.  Two safety-significant isolation valves are used to physically 20 
disconnect waste transfer primary piping systems, HIHTL primary hose assemblies, and 21 
interfacing water systems.    22 
 23 
Safety-significant isolation valves are used to limit the leakage of waste (through valve leakage) 24 
into physically disconnected waste transfer primary piping systems, HIHTL primary hose 25 
assemblies, and interfacing water systems.  The safety-significant isolation valves for double 26 
valve isolation are described in Section 4.4.3.  To provide isolation, the safety-significant 27 
isolation valves may be two-way (two-port) valves in the “closed” position, or three-way 28 
(three-port) valves in the “block flow” position.  Safety-significant isolation valves are 29 
positioned by either T-handle actuation, wrench, or gear actuators. 30 
 31 
The safety-significant isolation valves have a valve stop disk installed on the valve stem to 32 
support alignment of the valve.  When the valves utilize a valve stop (a valve stop consists of a 33 
valve stop disk and a valve stop pin) for valve positioning (i.e., closed or block flow), the valve 34 
stop disk is rotated against the valve stop pin. 35 
 36 
Some gear-actuated safety-significant isolation valves have a valve indicating disk and reference 37 
pointer.  The valve indicating disk is attached to the shaft of the gear actuator.  The valve 38 
indicating disk has markings (i.e., pointer, painted line, notch, decal) aligned to each of the ports 39 
in the valve ball.  The reference pointer is located on the gear actuator housing.  During 40 
installation, the reference pointer is adjusted so that when the reference pointer on the gear 41 
actuator housing is lined up with the markings on the indicating disk, the valve is in the block 42 
flow position.  The gear actuator is rotated to align the reference pointer on the actuator housing 43 
with the marking on the indicating disk for all valve positions. 44 
 45 
Two-way T-handle safety-significant isolation valves with valve stops and three-way T-handle 46 
valves with valve stops in the outboard positions (i.e., 0 and 180 degree positions for three 47 
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position valves and 0 and 90 degree positions for two position valves) are closed by rotating the 1 
valve stop disk against the valve stop pins. 2 
 3 
Gear-actuated safety-significant isolation valves that have valve stops also have gear actuator 4 
stops.  These valves are positioned in the outboard positions by rotating the valve stop disk 5 
against the valve stop pin.  Since stops exist for both the valve and gear actuator, a camera and 6 
reference photograph are used to verify the valve stop disk is in contact with or close proximity 7 
to the valve stop pin (i.e., the actuator stop did not prevent the valve from being properly 8 
positioned). 9 
 10 
The motor operator has been removed from some three-way valves and the valves are positioned 11 
manually with a wrench.  These valves have valve stop pins and valve stop disks.  The linkage 12 
between the wrench and the valve stem may not operate properly (i.e., the linkage may rotate 13 
without the valve stem rotating).  Therefore, the operator may not know if the valve is being 14 
properly positioned.  A camera is used to verify the valve stop disk is in contact with or close 15 
proximity to the valve stop pin. 16 
  17 
Following positioning of a safety-significant isolation valve, a tamper seal may be applied to the 18 
valve to establish that the valve has been positioned in accordance with the requirements of this 19 
SAC.  An entry is then made into the Tank Farm Transfer Valve Tamper Seal Log in accordance 20 
with TO-020-610, Operate Tank Farms Waste Transfer System Valves.  The entry in the Tank 21 
Farm Transfer Valve Tamper Seal Log identifies the valve number and position, and the tamper 22 
seal number. 23 
 24 
Each isolation valve that is qualified to be used as a safety-significant isolation valve is identified 25 
in the Safety Equipment Compliance Database (SECD) (TFC-ENG-FACSUP-C-23, Equipment 26 
Identification and Data Management).  TO-020-610 lists each safety-significant isolation valve 27 
and the correct method used to position the valve. 28 
 29 
Engineering Selection of the Isolation Valves 30 
 31 
The responsible engineer assigned to develop the procedures for a waste transfer uses 32 
configuration controlled documents to identify the waste transfer route.  The responsible 33 
engineer then refers to the SECD to identify the safety-significant isolation valves required to 34 
physically disconnect (i.e., isolate) waste transfer primary piping systems, HIHTL primary hose 35 
assemblies, and interfacing water systems.  The responsible engineer documents the waste 36 
transfer route and selected safety-significant isolation valves in a waste retrieval or transfer 37 
operating procedure in accordance with TFC-OPS-OPER-C-49, Development of Waste Retrieval 38 
and Transfer Operating Procedures (Including Water and Chemical Additions).  A second 39 
engineer reviews the waste retrieval or transfer operating procedure to verify that the transfer 40 
route and the safety-significant isolation valves used for double valve isolation are correctly 41 
identified. 42 
 43 
Closure of the Safety-Significant Isolation Valves 44 
 45 
Each safety-significant isolation valve that needs to be closed is identified in a continuous use 46 
waste retrieval or transfer operating procedure developed for each waste transfer.  Each  47 
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safety-significant isolation valve is positioned in accordance with continuous use operating 1 
procedure TO-020-610 that includes the correct method to position each isolation valve or with 2 
the continuous use waste retrieval or transfer operating procedure that includes the correct 3 
method to position each isolation valve from TO-020-610.  An exception is the positioning of  4 
T-handle actuated two-way isolation valves that are positioned using valve stops.  For these 5 
isolation valves, positioning in accordance with a continuous use procedure is only required for 6 
the first valve positioned by each work crew each shift.  This is acceptable because the 7 
positioning of T-handle actuated two-way isolation valves that are positioned using valve stops is 8 
simple (i.e., the valve is closed by rotating the valve clockwise until the valve stop disk is 9 
positioned against the valve stop pin) and, therefore, the subsequent positioning of these isolation 10 
valves by the same work crew during a shift in accordance with a continuous use operating 11 
procedure is not required to ensure the valves are correctly closed. 12 
 13 
A second worker, separated by time and distance, independently verifies the correct valve 14 
position.  Both workers are trained on the safety-significant isolation valve types and the 15 
procedure for positioning each valve configuration.  The procedure identifies when a camera is 16 
required to verify that the valve stop disk is in contact with or close proximity to the valve stop 17 
pin.  If a tamper seal is attached to the valve, the operator verifies the tamper seal number and 18 
valve number in the field matches the information in the Tank Farm Transfer Valve Tamper Seal 19 
Log, and verifies the valve number and valve position in the Log against the required valve 20 
position identified in the waste retrieval or transfer operating procedure.  The second operator 21 
confirms the tamper seal number and valve number in the Tank Farm Transfer Valve Tamper 22 
Seal Log matches the valve information in the field, and the valve is in the position required by 23 
the waste retrieval or transfer operating procedure. 24 
 25 
This SAC interfaces with safety-significant isolation valves for double valve isolation (see 26 
Section 4.4.3).  The boundaries of the safety-significant isolation valves for double valve 27 
isolation are described in Section 4.4.3, including the components relied upon for proper 28 
isolation valve positioning.  Functional/performance requirements for safety-significant 29 
components are also provided. 30 
 31 
4.5.9.3 Functional Requirements.  The SAC Double Valve Isolation shall independently 32 
verify that two safety-significant isolation valves are in the closed or block flow position when 33 
used to physically disconnect waste transfer primary piping systems, HIHTL primary hose 34 
assemblies, and interfacing water systems.    35 
 36 
4.5.9.4 SAC Evaluation.  Activities covered under this SAC are performed prior to removing 37 
the administrative lock from an active waste transfer pump.  This includes waste transfers to the 38 
242-A Evaporator vessel.  Safety-significant isolation valve positioning is performed by a 39 
continuous use procedure, or procedures, and there is specific training on the correct method to 40 
close each configuration of safety-significant isolation valve.  Each safety-significant isolation 41 
valve is assigned a unique identification number, and the number is provided in a continuous use 42 
procedure and is identified in the field. 43 
 44 
For T-handle actuated safety-significant isolation valves, valve stops are generally provided for 45 
two-way valves and the three-way valves in the outboard positions.  When valve stops are 46 
available, they are used to properly position the valve.  When the valve stop disk is rotated 47 
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against the valve stop pin, the valve is in the closed or block flow position within valve over- or 1 
under-travel tolerance (see RPP-RPT-41859, Safety-Significant Isolation Valves for Double 2 
Valve Isolation – Functions and Requirements Evaluation Document).  Verification that the 3 
valve stop disk is positioned against the valve stop pin is provided by a second independent 4 
worker.   5 
 6 
For gear actuated valves, when valve stops are available and utilized, a camera and reference 7 
photograph are used to verify the valve stop disk is in contact with or close proximity to the 8 
valve stop pin.  This additional verification is required since the gear actuator also has internal 9 
stops that may inhibit proper valve positioning.  To ensure that the actuator stop has not 10 
prevented the valve stop disk from contacting or being in close proximity to the valve stop pin, 11 
the camera and reference photograph is used.  An evaluation was performed (see 12 
RPP-RPT-41859) to demonstrate the camera can be used to ensure valve positioning within the 13 
over- or under-travel tolerance of the valve.   14 
 15 
For safety-significant isolation valves where the motor operator has been removed and the valves 16 
are positioned manually using a wrench, a camera and reference photograph are also used to 17 
verify the valve stop disk is in contact with or close proximity to the valve stop pin.  This 18 
additional verification is required since there have been failures of the linkage used between the 19 
wrench and the valve stem, and the valve stem may not turn with the linkage. 20 
 21 
A valve indicating disk and reference pointer have been installed on some gear-actuated valves.  22 
The reference pointer on the actuator housing is aligned with the markings on the valve 23 
indicating disk during installation.  The reference pointer and valve indicating disk are used to 24 
properly position the valve in all positions.  An evaluation was performed to document that the 25 
use of the indicating disk and reference pointer provide valve positioning within the valve 26 
over-or under-travel tolerances (see RPP-RPT-41859). 27 
  28 
If tamper seals are used to track the verified position of safety-significant isolation valves, they 29 
provide assurance that the valve is in the correct position without requiring the valve to be 30 
re-positioned.  The tamper seal has a unique number, and the tamper seal number, valve number, 31 
and valve position are entered into the Tank Farm Transfer Valve Tamper Seal Log.  The 32 
personnel responsible for positioning the valve verify that the seal number, valve number, and 33 
position information in the Tank Farm Transfer Valve Tamper Seal Log match the seal and valve 34 
number in the field, and that the valve position as identified in the Log is in accordance with the 35 
waste retrieval or transfer operating procedure.  Independent verification is performed similarly. 36 
 37 
To increase the effectiveness of this SAC, activities associated with the identification of the 38 
required safety-significant isolation valves, and the actual steps to verify the valve position, have 39 
second person verification.  Additionally, the workers who position the valves use a continuous 40 
use procedure, or procedures, that provide the specific instructions for each valve configuration, 41 
and the operators are trained on the correct method to position each configuration.  An exception 42 
is the positioning of T-handle actuated two-way isolation valves that are positioned using valve 43 
stops where positioning in accordance with a continuous use procedure is only required for the 44 
first valve positioned by each work crew each shift because positioning is simple (see 45 
Section 4.5.9.2 Closure of the Safety-Significant Isolation Valves above).  To ensure continued 46 
effectiveness of this control, the operators receive refresher training each two years.47 

RPP-13033 1/29/2015 - 12:56 PM 753 of 1079



RPP-13033 REV 5-E 
 
 

 
4.5.9-5 

 1 
This SAC requires two safety-significant isolation valves for double valve isolation to be in the 2 
closed or block flow position to physically disconnect waste transfer primary piping systems, 3 
HIHTL primary hose assemblies, and interfacing water systems.  If either valve is properly 4 
positioned, there will not be a misroute event.  This provides defense-in-depth against a single 5 
valve not being properly positioned (i.e., closed or in the block flow position). 6 
  7 
4.5.9.5 Controls (TSRs).  Double Valve Isolation is a SAC that is implemented as a directed 8 
action AC.  The following requirements are applicable to safety-significant isolation valves for 9 
double valve isolation used to physically disconnect waste transfer primary piping systems, 10 
HIHTL primary hose assemblies, and interfacing water systems when active waste transfer 11 
pumps are not under administrative lock, or when the 242-A Evaporator vessel contains waste.  12 
(See Section 3.3.2.4.3.5 for definitions of physically connected and when the 242-A Evaporator 13 
vessel contains waste.) 14 
 15 

1. Identify two safety-significant isolation valves required to physically disconnect waste 16 
transfer primary piping systems, HIHTL primary hose assemblies, and interfacing water 17 
systems.   18 

 19 
2. Position the identified safety-significant isolation valves in the closed or block flow 20 

position, or verify the correct position of the safety-significant isolation valves with 21 
attached tamper seals. 22 

 23 
3. Provide independent verification that the identified safety-significant isolation valves are 24 

in the closed or block flow position. 25 
 26 
4.5.9.6 References  27 
 28 
RPP-RPT-41859, 2014, Safety-Significant Isolation Valves for Double Valve Isolation – 29 

Functions and Requirements Evaluation Document, Rev. 6, Washington River Protection 30 
Solutions LLC, Richland, Washington. 31 

 32 
TFC-ENG-FACSUP-C-23, Equipment Identification and Data Management, as amended, 33 

Washington River Protection Solutions LLC, Richland, Washington.  34 
 35 
TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating Procedures 36 

(Including Water and Chemical Additions), as amended, Washington River Protection 37 
Solutions LLC, Richland, Washington. 38 

 39 
TO-020-610, Operate Tank Farms Waste Transfer System Valves, as amended, Washington 40 

River Protection Solutions LLC, Richland, Washington. 41 
 42 
 43 
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4.5.10 Waste Transfer System Valve Closure Controls 1 
 2 
4.5.10.1 Safety Function.  The safety function of the SAC Waste Transfer System Valve 3 
Closure Controls is to prevent the loss of the safety function of safety-significant SSCs from 4 
flow transients (i.e., water hammer) caused by closing manual waste transfer system valves 5 
during waste transfers.  The protected safety-significant SSCs and their safety functions are:  6 
 7 

 Waste transfer primary piping systems – safety function is to provide confinement of the 8 
waste.  9 
 10 

 HIHTL primary hose assemblies – safety function is to provide confinement of waste.  11 
 12 

 Isolation valves for double valve isolation – safety function is to limit leakage of waste 13 
(through valve leakage).  14 

 15 
This control is identified as a SAC to protect safety-significant waste transfer system primary 16 
piping systems (see Section 4.4.1), HIHTL primary hose assemblies (see Section 4.4.2), and 17 
isolation valves for double valve isolation (see Section 4.4.3) from flow transients (water 18 
hammer) during waste transfers. This SAC ensures that a manual waste transfer valve used to 19 
isolate a sluicer is not closed unless the manual waste transfer system valve used to isolate the 20 
other sluicer is verified to be open.  For the existing sluicer systems where manual waste transfer 21 
system valves are used to isolate the sluicers, a SAC is the only available method for 22 
implementing this requirement (i.e., there is no practical engineered control). 23 
 24 
4.5.10.2 SAC Description.  SST modified sluicing waste retrieval systems retrieve waste from 25 
designated SSTs and transfer the retrieved waste to the DST system. The SST modified sluicing 26 
waste retrieval systems employ two sluicers.  The sluicers may be sluicing nozzles installed in 27 
the tank headspace via SST risers or extended reach sluicer systems (ERSS) that place the sluicer 28 
nozzle closer to the waste.  To minimize the use of water during sluicing operations, a 29 
supernatant pump may be used in a DST to provide supernatant for the sluicing systems.  Manual 30 
waste transfer system valves are used to isolate the sluicers.  See Section 2.5.2.4 for additional 31 
details. 32 
 33 
The Waste Transfer System Overpressure and Flow Transient Protection SAC (see Section 4.5.7) 34 
identifies if the SAC Waste Transfer System Valve Closure Controls is applicable to a SST 35 
modified sluicing waste retrieval system (i.e., the system for transferring DST supernatant to the 36 
SST sluicers).  That is, the Waste Transfer System Overpressure and Flow Transient Protection 37 
SAC evaluation determines if stopping DST supernatant pump flow could cause a flow transient 38 
(water hammer) that exceeds the failure limits of safety-significant waste transfer system primary 39 
piping systems, HIHTL primary hose assemblies, or isolation valves for double valve isolation.  40 
The concern is that during sluicing operations a manual waste transfer system valve used to 41 
isolate a sluicer is closed when the other sluicer is isolated (e.g., when switching sluicers).  42 
(Note:  The only time in waste retrieval procedures that manual waste transfer system valves are 43 
closed or repositioned when physically connected to an active waste transfer pump not under 44 
administrative lock is for sluicer operations.) 45 
 46 
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If the SAC Waste Transfer System Valve Closure Controls is applicable, TFC-OPS-OPER-C-49, 1 
Development of Waste Retrieval and Transfer Operating Procedures (Including Water and 2 
Chemical Additions), requires that waste retrieval procedures incorporate controls to ensure that 3 
flow transients (water hammer) caused by stopping DST supernatant flow are prevented.  The 4 
controls are applicable when the SST modified sluicing waste retrieval system sluicers are 5 
physically connected to an active waste transfer pump not under administrative lock.   The 6 
primary control is that, prior to closing a manual waste transfer system valve used to isolate a 7 
sluicer, the waste transfer system valve used to isolate the other sluicer is open.  This is 8 
accomplished in the waste retrieval procedure by first verifying the waste transfer valve used to 9 
isolate the other sluicer is in the open position.  Verification is also required that waste is flowing 10 
through both sluicers based on visual observation inside the SST. 11 
 12 
4.5.10.3 Functional Requirements.  The SAC Waste Transfer System Valve Closure Controls 13 
shall ensure that, during SST modified sluicing waste retrieval operations, a manual waste 14 
transfer system valve used to isolate a sluicer is not closed unless the manual waste transfer 15 
system valve used to isolate the other sluicer is verified to be open.  That is, during DST 16 
supernatant pump waste transfers to the SST sluicers there is always flow through one of the two 17 
sluicers (i.e., a manual valve closure that stops flow and causes an adverse water hammer is 18 
prevented). 19 
 20 
4.5.10.4 SAC Evaluation.  When required by the SAC Waste Transfer System Overpressure 21 
and Flow Transient Protection, the SAC Waste Transfer System Valve Closure Controls is 22 
implemented by TFC-OPS-OPER-C-49.  In accordance with TFC-OPS-OPER-C-49, a second 23 
engineer reviews the waste retrieval procedure to ensure the SAC Waste Transfer System Valve 24 
Closure Controls requirements are incorporated. 25 
 26 
To ensure that flow transients (water hammer) caused by stopping DST supernatant flow are 27 
prevented, the SAC Waste Transfer System Valve Closure Controls requires the following prior 28 
to closing a manual waste transfer system valve used to isolate a sluicer. 29 
 30 

1. Verify the waste transfer system valve used to isolate the other sluicer is in the open 31 
position. 32 
 33 

2. Verify based on visual observation inside the SST that waste is flowing through both 34 
sluicers. 35 
 36 

The waste transfer system valves used to isolate the sluicers are assigned a unique identification 37 
number, and the number is provided in the continuous use waste retrieval procedure and is 38 
identified in the field.  TO-020-610, Operate Tank Farms Waste Transfer System Valves, 39 
provides the correct method used to position (i.e., open and close) manual waste transfer system 40 
valves.  In addition, visual observation that waste is flowing from both sluicers inside the SST 41 
using a camera provides a second, diverse and independent method to verify the waste transfer 42 
valves used to isolate the sluicers are open prior to closing a manual waste transfer system valve 43 
used to isolate a sluicer.  The camera is not classified as safety significant since its only function 44 
is to provide visual observation inside the SST and this function is verified when the camera is 45 
used by the operator.  46 
 47 
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Following the requirements of TFC-OPS-OPER-C-49 that ensures the SAC Waste Transfer 1 
System Valve Closure Controls are incorporated into waste retrieval procedures, and following 2 
the SAC Waste Transfer System Valve Closure Controls requirements that ensures a manual 3 
valve closure that stops flow is prevented, provides adequate assurance that safety-significant 4 
SSCs will not be subjected to flow transients (water hammer) that could affect their safety 5 
function(s). 6 
 7 
4.5.10.5 Controls (TSRs).  Waste Transfer System Valve Closure Controls is a SAC that is 8 
implemented as a directed action AC.  The SAC is applicable when required by the Waste 9 
Transfer System Overpressure and Flow Transient Protection SAC (see Section 4.5.7).  10 
Additional applicability of the SAC is contained within the SAC requirements.   11 
 12 
The SAC requirements are: 13 

 14 
For SST modified sluicing waste retrieval systems with two sluicers that are physically 15 
connected to an active waste transfer pump not under administrative lock, prior to closing a 16 
manual waste transfer system valve used to isolate a sluicer: 17 
 18 

1. Verify the waste transfer system valve used to isolate the other sluicer is in the open 19 
position. 20 

 21 
AND 22 
 23 
2. Verify based on visual observation inside the SST that waste is flowing through both 24 

sluicers. 25 
 26 
4.5.10.6 References  27 
 28 
TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating Procedures 29 

(Including Water and Chemical Additions), as amended, Washington River Protection 30 
Solutions LLC, Richland, Washington. 31 

 32 
TO-020-610, Operate Tank Farms Waste Transfer System Valves, as amended, Washington 33 

River Protection Solutions LLC, Richland, Washington.  34 
 35 
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4.5.11 Waste Transfer System Freeze Protection 1 
 2 
4.5.11.1 Safety Function.  The safety function of the SAC Waste Transfer System Freeze 3 
Protection is to prevent the loss of the safety function of safety-significant SSCs from freezing 4 
during waste transfers.  The protected safety-significant SSCs and their safety functions are: 5 
 6 

 Waste transfer primary piping systems located in waste transfer-associated structures – 7 
safety function is to provide confinement of waste. 8 

 9 
 Isolation valves for double valve isolation located in waste transfer-associated structures 10 

– safety function is to limit leakage of waste (through valve leakage). 11 
 12 
 Buried/bermed waste transfer primary piping – safety function is to provide confinement 13 

of waste. 14 
 15 
This control is identified as a SAC to protect safety-significant waste transfer system primary 16 
piping systems (see Section 4.4.1) and isolation valves for double valve isolation (see 17 
Section 4.4.3) from freezing during waste transfers when their failure could directly result in a 18 
waste leak.  The Waste Transfer System Freeze Protection SAC requires temperature monitoring 19 
to protect these safety-significant SSCs during waste transfers (i.e., when physically connected to 20 
an active waste transfer pump not under administrative lock).  Although engineered features may 21 
be used to maintain the temperature of waste transfer-associated structures and buried/bermed 22 
waste transfer primary piping > 32°F (e.g., heat trace, heaters in structures, heated structure 23 
enclosures), monitoring temperature is a direct measurement of the parameter of concern and is 24 
the preferred and most practical control.  The installed temperature monitoring systems required 25 
to support this SAC are designated safety significant (see Section 4.4.9). 26 
 27 
Note: See also Section 4.5.12, “Waste Transfer System Freeze Protection for SST 241-C-107 28 

MARS Containment Box and Transition Shield Box,” and Section 4.5.13, “SST  29 
241-C-105 Waste Transfer System Freeze Protection Using Automated Temperature 30 
Monitoring Systems (ATMS). 31 

 32 
4.5.11.2 SAC Description.  Waste transfer system safety-significant SSCs (i.e., waste transfer 33 
primary piping systems, HIHTL primary hose assemblies, and isolation valves for double valve 34 
isolation) are potentially exposed to freezing temperatures (i.e., temperatures < 32°F).  The 35 
system evaluations of these waste transfer system safety-significant SSCs identified and 36 
evaluated potential failure modes that could cause the loss of their safety function, including 37 
freezing.  The system evaluations concluded the following. 38 
 39 

 Waste transfer primary piping systems (Section 4.4.1) – The evaluation of waste transfer 40 
primary piping systems identified freezing as a potential failure mode that could cause 41 
loss of the safety function to provide confinement of waste during a waste transfer.  An 42 
exception is flexible non-metallic hoses (i.e., EPDM hoses), including their hose barbs 43 
and Chemjoint connectors, where the evaluation concluded that freezing is not a credible 44 
failure mode (i.e., freezing would not cause loss of the safety function to provide 45 
confinement of waste). 46 
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 1 
 HIHTL primary hose assemblies (Section 4.4.2) – The evaluation of the wire-reinforced, 2 

EPDM primary hose and the hose connectors concluded that freezing is not a credible 3 
failure mode (i.e., freezing would not cause loss of the safety function to provide 4 
confinement of waste). 5 

 6 
 Isolation valves for double valve isolation (Section 4.4.3) – The evaluation of isolation 7 

valves for double valve isolation identified freezing as a potential failure mode that could 8 
cause loss of the safety function to limit the leakage of waste (through valve leakage) 9 
during a waste transfer. 10 

 11 
Based on the above, the Waste Transfer System Freeze Protection SAC is identified to protect 12 
waste transfer primary piping systems and isolation valves for double valve isolation located in 13 
waste transfer-associated structures (except the SST 241-C-107 mobile arm retrieval system 14 
[MARS] containment box and transition shield box [see Section 4.5.12] and waste  15 
transfer-associated structures where the SST 241-C-105 waste transfer freeze protection ATMS 16 
provide freeze protection [see Section 4.5.13]) and buried/bermed waste transfer primary piping 17 
during waste transfers when these safety-significant SSCs are required to be operable (i.e., when 18 
physically connected to an active waste transfer pump not under administrative lock).  (Note:  19 
The Winterization/Freeze Protection defense-in-depth feature is identified to protect these  20 
safety-significant SSCs when waste transfers are not occurring.)   21 
 22 
The Waste Transfer System Freeze Protection SAC is not applicable to waste transfer primary 23 
piping systems and isolation valves for double valve isolation that are physically connected to 24 
the 242-A Evaporator vessel when the vessel contains waste, because potential waste transfer 25 
leak accidents during gravity waste transfers are beyond extremely unlikely or are prevented by 26 
existing TSR controls.  That is, a fine spray leak is not possible at the pressures (head) of a 27 
gravity waste transfer from the 242-A Evaporator (see Section 3.3.2.4.3), a wetting 28 
spray/jet/stream leak during a 242-A Evaporator gravity waste transfer at a location where a 29 
facility worker could be directly contacted (wetted) causing chemical (caustic) burns is beyond 30 
extremely unlikely, and a flammable gas accident caused by a waste leak into a waste 31 
transfer-associated structure is prevented by the inspections for waste leaks required for waste 32 
transfer primary piping systems (see Section 4.4.1). 33 
 34 
The Waste Transfer System Freeze Protection SAC is only applicable in October, November, 35 
December, January, February, and March, because there is no freezing hazard for waste transfer 36 
system safety-significant SSCs in April, May, June, July, August, and September.  PNNL-14616, 37 
Hanford Site Climatological Data Summary 2003 with Historical Data, shows that the daily 38 
extreme minimum temperature in June, July, and August is > 32°F (see PNNL-14616  39 
Table 3.10, “Monthly Normal Temperature (°F) and Monthly Extremes of Maximum and 40 
Minimum Temperatures (°F)”).  During April, May, and September, minimum temperatures 41 
< 32°F occur (see PNNL-14616 Table 3.7, “Monthly and Seasonal Number of Days with 42 
Minimum Temperatures (°F) at or below 32°F or 0°F”), but the time the temperature remains 43 
< 32°F is short, typically 1 or 2 hours with a longest time of 9 hours (RPP-RPT-53045, 44 
Evaluation of Selected Hanford Station Meteorological Data – Air Temperature).  The short time 45 
that the air temperature is < 32°F in April, May, and September is less than the time to remove 46 
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½ the heat of fusion from the waste within waste transfer system safety-significant SSCs after the 1 
waste transfer-associated structure or waste transfer primary piping encasement reaches 32°F 2 
(see RPP-CALC-51223, General Transient Thermal Analysis of Waste Transfer Piping).  With 3 
respect to soil temperature, PNNL-14616 Table 3.15, “Subsurface Soil Temperatures (°F) at 4 
Depths of 0.5, 15, and 36 Inches,” shows that the lowest monthly average soil temperatures are 5 
well above 32°F in April, May, and September.  In addition, RPP-RPT-53046, Evaluation of 6 
Selected Hanford Station Meteorological Data – Ground Temperature, shows that during April, 7 
May, and September there are no temperatures < 32°F at a soil depth of 15 in. and at a soil depth 8 
of 0.5 in. the time the temperature remains < 32°F is short, with a longest time of 7 hours.  This 9 
soil temperature data demonstrates that there is no freezing hazard in buried/bermed waste 10 
transfer primary piping in April, May, and September. 11 
 12 
The Waste Transfer System Freeze Protection SAC is implemented by TFC-OPS-OPER-C-49, 13 
Development of Waste Retrieval and Transfer Operating Procedures (Including Water and 14 
Chemical Additions).  The responsible engineer assigned to develop the procedure for the waste 15 
transfer identifies the waste transfer route, and the waste transfer-associated structures and the 16 
buried/bermed waste transfer primary piping that are physically connected to the waste transfer 17 
pump.  The requirements of the Waste Transfer System Freeze Protection SAC described in the 18 
following sections for the physically connected waste transfer-associated structures and 19 
buried/bermed waste transfer primary piping are then implemented and documented in the waste 20 
retrieval or transfer operating procedure in accordance with TFC-OPS-OPER-C-49.  A second 21 
engineer reviews the waste retrieval or transfer operating procedure.  (Note:  Separate continuous 22 
use operating procedures, referenced in the waste retrieval or transfer operating procedure, may 23 
be used for temperature monitoring of waste transfer-associated structures and waste transfer 24 
primary piping encasements.  These procedures are also developed by the responsible engineer 25 
and reviewed by a second engineer.  See also the exceptions to the requirement to use a 26 
continuous use procedure below.) 27 
 28 
4.5.11.2.1 Freeze Protection for Waste Transfer-Associated Structures.  The Waste Transfer 29 
System Freeze Protection SAC is applicable to waste transfer-associated structures that are 30 
physically connected to an active waste transfer pump not under administrative lock.  Exceptions 31 
are physically connected waste transfer-associated structures where a documented evaluation 32 
demonstrates there is no freezing hazard during the waste transfer for the physically connected 33 
safety-significant SSCs (i.e., waste transfer primary piping systems and isolation valves for 34 
double valve isolation) located in the structure.  The evaluation is performed in accordance with 35 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations. 36 
 37 
An example of a physically connected waste transfer-associated structure where there is no 38 
freezing hazard during a waste transfer is a structure with a dedicated, self-draining/siphoning 39 
waste transfer primary piping system.  A specific example is a waste transfer line connected to a 40 
SST sluicer nozzle or a DST slurry distributor.  There is no freezing hazard in a dedicated,  41 
self-draining/siphoning waste transfer primary piping system (i.e., the waste transfer line 42 
drains/siphons when the waste transfer pump stops with no operator action) because when the 43 
pump is operating the waste is flowing and when the pump stops the waste transfer primary 44 
piping system drains/siphons (i.e., is not full of waste).  There can be no dead-legs in the 45 
structure because during a waste transfer un-isolated dead-legs on the planned waste transfer 46 
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route are full of waste and isolated, physically connected dead-legs could be full of waste.  In 1 
these dead-legs the waste is not flowing and is susceptible to freezing during a waste transfer.  A 2 
three-way jumper with a three-way valve connecting a waste transfer line to a waste transfer 3 
pump and a drop-leg also poses no freezing hazard if the waste transfer flow path is  4 
self-draining/siphoning and any waste leakage past the three-way valve drains into the tank.  In 5 
addition, there is no freezing hazard in a waste transfer-associated structure if the only low spots 6 
that do not drain/siphon are flexible non-metallic hoses (i.e., EPDM hose), including their hose 7 
barbs and Chemjoint connectors. 8 
 9 
The Waste Transfer System Freeze Protection SAC prevents freezing of physically connected 10 
waste transfer primary piping systems and isolation valves for double valve isolation located in 11 
waste transfer-associated structures by requiring monitoring of the air temperature in the 12 
structures.  The temperature monitoring systems consist of Type T thermocouples installed in the 13 
waste transfer-associated structures with leads extending outside the structures that may be 14 
connected to multi-switches.  The thermocouple temperatures are read using a hand held 15 
potentiometer.  The temperature monitoring systems are designated safety significant and are 16 
described in Section 4.4.9.  The required number and location of the thermocouples in the waste 17 
transfer-associated structures and the resulting temperature monitoring uncertainties are 18 
determined using one of the methodologies in RPP-RPT-52829, Methodology for Placement of 19 
Thermocouples for Freeze Protection in Waste Transfer Structures.  That is, RPP-RPT-52829 20 
establishes the minimum number and location of operable thermocouples required within the 21 
waste transfer-associated structures and, based on the thermocouple configuration, the 22 
temperature monitoring uncertainties (i.e., the potential for a temperature in the structure that is 23 
lower than the lowest thermocouple temperature). 24 
 25 
The standard methodology in RPP-RPT-52829 requires the installation of one or more 26 
thermocouple trees in the waste transfer-associated structure with three vertically mounted 27 
thermocouples – one reasonably near the underside of the cover, one reasonably near the top of 28 
the floor, and one approximately mid-way between the other two.  This methodology is 29 
dependent on limiting the leakage of air into the structure.  Acceptable waste transfer-associated 30 
structure air in-leakage is based on the temperature difference between vertically adjacent 31 
thermocouples on the installed thermocouple trees.  Excessive air in-leakage is only allowed if 32 
the lowest air temperature in the waste transfer-associated structure is > 50oF.  The other 33 
methodologies in RPP-RPT-52829 involve locating thermocouples throughout the waste  34 
transfer-associated structure to ensure air temperatures are measured to encompass the  35 
safety-significant SSCs in the structure.  In these methodologies, potential air in-leakage paths 36 
are considered in the specification of the thermocouple locations in the waste transfer-associated 37 
structure. 38 
 39 
The thermocouples installed in the physically connected waste transfer-associated structures are 40 
monitored during the waste transfer.  For waste transfer-associated structures where the 41 
configuration of thermocouples in the waste transfer-associated structure is dependent on limited 42 
in-leakage of air (i.e., the standard methodology in RPP-RPT-52829), the temperature 43 
requirement to ensure there is no freezing hazard is: 44 
 45 
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 The lowest air temperature in the waste transfer-associated structure is  1 
> 32oF + ETC + ΔTH, where ETC is the accuracy of the temperature monitoring system and 2 
ΔTH is the temperature monitoring uncertainty. 3 
 4 
AND 5 
 6 

 The temperature difference between vertically adjacent thermocouples on the installed 7 
thermocouple tree(s) is < 1.2 – EDT, where EDT is the uncertainty in the differential 8 
temperature measurement. 9 

 10 
OR 11 
 12 
 The lowest air temperature in the waste transfer-associated structure is > 50oF. 13 

 14 
The accuracy of the temperature monitoring system (ETC) is determined in accordance with 15 
TFC-ENG-STD-14, Setpoint Standard.  The temperature monitoring uncertainty (ΔTH) is 16 
0.24oF/ft * RP, where RP is the radial horizontal distance (ft) from the thermocouple tree to the 17 
farthest safety-significant SSCs in the waste transfer-associated structure for which freezing is a 18 
concern.  The criteria of < 1.2 for the temperature difference between vertically adjacent 19 
thermocouples on the installed thermocouple tree(s) is derived in RPP-RPT-52829, and the 20 
uncertainty in the differential temperature measurement (EDT) is determined using the 21 
methodology in RPP-RPT-53113, Evaluation of Thermocouple Error for Temperature 22 
Difference Measurements.  The 50oF temperature at which air leakage into the waste 23 
transfer-associated structure is no longer a concern is derived in RPP-RPT-52829 and does not 24 
require a correction for the accuracy of the temperature monitoring system. 25 
 26 
For waste transfer-associated structures where the configuration of thermocouples in the waste 27 
transfer-associated structure is determined by one of the other RPP-RPT-52829 methods, the 28 
temperature requirement to ensure there is no freezing hazard is: 29 
 30 

 The lowest air temperature in the waste transfer-associated structure is  31 
> 32oF + ETC + ΔTH, where ETC is the accuracy of the temperature monitoring system and 32 
ΔTH is the temperature monitoring uncertainty. 33 

 34 
The accuracy of the temperature monitoring system (ETC) is determined in accordance with 35 
TFC-ENG-STD-14.  The temperature monitoring uncertainty (ΔTH) for the intensive 36 
instrumentation method is 1.58oF/ft * RP, where RP is the radial horizontal distance (ft) from the 37 
thermocouple tree to the farthest safety-significant SSCs in the waste transfer-associated 38 
structure for which freezing is a concern.  The temperature monitoring uncertainty (ΔTH) for the 39 
specified placement of thermocouples of the extended reach sluicer system (ERSS) containment 40 
box is zero.  See RPP-RPT-52829. 41 
 42 
Monitoring the air temperature in the waste transfer-associated structures and satisfying the 43 
above temperature requirements established for the structures ensures that the temperature of the 44 
waste transfer system safety-significant SSCs located in the structures is > 32oF. 45 
 46 
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Two operators are assigned to read and record the waste transfer-associated structure 1 
thermocouple temperatures in accordance with a continuous use procedure.  The second operator 2 
provides concurrent verification.  The thermocouple temperatures are read using a calibrated 3 
hand-held potentiometer.  The operators are trained in the use of the hand-held potentiometers.  4 
Both operators verify the thermocouple being read; one operator reads the temperature; the other 5 
operator reads and repeats back the temperature; and the temperature is recorded.  The following 6 
required checks are also performed by the operators. 7 
 8 

 First 
Operator 

Second 
Operator 

Potentiometer calibration sticker check – The 
potentiometer calibration sticker is current 

X X 

Potentiometer set up check – The potentiometer 
is set for Type T thermocouples 

X X 

Startup check – The potentiometer does not read 
a temperature, but shows an open circuit 
indication (e.g., “----“) when the multi-switch is 
in the “OFF” position* 

X X 

Multi-switch detent check – The multi-switch 
detents when turning the multi-switch between 
positions* 

X - - 

Math check – The temperature difference 
between vertically adjacent thermocouples on an 
installed temperature tree, if calculated, are 
correct 

X X 

* These detect multi-switch failures. 9 
 10 
The temperature readings are recorded on data sheets with spaces only for the required number 11 
of temperature readings.  The data sheets are signed by both operators.  The procedure directs the 12 
operators to notify the Operations Engineer/Shift Manager if the readings do not meet the 13 
established temperature requirements or are out of range, or if temperature monitoring system 14 
failures are discovered.  The Operations Engineer/Shift Manager also reviews and signs the 15 
temperature reading data sheets. 16 
 17 
There is an exception to monitoring the air temperature in waste transfer-associated structures in 18 
accordance with a continuous use procedure.  A continuous use procedure is only required for 19 
monitoring the air temperature in the first waste transfer-associated structure or waste transfer 20 
primary piping encasement (see Section 4.5.11.2.2) by each work crew each shift if the above 21 
requirements for concurrent verification and checks are prompted by the data sheets.  The waste 22 
transfer-associated structure or waste transfer primary piping encasement must have a 23 
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multi-switch to ensure the work crew performs the checks for multi-switch failures for the first 1 
structure or encasement in accordance with the continuous use procedure. 2 
 3 
The temperature monitoring frequency is prior to removing the administrative lock on the active 4 
waste transfer pump, and once per 8 hours thereafter.  The 8 hour frequency is based on the 5 
analysis of waste transfer system safety-significant SSCs in RPP-RPT-51287, Analysis of 6 
Passive Freeze Protection for Waste Transfer Systems, and on the calculations in 7 
RPP-CALC-51223.  RPP-RPT-51287 and RPP-CALC-51223 conservatively show that the time 8 
to remove ½ the heat of fusion from the waste within safety-significant waste transfer system 9 
SSCs is > 11 hours after the waste transfer-associated structure air temperature reaches 32oF 10 
assuming a subsequent temperature drop of 20oF in the structure (i.e., mid-point structure 11 
temperature of 22oF).  That is, even after safety-significant waste transfer system SSCs reach 12 
32oF, it takes more than 11 additional hours to remove ½ of the heat necessary for the liquid to 13 
turn to solid.  The assumption of a 20oF temperature drop in the waste transfer-associated 14 
structure after reaching 32oF is qualitatively based on the following. 15 
 16 

 RPP-RPT-50892, Waste Transfer Associated Structure Temperature Monitoring Data 17 
2010, shows the low temperature in the three monitored DST structures was 26oF. 18 

 19 
 RPP-RPT-53074, Evaluation of Selected Hanford Station Meteorological Data – 20 

Maximum Temperature Drop, shows the largest drop in outside air temperature in a 21 
12-hour time period was about 30oF.  Although the air temperature in a waste 22 
transfer-associated structure is also expected to drop with dropping outside air 23 
temperature, the structure air temperature will not drop as fast as the outside air 24 
temperature. 25 

 26 
 If the temperature in the waste transfer-associated structure reaches 32oF because of the 27 

loss of a heating source, a further 20oF temperature drop is reasonably conservative.  28 
(Note:  The loss of a heating source should normally be identified well before reaching a 29 
temperature of 32oF in the waste transfer-associated structure.) 30 

 31 
If temperature monitoring in the physically connected waste transfer-associated structures 32 
determines that the temperature in a structure may be < 32oF (i.e., the structure temperature 33 
requirement is not met), the Operations Engineer/Shift Manager takes action to place an 34 
administrative lock on the waste transfer pump within 3 hours.  Prior to placing the waste 35 
transfer pump under administrative lock, a controlled shutdown of the waste transfer, including 36 
flushing, is allowed.  The 3 hours to place the waste transfer pump under administrative lock, 37 
when added to the 8 hour temperature monitoring frequency, is less than the minimum, 38 
conservatively calculated time to remove ½ the heat of fusion from the waste within waste 39 
transfer system safety-significant SSCs (RPP-RPT-51287, RPP-CALC-51223). 40 
 41 
4.5.11.2.2 Freeze Protection for Buried/Bermed Waste Transfer Primary Piping.  42 
Buried/bermed waste transfer primary piping is designed to drain.  There is, however, 43 
buried/bermed waste transfer primary piping with low spots that do not drain (e.g., the slurry line 44 
SL-167 from the 242-A Evaporator, the cross-site transfer line SN-3150 near the 244-A 45 
diversion box).  There may also be un-isolated dead-legs of buried/bermed waste transfer 46 

RPP-13033 1/29/2015 - 12:56 PM 766 of 1079



RPP-13033 REV 5-E 
 
 

 
4.5.11-8 

primary piping on the planned waste transfer route and isolated, physically connected dead-legs 1 
of buried/bermed waste transfer primary piping.  Therefore, the Waste Transfer System Freeze 2 
Protection SAC is applicable to buried/bermed waste transfer primary piping that is physically 3 
connected to an active waste transfer pump not under administrative lock, except for 4 
buried/bermed waste transfer primary piping where a documented evaluation demonstrates there 5 
is no freezing hazard during the waste transfer. 6 
 7 
There are two exceptions where physically connected buried/bermed waste transfer primary 8 
piping does not require freeze protection.  The first exception is dedicated,  9 
self-draining/siphoning buried/bermed waste transfer primary piping.  The documented 10 
evaluation for this exception must be performed in accordance with TFC-ENG-FACSUP-C-02 11 
and show that when the waste transfer pump is stopped, the buried/bermed waste transfer 12 
primary piping self-drains/siphons with no operator actions, and that there are no dead-legs. 13 
 14 
The second exception is physically connected buried/bermed waste transfer primary piping that 15 
is covered by the equivalent of > 3 ft of soil to the top of the pipe.  This exception is based on 16 
PNNL-14616 which shows the lowest the subsurface soil temperature at 36 in. has been is 17 
32.2°F (see PNNL-14616, Table 3.15, “Subsurface Soil Temperatures (°F) at Depths of 0.5, 15, 18 
and 36 Inches”).  RPP-RPT-52823, Tank Farm Waste Transfer Buried Piping Freeze Protection 19 
Methodology, documents the evaluation of the depth of soil and other features (concrete, steel 20 
plates) that cover buried/bermed waste transfer primary piping to determine the locations where 21 
encasement temperature monitoring is required (see below).  Configuration management of the 22 
assumed depth of soil and other features that cover buried/bermed waste transfer primary piping 23 
is also described in RPP-RPT-52823. 24 
 25 
The Waste Transfer System Freeze Protection SAC prevents freezing of buried/bermed waste 26 
transfer primary piping by requiring monitoring of the air temperature in selected waste transfer 27 
primary piping encasements that conservatively represent the temperature in physically 28 
connected waste transfer primary piping encasements.  The temperature monitoring systems 29 
consist of Type T thermocouples installed in the waste transfer primary piping encasements 30 
through encasement hydro test risers.  Two thermocouples are installed in each selected waste 31 
transfer primary piping encasement with one being an installed spare (i.e., only one 32 
thermocouple is required).  The leads from the thermocouples may be connected to  33 
multi-switches.  The thermocouples are read using a hand-held potentiometer.  The system 34 
installed to monitor the air temperature in the waste transfer primary piping encasements is 35 
designated safety-significant and is described in Section 4.4.9.  RPP-RPT-52823 identifies and 36 
provides the basis for selecting the waste transfer primary piping encasements where temperature 37 
monitoring is required.  That is, RPP-RPT-52823 demonstrates that the air temperatures in the 38 
selected waste transfer primary piping system encasements represent the lowest air temperature 39 
in the encasements of physically connected buried/bermed waste transfer primary piping. 40 
 41 
The thermocouples installed in the selected waste transfer primary piping encasements identified 42 
in RPP-RPT-52823 are monitored during the waste transfer to verify that the lowest air 43 
temperature is > 32oF + ETC, where ETC is the accuracy of the temperature monitoring system.  44 
The accuracy of the temperature monitoring system (ETC) is determined in accordance with 45 
TFC-ENG-STD-14.  Monitoring the air temperature in the selected waste transfer primary piping 46 
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system encasements ensures that the temperature of the physically connected waste transfer 1 
primary piping is > 32°F. 2 
 3 
Two operators are assigned to read and record the waste transfer-associated structure 4 
thermocouple temperatures in accordance with a continuous use procedure.  The second operator 5 
provides concurrent verification.  The thermocouple temperatures are read using a calibrated 6 
hand-held potentiometer.  The operators are trained in the use of the hand-held potentiometers.  7 
Both operators verify the thermocouple being read; one operator reads the temperature; the other 8 
operator reads and repeats back the temperature; and the temperature is recorded.  Additional 9 
required checks are also performed by the operators as described above for monitoring of waste  10 
transfer-associated structure thermocouple temperatures.  The temperature readings are recorded 11 
on data sheets with spaces only for the required number of temperature readings.  The data sheets 12 
are signed by both operators.  The procedure directs the operators to notify the Operations 13 
Engineer/Shift Manager if the readings do not meet the established temperature requirements or 14 
are out of range, and if temperature monitoring system failures are discovered.  The Operations 15 
Engineer/Shift Manager also reviews and signs the temperature reading data sheets. 16 
 17 
There is an exception to monitoring the air temperature in waste transfer primary piping 18 
encasements in accordance with a continuous use procedure.  A continuous use procedure is only 19 
required for monitoring the air temperature in the first waste transfer-associated structure (see 20 
Section 4.5.11.2.1) or waste transfer primary piping encasement by each work crew each shift if 21 
the requirements for concurrent verification and checks are prompted by the data sheets.  The 22 
waste transfer-associated structure or waste transfer primary piping encasement must have a 23 
multi-switch to ensure the work crew performs all the checks for the first structure or encasement 24 
in accordance with the continuous use procedure. 25 
 26 
The temperature monitoring frequency is prior to removing the administrative lock on the active 27 
waste transfer pump, and once per 5 days thereafter.  The 5 day frequency is based on the 28 
analysis of 2-in. un-insulated pipe in RPP-CALC-51223, which encompasses the 2-in. and 3-in. 29 
waste transfer primary piping in buried/bermed waste transfer lines.  RPP-CALC-51223 30 
conservatively calculates that the time to remove ½ the heat of fusion from the waste within a  31 
2-in. un-insulated pipe is > 150 hours after the waste transfer primary piping encasement air 32 
temperature reaches 32°F assuming a subsequent temperature drop of 5oF in the encasement (i.e., 33 
mid-point encasement temperature of 29.5oF).  That is, even after the waste transfer primary 34 
piping reaches 32°F, it takes more than 150 additional hours to remove ½ of the heat necessary 35 
for the liquid to turn to solid.  The assumption of a 5oF temperature drop in the waste transfer 36 
primary piping encasement after reaching 32oF is qualitative, but reasonably conservative, based 37 
on the slow temperature changes in the soil or other cover material at the depth of the 38 
buried/bermed waste transfer lines. 39 
 40 
If temperature monitoring in the identified waste transfer primary piping encasements determines 41 
that the temperature of the waste transfer primary piping may be < 32°F, the Operations 42 
Engineer/Shift Manager takes action to place an administrative lock on the waste transfer pump 43 
within 8 hours.  Prior to placing the waste transfer pump under administrative lock, a controlled 44 
shutdown of the waste transfer, including flushing, is allowed.  The 8 hours to place the waste 45 
transfer pump under administrative lock, when added to the 5 days (120 hour) temperature 46 
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monitoring frequency, is less than the minimum, conservatively calculated time to remove ½ the 1 
heat of fusion from the waste within the waste transfer system primary piping  2 
(RPP-CALC-51223). 3 
 4 
4.5.11.3 Functional Requirements.  The Waste Transfer System Freeze Protection SAC shall 5 
ensure that during waste transfers (i.e., when physically connected to an active waste transfer 6 
pump not under administrative lock) waste transfer primary piping systems and isolation valves 7 
for double valve isolation located in waste transfer-associated structures (except the SST  8 
241-C-107 MARS containment box and transition shield box [see Section 4.5.12] and waste 9 
transfer-associated structures where the SST 241-C-105 waste transfer freeze protection ATMS 10 
provide freeze protection [see Section 4.5.13]) and buried/bermed waste transfer primary piping 11 
are maintained at a temperature > 32°F. 12 
 13 
4.5.11.4 SAC Evaluation.  The Waste Transfer System Freeze Protection SAC is implemented 14 
by TFC-OPS-OPER-C-49.  In accordance with TFC-OPS-OPER-C-49, a second engineer 15 
reviews the waste retrieval or transfer operating procedure (and associated procedures) to ensure 16 
the Waste Transfer System Freeze Protection SAC requirements are incorporated. 17 
 18 
The Waste Transfer System Freeze Protection SAC is applicable to waste transfer-associated 19 
structures (except the SST 241-C-107 MARS containment box and transition shield box [see 20 
Section 4.5.12] and waste transfer-associated structures where the SST 241-C-105 waste transfer 21 
freeze protection ATMS provide freeze protection [see Section 4.5.13]) and buried/bermed waste 22 
transfer primary piping that are physically connected to an active waste transfer pump not under 23 
administrative lock.  The waste transfer route and the physically connected waste transfer-24 
associated structures and buried/bermed waste transfer primary piping are identified using 25 
configuration controlled documents.  The basis for exceptions, where there is no freezing hazard 26 
in physically connected waste transfer-associated structures or buried/bermed waste transfer 27 
primary piping, requires a documented evaluation.  These evaluations are performed in 28 
accordance with TFC-ENG-FACSUP-C-02, which requires that a second engineer review the 29 
evaluation.  There is one exception, where RPP-RPT-52823 provides the documented evaluation 30 
(see below). 31 
 32 
The temperature monitoring systems installed in waste transfer-associated structures and in 33 
waste transfer primary piping encasements to support the Waste Transfer System Freeze 34 
Protection SAC are designated safety significant and are described in Section 4.4.9.  35 
Section 4.4.9 determines the in-service inspections/tests required to ensure the operability of the 36 
safety-significant temperature monitoring systems.  The hand-held potentiometers used to read 37 
the thermocouples are calibrated in accordance with the requirements of TFC-PLN-02, Quality 38 
Assurance Program Description, Section 2.12, “Control of Measuring and Test Equipment” (i.e., 39 
NQA-1).  The potentiometers are not designated safety significant since they are not installed 40 
plant equipment (see Section 3.3.1.5).  41 
 42 
RPP-RPT-52829 establishes the minimum number and location of operable thermocouples 43 
required within the waste transfer-associated structures and, based on the thermocouple 44 
configuration, the temperature monitoring uncertainties.  The uncertainty in the differential 45 
temperature measurement (EDT) required by the standard methodology in RPP-RPT-52829 is 46 
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determined using the methodology in RPP-RPT-53113.  RPP-RPT-52823 identifies and provides 1 
the basis for selecting the waste transfer primary piping encasements where temperature 2 
monitoring is required.  RPP-RPT-52823 also provides the documented evaluation for excluding 3 
physically connected buried/bermed waste transfer primary piping covered by the equivalent of 4 
> 3 ft of soil to the top of the pipe from the SAC requirements.  These engineering documents are 5 
developed, reviewed, and approved in accordance with procedures that ensure compliance with 6 
TOC quality assurance requirements, which meet the requirements of NQA-1 (see  7 
TFC-PLN-02). 8 
 9 
Monitoring the air temperature in waste transfer-associated structures and waste transfer primary 10 
piping encasements is performed in accordance with continuous use procedures developed in 11 
accordance with TFC-OPS-OPER-C-49.  Thermocouple temperatures are read and recorded by 12 
two operators using a hand-held potentiometer.  The second operator provides concurrent 13 
verification.  The operators are trained in the proper use of the potentiometer.  The potentiometer 14 
readout is in °F and is recorded on data sheets.  The leads from the thermocouple or the  15 
multi-switch positions have unique identification labels to ensure the readings from the 16 
thermocouples are correctly entered on the data sheets.  The data sheets with the recorded 17 
temperatures are signed by both operators and are then reviewed and signed by the Operations 18 
Engineer/Shift Manager.  The temperature monitoring frequency of 8 hours for physically 19 
connected waste transfer-associated structures and 5 days for the selected waste transfer primary 20 
piping encasements is adequate to perform these surveillances. 21 
 22 
There is an exception to monitoring the air temperature in waste transfer-associated structures or 23 
waste transfer primary piping encasements in accordance with a continuous use procedure.  A 24 
continuous use procedure is only required for the first structure or encasement monitored by each 25 
work crew each shift if the monitoring requirements for concurrent verification and checks from 26 
the continuous procedure described in Section 4.5.11.2 are prompted by the data sheets, and the 27 
structure/encasement has a multi-switch.  This is acceptable because individual steps performed 28 
in monitoring the air temperature in a waste transfer-associated structure or waste transfer 29 
primary piping encasement are simple, the work crew performs the steps for the first structure or 30 
encasement monitoring each shift in accordance with a continuous use procedure, and, thereafter, 31 
the monitoring requirements are prompted by the data sheets.  Therefore, subsequent monitoring 32 
of the air temperature in waste transfer-associated structures or waste transfer primary piping 33 
encasements by the same work crew during a shift in accordance with a continuous use operating 34 
procedure is not required to ensure that the monitoring is performed correctly. 35 
 36 
Potential failure modes of the temperature monitoring systems that could lead to failure of the 37 
safety instrumented system (SIS) are identified in Section 4.4.9.  The design and operating 38 
requirements (i.e., in-service inspections/tests) addressing these potential failure modes are also 39 
described in Section 4.4.9.  The dominant failure mode is open circuits, which are readily 40 
detected by the operator. 41 
 42 
The Operations Engineers/Shift Managers are trained on the actions to take if temperature 43 
monitoring determines the temperature of waste transfer system safety-significant SSCs in 44 
physically connected waste transfer-associated structures or waste transfer primary piping 45 
encasements may be < 32°F (i.e., the temperature requirements are not met).  These actions are 46 
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to place an administrative lock on the waste transfer pump.  These actions are common 1 
operations that are performed by trained operators and are prescribed in the procedure.  There is 2 
also adequate time to accomplish these required actions. 3 
 4 
Given the above, this control provides adequate assurance that waste transfer primary piping 5 
systems and isolation valves for double valve isolation located in waste transfer-associated 6 
structures and buried/bermed waste transfer primary piping are maintained above freezing 7 
temperatures (i.e., > 32°F) during waste transfers to protected their safety function. 8 
 9 
4.5.11.5 Controls (TSRs).  The Waste Transfer System Freeze Protection SAC is implemented 10 
as a directed action AC.  The SAC is applicable to waste transfer-associated structures (except 11 
the SST 241-C-107 MARS containment box and transition shield box [see Section 4.5.12] and 12 
waste transfer-associated structures where the SST 241-C-105 waste transfer freeze protection 13 
ATMS provide freeze protection [see Section 4.5.13]) and buried/bermed waste transfer primary 14 
piping that are physically connected to an active waste transfer pump not under administrative 15 
lock.  The SAC is applicable in October, November, December, January, February, and March.  16 
Additional applicability of the SAC is contained within the SAC requirements. 17 
 18 
The SAC requirements are: 19 
 20 

A. Waste Transfer-Associated Structures 21 
 22 
For physically connected waste transfer-associated structures, except for structures where 23 
a documented evaluation demonstrates there is no freezing hazard during the waste 24 
transfer for physically connected safety-significant SSCs located in the structure. 25 

 26 
1. Instrumentation shall be installed to monitor the air temperature in the waste 27 

transfer-associated structures.  A documented evaluation shall determine the 28 
number and location of thermocouples required in the waste transfer-associated 29 
structures (i.e., the configuration of the thermocouples in the structure), and the 30 
resulting temperature monitoring uncertainties.   31 
 32 

2. The air temperature in the waste transfer-associated structures shall be monitored, 33 
and the lowest temperature shall be verified to be > 32°F accounting for the 34 
accuracy of the temperature monitoring system and temperature monitoring 35 
uncertainty.  The temperature monitoring uncertainty is dependent on the 36 
configuration of thermocouples in the structure.  In addition, for waste  37 
transfer-associated structures where the configuration of thermocouples in the 38 
structure is dependent on limited in-leakage of air, verify that the temperature 39 
difference between vertically adjacent thermocouples on installed temperature 40 
trees is < 1.2°F, accounting for the uncertainty in the differential temperature 41 
measurement, OR verify that the lowest air temperature in the structure is  42 
> 50°F.*  The monitoring frequency shall be prior to removing the administrative 43 
lock on the active waste transfer pump AND once per 8 hours thereafter.  44 
Concurrent verification shall be provided for temperature monitoring. 45 

 46 

RPP-13033 1/29/2015 - 12:56 PM 771 of 1079



RPP-13033 REV 5-E 
 
 

 
4.5.11-13 

*No accounting for the accuracy of the temperature monitoring system is required 1 
when verifying that the lowest air temperature in the waste transfer-associated 2 
structure is ≥ 50°F. 3 
  4 

3. If the above temperature requirement is not met in the waste transfer-associated 5 
structures, the waste transfer pump shall be placed under administrative lock 6 
within 3 hours. 7 

 8 
B. Buried/Bermed Waste Transfer Primary Piping 9 
 10 

For physically connected buried/bermed waste transfer primary piping, except for 11 
buried/bermed waste transfer primary piping where a documented evaluation 12 
demonstrates there is no freezing hazard. 13 

 14 
1. Instrumentation shall be installed to monitor the air temperature in selected waste 15 

transfer primary piping encasements.  A documented evaluation shall demonstrate 16 
that the air temperature in the selected waste transfer primary piping system 17 
encasements represent the lowest air temperature in the encasements of physically 18 
connected buried/bermed waste transfer primary piping.   19 
 20 

2. The waste transfer primary piping encasement air temperatures shall be 21 
monitored, and the lowest temperature shall be verified to be > 32°F accounting 22 
for the accuracy of the temperature monitoring system.  The monitoring frequency 23 
shall be prior to removing the administrative lock on the active waste transfer 24 
pump AND once per 5 days thereafter.  Concurrent verification shall be provided 25 
for temperature monitoring. 26 

 27 
3. If the above temperature requirement is not met in the monitored waste transfer 28 

primary piping encasements, the waste transfer pump shall be placed under 29 
administrative lock within 8 hours. 30 

 31 
The temperature monitoring frequencies are permitted to be extended by 25%.  This extension 32 
facilitates scheduling these activities and considers plant operating conditions that may not be 33 
suitable for conducting these activities (e.g., transient conditions or other ongoing activities).  34 
The 25% extension does not significantly degrade the reliability that results from performing 35 
these activities at their specified frequency.  This is based on the recognition that the most 36 
probable result of any particular temperature monitoring result is verification of conformance 37 
with the temperature monitoring requirement.  The 25% extension is not intended to be used 38 
repeatedly merely as an operational convenience to extend the frequencies beyond those 39 
specified. 40 
 41 
4.5.11.6 References  42 
 43 
PNNL-14616, 2004, Hanford Site Climatological Data Summary 2003 with Historical Data, 44 

Pacific Northwest National Laboratory, Richland, Washington.45 
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RPP-CALC-51223, 2012, General Transient Thermal Analysis of Waste Transfer Piping, Rev. 3, 1 
Washington River Protection Solutions LLC, Richland, Washington. 2 

 3 
RPP-RPT-50892, 2011, Waste Transfer Associated Structure Temperature Monitoring Data 4 

2010, Rev. 0, Washington River Protection Solutions LLC, Richland, Washington. 5 
 6 
RPP-RPT-51287, 2013, Analysis of Passive Freeze Protection for Waste Transfer Systems,  7 

Rev. 7, Washington River Protection Solutions LLC, Richland, Washington. 8 
 9 
RPP-RPT-52823, Tank Farm Waste Transfer Buried Piping Freeze Protection Methodology, as 10 

amended, Washington River Protection Solutions LLC, Richland, Washington. 11 
 12 
RPP-RPT-52829, 2015, Methodology for Placement of Thermocouples for Freeze Protection in 13 

Waste Transfer Structures, Rev. 1, Washington River Protection Solutions LLC, 14 
Richland, Washington. 15 

 16 
RPP-RPT-53045, 2012, Evaluation of Selected Hanford Station Meteorological Data – Air 17 

Temperature, Rev. 0, Washington River Protection Solutions LLC, Richland, 18 
Washington. 19 

 20 
RPP-RPT-53046, 2012, Evaluation of Selected Hanford Station Meteorological Data – Ground 21 

Temperature, Rev. 0, Washington River Protection Solutions LLC, Richland, 22 
Washington. 23 

 24 
RPP-RPT-53074, 2012, Evaluation of Selected Hanford Station Meteorological Data – 25 

Maximum Temperature Drop, Rev. 0, Washington River Protection Solutions LLC, 26 
Richland, Washington. 27 

 28 
RPP-RPT-53113, 2012, Evaluation of Thermocouple Error for Temperature Difference 29 

Measurements. Rev. 0, Washington River Protection Solutions LLC, Richland, 30 
Washington.  31 

 32 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, as amended, Washington River 33 

Protection Solutions LLC, Richland, Washington. 34 
 35 
TFC-ENG-STD-14, Setpoint Standard, as amended, Washington River Protection Solutions 36 

LLC, Richland, Washington. 37 
 38 
TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating Procedures 39 

(Including Water and Chemical Additions), as amended, Washington River Protection 40 
Solutions LLC, Richland, Washington. 41 

 42 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 43 

Protection Solutions LLC, Richland, Washington. 44 
 45 

 46 
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4.5.12 Waste Transfer System Freeze Protection for 1 
SST 241-C-107 MARS Containment Box and 2 
Transition Shield Box 3 
 4 

4.5.12.1 Safety Function.  The safety function of the SAC Waste Transfer System Freeze 5 
Protection for SST 241-C-107 MARS Containment Box and Transition Shield Box is to prevent 6 
the loss of the safety function of safety-significant waste transfer primary piping systems located 7 
in the SST 241-C-107 mobile arm retrieval system (MARS) containment box and transition 8 
shield box from freezing during waste transfers.  The safety function of the waste transfer 9 
primary piping systems is to provide confinement of waste. 10 
 11 
This control is identified as a SAC to protect safety-significant waste transfer system primary 12 
piping systems (see Section 4.4.1) from freezing during waste transfers when their failure could 13 
directly result in a waste leak.  The Waste Transfer System Freeze Protection for SST 241-C-107 14 
MARS Containment Box and Transition Shield Box SAC requires temperature monitoring to 15 
protect the safety-significant waste transfer system primary piping systems during waste 16 
transfers (i.e., when physically connected to an active waste transfer pump not under 17 
administrative lock).  Although engineered features may be used to maintain the temperature of 18 
the SST 241-C-107 MARS containment box and transition shield box > 50°F (e.g., heat trace, 19 
heaters in structures, heated structure enclosures), monitoring temperature is a direct 20 
measurement of the parameter of concern and is the preferred and most practical control.  The 21 
installed temperature monitoring systems required to support this SAC are designated safety 22 
significant (see Section 4.4.9). 23 
 24 
4.5.12.2 SAC Description.  Safety-significant waste transfer primary piping systems located in 25 
the SST 241-C-107 MARS containment box (POR237-WT-CB-001) and the transition shield 26 
box, which is between the containment box and the portable instrument and valve box (PIVB) 27 
(POR240-WT-VP-001),1 are potentially exposed to freezing temperatures (i.e., temperatures 28 
< 32°F).  The system evaluation of waste transfer primary piping systems identified freezing as a 29 
potential failure mode that could cause loss of the safety function to provide confinement of 30 
waste during a waste transfer (see Section 4.4.1). 31 
 32 
The SAC Waste Transfer System Freeze Protection (see Section 4.5.11) is not applicable to the 33 
SST 241-C-107 MARS containment box and transition shield box because: 34 
 35 

1. The slurry line and the three supernatant lines entering the SST 241-C-107 MARS 36 
containment box from the transition shield box are welded to the containment box steel 37 
wall, which provides additional cooling (i.e., the containment box steel wall acts as a 38 
cooling fin) and significantly reduces the time to remove ½ the heat of fusion from the 39 
waste within the waste transfer systems primary piping; and 40 

 41 

                                                 
1 The SST 241-C-107 MARS transition shield box provides shielding and is not a waste transfer-associated 
structure.  The slurry and supernatant lines located within the transition shield box consist of a short length of 
encased piping (i.e., pipe-in-pipe design) that connects to HIHTLs.  The transition shield box is considered 
physically connected when the slurry or supernatant lines located within the transition shield box are physically 
connected. 
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2. The slurry line from the tank into the SST 241-C-107 MARS containment box contains a 1 
spool piece that is welded to the hose cage assembly steel wall, which provides additional 2 
cooling (i.e., the hose cage assembly steel wall acts as a cooling fin) and significantly 3 
reduces the time to remove ½ the heat of fusion from the waste within the spool piece. 4 

 5 
In addition, the SST 241-C-107 MARS containment box has an inlet HEPA breather filter 6 
through which outside air is drawn through the containment box by the portable exhausters 7 
required to actively ventilate SST 241-C-107 during waste retrieval operations.  The outside air 8 
flows directly over the spool piece and hose cage assembly, which are located on the MARS 9 
turntable assembly from which the MARS mast system is suspended in the tank through a large 10 
diameter riser.  Because the spool piece and hose cage assembly are mounted on the rotating 11 
MARS turntable assembly, there is also no practical method of monitoring the air temperature 12 
near the spool piece or the hose cage assembly steel wall temperature.  See Section 2.5.2.5 for a 13 
description of MARS. 14 
 15 
The Waste Transfer System Freeze Protection for SST 241-C-107 MARS Containment Box and 16 
Transition Shield Box SAC is, therefore, identified to protect the waste transfer primary piping 17 
systems located in the MARS containment box and transition shield box when the waste transfer 18 
primary piping systems are required to be operable (i.e., when physically connected to an active 19 
waste transfer pump not under administrative lock).  (Note:  The Winterization/Freeze Protection 20 
defense-in-depth feature is identified to protect waste transfer primary piping systems when 21 
waste transfers are not occurring.) 22 
 23 
The Waste Transfer System Freeze Protection for SST 241-C-107 MARS Containment Box and 24 
Transition Shield Box SAC is only applicable in October, November, December, January, 25 
February, March, and April because there is no freezing hazard for the safety-significant waste 26 
transfer primary piping systems in May, June, July, August, and September.  PNNL-14616, 27 
Hanford Site Climatological Data Summary 2003 with Historical Data, shows that the daily 28 
extreme minimum temperature in June, July, and August is > 32°F (see PNNL-14616 29 
Table 3.10, “Monthly Normal Temperature (°F) and Monthly Extremes of Maximum and 30 
Minimum Temperatures (°F)”).  During May and September, minimum temperatures < 32°F 31 
occur (see PNNL-14616 Table 3.7, “Monthly and Seasonal Number of Days with Minimum 32 
Temperatures (°F) at or below 32°F or 0°F”), but the time the temperature remains < 32°F is 33 
short (i.e., 1 to 2 hours) (RPP-RPT-53045, Evaluation of Selected Hanford Station 34 
Meteorological Data – Air Temperature).  The short time that the air temperature is < 32°F in 35 
May and September is less than the time for the waste within the safety-significant waste transfer 36 
primary piping systems located in the SST 241-C-107 MARS containment box and transition 37 
shield box to freeze. 38 
 39 
The Waste Transfer System Freeze Protection for SST 241-C-107 MARS Containment Box and 40 
Transition Shield Box SAC is implemented by TFC-OPS-OPER-C-49, Development of Waste 41 
Retrieval and Transfer Operating Procedures (Including Water and Chemical Additions).  The 42 
responsible engineer assigned to develop the procedures for SST 241-C-107 retrieval waste 43 
transfers identifies the requirements of the Waste Transfer System Freeze Protection for SST 44 
241-C-107 MARS Containment Box and Transition Shield Box SAC and implements and 45 
documents the requirements in the waste retrieval operating procedure in accordance with 46 
TFC-OPS-OPER-C-49.  A second engineer reviews the waste retrieval operating procedure.  47 
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(Note:  Separate continuous use operating procedures, referenced in the waste retrieval operating 1 
procedure, may be used for temperature monitoring of the SST 241-C-107 MARS containment 2 
box and transition shield box.  These procedures are also developed by the responsible engineer 3 
and reviewed by a second engineer.  See also the exceptions to the requirement to use a 4 
continuous use procedure below.) 5 
 6 
4.5.12.2.1 Freeze Protection for SST 241-C-107 MARS Containment Box and Transition 7 
Shield Box.  The Waste Transfer System Freeze Protection for SST 241-C-107 MARS 8 
Containment Box and Transition Shield Box SAC prevents freezing of physically connected 9 
waste transfer primary piping systems located in the SST 241-C-107 MARS containment box 10 
and transition shield box by requiring temperature monitoring.  The temperature monitoring 11 
systems consist of Type T thermocouples installed in the SST 241-C-107 MARS containment 12 
box and transition shield box with leads extending outside the structures that may be connected 13 
to multi-switches.  There is also a Type T thermocouple to monitor the outside air temperature in 14 
the SST 241-C Tank Farm.  The thermocouple temperatures are read using a hand-held 15 
potentiometer.  The temperature monitoring systems are designated safety significant and are 16 
described in Section 4.4.9.  The required number and location of the thermocouples in the SST 17 
241-C-107 MARS containment box and transition shield box described below are based on the 18 
evaluation in RPP-TE-53822, Methodology for Thermocouple Placement for Freeze Protection 19 
on MARS-S Equipment. 20 
 21 

 There are three vertically mounted thermocouples in the corner of the containment box 22 
near the slurry and supernatant lines that enter from the transition shield box and then run 23 
vertically to the top of the containment box.  One thermocouple is reasonably near the top 24 
of the containment box, one is reasonably near the containment box floor, and one is 25 
approximately mid-way between the other two. 26 

 27 
 There is one thermocouple located to monitor the temperature of the air entering the 28 

containment box from the inlet HEPA breather filter.  29 
 30 
 There is one thermocouple that monitors the temperature of the containment box steel 31 

wall near the location where the slurry and supernatant waste transfer primary piping are 32 
welded to the containment box steel wall. 33 

 34 
 There are three vertically mounted thermocouples in the transition shield box - one 35 

reasonably near the top of the transition shield box, one reasonably near the ground, and 36 
one approximately mid-way between the other two. 37 

 38 
Note: RPP-TE-53822 documents that there is no freezing hazard in the remaining waste 39 

transfer primary piping systems in the containment box, including the rotary union, 40 
because they are self-draining/siphoning (i.e., the waste transfer primary piping 41 
systems drain/siphon when the waste transfer pump stops with no operator action). 42 

 43 
The thermocouple that monitors the outside air temperature in the SST 241-C Tank Farm is 44 
located in the 241-C Tank Farm near the control trailer for SST 241-C-107 retrieval. 45 
 46 
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The thermocouples in the SST 241-C-107 MARS containment box and transition shield box are 1 
monitored during the waste transfer.  The temperature requirement to ensure there is no freezing 2 
hazard is that all monitored temperatures are > 50oF.  No correction for the accuracy of the 3 
temperature monitoring system is required because of the conservatism in the time to freeze 4 
calculations that provide the basis for the temperature monitoring frequency (see below), and 5 
because the temperature monitoring system accuracy is only 1 or 2°F. 6 
 7 
The temperature requirement of 50°F is based on maintaining the SST 241-C-107 MARS 8 
containment box steel wall and the hose cage assembly steel wall temperatures > 50oF.  This 9 
temperature is an assumption in the calculated times for the waste to freeze in the slurry and 10 
supernatant waste transfer primary piping welded to the containment box steel wall and the spool 11 
piece welded to the hose cage assembly steel wall that is the basis for the temperature monitoring 12 
frequency (see below).  Because installing a thermocouple directly on the hose cage assembly 13 
steel wall is not practical, the hose cage assembly steel wall temperature of > 50°F is based on 14 
the incoming air from the inlet HEPA breather filter, the three thermocouples monitoring the 15 
containment box air temperature, and the containment box steel wall temperature all being  16 
> 50oF.  (Note:  The hose cage assembly wall is approximately 1 inch thick steel versus 17 
approximately 2 inch thick steel of the containment box wall and, therefore, warms up more 18 
quickly.) 19 
 20 
The outside air temperature in the SST 241-C Tank Farm is also monitored during the waste 21 
transfer because the outside air temperature is another important assumption in the calculations 22 
supporting the temperature monitoring frequency (see below).  Because the calculations assume 23 
the outside air temperature is > 10oF, SST 241-C-107 MARS retrieval waste transfers are 24 
prohibited if the outside air temperature is < 10oF.  The temperature monitoring frequency is also 25 
dependent on the SST 241-C Tank Farm outside air temperature (see Table 4.5.12-1).  26 
Measurement of the outside air temperature in Table 4.5.12-1 shall account for the accuracy of 27 
the temperature monitoring system. 28 
 29 
Two operators are assigned to read and record the thermocouple temperatures in accordance with 30 
a continuous use procedure.  The second operator provides concurrent verification.  The 31 
thermocouple temperatures are read using a calibrated hand-held potentiometer.  The operators 32 
are trained in the use of the hand-held potentiometers.  Both operators verify the thermocouple 33 
being read; one operator reads the temperature; the other operator reads and repeats back the 34 
temperature; and the temperature is recorded.  The following required checks are also performed 35 
by the operators. 36 
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 1 

 First 
Operator 

Second 
Operator 

Potentiometer calibration sticker check – The 
potentiometer calibration sticker is current 

X X 

Potentiometer setup check – The potentiometer 
is set for Type T thermocouples 

X X 

Startup check - The potentiometer does not read 
a temperature, but shows an open circuit 
indication (e.g., “----”) when the multi-switch is 
in the “OFF” position* 

X X 

Multi-switch detent check - The multi-switch 
detents when turning the multi-switch between 
positions* 

X - - 

Potentiometer open circuit detection check - 
Prior to connecting the potentiometer to the 
thermocouple for the ambient air temperature in 
the SST 241-C Tank Farm, check that the 
potentiometer does not read a temperature, but 
shows an open circuit indication (e.g., “----”) 

X X 

* These detect multi-switch failures. 2 
 3 
The temperature readings are recorded on data sheets with spaces only for the required number 4 
of temperature readings.  The data sheets are signed by both operators.  The procedure directs the 5 
operators to notify the Operations Engineer/Shift Manager if the readings do not meet the 6 
established temperature requirements or are out of range, or if temperature monitoring system 7 
failures are discovered.  The Operations Engineer/Shift Manager also reviews and signs the 8 
temperature reading data sheets. 9 
 10 
There are exceptions to monitoring the SST 241-C-107 MARS containment box and transition 11 
shield box thermocouple temperatures and the outside air temperature in the SST 241-C Tank 12 
Farm in accordance with a continuous use procedure.  A continuous use procedure is only 13 
required for the first monitoring of SST 241-C-107 MARS containment box and transition shield 14 
box thermocouple temperatures by each work crew each shift if the above requirements for 15 
concurrent verification and the applicable checks are prompted by the data sheets.  A continuous 16 
use procedure is only required for the first monitoring of the outside air temperature in the SST 17 
241-C Tank Farm by each work crew each shift if the above requirements for concurrent 18 
verification and the applicable checks are prompted by the data sheets.  19 
 20 
The temperature monitoring frequency for the SST 241-C-107 MARS containment box and 21 
transition shield box is prior to removing the administrative lock on the active waste transfer 22 
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pump, and in accordance with Table 4.5.12-1 thereafter based on the outside air temperature.  1 
The temperature monitoring frequencies in Table 4.5.12-1 are based on the following analyses. 2 
 3 

 The RPP-CALC-53915, C-107 MARS Hose Cage Cooling and Freezing Analysis, 4 
analysis of the spool piece welded to the hose cage assembly steel wall (i.e., the 5 
calculated time for the hose cage assembly steel wall to cool from 50oF to 32oF, plus the 6 
time to remove ½ the heat of fusion from the waste in the spool piece after reaching 7 
32oF). 8 

 9 
 The RPP-CALC-53799, C-107 MARS Containment Box Cooling Analysis, and 10 

RPP-CALC-51223, General Transient Thermal Analysis of Waste Transfer Piping, 11 
analyses of the 2-inch, un-insulated slurry and supernatant piping welded to the 12 
containment box steel wall (i.e., the calculated time for the containment box steel wall to 13 
cool from 50oF to 32oF [RPP-CALC-53799], plus the calculated time to remove ½ the 14 
heat of fusion from the waste in the piping after reaching 32oF [RPP-CALC-51223]). 15 

 16 
 The RPP-CALC-51223 analysis of the remaining 2-inch, un-insulated waste transfer 17 

primary piping in the containment box (i.e., the calculated time to remove ½ the heat of 18 
fusion from the waste in the piping after reaching 32oF accounting for pipe supports). 19 

 20 
 The RPP-RPT-52417, Assessment of Pressure Relief Valve Caustic Freeze Protection in 21 

Retrieval Operations, Attachment C, “Thermal Analysis of Water Filled Waste Transfer 22 
Equipment,” analysis of the insulated pressure relief valve in the containment box (i.e., 23 
the calculated time to remove ½ the heat of fusion from the waste in the pressure relief 24 
valve after reaching 32oF). 25 

 26 
The calculated freezing times in these analyses are all > 3.5 hours, > 4.5 hours, > 6.5 hours, and 27 
> 8.5 hours assuming outside temperatures of 10oF, 15oF, 20oF, and 25oF, respectively. 28 
 29 
The frequency for monitoring the SST 241-C Tank Farm outside air temperature is once per 30 
60 minutes.  This monitoring frequency is reasonable, practical, and judged acceptable to protect 31 
the outside air temperature assumption and for determining the frequency for temperature 32 
monitoring as specified in Table 4.5.12-1. 33 
 34 
If temperature monitoring in the SST 241-C-107 MARS containment box and transition shield 35 
box determines that the temperature may be < 50oF, the Operations Engineer/Shift Manager 36 
takes action to place an administrative lock on the waste transfer pump within 30 minutes.  Prior 37 
to placing the waste transfer pump under administrative lock, a controlled shutdown of the waste 38 
transfer, including flushing, is allowed.  The 30 minutes to place the waste transfer pump under 39 
administrative lock, when added to the temperature monitoring frequency in Table 4.5.12-1, is 40 
less than the minimum, conservatively calculated time for the waste within waste transfer system 41 
piping systems to freeze (RPP-CALC-53915, RPP-CALC-53799, RPP-CALC-51223,  42 
RPP-RPT-52417). 43 
 44 
If temperature monitoring determines the outside air temperature is < 10oF or, if a decrease in the 45 
outside air temperature requires an increase in the temperature monitoring frequency (i.e., a 46 
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decrease in the time between temperature monitoring) in accordance with Table 4.5.12-1, the 1 
Operations Engineer/Shift Manager takes action to place an administrative lock on the waste 2 
transfer pump immediately.  That is, a controlled shutdown of the waste transfer, including 3 
flushing, is not allowed.  The requirement for immediately placing the waste transfer pump under 4 
administrative lock minimizes the potential for a waste leak during a transfer caused by freezing. 5 
 6 
Note: There will only be one frequency in the operating procedure for temperature monitoring 7 

of the SST 241-C-107 MARS containment box and transition shield box, and the 8 
operating procedure will require immediately placing an administrative lock on the waste 9 
transfer pump if the outside air temperature drops below the temperature for that 10 
temperature monitoring frequency.  That is, a different or revised operating procedure is 11 
required to increase the temperature monitoring frequency (i.e., decrease the time 12 
between temperature monitoring) due to a decrease in the outside air temperature. 13 

 14 
4.5.12.3 Functional Requirements.  The Waste Transfer System Freeze Protection for SST 15 
241-C-107 MARS Containment Box and Transition Shield Box SAC shall ensure that during 16 
waste transfers (i.e., when physically connected to an active waste transfer pump not under 17 
administrative lock) waste transfer primary piping systems located in the 241-C-107 MARS 18 
containment box and transition shield box, the containment box steel wall where the slurry and 19 
supernatant waste transfer primary piping are welded, and the hose cage assembly steel wall are 20 
maintained at a temperature > 50°F. 21 
 22 
4.5.12.4 SAC Evaluation.  The Waste Transfer System Freeze Protection for SST 241-C-107 23 
MARS Containment Box and Transition Shield Box SAC is implemented by 24 
TFC-OPS-OPER-C-49.  In accordance with TFC-OPS-OPER-C-49, a second engineer reviews 25 
the waste retrieval operating procedure (and associated procedures) to ensure the Waste Transfer 26 
System Freeze Protection for SST 241-C-107 MARS Containment Box and Transition Shield 27 
Box SAC requirements are incorporated. 28 
 29 
The Waste Transfer System Freeze Protection for SST 241-C-107 MARS Containment Box and 30 
Transition Shield Box SAC is applicable to the SST 241-C-107 MARS containment box and 31 
transition shield box when physically connected to an active waste transfer pump not under 32 
administrative lock. 33 
 34 
The temperature monitoring systems to support the Waste Transfer System Freeze Protection for 35 
SST 241-C-107 MARS Containment Box and Transition Shield Box SAC are designated safety 36 
significant and are described in Section 4.4.9.  Section 4.4.9 determines the in-service 37 
inspections/tests required to ensure the operability of the safety-significant temperature 38 
monitoring systems.  The hand-held potentiometers used to read the thermocouples are calibrated 39 
in accordance with the requirements of TFC-PLN-02, Quality Assurance Program Description, 40 
Section 2.12, “Control of Measuring and Test Equipment” (i.e., NQA-1).  The potentiometers are 41 
not designated safety significant since they are not installed plant equipment (see  42 
Section 3.3.1.5). 43 
 44 
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RPP-TE-53822 establishes the basis for the number and location of operable thermocouples 1 
required within the SST 241-C-107 MARS containment box and transition shield box and for 2 
monitoring the outside air temperature in the SST 241-C Tank Farm. 3 
 4 
The temperature monitoring required by the SST 241-C-107 MARS Containment Box and 5 
Transition Shield Box SAC is performed in accordance with continuous use procedures 6 
developed in accordance with TFC-OPS-OPER-C-49.  Thermocouple temperatures are read and 7 
recorded by two operators using a hand-held potentiometer.  The second operator provides 8 
concurrent verification.  The operators are trained in the proper use of the potentiometer.  The 9 
potentiometer readout is in °F and is recorded on data sheets.  The leads from the thermocouple 10 
or the multi-switch positions have unique identification labels to ensure the readings from the 11 
thermocouples are correctly entered on the data sheets.  The data sheets with the recorded 12 
temperatures are signed by both operators and are then reviewed and signed by the Operations 13 
Engineer/Shift Manager.  The temperature monitoring frequencies in Table 4.5.12-1 for the SST 14 
241-C-107 MARS containment box and transition shield box is adequate to perform these 15 
surveillances. 16 
 17 
There are exceptions to monitoring the SST 241-C-107 MARS containment box and transition 18 
shield box thermocouple temperatures and the outside air temperature in the SST 241-C Tank 19 
Farm in accordance with a continuous use procedure.  A continuous use procedure is only 20 
required for the first monitoring of SST 241-C-107 MARS containment box and transition shield 21 
box thermocouple temperatures by each work crew each shift if the requirements for concurrent 22 
verification and the applicable checks described in Section 4.5.12.2 are prompted by the data 23 
sheets.  A continuous use procedure is only required for the first monitoring of the outside air 24 
temperature in the SST 241-C Tank Farm by each work crew each shift if the requirements for 25 
concurrent verification and the applicable checks described in Section 4.5.12.2 are prompted by 26 
the data sheets.  This is acceptable because individual steps performed in monitoring the SST 27 
241-C-107 MARS containment box and transition shield box thermocouple temperatures and the 28 
outside air temperature in the SST 241-C Tank Farm are simple, the work crew performs the 29 
steps for the first monitoring of the SST 241-C-107 MARS containment box and transition shield 30 
box thermocouple temperatures and the first outside air temperature in the SST 241-C Tank 31 
Farm in accordance with a continuous use procedure, and, thereafter, the monitoring 32 
requirements are prompted by the data sheets.  Therefore, subsequent monitoring of the SST 33 
241-C-107 MARS containment box and transition shield box thermocouple temperatures or the 34 
outside air temperature in the SST 241-C Tank Farm by the same work crew during a shift in 35 
accordance with a continuous use operating procedure is not required to ensure that the 36 
monitoring is performed correctly. 37 
 38 
Potential failure modes of the temperature monitoring systems that could lead to failure of the 39 
safety instrumented system (SIS) are identified in Section 4.4.9.  The design and operating 40 
requirements (i.e., in-service inspections/tests) addressing these potential failure modes are also 41 
described in Section 4.4.9.  The dominant failure mode is open circuits, which are readily 42 
detected by the operator. 43 
 44 
The Operations Engineers/Shift Managers are trained on the actions to take if the temperature 45 
monitoring requirements are not met.  These actions are to place an administrative lock on the 46 
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waste transfer pump.  These actions are common operations that are performed by trained 1 
operators and are prescribed in the procedure.  There is also adequate time to accomplish these 2 
required actions. 3 
 4 
Given the above, this control provides adequate assurance that waste transfer primary piping 5 
systems located in SST 241-C-107 MARS containment box and transition shield box are 6 
protected from freezing during waste transfers to protect their safety function. 7 
 8 
4.5.12.5 Controls (TSRs).  The Waste Transfer System Freeze Protection for SST 241-C-107 9 
MARS Containment Box and Transition Shield Box SAC is implemented as a directed action 10 
AC.  The SAC is applicable to the SST 241-C-107 MARS containment box and transition shield 11 
box when physically connected to an active waste transfer pump not under administrative lock.  12 
The SAC is applicable in October, November, December, January, February, March, and April.   13 
 14 
The SAC requirements are: 15 
 16 

A. Instrumentation shall be installed to monitor: 17 
 18 

1. The outside air temperature in the SST 241-C Tank Farm. 19 
 20 

2. The air temperature entering the SST 241-C-107 MARS containment box from the 21 
inlet HEPA breather filter. 22 
 23 

3. The air temperature in the SST 241-C-107 MARS containment box. 24 
 25 

4. The air temperature in the SST 241-C-107 MARS transition shield box. 26 
 27 

5. The temperature of the SST 241-C-107 MARS containment box steel wall to which 28 
the slurry and supernatant waste transfer primary piping are welded. 29 

 30 
A documented evaluation shall determine the number and location of thermocouples 31 
required to perform the above temperature monitoring (i.e., RPP-TE-53822). 32 

 33 
B. Temperature monitoring shall: 34 

 35 
1. Verify the outside air temperature in the SST 241-C Tank Farm is > 10°F accounting 36 

for the accuracy of the temperature monitoring system.  The monitoring frequency 37 
shall be prior to removing the administrative lock on the active waste transfer pump 38 
AND once per 60 minutes thereafter. 39 
 40 

2. Verify the air temperature entering the SST 241-C-107 MARS containment box from 41 
the inlet HEPA breather filter is > 50°F.  No accounting for the accuracy of the 42 
temperature monitoring system is required.  The monitoring frequency shall be prior 43 
to removing the administrative lock on the active waste transfer pump AND in 44 
accordance with Table 4.5.12-1 thereafter based on the outside air temperature 45 
accounting for the accuracy of the temperature monitoring system. 46 
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 1 
3. Verify the lowest air temperature in the SST 241-C-107 MARS containment box is 2 

> 50°F.  No accounting for the accuracy of the temperature monitoring system is 3 
required.  The monitoring frequency shall be prior to removing the administrative 4 
lock on the active waste transfer pump AND in accordance with Table 4.5.12-1 5 
thereafter based on the outside air temperature accounting for the accuracy of the 6 
temperature monitoring system. 7 

 8 
4. Verify the lowest air temperature in the SST 241-C-107 MARS transition shield box 9 

is > 50°F.  No accounting for the accuracy of the temperature monitoring system is 10 
required.  The monitoring frequency shall be prior to removing the administrative 11 
lock on the active waste transfer pump AND in accordance with Table 4.5.12-1 12 
thereafter based on the outside air temperature accounting for the accuracy of the 13 
temperature monitoring system. 14 

 15 
5. Verify the temperature of the SST 241-C-107 MARS containment box steel wall to 16 

which the slurry and supernatant waste transfer primary piping are welded is > 50°F.  17 
No accounting for the accuracy of the temperature monitoring system is required.  18 
The monitoring frequency shall be prior to removing the administrative lock on the 19 
active waste transfer pump AND in accordance with Table 4.5.12-1 thereafter based 20 
on the outside air temperature accounting for the accuracy of the temperature 21 
monitoring system. 22 

 23 
Concurrent verification shall be provided for the above temperature monitoring. 24 
 25 

C. The waste transfer pump shall be placed under administrative lock: 26 
 27 
1. Immediately if the outside air temperature in the SST 241-C Tank Farm is < 10oF 28 

accounting for the accuracy of the temperature monitoring system. 29 
 30 
2. Within 30 minutes if the temperature monitoring requirements of B.2 OR B.3 OR B.4 31 

OR B.5 are not met. 32 
 33 
3. Immediately if a decrease in outside air temperature requires an increase in the 34 

temperature monitoring frequency (i.e., a decrease in the time between temperature 35 
monitoring) in accordance with Table 4.5.12-1. 36 

 37 
The temperature monitoring frequencies are permitted to be extended by 25%.  This extension 38 
facilitates scheduling these activities and considers plant operating conditions that may not be 39 
suitable for conducting these activities (e.g., transient conditions or other ongoing activities).  40 
The 25% extension does not significantly degrade the reliability that results from performing 41 
these activities at their specified frequency.  This is based on the recognition that the most 42 
probable result of any particular temperature monitoring result is verification of conformance 43 
with the temperature monitoring requirement.  The 25% extension is not intended to be used 44 
repeatedly merely as an operational convenience to extend the frequencies beyond those 45 
specified. 46 
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Table 4.5.12-1.  Temperature Monitoring Frequency Based on the Outside Air Temperature. 1 
 2 

Outside Air Temperaturea Temperature Monitoring 
Frequencyb 

> 10°F to < 15°F Once per 180 min 
> 15°F to < 20°F Once per 4 hours 
> 20°F to < 25°F Once per 6 hours 

> 25°F Once per 8 hours 
Notes: 

aMeasurement of the outside air temperature shall account for the 
accuracy of the temperature monitoring system. 

bIf an increase in outside air temperature allows a decrease in the 
temperature monitoring frequency (i.e., an increase in the time between 
temperature monitoring), maintaining the temperature monitoring frequency 
at the higher, more conservative frequency is acceptable. 

 
 3 
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4.5.13 SST 241-C-105 Waste Transfer System Freeze Protection Using Automated 1 
Temperature Monitoring Systems (ATMS) 2 
  3 

4.5.13.1 Safety Function.  The safety function of the SAC SST 241-C-105 Waste Transfer 4 
System Freeze Protection Using Automated Temperature Monitoring Systems (ATMS) is to 5 
prevent the loss of the safety function of safety-significant structures, systems, and components 6 
(SSC) located in waste transfer-associated structures with an SST 241-C-105 waste transfer 7 
freeze protection ATMS from freezing during SST 241-C-105 retrieval waste transfers.  The 8 
protected safety-significant SSCs and their safety functions are: 9 
  10 

 Waste transfer primary piping systems – safety function is to provide confinement of 11 
waste. 12 

 13 
 Isolation valves for double valve isolation – safety function is to limit leakage of waste 14 

(through valve leakage). 15 
 16 
This control is identified as a SAC to protect safety-significant waste transfer system primary 17 
piping systems (see Section 4.4.1) and isolation valves for double valve isolation (see 18 
Section 4.4.3) from freezing during waste transfers when their failure could directly result in a 19 
waste leak.  The SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS SAC 20 
requires temperature monitoring to protect these safety-significant SSCs during SST 241-C-105 21 
retrieval waste transfers when monitoring is provided by the SST 241-C-105 waste transfer 22 
freeze protection ATMS.  Although engineered features may be used to maintain the temperature 23 
of the SST 241-C-105 MARS-V containment box, transition shield box, and other waste 24 
transfer-associated structures > 50°F (e.g., heat trace, heaters in structures, heated structure 25 
enclosures), monitoring temperature is a direct measurement of the parameter of concern and is 26 
the preferred and most practical control. 27 
 28 
4.5.13.2 SAC Description.  Safety-significant waste transfer primary piping systems and 29 
isolation valves for double valve isolation located in the SST 241-C-105 mobile arm retrieval 30 
system – vacuum (MARS-V) containment box (POR297-WT-CB-001), portable instrument and 31 
valve box (PIVB) (POR295-WT-VP-001), and transition shield box, which is between the 32 
containment box and the PIVB,1 are potentially exposed to freezing temperatures (i.e., 33 
temperatures < 32°F).  The system evaluation of waste transfer primary piping systems (see 34 
Section 4.4.1) and isolation valves for double valve isolation (see Section 4.4.3) identified 35 
freezing as a potential failure mode that could cause loss of the safety function during a waste 36 
transfer.  The SAC SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS 37 
prevents freezing of the physically connected waste transfer primary piping systems and isolation 38 
valves for double valve isolation located in the SST 241-C-105 MARS-V containment box, 39 
transition shield box, and PIVB using a safety-significant SST 241-C-105 waste transfer freeze 40 
protection ATMS (see Section 4.4.11).  The ATMS continuously monitors the air temperature in 41 

                                                 
1 The SST 241-C-105 MARS-V transition shield box provides shielding and is not a waste transfer-associated 
structure.  The slurry and supernatant lines located within the transition shield box consist of a short length of 
encased piping (i.e., pipe-in-pipe design) that connects to hose-in-hose transfer lines (HIHTL).  The transition shield 
box is considered physically connected when the slurry or supernatant lines located within the transition shield box 
are physically connected. 
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these structures with thermocouples and illuminates a flashing beacon when the ATMS is 1 
operational and all monitored thermocouples are > 50°F. 2 
 3 
SST 241-C-105 retrieval waste transfers also use safety-significant waste transfer primary piping 4 
systems and isolation valves for double valve isolation located in diversion box 5 
POR209-WT-DB-001, portable valve pit POR104-WT-VP-001, and the DST 241-AN-106 6 
central pump pit 241-AN-06A, that are potentially exposed to freezing temperatures.  For 7 
operational efficiency, each of these waste transfer-associated structures may also have an 8 
ATMS and, therefore, the SAC SST 241-C-105 Waste Transfer System Freeze Protection Using 9 
ATMS may also prevent freezing of the physically connected waste transfer primary piping 10 
systems and isolation valves for double valve isolation in these structures. 11 
 12 
Note: The SST 241-C-105 MARS-V containment box, transition shield box, and PIVB have an 13 

ATMS.  The other waste transfer-associated structures (POR209-WT-DB-001, 14 
POR104-WT-VP-001, and 241-AN-06A) may have an ATMS, but also have a separate 15 
waste transfer freeze protection temperature monitoring system (see Section 4.4.9).  For 16 
these structures, this SAC or the SAC Waste Transfer System Freeze Protection (see 17 
Section 4.5.11) can be used for SST 241-C-105 retrieval waste transfers.  The ATMS and 18 
this SAC cannot be used for other waste transfers involving these structures. 19 

 20 
In addition to the ATMS, the SAC SST 241-C-105 Waste Transfer System Freeze Protection 21 
Using ATMS requires monitoring the outside air temperature in the SST 241-C Tank Farm.  22 
Monitoring the outside air temperature in the SST 241-C Tank Farm is required because the 23 
outside air temperature is an important assumption in the calculations supporting the ATMS 24 
beacon monitoring frequency and in the action completion times (see below).  Also, because 25 
these calculations for the SST 241-C-105 MARS-V containment box and transition shield box 26 
assume the outside air temperature is > 10oF, SST 241-C-105 retrieval waste transfers are 27 
prohibited if the outside air temperature is < 10oF. 28 
 29 
SST 241-C Tank Farm outside air is monitored by a safety-significant waste transfer freeze 30 
protection temperature monitoring system (see Section 4.4.9).  The waste transfer freeze 31 
protection temperature monitoring system consists of a Type T thermocouple.  The thermocouple 32 
is located in the SST 241-C Tank Farm near the SST 241-C-105 control trailer.  The 33 
thermocouple temperature is read using a hand-held potentiometer.  The measurement of the 34 
outside air temperature shall account for the accuracy of the temperature monitoring system. 35 
 36 
The SAC SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS is applicable 37 
when an ATMS is used to monitor the air temperature in a waste transfer-associated structure 38 
that is physically connected to an active waste transfer pump not under administrative lock 39 
during a SST 241-C-105 retrieval waste transfer.  (Note:  The Winterization/Freeze Protection 40 
defense-in-depth feature is identified to protect waste transfer primary piping systems and 41 
isolation valves for double valve isolation when waste transfers are not occurring.) 42 
 43 
The SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS SAC is only 44 
applicable in October, November, December, January, February, and March because there is no 45 
freezing hazard for the safety-significant waste transfer primary piping systems and isolation 46 
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valves for double valve isolation in April, May, June, July, August, and September.   1 
PNNL-14616, Hanford Site Climatological Data Summary 2003 with Historical Data, shows 2 
that the daily extreme minimum temperature in June, July, and August is > 32°F (see  3 
PNNL-14616 Table 3.10, “Monthly Normal Temperature (°F) and Monthly Extremes of 4 
Maximum and Minimum Temperatures (°F)”).  During April, May, and September, minimum 5 
temperatures < 32°F occur (see PNNL-14616 Table 3.7, “Monthly and Seasonal Number of 6 
Days with Minimum Temperatures (°F) at or below 32°F or 0°F”), but the time the temperature 7 
remains < 32°F is short, typically 1 or 2 hours with a longest time of 9 hours, and the lowest 8 
temperature is 24oF (RPP-RPT-53045, Evaluation of Selected Hanford Station Meteorological 9 
Data – Air Temperature).  The short time that the air temperature could be as low as 24°F in 10 
April, May, and September is less than the time to remove ½ the heat of fusion from the waste 11 
within the safety-significant waste transfer primary piping systems and isolation valves for 12 
double valve isolation located in the SST 241-C-105 MARS containment box and transition 13 
shield box, POR295-WT-VP-001, POR209-WT-DB-001, POR104-WT-VP-001, and  14 
241-AN-06A (RPP-TE-55261, Methodology and Implementation of Thermocouple Placement 15 
for C-105 Waste Retrieval Equipment). 16 
 17 
The SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS SAC is 18 
implemented by TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer 19 
Operating Procedures (Including Water and Chemical Additions).  The responsible engineer 20 
assigned to develop the procedures for SST 241-C-105 retrieval waste transfers identifies the 21 
requirements of the SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS 22 
SAC and implements and documents the requirements in the waste retrieval operating procedure 23 
in accordance with TFC-OPS-OPER-C-49.  A second engineer reviews the waste retrieval 24 
operating procedure.  (Note:  Separate continuous use operating procedures, referenced in the 25 
SST 241-C-105 waste retrieval operating procedure, may be used for monitoring the ATMS 26 
and/or monitoring the outside air temperature in the SST 241-C Tank Farm.  These procedures 27 
are also developed by the responsible engineer and reviewed by a second engineer.  See also the 28 
exceptions to the requirement to use a continuous use procedure below.) 29 
 30 
Monitoring the ATMS.  An operator is assigned to observe and verify that all required ATMS 31 
beacons are flashing in accordance with a continuous use procedure.  The ATMS beacons are 32 
individually and uniquely identified and observed (including optional use of a camera) by 33 
confirming the identifier on each ATMS and then observing the ATMS beacon.  The status of 34 
each required ATMS beacon is recorded on data sheets (i.e., each beacon is flashing or is not 35 
flashing) and signed by the operator.  The procedure directs the operator to notify the Operations 36 
Engineer/Shift Manager if all required beacons are not flashing.  A second operator is assigned to 37 
independently verify the status of each ATMS beacon in accordance with a continuous use 38 
procedure.  This independent verification of the status of the ATMS beacons is also recorded on 39 
data sheets and signed by the second operator.  The procedure directs the second operator to 40 
independently notify the Operations Engineer/Shift Manager if all of the required beacons are 41 
not flashing.  The Operations Engineer/Shift Manager also reviews and signs the ATMS status 42 
data sheets. 43 
 44 
There is an exception to monitoring the ATMS in accordance with a continuous use 45 
procedure.  A continuous use procedure is only required for the first monitoring of the ATMS by 46 
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each operator each shift if the above requirements for confirming the identifier on each ATMS 1 
and then observing the ATMS beacon are prompted by the data sheets. 2 
 3 
Monitoring the outside air temperature in the SST 241-C Tank Farm.  Two operators are 4 
assigned to read and record the thermocouple temperature for the outside air temperature in the 5 
SST 241-C Tank Farm in accordance with a continuous use procedure.  The second operator 6 
provides concurrent verification.  The thermocouple is read inside of the control trailer.  The 7 
thermocouple temperature is read using a calibrated hand-held potentiometer.  The operators are 8 
trained in the use of the hand-held potentiometer.  Both operators verify the thermocouple being 9 
read; one operator reads the temperature; the other operator reads and repeats back the 10 
temperature; and the temperature is recorded.  The following required checks are also performed 11 
by the operators. 12 
 13 

 First 
Operator 

Second 
Operator 

Potentiometer calibration sticker check – The 
potentiometer calibration sticker is current 

X X 

Potentiometer setup check - The potentiometer is 
set for Type T thermocouples 

X X 

Potentiometer open circuit detection check - 
Prior to connecting the potentiometer to the 
thermocouple for the ambient air temperature in 
the SST 241-C Tank Farm, check that the 
potentiometer does not read a temperature, but 
shows an open circuit indication (e.g., “----”) 

X X 

 14 
The temperature reading is recorded on data sheets.  The data sheets are signed by both 15 
operators.  The procedure directs the operators to notify the Operations Engineer/Shift Manager 16 
if the reading does not meet the established temperature requirement or is out of range, or if 17 
temperature monitoring system failures are discovered.  The Operations Engineer/Shift Manager 18 
also reviews and signs the temperature reading data sheets. 19 
 20 
There is an exception to monitoring the outside air temperature in the SST 241-C Tank Farm in 21 
accordance with a continuous use procedure.  A continuous use procedure is only required for 22 
the first monitoring of the outside air temperature in the SST 241-C Tank Farm by each work 23 
crew each shift if the above requirements for concurrent verification and checks are prompted by 24 
the data sheets.   25 
 26 
Monitoring Frequencies.  The ATMS monitoring frequency is prior to removing the 27 
administrative lock on the active waste transfer pump, and in accordance with Table 4.5.13-1 28 
thereafter based on the outside air temperature.  The ATMS monitoring frequencies in 29 
Table 4.5.13-1 are based on calculations for the time to remove ½ the heat of fusion from the 30 
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waste within the waste transfer primary piping systems and isolation valves for double valve 1 
isolation (see RPP-TE-55261). 2 
 3 
The frequency for monitoring the SST 241-C Tank Farm outside air temperature is once per 4 
60 minutes.   5 

 6 
Note: There will only be one frequency in the operating procedure for monitoring of the ATMS 7 

beacons, and the operating procedure will require immediately placing an administrative 8 
lock on the waste transfer pump if the outside air temperature drops below the 9 
temperature for that monitoring frequency.  That is, a different or revised operating 10 
procedure is required to increase the monitoring frequency (i.e., decrease the time 11 
between monitoring) due to a decrease in the outside air temperature. 12 

 13 
Response Actions.  If all required ATMS beacons are not flashing, the Operations 14 
Engineer/Shift Manager takes action to place an administrative lock on the waste transfer pump 15 
within the completion times shown in Table 4.5.13-1.  Prior to placing the waste transfer pump 16 
under administrative lock, a controlled shutdown of the waste transfer, including flushing, is 17 
allowed.  The completion times to place the waste transfer pump under administrative lock, when 18 
added to the ATMS monitoring frequency, is less than the minimum, conservatively calculated 19 
time for the waste within the waste transfer primary piping systems and isolation valves for 20 
double valve isolation to freeze (see RPP-TE-55261). 21 
 22 
If temperature monitoring determines the outside air temperature is < 10°F or, if a decrease in the 23 
outside air temperature requires an increase in the temperature monitoring frequency (i.e., a 24 
decrease in the time between temperature monitoring) in accordance with Table 4.5.13-1, the 25 
Operations Engineer/Shift Manager takes action to immediately place an administrative lock on 26 
the waste transfer pump.  That is, a controlled shutdown of the waste transfer, including flushing, 27 
is not allowed.  The requirement for immediately placing the waste transfer pump under 28 
administrative lock minimizes the potential for a waste leak during a transfer caused by freezing. 29 
 30 
4.5.13.3 Functional Requirements.  The SST 241-C-105 Waste Transfer System Freeze 31 
Protection Using ATMS SAC shall ensure that during SST 241-C-105 retrieval waste transfers 32 
waste transfer primary piping systems and isolation valves for double valve isolation located in 33 
the 241-C-105 MARS-V containment box, transition shield box, and PIVB are maintained at a 34 
temperature > 32°F.  The SST 241-C-105 Waste Transfer System Freeze Protection Using 35 
ATMS SAC shall also ensure that during SST 241-C-105 retrieval waste transfers waste transfer 36 
primary piping systems and isolation valves for double valve isolation located in 37 
POR209-WT-DB-001, POR104-WT-VP-001, and 241-AN-06A are maintained at a temperature 38 
> 32°F, when monitoring is provided by an ATMS. 39 
  40 
4.5.13.4 SAC Evaluation.  The SST 241-C-105 Waste Transfer System Freeze Protection 41 
Using ATMS SAC is implemented by TFC-OPS-OPER-C-49.  In accordance with 42 
TFC-OPS-OPER-C-49, a second engineer reviews the SST 241-C-105 waste retrieval operating 43 
procedure (and associated procedures) to ensure the SAC requirements are incorporated. 44 
 45 
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The ATMS and the temperature monitoring system for the outside air temperature in the SST 1 
241-C Tank Farm required to support the SST 241-C-105 Waste Transfer System Freeze 2 
Protection Using ATMS SAC are designated safety significant and are described in 3 
Section 4.4.11 and Section 4.4.9, respectively. 4 
 5 
The ATMS beacon and temperature monitoring required by the SST 241-C-105 Waste Transfer 6 
System Freeze Protection Using ATMS SAC is performed in accordance with continuous use 7 
procedures developed in accordance with TFC-OPS-OPER-C-49. 8 
 9 
There is an exception to monitoring the ATMS in accordance with a continuous use 10 
procedure.  A continuous use procedure is only required for the first monitoring of the ATMS by 11 
each operator each shift if the requirements for confirming the identifier on each ATMS and then 12 
observing the ATMS beacon are prompted by the data sheets.  This is acceptable because 13 
individual steps performed in monitoring the ATMS are simple, each operator performs the steps 14 
for the first monitoring of the ATMS in accordance with a continuous use procedure, and, 15 
thereafter, the monitoring requirements are prompted by the data sheets.  Therefore, subsequent 16 
monitoring of the ATMS by the same operator during a shift in accordance with a continuous use 17 
operating procedure is not required to ensure that the monitoring is performed correctly. 18 
 19 
There is also an exception to monitoring the outside air temperature in the SST 241-C Tank Farm 20 
in accordance with a continuous use procedure.  A continuous use procedure is only required for 21 
the first monitoring of the outside air temperature in the SST 241-C Tank Farm by each work 22 
crew each shift if the applicable requirements for concurrent verification and checks described in 23 
Section 4.5.13.2 are prompted by the data sheets.  This is acceptable because individual steps 24 
performed in monitoring the outside air temperature in the SST 241-C Tank Farm are simple, the 25 
work crew performs the steps for the first monitoring of the outside air temperature in the SST 26 
241-C Tank Farm in accordance with a continuous use procedure, and, thereafter, the monitoring 27 
requirements are prompted by the data sheets.  Therefore, subsequent monitoring of the outside 28 
air temperature in the SST 241-C Tank Farm by the same work crew during a shift in accordance 29 
with a continuous use operating procedure is not required to ensure that the monitoring is 30 
performed correctly. 31 
 32 
Monitoring the ATMS.  There may be four ATMS used to monitor the air temperature in the 33 
following waste transfer-associated structures. 34 
 35 

 ATMS (POR301-WT-EES-001)/Beacon #1 - SST 241-C-105 MARS containment box 36 
(POR297-WT-CB-001), transition shield box, and PIVB (POR295-WT-VP-001). 37 

 38 
 ATMS (POR372-WT-EES-001)/Beacon #2 - Diversion box POR209-WT-DB-001. 39 

 40 
 ATMS (POR371-WT-EES-001)/Beacon #3 - Portable valve pit POR104-WT-VP-001. 41 

 42 
 ATMS (POR373-WT-EES-001)/Beacon #4 - DST 241-AN-106 central pump pit 43 

241-AN-06A. 44 
 45 
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The ATMS beacons are flashing when the ATMS is operational and all monitored 1 
thermocouples are > 50°F.  The ATMS beacons are individually and uniquely identified and 2 
observed (including optional use of a camera) by confirming the identifier on each ATMS and 3 
then observing the ATMS beacon.  Operability of the ATMS is addressed in Section 4.4.11. 4 
 5 
A qualified operator verifies that all required ATMS beacons are flashing.  The status of each 6 
required ATMS beacons is recorded on data sheets (i.e., each beacon is flashing or is not 7 
flashing) and signed by the operator.  The procedure directs the operator to notify the Operations 8 
Engineer/Shift Manager if all required beacons are not flashing.  A second operator is assigned to 9 
independently verify the status of each required ATMS beacon.  This independent verification of 10 
the status of the ATMS beacons is also recorded on data sheets and signed by the second 11 
operator.  The procedure directs the second operator to independently notify the Operations 12 
Engineer/Shift Manager if all of the required beacons are not flashing.  The Operations 13 
Engineer/Shift Manager also reviews and signs the ATMS status data sheets.  Therefore, the two 14 
operators do not bias each other’s ATMS beacon status verification or reporting. 15 
 16 
Monitoring the outside air temperature in the SST 241-C Tank Farm.  RPP-TE-55261 17 
documents the evaluation for the location of the thermocouple required to perform the 18 
temperature monitoring of the outside air temperature in the SST 241-C Tank Farm.  The 19 
thermocouple temperature is read and recorded by two operators using a hand-held 20 
potentiometer.  The second operator provides concurrent verification.  The operators are trained 21 
in the proper use of the potentiometer.  The potentiometer readout is in °F and is recorded on 22 
data sheets.  The data sheets with the recorded temperature are signed by both operators and are 23 
then reviewed and signed by the Operations Engineer/Shift Manager. 24 
 25 
Operability of the temperature monitoring system is addressed in Section 4.4.9.  The hand-held 26 
potentiometer used to read the thermocouple is calibrated in accordance with the requirements of 27 
TFC-PLN-02, Quality Assurance Program Description, Section 2.12, “Control of Measuring and 28 
Test Equipment” (i.e., NQA-1).  The potentiometers are not designated safety significant since 29 
they are not installed plant equipment (see Section 3.3.1.5). 30 
 31 
Monitoring frequencies.  The ATMS monitoring frequencies in Table 4.5.13-1 are based on the 32 
analysis of the time to freeze for the protected waste transfer primary piping systems and 33 
isolation valves for double valve isolation as described in RPP-TE-55261.  The limiting 34 
calculated freezing times are shown in Table 4.5.13-1.  The ATMS monitoring frequencies in 35 
Table 4.5.13-1 are adequate to perform the ATMS beacon surveillances. 36 
 37 
The frequency for monitoring the SST 241-C Tank Farm outside air temperature of once per 38 
60 minutes is reasonable, practical, and judged acceptable to protect the outside air temperature 39 
assumption and for determining the frequency for temperature monitoring as specified in 40 
Table 4.5.13-1. 41 
 42 
Response Actions.  The Operations Engineers/Shift Managers are trained on the actions to take 43 
if the ATMS or outside air temperature monitoring requirements are not met.  These actions are 44 
to place an administrative lock on the waste transfer pump.  These actions are common 45 
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operations that are performed by trained operators and are prescribed in the procedure.  There is 1 
also adequate time to accomplish these required actions. 2 
 3 
Given the above, this control provides adequate assurance that waste transfer primary piping 4 
systems and isolation valves for double valve isolation located in the SST 241-C-105 MARS 5 
containment box, transition shield box, and PIVB, and in POR209-WT-DB-001, 6 
POR104-WT-VP-001, and 241-AN-06A, are protected from freezing when an ATMS is used 7 
during SST 241-C-105 retrieval waste transfers to protect their safety function. 8 
 9 
4.5.13.5 Controls (TSRs).  The SST 241-C-105 Waste Transfer System Freeze Protection 10 
Using ATMS SAC is implemented as a directed action AC.  The SAC is applicable when an 11 
ATMS is used to monitor the air temperature in a waste transfer-associated structure that is 12 
physically connected to an active waste transfer pump not under administrative lock during a 13 
SST 241-C-105 retrieval waste transfer.  The SAC is applicable in October, November, 14 
December, January, February, and March. 15 
 16 
The SAC requirements are: 17 
 18 

1. Instrumentation shall be installed to monitor the outside air temperature in the SST 241-C 19 
Tank Farm.  A documented evaluation shall determine the location of the thermocouple 20 
required to perform the temperature monitoring. 21 

 22 
2. Verify the outside air temperature in the SST 241-C Tank Farm is > 10°F accounting for 23 

the accuracy of the temperature monitoring system.  Concurrent verification is required.  24 
The monitoring frequency shall be prior to removing the administrative lock on the active 25 
waste transfer pump AND once per 60 minutes thereafter. 26 
 27 

3. Verify the required ATMS beacon(s) are flashing.  Independent verification is required.  28 
The monitoring frequency shall be prior to removing the administrative lock on the active 29 
waste transfer pump AND in accordance with Table 4.5.13-1 thereafter based on the 30 
outside air temperature accounting for the accuracy of the temperature monitoring 31 
system. 32 
 33 

4. The waste transfer pump shall be placed under administrative lock: 34 
 35 
A. Immediately if the outside air temperature in the SST 241-C Tank Farm is < 10°F 36 

accounting for the accuracy of the temperature monitoring system. 37 
 38 
B. In accordance with Table 4.5.13-1 if monitoring Requirement #3 is not met. 39 
 40 
C. Immediately if a decrease in outside air temperature requires an increase in the 41 

ATMS monitoring frequency (i.e., a decrease in the time between ATMS monitoring) 42 
in accordance with Table 4.5.13-1. 43 

 44 
The ATMS and outdoor air temperature monitoring frequencies are permitted to be extended by 45 
25%.  This extension facilitates scheduling these activities and considers plant operating 46 
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conditions that may not be suitable for conducting these activities (e.g., transient conditions or 1 
other ongoing activities).  The 25% extension does not significantly degrade the reliability that 2 
results from performing these activities at their specified frequency.  This is based on the 3 
recognition that the most probable result of any particular ATMS or outside air temperature 4 
monitoring result is verification of conformance with the monitoring requirement.  The 25% 5 
extension is not intended to be used repeatedly merely as an operational convenience to extend 6 
the frequencies beyond those specified. 7 
 8 
4.5.13.6 References 9 
 10 
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 13 
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29 
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Table 4.5.13-1.  ATMS Monitoring Frequency and Completion Times  
Based on the Outside Air Temperature. 

 
Ambient Air 

Temperaturea 
Limiting Time to 

Freezing 
Temperature 
Monitoring 
Frequencyb 

Completion 
Time 

> 10°F to < 15°F 4.7 hours Once per 180 minutes 1 hour 
> 15°F to < 20°F 6.4 hours Once per 180 minutes 3 hours 
> 20°F to < 25°F 9.6 hours Once per 6 hours 3 hours 

> 25°F 17.8 hours Once per 12 hours 3 hours 
Notes:  
 aMeasurement of the outside air temperature shall account for the accuracy of the 
temperature monitoring system. 

bIf an increase in ambient air temperature allows a decrease in the temperature monitoring 
frequency (i.e., an increase in the time between temperature monitoring), maintaining the 
temperature monitoring frequency at the higher, more conservative frequency is acceptable. 
 

1 
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5.0 DERIVATION OF TECHNICAL SAFETY REQUIREMENTS 1 
 2 
 3 
 4 
5.1 INTRODUCTION 5 
 6 
This chapter provides the information necessary for preparing the Tank Farms Technical Safety 7 
Requirements (TSR) (HNF-SD-WM-TSR-006) required by Title 10, Code of Federal 8 
Regulations (CFR), Part 830 (10 CFR 830), “Nuclear Safety Management,” Subpart B, “Safety 9 
Basis Requirements,” 10 CFR 830.205, “Technical Safety Requirements.”  10 
HNF-SD-WM-TSR-006 defines acceptable conditions, safe boundaries, and management, or 11 
administrative controls, required to ensure safe operation of the tank farm facilities.  12 
 13 
This chapter provides summaries and references to pertinent sections of this document that 14 
describe the design (i.e., structures, systems, and components [SSC]) and administrative features 15 
identified for the potential hazardous conditions and postulated accidents.  The Limiting 16 
Conditions for Operation (LCO), Surveillance Requirements (SR), Specific Administrative 17 
Controls (SAC), Key Elements of Administrative Controls (AC), AC programs (including Safety 18 
Management Programs [SMP]), and Design Features form the basis of the TSR document and 19 
provide the logical link between the TSR controls and the documented safety analysis (DSA). 20 
 21 
Products of this chapter include the following. 22 
 23 

 Derivation of minimum staffing levels. 24 
 25 

 Derivation of LCOs/SRs. 26 
 27 

 Derivation of SACs. 28 
 29 

 Derivation of Key Elements of ACs. 30 
 31 

 Summary of AC programs. 32 
 33 

 Identification of Design Features. 34 
 35 

 Identification of TSR interfaces with other tank farm and Hanford Site facilities and 36 
operations. 37 
 38 

 A table that links the TSR controls with applicable analyzed accidents. 39 
 40 
 41 
5.2 REQUIREMENTS 42 
 43 
Design codes, standards, regulations, and DOE Orders required for establishing the facility 44 
safety basis specific to this chapter include the following: 45 
 46 
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 10 CFR 830 1 
 2 

 DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety 3 
Analyses to Meet Subpart B of 10 CFR 830 4 

 5 
 DOE G 423.1-1, Implementation Guide for Use in Developing Technical Safety 6 

Requirements 7 
 8 

 DOE-STD-1186-2004, Specific Administrative Controls 9 
 10 

 DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor 11 
Nuclear Facility Documented Safety Analyses 12 

 13 
 14 
5.3 TECHNICAL SAFETY REQUIREMENTS 15 

COVERAGE 16 
 17 
 18 
5.3.1 Summary 19 
 20 
The suite of TSR controls for potential hazardous conditions and postulated accidents is 21 
summarized in Table 5.3.1-1.  Table 5.3.1-1 lists the TSR controls selected based on the hazard 22 
and accident analyses in Chapter 3.0.  Table 5.3.1-1 provides a cross-reference of the TSR 23 
controls to the respective Chapter 3.0 sections.  Section 5.5 provides a summary of the derivation 24 
bases for each TSR control. 25 
 26 
The required TSR controls are considered necessary and sufficient for public safety, significant 27 
defense-in-depth, and significant facility worker safety.  The primary Tank Operations 28 
Contractor (TOC) SMPs that provide additional defense-in-depth are described in the 29 
programmatic chapters of this DSA.  Included are programs prescribed in tank farm regulatory 30 
and contractual systems that implement applicable requirements (e.g., radiation protection, 31 
quality assurance).  (See Section 5.5.3.7.) 32 
 33 
 34 
5.4 DERIVATION OF FACILITY MODES 35 
 36 
 37 
5.4.1 Operational Modes 38 
 39 
Facility operational modes are not defined for the tank farm TSRs.  The operational conditions 40 
when the tank farm LCOs and associated Surveillance Requirements, ACs, and Design Features 41 
are required are specifically stated in the applicability section of these TSRs.   42 
 43 
5.4.2 Minimum Staffing Levels 44 
 45 
Per DOE G 423.1-1, the required staffing of operating shifts for nonreactor nuclear facilities and 46 
the members of the shift staff required to be present in the control room or control area for 47 

RPP-13033 1/29/2015 - 12:56 PM 807 of 1079



RPP-13033 REV 5-F 
 
 

 
 5-3  

different operating conditions should be specified on the basis of relevant safety analyses.  1 
Unlike reactors, or process facilities, tank farms does not have a single control room or control 2 
area.  Therefore, as identified below, some minimum staffing activities are performed outside of 3 
a control room or control area. 4 
 5 
The minimum operations shift complement (interchangeably referred to as minimum staff) is 6 
shown in Table 5.4.2-1.  The minimum staff includes one shift manager, three nuclear operators, 7 
and one radiological control technician.  This minimum staffing is considered adequate to 8 
perform the minimum safety functions required by the TSRs during normal operations, and 9 
during abnormal and emergency conditions. 10 
 11 
AC 5.5.1.3 allows the minimum complement of personnel to be one person less than the required 12 
number for a period of time not to exceed 4 hours.  Allowing this temporary reduction in the 13 
minimum staff accommodates unexpected absences, but requires that immediate action be taken 14 
to restore the shift complement to within the minimum requirements specified in Table 5.4.2-1.  15 
With respect to the shift manager, the times when unexpected absences are of most concern are 16 
off-shift hours, including weekends and holidays, when the intent is to have only one Central 17 
Shift Manager onsite.  Note that when the 242-A Evaporator is in the Operation Mode, the shift 18 
manager is not shared with the 242-A Evaporator.  (See HNF-14755, 242-A Evaporator 19 
Documented Safety Analysis, for the definitions of 242-A Evaporator Operational Modes.)  20 
During normal working hours, there are typically several shift managers onsite who could serve 21 
as backups to the Central Shift Manger should the need arise.  An on-call list is maintained by 22 
Operations to ensure that a shift manager is available for call-out (and consultation prior to 23 
arrival) should the need arise.  This on-call list is also provided to the Hanford Emergency 24 
Operations Center (EOC) Shift Office for inclusion in the “Hanford Site Weekly On-Call 25 
Directory.”  The Hanford EOC Shift Office distributes the “Hanford Site Weekly On-Call 26 
Directory” to the Patrol Operations Center.  Unexpected absence of the shift manager (because 27 
of a personal emergency that requires the shift manager to leave the Hanford Site, or because of a 28 
health-related emergency [including physical incapacitation] that renders the shift manager 29 
incapable of performing assigned duties) is expected to be a rare event that is accounted for with 30 
the on-call list. 31 
 32 
During normal operations, the minimum staff is not required to be continuously at a specific 33 
facility.  The shift manager is allowed to be shared with the 242-A Evaporator (except when the 34 
242-A Evaporator is in the Operation Mode) provided facility- or operation-specific training has 35 
been received.  One nuclear operator is allowed to be shared with the 242-A Evaporator (except 36 
when the 242-A Evaporator is in the Operation or Limited Waste Mode) provided facility- or 37 
operation-specific training has been received.  See HNF-15279, 242-A Evaporator Technical 38 
Safety Requirements, AC 5.3.1, “Minimum Operations Shift Complement.”   39 
 40 
Determining the minimum staff is based on ensuring compliance with the TSR requirements 41 
shown below.  These TSR requirements have completion times of either immediately or 8 hr or 42 
less. 43 
 44 

 Start up an operable double-shell tank (DST) primary tank ventilation system train if the 45 
in-service DST primary tank ventilation system train is discovered to be not operable or 46 
not operating (LCO 3.1). 47 
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 1 
 Startup an operable DST primary tank ventilation system train or stop the water addition, 2 

chemical addition, or waste transfer if the in-service DST primary tank ventilation system 3 
train is discovered to be not operable or not operating when performing water additions, 4 
chemical additions, or waste transfers into DSTs that require induced gas release event 5 
(GRE) controls as determined per AC 5.8.1 (LCO 3.4). 6 

 7 
 Monitor the flammable gas concentration in the applicable DST headspace if the tank farm 8 

temperature is < 32°F when performing water additions, chemical additions, or waste 9 
transfers into DSTs that require induced GRE controls as determined per AC 5.8.1  10 
(LCO 3.4). 11 

 12 
 Stop the water addition, chemical addition, or waste transfer if the concentration of 13 

flammable gas is > 25% of the lower flammability limit (LFL) in the tank headspace when 14 
performing water additions, chemical additions, or waste transfers into DSTs that require 15 
induced GRE controls as determined per AC 5.8.1 (LCO 3.4). 16 
 17 

 Monitor the pressure in the headspace of the applicable DST when performing water 18 
additions, chemical additions, or waste transfers into DSTs that require induced GRE 19 
controls as determined per AC 5.8.1 (LCO 3.4). 20 

 21 
 Monitor the tank farm temperature when performing water additions, chemical additions, 22 

or waste transfers into DSTs that require induced GRE controls as determined per 23 
AC 5.8.1 (LCO 3.4). 24 
 25 

 Open the high-efficiency particulate air (HEPA) breather filter isolation valve if the valve 26 
is discovered to be closed on single-shell tank (SST) 241-B-203 or 241-B-204 (LCO 3.3).  27 

 28 
 Open the HEPA breather filter isolation valve if the valve is discovered to be closed on a 29 

double-contained receiver tank (DCRT) using Passive Ventilation (LCO 3.6). 30 
 31 

 Deenergize equipment in the headspace of an inactive miscellaneous underground storage 32 
tank (IMUST) that does not meet ignition controls (AC 5.8.3). 33 

 34 
 Monitor the temperature in waste transfer-associated structures and waste transfer primary 35 

piping encasements during waste transfers in October, November, December, January, 36 
February, and March (AC 5.8.8). 37 
 38 

 If the AC 5.8.8 temperature requirements are not met, place an administrative lock on the 39 
waste transfer pump (AC 5.8.8). 40 
 41 
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 Monitor the outside air temperature and SST 241-C-107 mobile arm retrieval system 1 
(MARS) containment box and transition shield box temperatures during waste transfers in 2 
October, November, December, January, February, March, and April (AC 5.8.9). 3 
 4 

 If the AC 5.8.9 temperature requirements are not met, place an administrative lock on the 5 
waste transfer pump (AC 5.8.9). 6 
 7 

 Monitoring the outside air temperature and SST 241-C-105 waste transfer freeze 8 
protection automated temperature monitoring system (ATMS) beacons during SST  9 
241-C-105 retrieval waste transfers in October, November, December, January, February, 10 
and March (AC 5.8.10). 11 

 12 
 If the outside air temperature requirement is not met or the ATMS beacon(s) are not 13 

flashing, place an administrative lock on the waste transfer pump (AC 5.8.10). 14 
 15 

 Stop all activities in and directly above the affected DST, SST, or DCRT if the 16 
concentration of flammable gas is > 25% of the LFL in the tank headspace (LCOs 3.1, 3.2, 17 
3.3, 3.6, and 3.7). 18 
 19 

 Stop all activities in the affected DST annulus and directly above the affected DST if the 20 
DST annulus waste level is > 15 in. (LCO 3.5). 21 

  22 
The minimum staff does not include individuals necessary to fulfill the TOC mission, goals, and 23 
objectives or individuals necessary to meet all other safety, environmental, and safety basis 24 
requirements and commitments.  To ensure that minimum staff is maintained while mission 25 
related work is being performed, minimum staffing resources are verified per tank farm 26 
procedures during shift manager turnover.  Minimum staff availability is assured by only 27 
assigning these personnel to duties that can be immediately interrupted, allowing these personnel 28 
to respond to events in a timely manner.  Minimum staff personnel are not assigned to critical 29 
tasks that directly support complex activities where these tasks could not be readily interrupted to 30 
respond to an event.  Examples of such complex activities include jumper changes in pits, 31 
removal of pumps from tanks, or other work scope in areas such as high contamination areas 32 
and/or airborne radioactive areas.  Performance of mission related work not related to minimum 33 
staffing (e.g., jumper changes in pits, removal of pumps from tanks) is managed by tank farm 34 
procedures and processes to ensure that adequate personnel are assigned to complete the 35 
necessary manipulation of facility equipment and implement the necessary requirements 36 
(e.g., implement associated radiological controls and industrial hygiene requirements). 37 
 38 
Qualification training for the minimum staff (managers, engineers, operators, and radiological 39 
control technicians,) is addressed in Chapter 12.0.  The qualification program for the minimum 40 
staff meets federal and state requirements, as implemented in TOC procedures.  Training plans 41 
for the minimum staff specify initial qualification requirements that include education, 42 
experience, medical considerations, or an equivalency thereof.  Requalification and continuing 43 
training is provided, as applicable.  The program for TSR, emergency, and alarm response 44 
administrative procedures is also addressed in Chapter 12.0.  Emergency response is addressed in 45 
Chapter 15.0.   46 
 47 
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The bases for determining the minimum staff are provided in the following paragraphs.  1 
Consideration is given to the human factors principles addressed in Chapter 13.0, which guide 2 
day-to-day operations.   3 
 4 
Normal Operations – The minimum staff during normal operations (i.e., in the absence of 5 
abnormal or emergency conditions) is necessary to safely operate tank farm facilities.  During 6 
normal operations, there are no TSR requirements that have completion times of either 7 
immediately or 8 hr or less, except for the LCO 3.4 DST headspace pressure and tank farm 8 
temperature monitoring requirements and the AC 5.8.8, 5.8.9, and AC 5.8.10 temperature 9 
monitoring requirements.   10 
 11 
The LCO 3.4 requirements for monitoring the DST headspace pressure and the tank farm 12 
temperature are only applicable to water additions, chemical additions, or waste transfers that 13 
can produce an induced gas release due to the dissolution of soluble settled solids in the 14 
receiving DST that is sufficient to achieve a flammable gas concentration of 100% of the LFL in 15 
the tank headspace assuming zero ventilation.  An evaluation of the potential to achieve such an 16 
induced gas release is performed per AC 5.8.1, and this evaluation determines whether LCO 3.4 17 
is applicable.  Based on historical experience, LCO 3.4 is not expected to be applicable to most 18 
water additions, chemical additions, or waste transfers.  In addition, water additions, chemical 19 
additions, or waste transfers are mission related work that would require additional personnel 20 
who would be responsible for performing the LCO 3.4 requirements for DST headspace pressure 21 
and the tank farm temperature monitoring.   22 
 23 
The temperature monitoring required by AC 5.8.8 is only required for waste transfers in October, 24 
November, December, January, February, and March.  The temperature monitoring required by 25 
AC 5.8.9 is only required for SST 241-C-107 retrieval waste transfers in October, November, 26 
December, January, February, March, and April.  The temperature and ATMS beacon 27 
monitoring required by AC 5.8.10 are only required for SST 241-C-105 retrieval waste transfers 28 
in October, November, December, January, February, and March.  Waste transfers are mission 29 
related work that would require additional personnel who would be responsible for performing 30 
the temperature monitoring required by AC 5.8.8, AC 5.8.9, and AC 5.8.10.   31 
 32 
Less frequent TSR requirements such as other LCO surveillances and in-service inspections/tests 33 
described in TSR Section 6.0 are planned and scheduled to ensure TSR compliance.  These 34 
activities do not require performance by minimum staff.  Although minimum staff may perform 35 
system routine operator rounds, as well as monitor facility conditions through routine radiation 36 
surveys, these activities are not required by TSR controls and thus are performed as a matter of 37 
convenience and not as specific minimum staff functions.   38 
 39 
The minimum staff (Table 5.4.2-1) is, therefore, adequate during normal operations to perform 40 
the necessary job functions.   41 
 42 
Abnormal and Emergency Conditions – The minimum staff during abnormal and emergency 43 
conditions is necessary to perform required actions specified in LCO action statements and by 44 
Specific Administrative Controls (SAC) with completion times of either immediately or 8 hr or 45 
less to ensure TSR compliance.  Additional staff could be provided within 8 hr, if needed 46 
(considering the most adverse weather and travel conditions), to ensure that all LCO completion 47 
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times and SAC requirements are met (i.e., those with completion times of greater than 8 hr).  As 1 
described above, the minimum staff is not given tasks that could interfere with meeting TSR 2 
requirements.  Specific LCO and SAC required actions that would need to be performed either 3 
immediately or within 8 hr or less include the following. 4 
 5 

 Start up an operable double-shell tank (DST) primary tank ventilation system train if the 6 
in-service DST primary tank ventilation system train is discovered to be not operable or 7 
not operating (LCO 3.1). 8 

 9 
 Startup an operable DST primary tank ventilation system train or stop the water addition, 10 

chemical addition, or waste transfer if the in-service DST primary tank ventilation system 11 
train is discovered to be not operable or not operating when performing water additions, 12 
chemical additions, or waste transfers into DSTs that require induced GRE controls as 13 
determined per AC 5.8.1 (LCO 3.4). 14 

 15 
 Monitor the flammable gas concentration in the applicable DST headspace if the tank farm 16 

temperature is < 32°F when performing water additions, chemical additions, or waste 17 
transfers into DSTs that require induced GRE controls as determined per AC 5.8.1  18 
(LCO 3.4). 19 

 20 
 Stop the water addition, chemical addition, or waste transfer if the concentration of 21 

flammable gas is > 25% of the LFL in the tank headspace when performing water 22 
additions, chemical additions, or waste transfers into DSTs that require induced GRE 23 
controls as determined per AC 5.8.1 (LCO 3.4). 24 

 25 
 Open the HEPA breather filter isolation valve if the valve is discovered to be closed on 26 

SST 241-B-203 or 241-B-204 (LCO 3.3).  27 
 28 
 Open the HEPA breather filter isolation valve if the valve is discovered to be closed on a 29 

DCRT using Passive Ventilation (LCO 3.6). 30 
  31 
 Deenergize equipment in the headspace of an IMUST that does not meet ignition controls 32 

(AC 5.8.3). 33 
 34 
 If the AC 5.8.8 temperature requirements are not met, place an administrative lock on the 35 

waste transfer pump (AC 5.8.8). 36 
 37 

 If the AC 5.8.9 temperature requirements are not met, place an administrative lock on the 38 
waste transfer pump (AC 5.8.9). 39 
 40 

 If the outside air temperature requirement is not met or the ATMS beacon(s) are not 41 
flashing, place an administrative lock on the waste transfer pump (AC 5.8.10). 42 

 43 
 Stop all activities in and directly above the affected DST, SST, or DCRT if the 44 

concentration of flammable gas is > 25% of the LFL in the tank headspace (LCOs 3.1, 3.2, 45 
3.3, 3.6, and 3.7). 46 

 47 
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 Stop all activities in the affected DST annulus and directly above the affected DST if the 1 
DST annulus waste level is > 15 in. (LCO 3.5). 2 

 3 
The first action, to start up an operable DST primary tank ventilation system train (i.e., either 4 
restart an operable in-service train or switch over and start up the standby train), could be 5 
required at any time and would be performed by one of the minimum staff operators. 6 
 7 
The next three actions are only applicable to water additions, chemical additions, or waste 8 
transfers that can produce an induced gas release due to the dissolution of soluble settled solids 9 
in the receiving DST that is sufficient to achieve a flammable gas concentration of 100% of the 10 
LFL in the tank headspace assuming zero ventilation.  An evaluation of the potential to achieve 11 
such an induced gas release is performed per AC 5.8.1, and this evaluation determines whether 12 
LCO 3.4 is applicable.  Based on historical experience, LCO 3.4 is not expected to be applicable 13 
to most water additions, chemical additions, or waste transfers.  In addition, water additions, 14 
chemical additions, and waste transfers into DSTs where LCO 3.4 is applicable are mission 15 
related work that normally require operators beyond the minimum staff who would likely stop 16 
the water addition, chemical addition, or waste transfer, if required.  If a tank farm temperature  17 
< 32°F was possible, the work planning for the water addition, chemical addition, or waste 18 
transfer would ensure personnel are present to perform flammable gas monitoring.  19 
 20 
The requirement to open the HEPA breather filter isolation valve on SST 241-B-203, 241-B-204, 21 
or DCRTs using Passive Ventilation should rarely be applicable, because these valves are 22 
expected to be in the open position (i.e., the valves are only closed during required 23 
maintenance/testing and are reopened when the maintenance/testing is complete).  Because 24 
access to the HEPA breather filter isolation valve may require the presence of a radiological 25 
control technician, one radiological control technician is part of the minimum staff. 26 
 27 
The requirement to deenergize equipment in the headspace of an IMUST that does not meet 28 
ignition controls should rarely be applicable because, as described in Section 4.5.6.4, there is 29 
only a small possibility that some equipment installed in an IMUST headspace has not been 30 
identified and evaluated, or deenergized.  Consistent with the completion time of immediately, 31 
calling out necessary support personnel who might be needed to deenergize equipment, if these 32 
personnel were not available on site, is one of the immediate actions that would be taken. 33 
 34 
The actions, if the AC 5.8.8 temperature requirements are not met, to place an administrative 35 
lock on the waste transfer pump are only applicable during waste transfers in October, 36 
November, December, January, February, and March.  The actions, if the AC 5.8.9 temperature 37 
requirements are not met, to place an administrative lock on the waste transfer pump are only 38 
applicable during waste transfers in October, November, December, January, February, March, 39 
and April.  The actions, if the AC 5.8.10 outside air temperature requirement is not met or the 40 
ATMS beacon(s) are not flashing, to place an administrative lock on the waste transfer pump are 41 
only applicable in October, November, December, January, February, and March.  Waste 42 
transfers are mission related work that require operators beyond the minimum staff who would 43 
be responsible for performing these actions. 44 
 45 
The only other applicable LCO requirement is to stop all activities in and directly above the 46 
affected DST, SST, or DCRT if the concentration of flammable gas is > 25% of the LFL or the 47 
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DST annulus waste level is > 15 in.  Activities can be suspended and areas evacuated via remote 1 
communication (e.g., radio, cell phone, or page) to field personnel.  2 
 3 
The minimum staff (Table 5.4.2-1) is judged to be adequate during abnormal and emergency 4 
conditions to perform necessary job functions.   5 
  6 
 7 
5.5 TECHNICAL SAFETY REQUIREMENT 8 

DERIVATION 9 
 10 
This section identifies the selected TSR controls and serves as an interface between the DSA and 11 
TSR document.  Detailed bases for the Design Features and Specific Administrative Controls 12 
(SACs) are provided in the referenced Chapter 4.0 sections. 13 
 14 
Table 5.3.1-1 provides cross references of the TSR controls to applicable analyzed accidents and 15 
other DSA sections. 16 
 17 
Note: For limits on parameters established by the TSRs, setpoints are established based on the 18 

accuracy of the instrumentation used for the measurement.  The setpoint analyses are 19 
performed in accordance with TFC-ENG-STD-14, Setpoint Standard, and the results are 20 
summarized in HNF-IP-1266, Tank Farms Operations Administrative Controls, 21 
Appendix A, “TSR Parameters, Limits, and Setpoints.” 22 

 23 
5.5.1 Safety Limits/Limiting Control Settings.   24 
 25 
There are no safety limits for tank farm facilities based on the conclusions found in Chapter 3.0.  26 
 27 
There are also no limiting control settings for tank farm facilities because there are no safety 28 
limits.   29 
 30 
 31 
5.5.2 Limiting Conditions for Operation 32 
 33 
LCOs are the lowest functional capability or performance level of safety SSCs (and their support 34 
systems) required for normal, safe operation of the facility.  Consistent with 35 
DOE-STD-1186-2004, SACs that are identified to prevent or mitigate an accident scenario and 36 
that have a safety function that would be safety class or safety significant if the function were 37 
provided by an SSC may be developed as LCOs.  38 
 39 
The derivation basis for the LCOs identified for tank farm facilities is provided in the following 40 
sections.  Detailed bases for the SACs developed as LCOs are provided in the referenced  41 
Chapter 4.0 sections, and detailed bases for all the LCOs are provided in the TSR document. 42 
 43 
5.5.2.1  Limiting Condition for Operation 3.1 – DST Primary Tank Ventilation Systems.    44 
 45 
5.5.2.1.1  LCO and LCO Actions.  Section 3.3.2.4.1, “Flammable Gas Accidents,” identifies 46 
DST primary tank ventilation systems as safety-significant engineered features to prevent a 47 
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flammable gas deflagration in the DST headspace by maintaining the concentration of flammable 1 
gas < 25% of the LFL from steady-state releases and induced gas release events (GRE) due to 2 
water additions, chemical additions, and waste transfers into DSTs.  The DST primary tank 3 
ventilation systems are described in Section 4.4.10, “DST Primary Tank Ventilation Systems.”  4 
The 241-AN, 241-AP, 241-AW, and 241-SY tank farms each have a DST primary tank 5 
ventilation system, and there is one DST primary tank ventilation system (i.e., 702-AZ) for the 6 
241-AY and 241-AZ tank farms.  The DST primary tank ventilation systems have redundant 7 
exhaust trains capable of providing airflow through the tank headspace.  Since DSTs contain 8 
waste capable of generating and releasing flammable gas and are postulated to reach 100% of the 9 
LFL under a zero airflow condition, LCO 3.1, which addresses flammable gas hazards from 10 
steady-state releases and slow, continuing induced gas releases following water additions, 11 
chemical additions, and waste transfer into DSTs, is applicable at all times.  (See Section 5.5.2.4 12 
for the discussion of LCO 3.4, which addresses flammable gas hazards from induced GREs 13 
during water additions, chemical additions, and waste transfers into DSTs.) 14 
 15 
Based on the system evaluation in Section 4.4.10, a DST exhaust airflow of > 40 ft3/min is 16 
required to maintain the flammable gas concentration < 25% of the LFL from steady-state 17 
releases and slow, continuing induced gas releases following water additions, chemical additions, 18 
and waste transfers into DSTs.  To ensure the availability of the DST primary tank ventilation 19 
system to perform its safety function, Section 4.4.10 requires two redundant safety-significant 20 
DST primary tank ventilation system trains with one train (the in-service train) operable and 21 
operating and the other train (the standby train) operable.  This ensures the standby train is 22 
available to start up if the in-service train becomes inoperable. 23 
 24 
Outages of 24 hours (planned or unplanned) are allowed for the in-service DST primary tank 25 
ventilation system train prior to entering the LCO Actions.  The 24 hour time allowed with no 26 
DST primary tank ventilation prior to entering the LCO Actions is much less than the time for 27 
the flammable gas concentrations to increase by 25% of the LFL (see RPP-5926, Steady-State 28 
Flammable Gas Release Rate Calculation and Lower Flammability Level Evaluation for 29 
Hanford Tank Waste, which conservatively calculates the time for the flammable gas 30 
concentration to increase by 25% of the LFL for steady-state releases and slow, continuing 31 
induced gas releases following water additions, chemical additions, and waste transfers into 32 
DSTs). 33 
 34 
The DST primary tank ventilation system standby train is allowed an outage of 10 days (planned 35 
or unplanned) prior to entering the LCO Actions.  The 10 day time is based on (1) operating 36 
experience that most preventive and corrective maintenance can be performed in less than 37 
10 days, and (2) the limited risk that a standby train is not operable when an in-service DST 38 
primary tank ventilation system train stops operating and cannot be restarted. 39 
 40 
In-Service DST Primary Tank Ventilation System Train 41 
 42 
If the in-service DST primary tank ventilation system train is not operable or not operating, 43 
either the in-service train must be restarted or the standby train must be started.  The action 44 
completion time is based on ensuring that the time without active DST primary tank ventilation 45 
is less than or equal to the time for the flammable gas concentration to increase by 25% of the 46 
LFL (i.e., the time to take the required action combined with the 24 hour allowed time before 47 

RPP-13033 1/29/2015 - 12:56 PM 815 of 1079



RPP-13033 REV 5-E 
 
 

 
 5-11  

entering the LCO Actions and the surveillance frequency is less than or equal to the time for the 1 
flammable gas concentration to increase by 25% of the LFL). 2 
 3 
If the in-service train can not be restarted and the standby train can not be started (i.e., no active 4 
DST primary tank ventilation), flammable gas monitoring of the headspace of each tank in the 5 
affected tank farm is required.  If the flammable gas concentration remains < 25% of the LFL, no 6 
additional actions are required.  The flammable gas monitoring is initiated prior to the time the 7 
flammable gas concentration could increase by 25% of the LFL (i.e., the action completion time 8 
for initiating flammable gas monitoring combined with the 24 hour allowed outage time before 9 
entering the LCO Actions and the surveillance frequency is less than or equal to the time for the 10 
flammable gas to increase by 25% of the LFL).  Continued flammable gas monitoring is required 11 
until an in-service DST primary tank ventilation system train is operable and operating. 12 
 13 
In addition to initiating flammable gas monitoring, a recovery plan is required to be submitted to 14 
the U.S. Department of Energy, Office of River Protection (ORP) for approval with the actions 15 
planned to restore active DST primary tank ventilation.  The recovery plan identifies the actions 16 
that will be taken to start up an operable DST primary tank ventilation system train.  The action 17 
completion time for submittal of the recovery plan is not based on the time to LFL since actions 18 
for flammable gas monitoring and, if necessary, actions to eliminate ignition sources and 19 
minimize activities near the affected DSTs prior to reaching 100% of the LFL (see below), 20 
protect the facility worker from a flammable gas deflagration.  Active DST primary tank 21 
ventilation is then restored in accordance with the recovery plan. 22 
 23 
Flammable gas monitoring is performed using a calibrated portable combustible gas monitor 24 
(CGM).  The CGM is an instrument calibrated in accordance with the requirements of 25 
TFC-PLN-02, Quality Assurance Program Description, Section 2.12, “Control of Measuring and 26 
Test Equipment.”  The CGM is not designated safety significant since it is not installed plant 27 
equipment (see Section 3.3.1.5).  The CGM is connected to a permanently installed sample line.  28 
An alternative sampling location requires a technical evaluation performed in accordance with 29 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, that demonstrates the alternative 30 
sampling location meets the requirements for tank headspace monitoring in 31 
TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring.  Once the CGM is connected, the 32 
industrial hygiene technician (IHT) draws a sample from the tank headspace.1  The IHT allows 33 
sufficient flow time for the sample line to be purged and the instrument to respond to assure the 34 
sample is representative of the tank headspace gases.  TF-OPS-IHT-001, IHT Flammable Gas 35 
Surveillance on Double Shell Tanks, and TF-OPS-IHT-007, Using Direct Reading Instruments, 36 
provide instructions to the IHT on how to determine the required purge time, which is based on 37 
the sample line diameter and length, and instrument response time.  The flammable gas 38 
concentration is recorded in TF-OPS-IHT-001.  The procedure directs the IHT to notify the Shift 39 
Manager if the reading exceeds 25% of the LFL.  The Shift Manager also reviews and signs the 40 
sample results. 41 
 42 
If the flammable gas concentration exceeds 25% of the LFL in the tank headspace, the Shift 43 
Manager takes action to stop all activities in and directly above the affected tank (i.e., activities 44 

                                                 
1 The tank headspace is the space inside the tank above the waste surface and includes ventilation ducts up to the 
suction side mixing point when an active ventilation system is operating. 
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in the tank headspace, activities directly above the tank structure, and activities that disturb the 1 
waste), except for activities associated with:  2 
 3 

 flammable gas sampling/monitoring 4 
 5 
 deenergizing or removing equipment that does not meet ignition controls (i.e., equipment 6 

that has not been qualified in accordance with the requirements developed in the Ignition 7 
Controls AC Key Element [see Section 5.5.3.2]) 8 

 9 
 actions to reduce the flammable gas concentration (i.e., ventilation). 10 

 11 
The allowed action completion time provides sufficient time to stop activities and is much less 12 
than the time to reach 100% of the LFL.  Stopping activities in and directly above the affected 13 
tank minimizes activities that could be an ignition source and restricts the presence of workers 14 
except when performing actions to control a potential flammable gas hazard.  Activities that may 15 
continue are related to additional monitoring of the flammable gas concentration and activities 16 
that reduce the potential of a flammable gas deflagration (i.e., activities to reduce the flammable 17 
gas concentration or activities to eliminate potential ignition sources). 18 
 19 
If the flammable gas concentration continues to increase, prior to the flammable gas 20 
concentration exceeding 60% of the LFL (this establishes an additional margin of safety 21 
compared to the functional requirement of 100% of the LFL), the Shift Manager takes the 22 
following additional actions. 23 
 24 

 Stop all activities in enclosed spaces connected to the affected tank headspace, except for 25 
flammable gas sampling/monitoring and actions to reduce the flammable gas 26 
concentration. 27 

 28 
 Deenergize or remove equipment that does not meet ignition controls in the affected tank 29 

headspace and connected enclosed spaces. 30 
 31 
Note: Connected enclosed spaces are enclosed spaces directly connected to the tank headspace 32 

that could reasonably achieve the flammable gas concentration of the headspace.  The 33 
identification of connected enclosed spaces depends on the additional mixing volume, 34 
distance, and time, but could theoretically include all connected spaces up to the point 35 
where they are open to the outside environment or terminated by a closed valve or flange.  36 
When an active ventilation system is operating, there are no connected enclosed spaces 37 
(i.e., the flammable gas hazard is limited to the tank headspace).  The determination of 38 
connected enclosed spaces is further addressed in Section 5.5.3.2, “Ignition Controls.” 39 

 40 
In addition, in accordance with ORP direction (Bechtol and Samuelson 2012), if the 41 
concentration of flammable gas is > 25% of the LFL, the flammable gas concentration in the 42 
tank headspace is verified to be < 60% of the LFL. 43 
 44 
A recovery plan is also issued if the flammable gas concentration exceeds 60% of the LFL.  The 45 
recovery plan identifies how the flammable gas concentration will be reduced.  The action 46 
completion time for submittal of the recovery plan is not based on the time to LFL since the 47 
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actions to eliminate ignition sources and minimize the activities near the DST have already been 1 
completed. 2 
 3 
Standby DST Primary Tank Ventilation Train 4 
 5 
If the standby DST primary tank ventilation system train is not operable, it must be restored to 6 
operable status.  The action completion time is based on operating experience and allows 7 
sufficient time for performance of atypical activities (previous experience has shown that most 8 
preventive and corrective maintenance activities can be performed within 10 days).  The action 9 
completion time poses only a limited risk that a standby train is not operable when an in-service 10 
DST primary tank ventilation system train stops operating and cannot be restarted. 11 
 12 
If the standby DST primary tank ventilation system train cannot be restored to operable status 13 
within the action completion time, a recovery plan must be submitted to ORP.  The recovery plan 14 
identifies the actions that will be taken to restore the standby DST primary tank ventilation 15 
system train to operable status.  The action completion time for submittal of a recovery plan 16 
provides sufficient time to identify the activities planned to restore the train to operable status.  17 
The standby DST primary tank ventilation system train is then restored to operable status in 18 
accordance with the recovery plan. 19 
 20 
5.5.2.1.2  Surveillance Requirements.  To be operable, each train of the DST primary tank 21 
ventilation system must be capable of providing the required airflow through the connected DST 22 
headspaces.  This is verified by periodically measuring the tank exhaust airflow.  The flow 23 
measurement is performed in accordance with the requirements of ANSI/ASHRAE Standard 24 
111-2008, Measurement, Testing, Adjusting, and Balancing of Building HVAC Systems.  The 25 
measurements are taken in the ductwork between the headspace of the DST being measured and 26 
the first connection with another DST.  For the DST 241-AY and 241-AZ tank farms, the 27 
measurement is taken in the ductwork exiting the recirculation loop of each DST before the first 28 
connection with another DST.  These locations ensure only the flow through a single DST is 29 
being measured.  Flow measurements are taken with portable instruments; therefore, these 30 
instruments are not designated as safety significant.  The portable instruments are calibrated in 31 
accordance with the requirements of TFC-PLN-02, Section 2.12.  The surveillance frequency is 32 
based on the large margin between the flow rate calculated to maintain the flammable gas 33 
concentration < 25% of the LFL (ranges from approximately 1 to < 8 ft3/min) and the required 34 
flow rate of > 40 ft3/min (see Section 4.4.10.4).  Additional consideration in selecting the 35 
surveillance frequency is the difficulty and hazards associated with taking the flow 36 
measurements (i.e., radiation exposure [ALARA] and confined space entry). 37 
 38 
In addition to periodic verification of DST primary tank ventilation system tank exhaust airflow, 39 
the exhaust airflow is verified to be > 40 ft3/min after repositioning a 241-AN/241-AP/ 40 
241-AW/241-SY tank outlet isolation valve or a 241-AY/241-AZ flow control valve.  The  41 
241-AN/241-AP/241-AW/241-SY tank outlet isolation valves are used for balancing the  42 
241-AN, 241-AP, 241-AW, and 241-SY tank farm ventilation systems.  The 241-AY/241-AZ 43 
flow control valves are used for controlling the ventilation system exhaust flows from the  44 
241-AY and 241-AZ tank farm tanks.  The flow measurement is performed in accordance with 45 
ANSI/ASHRAE Standard 111-2008, except after repositioning a 241-AY/241-AZ flow control 46 
valve.  After repositioning a 241-AY/241-AZ flow control valve, the measurement of tank 47 
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exhaust airflow may be performed using the existing flow instrumentation.  The existing flow 1 
instrumentation is not designated safety significant because of a planned improvement to install 2 
safety-significant flow instrumentation (see Section 4.4.10).  The existing 241-AY and  3 
241-AZ tank farm flow instrumentation are calibrated in accordance with the requirements of 4 
TFC-PLN-02. 5 
 6 
DST primary tank ventilation system operability also requires system integrity (i.e., limited air 7 
in-leakage).  Periodic verification that the tank exhaust airflow is > 40 ft3/min (see above) 8 
inherently verifies DST primary tank ventilation system integrity when the measurements 9 
encompass planned system operating configurations (e.g., different alignments of the 241-AN, 10 
241-AP, and 241-AW primary tank ventilation system de-entrainers/demisters, the different 11 
operating configurations of the 241-AY/241-AZ tank farm recirculation loops, the different 12 
alignments of the 241-AY/241-AZ exhaust fans).  That is, if a segment of the DST primary tank 13 
ventilation system is isolated (e.g., a 241-AN de-entrainer) during the measurements of tank 14 
exhaust airflow, the isolated segment’s integrity (i.e., limited air in-leakage) is not verified and, 15 
therefore, the DST primary tank ventilation system shall not be operated in this untested 16 
configuration.  DST primary tank ventilation system integrity is verified from the flow 17 
measurement location to the exhaust fan.  Verifying DST primary tank ventilation system 18 
integrity is not required from the tank to the flow measurement location (i.e., testing is not 19 
possible) or downstream of the exhaust fan (i.e., air leakage does not affect the tank exhaust 20 
airflow). 21 
 22 
The surveillance requirement for determining the in-service DST primary tank ventilation system 23 
train is operating, is verifying the headspace of each tank in the tank farm is < 0 in. w.g. relative 24 
to atmospheric pressure.  Verifying tank headspace negative pressure is a surrogate for verifying 25 
tank exhaust flow.  The surveillance frequency is based on the time for the flammable gas 26 
concentration to increase by 25% of the LFL.  That is, the surveillance frequency when 27 
combined with the allowed outage time prior to entering the LCO Actions, and either the action 28 
completion time to start up a DST primary tank ventilation system train or the action completion 29 
time for initiating flammable gas monitoring if a system train is not started, is less than or equal 30 
to the time for the flammable gas concentration to increase by 25% of the LFL.  The tank 31 
pressure (vacuum) instrumentation is calibrated in accordance with the requirements of  32 
TFC-PLN-02.  The pressure (vacuum) instrumentation is not designated safety significant 33 
because of a planned improvement to install safety-significant tank exhaust flow monitors (see 34 
Section 4.4.10). 35 
 36 
To be operable, the standby DST primary tank ventilation system train must be capable of 37 
operating when needed.  This includes periodic start up of the standby DST primary tank 38 
ventilation system train to verify operation, and periodically verifying that the safety-significant 39 
components of the DST primary tank ventilation system are operable and that interfacing 40 
systems required for train operation are verified to be capable of performing their function.  A 41 
checklist for determining DST primary tank ventilation system standby train operability is 42 
derived in Section 4.4.10 (Table 4.4.10-1).  The surveillance frequencies are based on 43 
engineering judgment and operating experience, and not on the time to LFL. 44 
  45 
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5.5.2.2  Limiting Condition for Operation 3.2 – SST Steady-State Flammable Gas Control.   1 
 2 
5.5.2.2.1  Purpose.  This control protects the facility worker from a flammable gas deflagration 3 
due to steady-state flammable gas releases in a SST by monitoring the flammable gas 4 
concentration and taking action to reduce the flammable gas concentration or eliminate potential 5 
ignition sources prior to the flammable gas concentration exceeding the LFL.  Flammable gases 6 
are continuously generated by the tank waste due to radiolysis, thermolysis, and corrosion.  In 7 
the absence of adequate ventilation, these flammable gases can accumulate in the tank headspace 8 
to a concentration that exceeds the LFL and can be ignited.  LCO 3.2 applies at all times to all 9 
SSTs, except for SSTs in the 241-AX and 241-SX tank farms and SSTs 241-B-203 and 10 
241-B-204.  LCO 3.2 does not apply to SSTs in the 241-AX and 241-SX tank farms because 11 
diffusion through the concrete dome of these SSTs prevents the flammable gas concentration 12 
from reaching 100% of the LFL even under a zero airflow condition (see Section 3.3.2.4.1).  The 13 
controls to prevent steady-state flammable gas accidents in SSTs 241-B-203 and 241-B-204 are 14 
contained in LCO 3.3. 15 
 16 
5.5.2.2.2  Derivation Criteria.  To protect the facility worker from steady-state flammable gas 17 
hazards in SSTs, the selected control is flammable gas monitoring to directly verify that the 18 
flammable gas concentration in the tank headspace is ≤ 25% of the LFL, which confirms that 19 
sufficient ventilation is available to control the steady-state generation of flammable gas in the 20 
SST.  Time-dependent operator actions are required to reduce risk if flammable gas 21 
concentrations are above limits.  Therefore, an LCO was chosen as the appropriate methodology 22 
for preventing flammable gas accidents and potential significant facility worker consequences.  23 
For the derivation of this LCO refer to Section 4.5.2. 24 
 25 
5.5.2.3  Limiting Condition for Operation 3.3 – SST Steady-State Flammable Gas Control 26 
for 241-B-203 and 241-B-204. 27 
 28 
5.5.2.3.1  Purpose.  This control protects the facility worker from a flammable gas deflagration 29 
due to steady-state flammable gas releases in SSTs 241-B-203 and 241-B-204 by verifying 30 
passive ventilation (i.e., HEPA breather filter isolation valve is open), monitoring the flammable 31 
gas concentration, and taking action to reduce the flammable gas concentration or eliminate 32 
potential ignition sources prior to the flammable gas concentration exceeding the LFL.  33 
Flammable gases are continuously generated by the tank waste due to radiolysis, thermolysis, 34 
and corrosion.  In the absence of adequate ventilation, these flammable gases can accumulate in 35 
the tank headspace to a concentration that exceeds the LFL and can be ignited. 36 
 37 
5.5.2.3.2  Derivation Criteria.  To protect the facility worker from steady-state flammable gas 38 
hazards in SSTs 241-B-203 and 241-B-204, the selected control is to verify that the HEPA 39 
breather filter isolation valve is open to provide a defined flow path for passive ventilation and 40 
flammable gas monitoring to directly verify that the flammable gas concentration in the tank 41 
headspace is ≤ 25% of the LFL.  Ensuring that the HEPA breather filter isolation valve is open 42 
and flammable gas monitoring confirm that sufficient ventilation is available to control the 43 
steady-state generation of flammable gas in SSTs 241-B-203 and 241-B-204.  Time-dependent 44 
operator actions are required to reduce risk if the HEPA breather filter isolation valve is closed or 45 
if flammable gas concentrations are above limits.  Therefore, an LCO was chosen as the 46 
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appropriate methodology for preventing flammable gas accidents and potential significant 1 
facility worker consequences.  For the derivation of this LCO refer to Section 4.5.2. 2 
 3 
5.5.2.4  Limiting Condition for Operation 3.4 – DST Induced Gas Release Event 4 
Flammable Gas Control 5 
 6 
5.5.2.4.1  LCO and LCO Actions.  Section 3.3.2.4.1, “Flammable Gas Accidents,” identifies 7 
DST primary tank ventilation systems as safety-significant engineered features to prevent a 8 
flammable gas deflagration in the DST headspace by maintaining the concentration of flammable 9 
gas < 25% of the LFL from steady-state releases and induced gas release events (GRE) due to 10 
water additions, chemical additions, and waste transfers into DSTs.  The DST primary tank 11 
ventilation systems are described in Section 4.4.10, “DST Primary Tank Ventilation Systems.”  12 
The 241-AN, 241-AP, 241-AW, and 241-SY tank farms each have a DST primary tank 13 
ventilation system, and there is one DST primary tank ventilation system (i.e., 702-AZ) for the 14 
241-AY and 241-AZ tank farms.  The DST primary tank ventilation systems have redundant 15 
exhaust trains capable of providing airflow through the tank headspace.  Induced GREs sufficient 16 
to achieve 100% of the LFL in the tank headspace are possible due to the dissolution of soluble 17 
settled solids from water additions, chemical additions, and waste transfers into the DSTs.  18 
Administrative Control (AC) 5.8.1, “DST Induced Gas Release Event Evaluation,” described in 19 
Section 4.5.3, “DST Induced Gas Release Event Flammable Gas Controls,” requires an 20 
evaluation prior to water additions, chemical additions, and waste transfers into DSTs to 21 
determine when LCO 3.4 is applicable.  (See Section 5.5.2.1 for the discussion of LCO 3.1, 22 
which addresses flammable gas hazards from steady-state releases and slow, continuing induced 23 
gas releases following water additions, chemical additions, and waste transfers into DSTs.) 24 
 25 
Based on the system evaluation in Section 4.4.10, a DST exhaust airflow of > 99 ft3/min is 26 
required to maintain the flammable gas concentration < 25% of the LFL from induced GREs 27 
during water additions, chemical additions, and waste transfers into DSTs.  To ensure the 28 
availability of the DST primary tank ventilation system to perform its safety function, 29 
Section 4.4.10 requires two redundant safety-significant DST primary tank ventilation system 30 
trains with one train (the in-service train) operable and operating and the other train (the standby 31 
train) operable.  This ensures the standby train is available to start up if the in-service train 32 
becomes inoperable.  The system evaluation in Section 4.4.10 also identified the requirement for 33 
flammable gas monitoring if the tank farm temperature is < 32°F to address the potential for ice 34 
to restrict tank inlet airflow, and thus reduce tank exhaust airflow below the 99 ft3/min required 35 
to maintain the tank headspace flammable gas concentration < 25% of the LFL.  Monitoring the 36 
tank headspace verifies the flammable gas concentration is < 25% of the LFL and, if the 37 
flammable gas concentration is > 25% of the LFL, the water addition, chemical addition, or 38 
waste transfer is stopped. 39 
 40 
In-Service DST Primary Tank Ventilation System Train 41 
 42 
If the in-service DST primary tank ventilation system train is not operable or not operating, 43 
either the in-service train must be restarted or the standby train must be started.  The action 44 
completion time is based on ensuring that the time without active DST primary tank ventilation 45 
is less than or equal to the time for the flammable gas concentration to increase by 25% of the 46 
LFL (i.e., the time to take the required action combined with the surveillance frequency is less 47 
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than or equal to the time for the flammable gas concentration to increase by 25% of the LFL).  1 
RPP-RPT-47933, Flammable Gas Release Rate from Double-Shell Tank Solids Dissolution, 2 
conservatively calculates the time for the flammable gas concentration to increase by 25% of the 3 
LFL for induced GREs during water additions, chemical additions, and waste transfers into 4 
DSTs. 5 
 6 
If the in-service train cannot be restarted and the standby train cannot be started (i.e., no active 7 
DST primary tank ventilation), the water addition, chemical addition, or waste transfer into the 8 
DST is stopped.  Stopping the water addition, chemical addition, or waste transfer limits the 9 
induced GRE gas release rate and any additional dissolution of soluble settled solids is addressed 10 
by LCO 3.1 (see Section 5.5.2.1).  The action completion time is based on the time for the 11 
flammable gas concentration to increase by 25% of the LFL (i.e., the time to take the required 12 
action combined with the surveillance frequency is less than or equal to the time for the 13 
flammable gas concentration to increase by 25% of the LFL). 14 
 15 
Standby DST Primary Tank Ventilation System Train 16 
 17 
If the standby DST primary tank ventilation system train is not operable, it must be restored to 18 
operable status; and if the standby DST primary tank ventilation system train cannot be restored 19 
to operable status, the water addition, chemical addition, or waste transfer is stopped.  The action 20 
completion time is based on (1) operating experience that most preventive and corrective 21 
maintenance can be performed within 10 days, and (2) the limited risk that a standby train is not 22 
operable when an in-service DST primary tank ventilation system train stops operating and 23 
cannot be restarted. 24 
 25 
Tank Farm Temperature < 32°F 26 
 27 
If the tank farm temperature is < 32°F, flammable gas monitoring is required in the applicable 28 
tank headspace.  The action completion time and/or the frequency for flammable gas monitoring 29 
when the tank farm temperature is < 32°F is based on time for the flammable gas concentration 30 
to increase by 25% of the LFL.  If the concentration of flammable gas is > 25% of the LFL, the 31 
water addition, chemical addition, or waste transfer is immediately stopped and the actions 32 
required by LCO 3.1 when the flammable gas concentration is > 25% of the LFL are taken  33 
(see Section 5.5.2.1). 34 
 35 
Flammable gas monitoring is performed using a calibrated portable combustible gas monitor 36 
(CGM).  The CGM is an instrument calibrated in accordance with the requirements of 37 
TFC-PLN-02, Quality Assurance Program Description, Section 2.12, “Control of Measuring and 38 
Test Equipment.”  The CGM is not designated safety significant since it is not installed plant 39 
equipment (see Section 3.3.1.5).  The CGM is connected to a permanently installed sample line.  40 
An alternative sampling location requires a technical evaluation performed in accordance with 41 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, that demonstrates the alternative 42 
sampling location meets the requirements for tank headspace monitoring in 43 
TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring.  Once the CGM is connected, the 44 
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industrial hygiene technician (IHT) draws a sample from the tank headspace.2  The IHT allows 1 
sufficient flow time for the sample line to be purged and the instrument to respond to assure the 2 
sample is representative of the tank headspace gases.  TF-OPS-IHT-001, IHT Flammable Gas 3 
Surveillance on Double Shell Tanks, and TF-OPS-IHT-007, Using Direct Reading Instruments, 4 
provide instructions to the IHT on how to determine the required purge time, which is based on 5 
the sample line diameter and length, and instrument response time.  The flammable gas 6 
concentration is recorded in TF-OPS-IHT-001.  The procedure directs the IHT to notify the Shift 7 
Manager if the reading exceeds 25% of the LFL.  The Shift Manager also reviews and signs the 8 
sample results. 9 
 10 
5.5.2.4.2  Surveillance Requirements.  To be operable, each train of the DST primary tank 11 
ventilation system must be capable of providing the required airflow through the connected DST 12 
headspace.  This is verified by measuring the tank exhaust airflow.  The flow measurement is 13 
performed in accordance with the requirements of ANSI/ASHRAE Standard 111-2008, 14 
Measurement, Testing, Adjusting, and Balancing of Building HVAC Systems.  The measurements 15 
are taken in the ductwork between the headspace of the DST being measured and the first 16 
connection with another DST.  For the DST 241-AY and 241-AZ tank farms, the measurement is 17 
taken in the ductwork exiting the recirculation loop of each DST before the first connection with 18 
another DST.  These locations ensure only the flow through a single DST is being measured.  19 
Flow measurements are taken with portable instruments; therefore, these instruments are not 20 
designated as safety significant.  The portable instruments are calibrated in accordance with the 21 
requirements of TFC-PLN-02, Section 2.12.  The airflow measurement is performed prior to the 22 
water addition, chemical addition, or waste transfer into the DST and periodically thereafter with 23 
the surveillance frequency based on engineering judgment to address potential slow, cumulative 24 
changes to the exhaust airflow that may occur over time (e.g., increases in air in-leakage, HEPA 25 
filter loading).  (Note:  There is no margin provided in the required tank exhaust airflow of  26 
> 99 ft3/min [see Section 4.4.10.4].)   27 
 28 
Re-verifying the tank exhaust airflow is also required following configuration changes in the 29 
applicable tank farm that could significantly affect exhaust airflow (i.e., opening or closing an 30 
inlet air-control isolation valve or bypass valve; opening or closing a tank riser; removing or 31 
installing a waste transfer-associated cover; and repositioning a 241-AN/241-AP/241-AW/ 32 
241-SY tank outlet isolation valve or a 241-AY/241-AZ flow control valve) or reducing an 33 
exhaust fan flow control set point.  That is, if any of these changes occurs after verifying the tank 34 
exhaust airflow, the exhaust airflow shall be re-verified to be > 99 ft3/min prior to starting the 35 
water addition, chemical addition, or waste transfer into the DST.  If an activity changes but then 36 
restores the tank farm configuration or exhaust fan flow control set point prior to starting the 37 
water addition, chemical addition, or waste transfer, re-verification the tank exhaust airflow is 38 
not required.  These changes shall not be performed during the water addition, chemical addition, 39 
or waste transfer.  Based on engineering judgment other changes to tank farm configuration (e.g., 40 
taping of waste transfer-associated structure covers) and air temperature or wind speed could 41 
result in only minor affects on the tank exhaust airflow and do not require re-verification of the 42 
exhaust airflow.  The re-verification of the tank exhaust airflow is performed manually in 43 
accordance with ANSI/ASHRAE Standard 111-2008, except after repositioning a 44 

                                                 
2 The tank headspace is the space inside the tank above the waste surface and includes ventilation ducts up to the 
suction side mixing point when an active ventilation system is operating. 
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241-AY/241-AZ flow control valve.  After repositioning a 241-AY/241-AZ flow control valve, 1 
the measurement of tank exhaust airflow may be performed using the existing flow 2 
instrumentation.  The existing flow instrumentation is not designated safety significant because 3 
of a planned improvement to install safety-significant flow instrumentation (see Section 4.4.10).  4 
The existing 241-AY and 241-AZ tank farm flow instrumentation are calibrated in accordance 5 
with the requirements of TFC-PLN-02. 6 
 7 
The surveillance requirement for determining the in-service DST primary tank ventilation system 8 
train is operating, is verifying the headspace of each tank in the tank farm is < 0 in. w.g. relative 9 
to atmospheric pressure.  Verifying tank headspace negative pressure is a surrogate for verifying 10 
tank exhaust flow.  The surveillance frequency is based on the time for the flammable gas 11 
concentration to increase by 25% of the LFL.  That is, the surveillance frequency when  12 
combined with the action completion time to start up a DST primary tank ventilation system 13 
train or the action completion time to stop the water addition, chemical addition, or waste 14 
transfer is less than or equal to the time for the flammable gas concentration to increase by  15 
25% of the LFL.  The tank pressure (vacuum) instrumentation is calibrated in accordance with 16 
the requirements of TFC-PLN-02.  The pressure (vacuum) instrumentation is not designated 17 
safety significant because of a planned improvement to install safety-significant tank exhaust 18 
flow monitors (see Section 4.4.10). 19 
 20 
To be operable, the standby DST primary tank ventilation system train must be capable of 21 
operating when needed.  This includes verifying that the safety-significant components of the 22 
DST primary tank ventilation system are operable, and that interfacing systems required for train 23 
operation are verified to be capable of performing their function.  A checklist for determining 24 
DST primary tank ventilation system train operability is derived in Section 4.4.10  25 
(Table 4.4.10-1).  The surveillance frequency is based on engineering judgment and operating 26 
experience, and not on the time to LFL. 27 
 28 
The surveillance requirement to verify the tank farm temperature is > 32°F ensures there is no 29 
ice that could restrict tank inlet airflow, and thus reduce tank exhaust airflow below the 30 
> 99 ft3/min airflow required to maintain the tank headspace flammable gas concentration  31 
< 25% of the LFL.  This failure mode would not be detected by the surveillance requirement to 32 
verify the tank headspace is < 0 in. w.g. relative to atmospheric pressure which is the surrogate 33 
for verifying tank exhaust flow until the planned improvement to install safety-significant 34 
exhaust flow monitor (see above).  The surveillance frequency is based on the time for the 35 
flammable gas concentration to increase by 25% of the LFL.  The measurements of the outside 36 
temperature in the tank farm are taken with portable instruments; therefore, these instruments are 37 
not designated as safety significant (see Section 3.3.1.5).  The portable instruments are calibrated 38 
in accordance with the requirements of TFC-PLN-02, Section 2.12. 39 
  40 
5.5.2.5  Limiting Condition for Operation 3.5 – DST Annulus Flammable Gas Control 41 
 42 
5.5.2.5.1  Purpose.  This control protects the facility worker from a flammable gas deflagration 43 
in a DST annulus caused by steady-state flammable gas releases from waste in the DST annulus 44 
due to a DST primary tank leak by monitoring the DST annulus waste level and taking action to 45 
control the flammable gas concentration or eliminate potential ignition sources if a significant 46 
quantity of waste is detected in the DST annulus.  Flammable gases are continuously generated 47 
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by tank waste due to radiolysis, thermolysis, and corrosion.  When the waste level in the DST 1 
annulus is > 15 in., and in the absence of adequate ventilation, these flammable gases can 2 
accumulate in the annulus headspace to a concentration that exceeds the LFL and can be ignited. 3 
 4 
5.5.2.5.2  Derivation Criteria.  To protect the facility worker from flammable gas hazards in 5 
DST annuli due to a DST primary tank leak, the selected control is monitoring the waste level in 6 
the DST annulus.  Because waste is generally not present in the DST annulus, monitoring the 7 
waste level in the annulus ensures that there is not a sufficient quantity of waste (i.e., > 15 in.) in 8 
the annulus to pose a flammable gas hazard.  Eliminating potential ignition sources when a 9 
significant quantity of waste has leaked into the annulus prior to the flammable gas concentration 10 
achieving 100% of the LFL adequately reduces the risk of a flammable gas event.  11 
Time-dependent operator actions are required to reduce the risk if there is > 15 in. of waste in the 12 
annulus.  Therefore, an LCO was chosen as the appropriate methodology for preventing 13 
flammable gas accidents and potential significant facility worker consequences.  For the 14 
derivation of this LCO refer to Section 4.5.4. 15 
 16 
5.5.2.6  Limiting Condition for Operation 3.6 – DCRT Steady-State Flammable Gas 17 
Control  18 
 19 
5.5.2.6.1  Purpose.  This control protects the facility worker from a flammable gas deflagration 20 
due to steady-state flammable gas releases in a DCRT by either verifying passive ventilation or 21 
monitoring the flammable gas concentration and taking action to reduce the flammable gas 22 
concentration or eliminate potential ignition sources prior to the flammable gas concentration 23 
exceeding the LFL.  Flammable gases are continuously generated by the tank waste due to 24 
radiolysis, thermolysis, and corrosion.  In the absence of adequate ventilation, these flammable 25 
gases can accumulate in the tank headspace to a concentration that exceeds the LFL and can be 26 
ignited. 27 
 28 
5.5.2.6.2  Derivation Criteria.  To protect the facility worker from steady-state flammable gas 29 
hazards in DCRTs 244-BX, 244-S, and 244-TX two alternatives are used.  For the first option, 30 
the HEPA breather filter isolation valve is ensured to be open and the waste level is ensured to be 31 
less than the maximum for Passive Ventilation (i.e., ≤ 85 in. for 244-BX, ≤ 32 in. for 244-S, and 32 
≤ 43 in. for 244-TX).  For the second option, the flammable gas concentration in the tank 33 
headspace is ensured to be ≤ 25% of the LFL and the waste level is ensured to be less than the 34 
maximum for Flammable Gas Monitoring (i.e., ≤ 99 in. for 244-BX, ≤ 67 in. for 244-S, and 35 
≤ 62 in. for 244-TX).  Ensuring that the HEPA breather filter isolation valve is open and the 36 
waste level is less than the maximum for Passive Ventilation, confirms that sufficient ventilation 37 
is available to control the steady-state generation of flammable gas in the DCRTs.  Also, 38 
ensuring that the concentration of flammable gas is ≤ 25 % of the LFL and that the waste level is 39 
less than the maximum for Flammable Gas Monitoring, confirms that sufficient ventilation is 40 
available to control the steady-state generation of flammable gas in the DCRTs.  Time-dependent 41 
operator actions are required to reduce risk if the HEPA breather filter isolation valve is closed, 42 
if the waste level is higher than the maximum for Passive Ventilation, if the waste level is higher 43 
than the maximum for Flammable Gas Monitoring, or if the flammable gas concentration is 44 
> 25% of the LFL.  Therefore, an LCO was chosen as the appropriate methodology for 45 
preventing flammable gas accidents and potential significant facility worker consequences.  For 46 
the derivation of this LCO refer to Section 4.5.5. 47 
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 1 
5.5.2.7  Limiting Condition for Operation 3.7 - DST Flammable Gas Monitoring Control 2 
 3 
5.5.2.7.1  Purpose.  ORP directed retaining this control until a planned improvement for 4 
safety-significant instrumentation to monitor the exhaust airflow from each DST is completed 5 
(Samuelson 2012).  The control supplements LCO 3.1, “DST Primary Tank Ventilation 6 
Systems,” (see Section 5.5.2.1) and protects the facility worker from a flammable gas 7 
deflagration due to steady-state flammable gas releases in a DST and induced gas releases 8 
following water additions, chemical additions, and waste transfers into DSTs by monitoring the 9 
flammable gas concentration and taking actions to reduce the flammable gas concentration or 10 
eliminate potential ignition sources prior to the flammable gas concentration exceeding the LFL.  11 
Flammable gas monitoring provides additional protection and assurance that unexpected, 12 
off-normal conditions that could result in flammable gas concentrations > 25% of the LFL are 13 
detected and required actions taken to prevent flammable gas accidents. 14 
 15 
5.5.2.7.2  Derivation Criteria.  To further protect the facility worker from flammable gas 16 
hazards due to steady-state releases and slow, continuing induced gas releases following water 17 
additions, chemical additions, and waste transfers into DSTs, the ORP directed control is 18 
flammable gas monitoring to directly verify that the flammable gas concentration in the tank 19 
headspace is ≤ 25% of the LFL, which confirms that sufficient ventilation is available to control 20 
the steady-state generation of flammable gas in the DST and induced gas releases following 21 
water additions, chemical additions, and waste transfers into DSTs.  Time-dependent operator 22 
actions are required to reduce risk if flammable gas concentrations are above limits.  Therefore, 23 
an LCO was chosen as the appropriate methodology for preventing flammable gas accidents and 24 
significant facility worker consequences.  For a full derivation of this LCO refer to Section 4.5.1. 25 
 26 
5.5.2.8  Limiting Condition for Operation 3.8 – SST 241-C-105 Waste Transfer Freeze 27 
Protection Automated Temperature Monitoring Systems (ATMS) 28 
 29 
5.5.2.8.1  LCO and LCO Actions.  The SAC SST 241-C-105 Waste Transfer System Freeze 30 
Protection Using Automated Temperature Monitoring Systems (ATMS) (see Section 4.5.13) 31 
identifies the SST 241-C-105 waste transfer freeze protection ATMS as a safety-significant 32 
support SSC.  The ATMS is described in Section 4.4.11.  The SAC prevents the loss of the safety 33 
functions of safety-significant SSCs located in waste transfer-associated structures (i.e., waste 34 
transfer primary piping systems and isolation valves for double valve isolation).  Since the 35 
ATMS supports the SAC, LCO 3.8 is applicable when required by the SAC.  The SAC is 36 
applicable when an ATMS is used to monitor the air temperature in a waste transfer-associated 37 
structure that is physically connected to an active waste transfer pump not under administrative 38 
lock during a SST 241-C-105 retrieval waste transfer. 39 
 40 
Each ATMS is a Safety Integrity Level (SIL)-1 safety instrumented system (SIS) that consists of 41 
Type T thermocouples with matching extension wires, a logic solver, and a beacon.  The ATMS 42 
provides continuous thermocouple monitoring with a flashing beacon that is illuminated when 43 
the ATMS is operational and all monitored thermocouples are > 50°F.  The SAC SST 241-C-105 44 
Waste Transfer System Freeze Protection Using ATMS requires verifying that the ATMS beacon 45 
is flashing during SST 241-C-105 retrieval waste transfers and, if the ATMS beacon is not 46 
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flashing, placing waste transfer pumps under administrative lock that are physically connected to 1 
the ATMS waste transfer-associated structure (see Section 4.5.13). 2 
 3 
If the ATMS is not operable, an administrative lock is placed on waste transfer pumps that are 4 
physically connected to the ATMS waste transfer-associated structures within 3 hours.  The 5 
safety functions of the protected waste transfer primary piping systems and isolation valves for 6 
double valve isolation are not required when waste transfer pumps are under administrative lock.  7 
Prior to placing the waste transfer pumps under administrative lock, a controlled shutdown of the 8 
waste transfer, including flushing, is allowed.  The action completion time of 3 hours provides a 9 
reasonable time to perform a controlled shutdown, and the risk of the ATMS being challenged 10 
during this action completion time and freezing conditions occurring in the ATMS waste 11 
transfer-associated structures is acceptable because (1) the ATMS is a fail-safe, SIL-1 system; 12 
(2) general service equipment maintains the air temperature in the ATMS waste-transfer 13 
associated structures well above freezing; and (3) temperatures in the ATMS waste 14 
transfer-associated structures sufficient to damage waste transfer primary piping systems and 15 
isolation valves for double valve isolation in 3 hours would have to be < 10oF.  In addition, the 16 
SST 241-C-105 Waste Transfer System Freeze Protection Using ATMS SAC requires 17 
monitoring the outside air temperature in the SST 241-C Tank Farm every 60 minutes and 18 
placing an administrative lock on the waste transfer pumps immediately if the temperature is 19 
< 10oF. 20 
 21 
5.5.2.8.2  Surveillance Requirements.  To be operable, the ATMS must be periodically tested 22 
and/or equipment replaced as described in Section 4.4.11.  The surveillance frequencies are 23 
established by the SIL calculation to ensure that ATMS reliability meets SIL-1 requirements (see 24 
Section 4.4.11). 25 
 26 
5.5.2.9  Limiting Condition for Operation 3.9 – MARS-V Waste Accumulator Tank (WAT) 27 
Waste High Temperature Control System 28 
 29 
5.5.2.9.1  LCO and LCO Actions.  Section 4.4.1, “Waste Transfer Primary Piping Systems,” 30 
Section 4.4.2, “Hose-In-Hose Transfer Line Systems,” and Section 4.4.3, “Isolation Valves for 31 
Double Valve Isolation,” identify the mobile arm retrieval system - vacuum (MARS-V) waste 32 
accumulator tank (WAT) waste high temperature control system as a safety-significant support 33 
SSC.  The MARS-V WAT waste high temperature control system is described in Section 4.4.12.  34 
The MARS-V WAT waste high temperature control system prevents the loss of the safety 35 
function of waste transfer primary piping systems, hose-in-hose transfer line (HIHTL) primary 36 
hose assemblies, and isolation valves for double valve isolation from high waste temperatures 37 
during waste transfers using the MARS-V slurry pump.  LCO 3.9 is applicable when 38 
safety-significant waste transfer primary piping systems, HIHTL primary hose assemblies, or 39 
isolation valves for double valve isolation are physically connected to the MARS-V slurry pump 40 
when it is an active waste transfer pump not under administrative lock. 41 
 42 
The MARS-V WAT waste high temperature control system is a SIL-1 SIS that includes 43 
instrumentation for monitoring supernatant flow, logic solver devices, and redundant MARS-V 44 
slurry pump hydraulic power unit (HPU) motor contactors.  The MARS-V WAT waste high 45 
temperature control system shuts down the MARS-V slurry pump (de-energizes the slurry pump 46 
hydraulic power unit [HPU] motor) if the supernatant flow to the WAT is < 11.9 gal/min. 47 
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 1 
If the MARS-V WAT waste high temperature control system is not operable, an administrative 2 
lock is placed on the MARS-V slurry pump within 3 hours.  The safety functions of the protected 3 
waste transfer primary piping systems, HIHTL primary hose assemblies, and isolation valves for 4 
double valve isolation are not required when the MARS-V slurry pump is under administrative 5 
lock.  Prior to placing the MARS-V slurry pump under administrative lock, a controlled 6 
shutdown of the waste transfer, including flushing, is allowed.  The action completion time of 7 
3 hours provides a reasonable time to perform a controlled shutdown, and the risk of the 8 
MARS-V WAT waste high temperature control system being challenged during this action 9 
completion time and the waste temperature in the WAT exceeding the limiting design 10 
temperature of waste transfer primary piping systems, HIHTL primary hose assemblies, and 11 
isolation valves for double valve isolation (i.e., 180°F) is acceptable because: 12 
 13 

1. The MARS-V WAT waste high temperature control system is a fail-safe, SIL-1 system;  14 
 15 

2. Two off-normal conditions (supernatant flow into the WAT falls below 11.9 gal/min and 16 
slurry flow out of the WAT to the DST falls below 13.6 gal/min) are required to exceed a 17 
waste temperature in the WAT of 180°F; and  18 
 19 

3. The general service supernatant and slurry pump low flow interlocks detect and prevent 20 
these off-normal conditions before challenging the MARS-V WAT waste high 21 
temperature control system.  22 

 23 
5.5.2.9.2  Surveillance Requirements.  To be operable, the MARS-V WAT waste high 24 
temperature control system must be calibrated/calibration checked and functionally tested as 25 
described in Section 4.4.12.  The surveillance frequencies are established by the SIL calculation 26 
to ensure that MARS-V WAT waste high temperature control system reliability meets SIL-1 27 
requirements (see Section 4.4.12). 28 
 29 
 30 
5.5.3 Administrative Controls 31 
 32 
ACs are the provisions relating to organization and management, procedures, recordkeeping, 33 
assessment, and reporting; the safety management programs; and the directed action Specific 34 
Administrative Controls (SACs) and AC Key Elements necessary to ensure safe operation of a 35 
facility.  Consistent with DOE-STD-1186-2004, SACs that are identified to prevent or mitigate 36 
an accident scenario and that have a safety function that would be safety class or safety 37 
significant if the function were provided by an SSC may be developed as directed action ACs.  38 
The SACs developed as LCOs are discussed in Section 5.5.2.  The following directed action ACs 39 
are developed from SACs in Chapter 4.0. 40 
 41 

 Administrative Control 5.8.1 – DST Induced Gas Release Event Evaluation 42 
(Section 4.5.3) 43 

 44 
 Administrative Control 5.8.2 – Flammable Gas Controls for Waste-Intruding Equipment 45 

(Section 4.5.6) 46 
 47 
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 Administrative Control 5.8.3 – Flammable Gas Controls for Inactive/Miscellaneous 1 
Tanks/Facilities (See Section 4.5.6) 2 

 3 
 Administrative Control 5.8.4 – Low-Level Radioactive, Mixed, and TRU Waste 4 

Packaging Flammable Gas Controls (Section 4.5.8) 5 
 6 

 Administrative Control 5.8.5 – Waste Transfer System Overpressure and Flow Transient 7 
Protection (Section 4.5.7) 8 

 9 
 Administrative Control 5.8.6 – Double Valve Isolation (Section 4.5.9) 10 

 11 
 Administrative Control 5.8.7 – Waste Transfer System Valve Closure Controls  12 

(Section 4.5.10) 13 
 14 

 Administrative Control 5.8.8 – Waste Transfer System Freeze Protection (Section 4.5.11) 15 
 16 

 Administrative Control 5.8.9 – Waste Transfer System Freeze Protection for SST  17 
241-C-107 MARS Containment Box and Transition Shield Box (Section 4.5.12)  18 
 19 

 Administrative Control 5.8.10 – SST 241-C-105 Waste Transfer System Freeze 20 
Protection Using Automated Temperature Monitoring Systems (ATMS) (Section 4.5.13) 21 

 22 
Some ACs were selected to provide an important contribution to defense-in-depth or provide a 23 
support function to SACs.  These ACs are identified as Key Elements of ACs and are developed 24 
in Section 5.5.3.1 – Section 5.5.3.4.  An AC Key Element for Nuclear Criticality Safety and an 25 
AC Key Element for Emergency Preparedness are developed in Section 5.5.3.5 and  26 
Section 5.5.3.6 as directed by ORP.  Section 5.5.3.7 develops the Safety Management Programs 27 
that provide defense-in-depth.  Section 5.5.3.8 develops the Waste Leak Evaluation Program 28 
which supports the hazard evaluation process. 29 
 30 
TSR Sections 5.1 through 5.5 provide the ACs related to the administration of the TSRs. 31 
 32 

 Section 5.1 – Purpose:  This section provides an introduction to the AC section of the 33 
TSR document. 34 

 35 
 Section 5.2 – Contractor Responsibility:  This section outlines the TOC organizational 36 

responsibilities that serve to focus the attention of management, operations, and oversight 37 
personnel on the highest operational safety provided by the TSRs. 38 

 39 
 Section 5.3 – Compliance:  This section establishes the TOC organizational positions 40 

responsible for ensuring that requirements of the TSR are met.  This section also 41 
identifies how compliance with the TSRs shall be demonstrated. 42 

 43 
 Section 5.4 – Technical Safety Requirements Violations:  This section defines the TSR 44 

violation criteria and the actions to take in response to a TSR violation.  Criteria are 45 
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provided for TSR violations related to LCOs, Specific Administrative Controls, 1 
Administrative Control Programs (including Key Element of ACs), and Design Features. 2 

 3 
 Section 5.5 – Organization:  This section establishes the lines of authority, responsibility, 4 

and communication at all management levels through intermediate levels, including all 5 
safety and operating organizations.  This section also establishes the minimum operations 6 
shift compliment necessary to operate and support the tank farm facilities safely. 7 

 8 
5.5.3.1  Administrative Control 5.9.1 – DST and SST Time to Lower Flammability Limit  9 
 10 
5.5.3.1.1  Safety Function.  The safety function of the AC Key Element DST and SST Time to 11 
Lower Flammability Limit is to protect assumptions used to develop surveillance frequencies 12 
and action completion times in the following TSRs. 13 
 14 

 LCO DST Primary Tank Ventilation Systems (see Section 5.5.2.1) 15 
 SAC DST Flammable Gas Monitoring Control (see Section 4.5.1) 16 
 SAC SST Steady-State Flammable Gas Control (see Section 4.5.2) 17 
 SAC DST Annulus Flammable Gas Control (see Section 4.5.4) 18 

 19 
This control is selected as a Key Element of an AC to provide a safety support function for the 20 
above listed TSRs (see Section 3.3.2.4.1). 21 
 22 
5.5.3.1.2  Key Element Description.  The time to LFL analysis for DSTs and SSTs (including 23 
the time to LFL analysis for DST annuli) is based on the tank physical characteristics, the tank 24 
waste characteristics and conditions (from the best-basis inventory [BBI]), and the tank waste 25 
temperature.  In addition, for the DST primary tank ventilation systems LCO and the DST 26 
Flammable Gas Monitoring Control SAC, the time to LFL analysis for DSTs includes induced 27 
gas releases from dissolution of soluble settled solids following water additions, chemical 28 
additions, and waste transfers into DSTs calculated in RPP-RPT-47933, Flammable Gas Release 29 
Rate from Double Shell Tank Solids Dissolution.  The time to LFL analysis is performed in 30 
accordance with the methodology described in RPP-5926, Steady-State Flammable Gas Release 31 
Rate Calculation and Lower Flammable Level for Hanford Tank Waste, and RPP-8050, Lower 32 
Flammability Limit Calculations for Catch Tanks, DST Annuli, Waste Transfer-Associated 33 
Structures, and Double-Contained Receiver Tanks in Tank Farms at the Hanford Site.  For each 34 
DST and SST, the times to 25%, 60%, and 100% of the LFL are documented in RPP-5926.  For 35 
DST annuli, the times to 25% and 100% of the LFL are documented in RPP-8050.  When the 36 
following activities are planned, the time to LFL analysis is reevaluated in accordance with 37 
HNF-SD-WM-OCD-015, Tank Farms Waste Transfer Compatibility Program. 38 
 39 

 Prior to waste transfers to DSTs and SSTs. 40 
 41 
 Prior to large water additions to DSTs and SSTs (i.e., > 10,000 gal to DSTs and 42 

100-series SSTs; and > 1,000 gal to 200-series SSTs). 43 
 44 

 Prior to chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste 45 
chemistry management. 46 
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 1 
 Prior to chemical additions of sodium hydroxide to 100-series SSTs to support waste 2 

retrieval. 3 
 4 
The time to LFL analysis is also reevaluated for DSTs within 14 days of discovering a DST 5 
waste temperature that exceeds the waste temperature assumed in the time to LFL analysis (see 6 
below).  A 25% extension of the 14 days (i.e., up to 17 days) is allowed to accommodate 7 
potential issues with the immediate availability of technical resources.  In addition, the time to 8 
LFL analysis is updated every two years to account for slow changes that are possible in tank 9 
waste characteristics and conditions (e.g., cumulative small water additions) and other BBI data 10 
revisions. 11 
 12 
Monitoring DST waste temperature is performed weekly in accordance with TO-040-660, 13 
Obtain/Record Double-Shell Tank Temperature Data, and the data is evaluated in accordance 14 
with TFC-ENG-CHEM-D-21, Process Engineering Waste Surveillance Data Review.  Weekly is 15 
defined as at least once in the period from 00:00 hours on Monday through 23:59 hours on the 16 
following Sunday.  If the DST waste temperature exceeds the waste temperature assumed in the 17 
time to LFL analysis, the time to LFL for the affected DST is reevaluated in accordance with the 18 
requirements in HNF-IP-1266, Tank Farms Operations Administrative Controls.  The DST 19 
waste temperatures assumed in the time to LFL analysis are also documented in HNF-IP-1266. 20 
 21 
If the time for the flammable gas concentration to increase by 25% of the LFL decreases below 22 
the time used to develop the surveillance frequencies or action completion times in the TSRs 23 
listed in Section 5.5.3.1.1: 24 
 25 

 A TSR amendment is processed prior to the planned activity (i.e., waste transfer, water 26 
addition, and chemical addition).  (Note:  This is the normal approach for planned 27 
activities.) 28 

 29 
OR 30 

 31 
 The responsible log keeper makes a red arrow entry in accordance with  32 

TFC-OPS-OPER-C-17, Operating Logbooks, to implement a decreased surveillance 33 
frequency or action completion time prior to the planned activity (i.e., waste transfer, 34 
water addition, chemical addition) or immediately (i.e., if resulting from a DST 35 
temperature increase or the two-year update).  The responsible log keeper also verbally 36 
notifies the ORP on-call facility representative within 48 hours of making the red arrow 37 
entry, and a TSR amendment is submitted to ORP within 60 days of making the red 38 
arrow entry. 39 

 40 
5.5.3.1.3  Functional Requirement.  The AC Key Element DST and SST Time to Lower 41 
Flammability Limit requires verification or revision of the time to LFL analysis used to develop 42 
surveillance frequencies and action completion times in the DST, DST annulus, and SST 43 
flammable gas controls: 44 
 45 

 Prior to waste transfers to DSTs and SSTs. 46 
 47 
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 Prior to large water additions to DSTs and SSTs (i.e., > 10,000 gal to DSTs and 1 
100-series SSTs; and > 1,000 gal to 200-series SSTs). 2 
 3 

 Prior to chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste 4 
chemistry management. 5 
 6 

 Prior to chemical additions of sodium hydroxide to 100-series SSTs to support waste 7 
retrieval. 8 
 9 

 Within 14 days (with a 25% extension allowed) of discovering a DST waste temperature 10 
reading that exceeds the waste temperature assumed in the time to LFL analysis.    11 
 12 

 Every two years to account for slow changes that are possible in tank waste 13 
characteristics and conditions (e.g., cumulative small water additions) and other BBI data 14 
revisions. 15 

 16 
The AC Key Element also requires weekly monitoring of DST waste temperatures and revision 17 
of the TSR surveillance frequencies or action completion times, if necessary, based on the 18 
revision of the time to LFL analysis.  The TSR revision is required prior to the planned activity 19 
or immediately if the revision results from a DST waste temperature increase or the two-year 20 
update. 21 
 22 
5.5.3.1.4  Key Element Evaluation.  The DST and SST Time to Lower Flammability Limit Key 23 
Element assures that surveillance frequencies and action completion times remain valid for the 24 
LCO and three SACs listed in Section 5.5.3.1.1.  Some of the surveillance frequencies and action 25 
completion times in these TSRs are based on the time for the flammable gas concentration to 26 
increase 25% of the LFL.  These surveillance frequencies and action completion times are 27 
selected to provide adequate time to take the actions prior to reaching 100% of the LFL.  The 28 
time to LFL analysis is based on the conservative assumption of zero ventilation, conservative 29 
DST waste temperatures derived from temperature monitoring data, and includes a margin of 30 
safety by adding 10,000 gal of water for DSTs and 100-series SSTs, and 1,000 gal of water for  31 
200-series SSTs, to the tank waste level to account for small water additions to support 32 
operations.  BBI is the primary source of waste characteristics and conditions used in the time to 33 
LFL analysis (see Section 5.5.3.4).  The time to LFL analysis for DST annuli is based on the 34 
corresponding DST waste characteristics and conditions.  The DST annuli time to LFL analysis 35 
is verified or revised whenever the DST time to LFL analysis is verified or revised, and is not 36 
discussed separately.  The time to LFL analysis for the DST primary tank ventilation systems 37 
LCO and the DST Flammable Gas Monitoring Control SAC also conservatively includes a 38 
hydrogen release of 9.6 ft3/day to bound slow, continuing induced gas releases from dissolution 39 
of soluble settled solids following water additions, chemical additions, and waste transfers into 40 
DSTs (RPP-RPT-47933). 41 
 42 
For the following planned activities, the time to LFL is reevaluated and the surveillance 43 
frequencies or action completion times in the associated TSR are revised, if required, prior to the 44 
activity. 45 
 46 
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 Waste transfer to DSTs or SSTs. 1 
 2 

 Large water additions to DSTs and SSTs (i.e., > 10,000 gal to DSTs and 100-series SSTs; 3 
and > 1,000 gal to 200-series SSTs). 4 
 5 

 Chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste chemistry 6 
management. 7 
 8 

 Chemical additions of sodium hydroxide to 100-series SSTs to support waste retrieval. 9 
 10 
To eliminate evaluating small additions of water, including inhibited water (i.e., water containing 11 
dilute concentrations of sodium hydroxide and/or sodium nitrite), the DST and SST waste levels 12 
in the time to LFL analysis include a margin of an additional 10,000 gal of water for DSTs and 13 
100-series SSTs, and 1,000 gal of water for 200-series SSTs.  The margin of safety provided by 14 
these water additions reasonably bounds the cumulative small water additions to DSTs and SSTs 15 
between updates from activities such as flushing SSCs (e.g., ENRAFs, de-entrainers, air lift 16 
circulators, equipment removed from a tank, jumpers, waste transfer-associated structures), 17 
jumper connection leak testing, pressure testing of HIHTL and waste transfer primary piping 18 
systems, testing of waste transfer-associated structure drain seal assemblies and transfer leak 19 
detection systems, water lance operation, and ventilation system condensate.  This margin of 20 
safety also accounts for rain water and snow melt intrusion between updates.  In addition, 21 
whenever there is a planned activity requiring reevaluation of the time to LFL, the actual DST or 22 
SST waste level (i.e., accounting for any small water additions that have occurred since the last 23 
analysis update) is used.  HNF-SD-WM-OCD-015 and RPP-11192, Tank Farms Chemical 24 
Compatibility Evaluation, also identify that incidental chemical additions, including salt water 25 
(i.e., water with small amounts of sodium chloride added) used for testing transfer leak detection 26 
systems, contamination fixative solutions, sealants, cleaning solutions, hydraulic fluids, 27 
lubricants, and antifreeze solutions, have no significant affect in the time to LFL analysis. 28 
 29 
A TSR amendment or a red arrow entry may be used to implement decreases in surveillance 30 
frequencies or action completion times prior to the planned operation.  If a red arrow entry is 31 
used, the ORP facility representative is verbally notified within 48 hours of decreasing the TSR 32 
surveillance frequency or action completion time, and a TSR amendment, processed in parallel 33 
with conducting the activity under the red arrow entry, is submitted to ORP within 60 days.  The 34 
normal approach for planned activities, however, is that the TSR surveillance frequency or action 35 
completion time is revised in a TSR amendment approved by ORP prior to conducting the 36 
activity.  The time to LFL analysis is performed in accordance with reference procedures with an 37 
originator and checker.  Therefore, these planned activities are adequately evaluated and 38 
controlled. 39 
 40 
The time for the flammable gas concentration to increase by 25% of the LFL could also decrease 41 
if the DST waste temperature assumed in the time to LFL analysis is exceeded or from slow 42 
changes to the tank waste characteristics or conditions (i.e., cumulative small water additions, 43 
BBI data revisions). 44 
 45 
For DSTs, a significant increase in tank waste temperature would require an extended loss of 46 
ventilation in the primary tank and/or annulus during the hottest months of the year.  Weekly 47 
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DST waste temperature monitoring is performed to detect changes in waste temperature.  The 1 
instrumentation used to monitor DST waste temperatures is calibrated in accordance with the 2 
requirements of TFC-PLN-02, Quality Assurance Program Description.  The instrumentation is 3 
not designated safety significant since the instrument readings are only used to perform an 4 
analysis (see Section 3.3.1.5).  (Note:  For SSTs, past monitoring has demonstrated that the tank 5 
waste temperatures are decreasing, and there is no credible way to exceed the waste temperature 6 
assumed in the time to LFL analysis [see RPP-5926], except for waste transfers to SSTs or 7 
chemical additions of sodium hydroxide to 100-series SSTs to support waste retrieval, which 8 
require reevaluation of the time to LFL analysis.  Therefore, the AC Key Element waste 9 
temperature monitoring requirements are only applicable to DSTs.) 10 
 11 
Small cumulative water additions to DSTs and SSTs are accounted for by the water additions 12 
(10,000 gal for DSTs and 100-series SSTs, and 1,000 gal for 200-series SSTs) included in the 13 
time to LFL analysis (see above).  BBI data revisions do not result in actual changes to 14 
flammable gas generation rates, only in the calculated generation rates.  Significant changes in 15 
BBI data are generally the result of planned activities (i.e., waste transfers, water additions, 16 
chemical additions) which are evaluated prior to conducting the activities. 17 
 18 
If the flammable gas steady-state generation rate increased so that the time to 25% of the LFL 19 
were to decrease to less than that assumed in developing the TSR surveillance frequencies or 20 
action completion times, the time to take action would be decreased.  However, since the 21 
surveillance frequencies and action completion times are based on the time to 25% or 60% of the 22 
LFL, there would still be adequate time to take the actions to prevent a flammable gas 23 
deflagration (i.e., reaching 100% of LFL). 24 
 25 
Based on the above, requiring monitoring of DST waste temperature weekly, with an additional 26 
14 days (not to exceed 17 days) to incorporate the waste temperature data into the time to LFL 27 
analysis, provides adequate protection of the TSR surveillance frequencies and action completion 28 
times.  Providing an update to the time to LFL analysis every two years to incorporate BBI data 29 
revisions on tank waste characteristics and conditions also provides adequate assurance that there 30 
will be no adverse impact on the risk of a flammable gas deflagration. 31 
 32 
Note: If it is determined by any reevaluation of a time to LFL analysis, that a TSR surveillance 33 

requirement or action completion time can be increased, submittal of a TSR amendment 34 
and ORP approval is required prior to implementation by the TOC. 35 

 36 
5.5.3.1.5  Controls (TSRs).  The DST and SST Time to Lower Flammability Limit is a Key 37 
Element of an Administrative Control (i.e., programmatic AC) with the following requirements. 38 
 39 

1. The time to LFL analysis for DSTs and SSTs (including the time to LFL analysis for 40 
DST annuli) shall be verified or revised as follows. 41 
 42 
 Prior to waste transfers to DSTs and SSTs. 43 
 44 
 Prior to large water additions to DSTs and SSTs (i.e., > 10,000 gal to DSTs and 45 

100-series SSTs; and > 1,000 gal to 200-series SSTs). 46 
 47 
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 Prior to chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste 1 
chemistry management. 2 

 3 
 Prior to chemical additions of sodium hydroxide to 100-series SSTs to support waste 4 

retrieval. 5 
 6 
 Within 14 days (not to exceed 17 days) of discovering a DST waste temperature that 7 

exceeds the waste temperature assumed in the time to LFL analysis.    8 
 9 
 Every two years. 10 
 11 

2. DST waste temperature monitoring shall be performed weekly.  (Note:  Weekly is 12 
defined as at least once in the period from 00:00 hours on Monday through 23:59 hours 13 
on the following Sunday.)   14 

 15 
3. If a decrease in a TSR surveillance frequency or action completion time is required based 16 

on a revised time to LFL analysis: 17 
 18 
a. For planned activities (i.e., waste transfers, water additions, chemical additions), a 19 

TSR amendment is required prior to the planned activity, OR the TOC may 20 
implement a decreased TSR surveillance frequency or action completion time prior to 21 
the planned activity.  If the TOC implements a decrease in a TSR surveillance 22 
frequency or action completion time without an ORP approved TSR amendment, the 23 
TOC shall notify ORP within 48 hours, and a TSR amendment shall be submitted to 24 
ORP within 60 days. 25 

 26 
b. For a decrease in a TSR surveillance frequency or action completion time resulting 27 

from a DST temperature increase or the two-year update, the TOC shall implement 28 
the decrease in the TSR surveillance frequency or action completion time 29 
immediately, the TOC shall notify ORP within 48 hours, and the TOC shall submit a 30 
TSR amendment to ORP within 60 days. 31 

 32 
5.5.3.2  Administrative Control 5.9.2 – Ignition Controls  33 
 34 
5.5.3.2.1  Safety Function.  The safety functions of the AC Key Element Ignition Controls are: 35 
 36 

1. To establish ignition source control requirements consistent with National Fire Protection 37 
Association (NFPA) requirements for eliminating potential flammable gas ignition 38 
sources. 39 

 40 
2. To evaluate activities, equipment, and materials to determine the applicability of and 41 

compliance with ignition source control requirements. 42 
 43 
3. To be an important contributor to defense-in-depth by applying ignition controls for the 44 

spontaneous GRE hazard in DSTs 241-AN-103, 241-AN-104, 241-AN-105, 45 
241-AW-101, and 241-SY-103. 46 

 47 
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This AC Key Element supports implementation of the ignition control requirements contained in 1 
the following flammable gas controls. 2 
 3 

LCO DST Primary Tank Ventilation Systems (see Section 5.5.2.1). 4 
 5 
SAC DST Flammable Gas Monitoring Control (see Section 4.5.1). 6 
 7 
SAC SST Steady-State Flammable Gas Control (see Section 4.5.2). 8 
 9 
SAC DST Annulus Flammable Gas Control (see Section 4.5.4). 10 
 11 
SAC DCRT Steady-State Flammable Gas Control (see Section 4.5.5). 12 
 13 
SAC Flammable Gas Controls for Inactive/Miscellaneous Tanks/Facilities and 14 
Waste-Intruding Equipment (see Section 4.5.6). 15 
 16 

This control is selected as a Key Element of an AC to provide a safety support function for the 17 
above listed SACs and to provide an important contribution to defense-in-depth for a 18 
spontaneous GRE flammable gas hazard in DSTs 241-AN-103, 241-AN-104, 241-AN-105, 19 
241-AW-101, and 241-SY-103 (see Section 3.3.2.4.1). 20 
 21 
5.5.3.2.2  Key Element Description.  Ignition source control requirements consistent with 22 
NFPA requirements are included in the engineering standard TFC-ENG-STD-13, Ignition 23 
Source Control Evaluation.  The ignition source control requirements consist of two control sets. 24 
 25 

 Ignition Source Control (ISC) Set 1, which is required when flammable gas 26 
concentrations exceeding the LFL are expected (e.g., inside waste-intruding equipment).  27 
ISC Set 1 requirements ensure the ignition source is prevented following single failures. 28 

 29 
 ISC Set 2, which is required when flammable gas concentrations exceeding the LFL are 30 

not expected but could occur (e.g., spontaneous GREs in the headspace or connected 31 
enclosed spaces directly above DSTs 241-AN-103, 241-AN-104, 241-AN-105, 32 
241-AW-101, and 241-SY-103; in the headspace of IMUSTs).  ISC Set 2 requirements 33 
ensure the ignition source does not exist during normal operations. 34 

 35 
TFC-ENG-STD-13 also includes the activities, equipment, and materials that have been 36 
evaluated for compliance with ISC Set 1 or ISC Set 2, as applicable, or provide equivalent safety 37 
to the ignition source control requirements. 38 
 39 
Evaluating activities, equipment, and materials to determine the applicability of and compliance 40 
with ignition source control requirements, and approving equivalency to ignition source control 41 
requirements, is conducted in accordance with reference procedure TFC-ENG-FACSUP-P-17, 42 
Flammable Gas Ignition Source Control.  The responsible engineer initiates an Ignition Source 43 
Control Requirements Screening (see TFC-ENG-FACSUP-C-17) and/or a technical evaluation 44 
in accordance with TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, for activities, 45 
equipment, and materials to meet the following ignition control requirements. 46 
 47 
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 Activities, equipment, and materials in the tank headspace3 and connected enclosed 1 
spaces (see below) of DSTs, SSTs, and DCRTs when the flammable gas concentration 2 
could exceed 60% of the LFL (see Sections 5.5.2.1, 4.5.1, 4.5.2, and 4.5.5). 3 

 4 
 Activities, equipment, and materials in the tank headspace and connected enclosed spaces 5 

of DST annuli if the waste level in the annuli exceeds 15 in. (see Section 4.5.4). 6 
 7 

 Activities, equipment, and materials inside waste-intruding equipment (see 8 
Section 4.5.6). 9 
 10 

 Equipment in the headspace of IMUSTs (see Section 4.5.6). 11 
 12 

 Activities, equipment, and materials during manned work activities involving 13 
inactive/miscellaneous tanks/facilities where steady-state and spontaneous GRE 14 
flammable gas hazards could exist (see Section 4.5.6). 15 
 16 

 Activities, equipment, and materials in the tank headspace and connected enclosed spaces 17 
directly above DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, and 18 
241-SY-103 (this Section). 19 
 20 

When specified in the above requirements to apply ignition controls in “connected enclosed 21 
spaces,” the responsible engineer determines the locations where to apply ignition controls based 22 
on the following definition of connected enclosed spaces. 23 
 24 

“Connected enclosed spaces are enclosed spaces directly connected to the tank headspace 25 
that could reasonably achieve the flammable gas concentration of the headspace.” 26 

 27 
The identification of connected enclosed spaces depends on the additional mixing volume, 28 
distance, and time, but could theoretically include all connected spaces up to the point where 29 
they are open to the outside environment or terminated by a closed valve or flange.  When an 30 
active ventilation system is operating, there are no connected enclosed spaces (i.e., the 31 
flammable gas hazard is limited to the tank headspace).  The determination of connected 32 
enclosed spaces is documented in a technical evaluation (TFC-ENG-FACSUP-C-02).  The 33 
responsible engineer obtains review and approval of the Flammable Gas Equipment Advisory 34 
Board (FGEAB) on the determination of the boundary of the connected enclosed spaces. 35 
 36 
The responsible engineer determines if the identified activity, equipment, or material has 37 
previously been evaluated and included in TFC-ENG-STD-13.  If the activity, equipment, or 38 
material has been evaluated, the responsible engineer documents the specific entry from 39 
TFC-ENG-STD-13, which is then reviewed by a second engineer. 40 
 41 
If the activity, equipment, or material is not listed in TFC-ENG-STD-13, the responsible 42 
engineer initiates a request for an evaluation of the activity, equipment, or material by the 43 
FGEAB.44 

                                                 
3 The tank headspace is the space inside the tank above the waste surface and includes ventilation ducts up to the 
suction side mixing point when an active ventilation system is operating. 
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 1 
A FGEAB member is assigned to evaluate the activity, equipment, or material and at least one 2 
other FGEAB member is assigned to review the evaluation.  One of the FGEAB members 3 
(originator or reviewer) must be an NFPA interpretive authority.  The assigned FGEAB member 4 
(originator) evaluates the identified activity (work practice), equipment, or material and 5 
determines if ISC Set 1 or ISC Set 2 requirements are applicable (i.e., ISC Set 1 when flammable 6 
gas concentrations exceeding the LFL are expected; and ISC Set 2 when flammable gas 7 
concentrations exceeding the LFL are not expected but could occur).  If ISC Set 1 or Set 2 are 8 
applicable, but are not fully met, the FGEAB originator can determine and document an 9 
equivalent safety to the ignition source control requirements.  Independent FGEAB member(s) 10 
review and approve the documented equivalency evaluation.  When an equivalency is used, the 11 
TOC Chief Engineer, or delegate, also approves the evaluation. 12 
 13 
The results of the evaluation are incorporated into TFC-ENG-STD-13. 14 
 15 
5.5.3.2.3  Functional Requirement.  The AC Key Element Ignition Controls requires that 16 
ignition source control requirements are: 17 
 18 

1. Established consistent with NFPA requirement, with the TOC Chief Engineer, or 19 
delegate, approval required for equivalency determinations. 20 
 21 

2. Implemented to eliminate potential ignition sources (i.e., activity, equipment, and 22 
material) when required by other flammable gas controls (see Section 5.5.3.2.1). 23 

 24 
This AC Key Element also specifically requires implementation of ignition source control 25 
requirements on activities, equipment, and materials in the tank headspace and connected 26 
enclosed spaces directly above DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, 27 
and 241-SY-103. 28 
 29 
5.5.3.2.4  Key Element Evaluation.  Through completion of the Ignition Source Control 30 
Requirements Screening and/or technical evaluation, activities, equipment, and materials are 31 
evaluated to determine the applicability and compliance with ignition source control 32 
requirements.  The screening form and/or technical evaluation with independent review provides 33 
adequate assurance that the activities, equipment, and material have already been documented in 34 
TFC-ENG-STD-13.  When ignition source control requirements are required in connected 35 
enclosed spaces, the FGEAB also reviews and approves the determination of the boundary of the 36 
connected enclosed spaces. 37 
 38 
For activities, equipment, and materials not previously evaluated, the FGEAB provides a 39 
determination of whether ISC Set 1 or Set 2 is applicable.  If the applicable ISC Set 1 or Set 2 40 
ignition source control requirements are not fully met, the method to provide equivalent safety to 41 
ignition source control requirements is determined and documented.  The determination is 42 
independently reviewed.  If an equivalency cannot be determined, the activity, equipment, or 43 
material evaluated is not approved for the application.  One of the approving FGEAB members is 44 
an NFPA interpretive authority.  Additionally, if equivalency is used, the TOC Chief Engineer, 45 
or delegate, approves the evaluation. 46 
 47 
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The primary hazard to the facility worker from a flammable gas deflagration is the potential for 1 
grievous injury or death due to overpressure or physical impact from SSC failure (missiles).  2 
These hazards are the same as other potential flammable gas events not related to tank waste.  3 
Using the ignition source control requirements (which are consistent with NFPA requirements) 4 
as the basis for determining the required level of ignition controls provides an adequate method 5 
for assuring worker safety from flammable gas deflagrations. 6 
 7 
Specific equipment and material required to meet ignition source control requirements are not 8 
classified as safety significant.  The equipment and material are potential event initiators and do 9 
not provide a safety function.  The equipment and material are potential ignition sources which 10 
are adequately controlled under this AC Key Element. 11 
 12 
5.5.3.2.5  Controls (TSRs).  Ignition Controls is a Key Element of an Administrative Control 13 
(i.e., programmatic AC) with the following requirements. 14 
 15 

1. Ignition source control requirements shall be established consistent with NFPA 16 
requirements.  The TOC Chief Engineer, or delegate, shall be the approval authority for 17 
equivalency to the established ignition source control requirements. 18 

 19 
2. Ignition controls are required by the following flammable gas controls. 20 

 21 
LCO DST Primary Tank Ventilation Systems. 22 
 23 
SAC DST Flammable Gas Monitoring Control. 24 
 25 
SAC SST Steady-State Flammable Gas Control. 26 
 27 
SAC DST Annulus Flammable Gas Control. 28 
 29 
SAC DCRT Flammable Gas Control. 30 
 31 
SAC Flammable Gas Controls for Inactive/Miscellaneous Tanks/Facilities and 32 

Waste-Intruding Equipment. 33 
 34 
AC Key Element Ignition Controls (see Key Element #3 below). 35 

 36 
For activities, equipment, and materials required to meet ignition controls required by the 37 
above flammable gas controls, an evaluation shall be performed to: 38 
 39 

a. Determine the applicable ignition source control requirements. 40 
 41 

b. Determine that the approved activity work practices, equipment, and materials 42 
comply with the applicable ignition source control requirements or provide 43 
equivalent safety to the ignition source control requirements. 44 

 45 
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3. Ignition controls shall be applied at all times in the tank headspace and in connected 1 
enclosed spaces directly above DSTs 241-AN-103, 241-AN-104, 241-AN-105, 2 
241-AW-101, and 241-SY-103. 3 

 4 
5.5.3.3  Administrative Control 5.9.3 – Waste Transfer-Associated Structure Cover 5 
Installation and Door Closure 6 
 7 
5.5.3.3.1  Safety Function.  The safety function of the AC Key Element Waste 8 
Transfer-Associated Structure Cover Installation and Door Closure is to be an important 9 
contributor to defense-in-depth by providing secondary confinement of waste leaks into waste 10 
transfer-associated structures.  By providing secondary confinement, the waste 11 
transfer-associated structure covers and RCSTS Diversion Box 6241-A and Vent Station 6241-V 12 
entry doors provide a second barrier to a fine spray leak as well as a wetting spray/jet/stream. 13 
 14 
This control is identified as an AC Key Element for a waste transfer leak into a waste 15 
transfer-associated structure (see Section 3.3.2.4.3). 16 
 17 
5.5.3.3.2  Key Element Description.  The responsible engineer assigned to develop the 18 
procedure for a waste transfer uses configuration controlled documents to identify waste 19 
transfer-associated structures that are physically connected to the waste transfer pump or to the 20 
242-A Evaporator vessel when the vessel contains waste.  (See Section 3.3.2.4.3.5 for the 21 
definitions of physically connected and when the 242-A Evaporator vessel contains waste.)  The 22 
responsible engineer documents the physically connected waste transfer-associated structures in 23 
a waste retrieval or transfer operating procedure in accordance with TFC-OPS-OPER-C-49, 24 
Development of Waste Retrieval and Transfer Operating Procedures (Including Water and 25 
Chemical Additions).  A second engineer reviews the waste retrieval or transfer operating 26 
procedure verifying that the physically connected waste transfer-associated structures are 27 
correctly identified. 28 
 29 
Prior to removing the administrative lock from an active waste transfer pump or adding waste to 30 
the 242-A Evaporator vessel, physically connected waste transfer-associated structure covers are 31 
verified to be installed in accordance with the waste retrieval or transfer operating procedure.  In 32 
addition, prior to removing the administrative lock from an active waste transfer pump, if the 33 
RCSTS Diversion Box 6241-A or Vent Station 6241-V are physically connected, their entry 34 
doors are verified to be closed in accordance with the waste retrieval or transfer operating 35 
procedure. 36 
 37 
Until the administrative lock is re-established on the waste transfer pump in accordance with 38 
TFC-OPS-OPER-C-22, Control and Use of Administrative Locks, or until the 242-A Evaporator 39 
vessel does not contain waste, the covers remain in place and the doors remain closed. 40 
 41 
5.5.3.3.3  Key Element Functional Requirements.  The AC Key Element Waste 42 
Transfer-Associated Structure Cover Installation and Door Closure requires that: 43 
 44 

 Waste transfer-associated structure covers are installed when the waste 45 
transfer-associated structures are physically connected to an active waste transfer pump 46 
not under administrative lock. 47 
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  1 
 The RCSTS Diversion Box 6241-A entry door is closed when the RCSTS Diversion 2 

Box 6241-A is physically connected to an active waste transfer pump not under 3 
administrative lock. 4 

 5 
 The RCSTS Vent Station 6241-V entry door is closed when the Vent Station 6241-V is 6 

physically connected to an active waste transfer pump not under administrative lock. 7 
 8 

 Waste transfer-associated structure covers are installed when the waste 9 
transfer-associated structures are physically connected to the 242-A Evaporator vessel 10 
when the vessel contains waste.  (Note:  RCSTS Diversion Box 6241-A and Vent Station 11 
6241-V entry doors are not required to be closed because, based on their relative 12 
elevations, waste from the 242-A Evaporator cannot gravity drain to the RCSTS 13 
Diversion Box or Vent Station.) 14 

 15 
5.5.3.3.4  Key Element Evaluation.  The SSCs associated with the implementation of this AC 16 
Key Element are the waste transfer-associated structure covers and the RCSTS Diversion Box 17 
6241-A and Vent Station 6241-V entry doors.  These SSCs are not classified as safety-significant 18 
for the following reasons.  This AC Key Element is an important contributor to defense-in-depth 19 
and is not credited for any specific reduction in consequence or event frequency.  In addition, 20 
there is no expectation that the waste transfer-associated structures, including the associated 21 
covers and doors, are leak tight (i.e., no specific leak path factor reduction is assumed).  22 
Therefore, there are no specific design requirements associated with the waste transfer-associated 23 
structure covers or doors.  However, by assuring the covers are installed and the doors are 24 
closed, there is an additional margin of safety provided to protect the onsite worker from a fine 25 
spray leak in the structure and to protect the facility worker from direct exposure to a wetting 26 
spray/jet/stream leak in the structure. 27 
 28 
Implementing this AC Key Element through procedures that identify the waste 29 
transfer-associated structures that are physically connected to a waste transfer pump or to the 30 
242-A Evaporator vessel is an adequate method to implement this defense-in-depth control.  31 
Verifying that covers are installed and doors are closed is a simple task and only requires visual 32 
verification.  Incorrect installation of the covers and improper door closure are readily detectable. 33 
 34 
5.5.3.3.5  Controls (TSRs).  Waste Transfer-Associated Structure Cover Installation and Door 35 
Closure is a Key Element of an Administrative Control (i.e., programmatic AC) with the 36 
following requirements. 37 
 38 

1. Waste transfer-associated structure covers shall be installed when the waste 39 
transfer-associated structures are physically connected to an active waste transfer pump 40 
not under administrative lock. 41 

 42 
2. The RCSTS Diversion Box 6241-A entry door shall be closed when the RCSTS 43 

Diversion Box 6241-A is physically connected to an active waste transfer pump not 44 
under administrative lock. 45 
 46 
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3. The RCSTS Vent Station 6241-V entry door shall be closed when the Vent Station 1 
6241-V is physically connected to an active waste transfer pump not under administrative 2 
lock. 3 
 4 

4. Waste transfer-associated structure covers shall be installed when the waste 5 
transfer-associated structures are physically connected to the 242-A Evaporator vessel 6 
when the vessel contains waste. 7 

 8 
(See Section 3.3.2.4.3.5 for definitions of physically connected and when the 242-A Evaporator 9 
vessel contains waste.) 10 
 11 
5.5.3.4  Administrative Control 5.9.4 – Waste Characteristics Controls 12 
 13 
5.5.3.4.1  Safety Function.  The safety functions of the AC Key Element Waste Characteristics 14 
Controls are: 15 
 16 

 To protect assumptions on waste characteristics used to estimate accident consequences 17 
by ensuring that unit-liter doses (ULD), unit sum-of-fractions (USOF), and 90Sr and 137Cs 18 
concentrations are within the values used in the DSA safety analysis. 19 

 20 
 To protect assumptions on waste characteristics used to develop controls for flammable 21 

gas deflagrations due to GREs by preventing the formation of waste gel in DSTs and 22 
SSTs. 23 

 24 
5.5.3.4.2  Key Element Description.  This AC Key Element has two parts: 25 
 26 

 Protection of Accident Consequence Analysis Assumptions (i.e., ULDs, USOFs, and 90Sr 27 
and 137Cs concentrations) 28 

 29 
 Prevention of Waste Gels. 30 

 31 
5.5.3.4.2.1 Protection of Accident Consequence Analysis Assumptions (i.e., ULDs, USOFs, 32 
and 90Sr and 137Cs concentrations).  Consequences of postulated accident scenarios are 33 
estimated using the methodology described in Section 3.4.1.  The consequence analysis supports 34 
the hazard and accident analyses and control decisions (see Chapter 3.0).  The consequence 35 
analysis estimates of radiological dose and toxicological exposure to defined receptors requires a 36 
“source term.”  The source term is a quantity of a specified hazardous material.  The material 37 
specification must include quantity, physical form, and specific properties of the hazardous 38 
material. 39 
 40 
The methodology for development of radiological source terms (i.e., ULDs) is described in 41 
RPP-5924, Radiological Source Terms for Tank Farms Safety Analysis.  The ULD is the 42 
radiological dose in sieverts (Sv) received by an individual from the inhalation of 1 L of waste.  43 
The ULDs are calculated using information from the best-basis inventory (BBI).  The BBI 44 
provides the concentrations of radionuclides that are present in each waste layer of DSTs and 45 
SSTs, including 90Sr and 137Cs concentrations that are used to estimate the direct radiation dose 46 
to onsite workers from pools resulting from a waste transfer leak.  The ULDs and 90Sr and 137Cs 47 
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concentrations for each DST and SST waste layer are presented in tables placed on a 1 
configuration controlled web location. 2 
 3 
The methodology for development of toxicological source terms (i.e., USOFs) is described in 4 
RPP-30604, Tank Farms Safety Analyses Chemical Source Term Methodology.  The USOF is a 5 
dimensionless number calculated for each DST and SST waste layer as follows.  The 6 
concentration of each chemical compound in a waste layer is divided by the Protective Action 7 
Criteria (PAC) for that chemical compound.4  The results from the division for each chemical 8 
compound are then summed for the waste layer to obtain the USOF for the waste layer.  The 9 
USOFs are calculated using information from BBI.  The resulting USOFs for each DST and SST 10 
waste layer are presented in tables placed on a configuration controlled web location. 11 
 12 
The ULDs, USOFs, and 90Sr and 137Cs concentrations used in the DSA safety analysis are 13 
documented in HNF-IP-1266, Tank Farms Operations Administrative Controls.  To protect the 14 
ULD, USOF, and 90Sr and 137Cs concentration assumptions in the DSA safety analysis, the 15 
following evaluations are required. 16 
 17 

 Evaluation of changes to waste characteristics (i.e., BBI). 18 
 Evaluation of changes to the PAC. 19 
 Evaluation of waste transfers and chemical additions to DSTs and SSTs. 20 

 21 
Evaluation of Changes to Waste Characteristics (i.e., BBI) 22 
 23 
Tank waste characteristics and conditions are captured in the BBI (see RPP-7625, Best-Basis 24 
Inventory Process Requirements).  As described above, the tank waste characteristics from the 25 
BBI are used to develop the ULDs and USOFs, and for determining 90Sr and 137Cs 26 
concentrations.  In accordance with the requirement of TFC-ENG-CHEM-D-09, Best-Basis 27 
Inventory Evaluations, new information on waste characteristics and conditions (e.g., new waste 28 
sampling data, new process information, new waste chemistry analysis) are reviewed and 29 
incorporated into the BBI periodically (at least annually).  The ULDs, USOFs, and 90Sr and 137Cs 30 
concentrations for the DST and SST waste layers are then updated to reflect updates in the BBI.  31 
The updated ULDs and USOFs are then compared to the DSA safety analysis assumptions 32 
documented in HNF-IP-1266.  (Note:  Because 90Sr and 137Cs concentrations are only used to 33 
estimate accident consequences for waste transfer leaks [i.e., pools], the updated 90Sr and 137Cs 34 
concentrations are only required to be evaluated when the waste is transferred [see Evaluation of 35 
Waste Transfers and Chemical Additions to DSTs and SSTs].)  If an updated value exceeds DSA 36 
safety analysis assumptions, the updated ULD or USOF for the affected tanks is evaluated to 37 
determine if there are required changes to the DSA safety analysis.  Any required changes to the 38 
DSA safety analysis are evaluated in accordance with TFC-ENG-SB-C-03, Unreviewed Safety 39 
Question Process. 40 
 41 
Note: The BBI updates also support the DST and SST Time to Lower Flammability Limit AC 42 

Key Element (see Section 5.5.3.1.) 43 
 44 

                                                 
4 Protective Action Criteria (PAC) are toxicological risk guidelines (i.e., allowable human exposure limits) that are 
identified for chemical compounds (see Section 3.4.1). 
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Evaluation of Changes to the PAC 1 
 2 
PAC are toxicological risk guidelines (i.e., allowable human exposure limits) that are identified 3 
for chemical compounds (see Section 3.4.1).  The toxicological methodology described in 4 
RPP-30604 is dependent on PAC values that are published by the DOE at 5 
http://www.hss.energy.gov/HealthSafety/WSHP/chem_safety/teel.html.  Because DOE 6 
periodically updates the PAC values, they are reviewed annually.  If the PAC values have 7 
changed, RPP-30604 is revised to incorporate the new PAC values into the toxicological source 8 
term methodology, and the USOFs for the DST and SST waste layers are updated.  The updated 9 
USOFs are then compared to the DSA safety analysis assumptions documented in HNF-IP-1266.  10 
If an updated USOF exceeds DSA safety analysis assumptions, the updated USOF for the 11 
affected tanks is evaluated to determine if there are required changes to the DSA safety analysis.  12 
If a revision to the USOFs results in an increase in consequences in the DSA safety analysis, a 13 
DSA amendment is submitted for DOE ORP approval within 9 months of the identified need to 14 
revise RPP-30604.  This is considered an upgrade to the DSA and is not subject to the 15 
unreviewed safety question (USQ) process. 16 
 17 
Evaluation of Waste Transfers and Chemical Additions to DSTs and SSTs 18 
 19 
A waste compatibility assessment is developed in accordance with TFC-ENG-CHEM-P-13, 20 
Tank Waste Compatibility Assessments, prior to the following activities. 21 
 22 

 Waste transfers to DSTs and SSTs (including waste transfers from the 222-S Laboratory 23 
and waste transfer to and from the 242-A Evaporator). 24 

 25 
 Chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste chemistry 26 

management. 27 
 28 

 Chemical additions of sodium hydroxide to 100-series SSTs to support waste retrieval. 29 
 30 
The waste compatibility assessment evaluates the receiver tank compositions and compares those 31 
compositions to the decision rules specified in HNF-SD-WM-OCD-015, Tank Farms Waste 32 
Transfer Compatibility Program.  The specific decision rules in HNF-SD-WM-OCD-015 that 33 
are applicable here are in Section 3.1.3.1.1, “Radiological ULD Evaluation,” and  34 
Section 3.1.3.1.2, “Toxic Chemical Sum-of-Fraction Evaluation.” 35 
 36 
If the waste compatibility assessment evaluation identifies the ULD or USOF resulting from the 37 
waste transfer or chemical addition could exceed the DSA safety analysis assumptions 38 
documented in HNF-IP-1266, the new ULD or USOF for the affected tanks is evaluated to 39 
determine if there are required changes to the DSA safety analysis.  If the waste compatibility 40 
assessment evaluation identifies the ULD, USOF, 90Sr concentration, or 137Cs concentration of 41 
the waste to be transferred could exceed the DSA safety analysis assumptions documented in 42 
HNF-IP-1266, the waste ULD, USOF, 90Sr concentration, or 137Cs concentration is evaluated to 43 
determine if there are required changes to the DSA safety analysis.  Required changes to the 44 
DSA safety analysis are evaluated in accordance with the USQ process. 45 
 46 
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5.5.3.4.2.2 Prevention of Waste Gels.  As described in Section 3.3.2.4.1, preventing the 1 
formation of waste gel (i.e., phosphate precipitation as trisodium phosphate dodecahydrate 2 
[Na3PO412H2O0.25NaOH]) is required because of uncertainty concerning flammable gas 3 
retention and release behavior in a waste gel layer and, therefore, in the applicability of the 4 
spontaneous and induced GRE models that provide the basis for the flammable gas release 5 
hazard controls.  To address this waste gel issue, a waste compatibility assessment is developed 6 
in accordance with TFC-ENG-CHEM-P-13 prior to the following activities. 7 
 8 

 Waste transfers to DSTs and SSTs, including concentrated waste received from the 9 
242-A Evaporator and waste transfers from the 222-S Laboratory. 10 

 11 
 Chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste chemistry 12 

management. 13 
 14 

 Chemical additions of sodium hydroxide to 100-series SSTs to support waste retrieval. 15 
 16 
The waste compatibility assessment evaluates the source tank and receiver tank compositions 17 
and compares those compositions to the decision rules specified in HNF-SD-WM-OCD-015.  18 
The specific decision rule in HNF-SD-WM-OCD-015 that is applicable is in Section 3.1.3.2, 19 
“Waste Gel Prevention.”  The requirement is that waste conditions are maintained to prevent the 20 
precipitation of a gel (i.e., that waste conditions are maintained below the solubility limit of 21 
components of the waste that could precipitate as a gel).  Waste characteristics are obtained from 22 
the BBI.  The determination of waste conditions required to prevent the precipitation of a gel are 23 
based on tank farm operating experience and data supplemented as necessary by laboratory 24 
testing and chemical modeling such as Environmental Simulation Program (ESP).5 25 
 26 
If the waste compatibility assessment evaluation identifies a potential for the formation of waste 27 
gel, specific controls required to maintain waste conditions that prevent the precipitation of a gel 28 
at all times during waste transfers and chemical additions are documented in the waste 29 
compatibility assessment for the waste transfer or chemical addition (e.g., dilution requirements, 30 
temperature limits, concentration limits expressed in terms of specific gravity).  The process 31 
controls are documented as ‘requirements’ in the waste compatibility assessment.  The waste 32 
compatibility assessment is checked by an independent engineer. 33 
 34 
A process control plan may be developed in accordance with TFC-ENG-CHEM-C-11, Process 35 
Control Plans.  If developed, the process control plan incorporates the ‘requirements’ from the 36 
waste compatibility assessment, including ‘requirements’ that ensure the waste characteristics 37 
are maintained to prevent the precipitation of a gel. 38 
 39 
In accordance with TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer 40 
Operating Procedures (Including Water and Chemical Additions), the ‘requirements’ from the 41 
waste compatibility assessment or process control plan (if developed) are captured in the waste 42 
retrieval and transfer operating procedures.  One of the required reviewers for the waste retrieval 43 

                                                 
5 Environmental Simulation Program (ESP) is a trademark of OLI Systems, Morris Plains, New Jersey.   
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and transfer operating procedures is the process engineer responsible for development of the 1 
waste compatibility assessment. 2 
 3 
5.5.3.4.3  Functional Requirements.  The AC Key Element Waste Characteristics Controls 4 
requires protection of DSA safety analysis consequence analysis source term assumptions 5 
(i.e., ULDs, USOFs, and 90Sr and 137Cs concentrations) and preventing the formation of waste 6 
gel in DSTs and SSTs.  This requires: 7 
 8 

 At least annually incorporating new information on DST and SST waste characteristics 9 
and conditions into the BBI. 10 

 11 
 At least annually updating the ULDs, USOFs, and 90Sr and 137Cs concentrations for DST 12 

and SST waste layers to incorporate BBI data revisions, and then evaluating the updated 13 
ULDs and USOFs for required changes to the DSA safety analysis.  (Note:  The updated 14 
90Sr and 137Cs concentrations are only required to be evaluated when the waste is 15 
transferred.) 16 

 17 
 At least annually incorporating DOE changes to the published PAC into the toxicological 18 

source term methodology; reviewing and, if necessary, updating the calculated USOFs; 19 
and evaluating updated USOFs for required changes to the DSA safety analysis. 20 
 21 

 Prior to waste transfers to DSTs and SSTs, chemical additions of sodium hydroxide or 22 
sodium nitrite to DSTs for waste chemistry management, and chemical additions of 23 
sodium hydroxide to 100-series SSTs to support waste retrieval: 24 

 25 
- Estimating the resulting ULDs and USOFs in the affected tanks and evaluating 26 

the resulting ULDs and USOFs for required changes to the DSA safety analysis, 27 
and 28 
 29 

- Evaluating the ULDs, USOFs, and 90Sr and 137Cs concentrations of the waste to be 30 
transferred for required changes to the DSA safety analysis, and 31 

 32 
- Ensuring that waste gel is not formed. 33 

 34 
5.5.3.4.4  Key Element Evaluation.  The Waste Characteristic Controls AC Key Element 35 
ensures that the ULD, USOF, and 90Sr and 137Cs concentration assumptions in the DSA safety 36 
analysis are protected.  This AC Key Element also ensures that waste gel formation is prevented 37 
in DSTs and SSTs. 38 
 39 
The DSA safety analysis uses ULDs, USOFs, and 90Sr and 137Cs concentrations to estimate the 40 
consequences of postulated accident scenarios.  Often, a bounding ULD, USOF, 90Sr 41 
concentration, and 137Cs concentration are assumed.  The BBI provides the bases for the tank 42 
farm waste inventory information.  New information on waste characteristics and conditions is 43 
reviewed at least annually and, if necessary, BBI data is revised.  The new information can be 44 
from new waste sampling data, new process information, or new waste chemistry analysis.  At 45 
least annually, the ULDs, USOFs, and 90Sr and 137Cs concentrations are updated to reflect the 46 
BBI data revisions.  The results of changes to the ULDs and USOFs are evaluated to determine if 47 
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changes to the DSA safety analysis are needed.  Changes to 90Sr and 137Cs concentrations, which 1 
are only used to estimate the accident consequences for waste transfer leaks (i.e., pools), are only 2 
evaluated prior to transferring the waste (see below).  The results of the evaluation are reviewed 3 
under the USQ process.  (Note:  If the USQ evaluation is positive, a discovery USQ is declared, 4 
and actions are taken in accordance with the USQ process.) 5 
 6 
DOE publishes PAC values that are used in the evaluation of toxic chemical consequences.  The 7 
PAC values are used in the RPP-30604 toxicological source term methodology to calculate 8 
USOFs.  If the published PAC values change, the RPP-30604 toxicological source term 9 
methodology is updated, the USOFs for the DST and SST waste layers are updated, and an 10 
evaluation is performed to determine if there is an increase in DSA safety analysis toxicological 11 
consequences.  This commitment to perform an annual update and evaluation provides a 12 
reasonable way to assure that the DSA remains current with the DOE published PAC values.  In 13 
accordance with DOE G 424.1-1A, Implementation Guide for Use in Addressing Unreviewed 14 
Safety Question Requirements, Section 2.4, changes to the DOE issued PACs (i.e., new 15 
requirements) are not required to be reviewed under the USQ process. 16 
 17 
Prior to waste transfers to DSTs and SSTs, additions of sodium hydroxide or sodium nitrite to 18 
DSTs for waste chemistry management, and additions of sodium hydroxide to 100-series SSTs to 19 
support waste retrieval, the end states of both the sending tanks and receiving tanks are evaluated 20 
to determine if the tank waste characteristics could result in ULDs or USOFs exceeding the 21 
values in the DSA safety analysis or could result in the formation of waste gels.  These two 22 
chemical additions are the only authorized large chemical additions to the DSTs and SSTs.  23 
Incidental chemicals that could be introduced into DSTs and SSTs from operations, maintenance, 24 
and construction activities have been evaluated in RPP-11192, Tank Farms Chemical 25 
Compatibility Evaluation.  These small, incidental chemical additions include saltwater (i.e., 26 
water with small amounts of sodium chloride added) used for testing transfer leak detection 27 
systems, contamination fixative solutions, sealants, cleaning solutions, hydraulic fluids, 28 
lubricants, and antifreeze solutions.  RPP-11192 concludes that these small chemical additions 29 
will not have a significant impact on the overall waste chemistry or the formation of waste gel. 30 
 31 
Planned activities (i.e., waste transfers to DSTs and SSTs, additions of sodium hydroxide or 32 
sodium nitrite to DSTs for waste chemistry management, or additions of sodium hydroxide to 33 
100-series SSTs to support waste retrieval) may result in changes to ULDs, USOFs, 90Sr 34 
concentrations, or 137Cs concentrations.  Based on the methods used to provide conservative 35 
analyses in the DSA, these changes to ULDs, USOFs, 90Sr concentrations, or 137Cs 36 
concentrations may not result in required changes to the DSA safety analysis.  An evaluation of 37 
changes to the ULDs and USOFs resulting from the planned activity and an evaluation of ULDs, 38 
USOFs, and 90Sr and 137Cs concentrations of the waste to be transferred determine if there are 39 
required changes to the DSA safety analysis.  If there are required DSA safety analysis changes, 40 
they are evaluated in accordance with the USQ process.  (Note:  If the USQ evaluation is 41 
positive, a DSA amendment is processed prior to performing the activity.)  This ensures that the 42 
operation is not performed outside of the DSA safety analysis. 43 
 44 
The flammable gas retention and release behavior from a waste gel have not been evaluated in 45 
the DSA and, therefore, formation of a waste gel must be prevented.  If there is a potential of a 46 
waste gel formation due to a waste transfer or chemical addition, process controls are identified 47 
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and implemented in the waste retrieval or transfer operating procedure to prevent the waste gel 1 
formation. 2 
 3 
As described above, protection of the ULDs, USOFs, and 90Sr and 137Cs concentrations used to 4 
estimate consequences in the DSA safety analysis, and prevention of waste gel formation, are 5 
ensured by standard engineering processes as captured in referenced procedures.  These 6 
processes and procedures meet the requirements of the tank farm quality assurance program, 7 
which meet the requirements of NQA-1 (see TFC-PLN-02, Quality Assurance Program 8 
Description).  Through the identified processes, there is adequate assurance that the ULDs, 9 
USOFs, and 90Sr and 137Cs concentrations used in the DSA safety analysis remain valid, and that 10 
waste gel formation is prevented. 11 
 12 
5.5.3.4.5  Controls (TSRs).  Waste Characteristics Controls is a Key Element of an AC 13 
(i.e., programmatic AC) with the following requirements. 14 
 15 

 The BBI shall be reviewed and, if necessary, updated at least annually (i.e., at least every 16 
365 days) to incorporate new information on DST and SST waste characteristics and 17 
conditions. 18 

 19 
 ULDs, USOFs, and 90Sr and 137Cs concentrations for DST and SST waste shall be 20 

updated at least annually (i.e., at least every 365 days) to incorporate BBI data revisions.  21 
The updated ULDs and USOFs shall be evaluated for required changes to the DSA safety 22 
analysis.  (Note:  The updated 90Sr and 137Cs concentrations are only required to be 23 
evaluated when the waste is transferred [see the fifth requirement].) 24 
 25 

 DOE published changes to the PAC shall be incorporated into the toxicological source 26 
term methodology and the USOFs updated at least annually (i.e., at least every 365 days).  27 
The updated USOFs shall be evaluated for required changes to the DSA safety analysis. 28 
 29 

 Prior to the following activities, the resulting ULDs and USOFs in the affected tanks 30 
shall be estimated and evaluated for required changes to the DSA safety analysis. 31 
 32 

- Waste transfers to DSTs and SSTs. 33 
 34 
- Chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste 35 

chemistry management. 36 
 37 

- Chemical additions of sodium hydroxide to 100-series SSTs to support waste 38 
retrieval. 39 

 40 
 Prior to waste transfers to DSTs, waste transfers to SSTs, and waste transfers to and from 41 

the 242-A Evaporator, the ULDs, USOFs, and 90Sr and 137Cs concentrations of the waste 42 
to be transferred shall be evaluated for required changes to the DSA safety analysis. 43 

 44 
 Prior to the following activities, an evaluation shall be performed and documented that 45 

identifies any requirements to prevent the formation of waste gel in a DST or SST, and 46 
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any identified requirements shall be implemented in the waste retrieval or transfer 1 
operating procedures for the activities. 2 

 3 
- Waste transfers to DSTs and SSTs. 4 
 5 
- Chemical additions of sodium hydroxide or sodium nitrite to DSTs for waste 6 

chemistry management. 7 
 8 

- Chemical additions of sodium hydroxide to 100-series SSTs to support waste 9 
retrieval. 10 

 11 
 12 
5.5.3.5  Administrative Control 5.9.5 – Nuclear Criticality Safety 13 
 14 
5.5.3.5.1  Safety Function.  The safety function of the AC Key Element Nuclear Criticality 15 
Safety is to protect the assumption that nuclear criticality accidents in the tank farm facilities are 16 
beyond extremely unlikely (i.e., prevents nuclear criticality accidents in the tank farm facilities). 17 
 18 
5.5.3.5.2  Key Element Description.  The nuclear criticality safety evaluations of authorized 19 
operations in the tank farms are documented in criticality safety evaluation reports (CSER) 20 
RPP-7475, Criticality Safety Evaluation for Hanford Tank Farms Facility, RPP-50217, 21 
Criticality Safety Evaluation Report for Tank C-108 Caustic Cleaning Process, RPP-50963, 22 
Criticality Safety Evaluation Report for Disturbing Tank AN-101 Waste, RPP-51388, Criticality 23 
Safety Evaluation Report for Level Monitoring and Condensate Return in Tanks with 24 
Appreciable Particulate Plutonium, RPP-51423, Criticality Safety Evaluation Report for  25 
C-102 Waste Investigation Activities, RPP-53112, Criticality Safety Evaluation Report for 26 
Sampling of Tanks with Appreciable Particulate Pu, and RPP-53817, Criticality Safety 27 
Evaluation Report for Waste Retrieval into AN-101.  These CSERs establish the allowable waste 28 
pH, neutron absorber to plutonium mass ratio, and plutonium concentration to ensure a large 29 
margin for subcriticality for evaluated tank farm operations.  The limits on waste pH, neutron 30 
absorber to plutonium mass ratio, and plutonium concentration established in the CSERs are 31 
contained in CPS-T-149-00012, Criticality Prevention Specification (CPS).  The CSERs are 32 
maintained in accordance with TFC-ENG-CHEM-P-04, Criticality Safety Evaluations, and the 33 
CPS is maintained in accordance with TFC-ENG-CHEM-P-06, Criticality Prevention 34 
Specifications. 35 
 36 
RPP-RPT-50941, Review of Plutonium Oxide Receipts into Hanford Tank Farms, identified 37 
eight tanks that may have received more than the minimum critical mass (> 450 g ) of large 38 
particle size PuO2 or Pu metal (241-TX-105, 241-TX-109, 241-TX-118, 244-TX, 241-SY-102, 39 
241-C-102, 241-AN-101, and 241-S-108).  There is the potential for sludge disturbing activities 40 
to segregate large particle size PuO2 or Pu metal due to gravity segregation.  Such segregation 41 
could, potentially, change the distribution of the fissile material in the tank (change the 42 
association of this fissile material with neutron absorbers).  Sludge disturbing activities within 43 
these tanks are prohibited until a criticality safety evaluation is completed demonstrating that 44 
nuclear criticality remains “beyond extremely unlikely” for the activity (i.e., RPP-50963,  45 
RPP-51388, RPP-51423, RPP-53112, and RPP-53817).  46 
 47 
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In addition, RPP-RPT-50941 identified eight tanks that might contain less than the minimum 1 
critical mass of large particle size PuO2 or Pu metal (241-A-105, 241-BX-101, 241-S-107, 2 
241-S-111, 241-SX-114, 241-B-101, 241-TX-101, and 241-C-104).  Sludge disturbing activities 3 
within these tanks are not a criticality hazard because there is insufficient PuO2 or Pu metal to 4 
support a criticality.  The transfer of waste containing these large particle size PuO2 or Pu metal 5 
is reviewed by the criticality safety representative (CSR) to ensure that the operation is within 6 
the CSERs and the CPS (see below). 7 
 8 
A CSR reviews new and reactivated operating procedures in accordance with  9 
TFC-OPS-OPER-C-13, Technical Procedure Control and Use.  The CSR review evaluates the 10 
operation against the checklist provided in TFC-ENG-CHEM-D-43, Criticality Safety 11 
Representative Procedure Review Checklist.  If the CSR determines the operation is within the 12 
CSERs and the CPS, the CSR concurs with the procedure.  If the CSR determines the operation 13 
is not covered by the CSERs and CPS, either the operation is revised, or a new or revised CSER 14 
is developed in accordance with TFC-ENG-CHEM-P-04 and the CPS is revised in accordance 15 
with TFC-ENG-CHEM-P-06. 16 
 17 
Activities that could pose a criticality concern (i.e., disturbance of the waste or the use of 18 
chemicals that may inadvertently be added to tank waste) may also be performed by work orders.  19 
Work orders are developed, reviewed, and approved in accordance with 20 
TFC-OPS-MAINT-C-01, Tank Operations Contractor Work Control.  If the work order involves 21 
disturbance of the waste (e.g., waste disturbing activities, waste intrusive activities, ultra-sonic 22 
activities affecting the waste, introducing fluids, sampling) or the use of chemicals 23 
(e.g., contamination fixative solutions, sealants, cleaning solutions, hydraulic fluids, lubricants, 24 
antifreeze solutions) that may inadvertently be added to tank waste, the responsible engineer 25 
reviews the work order to ensure these activities are included in the CPS list of activities that are 26 
allowed without specific review by the CSR.  If the activities in the work order are not listed in 27 
the CPS, CSR review of the work order is required. 28 
 29 
Tank-to-tank waste transfers, SST retrievals, waste transfers to and from the 242-A Evaporator, 30 
and waste transfers from other non-tank farm facilities (i.e., 222-S Laboratory) are evaluated in a 31 
waste compatibility assessment in accordance with TFC-ENG-CHEM-P-13.  The waste 32 
compatibility assessment evaluates the waste transfer against the waste acceptance criteria in 33 
HNF-SD-WM-OCD-015, which include safety decision rules for criticality safety control that 34 
are derived from the CSERs and CPS.  When the plutonium (Pu-equivalent) inventory in the 35 
receiver DST or SST exceeds or will exceed 10 kg, CSR approval is required.  CSR approval is 36 
also required on waste compatibility assessments of waste transfers from non-tank farm 37 
facilities, except for the 242-A Evaporator (i.e., 222-S Laboratory).  (Note:  Transfers involving 38 
waste staging for 242-A Evaporator feed must also meet a 242-A administrative control decision 39 
rule [AC 5.6.1.5, Nuclear Criticality Safety] limiting the maximum plutonium [Pu-equivalent] 40 
concentration in the feed.  This decision rule not only precludes a criticality accident in the 41 
242-A Evaporator, but also ensures compliance with the tank farm waste plutonium 42 
[Pu-equivalent] concentration limit for waste transfers from the 242-A Evaporator back into the 43 
tank farms.) 44 
 45 
5.5.3.5.3  Functional Requirements.  The AC Key Element Nuclear Criticality Safety requires 46 
that: 47 
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 1 
1. Criticality safety evaluations shall be performed for tank farm operations that could 2 

change the form of the fissile material (i.e., alkaline chemistry) or the distribution of the 3 
fissile material in the tanks (i.e., association with neutron absorbers). 4 

 5 
2. Controlled parameters for waste (i.e., minimum pH, minimum neutron absorber to 6 

plutonium mass ratio, and maximum plutonium concentration) shall be established and 7 
maintained for tank farm operations (e.g., tank-to-tank waste transfers, single-shell tank 8 
retrievals [including all retrieval methodologies], waste transfers to and from the 242-A 9 
Evaporator). 10 

 11 
3. Waste acceptance criteria (i.e., minimum pH, minimum neutron absorber to plutonium 12 

mass ratio, and maximum plutonium concentration) shall be established for wastes 13 
entering the tank farms from outside sources.  Non-tank farm facilities shall satisfy the 14 
established waste acceptance criteria prior to transferring waste to the tank farms. 15 

 16 
5.5.3.5.4  Key Element Evaluation.  The Nuclear Criticality Safety AC Key Element ensures 17 
that nuclear criticality remains beyond extremely unlikely for authorized tank farm operations. 18 
 19 
Authorized tank farm operations have been evaluated in RPP-7475, RPP-50217, RPP-50963, 20 
RPP-51388, RPP-51423, RPP-53112, and RPP-53817.  RPP-7475 determined that “Existing 21 
waste in the Tank Farms facility has been shown to conform to the required parameters with a 22 
large margin for subcriticality.”  RPP-7475 identifies “Three waste parameters that contribute to 23 
maintenance of subcriticality are association of fissile material with neutron absorbers, alkaline 24 
pH and limiting of fissile material concentration.”  The CSERs establish allowable pH values, 25 
neutron absorber to plutonium mass ratios, and plutonium concentrations for existing tank waste 26 
and for receipt of waste from non-tank farm facilities (i.e., waste acceptance criteria).  These 27 
limits are contained in CPS-T-149-00012. 28 
 29 
Prior to authorizing new operations or reactivating an operating procedure, the operating 30 
procedure is reviewed in accordance with TFC-OPS-OPER-C-13.  The review of the new or 31 
reactivated tank farm operating procedure includes a review by a CSR.  The CSR reviews the 32 
procedure in accordance with TFC-ENG-CHEM-D-43.  The CSR reviews the procedure to 33 
ensure the operations described within the procedure are covered by the CSERs and the CPS.  If 34 
the operations are not covered by the CSERs and CPS, either the operations are revised, or a new 35 
or revised CSER is developed in accordance with TFC-ENG-CHEM-P-04 and the CPS is revised 36 
in accordance with TFC-ENG-CHEM-P-06.  The review of the operating procedure by the CSR 37 
also establishes whether future revisions of the operating procedure are required to be reviewed 38 
for nuclear criticality safety.  If revisions to the operating procedure could violate the criticality 39 
basis, the procedure is added to the list of procedures requiring CSR review in 40 
TFC-OPS-OPER-C-13.  Any revisions to the procedures listed in TFC-OPS-OPER-C-13, other 41 
than inconsequential changes, must be reviewed by the CSR. 42 
 43 
Activities performed by work orders could also pose a criticality concern (i.e., disturbance of the 44 
waste or the use of chemicals that may inadvertently be added to tank waste).  Therefore, 45 
TFC-OPS-MAINT-C-01 requires that work orders involving waste intrusive or waste disturbing 46 
activities and activities that introduce fluid into the tank farms be reviewed by the responsible 47 
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engineer.  The responsible engineer reviews the work order to ensure that disturbance of the 1 
waste (e.g., waste disturbing activities, waste intrusive activities, ultra-sonic activities affecting 2 
the waste, introducing fluids, sampling) or the use of chemicals (e.g., contamination fixative 3 
solutions, sealants, cleaning solutions, hydraulic fluids, lubricants, antifreeze solutions) that may 4 
inadvertently be added to tank waste in the work order are included in the CPS list of activities 5 
that are allowed without specific review by the CSR.  The activities listed in the CPS have been 6 
reviewed and approved by the CSR and determined to be within the analysis in the CSERs.  If an 7 
activity in the work order is not listed in the CPS, CSR review of the work order is required.   8 
The CSR review determines if the proposed activity is within the CSERs.  If the activity in the 9 
work order is within the CSERs, the CSR concurs with the work order.  If an activity is not 10 
within the CSERs, either the activity is revised or CSER and CPS revisions are processed prior 11 
to performing the activity. 12 
 13 
Prior to tank-to-tank waste transfers, SST retrievals, waste transfers to and from the 242-A 14 
Evaporator, and the receipt of waste from the 222-S Laboratory, a waste compatibility 15 
assessment is prepared in accordance with TFC-ENG-CHEM-P-13.  The waste compatibility 16 
assessment evaluates these waste transfers against the decision rules for criticality safety 17 
identified in HNF-SD-WM-OCD-015.  (Note:  The operating procedures for these waste 18 
transfers are prepared in accordance with TFC-OPS-OPER-C-49, Development of Waste 19 
Retrieval and Transfer Operating Procedures [Including Water and Chemical Additions], which 20 
also requires the waste compatibility assessment and criticality safety review.)  The criticality 21 
safety decision rules, which are derived from the CSERs and CPS, include: 22 
 23 

 A plutonium (Pu-equivalent) inventory limit of 10 kg in the receiver DST or SST. 24 
 25 

 A maximum plutonium (Pu-equivalent) concentration for waste feed to the 242-A 26 
Evaporator. 27 
 28 

 Minimum pH, minimum neutron absorber to plutonium mass ratio, and maximum 29 
plutonium concentration limits for waste transfers from the 222-S Laboratory, which is a 30 
non-tank farm facility. 31 

 32 
For waste transfers to DSTs and SSTs that exceed or will exceed the 10 kg plutonium 33 
(Pu-equivalent) inventory limit in the receiver DST or SST, CSR approval is required.  CSR 34 
approval is also required on waste compatibility assessments of waste transfers from non-tank 35 
farm facilities, except for the 242-A Evaporator (i.e., 222-S Laboratory).  The CSR approval of 36 
the waste compatibility assessment ensures that the waste transfer remains within the CPS (and 37 
therefore within the CSERs).  When the total quantity of plutonium in a tank is less than 10 kg, 38 
the average areal density is less than 1.0% of the minimum required for criticality, and a 39 
criticality is not considered credible (see RPP-7475, Section 6.1).  Also, when the total quantity 40 
of plutonium in the tank is less than 10 kg, the CSER justifies that there is no requirement for a 41 
minimum neutron absorber to plutonium mass ratio (see RPP-7475, Section 6.1).  Additionally, 42 
since pH for DST and SST waste is maintained greater than 8, there is no requirement to evaluate 43 
the pH during or following tank-to-tank waste transfers, SST retrievals, or waste transfers from 44 
the 242-A Evaporator. 45 
 46 
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5.5.3.5.5  Controls (TSRs).  Nuclear Criticality Safety is a Key Element of an AC 1 
(i.e., programmatic AC) with the following requirements. 2 
 3 

1. Criticality safety evaluations shall be performed for tank farm operations that could 4 
change the form of the fissile material (i.e., alkaline chemistry) or the distribution of the 5 
fissile material in the tanks (i.e., association with neutron absorbers). 6 

 7 
2. Controlled parameters for waste (i.e., minimum pH, minimum neutron absorber to 8 

plutonium mass ratio, and maximum plutonium concentration) shall be established and 9 
maintained for tank farm operations (e.g., tank-to-tank waste transfers, single-shell tank 10 
retrievals [including all retrieval methodologies], waste transfers to and from the 242-A 11 
Evaporator). 12 

 13 
3. Waste acceptance criteria (i.e., minimum pH, minimum neutron absorber to plutonium 14 

mass ratio, and maximum plutonium concentration) shall be established for wastes 15 
entering the tank farms from outside sources.  Non-tank farm facilities shall satisfy the 16 
established waste acceptance criteria prior to transferring waste to the tank farms. 17 
 18 

5.5.3.6  Administrative Control 5.9.6 – Emergency Preparedness 19 
 20 
5.5.3.6.1  Safety Function.  The safety function of the AC Key Element Emergency 21 
Preparedness is to establish emergency preparedness requirements to reduce the risk from: 22 
 23 

1. Seismic induced flammable gas accidents in DSTs, and 24 
 25 
2. Waste transfer leaks. 26 

 27 
ORP directed that this AC Key Element be developed to require (a) evacuating personnel from 28 
DST tank farms following a detected seismic event, (b) stopping waste transfers and evacuating 29 
personnel from tank farms following a detected seismic event, and (c) terminating waste 30 
transfers in response to identified off normal events that fail waste transfer system components 31 
(i.e., cause a waste transfer leak).  The evacuation of DST tank farms reduces the risk from 32 
postulated seismic induced flammable gas accidents (see Section 3.3.2.4.1).  Stopping waste 33 
transfers and evacuating personnel from tank farms with ongoing waste transfers reduces the risk 34 
of waste transfer leaks caused by seismic events.  For other readily detected events (e.g., vehicle 35 
accidents, load handling accidents, undermining from failed water lines, blast effects/missiles 36 
from propane/liquefied petroleum gas (LPG) tank explosions, impacts/damage from excavation 37 
activities, and fires) that fail waste transfer primary piping systems or HIHTL systems, 38 
terminating waste transfers reduces the risk of waste transfer leaks (see Sections 4.4.1 and 4.4.2). 39 
 40 
5.5.3.6.2  Key Element Description.  Response to a seismic event is governed by TF-ERP-008, 41 
Emergency Response Procedure 008 Seismic Event Response.  Entry into this procedure results 42 
from any of the following information being reported to the Central Shift Manager. 43 
 44 

 Earth tremors, building movement, office furniture vibrations, etc., are reported to have 45 
been observed by enough people to validate the likelihood of an earthquake. 46 

 47 
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 Personnel report injury or physical damage to facilities as a result of a perceived 1 
earthquake. 2 

 3 
Required initial actions in TF-ERP-008 include securing waste transfer operations (i.e., shutting 4 
down waste transfer pumps), evacuating the DST tank farms (i.e., the 241-AN, 241-AP,  5 
241-AW, 241-AY, 241-AZ, and 241-SY tank farms), and evacuating SST tanks farms with 6 
ongoing waste transfers.  Evacuating all DST tank farms is required because of the potential for a 7 
seismic induced flammable gas accident.  The evacuation of all DST tank farms also addresses 8 
the potential for waste leaks in DST tank farms with ongoing waste transfers.  Evacuating SST 9 
tank farms is limited to those with ongoing waste transfers to address the potential for waste 10 
leaks.  Evacuation of all SST tank farms is not required because a seismic induced flammable 11 
gas accident is not credible (i.e., “beyond extremely unlikely”) in SSTs (see Section 3.3.2.4.1).  12 
The notification of personnel in the tank farms to evacuate is made via remote communication 13 
(e.g., radio, cell phone, pager).  Waste transfer pump shut down is performed in accordance with 14 
the waste retrieval or transfer operating procedure.  (Note:  Following a seismic event, the 242-A 15 
Evaporator C-A-1 vessel is drained (dumped) to DST 241-AW-102.  This gravity transfer is 16 
required to prevent a flammable gas accident in the C-A-1 vessel.  See HNF-14755, 242-A 17 
Evaporator Documented Safety Analysis.) 18 
 19 
Response to a waste transfer leak is governed by TF-ERP-005, Emergency Response Procedure 20 
005 Radiological Release.  This procedure addresses several different radiological releases.  For 21 
a waste transfer leak, one of the required initial actions in TF-ERP-005 is to shut down the waste 22 
transfer pump or stop a gravity transfer from the 242-A Evaporator.  Waste transfer pump shut 23 
down and stopping a 242-A Evaporator gravity transfer are performed in accordance with the 24 
waste retrieval or transfer operating procedure.  (Note:  TF-ERP-005 also provides instructions to 25 
isolate electrical power to a waste transfer pump if the waste transfer pump cannot be shut down 26 
using the normal shutdown controls.) 27 
 28 
Note: A waste transfer may be terminated prior to entry into TF-ERP-005 in accordance with 29 

the waste retrieval or waste transfer operating procedure upon activation of a leak 30 
detector or multiple other causes listed in the transfer shutdown criteria.  In these 31 
situations, TF-ERP-005 would subsequently be entered if it was confirmed that there was 32 
an actual waste leak that required emergency response beyond simply terminating the 33 
transfer. 34 

 35 
5.5.3.6.3  Key Element Functional Requirements.  The AC Key Element Emergency 36 
Preparedness requires that emergency response planning include response procedures to: 37 
 38 

 Evacuate DST tank farms following a seismic event that could cause an induced 39 
flammable gas accident. 40 

 41 
 Terminate waste transfers, except a 242-A Evaporator C-A-1 vessel dump, and evacuate 42 

personnel from tank farms with ongoing waste transfers following a seismic event that 43 
could cause a waste transfer leak. 44 

 45 
 Terminate waste transfers following detection of a waste leak, except for mobile arm 46 

retrieval system (MARS) rotary union leakage and waste transfer valve stem leakage.  47 
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(Note:  MARS rotary union leakage and waste transfer valve stem leakage are anticipated 1 
conditions and are allowed [see Section 4.4.1] and, therefore, do not require termination 2 
of waste transfers unless necessary to meet environmental requirements.) 3 

 4 
5.5.3.6.4  Key Element Evaluation.  The AC Key Element Emergency Preparedness is 5 
implemented by the emergency response procedures TF-ERP-005 and TF-ERP-008. 6 
 7 
TF-ERP-008 requires securing waste transfer operations, evacuating the DST tank farms, and 8 
evacuating SST tank farms with ongoing waste transfers in response to a seismic event.  The  9 
TF-ERP-008 entry requirements are qualitative, but conservatively encompass earthquakes that 10 
could cause a seismic induced flammable gas accident (i.e., release sufficient retained flammable 11 
gas to reach 100% of the LFL in the tank headspace) or the failure of waste transfer systems (i.e., 12 
waste transfer leaks).  An exception to termination of waste transfers is a 242-A Evaporator  13 
C-A-1 vessel dump that is required following a seismic event to prevent a flammable gas 14 
accident in the C-A-1 vessel.  The 242-A Evaporator C-A-1 vessel seismic dump gravity drains 15 
waste from the C-A-1 vessel to DST 241-AW-102 through the waste feed transfer line (SN-269) 16 
and possibly a 10-in. drain line (DR-335).  Both of these lines are buried and encased, and waste 17 
leaks are not expected following a design basis Performance Category 2 seismic event based on 18 
the evaluations in RPP-RPT-52517, 242-A Evaporator Facility Assessment for Performance 19 
Category 2 Natural Phenomena Hazards. 20 
 21 
The TF-ERP-005 requires shut down of the waste transfer pump or stopping gravity transfers 22 
from the 242-A Evaporator if a waste transfer leak is detected.  This TF-ERP-005 action 23 
encompasses all causes of waste leaks, including waste transfer system component failures from 24 
readily detected events such as vehicle accidents, load handling accidents, undermining from 25 
failed water lines, blast effects/missiles from propane/LPG tank explosions, impacts/damage 26 
from excavation activities, and fires. 27 
 28 
The communication devices used to notify field personnel to evacuate tank farms and the 29 
equipment used to shut down waste transfer pumps and stop 242-A Evaporator gravity transfers 30 
are not classified as safety significant. The operability of communication devices, the manual 31 
controls for shutting down waste transfer pumps, and valves for stopping 242-A Evaporator 32 
gravity transfers is ensured by their use when personnel are working in the tank farms and for the 33 
normal termination of waste transfers, respectively. 34 
 35 
As described in Chapter 15.0, “Emergency Preparedness Program,” training is provided on 36 
emergency response procedures and emergency response actions.  The training includes 37 
emergency response procedures TF-ERP-005 and TF-ERP-008 and their emergency response 38 
actions.  In addition, drills are periodically conducted and the drill scenarios cover a range of 39 
events including natural phenomena events (e.g., seismic events) and waste transfer leaks. 40 
 41 
5.5.3.6.5  Controls (TSRs).  Emergency Preparedness is a Key Element of an Administrative 42 
Control (i.e., programmatic AC) with the following requirements. 43 
 44 

1. Emergency response planning shall include response procedures for the evacuation of 45 
personnel from the DST 241-AN, 241-AP, 241-AW, 241-AY, 241-AZ, and 241-SY tank 46 
farms following seismic events that could cause induced flammable gas accidents. 47 
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 1 
2. Emergency response planning shall include response procedures for the termination of 2 

waste transfers, except a 242-A Evaporator C-A-1 vessel dump, and the evacuation of 3 
personnel from tank farms with ongoing waste transfers following seismic events that 4 
could cause waste transfer leaks. 5 

 6 
3. Emergency response planning shall include response procedures for the termination of 7 

waste transfers following the detection of waste transfer leaks, except for MARS rotary 8 
union leakage and waste transfer valve stem leakage. 9 

 10 
 11 
5.5.3.7  Administrative Control 5.6 – Safety Management Programs. 12 
 13 
5.5.3.7.1  Purpose.  This AC includes commitments to maintain SMPs as part of the TOC safety 14 
management system.   15 
 16 
In addition to the SACs and Key Elements of ACs, defense-in-depth is provided by SMPs. 17 
 18 
5.5.3.7.2  Derivation Criteria.  SMPs are identified to provide defense-in-depth over a wide 19 
range of hazardous conditions and postulated accident scenarios, as well as normal, abnormal, 20 
and emergency conditions.  Additionally, within the control derivation and evaluation for SACs 21 
and Design Features in Chapter 4.0, SMPs were explicitly or implicitly identified that ensure the 22 
identified SACs and Design Features are properly implemented and maintained.   23 
 24 
5.5.3.8  Administrative Control 5.7 – Waste Leak Evaluation Program 25 
 26 
5.5.3.8.1  Purpose.  The waste leak evaluation program is a TOC program that requires technical 27 
evaluations of equipment design, motive forces/energy sources, and potential leak paths for tank 28 
farm waste storage, transfer, and retrieval systems.  The technical evaluations are used to 29 
supplement the results of other hazard evaluation techniques (see Section 3.3.1.3.1).  The safety 30 
function of the waste leak evaluation program is to identify and evaluate potential waste leaks or 31 
releases from tank farm facilities and operations. 32 
 33 
5.5.3.8.2  Derivation Criteria.  The requirement for the waste leak evaluation program is not 34 
directly derived from the accident analysis, but is derived to ensure the identification and 35 
evaluation of potential waste leaks or releases from tank farm facilities and operations.  The 36 
waste leak evaluation program provides defense-in-depth for potential waste leaks and releases.  37 
The waste leak evaluation program is performed in accordance with TOC engineering standards 38 
and procedures; thus an AC program was chosen as the best format for this TSR. 39 
 40 
 41 
5.6 DESIGN FEATURES 42 
 43 
Design Features means the design features of a nuclear facility listed in the TSRs that, if altered 44 
or modified, would have a significant effect on safe operation.  Design Features are developed in 45 
Chapter 4.0.  The Design Features for tank farm facilities are listed below: 46 
 47 
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 Design Feature 6.1 – Waste Transfer Primary Piping Systems (see Section 4.4.1) 1 
 2 

 Design Feature 6.2 – Hose-in-Hose Transfer Line (HIHTL) Systems (see Section 4.4.2) 3 
 4 

 Design Feature 6.3 – Isolation Valves for Double Valve Isolation (see Section 4.4.3) 5 
 6 

 Design Feature 6.4 – Extended Reach Sluicer System Hydraulic System Pressure 7 
Reducing Devices (see Section 4.4.4) 8 
 9 

 Design Feature 6.5 – Reserved for Future Use 10 
 11 

 Design Feature 6.6 – 242-A Evaporator Slurry Line Vacuum Breaker PSV-CA1-4 (see 12 
Section 4.4.6) 13 
 14 

 Design Feature 6.7 – Compressed Air System Pressure Relieving Devices (see 15 
Section 4.4.7) 16 
 17 

 Design Feature 6.8 – Low-Level Radioactive, Mixed, and TRU Waste Packaging Vents 18 
(see Section 4.4.8) 19 

 20 
 Design Feature 6.9 – Waste Transfer Freeze Protection Temperature Monitoring Systems 21 

(Section 4.4.9). 22 
 23 
The safety function, system description, functional requirements, system evaluation, and controls 24 
for the above Design Features are described in the referenced Chapter 4.0 section.   25 
 26 
 27 
5.7 INTERFACES WITH TECHNICAL SAFETY 28 

REQUIREMENTS FROM OTHER 29 
FACILITIES 30 

 31 
Tank farm facilities and operations interface physically and administratively with other Hanford 32 
Site facilities and operations.  This section identifies TSRs from other facilities and operations 33 
that affect the tank farms safety basis. 34 
 35 
Facilities that interface with tank farm facilities are identified in Chapter 2.0, Section 2.3.2.2.  36 
Two of these interfacing facilities are the 242-A Evaporator and the 222-S Laboratory, which are 37 
operated by the TOC but have independent DSAs (HNF-14755, 242-A Evaporator Documented 38 
Safety Analysis, and HNF-12125, 222-S Laboratory Documented Safety Analysis).   39 
 40 
The fire protection program and emergency preparedness program are identified as important 41 
elements of the tank farms safety basis.  Both of these programs are dependent on other Hanford 42 
Site facilities and organizations.  Chapter 15.0 describes the TOC emergency preparedness 43 
program and its interfaces with the Hanford Emergency Management Plan and links to DOE, 44 
state, and local offsite organizations.  The TOC fire protection program and its interfaces with 45 
the Hanford Fire Department are described in Chapter 11.0. 46 
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 1 
 2 
5.7.1 242-A Evaporator 3 
 4 
The 242-A Evaporator transfers waste to the tank farms and is operated by the TOC, but has an 5 
independent DSA (HNF-14755) and TSR document (HNF-15279, 242-A Evaporator Technical 6 
Safety Requirements).  Minimum staffing levels may be shared between the tank farms and the 7 
242-A Evaporator as addressed in Section 5.4.2.  Interface and coordination of TSRs between the 8 
tank farms and the 242-A Evaporator is accomplished through the SMPs and USQ process. 9 
 10 
The 242-A Evaporator operation may also affect tank farms by an unplanned release of process 11 
condensate.  Based on calculation note (Ruud 1999, “Deliverable for Contract #4976, 12 
Release #4, Requisition 32250, Postulated Unmitigated Leak of 242-A Evaporator Tank C-100 13 
Condensate Waste”), the consequences of an unmitigated release are below levels of concern for 14 
waste transfer leaks that are analyzed in Chapter 3.0.   15 
  16 
Waste transfer leaks may also occur during waste transfers (including gravity flow) from the 17 
242-A Evaporator into the tank farms.  These postulated accidents are identified and evaluated in 18 
Chapter 3.0, Section 3.3.2.4.3.  Controls to prevent or mitigate waste transfer leak accidents 19 
apply when waste transfer pump P-B-2 (used to transfer waste from the 242-A Evaporator to the 20 
tank farm) is active and not under administrative lock or when the 242-A Evaporator vessel 21 
contains waste.  (See Section 3.3.2.4.3.5 for the definition of when the 242-A Evaporator vessel 22 
contains waste, which is based on the 242-A Evaporator TSR definition of “empty” and 242-A 23 
Evaporator Operational Modes.) 24 
 25 
To protect the radiological and toxicological material source terms used in the tank farms 26 
accident analysis, as well as in the 242-A Evaporator accident analysis, waste transfers to and 27 
from the 242-A Evaporator are subject to AC 5.9.4, “Waste Characteristics Controls,” in the tank 28 
farm TSRs (see Section 5.5.3.4) as well as AC 5.9.4, “Waste Characteristics Controls,” in the 29 
242-A Evaporator TSRs (see HNF-14755, Section 5.5.3.4). 30 
 31 
Tank farm operations can also affect the 242-A Evaporator by misrouting waste to the  32 
242-A Evaporator.  This postulated accident is identified and evaluated in HNF-14755 and a 33 
SAC is selected to control evaporator and pump room access and control pump room cover block 34 
removal when waste could be misrouted to the 242-A Evaporator from tank farms (see  35 
HNF-14755, Section 4.5.5). 36 
 37 
Tank farm waste transfers can also affect nuclear criticality safety in the 242-A Evaporator.  A 38 
postulated nuclear criticality is evaluated in HNF-14755, and a TSR Key Element AC 5.9.5, 39 
“Nuclear Criticality Safety,” in the 242-A Evaporator TSRs (see HNF-14755, Section 5.5.3.5) 40 
requires waste acceptance criteria (i.e., maximum plutonium concentration) to be established for 41 
waste transferred to the 242-A Evaporator to protect against inadvertent criticality. 42 
  43 
 44 
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5.7.2 222-S Laboratory 1 
 2 
The 222-S Laboratory transfers liquid waste to the tank farms and is operated by the TOC, but 3 
has an independent DSA (HNF-12125) and TSR document (HNF-14733, 222-S Laboratory 4 
Technical Safety Requirements).  There are no 222-S Laboratory TSRs that control these 5 
transfers, but waste transfer leaks during waste transfers from the 222-S Laboratory (i.e., the 6 
219-S Building) to the DST 241-SY Tank Farm are encompassed by the analysis of postulated 7 
waste transfer leak accidents in Chapter 3.0, Section 3.3.2.4.3.  Controls to prevent or mitigate 8 
waste transfer leaks are applicable when waste transfer pump WT-P-1 (used to transfer waste 9 
from the 222-S Laboratory to the tank farm) is active and not under administrative lock.  To 10 
protect the radiological and toxicological material source terms used in the tank farms waste 11 
transfer leak accident analysis, 222-S Laboratory waste transfers to the tank farms are also 12 
subject to AC 5.9.4, “Waste Characteristics Controls.” 13 
 14 
Interface and coordination of TSRs between the tank farms and the 222-S Laboratory is 15 
accomplished through the SMPs and USQ process. 16 
 17 
 18 
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RPP-8050, 2014, Lower Flammability Limit Calculations for Catch Tanks, DST Annuli, Waste 39 

Transfer-Associated Structures, and Double-Contained Receiver Tanks in Tank Farms at 40 
the Hanford Site, Rev. 11, Washington River Protection Solutions LLC, Richland, 41 
Washington. 42 

  43 
RPP-11192, Tank Farms Chemical Compatibility Evaluation, as amended, Washington River 44 

Protection Solutions LLC, Richland, Washington. 45 
 46 

RPP-13033 1/29/2015 - 12:56 PM 860 of 1079



RPP-13033 REV 5-E 
 
 

 
 5-56  

RPP-30604, Tank Farms Safety Analyses Chemical Source Term Methodology, as amended, 1 
Washington River Protection Solutions LLC, Richland, Washington.  2 

 3 
RPP-50217,  Criticality Safety Evaluation Report for Tank C-108 Caustic Cleaning Process, as 4 

amended, Washington River Protection Solutions LLC, Richland, WA. 5 
 6 
RPP-50963, Criticality Safety Evaluation Report for Disturbing Tank AN-101 Waste, 7 

as amended, Washington River Protection Solutions LLC, Richland, WA. 8 
 9 
RPP-51388, Criticality Safety Evaluation Report for Level Monitoring and Condensate Return in 10 

Tanks with Appreciable Particulate Plutonium, as amended, Washington River 11 
Protection Solutions LLC, Richland, Washington. 12 

 13 
RPP-51423, Criticality Safety Evaluation Report for C-102 Waste Investigation Activities, as 14 

amended, Washington River Protection Solutions LLC, Richland, Washington.  15 
 16 
RPP-53112, Criticality Safety Evaluation Report for Sampling of Tanks with Appreciable 17 

Particulate Pu, as amended, Washington River Protection Solutions LLC, Richland, 18 
Washington.  19 

 20 
RPP-53817, Criticality Safety Evaluation Report for Waste Retrieval into AN-101, as amended, 21 

Washington River Protection Solutions LLC, Richland, Washington.  22 
 23 
RPP-RPT-47933, 2011, Flammable Gas Release Rate from Double-Shell Tank Solids 24 

Dissolution, Rev. 0, Washington River Protection Solutions LLC, Richland, Washington. 25 
 26 
RPP-RPT-50941, 2011, Review of Plutonium Oxide Receipts into Hanford Tank Farms, Rev. 0, 27 

Washington River Protection Solutions LLC, Richland, Washington. 28 
  29 
RPP-RPT-52517, 2013, 242-A Evaporator Facility Assessment for Performance Category 2 30 

Natural Phenomena Hazards, Rev. 0, Washington River Protection Solutions LLC, 31 
Richland, Washington. 32 

 33 
Ruud, J. L., 1999, “Deliverable for Contract #4976, Release #4, Requisition 32250, Postulated 34 

Unmitigated Leak of 242-A Evaporator Tank C-100 Condensate Waste,” (letter 35 
LMHC96WO-0006 CO-00-RPP-042 to G. L. Jones, Lockheed Martin Hanford 36 
Corporation, October 18), Fluor Daniel Northwest, Inc., Richland, Washington. 37 

  38 
Samuelson, S. L., 2012, “Direction to Add Flammable Gas Monitoring Requirements to the 39 

Previously Approved Safety Basis Amendment for Safety-Significant Designation of 40 
Double-Shell Tank (DST) Primary Tank Ventilation Systems,” (letter 41 
12-NSD-0062/1204056 to M. D. Johnson, Washington River Protection Solutions LLC, 42 
November 28), U.S. Department of Energy, Office of River Protection, Richland, 43 
Washington. 44 

 45 
TF-ERP-005, Emergency Response Procedure 005 Radiological Release, as amended, 46 

Washington River Protection Solutions LLC, Richland, Washington. 47 
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 1 
TF-ERP-008, Emergency Response Procedure 008 Seismic Event Response, as amended, 2 

Washington River Protection Solutions LLC, Richland, Washington. 3 
 4 
TF-OPS-IHT-001, IHT Flammable Gas Surveillance on Double Shell Tanks, as amended, 5 

Washington River Protection Solutions LLC, Richland, Washington. 6 
 7 
TF-OPS-IHT-007, Using Direct Reading Instruments, as amended, Washington River Protection 8 

Solutions LLC, Richland, Washington. 9 
 10 
TFC-ENG-CHEM-C-11, Process Control Plans, as amended, Washington River Protection 11 

Solutions LLC, Richland, Washington. 12 
 13 
TFC-ENG-CHEM-D-09, Best-Basis Inventory Evaluation, as amended, Washington River 14 

Protection Solutions LLC, Richland, Washington. 15 
 16 
TFC-ENG-CHEM-D-21, Process Engineering Waste Surveillance Data Review, as amended, 17 

Washington River Protection Solutions LLC, Richland, Washington. 18 
 19 
TFC-ENG-CHEM-D-43, Criticality Safety Representative Procedure Review Checklist, as 20 

amended, Washington River Protection Solutions LLC, Richland, Washington. 21 
 22 
TFC-ENG-CHEM-P-04, Criticality Safety Evaluations, as amended, Washington River 23 

Protection Solutions LLC, Richland, Washington. 24 
 25 
TFC-ENG-CHEM-P-06, Criticality Prevention Specifications, as amended, Washington River 26 

Protection Solutions LLC, Richland, Washington. 27 
 28 
TFC-ENG-CHEM-P-13, Tank Waste Compatibility Assessments, as amended, Washington River 29 

Protection Solutions LLC, Richland, Washington. 30 
 31 
TFC-ENG-FACSUP-C-02, Operability/Technical Evaluations, as amended, Washington River 32 

Protection Solutions LLC, Richland, Washington. 33 
 34 
TFC-ENG-FACSUP-P-17, Flammable Gas Ignition Source Control, as amended, Washington 35 

River Protection Solutions LLC, Richland, Washington. 36 
 37 
TFC-ENG-SB-C-03, Unreviewed Safety Questions Process, as amended, Washington River 38 

Protection Solutions LLC, Richland, Washington. 39 
 40 
TFC-ENG-STD-13, Ignition Source Control Evaluation, as amended, Washington River 41 

Protection Solutions LLC, Richland, Washington. 42 
 43 
TFC-ESHQ-FP-STD-05, Flammable Gas Monitoring, as amended, Washington River Protection 44 

Solutions LLC, Richland, Washington. 45 
 46 
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TFC-OPS-MAINT-C-01, Tank Operations Contractor Work Control, as amended, Washington 1 
River Protection Solutions LLC, Richland, Washington. 2 

 3 
TFC-OPS-OPER-C-13, Technical Procedure Control and Use, as amended, Washington River 4 

Protection Solutions LLC, Richland, Washington. 5 
 6 
TFC-OPS-OPER-C-17, Operating Logbooks, as amended, Washington River Protection 7 

Solutions LLC, Richland, Washington. 8 
 9 
TFC-OPS-OPER-C-22, Control and Use of Administrative Locks, as amended, Washington 10 

River Protection Solutions LLC, Richland, Washington. 11 
 12 
TFC-OPS-OPER-C-49, Development of Waste Retrieval and Transfer Operating Procedures 13 

(Including Water and Chemical Additions), as amended, Washington River Protection 14 
Solutions LLC, Richland, Washington. 15 

 16 
TFC-PLN-02, Quality Assurance Program Description, as amended, Washington River 17 

Protection Solutions LLC, Richland, Washington. 18 
 19 
TO-040-660, Obtain/Record Double-Shell Tank Temperature Data, as amended, Washington 20 

River Protection Solutions LLC, Richland, Washington. 21 
 22 
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Table 5.3.1-1.  Technical Safety Requirement Controls Cross-Reference with Applicable Accidents.  (2 sheets) 
TSR control # TSR control title Applicable DSA Sections 

LCO 3.1 DST Primary Tank Ventilation Systems  Flammable Gas Accidents (3.3.2.4.1) 

LCO 3.2 SST Steady-State Flammable Gas Control  Flammable Gas Accidents (3.3.2.4.1) 

LCO 3.3 SST Steady-State Flammable Gas Control for 241-B-203 and  
241-B-204 

 Flammable Gas Accidents (3.3.2.4.1) 

LCO 3.4 DST Induced Gas Release Event Flammable Gas Control  Flammable Gas Accidents (3.3.2.4.1) 

LCO 3.5 DST Annulus Flammable Gas Control  Flammable Gas Accidents (3.3.2.4.1) 

LCO 3.6 DCRT Steady-State Flammable Gas Control  Flammable Gas Accidents (3.3.2.4.1) 

LCO 3.7 DST Flammable Gas Monitoring Control  Flammable Gas Accidents (3.3.2.4.1) 

LCO 3.8 SST 241-C-105 Waste Transfer Freeze Protection ATMS  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

LCO 3.9 MARS-V WAT Waste High Temperature Control System  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

AC 5.6 Safety Management Programs  Defense-in-Depth (3.3.2.3.2).  The features of the SMPs that provide 
defense-in-depth are captured in Chapter 17. 

AC 5.7 Waste Leak Evaluation Program  The requirement for the waste leak evaluation program is not directly 
derived from the accident analysis, but is derived to ensure the 
identification and evaluation of potential waste leaks or releases from 
tank farm facilities and operations (3.3.1.3.1). 

AC 5.8.1 DST Induced Gas Release Event Evaluation  Flammable Gas Accidents (3.3.2.4.1) 

AC 5.8.2 Flammable Gas Controls for Waste-Intruding Equipment  Flammable Gas Accidents (3.3.2.4.1) 

AC 5.8.3 Flammable Gas Controls for Inactive/Miscellaneous Tanks/Facilities  Flammable Gas Accidents (3.3.2.4.1) 

AC 5.8.4 Low-Level Radioactive, Mixed, and TRU Waste Packaging 
Flammable Gas Controls 

 Flammable Gas Accidents (3.3.2.4.1) 

AC 5.8.5 Waste Transfer System Overpressure and Flow Transient Protection  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

AC 5.8.6 Double Valve Isolation  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

AC 5.8.7 Waste Transfer System Valve Closure Controls  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 
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Table 5.3.1-1.  Technical Safety Requirement Controls Cross-Reference with Applicable Accidents.  (2 sheets) 
TSR control # TSR control title Applicable DSA Sections 

AC 5.8.8 Waste Transfer System Freeze Protection  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

AC 5.8.9 Waste Transfer System Freeze Protection for SST 241-C-107 MARS 
Containment Box and Transition Shield Box 

 Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

AC 5.8.10 SST 241-C-105 Waste Transfer System Freeze Protection Using 
ATMS 

 Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

AC 5.9.1 DST and SST Time to Lower Flammable Limit  Flammable Gas Accidents (3.3.2.4.1) 

AC 5.9.2 Ignition Controls  Flammable Gas Accidents (3.3.2.4.1) 

AC 5.9.3 Waste Transfer-Associated Structure Cover Installation and Door 
Closure 

 Waste Transfer Leak (3.3.2.4.3) 

AC 5.9.4 Waste Characteristics Controls  Initial Condition (3.3.2.4) 

 Flammable Gas Accidents (3.3.2.4.1) 

AC 5.9.5 Nuclear Criticality Safety  Nuclear Criticality (3.3.2.4.2) 

AC 5.9.6 Emergency Preparedness  Flammable Gas Accidents (3.3.2.4.1) 

 Waste Transfer Leak (3.3.2.4.3) 

DF 6.1 Waste Transfer Primary Piping Systems  Flammable Gas Accidents (3.3.2.4.1) 

 Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

 Air Blow Accidents (3.3.2.4.5) 

DF 6.2 HIHTL Systems  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

DF 6.3 Isolation Valves for Double Valve Isolation  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

DF 6.4 Extended Reach Sluicer System Hydraulic System Pressure Reducing 
Devices 

 Release from Contaminated Facility (3.3.2.4.4) 

DF 6.5 Reserved for Future Use -- 

DF 6.6 242-A Evaporator Slurry Line Vacuum Breaker PSV-CA1-4  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

 1 
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Table 5.3.1-1.  Technical Safety Requirement Controls Cross-Reference with Applicable Accidents.  (2 sheets) 
TSR control # TSR control title Applicable DSA Sections 

DF 6.7 Compressed Air System Pressure Relieving Devices  Air Blow Accidents (3.3.2.4.5) 

DF 6.8 Low-Level Radioactive, Mixed, and TRU Waste Packaging Vents  Flammable Gas Accidents (3.3.2.4.1) 

DF 6.9 Waste Transfer Freeze Protection Temperature Monitoring Systems  Waste Transfer Leak (3.3.2.4.3) 

 Release from Contaminated Facility (3.3.2.4.4) 

Notes: 
 

  
  

AC = Administrative Control LCO = Limiting Condition for Operation. 
ATMS = automated temperature monitoring system. MARS = mobile arm retrieval system. 
DCRT = double-contained receiver tank. MARS-V = mobile arm retrieval system – vacuum (version). 

DF = Design Feature. SST = single-shell tank. 
DSA = documented safety analysis. TRU = transuranic. 
DST = double-shell tank. TSR = technical safety requirement. 

HIHTL = hose-in-hose transfer line. WAT = waste accumulator tank. 
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Table 5.4.2-1.  Tank Farm Facilitiesa Minimum Operations Shift Complement. 

POSITION MINIMUM 
OPERATIONS SHIFT COMPLEMENT 

Shift Managersb  1 

Nuclear Operatorsc 3 

Radiological Control Technicians  1 

Emergency Operations Center 
Per 

Hanford Emergency Management Plan 
(DOE/RL-94-02)d 

Notes: 
aThis table applies to tank farm facilities described in Chapter 2.0. 
bThe Shift Manager is allowed to be shared with the 242-A Evaporator (except when the 242-A Evaporator 

is in the Operation Mode) provided facility- or operation-specific training has been received.  See HNF-14755, 
242-A Evaporator Documented Safety Analysis, for the definition of 242-A Evaporator Operational Modes.   

cOne Nuclear Operator (except when the 242-A Evaporator is in the Operation or Limited Waste Mode) is 
allowed to be shared with the 242-A Evaporator provided facility- or operation-specific training has been 
received. 

dSee Chapter 15.0, “Emergency Preparedness Program,” for additional information. 
 1 

  

2 
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CHAPTER 6.0 
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 2 
 3 

PREVENTION OF INADVERTENT CRITICALITY 4 
5 
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6.0 PREVENTION OF INADVERTENT CRITICALITY 1 
 2 
 3 
 4 
6.1 INTRODUCTION 5 
 6 
This chapter provides a summary of the Tank Operations Contractor (TOC) criticality safety 7 
program.  This program is defined and documented in TFC-PLN-49, Tank Farm Contractor 8 
Nuclear Criticality Safety Program. 9 
 10 
TOC documents RPP-7475, Criticality Safety Evaluation for Hanford Tank Farms Facility, 11 
RPP-50217, Criticality Safety Evaluation Report for Tank C-108 Caustic Cleaning Process, 12 
RPP-50963, Criticality Safety Evaluation Report for Disturbing Tank AN-101 Waste,  13 
RPP-51388, Criticality Safety Evaluation Report for Level Monitoring and Condensate Return in 14 
Tanks with Appreciable Particulate Plutonium, RPP-51423, Criticality Safety Evaluation Report 15 
for C-102 Waste Investigation Activities, RPP-53112, Criticality Safety Evaluation Report for 16 
Sampling of Tanks with Appreciable Particulate Pu, RPP-53817, Criticality Safety Evaluation 17 
Report for Waste Retrieval into AN-101, and WHC-SD-WM-TI-725, Tank Farm Nuclear 18 
Criticality Review, conclude that a nuclear criticality in a tank farm facility is not credible, due to 19 
both the form and distribution of fissile material in the tank waste.  Therefore, the focus of the 20 
TOC criticality safety program is to maintain the form and distribution of fissile material in tank 21 
waste. 22 
 23 
 24 
6.2 REQUIREMENTS 25 
 26 
The TOC Criticality Safety Program meets the requirements of DOE O 420.1B, Facility Safety, 27 
Chapter III. 28 
 29 
 30 
6.3 CRITICALITY CONCERNS 31 
 32 
Chapter 3.0 (Section 3.3.2.4.2) contains an analysis of a hypothetical criticality accident and a 33 
summary of the technical basis that leads to the determination that the accident is beyond 34 
extremely unlikely.  Nonetheless, this section identifies the fissile isotopes contained within tank 35 
farm facilities, describes the associated waste forms, cites the locations of potential criticality 36 
hazards, describes the associated control measures, and discusses the potential for a criticality 37 
accident at the tank farm facilities. 38 
 39 
The fissionable materials in tank waste include 233U, 235U, 238U, 237Np, 238Pu, 239Pu, 240Pu, 241Pu, 40 
and 241Am.  Four of these isotopes are fissile: 233U, 235U, 239Pu and 241Pu.  The nonfissile 41 
fissionable isotopes are not a criticality safety concern because they are unable to sustain a 42 
neutron chain reaction in moderated systems. 43 
 44 
Equipment and systems that contain or transfer fissile materials at the tank farm facilities include 45 
underground waste storage tanks; waste transfer systems; 204-AR Waste Unloading Facility; the 46 
244-AR and 244-CR vaults; miscellaneous inactive storage facilities; double-contained receiver 47 
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tanks; catch tanks and condensate return systems; the 616 Facility; miscellaneous inactive 1 
processing facilities; and ventilation systems. 2 
 3 
Most of the fissile material in the tank farm facilities resides in the waste storage tanks and is 4 
comprised of sludge, supernatant, and saltcake.  Sludge consists of metal oxides and other 5 
insoluble compounds precipitated from chemical separations.  The supernatant is the liquid 6 
portion of tank waste above the settled sludge.  The saltcake is primarily sodium nitrate and 7 
sodium phosphate that crystallized during evaporation and subsequent cooling of the saturated 8 
waste solutions.   9 
 10 
The total amount of fissile material in tank farms facilities is less than 1,600 kg.  It is 11 
predominantly plutonium, which is contained almost exclusively in the waste sludge.  Fissile 12 
material concentration in the sludge, documented in the Best-Basis Inventory database, is less 13 
than 0.6 g/L.  This concentration is considerably lower than the 2.6 g/L that was conservatively 14 
calculated (a dry waste model) to be the maximum subcritical fissile material concentration in 15 
tank waste (RPP-7475).  The maximum subcritical fissile material concentration increases as 16 
water is added to the waste (RPP-7475). 17 
 18 
 19 
6.4 CRITICALITY CONTROLS 20 
 21 
WHC-SD-SQA-CSA-20356, CSER 92-009: An Analytical Model for Evaluating Subcritical 22 
Limits for Waste in Hanford Site Storage Tanks, concludes that a criticality accident is not 23 
credible in tank waste due to inherent characteristics (both form and distribution) of the fissile 24 
materials in tank waste.  Therefore, to ensure that addition of waste does not negatively affect 25 
tank waste characteristics, waste acceptance criteria and waste receipts are procedurally 26 
controlled.  Requirements for evaluating wastes prior to acceptance are contained in 27 
HNF-SD-WM-OCD-015, Tank Farms Waste Transfer Compatibility Program. 28 
 29 
WHC-SD-SQA-CSA-30004, Criticality Safety Review for Inactive Miscellaneous Underground 30 
Storage Tanks, documents an extensive review of the status of the miscellaneous inactive storage 31 
facilities with respect to criticality safety.  The review concluded that changing conditions such 32 
as rainwater intrusion or evaporation of liquid to dryness would not adversely affect the margin 33 
of subcriticality in the waste.  The reviews documented in WHC-SD-SQA-CSA-30004 and 34 
WHC-SD-WM-TI-725 concluded that, without disturbance of the chemical form of the waste, 35 
there are no credible changes capable of eroding the margin of subcriticality in tanks. 36 
 37 
 38 
6.4.1 Engineering Controls 39 
 40 
No design features or engineered controls are required for the prevention of a nuclear criticality 41 
accident in the tank farm facilities under current waste tank conditions, as the margin of 42 
subcriticality is maintained via the form (alkaline chemistry) and distribution (association with 43 
neutron absorbers) of the wastes.   44 
 45 
 46 
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6.4.2 Administrative Controls 1 
 2 
Waste receipts from facilities interfacing with the tank farm facilities are controlled to ensure 3 
tank waste cannot be made critical.  These controls ensure the pH, the fissile material 4 
concentration, and the amount of insoluble neutron absorbers remain within the assumptions in 5 
the accident analysis.  Controls on moderation, reflection, and fire fighting activities are not 6 
required.  Furthermore, these controls ensure that handling, storage, and transportation of 7 
fissionable materials in containers are in accordance with the applicable federal and state 8 
requirements. 9 
 10 
 11 
6.4.3 Application of the Double-Contingency Principle 12 
 13 
A criticality accident at the tank farm facilities would be the culmination of a series of several 14 
unlikely, independent and concurrent events that somehow significantly change the form or 15 
distribution of fissile materials in tank waste, including multiple independent process failures and 16 
violation of controls and procedures.  RPP-7475 documents no credible contingency or accident 17 
scenario associated with storage, mixing, or mechanical retrieval that would change any of the 18 
three key parameters (neutron absorber to fissile material ratio, fissile material concentration, and 19 
waste alkalinity) sufficiently to cause a criticality accident in any part of the waste tank system.  20 
Therefore, the double contingency principle is satisfied via demonstration of incredibility. 21 
 22 
 23 
6.5 CRITICALITY PROTECTION PROGRAM 24 
 25 
This section provides a summary of the criticality safety organization and the technical and 26 
administrative practices for the criticality safety program. 27 
 28 
 29 
6.5.1 Criticality Safety Organization 30 
 31 
Responsibility for the criticality safety program is assigned to the TOC Engineering 32 
organization.  The nuclear safety manager is responsible for criticality safety program 33 
implementation, ensuring the criticality safety program staffing is maintained at a level necessary 34 
to provide required criticality safety expertise to the tank farm facility, and assisting the line 35 
organization to ensure criticality safety program inspections and assessments are scheduled and 36 
performed, and any identified corrective actions are implemented.  37 
 38 
The criticality safety representative coordinates the preparation, review, and approval of 39 
criticality safety evaluation reports, implementing procedures, and criticality prevention 40 
specifications.  The criticality safety representative also assists in the preparation of recovery 41 
plans for events related to criticality safety, conducts or supervises facility criticality safety 42 
inspections, and reviews and approves field procedures that affect criticality safety.  The 43 
criticality safety representative assists with development of training materials and may provide 44 
classroom instruction.  The qualifications for the criticality safety representative are: 45 
 46 

 Formal criticality safety training classes and facility-specific orientation.  47 
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  1 
 Additional criticality safety training through required reading materials and individual 2 

consultation.  Topics consist of facility-specific information and review of various 3 
subject-specific material provided by other criticality safety specialists.   4 

 5 
 Examination by a qualification board consisting of engineering and operating managers, a 6 

criticality safety engineer, and the nuclear safety manager. 7 
 8 
The criticality safety engineer possesses technical expertise in nuclear criticality physics and 9 
associated safety practices, and provides technical guidance to the criticality safety 10 
representative, develops and maintains documented criticality safety analyses, and assists with 11 
the conduct of periodic facility criticality safety inspections, criticality safety program 12 
assessments, determination of criticality safety nonconformances, and development of recovery 13 
plans. 14 
 15 
 16 
6.5.2 Criticality Safety Plans and Procedures 17 
 18 
Technical procedures for field activities comply with TFC-PLN-49 and its implementing 19 
procedures.  Document control measures are discussed in the TFC-PLN-17, Document Control 20 
and Records Management Program Description. 21 
 22 
Criticality safety postings are not required for the tank farm facilities because there are no field 23 
actions required by the Operations staff to prevent a criticality accident. 24 
 25 
It is not possible to affect tank waste form or distribution via fire fighting at the tank farm 26 
facilities (RPP-7475).  Therefore, there is no requirement for controls on fire fighting in relation 27 
to criticality safety. 28 
 29 
Nuclear criticality alarms or detection systems are not required for facilities where a criticality 30 
accident is not credible.  Therefore, nuclear criticality evacuation drills and nuclear criticality 31 
accident evacuation routes for personnel are not necessary for the tank farm facilities.   32 
 33 
 34 
6.5.3 Criticality Safety Training  35 
 36 
The tank farms criticality safety training program meets the requirements of applicable DOE 37 
orders and TFC-PLN-49.  TOC personnel who are directly involved in the operation, 38 
maintenance, or design of equipment for the storage or transportation of significant quantities of 39 
fissile material are required to receive formal criticality safety training at least once every 40 
2 years.  The training provides discussion of the key concepts of operating safety and includes 41 
testing.  Direct handling of fissile materials is not conducted at the tank farm facilities; therefore, 42 
fissile material handlers are not required at the tank farms. 43 
 44 
 45 
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6.5.4 Determination of Operational Nuclear Criticality 1 
Limits 2 

 3 
TFC-PLN-49 describes the formal process used to establish, evaluate, document, and approve 4 
operating controls for nuclear criticality safety.  The basis for criticality safety of specific 5 
operations, storage arrangements, and the handling and transfer of fissile material is analyzed in 6 
criticality safety evaluation reports.  Any new or modified activities involving fissile material 7 
must be evaluated before the activities are permitted.  A description of the underlying neutronics 8 
calculations is found in RPP-7475, Chapter 4.0.   9 
 10 
Criticality safety controls developed in criticality safety evaluation reports are implemented via 11 
criticality prevention specifications and used in field procedures as considered appropriate by the 12 
criticality safety representative.  Criticality prevention specifications provide the operations 13 
managers and staff with a clear, concise list of criticality controls that are established and 14 
documented in the criticality safety evaluation reports.  The criticality prevention specification 15 
documents are maintained in read-only computer files that are readily accessible in control 16 
rooms and shift offices. 17 
 18 
 19 
6.5.5 Criticality Safety Inspections/Audits 20 
 21 
TFC-PLN-49 and its implementing procedures describe responsibilities and requirements for 22 
periodic criticality safety inspections and assessments of the tank farm facilities.  These activities 23 
are performed to verify that criticality safety requirements are implemented and to measure the 24 
effectiveness of the criticality safety program.    25 
 26 
Formal facility inspections (audits) are conducted at least semiannually.  Deficiencies identified 27 
are entered into the TOC Problem Evaluation Request system for tracking, disposition, and 28 
closure. 29 
 30 
Management assessments of the criticality safety program are to be conducted at least once every 31 
two years.  Program elements, procedures, and staff qualifications are reviewed to ensure that the 32 
criticality safety program meets requirements and expectations appropriate for the tank farms.  33 
Deficiencies identified are entered into the TOC Problem Evaluation Request system for 34 
tracking, disposition, and closure. 35 
 36 
 37 
6.5.6 Criticality Infraction Reporting and Follow-Up 38 
 39 
TFC-PLN-49 contains requirements for mitigating and reporting potential criticality safety 40 
infractions. 41 
 42 
The TOC Problem Evaluation Request process provides for tracking, disposition, and closure of 43 
criticality infractions. 44 
 45 
 46 
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6.6 NUCLEAR CRITICALITY 1 
INSTRUMENTATION 2 

 3 
Criticality accident detection systems and alarm capabilities are not required for the tank farm 4 
facilities, because a criticality accident was determined to be not credible under all normal and 5 
credible abnormal conditions due to the inherent characteristics (both form and distribution) of 6 
fissile material in the tank waste in its current condition. 7 
 8 
 9 
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LIST OF TERMS 1 
 2 
 3 

ACES Access Control and Entry System 4 
ACL Administrative Control Level 5 
ALARA As Low As Reasonably Achievable 6 
DOE U.S. Department of Energy 7 
EMS Environmental Management System 8 
ESH&Q Environmental, Safety, Health, and Quality 9 
HPT health physics technician (also referred to as radiological control 10 

technician) 11 
ISMS Integrated Environment, Safety, and Health Management System 12 
NIST National Institute of Standards and Technology 13 
ORP Office of River Protection 14 
PPE personal protective equipment 15 
R&HT Radiation and Health Technology 16 
RCO radiological control organization 17 
RSS Radiological Site Services 18 
RWP radiological work permit  19 
TOC Tank Operations Contractor 20 

 21 
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7.0 RADIATION PROTECTION 1 
 2 
 3 
 4 
It is Tank Operations Contractor (TOC) policy to conduct radiation protection activities in a 5 
planned and controlled manner that ensures the health and safety of employees, subcontractors, 6 
and the public, and the protection of the environment.  The TOC facilitates these objectives 7 
through the implementation of an Integrated Environment, Safety, and Health Management 8 
System (ISMS) to structurally integrate environment, safety, health, and quality into the work 9 
planning and execution.  The Environmental Management System (EMS) is included in an 10 
integral component of ISMS.  Integration is accomplished at the company, facility, and activity 11 
levels.  Total environment, safety, health, and quality integration enables the assigned missions 12 
to be efficiently and effectively accomplished while protecting the workers, the public, and the 13 
environment, and it is embodied in the overall ISMS objective to “Do Work Safely.”  Refer to 14 
RPP-MP-003, Integrated Environment, Safety, and Health Management System Description for 15 
the Tank Operations Contractor, for a detailed description of the ISMS. 16 
 17 
 18 
7.1 INTRODUCTION 19 
 20 
This chapter summarizes provisions for radiation protection as governed by federal codes and 21 
standards.  The summaries provide a basic understanding of the scope of the TOC’s radiological 22 
control program.  This chapter contains the following information:  23 
 24 

 A description of the overall radiological control program and organization 25 
 26 

 A description of the “As Low As Reasonably Achievable” (ALARA) policy and program 27 
 28 

 A description of radiation dose control methods including administrative limits, 29 
radiological practices, dosimetry, and respiratory protection 30 

 31 
 Identification of radiological instrumentation and monitoring to protect workers, the 32 

public, and the environment 33 
 34 

 A discussion of radiation safety training 35 
 36 

 A description of the plans and procedures for maintaining records of radiation sources, 37 
releases, and occupational exposures to ionizing radiation. 38 

 39 
 40 
7.2 REQUIREMENTS 41 
 42 
The U.S. Department of Energy (DOE), Office of River Protection (ORP) has approved the 43 
River Protection Project Authorization Agreement (Smith, 2013), which identifies the 44 
authorization basis for tank farm facilities, operations, and activities including the safety basis 45 
and requirements basis for the tank farms.  The requirements and implementing documents 46 
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specific to the TOC contract (DE-AC27-08RV14800, Attachment J.2) are identified in 1 
TFC-PLN-100, Requirements Basis Document.   2 
 3 
 4 
7.3 RADIOLOGICAL CONTROL PROGRAM 5 

AND ORGANIZATION 6 
 7 
The TOC Environmental, Safety, Health, and Quality (ESH&Q) organization provides functional 8 
management of the Radiological Control Program.  The authority and responsibility of the 9 
Radiological Control Program is delegated to the Radiological Control Organization (RCO), 10 
which is responsible for the company-wide Radiological Control Program.  The RCO provides 11 
program direction and technical support to the TOC through the following primary 12 
responsibilities: 13 
 14 

 Policies, procedures, standards, technical support, and oversight of radiological activities 15 
 16 

 Radiological Control related performance measures and indicators 17 
 18 

 Radiation protection program for Title 10, Code of Federal Regulations, Part 835, 19 
“Occupational Radiation Protection,” (10 CFR 835) compliance 20 
 21 

 Ionizing radiation dosimetry and instrumentation services 22 
 23 

 Technical basis development and maintenance for radiological control 24 
 25 

 ALARA program and reporting 26 
 27 

 Primary radiological control technical interface with DOE-ORP and other site 28 
contractors. 29 

 30 
The RCO professional staff monitors onsite activities and provides oversight as described in 31 
HNF-MP-5184, Washington River Protection Solutions LLC Radiation Protection Program, and 32 
HNF-5183, Tank Farms Radiological Control Manual (TFRCM).  The Radiological Control 33 
Program performance indicator process monitors the effectiveness of the radiological control 34 
program and ensures continued management involvement.  Self-assessments and independent 35 
inspections that identify deficiencies within the radiological control program contribute to 36 
overall programmatic improvement. 37 
 38 
The Base Operations and SST Retrieval and Closure ESH&Q (project) radiological control 39 
organizations manage and ensure programmatic requirements from the RCO are properly 40 
implemented within TOC operations.  The project radiological control monitoring and oversight 41 
responsibilities include: 42 
 43 

 Review of work packages to identify and recommend occupational hazard controls 44 
 45 

 Radiological safety consultation for customer and project management 46 
 47 
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 Radiological interface with the customer and project management 1 
 2 

 Operational support needs for Radiological Control personnel 3 
 4 

 Radiological engineering support in facility related designs and procedures 5 
 6 

 Project-Specific technical basis document development and maintenance 7 
 8 

 Resolution of Radiological Control issues and advocate for staff and field personnel 9 
during resolution 10 
 11 

 Setting the standard for compliance with Radiological Control regulatory requirements 12 
 13 

 Mentoring to field personnel in Radiological Control disciplines and implementation 14 
 15 

 Properly performing and documenting Radiological Surveys  16 
 17 

 Support the projects in implementation of the safety and health program. 18 
 19 
The project radiological control organizations provide monitoring and oversight of all 20 
radiological field operations to ensure the protection of workers, the public, and the environment. 21 
 22 
Although many RCO activities are not specific to the hazards identified in Chapter 3.0, the RCO 23 
is prepared to identify and respond to hazardous conditions that could potentially occur.  For 24 
example, routine radiological surveys and monitoring, and the required data reviews, allow for 25 
early detection of abnormal situations (such as the gradual buildup of contaminated material on 26 
high-efficiency particulate air filters), which in turn allow for radiological control measures to be 27 
taken (e.g., replacement of the filters). 28 
 29 
 30 
7.4 ALARA POLICY AND PROGRAMS 31 
 32 
10 CFR 835 requires the ALARA concept to be implemented in the contractor’s radiological 33 
control program.  This requirement and process is implemented through HNF-5183 by work 34 
planning activities, radiological design reviews for major facility modifications, the ALARA 35 
Committee, and Joint Review Group activities.  The incorporation of ALARA practices and 36 
principles into radiological work is done in conjunction and concert with the ISMS. 37 
 38 
The ALARA process is an approach to radiological control that reduces and controls individual 39 
and collective radiation dose equivalent of the workforce and the public.  Management is 40 
committed to reducing safety or health risks in all activities associated with hazardous 41 
substances, including ionizing radiation.  Dose equivalents are maintained as far below the 42 
federal limits set by 10 CFR 835 as possible, considering technical, economic, practical, and 43 
policy constraints.  Management is responsible for promoting ALARA awareness and for 44 
maintaining radiation dose ALARA. 45 
 46 
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Management uses the following methods to achieve ALARA objectives: 1 
 2 

 Allocating the appropriate technical, administrative, and supervisory resources. 3 
 4 

 Appointing a system of ALARA committees to provide focus and direction for reducing 5 
radiation dose. 6 

 7 
 Appointing an ALARA coordinator to oversee and evaluate efforts and provide technical 8 

assistance to identify needed improvements. 9 
 10 

 Establishing and tracking ALARA goals considering the projected work scope and 11 
individual job functions. 12 

 13 
 Aggressively pursuing those activities, concepts, and methods, including cost/benefit 14 

analyses that result in compliance with ALARA goals and objectives. 15 
 16 

 Ensuring that preparations for high radiological consequence work include the use of 17 
equipment mockups, work area photos, and videotapes as appropriate, to minimize the 18 
working time required in the actual radiation and contamination fields. 19 

 20 
 Ensuring that radiological source accountability and control are maintained. 21 

 22 
Routine dosimetry reports can be used to flag employees who have exceeded or are projected to 23 
exceed Administrative Control Levels (ACL) or show organizational/individual dose totals.     24 
 25 
 26 
7.4.1 Radiological Work Planning 27 
 28 
Radiological work planning takes job-specific hazards and risk into account in determining the 29 
level of rigor to be applied in job planning, work performance, and special reviews, in 30 
accordance with the requirements contained in HNF-5183.  Radiological work is screened by 31 
RCO staff and sorted into categories of risk.  Higher risk work evolutions require an ALARA 32 
review documented in an ALARA management worksheet and radiological work permit (RWP).  33 
In addition, some higher risk/infrequent or first-time work activities are reviewed and approved 34 
by the Joint Review Group. 35 
 36 
 37 
7.5 RADIATION SAFETY TRAINING 38 
 39 
The TOC policies establish the requirements to ensure that personnel have the training to work 40 
safely in and around radiological areas and to maintain individual exposures to ionizing radiation 41 
ALARA.  Tank farm visitors receive training or are escorted by a trained and qualified 42 
employee.  Radiological training programs for the TOC are administered and maintained in 43 
accordance with the requirements of 10 CFR 835 and HNF-5183.  Completion of TOC 44 
radiological training is verified through the Access Control and Entry System (ACES).  45 
Employees accessing radiological areas must use ACES to gain access.  Personnel who are not 46 
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current in radiological training requirements will be flagged, and access will not be allowed.  1 
More information on ACES is provided in Section 7.6.2.4. 2 
 3 
 4 
7.5.1 Radiological Worker and General Employee 5 

Training 6 
 7 
The requirements for radiological worker and general employee training are found in HNF-5183.  8 
The TOC ensures that individuals receive appropriate training in radiological controls for their 9 
work assignments.  Individuals requiring unescorted access to radiologically controlled areas 10 
receive General Employee Radiological Training, while individuals requiring unescorted access 11 
to radiological areas receive radiological worker training and practical training stressing their 12 
responsibilities for safely working with radioactive materials.  The training emphasizes worker 13 
responsibilities, nature of radiological conditions, and methods for the control of exposure to 14 
ionizing radiation.  The training follows the DOE standardized core training materials.  The level 15 
of training is based on each employee’s category of involvement with radiological work and 16 
meets the requirements of 10 CFR 835, Subpart J, “Radiation Safety Training.”    17 
 18 
 19 
7.5.2 Radiological Control Personnel Training 20 
 21 
Radiological control personnel must be trained and meet the requirements according to the terms 22 
and conditions of 10 CFR 835, Subpart B, and HNF-5183.  Health physics technician (HPT) 23 
qualification consists of the standardized DOE core course training material, on-the-job training 24 
in accordance with the qualification standards of HNF-5183, a final comprehensive written 25 
examination, and an initial final oral examination board.  Individuals performing duties as HPTs 26 
are retrained and certified in accordance with DOE core course requirements every two years. 27 
 28 
 29 
7.6 RADIATION DOSE CONTROL 30 
 31 
Radiation dose controls protect workers against hazards associated with external exposure to 32 
ionizing radiation, the spread of contamination, and inhalation or ingestion of radioactive 33 
materials.  The controls maintain worker radiation dose ALARA.  The radiological ALARA 34 
practices at the tank farm facilities ensure that radiological work is conducted in a safe manner 35 
that minimizes dose, corresponds to applicable industry-wide good practices, and complies with 36 
applicable government regulations.    37 
 38 
The large outdoor contamination areas, which can be found throughout the TOC complex, pose 39 
minimal radiological risk.  However, the underground tanks, if improperly handled, present a 40 
significant radiological hazard.  The tank waste mainly comprises wastes produced from the 41 
processing of spent nuclear fuel.  To address this hazard, the TOC establishes detailed work 42 
processes that incorporate source reduction or engineered controls, ALARA evaluations, specific 43 
radiological monitoring, and careful placement of dosimetry. 44 
 45 
 46 
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7.6.1 Administrative Control Levels and Limits 1 
 2 
The TOC has adopted ACLs to keep doses ALARA and to minimize the possibility of exceeding 3 
personnel dose limits.  The TOC has established an annual whole-body dose ACL of 500 mrem.  4 
The ACLs are substantially below the federal regulatory limits and are multi-tiered with 5 
increasing levels of authority required to approve higher ACLs.  The DOE-ORP has established 6 
an ACL of 2.0 x 10-2 Sv/yr (2.0 x 103 mrem/yr) per person for all DOE activities and approval 7 
for exceeding this value can be obtained from the DOE-ORP Site Manager and program 8 
secretarial officer or designee (HNF-5183).  The ACLs are intended to limit the radiation doses 9 
received by individuals, but they are not intended to increase the collective dose received by all 10 
workers of the TOC.  In emergency conditions, exposure to elevated dose rates may be necessary 11 
to rescue personnel or protect property.  Emergency and planned special exposures to ionizing 12 
radiation may be authorized according to the provisions in 10 CFR 835.  These doses are not 13 
included in ACL determinations or Annual Dose Limit compliance, but are included in the 14 
affected individual’s occupational dose records in accordance with the provisions in 10 CFR 835. 15 
 16 
 17 
7.6.2 Radiological Practices 18 
 19 
The RCO ensures that radiological work is conducted in a safe manner that minimizes dose, 20 
corresponds to applicable industry-wide good practices, and complies with applicable 21 
regulations.  The technical work documents (procedures, work packages, RWPs, and/or ALARA 22 
reviews) ensure good radiological practices are identified.  As work progresses, radiological 23 
work activities are subject to reviews by the work supervisor, but any worker may initiate a 24 
review of the work or stop the work if conditions warrant such action.  Upon completion, 25 
radiological work activities are reviewed to identify radiological safety enhancements, when 26 
appropriate. 27 
 28 
7.6.2.1  Radiological Work Permits.  An RWP is an administrative mechanism used to 29 
document radiological controls for intended work activities.  An RWP informs workers of 30 
radiological conditions, specifies radiological limits and entry requirements, and provides a 31 
mechanism for medium and high-risk work to relate worker dose to specific work activities.  For 32 
the TOC, RWPs are governed by HNF-5183. 33 
 34 
7.6.2.2  Stoppage of Radiological Work.  The HPTs and their supervisors, line supervisors, and 35 
any worker, through the worker’s supervisor, have the authority and responsibility to stop 36 
radiological work activities for any of the following reasons: 37 
 38 

 Inadequate radiological control 39 
 Radiological control not being implemented 40 
 Radiological control hold point not being satisfied.  41 

 42 
The authority to stop radiological work must be exercised in a justifiable and responsible 43 
manner.  Once radiological work has been stopped, that work is not resumed until proper 44 
radiological control has been reestablished.  Resumption of radiological work that was stopped 45 
due to a radiological concern requires the approval of the line manager responsible for the work 46 
and the approval of RCO management. 47 
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 1 
7.6.2.3  Radiological Area Boundaries, Posting and Controls.  The radiological control 2 
posting program identifies radiological areas based on the radiological conditions.  The type of 3 
posting assigned to an area depends on actual or anticipated external radiation dose rates, the 4 
level of removable radioactive contamination, or the existence of airborne radioactive 5 
contaminants. 6 
 7 
Radiological signs are posted to identify controlled areas and to inform employees of the 8 
associated radiological hazards.  Labeling on containers of radioactive material and other 9 
radioactive items is required to provide information needed for radiological control and to 10 
prevent inadvertent transfer of radioactive materials to locations outside radiological areas.  11 
Criteria for radiological posting and labeling are provided in HNF-5183. 12 
 13 
7.6.2.4  Access Control and Entry System.  ACES is used to control access and ensure 14 
appropriate training for entry to all radiological areas.  ACES has been implemented to help 15 
ensure that individuals entering a radiological area have had training commensurate with the 16 
hazards of the workplace, have been informed of those hazards (i.e., have read and signed the 17 
RWP), have not exceeded the applicable radiological ACLs, and have the necessary dosimetry.  18 
ACES is linked to other Hanford Site databases that contain information concerning radiation 19 
dose, mask fits (respiratory protection), bioassays, physical examinations, and training.  ACES 20 
specifies the requirements for entry into work locations, for performance of work defined by the 21 
RWP.  When supplementary dosimetry is required by the RWP, the entry and exit readings of 22 
those dosimeters are tracked on ACES.   23 
 24 
7.6.2.5  Shielding.  Permanent and temporary shielding are used at the tank farm facilities.  25 
Permanent shielding is designed and controlled through facility configuration management and 26 
appears on facility drawings.  Permanent shielding is secured so that it is not readily removable.  27 
Permanent shielding includes the steel that comprises the tank walls and dome, the concrete in 28 
support structures (i.e., cover blocks), and the soil that surrounds and covers TOC components 29 
such as tanks and transfer lines. 30 
 31 
Temporary shielding (e.g., lead blankets, steel plates) is readily installed and removed and is 32 
employed for short-term dose reductions.  The design and use of temporary shielding are 33 
reviewed to prevent impacts to existing structures, systems, and components.  The use of 34 
temporary shielding and its placement, labeling, and surveillance are in accordance with 35 
HNF-5183. 36 
 37 
7.6.2.6  Contamination Control.  The primary means of containing the spread of radioactive 38 
contamination is containing contamination at its source.  This is accomplished by application of 39 
a hierarchy of controls, comprised primarily of physical design features and the use of 40 
engineered controls in the form of radiological containment devices.  Administrative controls are 41 
used to supplement control contamination methods. 42 
 43 
7.6.2.7  Personal Protective Equipment.  When engineering and administrative controls have 44 
been applied and the potential for worker exposure still exists, personal protective equipment 45 
(PPE) is used in accordance with the RWP that controls the specific task to reduce the possibility 46 
of worker exposure to radioactive materials.  PPE typically used includes gloves, coveralls, head 47 
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coverings, shoe covers, and respiratory protective equipment (Section 7.6.4).  Requirements for 1 
PPE are specified in work control documentation and/or RWPs, as applicable, and the 2 
requirements are discussed with tank farm workers when pre-job briefings are conducted.  In 3 
those instances when PPE is necessary to address both hazardous and radiological concerns, a 4 
job hazard analysis is performed as part of the work planning process.  The results of the job 5 
hazard analysis determine appropriate PPE. 6 
 7 
 8 
7.6.3 Dosimetry 9 
 10 
The dosimetry program has been implemented to record radiological doses to TOC workers and 11 
visitors.  Because the radiological hazards at the tank farms include external sources of radiation 12 
and the possibility of intakes of radioactive material, the dosimetry program contains both 13 
external and internal dosimetry components. 14 
 15 
7.6.3.1  External Dosimetry.  The external dosimetry program uses the Hanford External 16 
Dosimetry Program, which is administered by the Hanford Radiological Site Services (RSS) 17 
Contractor (Mission Support Alliance).  The program is supported by MSA-MA-842, Hanford 18 
External Dosimetry Technical Basis Manual, and is accredited by the DOE Laboratory 19 
Accreditation Program for personnel dosimetry.  Dosimeters used at the tank farm facilities 20 
include the Hanford standard dosimeter, Hanford extremity dosimeter, Hanford combination 21 
neutron dosimeter, and supplemental dosimeters. 22 
 23 
7.6.3.2  Internal Dosimetry.  The internal dosimetry program uses the Hanford Internal 24 
Dosimetry Project administered by the Hanford RSS Contractor.  The services of the Hanford 25 
Internal Dosimetry Project are documented in MSA-MA-552, Hanford Internal Dosimetry 26 
Program Manual.  The Hanford Internal Dosimetry Project is accredited by the DOE Laboratory 27 
Accreditation Program.  28 
 29 
The decision concerning which workers require what bioassay is made during the work planning 30 
process and documented on the RWP.  The RWP specifies the bioassay requirements based on 31 
the radiological work to be performed.  The bioassay requirements for radiological work 32 
performed for the TOC are based on the criteria contained in HNF-5183, and the facility source 33 
term report that is prepared in accordance with HNF-5183 and reviewed periodically.  For tank 34 
farm radiological workers, the minimum bioassay requirement is an annual whole-body count.  35 
Some specific work activities may require a strontium-90 or plutonium urinalysis based on 36 
source terms unique to a given task.  When necessary, nonroutine bioassays are performed. 37 
 38 
 39 
7.6.4 Respiratory Protection 40 
 41 
The first level of protection against airborne radioactive contaminants is provided by physical 42 
barriers and other engineered safeguards.  Administrative controls are employed if physical 43 
controls are impractical.  In cases where entry into areas of airborne contamination is 44 
unavoidable, worker protection is provided by using approved respiratory protection equipment 45 
according to a set of industry standard practices cited in TOC procedures.  Industrial hygiene 46 
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personnel have overall responsibility and authority for the respiratory protection program.  1 
Additional information is provided in Section 8.6.4.   2 
 3 
The respirators typically used for radiological control at the tank farm facilities include full face 4 
masks with particulate filtering cartridges, supplied air respirators, self-contained breathing 5 
apparatus, and air-line supplied air suits and hoods.  The type of respirator required is identified 6 
in the RWP or in the work package for multiple hazard jobs.    7 
 8 
 9 
7.7 RADIOLOGICAL MONITORING 10 
 11 
The radiological control program provides the basis for the routine monitoring of radiation and 12 
contamination levels at tank farm facilities.  HNF-5183, HNF-MP-5184, and 10 CFR 835 13 
mandate a formal program for radiological monitoring and surveys. 14 
 15 
 16 
7.7.1 Facility Monitoring or Surveying 17 
 18 
A program is in place for conducting required radiological surveillances in facilities and areas 19 
adjacent to those facilities.  Radiological survey tasks are performed to ensure consistent 20 
radiological survey surveillances are completed and documented.  Section 7.9 describes the 21 
radiological control record keeping program.  Survey tasks are performed regularly and the 22 
results are posted and stored.  The survey information is used to: 23 
 24 

 Demonstrate compliance with the requirements of HNF-5183 and HNF-MP-5184 25 
 26 

 Document radiological conditions 27 
 28 

 Detect changes in radiological conditions 29 
 30 

 Detect the gradual buildup of radioactive material 31 
 32 

 Verify the effectiveness of engineering and process controls when containing radioactive 33 
material and reducing radiation dose 34 

 35 
 Identify and control potential sources of individual exposure to ionizing radiation or 36 

radioactive material 37 
 38 

 Demonstrate compliance with regulatory requirements for control of radioactive airborne 39 
emissions (Publication Number 00-05-06, “Hanford Site Air Operating Permit,” and 40 
Notice of Construction conditions) 41 

 42 
 Ensure tank farms are properly posted to identify radiological hazards 43 

 44 
 Verify adequacy of existing RWPs. 45 

 46 
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The survey task descriptions describe the location and the type of survey needed, indicate the 1 
required frequency (which could range from once per shift to annually), list required 2 
instrumentation (as described in Section 7.8), and list action levels that would require corrective 3 
action.  The RCO at the tank farm facilities is required to ensure that the radiological survey 4 
reports are properly completed, reviewed, and compiled.  The reports are used to identify trends 5 
in radiological conditions and to determine whether any conditions warrant corrective actions.  6 
The monitoring results are also made available to line management for use in support of pre-job 7 
planning and post-job evaluations, for ALARA planning, and for management of radiological 8 
control operations.    9 
 10 
Air sampling is performed in occupied areas where, under normal operating conditions, a person 11 
is likely to receive an annual intake of 2% or more of the 10 CFR 835 specified annual limit of 12 
intake values (40 derived air concentration-hours).  An annual intake of 2% of a specified annual 13 
limit of intake generally represents a committed effective dose equivalent of approximately 14 
1.0 x 10-3 Sv (1.0 x 102 mrem) to a person.  The data derived from air sampling is used to 15 
evaluate the contamination and radiological control practices and to track and trend long-term 16 
variations in airborne radioactivity levels.  Real-time air monitoring (continuous air monitors) is 17 
used when necessary to detect and provide warning of airborne radioactivity concentrations that 18 
warrant immediate action to terminate inhalation of airborne material.  Real-time air monitoring 19 
equipment is installed where unexpected increases in airborne radioactivity levels, should they 20 
occur, are likely to result in an exposure exceeding 40 derived air concentration-hours in one 21 
week (10 CFR 835). 22 
 23 
HNF-5183 specifies that routinely occupied areas adjacent to areas where ionizing radiation or 24 
operations with ionizing radiation exist must be monitored to ensure that the number of areas 25 
requiring the issuance of personnel dosimeters is minimized and to demonstrate that doses 26 
outside radiological areas are negligible.  The TOC has established an area dosimetry program to 27 
accomplish this monitoring.  The program uses area dosimeters strategically mounted in 28 
locations that will adequately characterize the area and requires a change out frequency that will 29 
ensure monitoring is current. 30 
 31 
7.7.2 Operational Monitoring of Workers 32 
 33 
Workers entering radiological areas must wear personnel dosimeters (Section 7.6.3.1) that 34 
provide the occupational doses of record for the worker and for the organization.  The dosimeters 35 
of record cannot provide real-time indications of dose, so a supplemental dosimeter 36 
(Section 7.6.3.1) is worn in situations where a real-time personnel dose monitoring is desired.  37 
Portable instruments are also used in tank farm facilities to establish real-time dose rates and are 38 
further described in Section 7.8. 39 
 40 
Contamination areas in tank farm facilities are surveyed routinely.  These routine surveys and 41 
pre-job surveys provide a baseline understanding of the potential for contamination spread, 42 
which is used for planning work.  HNF-5183 requires specific monitoring immediately before, 43 
during, and after radiological work.  Approved personnel survey instructions are posted at all 44 
radiological exits requiring personnel surveys to ensure that contamination is not translocated out 45 
of the radiological area.  Tank farm workers use automated (e.g., ARGOS-5AB PCM) or 46 
portable contamination monitors (e.g., handheld portable “friskers”) to survey themselves when 47 
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leaving a contamination area or radiological buffer area.  RCTs perform surveys when the 1 
personnel using automated or portable contamination monitoring instruments identify possible 2 
contamination. 3 
 4 
Airborne contamination in the workplace is routinely monitored as described in Section 7.7.1.  5 
To support personnel entries into areas with suspected airborne contamination, air sampling may 6 
be performed to characterize the possible airborne contamination in a work area.  Air sampling 7 
may be performed as part of job preparation, during the job, or following the job.   8 
 9 
7.7.3 Detection of Material Released External to the 10 

Tank Farm Facilities 11 
 12 
The tank farms have many outdoor radiological areas, and there is potential for releases to the 13 
environment or external to a facility.  Routine surveys are performed of the areas adjacent to the 14 
tank farm facilities.  These surveys are performed in accordance with HNF-5183. 15 
 16 
Known release points, monitored within the tank farm facilities, are addressed by Hanford Site 17 
environmental services.  The Hanford Meteorological Data Collection System is operated by 18 
staff from the Pacific Northwest National Laboratory.  The monitoring network and parameters 19 
monitored are discussed in PNL-6684, The Data Collection Component of the Hanford 20 
Meteorological Monitoring Program (also see Chapter 1.0).   21 
 22 
 23 
7.8 RADIOLOGICAL CONTROL 24 

INSTRUMENTATION 25 
 26 
Radiation detection instrumentation is used to implement the radiological monitoring program 27 
and to ensure that exposures to ionizing radiation and contamination are kept ALARA.  A variety 28 
of instruments is available for surveying areas, measuring surface and personnel contamination, 29 
and measuring air concentrations during both routine and off-normal conditions.  The RCO uses 30 
the Radiation and Health Technology (R&HT) instrument program administered by the Hanford 31 
RSS Contractor in accordance with MSA-MA-563, Radiation Instrument Calibration, for most 32 
portable instruments, and TOC Maintenance calibrates most fixed instruments in accordance 33 
with approved procedures. 34 
 35 
 36 
7.8.1 Selection and Placement Criteria for 37 

Instruments 38 
 39 
The Hanford Instrument Evaluation Committee provides sitewide criteria for selection, 40 
examination, and testing of portable radiological control equipment and instrumentation, 41 
following the guidance of ANSI N42.17A, Performance Specifications for Health Physics 42 
Instrumentation –Portable Instrumentation for Use in Normal Environmental Conditions, and 43 
ANSI N42.17B, Performance Specifications for Health Physics Instrumentation–Occupational 44 
Airborne Radioactivity Monitoring Instrumentation.   45 
 46 
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The selection of specific instruments and their initial placement are the responsibilities of the 1 
RCO.  For new facilities, information about facility layout, location of radioactive materials (and 2 
their estimated quantities), and designed airflow patterns are used to determine the initial layout 3 
of the fixed monitoring instrumentation.  Locations for fixed instruments (e.g., installed 4 
workplace air samplers or monitors and area radiation monitors) are reviewed periodically for 5 
adequacy.  Operating and calibration procedures for instruments are prepared and incorporated 6 
into the appropriate procedure manuals.   7 
 8 
 9 
7.8.2 Instrument Calibration 10 
 11 
Currently, R&HT is responsible for calibration of portable radiation measurement instrument and 12 
direct reading/electronic dosimeters.  The facility maintenance organization is responsible for the 13 
calibration and maintenance of fixed instrumentation, with functional testing performed by the 14 
facility RCO.  Calibration procedures for portable radiation measurement instruments and direct 15 
reading and electronic dosimeters are developed by the Hanford RSS Contractor.  These 16 
procedures include frequency of calibration, precalibration, and calibration record.  Portable 17 
instruments are calibrated at a Hanford RSS-operated National Institute of Standards and 18 
Technology (NIST) traceable calibration facility.  Between calibrations, standard radiation 19 
sources are used to perform functional tests of instruments in the field.  TOC Maintenance also 20 
uses NIST traceable standards when performing instrument calibrations. 21 
 22 
 23 
7.8.3 Quality Assurance for Calibration and 24 

Maintenance 25 
 26 
R&HT is operated within the Hanford RSS Contractor quality assurance program.  The oversight 27 
provided by the Hanford Instrument Evaluation Committee in the selection of radiological 28 
instrumentation ensures that appropriate instrumentation is used for radiological control 29 
applications.  Radiological instruments are selected to be appropriate for the field conditions and 30 
environment in which they are expected to operate, and they are used to measure only the 31 
radiation for which their calibrations are valid.  Calibrations are performed by R&HT using 32 
NIST traceable standards and procedures developed for each radiological instrument type in 33 
compliance with the requirements of ANSI N323-1978, Radiation Protection Instrumentation 34 
Test and Calibration.  TOC Maintenance operates within the TOC quality assurance program. 35 
 36 
A program for preventive and corrective maintenance of portable radiological instruments is 37 
described in MSA-MA-562, Radiation Protection Instrument Manual.  The components and 38 
procedural recommendations used for preventive and corrective maintenance are at least as 39 
stringent as those specified by the manufacturer.  After any preventive or corrective maintenance 40 
or any adjustment that voids the previous calibration, radiological instruments undergo 41 
calibration before use.  TOC Maintenance procedures describe preventive and corrective 42 
maintenance for fixed radiological instruments. 43 
 44 
 45 
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7.9 RADIOLOGICAL CONTROL RECORD 1 
KEEPING 2 

 3 
The records that relate to radiation doses received by TOC radiological workers are maintained 4 
by the Hanford Radiological Records Project administered by the Hanford RSS Contractor.  This 5 
project is documented in MSA-MA-553, Hanford Radiological Records Project Manual.  6 
Records applicable to the purchased radiological control instruments are retained in project files, 7 
purchase requisitions files, and R&HT instrument evaluation files.  Other radiological control 8 
records that relate to the operation of the radiological control program (e.g., RWPs, ALARA 9 
reviews, radiological surveys, and assessments) are maintained by the TOC RCO according to 10 
procedure. 11 
 12 
 13 
7.10 OCCUPATIONAL RADIATION EXPOSURES 14 
 15 
DOE radiation exposure guidelines are provided and apply to occupational exposure to ionizing 16 
radiation, which excludes exposure to ionizing radiation from medical, dental, and natural 17 
background sources.  Collective dose levels have been low, increasing only with increases in 18 
levels of work activity.  The number of contamination incidents also has been low.  Only minor 19 
internal depositions have been recorded, and no doses exceeding regulatory limits have been 20 
recorded.    21 
 22 
 23 
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8.0 HAZARDOUS MATERIAL PROTECTION 1 
 2 
 3 
It is Tank Operations Contractor (TOC) policy to conduct its hazardous material protection 4 
activities in a way that ensures the health and safety of employees, subcontractors, and the 5 
public, and the protection of the environment.  Consistent with this, the TOC has implemented an 6 
Integrated Environment, Safety, and Health Management System (ISMS) to systematically 7 
integrate environment, safety, health, and quality into the work processes within the three 8 
business levels (company, facility, and activity).  Total environment, safety, health, and quality 9 
integration enables the assigned missions to be efficiently and effectively accomplished while 10 
protecting the workers, the public, and the environment, and it is embodied in the overall ISMS 11 
objective to “Do Work Safely.”  Refer to RPP-MP-003, Integrated Environment, Safety, and 12 
Health Management System Description for the Tank Operations Contractor, for a detailed 13 
description of the ISMS. 14 
 15 
 16 
8.1 INTRODUCTION 17 
 18 
This chapter summarizes provisions for hazardous material protection other than radiological 19 
hazards.  The summaries provide a basic understanding of the scope of the TOC hazardous 20 
material protection program.  The TOC conducts its hazardous material operations in a way that 21 
ensures the health and safety of all its employees, subcontractors, and the public, and ensures the 22 
protection of the environment.  Included in this chapter are descriptions of the following: 23 
 24 

 Hazardous material protection program and organization 25 
 26 

 Hazardous material policy and program 27 
 28 

 Hazardous material exposure controls, including identification of hazardous material, 29 
administrative limits, occupational medical program, and respiratory protection 30 

 31 
 Hazardous material monitoring to protect workers, the public, and the environment 32 

 33 
 Hazardous material protection instrumentation 34 

 35 
 Plans and procedures for maintaining records on hazardous material, hazard 36 

communication, and occupational exposures. 37 
 38 
 39 
8.2 REQUIREMENTS 40 
 41 
TFC-PLN-100, Requirements Basis Document, provides the ISMS flow-down of requirements 42 
from codes, standards, regulations, DOE orders, and DOE directives as applicable to the TOC.  43 
TFC-PLN-47, Worker Safety and Health Program, has been approved by DOE-ORP as meeting 44 
the requirements of 10 CFR 851, “Worker Safety and Health Program,” and describes the TOC 45 
safety and health elements.  TFC-ESHQ-S_SAF-CD-11, Worker Safety and Health Program 46 
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Requirements Implementation Matrix, provides the links between TOC safety and health 1 
procedures and the requirements of 10 CFR 851. 2 
 3 
 4 
8.3 HAZARDOUS MATERIAL PROTECTION 5 

PROGRAM AND ORGANIZATION 6 
 7 
The TOC hazardous material protection program implements 10 CFR 851, Worker Safety and 8 
Health Program and is described in TFC-PLN-47.  TFC-POL-14, WRPS Safety and 9 
Occupational Health and TFC-POL-16, Integrated Safety Management System Policy, ensure 10 
that exposures to hazardous materials are maintained below regulatory limits.  The terms 11 
“industrial safety program” and “industrial hygiene program” used throughout the tank farms 12 
safety basis (i.e., this documented safety analysis; HNF-SD-WM-TSR-006, Tank Farms 13 
Technical Safety Requirements; and supporting documents) refer to the respective subsections of 14 
TFC-PLN-47.  The technical philosophies used as the basis for the hazardous materials 15 
protection program include: 16 
  17 

 An established safety and health program, used to accomplish work 18 
 19 

 Procedures that describe controls to minimize or eliminate exposure to hazardous 20 
materials 21 

 22 
 Use of appropriate personnel protective equipment 23 

 24 
 Employees trained to recognize potential hazards, take safety precautions, and understand 25 

the consequences and the actions to take in the event of injury, illness, or incident 26 
 27 

 A work environment monitored to obtain personnel and area exposure data. 28 
 29 
The hazardous material protection program provides for the recognition, evaluation, and control 30 
of occupational health hazards originating from chemical, biological, and physical agents 31 
(excluding ionizing radiation).  This program establishes a preventive approach to health 32 
protection and seeks to ensure a safe workplace for employees and subcontractor employees. 33 
 34 
The responsibility for developing and maintaining the hazardous material protection program is 35 
assigned to the TOC Environmental, Safety, Health, and Quality (ESH&Q) organization.  The 36 
hazardous material protection program is supported by qualified safety and hygiene 37 
professionals.  Occupational health care is provided by the 10 CFR 851 approved Hanford Site 38 
Occupational Medical Contractor, a prime contractor to the DOE-RL, which has qualified 39 
medical practitioners. 40 
 41 
These professionals provide technical services and consultation to line managers who are 42 
responsible for implementing the requirements of the hazardous material protection program.  43 
 44 
These professionals are also actively involved in the development and review of procedures and 45 
work documents to mitigate the effects of hazardous materials that are utilized in environmental, 46 
emergency, or waste disposal activities.  Industrial hygiene professionals act as chemical hazard 47 
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assessors in emergency operations, working with the emergency preparedness department to 1 
ensure emergency responders understand the nature of chemical hazards and are sufficiently 2 
protected.  Industrial hygiene professionals identify and control hazardous chemicals contained 3 
in low-level, hazardous, and mixed low-level waste streams at the TOC facilities.  The 4 
professional staff qualifications are discussed in Section 8.5.  Staffing levels are established 5 
based on the TOC mission.   6 
 7 
 8 
8.4 ALARA POLICY AND PROGRAM  9 
 10 
The hazardous material protection program ensures that exposures to hazardous materials are 11 
below regulatory limits and where possible additional controls are in place to further reduce 12 
exposures to a level as low as reasonable achievable (ALARA).   13 
 14 
ALARA concepts are employed at the tank farms for hazardous material protection.  The goal of 15 
the safety and health program is to reduce the level of hazardous materials and the effects of 16 
those materials at the source, and thereby mitigate any effects on workers, the environment, or 17 
the public.  ALARA also ensures that exposures are kept to the lowest levels and within the 18 
limits set by governing authorities (i.e., Occupational Safety and Health Administration [OSHA] 19 
permissible exposure limits and American Conference of Governmental Industrial Hygienists 20 
threshold limit values, internally defined occupational exposure limits, and DOE directives).  21 
Procedures, instructions, and standards ensure exposures are kept to a minimum based on the 22 
requirements and provisions of DOE orders, OSHA regulations, national consensus industrial 23 
hygiene standards, and recommended practices.  The industrial hygiene programs pertaining to 24 
hazardous material protection at the TOC facilities utilize elimination/substitution of materials, 25 
engineered controls and features, administrative controls, and personal protective equipment. 26 
 27 
To minimize the use of, and exposure to, hazardous materials, purchase requisitions are reviewed 28 
for products that contain or that may result in the production of hazardous chemicals.  Where 29 
possible, less hazardous materials are substituted.  In addition, the TOC oversees contractor and 30 
subcontractor construction activities at TOC facilities to minimize exposures to hazardous 31 
materials through worksite inspections.   32 
 33 
 34 
8.5 HAZARDOUS MATERIAL PROTECTION 35 

TRAINING 36 
 37 
TOC employees receive Hanford General Employee Training, which includes training on the 38 
hazards associated with their jobs and on how to protect themselves from hazardous materials.  39 
Personnel who work directly with hazardous materials systems receive additional training for 40 
these jobs, including:  24-hr Hazardous Waste Operations and Emergency Response training, 41 
Tank Farm Orientation, Waste Handling Segregation and Packaging, and Building Emergency 42 
Plan Training.  Managers who supervise field work complete a qualification card with specific 43 
training on the systems in the hazardous materials area. 44 
 45 
Safety and health professionals complete the Industrial Safety Qualification Card or the 46 
Industrial Hygiene Qualification Card or equivalent.  These qualification cards define the 47 
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educational and experience requirements for these positions as well as the specific prerequisite 1 
training courses and core task competencies required.  Safety and health professionals are trained 2 
and experienced in the anticipation, recognition, evaluation, and control of hazardous materials 3 
exposure to ensure their ability to protect worker health and safety.  Periodic requalification and 4 
continuing training is required for safety and health professionals.   5 
 6 
 7 
8.6 HAZARDOUS MATERIAL EXPOSURE 8 

CONTROL 9 
 10 
This section summarizes the plans and procedures for controlling occupational exposures to 11 
hazardous materials and the spread of hazardous material contamination. 12 
 13 
 14 
8.6.1 Hazardous Material Identification Program 15 
 16 
TFC-PLN-47 provides for identifying, evaluating, and controlling chemical, physical, biological, 17 
or safety hazards in the workplace. 18 
 19 
Industrial hygienists provide technical expertise to line managers regarding occupational safety 20 
and health hazards and methods to identify, evaluate, and control exposure to material hazards 21 
associated with the work activities.  The procurement of products that contain hazardous 22 
chemicals are reviewed and approved as described in the TOC Procurement Services and 23 
ESH&Q procedures.  Industrial hygiene personnel review applicable work control documents to 24 
identify potential material hazards.  These reviews consider employee health risks, effectiveness 25 
of controls, special regulatory requirements, and additional employee training requirements.  26 
Engineering control measures, process changes, or substitution of less toxic materials to 27 
minimize or eliminate exposure to hazards are recommended as appropriate.  These 28 
recommendations are incorporated in the work control instructions and may include 29 
administrative controls and personal protective equipment to supplement engineering controls.   30 
 31 
 32 
8.6.2 Administrative Limits 33 
 34 
In accordance with 10 CFR 851, employee exposures to hazardous materials are maintained 35 
below the American Conference of Governmental Industrial Hygienists threshold limit values, 36 
OSHA permissible exposure limits, and applicable American National Standards Institute 37 
standards.  When exposure limits defined by the various agencies conflict, the more restrictive 38 
limit is used. 39 
 40 
The primary toxicological agents that may be present in tank farms operations are found in tank 41 
waste vapors.  Incidental exposure to other toxicological agents may occur during painting 42 
activities, the handling of elemental lead shielding, minor asbestos-containing material removal, 43 
and working in areas that previously stored beryllium-containing tools.  The administrative 44 
control limits for these agents are as specified by the above noted agencies. 45 
 46 
 47 
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8.6.3 Occupational Medical Program 1 
 2 
The TOC occupational medical program minimizes the risk of injury and illness and, in 3 
conjunction with the 10 CFR 851 approved Hanford Site Occupational Medical Contractor, 4 
provides the following:  5 
 6 

 Medical surveillance guidelines for chemical and physical agents that do not have 7 
nationally recognized or regulatory requirements 8 

 9 
 Periodic visits to worksites and facilities to become familiar with employee job tasks, 10 

worksite environments, and related health hazards 11 
 12 

 Pre-placement, periodic, and OSHA-required health examinations as defined in the 13 
Employee Job Task Analysis completed for every employee 14 

 15 
 Medical history and health examination records 16 

 17 
 Personnel and facilities readily available to employees for diagnosis, treatment, 18 

assessment, advice, and consultation on matters of occupational health 19 
 20 

 Physical examinations, medical evaluations, and medical surveillance (including bioassay 21 
as appropriate) commensurate with workplace activities or exposures. 22 

 23 
 24 
8.6.4 Respiratory Protection 25 
 26 
The first levels of protection against hazardous materials are provided by elimination/ 27 
substitution of material, physical barriers, and engineered safeguards.  Administrative controls 28 
are employed if these controls are not feasible or are ineffective.  In cases where entry into areas 29 
of airborne material hazards is unavoidable, worker protection is provided by respiratory 30 
protection equipment according to industry standard practices defined in the TOC ESH&Q 31 
procedures.  32 
 33 
The respiratory protection program administrator, as defined by 29 CFR 1910.134, is a qualified 34 
industrial hygienist responsible for providing direction on the use of respirators.  An evaluation 35 
of the program is performed at least annually in accordance with ANSI Z88.2, Respiratory 36 
Protection. 37 
 38 
The respirators typically used at the tank farm facilities include full face masks with combination 39 
cartridges, supplied air respirators, self-contained breathing apparatus, and powered air purifying 40 
respirators with full-face or hoods.  The type of respirator required is identified in the work 41 
instructions.  Respirators are issued to personnel who are medically qualified, fitted, and trained 42 
to wear a respirator.  Only respirators that have been approved by the National Institute for 43 
Occupational Safety and Health are used. 44 
 45 
The inspection and maintenance of respiratory protection equipment are defined in the TOC 46 
ESH&Q procedures.  Respirator cleaning and disinfection are conducted by contract services.  47 
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The respirator issuer and user have procedurally defined responsibilities for inspection prior to 1 
use. 2 
 3 
Personnel who use respiratory equipment receive a medical evaluation and are formally trained 4 
and qualified in the use of respiratory equipment.  Industrial hygiene personnel determine the 5 
respiratory protection application for nonradiological hazards under normal, abnormal, and 6 
accident conditions. 7 
 8 
 9 
8.7 HAZARDOUS MATERIAL MONITORING 10 
 11 
TOC safety and health plans, procedures, instructions, and guidance documents provide the 12 
bases and operational criteria for hazardous material monitoring and sampling, including its 13 
extent and frequency. 14 
 15 
Workplaces and operations are surveyed to identify and quantify potential health hazards and 16 
evaluate them per approved procedures and as required by 10 CFR 851.  TOC procedures 17 
provide the requirements for establishing the parameters and the regular performance of 18 
workplace surveys. 19 
 20 
Exposure levels for nonradiological contaminants are determined from area and personnel 21 
monitoring and sampling activities.  Monitoring results identify and quantify potential health 22 
hazards and verify the effectiveness of implemented controls.  Hazards surveyed include 23 
chemical, physical, and biological hazards.  Once the degree of hazard has been assessed, 24 
appropriate control measures are specified in the job hazard analysis.  Workplaces are 25 
periodically evaluated to ascertain the effectiveness of implemented controls and to ensure that 26 
new hazards have not arisen.  The monitoring instruments and sampling devices have a known, 27 
demonstrated accuracy, confirmed by periodic calibration. 28 
 29 
TOC worker potential chemical exposures are recorded in the Tank Farm Industrial Hygiene 30 
Database.  31 
 32 
 33 
8.8 HAZARDOUS MATERIAL PROTECTION 34 

INSTRUMENTATION 35 
 36 
The industrial hygiene program uses direct reading instrumentation or laboratory analysis of 37 
collected personal and area samples to effectively monitor chemical, biological, and physical 38 
agents that could pose a health risk to employees.  Workplace hazards requiring the use of 39 
monitoring instruments include, but are not limited to, gases, vapors, dusts, fumes, and oxygen 40 
deficient and flammable atmospheres.  TFC-PLN-47 identifies the monitoring strategy and 41 
procedures related to portable instrumentation, detectors, and monitors and discusses their usage 42 
and main features.  The number of instruments, their ranges and their sensitivities are determined 43 
based upon industrial hygiene best practices for use in the anticipated hazardous environments.  44 
Instrumentation is also provided to evaluate the effectiveness of engineering controls.     45 
 46 
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Instruments are selected by a qualified industrial hygienist based upon the hazardous material 1 
being monitored and the monitoring purpose (baseline, personal monitoring during the work 2 
activity, or source monitoring for source identification and reduction).  Instruments and sampling 3 
media used for personal monitoring are placed in such a way to obtain a breathing zone 4 
reading/sample.  Area sampling is performed by instruments and sampling media placed in a 5 
location that will be convenient and safe for equipment operation over a specified duration 6 
(minutes to days).  Only an industrial hygienist, or a trained technician under the supervision of 7 
an industrial hygienist, may perform instrument operations.   8 
 9 
Instruments are calibrated by the Hanford Central Site Services in accordance with their quality 10 
assurance programs.  In cases where daily field calibrations or functional checks are required 11 
before use, they are performed by an industrial hygienist or technician working under the 12 
direction of an industrial hygienist.  Proper calibration and use of these instruments is essential to 13 
determine employee exposure and the effectiveness of engineering controls.  Details on 14 
frequency and methods of instrument use and calibration are defined in TOC and Hanford 15 
Central Site Services procedures and vendor data. 16 
 17 
 18 
8.9 HAZARDOUS MATERIAL PROTECTION 19 

RECORD KEEPING 20 
 21 
Hazardous material exposure records are maintained to document the existence of potential 22 
hazards and the degree of hazards encountered in the facility and operations.  23 
TFC-ESHQ-IH-STD-03, Exposure Monitoring, Reporting, and Records Management, details the 24 
control and retention of monitoring and sampling records and ensures that they are approved for 25 
release by authorized personnel and are distributed to and used at the locations where required 26 
and when needed. 27 
 28 
Industrial hygiene monitoring data resides on the Tank Farm Industrial Hygiene Database.  The 29 
site medical contractor maintains a medical record of biological results (except for internal 30 
radiological dosimetry) that directly assesses exposure to toxic substances for each employee. 31 
 32 
 33 
8.10 HAZARD COMMUNICATION PROGRAM 34 
 35 
Chemical inventories are maintained at the Employee Right-To-Know Stations and are 36 
summarized each year in the SARA/EPCRA 3R Chemical Inventory Report (Public 37 
Law 99-499). 38 
 39 
The TOC hazard communication program, defined in the TOC ESH&Q procedures, implements 40 
the requirements of 29 CFR 1910.120, 29 CFR 1910.1200, and 10 CFR 851 by ensuring that the 41 
hazards of chemicals used at facilities are evaluated, and that information concerning their 42 
hazards is available to employees.  Four primary areas are emphasized to ensure that employees 43 
are informed of the hazards associated with chemicals in their workplace: 44 
 45 
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 Hazardous Chemical Lists – A list of hazardous chemicals that identifies hazardous 1 
chemicals used within the facility.  Copies of this list are placed in Employee Right-To-2 
Know Stations that are prominently located in employee work areas. 3 

 4 
 Material Safety Data Sheets – Documents that provide employees with product 5 

information such as hazardous properties, health effects, and procedures for safe 6 
handling.  Material Safety Data Sheets are maintained for each hazardous chemical used 7 
by the TOC.  Copies of these Material Safety Data Sheets are placed in Employee Right-8 
To-Know Stations that are prominently located in employee work areas and are available 9 
electronically. 10 

 11 
 Labeling of Hazardous Material Containers – Hazardous materials used by the TOC are 12 

labeled with the name of the material and appropriate hazard warnings. 13 
 14 

 Education and Training – Hazard communication training is provided to employees 15 
exposed to hazardous materials. 16 

 17 
 18 
8.11 OCCUPATIONAL CHEMICAL EXPOSURES 19 
 20 
TFC-PLN-34, Industrial Hygiene Exposure Assessment Strategy, identifies the policies and 21 
procedures by which the TOC occupational chemical exposure program requirements are 22 
implemented.  This program ensures that annual occupational exposures from hazardous 23 
materials are estimated and recorded for each worker. 24 
 25 
The TOC chemical exposure program ensures that exposures to hazardous agents are controlled 26 
to levels below the limits defined by the American Conference of Governmental Industrial 27 
Hygienists, OSHA, and other applicable standards as defined by DOE.  A job hazard analysis is 28 
performed to assess the potential for personnel exposure to chemical hazards for each activity.  29 
As part of the job hazard analysis, the work environment may be monitored to obtain personnel 30 
and area exposure data.  Based on historical facility data, hazardous material exposure has been 31 
below conservative Action Limits prescribed in TFC-PLN-34, which are more restrictive than 32 
regulatory limits.  Future exposures are expected to remain below the program limits.   33 
 34 
 35 
8.12 REFERENCES 36 
 37 
10 CFR 851, “Worker Safety and Health Program,” Code of Federal Regulations, as amended. 38 
 39 
29 CFR 1910, “Occupational Safety and Health Standards,” Code of Federal Regulations, as 40 

amended. 41 
 42 
ANSI Z88.2, 1992, Respiratory Protection, American National Standards Institute, New York, 43 

New York. 44 
  45 
HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements, as amended, Washington 46 

River Protection Solutions LLC, Richland, Washington.47 
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 1 
Public Law 99-499, Superfund Amendments and Reauthorization Act (SARA): Includes SARA 2 

Title III, Emergency Planning and Community Right-to-Know Act (EPCRA), 3 
42 U.S.C 11001, et seq. 4 

 5 
RPP-MP-003, Integrated Environment, Safety, and Health Management System Description for 6 

the Tank Operations Contractor, as amended, Washington River Protection Solutions 7 
LLC, Richland, Washington. 8 

  9 
TFC-ESHQ-IH-STD-03, Exposure Monitoring, Reporting, and Records Management, as 10 

amended, Washington River Protection Solutions LLC, Richland, Washington. 11 
 12 
TFC-ESHQ-S_SAF-CD-11, Worker Safety and Health Program Requirements Implementation 13 

Matrix, as amended, Washington River Protection Solutions LLC, Richland, Washington. 14 
 15 
TFC-PLN-34, Industrial Hygiene Exposure Assessment Strategy, as amended, Washington River 16 

Protection Solutions LLC, Richland, Washington. 17 
 18 
TFC-PLN-47, Worker Safety and Health Program, as amended, Washington River Protection 19 

Solutions LLC, Richland, Washington. 20 
 21 
TFC-PLN-100, Requirements Basis Document, as amended, Washington River Protection 22 

Solutions LLC, Richland, Washington. 23 
  24 
TFC-POL-14, WRPS Safety and Occupational Health, as amended, Washington River Protection 25 

Solutions LLC, Richland, Washington. 26 
 27 
TFC-POL-16, Integrated Safety Management System Policy, as amended, Washington River 28 

Protection Solutions LLC, Richland, Washington. 29 
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9.0 RADIOACTIVE AND HAZARDOUS WASTE MANAGEMENT 1 
 2 
 3 
 4 
It is Tank Operations Contractor (TOC) policy to conduct radioactive and hazardous waste 5 
management activities in a way that ensures the health and safety of employees, subcontractors, 6 
and the public, and the protection of the environment.  Consistent with this, the TOC has 7 
implemented an Integrated Environment, Safety, and Health Management System (ISMS) to 8 
systematically integrate environment, safety, health, and quality into the work processes within 9 
the three business levels (company, facility, and activity).  Total environment, safety, health, and 10 
quality integration enables the assigned missions to be efficiently and effectively accomplished 11 
while protecting the workers, the public, and the environment, and it is embodied in the overall 12 
ISMS objective to “Do Work Safely.”  Refer to RPP-MP-003, Integrated Environment, Safety, 13 
and Health Management System Description for the Tank Operations Contractor, for a detailed 14 
description of the ISMS. 15 
 16 
 17 
9.1 INTRODUCTION 18 
 19 
The TOC waste management program is focused on the protection of workers, the public, and 20 
the environment from hazards associated with managing tank farm secondary waste.  This is 21 
accomplished by complying with governing laws/regulations, permits, and compliance 22 
agreements.   23 
 24 
This chapter describes the generation, handling, and storage of secondary solid waste at the tank 25 
farms.  These wastes include radioactive, hazardous, nonregulated, and recyclable materials 26 
generated during operations, maintenance, cleanup, upgrades, waste retrieval, and tank closure.  27 
Radioactive waste at the tank farms is regulated by the U.S. Department of Energy (DOE).  28 
Hazardous waste is nonradioactive and is regulated by the U.S. Environmental Protection 29 
Agency and the State of Washington Department of Ecology.  Mixed waste contains both 30 
hazardous and radioactive constituents.  The hazardous portion of mixed waste is regulated under 31 
the U.S. Environmental Protection Agency and the State of Washington Department of Ecology 32 
regulations, and the radioactive portion is regulated under the DOE regulations. 33 
 34 
 35 
9.2 REQUIREMENTS 36 
 37 
The DOE, Office of River Protection has approved, TFC-PLN-100, Requirements Basis 38 
Document, which lists the requirements for tank farm facilities, operations, and activities.  39 
TFC-PLN-100 includes the design codes, standards, regulations, and DOE directives required for 40 
establishing the safety basis for the tank farms, including the requirements specific to this 41 
chapter.   42 
 43 
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9.3 RADIOACTIVE AND HAZARDOUS WASTE 1 
MANAGEMENT PROGRAM AND 2 
ORGANIZATION 3 

 4 
Plans and programs are developed to ensure that worker exposures are maintained consistent 5 
with the As Low As Reasonably Achievable (ALARA) philosophy.  The TOC strives to 6 
minimize the quantity of waste generated, to clearly identify waste so that proper protective 7 
measures can be taken, and to minimize the potential for combining or storing incompatible 8 
waste or inadvertently creating mixed waste. 9 
 10 
The TOC Environmental Programs organization has the overall authority and responsibility for 11 
environmental regulatory issues.  The waste management organization is responsible for the 12 
proper handling, storage, treatment, and disposal of solid waste in the tank farms.  13 
 14 
The protection of personnel from radiological exposure is subject to the requirements of 15 
10 CFR 835, “Occupational Radiation Protection.”  Radiological work performed at tank farms 16 
is conducted in accordance with HNF-5183, Tank Farms Radiological Control Manual 17 
(TFRCM).  The Radiological Control Manual (RCM) contains applicable DOE and TOC 18 
requirements concerning radiation protection.  These requirements are implemented through 19 
standard operating procedures and practices specific to each waste type.  The RCM provides 20 
allowable external radiation exposure limits that vary according to the waste type.  Adherence to 21 
these limits provides protection against excessive radiation exposure. 22 
 23 
Protection of personnel from hazardous waste is subject to federal and state regulations and DOE 24 
orders.  These regulations and orders are implemented through waste management programs, 25 
plans, and procedures.  Adherence to these programs, plans, and procedures provides protection 26 
from hazardous and mixed waste. 27 
 28 
Each person is responsible for compliance to ALARA policies to reduce personnel exposure, 29 
contamination spread, and release of radioactive or hazardous contaminants to the environment, 30 
and for working safely.  Every worker is required to stop any operation they consider to be 31 
unsafe.  In addition, supervisory personnel are responsible for the general safety of the operations 32 
within their respective areas.   33 
 34 
 35 
9.4 RADIOACTIVE AND HAZARDOUS WASTE 36 

STREAMS AND SOURCES 37 
 38 
Solid, liquid, and gaseous waste streams and sources are summarized in this section.  Tank farm 39 
waste streams contain radioactive, hazardous, and mixed waste.  Wastes generated by the TOC 40 
are varied, however, most of the waste is contaminated debris and soil.  Other wastes that could 41 
be generated are lead wastes, alkaline contaminated wastes, liquid organic wastes (i.e., used oil), 42 
inorganic liquid (i.e., caustic or acidic liquid, mercury), filters, and macroencapsulated debris and 43 
equipment wastes.  These waste streams are the most frequent types of wastes generated at tank 44 
farms, however, as new waste streams are generated they are designated and added to the current 45 
waste stream profiles.  The waste that is generated at tank farms is shipped offsite for treatment, 46 
except for wastes treated to meet the land disposal restriction requirements and waste that meets 47 
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land disposal restrictions without treatment, then disposed of in the appropriate Hanford land 1 
disposal unit. 2 
 3 
See Chapter 2.0, Section 2.3 for additional details on waste streams and sources.  Chapter 3.0, 4 
Section 3.3.2 describes the tank farms and associated details on waste types.  Inventories change 5 
regularly due to waste transfers, evaporator runs, and waste acceptance from other facilities.  6 
Monthly waste inventories may be obtained through HNF-EP-0182, Waste Tank Summary 7 
Report. 8 
 9 
 10 
9.4.1 Waste Management Process 11 
 12 
Solid waste includes waste generated during routine maintenance, cleanup, or upgrades of 13 
equipment or facilities and waste retrieval and tank closure.  The waste is managed in accordance 14 
with TFC-PLN-33, Waste Management Basis, and HNF-EP-0063, Hanford Site Solid Waste 15 
Acceptance Criteria, and other applicable Treatment, Storage & Disposal (TSD) facility 16 
acceptance criteria.  These plans describe the requirements or where to find the requirements for 17 
generating, handling, storing, or disposing of various waste types.  Adherence to these plans 18 
ensures compliance with federal and state regulations and DOE orders, and ensures protection of 19 
human health and the environment.  These plans also provide a description of organizational 20 
responsibilities, waste types, and other waste-handling requirements.  The waste is characterized, 21 
designated, and shipped by the waste management organization to the appropriate storage 22 
facilities within the requirements of State of Washington Department of Ecology Dangerous 23 
Waste regulations, U.S. Department of Transportation regulations, and implementing procedures.  24 
 25 
Tank farm generated waste is handled per TFC-PLN-33, which describes where to find the 26 
requirements for generating, handling, storing, or disposing of these wastes.  Proper 27 
identification of the waste is generally achieved from knowledge of its source or of the process 28 
that generates it.  The generator is required to provide the information needed to characterize the 29 
waste.  For solid waste, this information is provided to the waste management organization for 30 
characterization and disposition of the waste. 31 
 32 
Once the solid waste has been characterized, either by process knowledge or sampling and 33 
analysis, proper segregation, packaging, labeling, and handling are completed.  Requirements for 34 
these procedures are provided in the RCM, and the waste management procedure for the 35 
particular waste type.  Adherence to these requirements minimizes excessive exposure to 36 
radiological and nonradiological hazards associated with waste management. 37 
 38 
The movement by rail or vehicle of DOE-owned materials within and between onsite facilities is 39 
covered by DOE/RL-2001-36, Hanford Sitewide Transportation and Safety Document (TSD).  40 
Any intra-facility transfer between individual buildings within a facility or facility complex or 41 
the surrounding compound area (e.g., within a tank farm, within the 616 Facility) is adequately 42 
covered under the TOC facility documented safety analysis or other DOE-approved safety or 43 
authorization document. 44 
 45 
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The liquid/gaseous effluent monitoring is maintained through plans and procedures.  These 1 
documents are used for monitoring and characterizing radioactive and nonradioactive hazardous 2 
effluents discharged by the tank farm facilities.   3 
 4 
Personnel training is maintained through procedures and programs to determine training 5 
requirements and to track how they are met.  Chapter 12.0, Section 12.4 describes this process.  6 
Entrance into the tank farms is regulated by the Access Control and Entry System, which ensures 7 
training requirements have been met before entrance to a tank farm is approved. 8 
 9 
 10 
9.4.2 Waste Sources and Characteristics 11 
 12 
The following waste types are generated at the tank farms: 13 
 14 

 Low-level radioactive waste 15 
 Transuranic waste 16 
 Hazardous waste 17 
 Mixed waste. 18 

 19 
Low-level radioactive waste is comprised of debris from tank farms and related facilities that is 20 
radiologically contaminated, but has not come into contact directly or indirectly with tank waste.  21 
Low-level waste is produced from routine surveillance and maintenance, construction, 22 
demolition, and disposal of contaminated equipment and vegetation.  The waste from these 23 
activities includes, but is not limited to tools, protective clothing, equipment, wood, concrete, 24 
containment materials (e.g., tents and glove boxes), and vegetation.  Low-level waste is 25 
packaged and disposed of at the low-level waste burial grounds. 26 
 27 
Transuranic waste is similar to low-level waste; however, it is contaminated with alpha-emitting 28 
transuranic radionuclides with half-lives greater than 20 years and in concentrations greater than 29 
100 nCi/g.  This waste is packaged in accordance with WIPP-DOE-069, TRU Waste Acceptance 30 
Criteria for the Waste Isolation Pilot Plant.  Transuranic waste is stored onsite at the Central 31 
Waste Complex until it is sent to the Waste Isolation Pilot Plant. 32 
 33 
Hazardous wastes are primarily maintenance waste, waste generated by off-normal events such 34 
as spills or equipment failures, waste generated during surveillance and monitoring operations, 35 
and chemical waste.  An example of hazardous waste is oily solid waste from cleaning and 36 
degreasing of equipment systems, changing oil in compressor systems, hydraulic and engine oils, 37 
and other lubricating fluids on systems outside radiologically controlled areas.  This waste is 38 
stored in less-than-90-day accumulation areas, and shipped offsite to an approved, permitted 39 
treatment, storage, and disposal facility. 40 
 41 
Mixed waste includes but is not limited to contaminated equipment, containerized waste, 42 
decontamination waste, maintenance waste, waste generated by off-normal events such as spills 43 
or equipment failures, used containers, and chemical waste.  These wastes are tank-contacted 44 
debris or rinsate generated by tank sampling, facility maintenance and upgrades, air filter 45 
replacements, and disposal of contaminated equipment and soils.  If needed, mixed solid waste is 46 
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shipped offsite for treatment and then transferred to a Hanford disposal unit for permitted 1 
disposal. 2 
 3 
The tank farm system could discharge air and liquid effluents.  Radioactive and nonradioactive 4 
airborne effluents could be discharged to the atmosphere.  The Hanford Site Air Operating 5 
Permit regulates these discharges.  Liquid effluent in the tank farms are transferred to the Treated 6 
Effluent Disposal Facility for disposal, or fall under the wastewater discharge permits issued by 7 
the State of Washington Department of Ecology. 8 
 9 
 10 
9.4.3 Waste Handling or Treatment Systems 11 
 12 
Waste is characterized, packaged and treated, and transferred to an appropriate treatment, storage 13 
or disposal facility.  Radioactive waste is packaged and treated to meet the waste acceptance 14 
criteria provided in the TSD facility waste acceptance criteria.  Radioactive waste treatment is 15 
performed by the TOC or by an offsite vendor.  Hazardous waste is shipped offsite for waste 16 
treatment and disposal.  Nonregulated waste is disposed at offsite vendor facilities or at onsite 17 
facilities managed by Fluor Hanford.  Recyclable material is managed through the Centralized 18 
Consolidation/Recycling Center. 19 
 20 
 21 
9.5 REFERENCES 22 
 23 
DOE/RL-2001-36, Hanford Sitewide Transportation Safety Document, as amended, 24 

U.S. Department of Energy, Richland Operations Office, Richland, Washington. 25 
 26 
HNF-5183, Tank Farms Radiological Control Manual (TFRCM), as amended, Washington 27 

River Protection Solutions LLC, Richland, Washington. 28 
 29 
HNF-EP-0063, Hanford Site Solid Waste Acceptance Criteria, as amended, Fluor Hanford, Inc., 30 

Richland, Washington. 31 
 32 
HNF-EP-0182, Waste Tank Summary Report, as amended, Washington River Protection 33 

Solutions LLC, Richland, Washington. 34 
  35 
RPP-MP-003, Integrated Environment, Safety, and Health Management System Description for 36 

the Tank Operations Contractor, as amended, Washington River Protection Solutions 37 
LLC, Richland, Washington. 38 

 39 
TFC-PLN-33, Waste Management Basis, as amended, Washington River Protection Solutions 40 

LLC, Richland, Washington. 41 
 42 
TFC-PLN-100, Requirements Basis Document, as amended, Washington River Protection 43 

Solutions LLC, Richland, Washington. 44 
 45 
WIPP-DOE-069, 1989, TRU Waste Acceptance Criteria for the Waste Isolation Pilot Plant, 46 

Westinghouse Electric Corporation, Carlsbad, New Mexico. 47 
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10.0 INITIAL TESTING, IN-SERVICE SURVEILLANCE, AND MAINTENANCE 1 
 2 
 3 
 4 
It is Tank Operations Contractor (TOC) policy to conduct initial testing, in-service surveillance, 5 
and maintenance activities in a way that ensures the health and safety of employees, 6 
subcontractors, and the public, and the protection of the environment.  Consistent with this, the 7 
TOC has implemented an Integrated Environment, Safety, and Health Management System 8 
(ISMS) to systematically integrate environment, safety, health, and quality into the work 9 
processes within the three business levels (company, facility, and activity).  Total environment, 10 
safety, health, and quality integration enables the assigned missions to be efficiently and 11 
effectively accomplished while protecting the workers, the public, and the environment, and it is 12 
embodied in the overall ISMS objective to “Do Work Safely.”  Refer to RPP-MP-003, Integrated 13 
Environment, Safety, and Health Management System Description for the Tank Operations 14 
Contractor, for a detailed description of the ISMS. 15 
 16 
 17 
10.1 INTRODUCTION 18 
 19 
This chapter discusses general aspects of the initial testing, in-service surveillance, and 20 
maintenance programs, and addresses those features that are essential to ensure the safe 21 
operation of the tank farm facilities.   22 
 23 
 24 
10.2 REQUIREMENTS 25 
 26 
The initial testing program is established under RPP-PLN-39433, Procurement, Construction, 27 
and Acceptance Testing Plan, and RPP-PLN-39434, Construction and Acceptance Testing 28 
Program.  The Testing Program is implemented through TFC-PLN-26, Testing Program Plan. 29 
 30 
The Maintenance Management Program is established under U.S. Department of Energy (DOE) 31 
Order 433.1B, “Maintenance Management Program for DOE Nuclear Facilities.”  The 32 
Maintenance Program implementation is further described in TFC-PLN-29, Nuclear 33 
Maintenance Management Plan. 34 
 35 
 36 
10.3 INITIAL TESTING PROGRAM 37 
 38 
The TOC Testing Program ensures that structures, systems and components (SSC) comply with 39 
design, safety, and acceptance criteria; that the SSCs can be started and operated efficiently and 40 
safely; and that new, modified, and refurbished SSCs are thoroughly tested in an organized 41 
manner before being accepted and placed in service.  The Testing Program is implemented 42 
through TFC-PLN-26, Testing Program Plan. 43 
 44 
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Tests included in the Testing Program are discussed below: 1 
 2 

 Construction acceptance tests are performed to demonstrate that fabrication, assembly, 3 
installation, and construction requirements have been met as required by the design 4 
documents.  Construction acceptance tests typically include:  5 

 6 
 Visual inspection for proper installation, component labeling, alignment, 7 

accessibility, wiring, mechanical operability, insulation, ventilation, and heat 8 
dissipation 9 

 10 
 Leak tests, where fluid systems may be flushed, filled, and hydrostatically or 11 

pneumatically leak tested. 12 
 13 

 Factory acceptance tests are performed by the SSC supplier, typically at their facility, to 14 
ensure that equipment meets the specification prior to delivery to the tank farms.  15 

 16 
 Operational acceptance tests are performed to demonstrate that SSCs can achieve and 17 

maintain expected operating and safety parameters.  This testing may include both 18 
normal and off-normal conditions.  19 

 20 
Testing is performed by qualified personnel in accordance with approved written instructions.  21 
These instructions typically include the test objectives, test methods, test conditions, sequence of 22 
testing, applicable cautions, recovery actions, and acceptance criteria.   23 
 24 
Test results are evaluated to confirm that the test meets established requirements and to ensure 25 
acceptability of tested SSCs. 26 
 27 
  28 
10.4 IN-SERVICE SURVEILLANCE PROGRAM 29 
 30 
The TOC program for in-service surveillance, inspection, and testing activities is described in 31 
TFC-PLN-29.  This maintenance program contains the necessary provisions sufficient to provide 32 
reasonable assurance that SSCs are capable of fulfilling their intended function.  In-service 33 
surveillance, inspection, and testing activities are performed in accordance with TOC procedures 34 
documented in a computerized maintenance management system database.   35 
 36 
Surveillance requirements have been established for selected safety-significant SSCs whose 37 
functional requirements can be verified through testing.  There are two types of surveillance 38 
tests; calibrations and functional tests.  Calibration surveillances are developed to ensure 39 
components perform according to manufacturer and engineering specifications.  Functional tests 40 
are developed to evaluate the performance of the safety-significant SSCs.  Functional tests are 41 
performed on selected safety-significant SSCs where it is practical to verify system functional 42 
safety criteria.   43 
 44 
The TOC controls measuring and test equipment (M&TE) to ensure the accurate performance of 45 
facility instrumentation and equipment for testing, calibration, and repairs.  M&TE that is used to 46 
support calibration, functional testing, and data collection on plant-installed equipment must be 47 
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calibrated and traceable to nationally recognized standards.  Calibration of the M&TE is 1 
performed offsite at an approved calibration laboratory. 2 
  3 
Inspections, audits, reviews, investigations, and self assessments are necessary for an effective 4 
surveillance and maintenance program.  Maintenance/work control management and selected 5 
personnel routinely inspect maintenance areas such as shops, yards, docks, laydown areas, 6 
storage areas, and office areas for general conditions.  Self-assessments are described in  7 
TFC-PLN-29.  These self-assessments are performed to ensure the maintenance program 8 
continues to meet the operations and maintenance goals and requirements, facility mission 9 
requirements, validation/revision of TFC-PLN-29, and validation of the standards/requirements 10 
identification documents.  The TOC self-assessment process monitors the effectiveness and the 11 
efficiency of the TOC maintenance program with feedback for continuous improvement.   12 
 13 
 14 
10.5 MAINTENANCE PROGRAM 15 
 16 
The TOC is responsible for ensuring the maintenance program is in place and that it meets the 17 
facility needs and requirements.  The maintenance program is described in TFC-PLN-29, and is 18 
implemented using approved TOC procedures.  Maintenance organization training, maintenance 19 
facilities and equipment, post-maintenance testing, control and calibration of measuring and test 20 
equipment, and maintenance history and trending are described in the TOC procedures.  The 21 
maintenance program considers factors related to health, safety, environment, maintaining risks 22 
at a level As Low As Reasonably Achievable, and hazardous waste management. 23 
 24 
 25 
10.5.1 Maintenance Organization  26 
 27 
The responsibilities for management of work activities are defined in TFC-CHARTER-01, Tank 28 
Farm Contractor Charter.  Management establishes and maintains a knowledgeable workforce, 29 
ensures compliance with statutory requirements, ensures non-plant personnel (service 30 
organization, contractor, and subcontractors) who perform maintenance or modification work are 31 
adequately trained in the facility design and operations, assigns facility resources to the 32 
maintenance activities consistent with DOE goals and objectives, establishes a prioritization 33 
system that considers the risk associated with each maintenance activity, and establishes a 34 
self-assessment program.  Management is responsible for establishing a safe work environment; 35 
establishing work priorities; establishing the work schedule; tracking variances to the current 36 
operational and design configuration; and maintaining coordination among operations, craft 37 
management, and maintenance management.  The work planning manager is responsible for the 38 
effectiveness of the work package preparation, approval, tracking, and post-work review process.  39 
The work planning manager is also responsible for completing performance indicators to 40 
measure work management effectiveness.   41 
 42 
 43 
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10.5.2 Training of Maintenance Personnel  1 
 2 
The TOC maintenance training program ensures that maintenance personnel possess the 3 
knowledge and skills necessary to perform their assigned duties in a safe, efficient, and 4 
cost-effective manner.  Training for plant and non-plant personnel provides knowledge of facility 5 
administrative, safety, quality control, radiation protection, and configuration management 6 
practices and procedures.  The maintenance training program reflects the requirements of 7 
DOE O 426.2, Personnel Selection, Training, Qualification, and Certification Requirements for 8 
DOE Nuclear Facilities, and uses DOE O 433.1B, Maintenance Management Program for DOE 9 
Nuclear Facilities, where appropriate.  The maintenance/work control manager is responsible for 10 
determining the training and qualification needs of each individual performing maintenance for 11 
the TOC.  The maintenance/work control manager and first line managers work closely with the 12 
training organization to establish and maintain course content, determine and support training 13 
schedules, accomplish on-the-job training, and provide feedback to adjust course content and 14 
emphasis.  15 
 16 
 17 
10.5.3 Maintenance Facilities, Equipment, and Tools  18 
 19 
The TOC maintenance shops include tool cribs for care and distribution of tools and 20 
consumables.  21 
 22 
 23 
10.5.4 Post-Maintenance Testing  24 
 25 
Post-maintenance or Operational Acceptance Testing is performed to verify components will 26 
fulfill their design function when returned to service after maintenance.  Verification that the 27 
affected equipment (including interfaces, controls, interlocks, and instrumentation) performs 28 
their intended functions following corrective maintenance, preventive maintenance, 29 
modifications, new construction, and troubleshooting ensures that the original deficiency was 30 
corrected, and that no additional deficiencies were created.  31 
 32 
Corrective, preventive, modification, and troubleshooting work is reviewed for testing 33 
applicability.  This includes work packages, preventive maintenance tasks (periodic procedures), 34 
and troubleshooting packages. 35 
 36 
Once accepted for operational use, the system or equipment is then restored to service, as 37 
directed by TOC Operations.   38 
 39 
 40 
10.5.5 Control and Calibration of Measuring and Test 41 

Equipment  42 
 43 
All M&TE that is used to support calibration, functional testing, and data collection on plant-44 
installed equipment must be calibrated and traceable to nationally recognized standards.  All 45 
M&TE used by and to support maintenance for the TOC is controlled by the tool cribs.  46 
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Calibration of the M&TE is performed onsite using calibration services or offsite at an approved 1 
calibration laboratory. 2 
 3 
 4 
10.5.6 Maintenance History and Trending  5 
 6 
Maintenance history can be developed for SSCs through the work management system database.  7 
Corrective and preventive maintenance and calibration information can be accessed through the 8 
work management system or through the contractor archives of completed work requests.  9 
Engineering and maintenance personnel can use the records for activities such as failure analysis, 10 
conducting maintenance assessments, preventive maintenance, predictive maintenance, outage 11 
planning, improving the maintenance program, identifying needed equipment modifications, and 12 
trending of SSC performance. 13 
 14 
 15 
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11.0 OPERATIONAL SAFETY 1 
 2 
 3 
 4 
It is Tank Operations Contractor (TOC) policy to conduct its operations activities in a way that 5 
ensures the health and safety of employees, subcontractors, and the public, and protection of the 6 
environment.  Consistent with this, the TOC has implemented an Integrated Environment, 7 
Safety, and Health Management System (ISMS) to systematically integrate environment, safety, 8 
health, and quality into the work processes within the three business levels (company, facility, 9 
and activity).  Environment, safety, health, and quality integration enables the assigned missions 10 
to be efficiently and effectively accomplished while protecting the workers, the public, and the 11 
environment and it is embodied in the overall ISMS objective to “Do Work Safely.”  Refer to 12 
RPP-MP-003, Integrated Environment, Safety, and Health Management System Description for 13 
the Tank Operations Contractor, for a detailed description of the ISMS. 14 
 15 
 16 
11.1 INTRODUCTION 17 
 18 
This chapter discusses general aspects of operational safety.  It specifically focuses on the bases 19 
for the conduct of operations program specified by DOE O 422.1, Conduct of Operations.  This 20 
chapter contains the following information: 21 
 22 

 Identification of the aspects of the conduct of operations directly related to tank farm 23 
facility operations 24 

 25 
 Integrated summary of the main features of the facility conduct of operations program 26 

 27 
 Description of the facility fire protection program. 28 

 29 
 30 
11.2 REQUIREMENTS 31 
 32 
The U.S. Department of Energy (DOE), Office of River Protection (ORP) has approved the 33 
River Protection Project Authorization Agreement (Smith, 2013), which identifies the 34 
authorization basis for tank farm facilities, operations, and activities including the safety basis 35 
and requirements basis for the tank farms.  The requirements and implementing documents 36 
specific to the TOC contract (DE-AC27-08RV14800, Attachment J.2) are identified in 37 
TFC-PLN-100, Requirements Basis Document. 38 
 39 
 40 
11.3 CONDUCT OF OPERATIONS 41 
 42 
Conduct of operations is based on well-developed industrial operations practices.  43 
Implementation of these practices should result in a high level of performance and therefore 44 
contribute to safe and reliable operation.  It is TOC policy that the primary consideration in the 45 
conduct of operations is the health and safety of workers and the public, and protection of the 46 
environment.  The philosophy of conduct of operations complements the principles of the ISMS 47 
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and provides the framework for well-operated facilities committed to excellence, not just 1 
compliance. 2 
 3 
Conduct of operations program requirements from DOE O 422.1 are implemented as described 4 
and delineated in TFC-PLN-05, Conduct of Operations Implementation Plan.   5 
TFC-PLN-05 indicates whether a specific requirement applies to a facility, indicates where and 6 
how each of the requirements is implemented within existing policies and procedures, and 7 
identifies approved clarifications, deviations, and justifications. 8 
 9 
 10 
11.3.1 Shift Routines/Operating Practices 11 
 12 
Minimum standards are provided for professional conduct and good watch standing practices at 13 
operations facilities that result in appropriate attention to facility conditions and emphasize 14 
effective equipment monitoring that is necessary to detect conditions or adverse trends so that 15 
appropriate action can be taken before equipment malfunction occurs.  These standards and 16 
requirements are key elements of on-duty activities by operations and support personnel in the 17 
area of status practices, safety practices, operator inspection tours, round/tour inspection sheets, 18 
personnel protection, response to indications, resetting protective devices, process rate changes, 19 
authority to operate equipment, shift operating bases, and potentially distractive written materials 20 
and devices. 21 
 22 
 23 
11.3.2 Control Area Activities 24 
 25 
The control area, as defined by DOE O 422.1, is the physical area (e.g., room, booth, desk) 26 
where the facility or portions of the facility operations are monitored and controlled.  This area is 27 
the location of indicating/monitoring equipment (e.g., meters, gauges, recorders, and digital and 28 
analog readouts) that are used to control a process or system where interruption or mis-operation 29 
of the process or system could jeopardize personnel safety, create a hazard to the environment, or 30 
result in significant financial loss.  Similarly, the “at-the-controls area” is a designated area 31 
where special access and controls are necessary, for example, the space in front of and to the 32 
immediate sides of a control panel, control station, computer terminal, etc., or the area where 33 
facility, work station, or experiment controls (e.g., switches, knobs, and buttons) are located. 34 
   35 
Heightened conduct of operations rigor is exercised in these areas.  Control area personnel are 36 
not overburdened with administrative responsibilities.  Control area access is limited so that 37 
personnel are not distracted from properly performing activities and monitoring parameters.  38 
Personnel who are likely to enter a control area in the course of their activities follow and abide 39 
by procedures for control area access, control area professional behavior, monitoring control 40 
panels, nuclear operator ancillary duties, and control area equipment operation. 41 
 42 
 43 
11.3.3 Communications 44 
 45 
Standards have been established by TOC procedures for ensuring formal, reliable, and effective 46 
communications.  These standards apply to operations and activities where the consequences of 47 
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miscommunication can lead to unacceptable risk to personnel, the public, or the environment.  1 
These standards are established for implementation and use of emergency communication 2 
systems, public address systems, contacting operations personnel, radios, abbreviations and 3 
acronyms, and oral instructions and information communications. 4 
 5 
Oral instructions through face-to-face communications and use of telephones and radios provide 6 
the primary methods for communications among Hanford Site Tank Farm personnel.  7 
Communications need to be reliable to provide accurate transmission of information for 8 
conducting operations activities.  Numerous communication devices (e.g., telephones, paging 9 
equipment, horns, bells, sirens, two-way radios) are provided for transmission of information 10 
within the facility.  These devices are controlled to ensure they do not detract from normal 11 
operations and are available in an emergency.  Use of the public address systems (where 12 
installed) is administratively controlled to avoid excessive paging and unnecessary 13 
announcements. 14 
 15 
Areas within the facility are provided with systems (e.g., horns, bells, sirens) for communicating 16 
facility emergencies.  However, when it is necessary to work in areas where emergency alarms 17 
may not be heard, alternate methods of communications are used such as beacons, strobes, 18 
vibrating pagers, radio headsets, or positioning personnel where alarms are audible to 19 
communicate with those in the area without adequate coverage. 20 
 21 
 22 
11.3.4 On-Shift Training  23 
 24 
On-shift training is provided to TOC personnel under the direct supervision and observation of a 25 
qualified person.  The training is based on well-defined job knowledge requirements and 26 
objectives.  This training is provided under careful supervision to ensure the trainees receive the 27 
appropriate training, including hands-on experience, and to prevent mistakes from occurring 28 
during the training.  Training is immediately suspended during unanticipated or abnormal events, 29 
accident conditions, or whenever the instructor believes suspension is necessary to ensure safe 30 
and reliable facility operation. 31 
 32 
 33 
11.3.5 Control of Equipment and System Status 34 
 35 
Equipment and systems are controlled to ensure that operating shifts are aware of how equipment 36 
and systems will function while operating and to ensure that system configurations are 37 
established and maintained to satisfy the design bases and operational safety requirements, 38 
technical specifications, or technical safety requirements.  Controls and standards are specifically 39 
addressed by TOC procedures for status change authorization and reporting, equipment and 40 
system alignment, equipment locking and tagging, compliance with safety and operating limits, 41 
equipment deficiency identification and documentation, work authorization, equipment 42 
post-maintenance testing and returning equipment and systems to service, alarms, temporary 43 
modification control, and distribution and control of equipment and system documents. 44 
 45 
 46 
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11.3.6 Lockouts and Tagouts 1 
 2 
It is TOC policy that every employee be protected from unexpected releases from all hazardous 3 
energy or material sources during servicing, maintenance, construction, or modification 4 
activities.  The TOC uses DOE-0336, Hanford Site Lockout/Tagout, to provide a consistent 5 
method to protect employees from injury using a facility lockout and tagout procedure.  6 
Lockout/tagout ensures the machine, equipment, or system is at a zero-energy state (all 7 
potentially hazardous stored or residual energy is relieved, disconnected, restrained, or otherwise 8 
rendered safe) and that hazardous materials are isolated.  It is also TOC policy that equipment 9 
that has been locked out and/or tagged out is not to be operated by any employee.  The TOC 10 
procedure for lockouts and tagouts is based on Title 29, Code of Federal Regulations, Part 1910, 11 
“Occupational Safety and Health Standards” (29 CFR 1910), and DOE O 422.1, which require 12 
the use of danger tags, and locking devices to ensure that, before an employee performs any 13 
servicing or maintenance on a machine or equipment where the unexpected energizing, startup, 14 
or release of stored energy could occur and cause injury, the machine or equipment shall be 15 
isolated from the energy source and rendered inoperative. 16 
  17 
 18 
11.3.7 Independent Verification 19 
 20 
The TOC’s independent verification process results in a high degree of certainty that the 21 
components in the systems are in the correct lineup and that operations conform to established 22 
criteria.  The independent verification steps are incorporated into the applicable work control 23 
documentation, maintenance procedures, and detailed operating procedures. 24 
 25 
 26 
11.3.8 Log Keeping 27 
 28 
The requirements for establishing and maintaining operating logs that record the data necessary 29 
to provide an accurate history of operations are specified in the TOC log keeping procedure.  30 
Topics specifically addressed by this procedure include establishing operating logs, timeliness of 31 
recordings, information to be recorded, legibility of log entries, correcting log entries, conducting 32 
log reviews, and care and keeping of logs. 33 
 34 
Narrative logbooks are established and maintained to provide an accurate history of facility 35 
activities and to provide tools for reconstructing off-normal events.  The logbooks provide 36 
accessible information and data associated with normal operation, testing, and off-normal 37 
activities for review by facility personnel.  The logbook permits evaluation of the following 38 
activities:   39 
 40 

 Equipment and facility condition and status, including transient and problem areas 41 
 42 

 Operations, including accountability, shift-to-shift transfer of information, tracking of 43 
problem areas, and ensuring compliance with reporting requirements 44 

 45 
 Deviations from or compliance with safety analysis requirements. 46 

 47 
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 1 
11.3.9 Turnover and Assumption of Responsibilities  2 
 3 
Turnovers are performed to ensure that oncoming facility personnel are aware of existing 4 
conditions, system lineups, problems, and planned evolutions before accepting responsibility for 5 
the operating position.  Shift turnovers include the status and lineup of major equipment, review 6 
of operating logs and records, exchange of information and responsibility by oncoming and 7 
off-going personnel, and crew briefings.  Turnovers are also performed for relief occurring 8 
during a shift to ensure that the oncoming person is aware of the conditions or status changes that 9 
may have occurred since the shift turnover. 10 
 11 
The requirements for operations turnover are addressed by TOC procedures.  Topics specifically 12 
addressed by these procedures are operations turnover, turnover checklists, document review, 13 
control panel walk downs, discussion and exchange of responsibility, shift crew briefing, relief 14 
occurring during the shift, and changes to a staffed or unstaffed status. 15 
 16 
 17 
11.3.10 Control of Interrelated Processes 18 
 19 
The tank farm facilities do not perform any unique processes.  There are no processes within the 20 
tank farms that require operators to monitor the chemistry of a process and make chemical 21 
adjustments based on their analysis.  The only chemistry adjustments are by batch additions to 22 
the process based on engineering direction.  The tank farm facilities do not process the waste.  23 
Waste is stored and staged for processing. 24 
 25 
 26 
11.3.11 Required Reading 27 
 28 
Required reading disseminates information to operations, shift crews, support, and other affected 29 
personnel to ensure they are aware of important issues and essential information related to job 30 
assignments.  This ensures the facilities are operated in a safe, efficient, and environmentally 31 
responsible manner.  Required reading includes the following as specified by TOC procedure: 32 
 33 

 Procedure changes  34 
 35 

 Changes to safety specifications  36 
 37 

 Interpretations of safety specifications  38 
 39 

 Occurrence reports  40 
 41 

 Equipment changes  42 
 43 

 Industry and in-house operating experience  44 
 45 

 Relevant TOC letters  46 
 47 
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 Other information necessary to ensure operations personnel are aware of facility 1 
activities. 2 

 3 
 4 
11.3.12 Timely Instructions/Orders  5 
 6 
Timely orders allow management to rapidly disseminate essential short-term information and 7 
administrative instructions to personnel in a timely manner to support operational activities.  8 
Timely orders, also known as shift instructions, provide information on work priorities; special 9 
evolutions or tests; administrative directions; special data collection requirements; and 10 
environmental, safety, and health concerns.  The TOC procedures define duties and provide 11 
instructions for the preparation, distribution, use, and maintenance of shift instructions.  The 12 
content and format of timely orders; issuing, reviewing, and segregating timely orders; and 13 
removing timely orders when outdated or no longer applicable are specifically addressed in TOC 14 
procedures. 15 
 16 
 17 
11.3.13 Operator Aids  18 
 19 
Operator aids provide an important function in safe operations by providing information useful 20 
to operators in performing their duties.  Operator aids include portions or copies of controlled 21 
procedures and drawings, and information tags, curves, and graphs.  Operator aids are authorized 22 
for use and maintained up-to-date in accordance with TOC procedures.  The TOC procedure for 23 
operator aid postings document requirements for operator aid development, approval, posting, 24 
use, documentation, and review. 25 
 26 
 27 
11.3.14 Component Labeling 28 
 29 
The TOC labeling program provides unique identification of components that require labeling 30 
(e.g., valves, dampers, instruments, pipes, major equipment, motor control centers, room doors, 31 
emergency equipment, and fire protection systems).  A label is a sign or device made of durable 32 
materials like metal or plastic that is permanently attached to a plant component to identify the 33 
component and its function.  When attached by wire or chain to components, the labels are 34 
considered permanent.  Procedures provide instructions for labeling unidentified components and 35 
piping and replacing damaged, missing, or illegible plant labels. 36 
 37 
 38 
11.4 FIRE PROTECTION 39 
 40 
 41 
11.4.1 Fire Hazards 42 
 43 
Fire hazards at the tank farms are identified in the facility fire hazards analysis, 44 
HNF-SD-WM-FHA-020, Tank Farm Fire Hazards Analysis, or the facility fire assessments for 45 
individual facilities.  The fire hazards analysis is a comprehensive assessment of the fire and life 46 
safety features within individual fire areas in a facility to determine if applicable orders, codes, 47 

RPP-13033 1/29/2015 - 12:56 PM 941 of 1079



RPP-13033 REV 5 
 
 

 
 11-7  

and standards are being met.  Facility fire assessments are scheduled and performed based on 1 
facility property values and importance. 2 
 3 
Additionally, fire protection program assessments include the program issues as well as the 4 
facility issues such as fire protection and life safety-related equipment.  These assessments are 5 
performed triennially by the safety and health department to identify any deficiencies in the 6 
program. 7 
 8 
Fire hazards associated with the general facility operations are typical with those of general 9 
industry.  Fire hazards include flammable and combustible liquids, liquefied natural and 10 
petroleum gases, transient combustibles, and storage areas.  Sources of ignition include cutting 11 
and welding, fuel-fired equipment, and temporary electrical systems.  Fire hazards that could 12 
result in the uncontrolled release of radiological and other hazardous materials are identified and 13 
evaluated in Chapter 3.0. 14 
 15 
 16 
11.4.2 Fire Protection Program and Organization 17 
 18 
Requirements for a comprehensive fire protection program are established by DOE O 420.1B, 19 
Facility Safety, and ENS-ENG-IP-05, ORP Fire Protection Program.  The TOC has 20 
implemented these requirements in TFC-PLN-13, Fire Protection Program.  Objectives of the 21 
fire protection program include the following: 22 
 23 

 Minimize potential for occurrence of a fire 24 
 25 

 Ensure that a fire does not cause an onsite or offsite release of radiological and other 26 
hazardous material that will threaten public health and safety or the environment 27 

 28 
 Provide an acceptable degree of life safety to the TOC 29 

 30 
 Ensure that process control and safety systems are not damaged by fire. 31 

 32 
It is TOC policy to provide fire protection for tank farm facilities that meets the requirements of 33 
the DOE-approved risk criteria, as defined in DOE O 420.1B and ENS-ENG-IP-05, and as 34 
implemented in TOC procedures.  The objectives of the DOE-approved risk criteria are to ensure 35 
there: 36 
 37 

 Is no threat to public health or welfare from fire 38 
 Are no undue hazards to employees from fire 39 
 Is no vital DOE program that will suffer an unacceptable delay as a result of fire 40 
 Is no unacceptable property damage from fire. 41 

 42 
The TOC will fulfill the requirements of insurability by Factory Mutual, Industrial Risk Insurers, 43 
or other private industrial fire insurance companies who limit their underwriting to the 44 
best-protected class of industrial risks.  The TOC will also comply with the fire protection and 45 
loss prevention standards detailed in DOE O 5480.4, Environmental Protection, Safety, and 46 
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Health Protection Standards, DOE O 420.1B, and ENS-ENG-IP-05.  This level of protection 1 
also includes:  2 
 3 

 Engineering design and review controls using qualified fire protection engineers 4 
 5 

 Administrative procedures encompassing controls for the use and storage of combustible, 6 
flammable, radioactive and hazardous materials 7 

 8 
 A functioning self-assessment program 9 

 10 
 Inspection, maintenance, and testing of fire protection features 11 

 12 
 Formal tracking and resolution process for identified program findings, and fire 13 

prevention procedures addressing interim compensatory measures and impairment 14 
control. 15 

 16 
The Environmental, Safety, Health, and Quality Organization has the overall responsibility for 17 
maintaining the fire protection program and providing technical expertise to the tank farm 18 
facilities.  The Safety and Health Organization is responsible for identifying the fire protection 19 
needs and assuring adequate resources, including a qualified fire protection engineer, are 20 
available.  Main elements of the TOC fire protection program are to: 21 
 22 

 Determine fire risks associated with the facility through fire hazard analysis, hazard 23 
assessment, and safety analyses 24 

 25 
 Ensure fire protection features required to manage the risks are incorporated into the 26 

facility design and operation 27 
 28 

 Ensure appropriate fire protection controls are incorporated into operation of the facility 29 
 30 

 Ensure appropriate emergency response provisions are available 31 
 32 

 Perform periodic assessments to ensure programmatic goals of the fire protection 33 
program are being met. 34 

 35 
 36 
11.4.3 Combustible Loading Control 37 
 38 
Combustible controls include the use of non-combustible materials in facility construction and 39 
controlling flammable/combustible liquids, flammable/combustible gases, and transient 40 
combustible materials. 41 
 42 
The main mechanisms for limiting combustible loading are procedures that govern the use of 43 
flammable and combustible materials and inspections and assessments to identify deficiencies in 44 
the fire protection program.  The facility building manager or an assigned designee performs 45 
periodic self-assessments to detect and eliminate fire hazards and to ensure that combustible 46 
loading is satisfactory.  The TOC fire protection engineer performs fire protection assessments of 47 
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facilities according to the scope and frequency established by DOE.  A comprehensive 1 
assessment of the TOC fire protection program is performed triennially, as specified by the fire 2 
protection program, to identify any deficiencies. 3 
 4 
 5 
11.4.4 Fire-Fighting Capabilities 6 
 7 
Fire protection support is available through the Hanford Fire Department (HFD).  The HFD has 8 
stations located in the 100, 200, and 300 areas.  The HFD is staffed 24 hours a day, 7 days a 9 
week by career firefighters.  The HFD has the equipment and expertise to respond to explosions, 10 
fires, spills, and medical emergencies. 11 
 12 
The HFD’s standard practices define their program, management organization, staffing, response 13 
procedures, etc.  Procedures and training are in place for dealing with required aspects of 14 
structural and wild land fire fighting, emergency medical services, hazardous material incident 15 
mitigation, and rescue.  General training requirements are defined in agreements with the 16 
firefighters’ union. 17 
 18 
The HFD has an established mutual/automatic aid agreement with the surrounding jurisdictions.  19 
The agreement enables the HFD to augment its own fire and emergency medical resources in 20 
case of large fires, conflagrations, or other disasters.  This agreement, known as the “Tri County 21 
Mutual Aid Agreement,” has been in existence at least since 1985.  It includes the cities of 22 
Richland, Kennewick, and Pasco; Benton County Fire Protection Districts No. 1, No. 2, No. 3, 23 
No. 4, No. 5, and No. 6; Franklin County Fire Protection District No. 3; and Walla Walla County 24 
Fire Protection District No. 5.  If the emergency involves hazardous or radiological materials, the 25 
offsite fire departments will provide support, but are not expected to have contact with or 26 
exposure to these materials. 27 
 28 
 29 
11.4.5 Fire-Fighting Readiness Assurance 30 
 31 
Facility fire protection engineers perform periodic surveillances to ensure compliance with 32 
DOE O 420.1B and ENS-ENG-IP-05.  Periodic independent assessments are also performed.  33 
The TOC Problem Evaluation Request process ensures that surveillance and assessment findings 34 
are identified and corrected.  This process defines the time frames for resolution of findings 35 
based on their significance, and tracks findings through resolution. 36 
 37 
Full-scale exercises involving plant personnel, HFD, and other applicable agencies are conducted 38 
in accordance with DOE/RL-94-02, Hanford Emergency Management Plan, at a frequency 39 
determined by the DOE.  Fire drills are also conducted annually for those TOC facilities 40 
requiring fire drills. 41 
 42 
The fire protection program requires the facility fire protection engineer to review designs and 43 
facility modifications.  Records of comments and resolutions are maintained by the project. 44 
 45 
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The TOC has a comprehensive inspection, testing, and maintenance standard that ensures fire 1 
protection systems and equipment are maintained in accordance with schedule and program 2 
requirements as provided by the HFD.   3 
 4 
Fire protection program records are maintained in accordance with TOC procedures. 5 
 6 
 7 
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12.0 PROCEDURES AND TRAINING 1 
 2 
 3 
 4 
It is Tank Operations Contractor (TOC) policy to develop and implement procedures and 5 
training to protect the health and safety of employees, subcontractors, and the public, and the 6 
environment.  Consistent with this, the TOC has implemented an Integrated Environment, 7 
Safety, and Health Management System (ISMS) to systematically integrate environment, safety, 8 
health, and quality into the work processes within the three business levels (company, facility, 9 
and activity).  Integration of environmental, safety, health, and quality programs enables 10 
assigned missions to be efficiently and effectively planned and accomplished, thereby providing 11 
additional protection of personnel and the environment.  TOC policy embodies the overall ISMS 12 
objective to “Do Work Safely.”  Refer to RPP-MP-003, Integrated Environment, Safety, and 13 
Health Management System Description for the Tank Operations Contractor, for a detailed 14 
description of the ISMS. 15 
 16 
 17 
12.1 INTRODUCTION 18 
 19 
This chapter summarizes the processes by which the technical content of procedures and training 20 
is developed, verified, validated, and implemented for the conduct of normal, abnormal, and 21 
emergency operations.  These processes ensure that facilities are operated and maintained by 22 
qualified personnel, and procedures and training elements are accurate, appropriate, and current. 23 
 24 
 25 
12.2 REQUIREMENTS 26 
 27 
The U.S. Department of Energy (DOE), Office of River Protection (ORP) has approved the 28 
River Protection Project Authorization Agreement (Smith, 2013), which identifies the 29 
authorization basis for tank farm facilities, operations, and activities including the safety basis 30 
for the tank farms.  The requirements and implementing documents specific to the TOC contract 31 
(DE-AC27-08RV14800, Attachment J.2) are identified in TFC-PLN-100, Requirements Basis 32 
Document. 33 
 34 
 35 
12.3 PROCEDURE PROGRAM 36 
 37 
This section documents the processes used to develop, verify and validate the form and technical 38 
content of written procedures.  TOC procedures are developed, controlled, and maintained in 39 
accordance with the TOC Operations and Business Services manuals. 40 
 41 
 42 
12.3.1 Development of Procedures 43 
 44 
The TOC has established a three-tier document hierarchy.  Requirements for safe operation 45 
during normal conditions are found in top-tier documents.  Some of these requirements are 46 
interpreted in second-tier documents, while other requirements need no interpretation and are 47 

RPP-13033 1/29/2015 - 12:56 PM 952 of 1079



RPP-13033 REV 5-H 
 
 

 
 12-2  

implemented directly.  Implementation documents reside at level three of the document 1 
hierarchy.  When unique requirements for normal operations are identified, appropriate 2 
procedures are developed and released in accordance with the established change control 3 
processes. 4 
 5 
Tank farm-specific procedures for abnormal and accident conditions are found in emergency 6 
plans and emergency, abnormal operating, and alarm response procedures.  Procedures for 7 
surveillance testing and maintenance are described in TFC-PLN-29, Nuclear Maintenance 8 
Management Plan.  Refer to Chapter 10.0 for initial testing, in-service surveillance, and 9 
maintenance.  Procedures are developed in accordance with applicable TOC procedures.  To 10 
ensure procedures are technically accurate, complete, and comprehensible, the following 11 
activities are accomplished: 12 
 13 

 Initial research for accuracy and conformance with requirements 14 
 Development process, including standard formatting, terminology, and style 15 
 Verification and validation of technical procedures 16 
 Human performance improvement checklist for administrative procedures. 17 

  18 
12.3.1.1  Perform Initial Research.  The author, technical authority, procedure user, and subject 19 
matter experts (SME) as applicable, performs initial research before developing a new procedure 20 
or changing an existing procedure.  Initial research involves identifying technical and 21 
administrative bases for the procedure or change, determining the facility and equipment 22 
configuration and design considerations from design specifications and as-built drawings, and 23 
determining the conditions under which the procedure will be performed.  The extent of the 24 
research is determined by the author, technical authority, procedure user, and subject matter 25 
experts (SME) as applicable, based on the detail or significance of the procedure or changes and 26 
on the degree of risk associated with the procedure.  Initial research information is maintained 27 
with the procedure file. 28 
 29 
12.3.1.2  Procedure Development.  Procedures, including planned and preventive maintenance 30 
procedures, are controlled documents requiring processing through a structured development, 31 
review, and approval process.  Control and development processes are implemented to ensure 32 
that each procedure has a standardized format and style; is valid, clear, and concise; and that it 33 
can be performed safely.  Practices for procedure development, control, and maintenance are 34 
established by TOC procedures and fulfill requirements in DOE O 422.1, Conduct of Operations.    35 
Procedure reviewers/users are responsible for providing a working knowledge, and human 36 
performance improvement and human factors considerations for procedure development. 37 
 38 
12.3.1.3  Technical Procedure Verification and Validation.  Procedure verification and 39 
validation are performed on new procedures and full revisions.  Actions required for verifying 40 
and validating a technical procedure are addressed in the TOC procedures.  The individuals 41 
performing the verification and validation ensure procedural requirements are flowed down 42 
during the process.  Verification and validation ensures that significant risks have been 43 
identified, properly evaluated, and appropriately mitigated, and that applicable requirements 44 
have been met.  Human factors considerations and human performance improvement 45 
philosophies and concepts are incorporated during this process.  46 
 47 
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12.3.1.4  Administrative Procedure Validation.  Procedure validation is performed on new 1 
procedures and major changes using the human performance improvement checklist.  Actions 2 
required for validating an administrative procedure are addressed in the TOC procedures.  The 3 
individuals performing the validation ensure procedural requirements are flowed down during 4 
the process.  Human factors considerations and human performance improvement philosophies 5 
and concepts are incorporated during this process.  6 
 7 
12.3.2 Maintenance of Procedures 8 
 9 
Procedures are maintained by facility personnel in accordance with the TOC procedures.  To 10 
ensure that procedures are maintained and comprehensible, facility activities are directed toward 11 
the following goals: 12 
 13 

 User training 14 
 Identification of procedure deficiencies 15 
 Dissemination and control of procedures 16 
 Periodic reviews. 17 

 18 
12.3.2.1  User Training.  User training, if required, is conducted for both technical and 19 
administrative procedures on a graded approach (depending on the complexity, the process 20 
design, and the hazards involved) through self-study, required reading, pre-job briefing, formal 21 
classroom training, computer-based training, and/or tailgate sessions.  Training requirements for 22 
procedures are determined, and required training is conducted before implementing a new 23 
procedure or a change to an existing procedure. 24 
 25 
12.3.2.2  Identification and Correction of Procedural Deficiencies.  Procedures are monitored 26 
for their technical accuracy, completeness, and comprehensibility.  In addition to on-the-job 27 
identification of procedural deficiencies, several formal mechanisms ensure that timely upgrades 28 
of procedures are made, including facility event and occurrence reporting; internal technical 29 
safety evaluations; external audits, surveillance, and directives; quality inspections; cause 30 
determinations; facility self assessments; employee-identified issues and concerns; and, 31 
management assessments.  Information on procedural deficiencies is also obtained from facility 32 
operating experience, personnel queries, and lessons learned from other facilities.  Procedure 33 
reviewers/users are responsible for checking procedures for technical accuracy, human factor 34 
considerations, human performance improvements, and for the necessary flexibility to work the 35 
procedure efficiently. 36 
 37 
12.3.2.3  Dissemination and Control of Changes in Procedures.  The procedures group 38 
ensures procedures have met all formatting and change control requirements before they are 39 
released for use.  Procedures are uniquely identified with control numbers, revision numbers, and 40 
issue/release dates.  Appropriate subject matter experts are given an opportunity to review 41 
suggested revisions for field performance as well as compliance with contractual and regulatory 42 
requirements.  A revision notification process ensures that personnel are aware of the latest 43 
revisions of controlled documents for their work.  History files are maintained for every revision 44 
of every document with records of all reviews and approvals obtained.  A storage archive is 45 
maintained for all revisions of electronic files. 46 
 47 
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12.3.2.4  Periodic Review.  Periodic reviews ensure the adequacy of procedures, and that current 1 
technical requirements are incorporated into procedures.  Frequencies/periodicity of reviews 2 
based on the type and use of each procedure.   3 
 4 
 5 
12.4 TRAINING PROGRAM 6 
 7 
TOC training and qualification programs ensure employees are trained to safely, competently, 8 
and effectively perform their job functions while protecting themselves, the public, and the 9 
environment.  The TOC Business Services manuals describes the TOC training program. 10 
 11 
The TOC Training Manager is responsible for developing and implementing the training 12 
program.  Procedures and processes provide direction for developing training courses; 13 
implementing a systematic approach to training; conducting classroom, on-the-job, 14 
computer-based training, and other forms of training involving plans of instruction; establishing 15 
procedures that govern for whom training is developed and to whom it is delivered; evaluating 16 
training; updating training materials; acquiring vendor training; and processing training records 17 
for employees and subcontractors.  Other specific responsibilities include: 18 
 19 

 Maintaining the Training Implementation Matrix (TIM).  The TIM defines and describes 20 
the application of the selection, qualification, certification, and training requirements of 21 
DOE O 426.2, Personnel Selection, Training, Qualification, and Certification 22 
Requirements for DOE Nuclear Facilities.  The TIM defines the organization, planning, 23 
and administration of the qualification programs; and sets forth the responsibility, 24 
authority, and methods for conducting training.  Revisions to the TIM are reviewed and 25 
approved by ORP prior to implementing the change, with the exception of some minor 26 
revisions described in TFC-PLN-61, Tank Operations Contractor Training and 27 
Qualification Plan, which do not require ORP approval. 28 

 29 
 When required, preparing and submitting procedures to ORP for review and approval of 30 

training equivalencies, course extensions, and educational/experience requirement 31 
equivalencies. 32 

 33 
 Ensuring adequate training facilities, equipment, and materials are made available for 34 

proper conduct of training. 35 
 36 
Although the training organization provides many training services, line management has direct 37 
accountability for all training and owns the training programs identified, as necessary, for their 38 
employees.  Specifically, line management is responsible for the following: 39 
 40 

 Ensuring the performance of periodic systematic evaluations of training and qualification 41 
programs 42 

 43 
 Identifying employee training needs 44 

 45 
 Developing, updating, and approving individual training plans 46 

 47 
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 Budgeting annually for employee training 1 
 2 

 Ensuring that training content and the conduct of training meets facility and employee 3 
needs 4 

 5 
 Approving training materials 6 

 7 
 Verifying and ensuring that employees complete required training. 8 

 9 
 10 
12.4.1 Development of Training 11 
 12 
The TOC utilizes a systematic approach to the development of training programs.  Analysis and 13 
planning processes identify the expected results of training in terms of the specific requirement 14 
(or its intent) and the desired performance improvement.  When warranted by risk or hazard, 15 
training is based on a validated analysis process appropriate for each job or topic.  Analysis 16 
processes incorporate needs, requirements, content, and job/task analysis and involves cognizant 17 
organizations in the verification and validation of the technical content of the training, through 18 
comparison of actual field conditions and current procedures.   19 
 20 
Analysis and planning processes determine if training is needed and to what extent; evaluate the 21 
use of existing training before developing new courses; and determine the appropriate level of 22 
effort required to design, develop, and implement new training.  These training methods and 23 
qualification requirements apply, but are not limited, to the following types of training: 24 
 25 

 Conduct of normal, abnormal, and emergency operations 26 
 On-shift and classroom 27 
 Nuclear criticality safety  28 
 Radiation and hazardous material protection 29 
 Surveillance testing and maintenance  30 
 Fire protection 31 
 Quality assurance 32 
 Emergency preparedness.  33 

 34 
Ensuring required training is scheduled is the responsibility of dedicated facility training 35 
coordinators.  The training coordinators monitor the training status of all employees to ensure 36 
schedules are developed to meet the requirements of general employee and facility-specific 37 
training, as identified by line management.  The training program ensures personnel are trained 38 
in emergency response procedures and hazard communications.  Training requirements for 39 
facility access by non-facility personnel are verified before unescorted access to a radiologically 40 
controlled area is granted. 41 
 42 
Personnel are provided training that covers the technical aspects of their jobs and other 43 
professional development and safety topics.  Training includes, but is not limited to, the 44 
following: 45 
 46 

 General employee training 47 
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 1 
 Tank farm-specific training 2 

 3 
 Health and safety related training (e.g., respirator, confined space entry, asbestos, 4 

hazardous waste) 5 
 6 
 Facility access training 7 

 8 
 Emergency preparedness and response training. 9 

 10 
General Employee Training – TOC employees shall be trained in the following areas 11 
commensurate with their job duties in accordance with DOE O 426.2; Washington 12 
Administrative Code (WAC) 173-303-330, “Personnel Training”; and 29 CFR 1910.120, 13 
“Hazardous waste operations and emergency response.” 14 
 15 

 General description of facility activities 16 
 Job-related procedures, policies, and instructions 17 
 Integrated safety and health management system 18 
 Radiological safety program 19 
 Facility emergency plans 20 
 Industrial safety and hygiene program 21 
 Fire protection program 22 
 Security program 23 
 Quality assurance program 24 
 Environmental protection program 25 
 Nuclear criticality safety. 26 

 27 
Tank Farm-Specific Training – Facility-specific training is provided in accordance with 28 
DOE O 426.2 and facility-specific implementation matrixes.  This training is accomplished 29 
through classroom training, on-the-job training, or other appropriate training methods.  Tank 30 
farm-specific training includes conduct of normal, abnormal, and emergency operations; 31 
criticality safety; etc.  Surveillance testing and maintenance activities are performed by the 32 
maintenance crafts, and performing these activities is considered skill of the craft.  Specific 33 
training is provided to the maintenance crafts as necessary on a case-by-case basis when new 34 
equipment is placed in service at the tank farms, or conditions exist that would warrant additional 35 
on-the-job training to improve skill of the craft. 36 
 37 
Health and Safety Related Training – Personnel receive health and safety training that is 38 
applicable to their job assignments.  Examples of health and safety training are as follows: 39 
 40 

 Hazardous waste operations and emergency response 41 
 Cardiopulmonary resuscitation and first aid 42 
 Hazardous materials transportation safety  43 
 Radiological worker  44 
 Respirator  45 
 Electrical safety  46 
 Hoisting and rigging 47 
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 Hearing conservation 1 
 Environment, safety, and health  2 
 Hazard communication. 3 

 4 
Facility Access Orientation – DOE personnel, TOC personnel from other facilities, other 5 
contractor personnel, temporary personnel, and visitors are properly trained before being allowed 6 
access to tank farms.   7 
 8 
Emergency Preparedness and Response Training – Emergency response training is provided 9 
to personnel assigned to the facility as a component of the general employee training.  The 10 
emergency preparedness program is established in accordance with DOE O 151.1C, 11 
Comprehensive Emergency Management System, and the DOE-Hanford Emergency Plan, and is 12 
implemented in tank farms procedures and plans. 13 
 14 
Selected training sessions are conducted to ensure facility emergency response personnel 15 
maintain proficiency in their ability to respond to emergency or accident situations as defined in 16 
DOE O 151.1C; 29 CFR 1910.120; and 40 CFR 265, “Interim Status Standards for Owners and 17 
Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,” and as implemented 18 
in the tank farm procedures and plans.  These sessions provide emergency and accident response 19 
training and evaluation opportunities for managers, supervisors, and technicians; and supplement 20 
the training received in individual qualification or certification programs.  The facility 21 
emergency planner routinely schedules emergency and accident response training sessions.  22 
Additional information concerning emergency preparedness is provided in Chapter 15.0. 23 
 24 
 25 
12.4.2 Maintenance of Training 26 
 27 
Training program lesson plans, trainee guides, training bulletins, OJT cards, OJT guides, 28 
qualification cards, qualification guides, examination banks, performance demonstrations, and 29 
web-based training modules are reviewed and approved prior to being used in training activities.  30 
Revisions to existing training program materials are reviewed and approved on a graded 31 
approach before being used in support of training activities.  The review and approval process is 32 
as follows: 33 
 34 

 The training specialist develops the training program materials using training procedures 35 
and facility subject matter experts. 36 

 37 
 The facility organization(s) and the training manager review the training program 38 

materials for technical content (actual facility conditions and current policies and 39 
procedures). 40 

 41 
 The facility organization(s) and the training manager approve training program materials 42 

before using. 43 
 44 
Records of training and qualification are maintained for personnel as specified in 40 CFR 265, 45 
DOE O 426.2, and Training Records Administration in the Business Services Manual.  These 46 
records include rosters and products of training-related activities maintained in individual and 47 
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training program master files.  Training records include documentation of completed training, 1 
such as class rosters, signed checklists, completed examinations, and other documents verifying 2 
training. 3 
 4 
 5 
12.4.3 Modification of Training Materials 6 
 7 
Facility training programs are reviewed and upgraded through: 8 
 9 

 Evaluation of employee written examinations and observations of employee performance 10 
of job-related tasks 11 

 12 
 Management observation of on-the-job training performance 13 

 14 
 Feedback and lessons learned 15 

 16 
 Data from accident analysis summaries (e.g., occurrence reports) 17 

 18 
 Corrective actions documented through the TOC Problem Evaluation Request system. 19 

 20 
In addition, the training program is upgraded as needed in response to changes in job 21 
assignments or descriptions, changes in processes or procedures, changes in technology, or 22 
implementation of new regulatory requirements that affect operations.  The TOC Training 23 
Manager submits training program revisions to line management for review and approval. 24 
 25 
 26 
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Washington River Protection Solutions LLC, Richland, Washington.  14 
 15 
TFC-PLN-100, Requirements Basis Document, as amended, Washington River Protection 16 

Solutions LLC, Richland, Washington. 17 
 18 
WAC 173-303-330, “Personnel Training,” Washington Administrative Code, as amended.  19 
 20 
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13.0 HUMAN FACTORS 1 
 2 
 3 
 4 
It is Tank Operations Contractor (TOC) policy to conduct human-machine interface activities in 5 
a way that ensures the health and safety of employees, subcontractors, and the public, and the 6 
protection of the environment.  Consistent with this, the TOC has implemented an Integrated 7 
Environment, Safety, and Health Management System (ISMS) to systematically integrate 8 
environment, safety, health, and quality into the work processes within the three business levels 9 
(company, facility, and activity).  Total environment, safety, health, and quality integration 10 
enables the assigned missions to be efficiently and effectively accomplished while protecting the 11 
workers, the public, and the environment, and it is embodied in the overall ISMS objective to 12 
“Do Work Safely.”  Refer to RPP-MP-003, Integrated Environment, Safety, and Health 13 
Management System Description for the Tank Operations Contractor, for a detailed description 14 
of the ISMS. 15 
 16 
 17 
13.1 INTRODUCTION 18 
 19 
Human factors considerations in design and hazards analyses contribute to the prevention of the 20 
hazard or mitigation of the consequences involving human-machine interfaces.  This chapter 21 
describes the influence of human factors on the safety analysis for the Hanford Site Tank Farms, 22 
and how consideration of the operator’s ability to reliably operate TOC systems and equipment 23 
are integrated into the processes that guide engineering, safety, and operations functions at the 24 
tank farms.  Human factors are typically applied to tank farm facility operations where humans 25 
are relied on for certain controls and operations (preventive actions during normal operations and 26 
mitigative actions during abnormal and emergency operations) that affect the safety of the tank 27 
farm facilities.  Human actions affecting safety are those associated with monitoring the facility 28 
parameters, responding to alarms or out-of-limit parameters, and placing the facilities in a safe 29 
condition prior to or following natural phenomena hazard events.  Human factors analyses are 30 
typically performed using a graded approach on a case-by-case basis, depending on the risk and 31 
complexity of the project, the level of operator involvement at the facility, and the life cycle of 32 
the facility.  The more complex an operation or system, the more rigorous the human factors 33 
assessment may be. 34 
 35 
Most of the tank farm human-machine interfaces are standard industrial controls to start and stop 36 
equipment, position valves, and perform other required tasks.  These controls are not complex, 37 
and the equipment is not difficult for TOC operators to operate.  Typical equipment controls and 38 
indicators include the following: 39 
 40 

 Pushbutton controls and switches to start and stop ventilation fans, pumps, and 41 
motor-operated valves; incandescent indicators display equipment status 42 

 43 
 T-handles and handwheels to manually reposition valves; each has a permanent 44 

indication of valve position painted on the cover block 45 
 46 
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 Alarm panels arranged in a matrix of labeled, illuminated alarms; typically an audio 1 
alarm is also sounded. 2 

 3 
Hardwired alarm panels of standard design are located in instrument buildings and on local 4 
panels (i.e., at the equipment).  The alarm panels are equipped with alarm test features, and 5 
traditional alarm coding has been implemented for these panels. 6 
 7 
The major systems and structures currently used at the tank farms were designed and constructed 8 
between 1945 and 1980.  As a result, many of the TOC facilities predate U.S. Department of 9 
Energy (DOE) requirements for identifying and applying Human Factors Engineering 10 
considerations to the design and operation of the TOC facilities.  Therefore, much of the design 11 
of the human-machine interfaces and many of the controls do not meet the latest human factors 12 
standards.  However, many of the current Human Factors Engineering criteria (human dimension 13 
considerations, environmental considerations, normal and emergency lighting, noise, etc.) were 14 
contained within other national consensus standards such as Occupational, Safety, and Health 15 
Administration and National Fire Protection Association.  These criteria were considered for 16 
TOC facilities designed and constructed subsequent to implementation of the criteria.  17 
Notwithstanding the preceding discussion, the tank farms have been in operation sufficiently 18 
long to validate the ability of operators to perform the human-machine interface activities 19 
successfully.   20 
 21 
Upgrades to some tank farm systems have been implemented (e.g., cross-site transfer system, 22 
AY/AZ ventilation system, Tank Monitor and Control System, master pump shutdown system) 23 
that change the human-machine interfaces from the pushbutton controls, switches, and alarm 24 
panels to programmable logic controllers with computerized workstations using human-machine 25 
interface software.  These upgrades applied the principles of ergonomics and human engineering. 26 
 27 
Current design activities are conducted in accordance with TOC Engineering procedures that 28 
ensure human factors concerns are addressed in the design of structures, systems, and 29 
components (SSC) important to safety. 30 
 31 
 32 
13.2 REQUIREMENTS 33 
 34 
TFC-PLN-100, Requirements Basis Document, provides the ISMS flow-down of requirements 35 
from codes, standards, regulations, DOE orders, and DOE directives as applicable to the TOC.   36 
 37 
13.3 HUMAN FACTORS PROCESS 38 
 39 
The process for the systematic evaluation of human factors for the TOC is described in 40 
TFC-PLN-09, Human Factors Program.  The TOC’s human factors program includes two 41 
primary aspects of human factors application; first, in the design of new facilities or significant 42 
modifications of existing facilities, and second, in the evaluation of the hazards analyses where 43 
human-machine interfaces are necessary for the prevention of the hazard or mitigation of the 44 
consequences. 45 
 46 
 47 
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13.3.1 Human Factors in Design 1 
 2 
For the design of new facilities or significant modifications of existing facilities, the TOC’s 3 
Engineering organization ensures consideration of human-machine interfaces through 4 
implementation of design procedures.  The design verification procedure includes a checklist to 5 
be used by the design verifier or design review team to ensure human-machine interfaces 6 
(e.g., displays, indicators, switches, actuators, test switches, color-coding, labels and markings, 7 
warning signal intensity, communications requirements, periodic inspection, available space for 8 
operations and maintenance activities, stairs and platforms, lighting) are adequately addressed in 9 
the design. 10 
 11 
 12 
13.3.2 Human Factors in Hazard Analyses 13 
 14 
The TOC performed a systematic evaluation of those functions (e.g., detecting accidents, 15 
shutdown of waste transfer pumps, monitoring tank liquid levels, etc.) credited in the safety 16 
analysis that must be performed by an operator.  The systematic evaluation considers the number 17 
and types of staff required by the various functions, knowledge requirements and special skills, 18 
operator aids, decisions to be made by the operator, communication requirements, necessary 19 
operator interactions, and any potential safety hazards.  Where operator actions are credited in 20 
the safety analysis, TOC operations personnel were involved in the systematic evaluation for 21 
defining appropriate and implementable operator actions. 22 
 23 
The unique aspects of working in the TOC outdoor environment are integrated throughout the 24 
planning and completion of work activities.  Specifically, the impact of wind, cold and hot 25 
temperatures, rain, snow, and other meteorological and environmental factors are routine 26 
considerations and are an integral part of the job hazard analysis process. 27 
 28 
 29 
13.4 IDENTIFICATION OF HUMAN-MACHINE 30 

INTERFACES 31 
 32 
Chapters 3.0 and 4.0 identify those facility SSCs that are designated as safety related.  33 
Chapter 3.0 also outlines the required human actions necessary to prevent or mitigate the 34 
postulated accident scenarios. 35 
 36 
The human actions can be categorized into the following types of actions: 37 
 38 

 Monitoring of safety-related SSCs to ensure continued safe operation of the facilities, 39 
 40 

 Response to alarms or out-of-limit process parameters to stop a given activity, restore a 41 
system to operations, or take some other corrective action(s), or 42 

 43 
 Placing the facilities in a safe condition following a natural phenomena hazard event. 44 

 45 
An example of these human actions is the operator monitoring the waste transfer leak detection 46 
system to ensure required waste transfer parameters are normal.  An alarm activates, and the 47 
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operator responds by notifying the appropriate field operator who verifies the authenticity of the 1 
alarm and the specific parameter in alarm.  The field operator follows the alarm response 2 
procedure for the parameter in alarm and takes the required actions to secure pumps, close 3 
isolation valves, and initiate emergency response actions as appropriate.  The operators are 4 
trained and qualified to provide the necessary responses to these abnormal or emergency 5 
conditions, as well as to the normal operating conditions.  The operator actions in this example 6 
mitigate the consequences of a waste transfer leak.  7 
 8 
The following sections describe the human-machine interface activities that accomplish the 9 
above types of actions. 10 
 11 
 12 
13.4.1 Monitoring Structures, Systems, and 13 

Components Performance 14 
 15 
The accident analysis credits operators with ensuring certain safety functions are being 16 
completed by monitoring the system performance.  This is generally done by monitoring the 17 
system parameter of interest (e.g., indication of waste transfer leaks).  In the cases where the 18 
parameter is directly monitored, the operators are reading a simple gauge or digital display in the 19 
units of interest for comparison.   20 
 21 
Due to the age of the facility there are some instances where there are no instruments that 22 
provide a direct indication of the safety parameter.  In these cases, the technical safety 23 
requirements (TSR) account for and provide an alternate means of ensuring proper system 24 
performance.   25 
 26 
Operators have been trained in the techniques of reading each of the credited instruments or 27 
indications.  The procedures used to monitor the equipment incorporate the human factors 28 
principles. 29 
 30 
 31 
13.4.2 Response to Alarms 32 
 33 
Operators are credited in Chapter 3.0 for responding to alarms or out-of-specification readings.  34 
The alarms typically include visual and/or audible indication and have associated alarm response 35 
procedures in the control area where the alarm is located for directing operator responses to the 36 
alarm.   37 
 38 
Tank farm procedures consider human factors in the sequence of operator alarm response 39 
functions.  Facility conditions lead to signals that trigger an alarm condition.  The alarm is 40 
indicated through audible or visual annunciators that warn the operator of the alarm condition.   41 
 42 
Operators are trained to respond to alarms using alarm response procedures.  These procedures 43 
direct the operators to either take action through the alarm response procedure or transition to 44 
other facility operating, abnormal, or emergency procedures.  This entire process from alarm 45 
generation to operator action has been designed with human factors considerations to ensure 46 
prompt and appropriate action is taken to address the facility condition that caused the alarm. 47 
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 1 
The credited responses are simple actions that the operators have been trained to complete.  2 
Examples of such actions are closing valves to isolate a siphon or transfer line, or operating a 3 
switch to de-energize a pump motor. 4 
 5 
 6 
13.4.3 Placing the Facility in Safe Shutdown 7 
 8 
Chapter 3.0 credits operators with placing the facility in a safe condition following a natural 9 
phenomena hazard event.  The actions necessary to put the facility in this condition are the same 10 
as discussed in Section 13.4.2.  These actions will be directed by abnormal operating procedures 11 
or emergency operating procedures.  The operators are trained, and drills are conducted to ensure 12 
that these actions will be completed as required. 13 
 14 
 15 
13.5 OPTIMIZATION OF HUMAN-MACHINE 16 

INTERFACES 17 
 18 
The TOC utilized task analysis to identify human and machine tasks and to ensure that humans 19 
and machines perform tasks appropriate to their respective capabilities.  The TOC also used task 20 
analysis to evaluate the effectiveness of tank farm operating procedures for optimizing the 21 
human-machine interfaces and minimizing the probability of operator error for those SSCs or 22 
proceduralized actions identified in Chapters 3.0, 4.0, and 5.0.  Procedures are developed and 23 
validated as discussed in Chapter 12.0.  Human-machine interfaces were verified using checklists 24 
to ensure that the operations staffing could fulfill the responsibilities demanded of them during 25 
normal operating conditions as well as during abnormal and emergency conditions.  Based on the 26 
controls outlined in Chapters 3.0, 4.0, and 5.0, staffing requirements have been developed 27 
accounting for the facility design and the event responses required by the documented safety 28 
analysis. 29 
 30 
Task analysis was also used to evaluate the effectiveness of tank farm administrative controls.  31 
Operator actions associated with the controls are described in approved procedures.  This ensures 32 
the safe operation of tank farm facilities and compensates for the deficiencies in the optimization 33 
of the human-machine interfaces in the original design of tank farm SSCs. 34 
 35 
The process for selecting safety SSCs and TSR controls served as a systematic inquiry into the 36 
ability of facility staff to accomplish responsibilities during normal and abnormal operations.  37 
For each analyzed accident scenario, TOC operators and engineers were involved in the process 38 
of selecting safety-related SSCs and TSR controls for the tank farm facilities and operations.  39 
The SSC and TSR selection process was based on the best available information from the hazard 40 
and accident analyses and from TOC engineering and operations personnel.  The selection 41 
process served as a practical verification that action statements and completion times for TSR 42 
controls were set to be well within the knowledge, skills, abilities, and limitations of TOC 43 
operators. 44 
 45 
Optimization of human factors is also considered in the work planning process (by evaluating the 46 
work environments, including physical access, the need for protective clothing or breathing 47 
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apparatus, the need for operational aids, the noise levels, temperature, humidity, distractions, and 1 
other factors bearing upon physical comfort, alertness, fitness, etc., and the ability of the 2 
operators to perform their work), in establishing overtime restrictions (to ensure the alertness of 3 
the operators), and in ensuring that turnovers between shifts are conducted seamlessly and 4 
facility status is clearly understood. 5 
 6 
 7 
13.6 REFERENCES 8 
  9 
RPP-MP-003, Integrated Environment, Safety, and Health Management System Description for 10 

the Tank Operations Contractor, as amended, Washington River Protection Solutions 11 
LLC, Richland, Washington. 12 

 13 
TFC-PLN-09, Human Factors Program, as amended, Washington River Protection Solutions 14 

LLC, Richland, Washington. 15 
 16 
TFC-PLN-100, Requirements Basis Document, as amended, Washington River Protection 17 

Solutions LLC, Richland, Washington. 18 
 19 
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14.0 QUALITY ASSURANCE 1 
 2 
 3 
 4 
The Tank Operations Contractor (TOC) is committed to performing work in accordance with the 5 
requirements of the Quality Assurance Program (QAP) and the expectations of our customer, so 6 
as to achieve adequate protection of workers, the public, and the environment, taking into 7 
account the associated hazards.  Consistent with this, the TOC has implemented an Integrated 8 
Environment, Safety, and Health Management System (ISMS) to systematically integrate 9 
environment, safety, health, and quality into the work processes within the three business levels 10 
(company, facility, and activity).  Total environment, safety, health, and quality integration 11 
enables the assigned missions to be efficiently and effectively accomplished while protecting the 12 
workers, the public, and the environment, and it is embodied in the overall ISMS objective to 13 
“Do Work Safely.”  Refer to RPP-MP-003, Integrated Environment, Safety, and Health 14 
Management System Description for the Tank Operations Contractor, for a detailed description 15 
of the ISMS. 16 
 17 
 18 
14.1 INTRODUCTION 19 
 20 
This chapter provides a summary description of the TOC QAP.  It is the TOC’s priority to 21 
maintain an environment that fosters continuous improvement in process performance, safety, 22 
and quality.  The QAP requirements apply, with appropriate grading of controls, to the scope of 23 
work defined in the TOC contract with the U.S. Department of Energy (DOE). 24 
 25 
The quality management system is integrated with the safety management system as part of a 26 
comprehensive management system that ensures work is performed safely and products and 27 
services meet quality requirements.  The TOC line managers are responsible for safety in all 28 
work activities and for achieving and maintaining quality of products and services within their 29 
departments.   30 
 31 
 32 
14.2 REQUIREMENTS 33 
 34 
The U.S. Department of Energy (DOE), Office of River Protection (ORP) has approved the 35 
River Protection Project Authorization Agreement (Smith, 2013), which identifies the 36 
authorization basis for tank farm facilities, operations, and activities including the safety basis 37 
and requirements basis for the tank farms.  The requirements and implementing documents 38 
specific to the TOC contract (DE-AC27-08RV14800, Attachment J.2) are identified in 39 
TFC-PLN-100, Requirements Basis Document.  40 
 41 
 42 
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14.3 QUALITY ASSURANCE PROGRAM AND 1 
ORGANIZATION 2 

 3 
 4 
14.3.1 Quality Assurance Program 5 
 6 
The TOC’s quality management system is described in TFC-PLN-02, Quality Assurance 7 
Program Description.  TFC-PLN-02 defines the controls necessary to comply with contractual 8 
and regulatory requirements, and describes the organizational structure, functional 9 
responsibilities, and levels of authority and interfaces for managing, performing, and assessing 10 
work. 11 
 12 
TFC-PLN-02 provides for the graded application process, implemented through TFC-PLN-112, 13 
Graded Approach to Quality, that determines the appropriate level of analysis, documentation, 14 
and actions necessary to comply with the requirements prescribed, including nuclear safety.    15 
 16 
The primary objective of TFC-PLN-02 is to ensure work that affects safety and quality of 17 
systems, structures, and components (SSC) is specified and performed in accordance with 18 
applicable requirements.  TFC-PLN-02 provides for quality assurance (QA) oversight of 19 
activities affecting the safety and quality of SSCs, including determination, specification, 20 
fabrication, installation, operation, and maintenance. 21 
 22 
TFC-PLN-02 provides for technical oversight and independent assessment of activities including 23 
engineering, procurement, construction, operations, and tank farm closure acceleration.  24 
TFC-PLN-02 further provides for independent assessment and oversight of management plans, 25 
programs, and directives used to convey senior management directions related to operational 26 
activities and requirements. 27 
 28 
TFC-PLN-02 includes a table that provides a correlation between QAP requirements described in 29 
TFC–PLN-02 and key implementing documents (e.g., plans and procedures).  TFC-PLN-02 is 30 
reviewed and updated on an annual basis. 31 
 32 
 33 
14.3.2 Quality Assurance Organization 34 
 35 
The TOC Project Manager has overall responsibility for the quality of TOC activities and 36 
products.  The QA managers report to the Manager, Environmental, Safety, Health, and Quality, 37 
and have sufficient authority and independence to identify quality problems and verify 38 
implementation of corrective actions for conditions adverse to quality.  Safe operations and safe 39 
working conditions are built into mission implementation programs and are ensured by the TOC 40 
QA organization’s involvement not only in planning, but also in work execution. 41 
 42 
The QA organization provides guidance and oversight on implementation of the QAP; 43 
participates in independent assessments, inspections, and surveillances of facility operations to 44 
verify compliance with applicable requirements. 45 
 46 
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 1 
14.3.3 Assessments and Corrective Action Organization 2 
 3 
Administers corrective action management and lessons learned programs; and participates in the 4 
TOC Problem Evaluation Request (PER) process to ensure that conditions adverse to quality are 5 
promptly identified and corrected. 6 
 7 
 8 
14.3.4 Training and Qualification of Quality Assurance 9 

and Assessments Personnel 10 
 11 
Training and qualification processes ensure that personnel achieve and maintain the required 12 
capabilities for performing their assigned tasks.  Training and qualification requirements are 13 
based on analysis of the duties and tasks associated with the specific job functions.  Procedures 14 
for qualification and certification of QA personnel identify activities required to qualify/certify 15 
personnel such as: inspection and test, special processes, independent assessments, etc.  16 
TFC-PLN-02 describes the requirements and responsibilities for training and qualification of 17 
TOC QA and assessments personnel. 18 
 19 
 20 
14.4 QUALITY IMPROVEMENT 21 
 22 
TFC-PLN-02 describes the requirements and responsibilities to ensure that quality problems are 23 
prevented or detected, and to ensure continuous quality improvement of activities and products. 24 
 25 
The quality improvement system is implemented through approved procedures that describe 26 
processes for detecting and reporting deficiencies, evaluating the significance and causes, 27 
specifying and tracking corrective actions, conducting effectiveness assessments of completed 28 
corrective actions, developing performance indicators, and analyzing deficiency data for trends.  29 
 30 
 31 
14.4.1 Nonconformances 32 
 33 
Items that do not conform to specified requirements are controlled to prevent inadvertent 34 
installation or use.  Controls provide for identification, documentation, evaluation, segregation 35 
when practical, disposition of nonconforming items, and notification to affected organizations.  36 
Nonconformance reports document the description of the as-found condition of the 37 
nonconforming items, as well as the disposition, the actions associated with the disposition, the 38 
verification of completion of those actions, and closure. 39 
 40 
 41 
14.4.2 Problem Evaluation Request 42 
 43 
The PER process is a zero-threshold process that provides personnel the ability to identify 44 
problems (e.g., conditions adverse to quality, deficiencies, nonconformances, noncompliances, 45 
deviations, issues) or make process improvement suggestions. 46 
 47 
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The PER process ensures that conditions adverse to quality, failures, malfunctions, deficiencies, 1 
noncompliances, deviations, defective materials and equipment, and abnormal occurrences are 2 
identified and corrected.  In addition, the PER process provides guidance for characterizing 3 
PERs for significance, resolution, identifying repetitive issues and potential trends.  The PER 4 
process also provides a means for evaluating performance improvement suggestions and lessons 5 
learned reports, including initiation and tracking of any actions taken.   6 
 7 
 8 
14.4.3 Corrective Action Management 9 
 10 
The TOC procedures provide directions for the performance of causal analysis including root 11 
cause analysis and apparent cause analysis and for the development of corrective actions and 12 
corrective action planning in support of the PER process to correct and prevent recurrence of 13 
identified problems.  14 
 15 
 16 
14.5 DOCUMENTS AND RECORDS 17 
 18 
Requirements and responsibilities for controlling documents that specify quality requirements or 19 
prescribe activities affecting quality and for maintenance of records that furnish documentary 20 
evidence of quality are described in TFC-PLN-02.   21 
 22 
The TOC’s document control organization interfaces with other organizations that develop 23 
controlled documents to ensure consistent implementation of TFC-PLN-02 requirements. 24 
 25 
Documents requiring control are reviewed for adequacy and approved by authorized personnel 26 
before release and use.  The preparer of a controlled document is responsible for ensuring the 27 
document meets release criteria before approval and release.  Personnel authorized to review and 28 
approve configuration-controlled documents are identified and their approval is documented on 29 
the document or on records traceable to the configuration-controlled document (e.g., signature 30 
sheets).  Revisions are reviewed by the organization that originally reviewed and approved the 31 
document and are approved and released for use in the same manner as the original documents.  32 
The document control process is designed to ensure information at the work site is current and 33 
correct. 34 
 35 
Records that contain documentary evidence of quality are specified, prepared, authenticated, 36 
maintained, secured, and stored in a retrievable manner.  The TOC procedures describe the 37 
processes and controls for management, identification, collection, processing, protection, 38 
storage, retrieval, and disposition of TOC records. 39 
 40 
Records are to be legible, complete, identifiable, accurate, and retrievable.  Records are to be 41 
classified for ultimate disposition according to the National Archives and Records 42 
Administration records schedules.  Documents that define work (e.g., procedures) identify the 43 
records generated as a result of performing the work.  Records are processed and reviewed for 44 
authentication upon generation.  The authentication review confirms that the information on the 45 
record is complete and accurate.  Following authentication, records are secured, maintained 46 
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against substantive deterioration, and stored in a manner compatible with timely retrieval.  1 
Records are maintained as long as the designated disposition schedule requires. 2 
 3 
 4 
14.6 QUALITY ASSURANCE PERFORMANCE 5 
 6 
Processes designed to ensure that performed work meets requirements are described in the 7 
following sections. 8 
 9 
 10 
14.6.1 Work Processes 11 
 12 
Work activities are planned and performed by qualified personnel, in accordance with 13 
administrative, technical, and environmental controls.  Procedures, work instructions, and 14 
guidance documents with scope and details commensurate with the importance, complexity of 15 
work, and hazards associated with the work are used to implement work processes.  Documents 16 
used to release and control work are assembled in a work package verified and approved by 17 
responsible personnel. 18 
 19 
The work package identifies applicable technical standards and requirements, and contains 20 
written instructions, drawings and specifications, required permits, and in-process tests or 21 
inspections, including the use of calibrated instrumentation.  The SSCs affected by the work to 22 
be performed dictate the type of work package developed, and the type of work package dictates 23 
the rigor and extent of package approval.  Package approval is based on the graded approach.  24 
Approval requirements vary according to document type, purpose, and content. 25 
 26 
When work prerequisites are complete, work is performed according to the approved work 27 
package.  Designated hold, witness, and verification points are observed and released by 28 
qualified personnel.  Approval for release of these points is documented in the work package.  At 29 
the completion of work, records generated as a result of performing the work are included with 30 
the package, and a post-work review is performed to identify lessons learned.  Lessons learned 31 
are used to improve the quality, efficiency, and safety of future work. 32 
 33 
 34 
14.6.2 Design 35 
 36 
Quality is designed into products, processes, and services by establishing and implementing 37 
TFC-PLN-02, training personnel, seeking continuous process improvement, and interfacing with 38 
the users of the product or service. 39 
 40 
Codes, standards, and practices for assuring technical quality are identified and incorporated into 41 
the design of new or replacement items through the system design requirements documentation.  42 
Design documentation incorporates the appropriate revisions of the applicable codes, standards, 43 
and practices in effect on the date of design approval.  Exceptions to preserve maintainability or 44 
interchangeability are dispositioned on a case-by-case basis and documented in the design 45 
description. 46 
 47 
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Whenever possible, new, replacement, or revised designs incorporate the materials, components, 1 
and processes with proven use in similar applications.  Applicable data and documentation are 2 
used whenever necessary to identify SSC critical characteristics and design features, validate 3 
requested changes, and establish requirements for any design verification necessary for 4 
validation. 5 
 6 
Some specifications or contracts require suppliers or contractors to design certain components.  7 
In these cases, supplier or contractor design is approved for technical adequacy only when 8 
sufficient design data has been furnished.  This approval process ensures that the design meets 9 
the requirements specified in the procurement documents. 10 
 11 
Engineering designs documented in drawings, specification and design analyses, system 12 
descriptions, engineering studies, and technical reports are verified according to approved 13 
procedures and instructions.  Verification of designs, calculations, and functional requirements is 14 
discussed in the procedures delineating the design process. 15 
 16 
The procedures identify the positions responsible for verification and require the identification 17 
and correction of design errors.  If design outputs are used to support other work (e.g., 18 
procurement, manufacture, construction, or experiment) before design verification is complete, 19 
then the unverified portions of the design outputs shall be identified and controlled.  The 20 
completion of design verification may indicate the need to revise the unverified design output 21 
that was used.  Verification of designs is accomplished by individual or interdisciplinary design 22 
reviews, alternate calculations, or qualification testing.  The alternate calculations verify the 23 
original design calculations and qualification testing demonstrates the adequacy of performance 24 
during the most adverse design conditions.  The extent of the design verification is based on the 25 
complexity, risk, and uniqueness of the design. 26 
 27 
Specifications and calculations supporting the designs are also verified.  Documentation of the 28 
design verification is provided by signing the design media or comment document(s), or by 29 
accepting the team leader approval of record. 30 
 31 
TOC standards and procedures control the development, procurement, installation, maintenance, 32 
and use of the computer software as applicable to design, operations and maintenance, and safety 33 
analyses of nuclear facilities.  Procedures governing computer software control meet the 34 
requirements of consensus industry standards as applicable to the scope of work and the nature 35 
and complexity of the software. 36 
 37 
The TOC currently relies on subcontractors to provide analytical capability in the nuclear safety 38 
arena.  The statement of work to subcontractors contains specific QA requirements, which flow 39 
down from TFC-PLN-02. 40 
 41 
The software quality assurance program is part of the QAP required for nuclear facilities in 42 
accordance with 10 CFR 830, “Nuclear Safety Management,” Subpart A, “Quality Assurance 43 
Requirements,” and DOE O 414.1C, Quality Assurance.  The software quality assurance 44 
program, applied using a graded approach as described in TFC-PLN-112, is applied to software 45 
ranging from safety software (most rigorous) to non-quality affecting software (least rigorous).  46 
Software work activities, including verification and validation, ensure that the software 47 
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adequately and correctly performs all intended functions.  The work activities are documented 1 
and implemented based upon the graded level of the safety software and the applicable software 2 
type.   3 
 4 
Computer software used to produce or analyze data which is used directly in the design, analysis, 5 
and operation of safety SSCs, are in compliance with the requirements of American Society of 6 
Mechanical Engineers NQA-1, 2004 Edition, Part II, Subpart 2.7, Quality Assurance 7 
Requirements for Computer Software for Nuclear Facility Applications. 8 
 9 
Design changes, including field changes and software changes, are subject to design control 10 
measures commensurate to those applied to the original design.  Verification and review of 11 
design changes are performed to the same level as that of the original design.  As-built changes 12 
are documented and verified through field walk downs before changes are incorporated into the 13 
as-built records. 14 
 15 
 16 
14.6.3 Procurement 17 
 18 
Procurement activities are planned and controlled to ensure an effective procurement process.  19 
Procurement methods and organizational responsibilities are documented in TOC implementing 20 
procedures.  The procurement process is managed to ensure that accurate and complete 21 
procurement documents are prepared; prospective suppliers of material, equipment, and services 22 
have the requisite capability to provide the material, equipment, and services; and procured items 23 
and services are acceptable for use. 24 
 25 
The TOC QA organization is involved in the procurement process at several points.  For 26 
procurements affecting safety SSCs, the TOC QA organization participates in review and 27 
approval of procurement documents, including procurement specifications and scope-setting 28 
documents for the purpose of ensuring that appropriate QA requirements will be imposed on 29 
suppliers and appropriate criteria for acceptance of items and services are included. 30 
 31 
Prospective suppliers are evaluated to verify their capability to provide items and services in 32 
accordance with specified requirements.  Procurement source evaluation and selection measures 33 
shall be implemented in accordance with TFC-PLN-02. 34 
 35 
When a procurement specification requires a source inspection, qualified inspection personnel 36 
visit the supplier’s facility to inspect the item and to evaluate supplier-generated documentation 37 
and processes associated with that item.  Any deficiencies noted during the source inspection are 38 
communicated to the supplier, and the supplier is afforded an opportunity to bring the item into 39 
conformance and its documentation into compliance.  When a procurement specification requires 40 
that an item be inspected for acceptability upon receipt at the Hanford Site, qualified inspection 41 
personnel perform receipt inspection.  Items that fail receipt inspection are controlled under the 42 
nonconformance system. 43 
 44 
 45 

RPP-13033 1/29/2015 - 12:56 PM 982 of 1079



RPP-13033 REV 5 
 
 

 
 14-8  

14.6.4 Inspection and Testing for Acceptance 1 
 2 
14.6.4.1  Inspection.  Tank farm SSCs procured for use under the TOC work scope are inspected 3 
or tested to ensure acceptability.  This includes verifying that the use, maintenance, and storage 4 
of SSCs to prevent damage, loss, or deterioration is within design specifications. 5 
 6 
14.6.4.2  Acceptance Testing.  Acceptance testing is typically performed on systems comprising 7 
two or more interrelated components.  An acceptance test of the system is required when it is 8 
important that components function as a safety system with the facility infrastructure in which 9 
they are installed.  Acceptance test procedures (ATP) are generated, reviewed, and approved 10 
before acceptance tests are performed.  The TOC QA organization participates in the test 11 
preparation cycle to provide the quality perspective in the formation of the test plan and 12 
subsequent ATP.  The TOC QA organization involvement includes identifying hold, witness, or 13 
verification points in the ATP and ensuring that appropriate and measurable acceptance criteria 14 
have been included.  The TOC QA organization provides qualified individuals to perform and 15 
document the results of the inspection points identified in the ATP.  When the ATP is completed, 16 
the work package is processed as a quality record. 17 
 18 
The ATPs specify the measuring and test equipment devices to be used during the acceptance 19 
test and the acceptance criteria for the devices.  The actual measuring and test equipment devices 20 
used for the test are evaluated for compliance with acceptance criteria before the performance of 21 
the ATP.  Measuring and test equipment is subjected to calibration evaluations at specified 22 
intervals to ensure the measured values are reliable.  Post-test compliance, as specified in the 23 
ATP, is verified and recorded and becomes part of the quality record. 24 
 25 
 26 
14.6.5 Independent Assessment 27 
 28 
TFC-PLN-02 identifies requirements for performing independent assessments of the TOC’s 29 
programs, projects, and subcontractors to evaluate implementation of management systems 30 
important to safety, quality, and performance of TOC mission.  Multi-discipline teams of 31 
assigned personnel from various TOC organizations and Subject Matter Experts will conduct 32 
independent assessments of major work processes and programs, including environmental 33 
compliance, safety, conduct of operations, and QA. 34 
 35 
Independent assessment of the QAP elements is used to verify compliance with all aspects of the 36 
QAP and to determine its effectiveness.  In addition, the QA organization also conducts 37 
surveillances to verify quality of work in progress, to identify conditions adverse to quality, and 38 
to ensure that management responsible for performing the work ensures prompt corrective 39 
action.  40 
 41 
 42 
14.6.6 Installed Process Instrumentation 43 
 44 
Installed Process Instrumentation is instrumentation or equipment that is installed in a facility for 45 
process control, indication, or data gathering.  Installed process instrumentation differs from 46 
instrumentation used in the calibration process and controlled under the maintenance program. 47 
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 1 
Installed process instrumentation used to take measurements or readings that satisfy regulatory 2 
requirements are required to be calibrated or functionally tested to ensure continued accuracy of 3 
the measurement or reading.  Installed process instrumentation used exclusively for reference 4 
data collection or monitoring may not require calibration, recalibration, or accountability of use.   5 
 6 
Installed Process Instrumentation is calibrated (when calibration is required) and managed as 7 
described in TFC-PLN-29, Nuclear Maintenance Management Plan. 8 
 9 
 10 
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15.0 EMERGENCY PREPAREDNESS PROGRAM 1 
 2 
 3 
 4 
It is Tank Operations Contractor (TOC) policy to conduct emergency preparedness activities in a 5 
way that ensures the health and safety of employees, subcontractors, and the public, and the 6 
protection of the environment.  Consistent with this, the TOC has implemented an Integrated 7 
Environment, Safety, and Health Management System (ISMS) to systematically integrate 8 
environment, safety, health, and quality into the work processes within the three business levels 9 
(company, facility, and activity).  Total environment, safety, health, and quality integration 10 
enables the assigned missions to be efficiently and effectively accomplished while protecting the 11 
workers, the public, and the environment, and it is embodied in the overall ISMS objective to 12 
“Do Work Safely.”  Emergency preparedness also incorporates Safe Work Environment 13 
fundamentals into the program through employee involvement.  Refer to RPP-MP-003, 14 
Integrated Environment, Safety, and Health Management System Description for the Tank 15 
Operations Contractor, for a detailed description of the ISMS. 16 
 17 
 18 
15.1 INTRODUCTION 19 
 20 
This chapter describes the philosophy, objectives, and organization of the TOC Emergency 21 
Management Program (EMP) for response to emergencies at the TOC tank farm facilities as 22 
described by (1) relevant sections of DOE/RL-94-02, Hanford Emergency Management Plan; 23 
(2) RPP-27869, Building Emergency Plan for Tank Farms; (3) DOE-0223, Emergency Plan 24 
Implementing Procedures; and (4) TOC emergency response procedures.  Also discussed is the 25 
TOC EMP links to the U.S. Department of Energy (DOE), state and local, and tribal offsite 26 
organizations.  27 
 28 
The TOC EMP applies to tank farm facilities described in Chapter 2.0 and to TOC operations 29 
and personnel, including subcontractors, vendors, visitors, and non-contractor tenants.  The 30 
scope of the TOC EMP ensures that appropriate actions are taken to protect the health and safety 31 
of the workers, the public, and the environment.  The TOC EMP also meets applicable federal 32 
and state laws including the contingency planning requirements of Washington Administrative 33 
Code (WAC) 173-303, “Dangerous Waste Regulations,” through implementation of specific 34 
elements of DOE/RL-94-02 and RPP-27869.  35 
 36 
 37 
15.2 REQUIREMENTS 38 
 39 
The U.S. Department of Energy (DOE), Office of River Protection (ORP), has approved the 40 
River Protection Project Authorization Agreement (Smith, 2013), which identifies the 41 
authorization basis for tank farm facilities, operations, and activities, including the safety basis 42 
and requirements basis for the tank farms.  The requirements and implementing documents 43 
specific to the TOC contract (DE-AC27-08RV14800, Attachment J.2) are identified in 44 
TFC-PLN-100, Requirements Basis Document.  The requirements specific to Emergency 45 
Preparedness are included in TFC-PLN-100 and TFC-PLN-85, Emergency Management 46 
Program Plan. 47 
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 1 
 2 
15.3 SCOPE OF EMERGENCY PREPAREDNESS 3 

PROGRAM 4 
 5 
The TOC hazard analysis in Chapter 3.0 and the facility hazard and vulnerability assessments for 6 
each hazardous facility provide the technical basis for the TOC EMP.  The extent of planning 7 
and preparedness directly corresponds to the type and scope of the hazards identified for each 8 
facility and the potential bounding accidents, fires, explosions, and natural phenomena.   9 
 10 
The TOC EMP provides emergency response to events that range from small events such as 11 
minor spills, injuries, etc., which have minimal consequences that require only localized 12 
response and possible assistance from the Hanford Fire Department (HFD) to major events such 13 
as a seismic event, large waste transfer leak, waste tank fire/explosion, etc., which may challenge 14 
consequence guidelines and that could require activation of the Hanford Incident Command 15 
System, Hanford Site and state and local emergency operations centers, and implementation of 16 
protective actions beyond a localized area. 17 
 18 
 19 
15.4 EMERGENCY PREPAREDNESS PLANNING 20 
 21 
Emergency preparedness planning includes (a) determining hazards and credible events that 22 
could result in emergency situations; (b) preparing for those situations through the development 23 
of a trained emergency response organization (ERO); (c) procuring and maintaining emergency 24 
equipment and facilities; (d) forecasting protective actions; (e) developing standards and 25 
techniques for notifications, classification, consequence assessment, reentry, medical support, 26 
and program administration; (f) providing timely and accurate public information, and 27 
(g) identifying the diverse elements involved in recovery, termination, and reentry. 28 
 29 
In an emergency, the primary concern is to protect the public, employees, environment, and 30 
government property from harm or loss.  The emergency preparedness program establishes the 31 
framework for responding to emergencies in a timely, efficient, and effective manner in order to 32 
reduce the consequences of emergencies to the public, personnel, environment, and facilities.  33 
The TOC ERO consists of the building emergency director (BED), who is typically the shift 34 
manager, as well as the support personnel assigned by management who work under the 35 
direction of the BED.  The TOC is required to have BED coverage at all times but the level of 36 
coverage (i.e., Onsite or On-call) varies depending on the ongoing activities.  Onsite BED 37 
coverage is required if work is being performed which could generate an Alert or higher 38 
emergency classification.  On-call BED coverage is allowed for facilities where hazardous 39 
materials are in storage and stable, and where the work being performed is that of surveillance. 40 
 41 
The TOC ERO is responsible for event recognition, initial consequence assessment, initial 42 
classification, and implementation of corrective and protective actions necessary to mitigate 43 
emergency conditions.  In addition, the TOC ERO is responsible for protection of the workers, 44 
the public, and the environment; and for returning the facility to a safe condition.  The TOC ERO 45 
responds to emergencies involving the tank farm facilities and activities in and around the 46 
200 East Area and 200 West Area.   47 

RPP-13033 1/29/2015 - 12:56 PM 991 of 1079



RPP-13033 REV 5-H 
 
 

 
 15-3  

 1 
TOC ERO interfaces are described in DOE/RL-94-02.  Interface activities include coordination 2 
of personnel protective actions, emergency notifications, activation of emergency centers, 3 
communications, consequence assessments, mitigation, and event termination and recovery.  4 
Under this plan, the Hanford Site Emergency Operations Center (EOC) provides support to the 5 
TOC ERO at the event scene, consequence assessments, and protective action recommendations 6 
for downwind areas.  Recovery operations are overseen by the DOE, Richland Operations Office 7 
(RL)/ORP with support by the TOC.  RL/ORP interfaces with other onsite EROs and offsite 8 
agencies including the DOE, Headquarters (DOE-HQ). 9 
 10 
 11 
15.4.1 Emergency Response Organization 12 
 13 
Responsibilities of key individuals in the integrated TOC and Hanford Site Contractor ERO are 14 
described in this section.  The chain of command for notifying, alerting, and mobilizing the 15 
necessary response personnel is also described.  The Hanford Site ERO is shown in 16 
DOE/RL-94-02. 17 
 18 
The Hanford Incident Command Organization is responsible for emergency response at the event 19 
scene.  The Incident Commander (IC) commands the Hanford Incident Command Organization.  20 
The IC is the HFD senior officer on-scene.  For security events, the Hanford Patrol senior officer 21 
on-scene enters into unified command with the HFD.  For TOC events, Hanford Incident 22 
Command Organization consists of the HFD, Hanford Patrol, and the TOC ERO.  The Hanford 23 
Incident Command Organization interfaces with the Patrol Operations Center (POC), the 24 
Hanford EOC, and the Hanford EOC Shift Office.  When an emergency is declared, the Hanford 25 
EOC is activated to implement protective actions for Hanford Site personnel; to recommend 26 
preplanned protective actions for offsite public; and to implement consequence assessment, event 27 
mitigation, and recovery actions.  Responsibilities include technical, analytical, and emergency 28 
response support to contractor EROs that are conducting facility-level response actions.  The 29 
DOE interfaces with offsite agencies and enters into plans, agreements, understandings, and/or 30 
other arrangements for mutual assistance with these agencies.  These plans, agreements, 31 
understandings, and/or other arrangements are maintained in DOE/RL-94-02. 32 
 33 
The TOC ERO is responsible for recognizing that an emergency exists, implementing initial 34 
protective actions, stabilizing the event, categorizing the event, and making initial notifications 35 
to response organizations.  When the HFD and Hanford Patrol arrive, the HFD senior officer 36 
on-scene assumes the role of IC.  The TOC BED reports to the IC.  When the Hanford EOC is 37 
operational, the IC turns over specific responsibilities for event reclassification, emergency 38 
notifications, and additional protective actions to the Site Emergency Director in the Hanford 39 
EOC.  The IC is responsible for interfacing with and providing updates to the Site Emergency 40 
Director.  Specific TOC ERO personnel are assigned to interface with Hanford EOC personnel.  41 
An Incident Command Post Communicator is assigned to provide a continuous communication 42 
link to the Hanford EOC and an Incident Command Post Hazards Communicator provides 43 
source term, release, and monitoring information to the Unified Dose Assessment Center 44 
(UDAC).  At the event scene, TOC ERO personnel report to the HFD Operations Section Chief. 45 
 46 
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Upon recognizing that an emergency situation exists, the TOC BED is responsible for initiating 1 
notifications to mobilize necessary resources.  HFD and Hanford Patrol resources are obtained 2 
by calling the POC (911 or 373-0911 using a cell phone).  Upon declaration of an emergency, 3 
the Hanford EOC is activated and offsite notifications are initiated by calling the Hanford EOC 4 
Shift Office, via the 911 conference bridge with the POC.  TOC ERO members are notified 5 
through radio messages, Shift Operations Event Notification page, or other available means of 6 
communication with follow-up telephone calls if necessary. 7 
 8 
15.4.1.1  Tank Operations Contractor Facility Emergency Response Organization.  The 9 
TOC ERO is responsible for assisting with emergency response at the event scene.  Event 10 
response information is conveyed to and from the Hanford Site EOC.  RL/ORP maintains 11 
responsibility for communication with offsite agencies.  At the facility level, emergency staff 12 
assists in the protection of personnel, property, and the environment.  During an event, this staff 13 
is directed by the facility BED in conjunction with the HFD IC.  The key TOC ERO positions 14 
and responsibilities are discussed in RPP-27869 and DOE-0223 procedures. 15 
 16 
15.4.1.2  U.S. Department of Energy, Richland Operations Office/Office of River Protection 17 
Emergency Operations Center Staff.  The Hanford Site EOC staff comprises the RL/ORP 18 
Policy Team and staff in the Site Management Team (i.e., Executive Team and support staff, 19 
Security and Event Support, UDAC, and EOC operations), the Hanford EOC Shift Office, and 20 
the Joint Information Center.  The primary objectives of the Policy Team are oversight of 21 
emergency public information activities and notification and communication of Hanford 22 
activities to offsite agencies. 23 
 24 
The Site Management Team provides support and resources to the IC, tracks status, directs onsite 25 
protective actions, provides communication support, performs consequence assessment 26 
activities, develops additional offsite protective action recommendations, and supports overall 27 
EOC Operations.  The Executive Team consists of the Site Emergency Director, who is 28 
responsible for the coordination of all Site Management Team activities, and the Event Support 29 
Coordinator, EOC Operations Manager, and the Consequence Assessment Director. 30 
 31 
Security and Event Support primary functions are interfacing with law enforcement agencies, 32 
providing oversight of Hanford Patrol activities, directing activation of Hanford Site Emergency 33 
Alerting System devices, communicating with the event scene, and providing technical support, 34 
site support services, and medical interfaces. 35 
 36 
The UDAC monitors and evaluates existing emergency conditions in order to develop additional 37 
protective action recommendations.  The UDAC is responsible for field team activities, including 38 
plume tracking, monitoring, and sampling.  Representatives from the States of Washington and 39 
Oregon participate in the development of recommendations and provide direction for offsite 40 
environmental monitoring.  The UDAC is operated by Hanford Site contractor personnel with 41 
knowledge in the technical areas of meteorology, toxicology, industrial hygiene, and health 42 
physics.  The Consequence Assessment Director is responsible for all UDAC activities and 43 
reports directly to the Site Emergency Director.  UDAC responsibilities are described in 44 
DOE/RL-94-02 and DOE-0223 procedures. 45 
 46 
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EOC Operations primary functions are staffing, facility readiness, administration, record 1 
keeping, and information dissemination. 2 
 3 
The Hanford EOC Shift Office is staffed and operated by Hanford Site contractor personnel.  4 
The center is equipped to communicate event information and occurrences affecting the Hanford 5 
Site to DOE-HQ, RL/ORP, and state agencies.  The Hanford EOC Shift Office assists with 6 
offsite communication when the Hanford Site EOC is operational. 7 
 8 
The primary function of the Joint Information Center is the dissemination of accurate and timely 9 
information to the public and employees about RL/ORP activities during declared emergencies.  10 
The Joint Information Center is staffed by RL/ORP, contractor, state, and county communication 11 
professionals responsible for coordinating the release of information to the public and media.  12 
The Joint Information Center provides a single location where RL/ORP and Hanford Site 13 
contractors can coordinate the release of information with other federal agencies, state, and local 14 
jurisdictions.  The Joint Information Center operates under the direction of the RL Public 15 
Information Director and is managed and staffed by RL/ORP and Hanford Site contractor 16 
personnel.  Provisions shall be made at the Joint Information Center for representatives from the 17 
states of Washington and Oregon, plume Emergency Planning Zone (EPZ) counties, and other 18 
federal agencies that may be involved in the emergency response.  The responsibilities of the 19 
Joint Information Center are described in DOE/RL-94-02 and DOE-0223 procedures. 20 
 21 
 22 
15.4.2 Assessment Actions 23 
 24 
To determine the extent of emergency response, assessments are performed to support 25 
emergency classification.  These assessments can be subdivided into two types (i.e., preliminary 26 
and real-time).  The real-time assessment is performed during the occurrence of an event.  27 
A preliminary assessment or hazard assessment (RPP-23226, Tank Farms Emergency Planning 28 
Hazards Assessment) is performed prior to facility operations or when modifications to an 29 
existing facility or process have occurred.  The preliminary assessment typically relies on 30 
accident analyses for the identification of potential emergencies and the associated 31 
consequences.  These assessments are the basis for emergency classification.  Upon discovery of 32 
an event, the BED obtains information and makes a preliminary consequence assessment to 33 
determine the extent of protective actions necessary and to form the basis for classification of the 34 
emergency if necessary. 35 
 36 
For both real-time and preliminary assessments, dose projection and meteorological models are 37 
used to assess the potential consequences and impacts associated with each accident or event.  38 
The primary models used for the preliminary and the real-time assessments are an approved 39 
radiological release program (i.e., Hotspot or other equivalent program) and EPIcode TM – The 40 
Emergency Prediction Information Code Computer Program (Homann 1988).  The Hotspot 41 
calculates radiological releases, and the Emergency Prediction Information (EPI) Code 42 
Computer Program calculates hazardous chemical releases.  The Hotspot Program calculates 43 
radiological releases by using both puff and plume straight-line Gaussian distribution and 44 
Pasquill-Gifford stability classes.  The EPI Code Computer Program calculates hazardous 45 
chemical releases by using both plume and puff Gaussian dispersion modeling, depending on the 46 
projected release duration. 47 
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 1 
Source terms are identified in the emergency preparedness hazards assessment.  The hazards 2 
assessment uses source terms provided in Chapter 3.0.  The analysis provided in the hazards 3 
assessment using the source terms and pre-identified meteorological conditions form the basis 4 
for the initial consequence assessment and emergency classification.  Upon activation, the 5 
UDAC uses the source term information from the hazards assessment to begin identifying and 6 
refining dose and plume projections. 7 
 8 
Meteorological data for models is obtained from Hanford weather stations and local indicators.  9 
This data allows the characterization of atmospheric transport and diffusion conditions (e.g., 10 
wind speed, wind direction, stability) near tank farm facilities. 11 
 12 
Releases to aquatic and ground pathways may not have the same time urgency as airborne 13 
releases; however, considerations of these pathways are part of the consequence assessment 14 
activities.  The water and groundwater monitoring and environmental surveillance programs are 15 
used to characterize transport and diffusion of accidental releases of hazardous materials to 16 
aquatic pathways in the vicinity of a tank farm facility. 17 
 18 
 19 
15.4.3 Notification 20 
 21 
If a TOC-related emergency event were to occur, prompt and accurate emergency notifications 22 
would be made to mitigate consequences and to protect the health and safety of workers, the 23 
public, and the environment.  Emergency procedures identify initial and follow-up notifications 24 
of onsite and offsite organizations (e.g., federal, state, tribal, and local organizations).  These 25 
procedures have been validated through drills, exercises, and actual events.  The spectrum of 26 
operational emergencies and the classification levels of those emergencies can be found in 27 
DOE-0223. 28 
 29 
 30 
15.4.4 Emergency Facilities and Equipment 31 
 32 
Emergency facilities provide a location for coordinating emergency response activities.  33 
Emergency equipment includes the materials and tools that may be required to measure, control, 34 
or mitigate the consequences of an emergency. 35 
 36 
15.4.4.1  Emergency Facilities. 37 
 38 
15.4.4.1.1  Tank Farm Contractor Emergency Facilities.  TOC emergency facilities include a 39 
designated location for an initial Incident Command Post with alternate locations selected by the 40 
TOC BED and the HFD IC when conditions become unsafe at the designated location.  The 41 
Incident Command Post provides a central location for controlling all response activities and 42 
interactions with the Hanford Site EOC, the Hanford EOC Shift Office, the POC, Hanford Patrol 43 
Staff, and the HFD.  To assist the Command Post, the BED, in conjunction with the HFD IC and 44 
Operations Section Chief, establishes an event scene response location. 45 
 46 
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15.4.4.1.2  U.S. Department of Energy, Richland Operations Office Emergency Facilities 1 
Supporting the Tank Farm Contractor.  The Hanford EOC is located in the Federal Building, 2 
825 Jadwin Avenue, Richland, Washington.  The EOC (UDAC is a part of the EOC), and the 3 
Hanford EOC Shift Office are dedicated facilities in the basement of the Federal Building.  The 4 
Joint Information Center is a dedicated facility also located in the basement of the Federal 5 
Building.  Telecommunications, word processing, and duplicating services are provided to 6 
support Joint Information Center participating agencies and the media.  The center may also 7 
dedicate the use of the auditorium, portions of the lobby, and other areas in the Federal Building, 8 
as needed.  The POC is located at the 2721-E Building in the 200 East Area of the Hanford Site 9 
and acts as a single point of contact for RL/ORP and onsite contractors. 10 
 11 
15.4.4.2  Emergency Equipment.  The TOC has fixed and portable emergency equipment 12 
located throughout the facilities.  The majority of emergency equipment is staged in designated 13 
areas to provide response capabilities throughout all facilities.  Emergency equipment locations 14 
are discussed in RPP-27869.  Emergency equipment is inventoried and inspected to ensure 15 
availability, accessibility, and operational status.  The inventories include non-radiological 16 
hazardous emergency response equipment, radiological emergency response equipment, 17 
decontamination equipment, communications equipment, firefighting equipment, operational 18 
alarms, and sirens. 19 
 20 
The TOC maintains both radiological and hazardous material monitoring equipment.  21 
Radiological monitoring equipment is discussed in Chapter 7.0 and hazardous material 22 
monitoring equipment is discussed in Chapter 8.0. 23 
 24 
In addition to the monitoring equipment maintained by the TOC, the HFD maintains both 25 
chemical and radiological monitoring equipment, and DOE maintains radiological monitoring 26 
equipment for use by field teams that are dispatched by the UDAC. 27 
 28 
 29 
15.4.5 Protective Actions 30 
 31 
Protective actions are those actions taken to prevent or minimize the exposure of individuals to 32 
hazards or unsafe conditions during an emergency at a tank farm facility.  Protective action 33 
recommendations for chemicals at the tank farm facilities are based on the following (in 34 
preferred order):  Acute Exposure Guideline Levels [using the one hour emergency exposure 35 
period] promulgated by the U.S. Environmental Protection Agency; Emergency Response 36 
Planning Guidelines published by the American Industrial Hygiene Association (AIHA 1988, 37 
Emergency Response Planning Guidelines); and Temporary Emergency Exposure Limits 38 
developed by DOE (change is reflected in DOE/RL-94-02, Section 7.2) and radiological 39 
protective action guidelines (U.S. Environmental Protection Agency [EPA] 400-R-92-001, 40 
Manual of Protective Action Guides and Protective Actions for Nuclear Incidents) and are 41 
consistent with DOE direction.  The AIHA (1988) emergency response planning guidelines are 42 
used during a TOC emergency response to determine protective actions for unique exposures to 43 
chemical releases.  The protective action guidelines included in DOE-0223 are used during a 44 
TOC emergency response to determine protective actions for unique exposures to radiological 45 
releases.  DOE directs use of the protective action guidelines (adopted by the states of 46 
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Washington and Oregon) on the basis of the criteria published in EPA 400-R-92-001 and 1 
DOE/RL-94-02. 2 
 3 
The Hanford Site EMP uses the EPZ concept to focus emergency planning activities.  EPZs are 4 
designated areas where protective actions may be required.  The size of an EPZ is determined 5 
primarily by the expected dispersion distance of a particular concentration of substance.  The two 6 
exposure pathways for radiological and non-radiological hazardous materials are (1) the plume 7 
exposure pathway and (2) the ingestion exposure pathway.  8 
 9 
The plume exposure pathway EPZ is the probable area of exposure to a passing cloud, or plume, 10 
that could result in direct contact with the substance through the exterior of the body or through 11 
inhalation.  To ensure that prompt and effective actions are taken in an emergency and to protect 12 
onsite personnel and public health and safety, the plume exposure pathway EPZ includes the area 13 
where emergency planning is conducted.  The plume exposure EPZ for the 200 East and 14 
200 West areas is determined by DOE with inputs from facility emergency preparedness hazards 15 
assessments. 16 
 17 
The primary protective actions are sheltering or evacuation.  Initial protective actions are 18 
implemented by the TOC BED and subsequent protective actions can be implemented by the IC 19 
and the Hanford EOC. 20 
 21 
Sheltering is the preferred initial protective action for an airborne release of hazardous materials.  22 
At the event scene a local and immediate evacuation may be performed.  Sheltering is 23 
implemented to reduce exposure and contamination impact on area personnel.  Once the 24 
projected release path is identified, actions are taken to safely move personnel out of the 25 
impacted area. 26 
 27 
Emergency evacuation procedures are described in the building emergency plan and in 28 
DOE-0223.  Evacuation procedures include siren activation criteria, evacuation route 29 
communication, personnel transportation, and protective actions for personnel immediately 30 
adjacent to the event.  The activation of the standard Hanford Site evacuation siren, which has a 31 
steady tone, alerts personnel that an evacuation is in progress.  In addition, the Hanford Site 32 
Emergency Alerting System provides Telephone Notification System Computer Emergency 33 
Messaging and other components to alert personnel to an evacuation.  TOC procedures for 34 
localized evacuations are in place and are implemented by the TOC BED or IC for specific 35 
building or downwind protective action distance.  Evacuation routes for 200 East Area or 36 
200 West Area events are identified in DOE/RL-94-02 and are specifically determined by the 37 
Hanford EOC in response to existing event location and meteorological conditions.  Once 38 
determined, the evacuation routes are communicated to all 200 Area facilities. 39 
 40 
The time it takes to implement an evacuation depends on the type and extent of the event and the 41 
extent of the required evacuation.  Localized evacuations implemented by the TOC BED or IC 42 
for a specific building or downwind protective action distance may take minutes, while a 43 
full-scale area evacuation planned and implemented by the EOC will take longer. 44 
 45 
Implementation of offsite protective actions is the responsibility of local agencies upon 46 
notification of an emergency by the Hanford EOC Shift Office.  During emergency planning, 47 
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these agencies interface with RL/ORP to develop preplanned protective actions for emergencies 1 
at the Hanford Site.  Typical interfaces are with state and local EROs, the Hanford Site medical 2 
services provider, local hospitals, police departments, sheriff departments, ambulance services, 3 
fire departments, and the American Red Cross.  Offsite protective actions may include closing 4 
State Highway 24 or 240, closing the Hanford air space, evacuation of EPZs, and alerting 5 
personnel on the Columbia River. 6 
 7 
The ingestion exposure pathway EPZ is the probable area of exposure to contaminated foods or 8 
water that may result in deposition of hazardous material in various internal organs following 9 
ingestion.  The ingestion exposure pathway EPZ for radiological and nonradiological incidents 10 
for all Hanford Site facilities corresponds to the 80-km (50-mi) EPZ for Energy Northwest 11 
Columbia Generating Station (DOE/RL-94-02). 12 
 13 
The Hanford Site medical services provider is the primary provider for professional medical 14 
assistance for the Hanford Site.  HFD paramedics are available for emergency assistance 15 
24 hr/day, and have been trained in contaminated or exposed victim medical techniques. 16 
 17 
Non-injured contaminated personnel are decontaminated in designated Hanford Site 18 
decontamination facilities.  Contaminated patients with injuries are cared for in the local hospital 19 
emergency rooms. 20 
 21 
 22 
15.4.6 Training and Exercises 23 
 24 
The TOC ensures the readiness of the TOC ERO through classroom instruction, tabletop drills, 25 
facility walk-throughs, on-the-job training, and emergency preparedness and operational drills.  26 
The effectiveness of the training program is evaluated by written examinations, qualification 27 
cards (knowledge-performance objectives), and emergency drills and exercises.  Emergency 28 
drills and exercises of sufficient scope and detail are conducted to demonstrate response 29 
capability in appropriate areas.   30 
 31 
15.4.6.1  Tank Farm Operations Training.  Training for TOC ERO members is provided 32 
initially, with refresher training provided annually thereafter.  Training includes the Hanford 33 
Incident Command System, emergency response procedures, emergency response actions, 34 
lessons learned, and participation in drills and exercises. 35 
 36 
As appropriate, RL offers training programs to offsite organizations that may perform emergency 37 
tasks.  Training may involve facility-specific orientations, hazard information, and emergency 38 
response procedures commensurate with the level of response required.  Training is provided at 39 
the request of and in conjunction with the states, tribes, and counties by DOE. 40 
 41 
15.4.6.2  Tank Operations Contractor Emergency Drills and Exercises.  Emergency drills 42 
are conducted to provide training for the emergency staff in the use of emergency facilities, 43 
equipment, procedures, and communication channels.  These drills are developed and conducted 44 
by TOC Emergency Management personnel.  A drill schedule is developed annually based upon 45 
the identified accidents in the hazards assessment.  The drill schedule identifies the types of drills 46 
to be conducted throughout the year to provide hands-on training to the TOC ERO.  The drill 47 
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scenarios include a range of emergency events including injuries, small spills, and natural 1 
phenomena events that would require emergency classification, area-wide protective actions, and 2 
notifications to the Hanford Site ERO.    3 
 4 
The Hanford Site contractor emergency exercise program organization is responsible for 5 
administering the Hanford Site contractor emergency exercise program in accordance with 6 
DOE/RL-94-02.  The Hanford Site organization develops and maintains a 5-yr schedule to 7 
ensure that each hazardous facility participates in one exercise with the DOE EOC, offsite 8 
agencies, including DOE-HQ and appropriate federal, state, tribal, and local organizations.   9 
 10 
Corrective actions resulting from these drills and exercises are identified and tracked to closure. 11 
 12 
 13 
15.4.7 Reentry and Recovery 14 
 15 
An emergency is officially terminated when the event is stabilized (i.e., under control); 16 
protective actions are implemented; all applicable emergency closeout checklist criteria are met; 17 
and the event contractor and the TOC BED, HFD IC, and Hanford Site contractor Site 18 
Emergency Director agree that termination can be declared.  The Site Emergency Director 19 
approves the official emergency termination and directs that notifications be made to federal, 20 
state, and local authorities. 21 
 22 
The HFD IC authorizes reentry for emergency response purposes.  The Site Emergency Director 23 
authorizes non-emergency reentry.  The Hanford Site contractor responsible for the facility, in 24 
coordination with the RL/ORP, determines the accessibility of the areas during and after the 25 
emergency and advises on reentry operations. 26 
 27 
Hanford Site and offsite emergency organizations develop recovery staffing plans necessary to 28 
return the affected facility and surrounding areas to normal conditions after termination of the 29 
event.  The Site Emergency Director in conjunction with the IC and federal, state, and local 30 
authorities determine that criteria to terminate the emergency have been met.  Upon termination, 31 
management of the event is transitioned to a recovery team that has been identified during the 32 
initial recovery planning prior to termination. 33 
 34 
The Site Emergency Director will appoint an RL/ORP Recovery Manager and an onsite recovery 35 
director.  36 
 37 
The RL/ORP Recovery Manager supports the offsite recovery efforts of federal, state, and local 38 
agencies and provides oversight to the onsite recovery effort.  The offsite recovery support team 39 
comprises sufficient staff to perform all functions applicable to the situation. 40 
 41 
The onsite recovery director identifies the onsite recovery team and directs the onsite recovery 42 
activities.  For a TOC event, the onsite recovery team will primarily consist of TOC personnel 43 
with additional resources from other contractors/sources as determined necessary. 44 
 45 
Event termination, reentry, and recovery are discussed in detail in DOE/RL-94-02 and 46 
DOE-0223 procedures. 47 
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16.0 PROVISIONS FOR DECONTAMINATION 1 
AND DECOMMISSIONING 2 

 3 
 4 
 5 
The Tank Operations Contractor (TOC) currently is not responsible for decontamination and 6 
decommissioning (D&D) activities at the Hanford Site tank farms.    7 
 8 
  9 
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17.0 MANAGEMENT, ORGANIZATION, AND 1 
INSTITUTIONAL SAFETY PROVISIONS 2 

 3 
 4 
It is Tank Operations Contractor (TOC) policy to conduct activities in a way that ensures the 5 
health and safety of employees, subcontractors, and the public, and the protection of the 6 
environment.  Consistent with this, the TOC has implemented an Integrated Environment, 7 
Safety, and Health Management System (ISMS) to systematically integrate environment, safety, 8 
health, and quality into the work processes within the three business levels (company, facility, 9 
and activity).  Total environment, safety, health, and quality integration enables the assigned 10 
missions to be efficiently and effectively accomplished while protecting the workers, the public, 11 
and the environment, and it is embodied in the overall ISMS objective to “Do Work Safely.”  12 
Refer to RPP-MP-003, Integrated Environment, Safety, and Health Management System 13 
Description for the Tank Operations Contractor, for a detailed description of the ISMS. 14 
 15 
 16 
17.1 INTRODUCTION 17 
 18 
The TOC is organized and has defined roles and responsibilities, as well as the Safety 19 
Management Programs (SMP), to ensure work is performed in a safe manner and that a safety 20 
conscious environment permeates the organization.    21 
 22 
This chapter defines the organizational alignments and summary level roles and responsibilities 23 
for the implementation of the TOC mission.  The River Protection Project (RPP) was established 24 
to safely manage, retrieve, and disposition the highly radioactive mixed radioactive wastes stored 25 
in tanks in the 200 Areas of the Hanford Site; to characterize tank farm soil, clean up, and close 26 
the tank farms following waste retrieval; and to deactivate and decommission the Waste 27 
Treatment Plant (WTP) and other facilities when their missions are completed.  The U.S. 28 
Department of Energy (DOE), Office of River Protection (ORP); the TOC; and the WTP 29 
contractor comprise the RPP.  Washington River Protection Solutions LLC (WRPS) is the TOC 30 
contractor performing work under DOE contract DE-AC-08RV14800, Tank Operations 31 
Contract.  The TOC mission is to: 32 
 33 

 Eliminate the risk posed to the environment from the highly radioactive waste generated 34 
during the weapons production era at the Hanford Site 35 
 36 

 Safely and efficiently manage tank waste storage 37 
 38 

 Retrieve waste from single-shell tanks (SST) and transfer to double-shell tanks (DST) or 39 
treatment facilities 40 
 41 

 Retrieve waste from DSTs to deliver waste feed to the treatment facilities 42 
 43 

 Implement effective supplemental treatment technologies that will increase DST space 44 
availability and supplement the WTP to complete tank waste treatment mission 45 
 46 
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 Manage interfaces between the tank farms and the WTP and certify the operational 1 
readiness of the WTP 2 
 3 

 Maintain the Tank Waste Information Systems (TWINS) and Best Basis Inventory (BBI) 4 
databases, overall RPP system modeling, and develop the RPP Systems Plan 5 
 6 

 Plan, manage, and operate the tank farm systems and tank waste treatment facilities as an 7 
overall integrated system 8 
 9 

 Store and disposition treated waste products in accordance with the RPP baseline and 10 
regulatory requirements 11 
 12 

 Prepare interim stored immobilized high-level waste (IHLW) and packaged transuranic 13 
(TRU) waste for shipment to the appropriate repository 14 
 15 

 Treat secondary waste streams to conform with disposition pathway waste acceptance 16 
criteria 17 
 18 

 Ship immobilized low activity waste to on-site near-surface disposal facilities 19 
 20 

 Characterize vadose zone contamination related to the Tank Farms and associated 21 
facilities, and perform and soils remediation and ancillary equipment remediation 22 
pursuant to regulatory requirements in coordination with the Hanford Site Groundwater 23 
Program 24 
 25 

 Provide an integrated approach for managing waste feed delivery and WTP startup that 26 
results in optimum solutions to technical issues, and reduced schedule and cost risk. 27 
 28 

 Close Waste Management Areas including SSTs, DSTs, Tank Farm facilities, ancillary 29 
equipment, and remediated soils 30 
 31 

 Deactivate and decommission treatment facilities and equipment upon mission 32 
completion. 33 

  34 
 35 
17.2 REQUIREMENTS 36 
 37 
DOE-ORP, has approved the River Protection Project Authorization Agreement (Smith, 2013), 38 
which identifies the authorization basis for tank farm facilities, operations, and activities 39 
including the safety basis and requirements basis for the tank farms.  The requirements and 40 
implementing documents specific to the TOC contract (DE-AC27-08RV14800, Attachment J.2) 41 
are identified in TFC-PLN-100, Requirements Basis Document.  42 
 43 
 44 
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17.3 ORGANIZATIONAL STRUCTURE, 1 
RESPONSIBILITIES, AND INTERFACES 2 

 3 
The following subsections describe the organizations, responsibilities, and interfaces between 4 
company-level and facility-level organizations that are important to the safe and efficient 5 
management of the tank farms.  These organizations comprise the safe work environment to 6 
ensure and enhance facility safety.  The overall description of the TOC organizations and their 7 
roles and responsibilities are provided in TFC-CHARTER-01, Tank Operations Contractor 8 
Charter. 9 
 10 
As deemed necessary, the TOC may make organizational changes that impact the descriptions in 11 
these sections.  These changes will be evaluated in accordance with the TOC procedure for 12 
unreviewed safety questions (USQ) prior to implementation. 13 
 14 
 15 
17.3.1 Organizational Structure 16 
 17 
The TOC organizational structure is provided in the following diagram. 18 

 19 

 20 
17.3.2 Organizational Responsibilities 21 
 22 
The Office of the President, Base Operations, SST Retrieval & Closure, Tank Farm Projects, and 23 
One System Integrated Project Team comprise the TOC line management organizations.  The 24 
following sections provide summaries of the respective organization structures and 25 
responsibilities. 26 
 27 
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17.3.2.1  Office of the President 1 
 2 
The President provides leadership and direction, and is the single point of accountability, for 3 
Contract performance.  The President is the TOC Project Manager and the primary point of 4 
contact with DOE.  Additional leadership responsibilities for Office of the President include: 5 
 6 

 Corporate and mission direction 7 
 Safety, quality, and environmental protection 8 
 Standard of excellence in mission execution 9 
 Environment of continuous improvement 10 
 Partnering with site contractors 11 
 Community involvement and corporate citizenship 12 
 Strategy and business development 13 
 Ethics and responsible business reporting 14 
 Development and implementation of the Corporate Vision and Core Values 15 
 Alignment among the TOC line and functional organizations. 16 

 17 
The Office of the President champions the expectation and commitment to an event and 18 
injury-free workplace where everyone goes home safely every day.  Continuous improvement to 19 
ISMS implementation is enhanced through the leadership of the Office of the President and the 20 
entire WRPS management team in robust application of employee involvement and Voluntary 21 
Protection Program (VPP) tenets, a Safe Work Environment where employees feel free to raise 22 
safety concerns without fear of retaliation, and event prevention attributes of Human 23 
Performance Improvement.  The Office of the President sets the mission, vision, direction, and 24 
strategy to provide safe and cost-effective completion of the TOC work scope with a 25 
demonstrated commitment to ISMS and safety excellence. 26 
 27 
The Project Operations Manager reports to the President and provides leadership, direction, and 28 
strategy to implement safe work accomplishment by focusing on consistent excellence in 29 
operations within and among all project work areas.  The Project Operations manager fills the 30 
role of Chief Operating Officer for WRPS and acts for the President/Project Manager in their 31 
absence.  The WRPS Project Operations Manager serves as the TOC Startup Authority, approves 32 
the TOC Startup Notification Report and plans, and assigns the readiness assessment team leads. 33 
 34 
As part of the Project Operations Manager’s Conduct of Operations focus, Conduct of 35 
Operations mentors have been established in Base Operations, SST Retrieval & Closure and 36 
Tank Farm Projects line organizations to promote, mentor and strengthen Conduct of Operations 37 
principles within WRPS. 38 
 39 
17.3.2.2  Base Operations  40 
 41 
The mission of Base Operations is to provide high-level and low activity waste feed delivery and 42 
disposal systems to support the WTP.  The organization also provides technical interface and 43 
infrastructure support to Advanced Technologies and Laboratories International, Inc. (ATL), a 44 
DOE direct-funded contractor, in support of the TOC and other DOE prime contractors utilizing 45 
the 222-S Laboratory complex.  In addition, the organization manages the maintenance and 46 
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routine operations for continued safe storage, transfer, and receipt of radioactive waste, and 1 
provides operational assurance that SSTs are operated and maintained in accordance with 2 
Contract requirements.  The Base Operations organization responsibilities include: 3 
 4 

 Providing engineering services necessary to support operations and maintenance 5 
activities 6 

 7 
 Operating and maintaining surveillance systems necessary for compliance with 8 

regulatory and Safety Basis requirements and to ensure the protection of workers, the 9 
public, and the environment 10 
 11 

 Management of the limited available space within the DSTs 12 
 13 

 Operating the 242-A Evaporator for management of waste volumes in the DSTs 14 
 15 

 Administration/implementation of the Safety Basis implementation programs 16 
 17 

 Emergency preparedness/safeguards and security immediate shift response. 18 
 19 

The organizational structure is centered on multi-disciplined teams responsible for operation and 20 
field execution of work, waste transfers, and evaporator campaigns.  The team concept promotes 21 
ownership of work and clear definition of roles and responsibilities as the foundation for a strong 22 
ISMS and VPP culture. 23 
 24 
The Base Operations Manager (title changed to Production Operations Manager, see  25 
TFC-MD-101, Interim Guidance for Implementation of the Base Operations Name Change) also 26 
performs as the Responsible Manager for Conduct of Operations and Work Control and 27 
Maintenance for the TOC. 28 
 29 
17.3.2.2.1  Waste Transfer  30 
 31 
Waste Transfer is responsible for prioritizing, preparing, and executing waste transfers between 32 
DSTs; Catch Tanks and DSTs; and making caustic additions to DSTs.  The multi-disciplined 33 
team ensures transfer procedures and technical documents are compliant with the applicable 34 
Documented Safety Analysis and Environmental requirements.  35 
 36 
Waste Transfer is accountable to ensure safe execution of transfers and chemical additions 37 
within company procedures, policies, and standards.  The team responsibilities include: 38 
 39 

 Development of transfer and chemical addition technical operating procedures 40 
 41 
 Development of supporting technical documents to support field execution 42 
 43 
 Performance of tabletop and familiarity drills to ensure team members understand roles 44 

and responsibilities prior to field execution 45 
 46 
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 Performance of the transfer and chemical addition, and 1 
 2 
 Ensure equipment necessary to perform transfers is functional and meets Documented 3 

Safety Analysis and regulatory compliance requirements. 4 
 5 

17.3.2.2.2  Facilities Work Organizations  6 
 7 
The Facilities Work Organizations consist of multi-disciplined operations and maintenance 8 
teams who ensure tank farm and evaporator operations and field activities are conducted within 9 
the Authorization Agreement including the safety basis and regulatory requirements.  The 10 
organizations also provide the command and control functions for emergency preparedness shift 11 
activities for the TOC.  The Facilities Work Organizations are as follows, as direct reports to the 12 
manager – Base Operations: 13 
 14 

 Shift Operations 15 
 16 

 Resource Team 17 
 18 

 AN/B/BX/BY/C Farm Team 19 
 20 

 A/AX/AY/AZ Farm Team 21 
 22 

 AW/242A/AP Farm Team 23 
 24 

 T/TX/TY/SX/SY/S/U Farm Team 25 
 26 

The multi-disciplined operations and work execution teams, the shift office, and resource pool 27 
are responsible for: 28 
 29 

 Routine tank farm surveillances and data collection 30 
 31 

 Implementation of appropriate actions to place and/or maintain the facility in a safe 32 
condition on discovery of a potential inadequacy of the safety basis or regulatory  33 
non-compliance 34 
 35 

 Operation of the 242-A Evaporator system 36 
 37 

 Control and authorization of entry into and exit out of Limiting Conditions for Operations 38 
 39 

 Support functions to ensure an orderly turnover of structures, systems and components 40 
from Construction to Operations 41 
 42 

 Accountability and access control 43 
 44 

 Safe shutdown of operations 45 
 46 
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 Issuing protective action recommendation for offsite personnel and offsite emergency 1 
organizations 2 
 3 

 Protective actions for onsite personnel 4 
 5 

 Proper emergency classification and emergency action levels 6 
 7 

 Functioning as the facility building emergency director and administration of the initial 8 
emergency response organization 9 
 10 

 Providing centralized process ventilation and balance services; aerosol and  11 
high-efficiency particulate air (HEPA) filter testing; heating, ventilation, and air 12 
conditioning system balancing; and maintenance and service of vent and balance 13 
equipment to all Hanford Site facilities and contractors 14 
 15 

 Maintenance of facilities and systems to ensure waste is stored in a safe and compliant 16 
manner 17 
 18 

 Assuring preventative and corrective maintenance activities are prioritized and scheduled 19 
to meet regulatory and operational requirements 20 
 21 

 Scheduling and integration of tank farm and evaporator field activities with the Tank 22 
Farm Projects and SST Retrieval and Closure organizations 23 
 24 

 Preparing and maintaining project plans of the day and plans of the week 25 
 26 

 Ensuring facility equipment degradation is identified and equipment life is optimized. 27 
 28 
17.3.2.2.3  Maintenance Programs and Work Control Organization  29 
 30 
The Maintenance Programs and Work Control organization is responsible for the establishment 31 
of programs that are consistent with the tenets of the ISMS and the VPP.  The organization is 32 
chartered with ensuring Maintenance programs and Work Control provides a structure for all 33 
TOC organizations that ensures scopes of work are clearly defined, hazards are identified, and 34 
controls to mitigate identified hazards are incorporated into work documents prior to 35 
commencing work.   36 
 37 
Specifically, for Base Operations the organization provides daily line management functions to: 38 
 39 

 Maintain and oversee the work management process from initiation of a work request 40 
through work order closeout 41 

 42 
 Maintain and oversee the process for Job Hazard Analysis (JHA) to identify, evaluate, 43 

control, and communicate potential hazards and environmental impacts associated with 44 
planned work orders 45 
 46 
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 Maintain and oversee the process for pre-job briefings to aid workers and supervisors to 1 
better understand the scope of work to be performed including specific tasks, hazards and 2 
related safety precautions 3 
 4 

 Plan work packages performed within the Tank Farms, 222-S laboratory, 242-A 5 
evaporator and miscellaneous facilities 6 
 7 

 Ensure programs for control and calibration of measuring and testing equipment (M&TE) 8 
are consistent with the quality assurance requirements 9 
 10 

 Ensure procurement of parts, materials, and services for maintenance activities is 11 
performed in accordance with applicable company procedures 12 
 13 

 Ensure the receipt, inspection, handling, storing, and retrieval of parts and materials is 14 
consistent with the quality assurance requirements 15 
 16 

 Provide material management including purchasing, warehousing, and material excess. 17 
 18 
17.3.2.2.4  Base Operations Project Controls  19 
 20 
The Base Operations Project Controls organization provides functional support to all groups 21 
within Base Operations in the areas of financial planning and analysis, scheduling, cost 22 
accounting, Performance Management Baseline (PMB) development and maintenance, and 23 
performance indicator development and maintenance to provide the tools for efficient project 24 
management in accordance with the requirements and guidelines established by the WRPS 25 
Project Integration Organization. 26 
 27 
17.3.2.2.5  222-S Laboratory  28 
 29 
The mission of the 222-S Laboratory organization is operate and maintain the laboratory, 30 
perform specialized physical characterization of high level wastes, and provide infrastructure 31 
support and TOC priorities to the DOE direct-funded contractor, ATL.  The 222-S Laboratory 32 
organization also provides process chemistry and analytical method development in support of 33 
tank farm retrieval operations, tank chemistry control and corrosion mitigation, as well as 34 
chemistry support to tank farm industrial hygiene (IH) vapor work.     35 
 36 
The 222-S Laboratory organization’s responsibilities are: 37 
 38 

 Radiological Control support and oversight for all radiological work done by WRPS and 39 
ATL staff in the facility 40 

 41 
 Operating and maintaining the 222-S Laboratory physical facilities and infrastructure and 42 

providing all the analytical equipment utilized by ATL 43 
 44 
 Management of the Plan of the Day and Plan of the Week schedules, coordination of 45 

WRPS analytical work scheduling and reporting with WRPS customer needs, support of 46 
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customers data quality objectives, maintenance and replacement of laboratory equipment, 1 
and management of the Laboratory Information Management System for both ATL and 2 
WRPS staff use 3 
 4 

 Management of around-the-clock facility operational safety, compliance, and reliability 5 
standards, including work release and safe shutdown direction, and ensure emergency 6 
preparedness including on-call Building Emergency Directors and support staff, as well 7 
as coordination with the Base Operations shift office for notifications 8 

 9 
 Dedicated engineering support to the 222-S Laboratory facilities and projects 10 
 11 
 Implementation of programmatic processes for Corrective Action Management, 12 

Commitment Assurance, Assessment Management, Records Management, and Conduct 13 
of Operations activities. 14 

 15 
The primary organizations that comprise the 222-S Laboratory organization are Integration and 16 
Controls, Laboratory Facilities, Laboratory Engineering and Laboratory Support Services.  17 
Matrix and deployed staff functions resident at 222-S include environmental, industrial 18 
safety/industrial hygiene, chemical management, waste management and designation, quality 19 
assurance, radiological control, material coordination, Hanford Atomic Metal Trades Council 20 
(HAMTC) safety representative, emergency preparedness, project controls, training, procedures, 21 
and construction during project phases. 22 
 23 
17.3.2.2.6  Base Operations Engineering  24 
 25 
The Base Operations Engineering organization provides a variety of engineering services and 26 
ensures proper implementation of engineering requirements from the TOC Chief Engineer 27 
organization.  These include:  28 
 29 

 Development of Base Operations inputs, assumptions and design criteria for tank farm 30 
facility modifications 31 

 32 
 System engineering (Design Authority) support to facilities for vital safety systems or 33 

other systems as defined by the Chief Engineer, including routine walk-downs and 34 
system health reports 35 
 36 

 Providing Engineering Change Notices, work package reviews, and technical support for 37 
procurement 38 
 39 

 Resident waste transfer, and characterization technical expertise and facility knowledge, 40 
support of operability determinations, performance monitoring program, centralized 41 
resolution of Structures, Systems, and Components (SSC) performance problems, and 42 
providing system-specific technical support 43 
 44 

 Maintenance engineering 45 
 46 
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 Verifying field configuration versus technical baseline documents is correct 1 
 2 

 Support work package preparation Base Operations tasks 3 
 4 

 Development of safe waste management strategy for DST that balances the needs of the 5 
retrieval projects and the future WTP 6 
 7 

 Identification of SSC improvements and recommending enhancements to operations and 8 
engineering management 9 
 10 

 Interfacing with the Centralized Engineering organization for information sharing 11 
assuring consistent application of engineering practices across the Company 12 
 13 

 Participation on the Engineering Council. 14 
 15 
17.3.2.2.7  Technical Support  16 
  17 
The Technical Support organization provides Base Operations Performance Assurance and 18 
Waste Services support.   19 
 20 
Base Operations Performance Assurance is responsible to: 21 
 22 

 Track, trend, analyze, and report performance measures and indicators based on data 23 
from the corrective action management system 24 

 25 
 Track corrective actions, verifying timely completion of each corrective action using the 26 

Problem Evaluation Request (PER) and Electronic Suspense Tracking and Routing 27 
System (E-STARS) 28 
 29 

 Support the Assessment Program including management assessments, specialty 30 
assessments, Management Observation Program and Work Site Visits 31 
 32 

 Provide organizational progress in reaching strategic goals and objectives 33 
 34 

 Implement and ensure adequacy of management programs such as event investigation 35 
and causal analysis 36 
 37 

 Monitor performance of safety management systems including Conduct of Operations, 38 
Employee Accident Prevention Council (EAPC), ISMS, and VPP 39 
 40 

 Support facility operational areas in procedure changes, event investigations, 41 
Authorization Basis implementation, Occurrence Reporting, and other technical support 42 
activities. 43 

 44 
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Waste Services is responsible to: 1 
 2 

 Provide safe, compliant, and cost-effective waste management for WRPS projects and 3 
programs; building services; chemical management program; and waste management 4 
technical services 5 

 6 
 Manage the system for handling waste from generators, including operation of storage 7 

and transport systems, in coordination with SST Retrieval & Closure 8 
 9 

 Provide program and management services for solid and liquid waste sampling, 10 
characterization, treatment and disposal services, including contract implementation and 11 
management, as required 12 
 13 

 Provide treatment technology development and service systems and deploy, as required, 14 
to support project and program goals and objectives 15 
 16 

 Provide field waste management, waste sampling operations elements, and direction and 17 
guidance to waste generators to ensure wastes are managed safely, compliantly, and cost 18 
effectively 19 
 20 

 Provide technical services and systems for clients and programs in designation, 21 
characterization, interpretation of DOE O 435.1, Radioactive Waste Management, 22 
acceptance coordination, and resolution of technical and programmatic issues for waste 23 
management 24 
 25 

 Provide program management and oversight for compliant packaging and disposition of 26 
wastes, as well as transportation and packaging systems that are compliant with Title 27 
10, Code of Federal Regulations, Part 830 (10 CFR 830), “Nuclear Safety Management,” 28 
DOE orders, and applicable regulations 29 
 30 

 Coordinate the waste management program, requirements development, and 31 
implementation for a comprehensive, cohesive, and consistent system of waste 32 
management to meet contract and regulatory requirements 33 
 34 

 Coordinate the chemical management program within the framework of the ISMS and to 35 
ensure the protection to the worker, general public and the environment; meet all 36 
regulatory and statutory requirements; and track and control chemical inventories 37 
 38 

 Lead and manage waste planning systems development, integration, and coordination to 39 
ensure disposition of wastes is consistent, compliant, cost effective, properly scheduled, 40 
and integrated with service providers 41 
 42 

 Reduce waste generation and fully comply with state and federal laws and DOE orders 43 
concerning waste minimization 44 
 45 

 Minimize the generation of hazardous, radioactive, and sanitary waste 46 
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 1 
 Coordinate strategic and tactical planning and integration services to address ongoing and 2 

future waste generation and management needs for WRPS 3 
 4 

 Develop and implement training and qualification programs to ensure consistent 5 
application of requirements and policies as well as demonstrating competency in waste 6 
management technical functions 7 
 8 

 Develop and implement interface agreements or contracts with other service providers to 9 
ensure programs are integrated and can support waste disposition needs for the WRPS 10 
and DOE-ORP. 11 
 12 

The Technical Support organization provides Base Operations management with the information 13 
to evaluate and improve all aspects of the organization.  The information and assessments 14 
provided by this organization will allow management to evaluate the consistency of performance 15 
and execution among the different multi-disciplined teams within Base Operations. 16 
 17 
17.3.2.2.8  Base Operations Contractor Assurance  18 
 19 
The Base Operations Contractor Assurance organization provides Base Operations management 20 
with the information to evaluate and improve all aspects of the organization.  The Contractor 21 
Assurance organization allows management to perform the following functions: 22 
 23 

 Track, trend, analyze, and report performance measures and indicators based on data 24 
from the corrective action management system 25 

 26 
 Track corrective actions, verifying timely completion of each corrective action using the 27 

PER and E-STARS systems 28 
 29 

 Support the Assessment Program including management assessments, specialty 30 
assessments, Management Observation Program, and Work Site Visits 31 
 32 

 Support organizational progress in reaching strategic goals and objectives 33 
 34 

 Support implementation and adequacy of management programs such as Property and 35 
Records management and event investigation and causal analysis, and 36 
 37 

 Coordinate performance of safety management systems including Conduct of Operations, 38 
EAPC, ISMS, and VPP. 39 
 40 

The Contractor Assurance manager serves as the single point contact for the Environmental, 41 
Safety, Health, and Quality (ESH&Q) and Radiation Protection matrixed support functions 42 
assigned to SST Retrieval and Closure. 43 
 44 
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17.3.2.2.9  Process and Control Systems Engineering  1 
 2 
The Process & Control System (P&CS) Engineering is responsible for design, development, and 3 
day-to-day oversight of process control computer systems and process software applications used 4 
to support the TOC mission.  P&CS Engineering is also responsible for ensuring the systems are 5 
configured such that they support long term objectives.  Instrumentation and Control (I&C) 6 
Engineering supported by P&CS Engineering provides primary engineering support for 7 
maintenance field work activities associated with process control and instrumentation and 8 
process computing systems.  The group also provides process software development, monitoring 9 
and deployment of operations productivity tools in support of Base Operations facilities, as 10 
follows:  11 
 12 

 Ensure the control system design & development complies with the requirements 13 
considering safety, software quality, operability, maintainability, and cost effectiveness  14 

 15 
 Provide technical direction with respect to operability and maintainability of process 16 

control systems equipment and instrumentation in tank farms  17 
 18 

 Design, develop and maintain process control, productivity, and application software and 19 
servers in accordance with TFC-BSM-IRM_HS-C-01, Software Development, 20 
Implementation, and Management  21 

 22 
 Provide System engineering support to facilities for vital safety systems including routine 23 

walk-downs and system health reports  24 
 25 

 Implement process system computer security (as required) by TFC-BSM-IRM_SE-C-01, 26 
Computer Security  27 

 28 
 Implement software quality assurance as described in TFC-PLN-02, Quality Assurance 29 

Program Description (QAPD)  30 
 31 

 Implement software configuration management program in accordance with  32 
TFC-BSM-IRM-STD-02, Software Configuration Management Standard.  33 

 34 
 35 
17.3.2.3  Tank Farm Projects  36 
 37 
The mission of Tank Farm Projects (TFP) is the execution of safe and compliant projects needed 38 
to support the TOC mission.  The Tank Farm Projects organization performs design, 39 
construction, testing and turnover of all field project activities.  The organization is structured to 40 
utilize the Integrated Project Team (IPT) approach, which include supporting functional 41 
organizations.  Responsibilities of the Tank Farm Projects organization include: 42 
 43 

 Providing engineering services necessary to support project activities 44 
 45 

 Cost and schedule reporting for all field projects46 
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 1 
 Providing operations and maintenance resources for the safe field execution of projects 2 

 3 
 Providing waste sampling services 4 

 5 
 Providing project management, construction management, and oversight of all assigned 6 

projects 7 
 8 

 Providing commissioning resources for successful testing and operational readiness. 9 
  10 

17.3.2.3.1  TFP Engineering  11 
 12 
The TFP Engineering organization provides a variety of engineering services and ensures proper 13 
implementation of engineering requirements from the TOC functional Engineering organization.  14 
The TFP Engineering organization: 15 
 16 

 Develops project design criteria, verifies that projects meet the criteria, and is 17 
accountable for the technical quality of engineering work 18 

 19 
 Develops TFP design basis documents and design criteria for tank farm facility 20 

modifications 21 
 22 

 Provides Engineering Change Notices, work package reviews, and technical support for 23 
procurement 24 
 25 

 Supports planning and work package preparation for TFP tasks 26 
 27 

 Provides engineering support during fabrication, construction, testing, and turn-over of 28 
TFP 29 
 30 

 Participates on the Engineering Council 31 
 32 

 Researches and reviews lessons learned documents, post-job and as low as reasonably 33 
achievable (ALARA) reviews for applicability and incorporation into subsequent work 34 
plans 35 
 36 

 Verifies field configuration control versus technical baseline documents is correct. 37 
 38 

17.3.2.3.2  TFP Contractor Assurance  39 
 40 
The TFP Contractor Assurance organization allows TFP management to perform the following 41 
functions: 42 
 43 

 Tracks, trends, analyzes, and reports performance measures and indicators based on data 44 
from the corrective action management system 45 

 46 
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 Tracks corrective actions, verifying timely completion of each corrective action using the 1 
PER and E-STARS systems 2 
 3 

 Supports the Assessment Program including management assessments, specialty 4 
assessments, Management Observation Program and Work Site Visits 5 
 6 

 Tracks organizational progress in reaching strategic goals and objectives 7 
 8 

 Implements and ensures the adequacy of management programs such as event 9 
investigation and causal analysis 10 
 11 

 Supports the performance of safety management systems including Conduct of 12 
Operations, EAPC, ISMS, and VPP. 13 
 14 

The Contractor Assurance manager serves as the single point contact for the ESH&Q and 15 
Radiation Protection matrixed support functions assigned to TFP. 16 
 17 
17.3.2.3.3  TFP Project Controls  18 
  19 
The Tank Farm Projects Project Controls organization provides functional support to all groups 20 
within Tank Farm Projects in the areas of financial planning and analysis, scheduling, cost 21 
accounting, PMB development and maintenance, and performance indicator development and 22 
maintenance to provide the tools for efficient project management in accordance with the 23 
requirements and guidelines established by the WRPS Project Integration Organization. 24 
 25 
17.3.2.3.4  TFP Craft Support  26 
 27 
The TFP Craft Support organization is responsible for ensuring work activities are scheduled and 28 
performed consistent with ISMS and the tenets of VPP.  The TFP Craft Support organization is 29 
chartered with ensuring the scope of work is clearly defined, hazards are identified, and controls 30 
to mitigate identified hazards are incorporated into work documents prior to commencing work.  31 
The TFP Craft Support organization establishes and maintains leadership and overall 32 
responsibility for all maintenance aspects for TFP, including: 33 
 34 

 Maintains assigned SST Retrieval & Closure and Cold Test Facilities and systems 35 
 36 

 Directs organizational resources to provide efficient processes, systems, tools, and 37 
procedures 38 
 39 

 Assures that preventative and corrective maintenance activities are prioritized and 40 
scheduled to meet regulatory and operational requirements 41 
 42 

 Ensures facility equipment degradation is identified, equipment life is optimized, and the 43 
maintenance program is cost effective 44 
 45 
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 Ensures procurement of parts, materials, and services for field work execution activities 1 
is performed in accordance with applicable company procedures 2 
 3 

 Ensures the receipt, inspection, handling, storing, and retrieval of parts and materials is 4 
consistent with the quality assurance requirements 5 
 6 

 Ensures programs for control and calibration of MT&E are consistent with the quality 7 
assurance requirements 8 
 9 

 Manages and operates the 2101HV Tool Crib. 10 
 11 

17.3.2.3.5  TFP Field Crew 12 
 13 
The TFP Field Crew organization provides operational field support for the safe compliant 14 
completion of project activities.  Support functions include decontamination, access control, 15 
system operations, video camera inspections, waste removal and packaging, entry and exit 16 
assistance, valve manipulation, tank waste sampling, alarm monitoring and general support for 17 
system knowledge and assistance for safe field execution of project work.  The TFP Field Crew: 18 
 19 

 Provides field crew resources for TFP work determined to be plant forces work 20 
 21 

 Provides craft resources for tank waste sampling. 22 
 23 

17.3.2.3.6  TFP Management 24 
 25 
The TFP Project Management (PM) organization provides leadership and overall responsibility 26 
for assigned projects to ensure that projects are completed on schedule and within scope and 27 
budget.  The TFP PM organization is responsible for coordinating the initiation, definition, 28 
execution, transition, and closeout of assigned projects and ensuring that each task-level project 29 
is fully staffed with all resources necessary to accomplish the work safely and within the 30 
schedule and budget assigned in the PMB.   31 
 32 
TFP PM organizational scope of work covers the following areas: 33 
 34 

 DST Life Extension Upgrades 35 
 36 

 SST Infrastructure Upgrades 37 
 38 

 DST and SST Integrity Programs 39 
 40 

 Waste Feed Delivery Projects (Field implementation of those projects assigned to TFP) 41 
 42 

 Project Management support for miscellaneous activities such as the implementation of 43 
significant safety basis changes, implementation of DOE directed changes, or 44 
complicated start-up activities. 45 
 46 
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The TFP Project Management organization also supplies Buyer’s Technical Representative 1 
(BTR) and plant engineering support for TFP activities in the following areas: 2 

 3 
 Supports fabrication, design, and construction contracts 4 

 5 
 Supports staff augmentation, requests for offsite services (ROS), and Mission Support 6 

Alliance (MSA) loaned labor 7 
 8 

 Provides the TOC Crane & Rigging BTR and scheduler 9 
 10 

 Provides the TOC BTR for rental equipment 11 
 12 

 Provides the BTR and plant engineer support for plant forces fabrication activities at 13 
Parsons Fabrication Services 14 
 15 

 Supports material identification and ordering support for TFP plant forces and 16 
government furnished equipment (GFE) for TFP construction activities. 17 
 18 

17.3.2.3.7  Commissioning 19 
 20 
Commissioning provides testing and operational readiness resources to IPT for TOC facilities 21 
and is the interpretive authority for Commissioning requirements and programs.  Commissioning 22 
is comprised of two functions:  Testing and Operational Readiness. 23 
 24 
The Testing group develops test plans, test procedures, and test results reports for selected 25 
projects; manages testing activities and coordinates field activities with construction and 26 
operations; and maintains testing administrative procedures, processes, and tools.  Testing is 27 
responsible for startup and verification of facility, system, and component operability in 28 
accordance with these approved plans and administrative procedures. 29 
  30 
The Operational Readiness group is responsible for implementation of DOE O 425.1C, Startup 31 
and Restart of Nuclear Facilities.  The group prepares and submits a quarterly Startup 32 
Notification Report to DOE-ORP for approval; develops operational readiness checklists; 33 
coordinates selected operational readiness activities; and maintains operational readiness 34 
administrative procedures, processes, and tools.  Operational Readiness is responsible for 35 
ensuring compliance with DOE O 425.1C in accordance with approved plans and administrative 36 
procedures. 37 
 38 
17.3.2.3.8  Construction Services 39 
 40 
Construction provides matrixed and deployed resources to IPT supporting all construction 41 
activities for the TOC.  The Construction organization prepares statements of work, performs 42 
constructability reviews, performs technical reviews of contracts, and manages day-to-day 43 
construction activities including interfacing with the contract office to resolve construction 44 
contract issues and maintaining contract action logs identifying changes to the initial scope of 45 
work identified in the statement of work.   46 
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 1 
The Construction organization: 2 
 3 

 Maintains the construction management staff required to support all TOC construction 4 
activities.  Interfaces with the line management to assure construction work activities 5 
have the proper amount of construction management oversight 6 

 7 
 Maintains lines of communication with URS to provide additional construction resources 8 

as required to support TOC activities 9 
 10 

 Maintains participation with URS Construction Technology Council 11 
 12 

 Prepares and submits procurement, construction, and acceptance testing plans for  13 
DOE-ORP approval 14 
 15 

 Procures required material and equipment through the preparation of bid packages and 16 
solicitations; evaluating, awarding, and managing subcontracts; accepting subcontractor 17 
materials and equipment; and verifying subcontractor acceptance tests 18 
 19 

 Develops and submits and integrated Construction and Acceptance Testing Program to 20 
DOE-ORP for approval 21 
 22 

 Prepares the As-Built Program Description for DOE-ORP review and approval 23 
 24 

 Provides necessary labor, equipment, materials, test equipment, spare parts sufficient to 25 
maintain structure, systems and components in an operable condition, and other related 26 
resources for the construction program 27 
 28 

 Provides resources and program to support the Construction Document Control activities 29 
 30 

 Provides resources and programs to support the management of the TOC marshalling 31 
yard and construction Radiological Material Areas 32 
 33 

 Provides long range planning for existing and new construction facilities required to 34 
support TOC future activities 35 
 36 

 Maintains direct interface with all TOC construction subcontractors to assure compliance 37 
with TOC contractual, operational, and safety requirements 38 
 39 

 Assures that construction subcontractors participate in the preparation of construction 40 
work packages 41 
 42 

 Participates with the development of new programs and processes in support of large 43 
Greenfield projects 44 
 45 
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 For matrixed SST Retrieval and Closure construction activities, performs all of the above 1 
and maintains qualified work planners and prepares work packages compliant with TOC 2 
planning requirements 3 
 4 

 Schedules facility enhanced work planning sessions 5 
 6 

 Maintains and oversees the work management process from initiation of the work request 7 
through work order closeout. 8 
 9 
 10 

17.3.2.4  SST Retrieval & Closure 11 
 12 
The role of SST Retrieval & Closure is to disposition waste from the SSTs through various 13 
retrieval technologies and closure options while ensuring that lessons learned during each task 14 
are applied to future retrieval and closure activities.  SST Retrieval & Closure also coordinates 15 
Company-wide initiatives in enhanced Human Performance. 16 
 17 
The organization is structured utilizing an IPT approach, including supporting functional 18 
organizations.  All work will be performed in a safe, procedure-compliant manner, so as to 19 
achieve scope, schedule, quality, and budget objectives. 20 
 21 
17.3.2.4.1  C Farm Retrieval and Closure 22 
 23 
The C Farm Retrieval organization is comprised of three IPTs: 24 
 25 

1. Mobile Arm Retrieval Systems (MARS) 26 
 27 

2. Modified Sluicing 28 
 29 

3. Hard Heel Retrieval. 30 
 31 

Each IPT includes Operations, Engineering, Project Management, Construction Management, 32 
Work Control, Radiological Control, and Industrial Health and Safety.  Each IPT is established 33 
to: 34 
 35 

 Provide for the design, build, and operational testing of SST waste retrieval systems for 36 
delivery of waste to the Base Operations and other appropriate waste treatment and 37 
disposal options as they develop, and 38 

 39 
 Retrieve waste from C Farm SSTs and auxiliary systems in accordance with 40 

environmental, waste management regulations, and compliance agreements. 41 
 42 

17.3.2.4.2  SST Closure Program 43 
 44 
The SST Closure Program organization performs planning and execution of all activities 45 
supporting the planning, technology testing, and implementation of closure, including 46 
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characterization of potentially contaminated soil and selection of soil remediation actions.  This 1 
organization provides: 2 
 3 

 Planning and field execution for the vadose zone program, including surface geological 4 
exploration, borehole drilling, direct push soil sampling and logging, and development of 5 
other soil exploration methods 6 

 7 
 Planning and implementation of interim corrective measures, including interim surface 8 

barrier design and construction 9 
 10 

 Evaluating, planning, and implementing final soil corrective measures that will be 11 
associated with closure of tank farm waste management areas 12 
 13 

 Project support for closure planning, negotiation of closure plans, demonstration of 14 
closure technologies and closure construction activities 15 
 16 

 Oversight of closure operations to ensure company safety, quality, and schedule 17 
commitments are achieved within assigned areas of responsibility 18 
 19 

 Integration with other site contractors for coordinated actions affecting the vadose zone 20 
and groundwater. 21 
 22 

17.3.2.4.3  SST Retrieval and Closure Project Engineering 23 
 24 
The Project Engineering organization within SST Retrieval and Closure provides a variety of 25 
engineering services and ensures proper implementation of engineering requirements from the 26 
TOC Engineering organization: 27 
 28 

 Development of project design criteria, verifying that projects meet the criteria, and being 29 
accountable for the technical quality of engineering work 30 

 31 
 Development of Retrieval and Closure inputs, assumptions and design criteria for tank 32 

farm facility modifications 33 
 34 

 System engineering (Design Authority) support to facilities for vital safety systems or 35 
other systems as defined by the Chief Engineer including routine walk-downs and system 36 
health reports 37 
 38 

 Engineering Change Notice, work package review, and technical support for procurement 39 
 40 

 Resident waste transfer and characterization technical expertise and facility knowledge, 41 
support of operability determinations, performance monitoring program, centralized 42 
resolution of SSC performance problems, and system-specific technical support 43 
 44 

 Maintenance engineering support 45 
 46 
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 Verification that field configuration versus technical baseline documents is correct 1 
 2 

 Work package support for Retrieval and Closure tasks 3 
 4 

 Identification of opportunities for SSC improvements and recommendations for 5 
enhancements to project and engineering management 6 
 7 

 Interface with the Centralized Engineering organization for information sharing and 8 
assuring consistent application of standards based approach across the Company 9 
 10 

 Participation on the Engineering Council. 11 
 12 

17.3.2.4.4  SST Retrieval and Closure Project Controls 13 
 14 
The Retrieval and Closure Project Controls organization provides functional support to all 15 
groups within SST Retrieval & Closure in the areas of financial planning and analysis, 16 
scheduling, cost accounting, PMB development and maintenance, and performance indicator 17 
development and maintenance to provide the tools for efficient project management in 18 
accordance with the requirements and guidelines established by the WRPS Project Integration 19 
Organization. 20 
 21 
17.3.2.4.5  SST Construction 22 
 23 
The Construction functional organization provides direction, oversight and leadership to all 24 
construction activities being performed in support of SST Retrieval & Closure activities to 25 
ensure safety of the workforce and protection of the environment, while maximizing construction 26 
project efficiency and cost effectiveness.  The SST Construction group is matrixed from the TFP 27 
organization. 28 
 29 
The Work Planning group within Construction is matrixed from the Base Operations Central 30 
Work Control organization and provides work management support to the IPTs and has the 31 
responsibility to: 32 
 33 

 Maintain and oversee the work management process from initiation of a work request 34 
through work order closeout 35 

 36 
 Maintain a staff of qualified work planners 37 

 38 
 Ensure hazard controls are identified and incorporated into work plans by performing the 39 

process for JHA to identifying, evaluating, controlling, and communicating potential 40 
hazards and environmental impacts associated with planned work orders 41 
 42 

 Perform planning and work package preparation within SST Retrieval and Closure SSCs 43 
 44 

 Schedule and facilitate enhanced work planning sessions, JHA, and field walkdowns 45 
 46 
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 Utilize lessons learned, post-jobs, and ALARA reviews for applicability and 1 
incorporation into subsequent work plans. 2 
 3 

17.3.2.4.6  SST Retrieval and Closure Contractor Assurance 4 
 5 
The SST Retrieval and Closure Contractor Assurance organization provides SST Retrieval and 6 
Closure management with the information to evaluate and improve all aspects of the 7 
organization.  The Contractor Assurance organization allows management to perform the 8 
following functions: 9 
 10 

 Track, trend, analyze, and report performance measures and indicators based on data 11 
from the corrective action management system 12 

 13 
 Track corrective actions, verifying timely completion of each corrective action using the 14 

PER and E-STARS systems 15 
 16 

 Support the Assessment Program including management assessments, specialty 17 
assessments, Management Observation Program and Work Site Visits 18 
 19 

 Track organizational progress in reaching strategic goals and objectives 20 
 21 

 Ensure implementation and adequacy of management programs such as Property and 22 
Records management and event investigation and causal analysis 23 
 24 

 Track performance of safety management systems including Conduct of Operations, 25 
EAPC, ISMS, and VPP. 26 
 27 

The Contractor Assurance manager serves as the single point contact for the ESH&Q and 28 
Radiation Protection matrixed support functions assigned to SST Retrieval and Closure. 29 
 30 
17.3.2.5  One System Integrated Project Team 31 
 32 
The 2020 Vision One System IPT is a joint team of Bechtel National, Inc. (BNI) and WRPS 33 
implemented to support the startup of the WTP.  This integrated approach for managing waste 34 
feed delivery and WTP startup results in optimum solutions to technical issues, and reduced 35 
schedule and cost risk.  The One System IPT implements a mission-focused approach to provide 36 
an effective connection between the TOC and WTP.  The One System IPT serves to integrate 37 
between the WTP and TOC organizations and coordinate their respective contracts.  The IPT 38 
provides leadership in project development, nuclear safety, permitting, risk identification and 39 
mitigation, and preparation for commissioning. 40 
 41 
The overall objectives of One System IPT strategy are to increase focus on accelerating 42 
completion of key work scope elements, and to instill accountability for jointly managing waste 43 
feed delivery and WTP startup.  The key elements of the One System IPT strategy include: 44 
 45 
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 Create a One System IPT that is mission-focused and staffed by both contractors.  The 1 
IPT focuses on decision making, resources, and communication related to One System 2 
goals. 3 

 4 
 Modify baseline work scope for each contractor, as needed, to meet One System goals. 5 

 6 
The One System IPT is aligned and integrated into nine divisions; based on the size, scope, and 7 
complexity of the work.  These divisions and their relevant scope are: 8 
 9 

 Project Integration and Controls 10 
 11 

 ESH&Q  12 
 13 

 Commissioning 14 
 15 

 Technical 16 
 17 

 Front-End Design and Project Definition 18 
 19 

 Engineering, Procurement and Construction (Future) 20 
 21 

 Nuclear Safety and Engineering Systems 22 
 23 

 Support 24 
 25 

 Public Relations and Stakeholder Management (Future) 26 
 27 

17.3.2.5.1  Project Integration and Controls 28 
 29 
The role of the Project Integration and Controls is to integrate business and administrative 30 
activities at the interface of the TOC and WTP projects.  Establishment of the One System IPT 31 
encompasses scope that exists within each organization’s (WTP/TOC) current contract scope and 32 
budgets.  Initiation of this team is focused on mission based decision making and does not 33 
constitute a new contract. 34 
 35 
The Project Integration and Controls Division is responsible to: 36 
 37 

 Plan assigned work scope 38 
 39 

 Coordinate with other divisions within the One System IPT 40 
 41 

 Plan and schedule work compliant with the TOC and/or WTP baseline 42 
 43 

 Secure approvals through change control with respect to modification of project baselines 44 
 45 
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 Ensure performance incentives and key milestones and deliverables align with WTP and 1 
TOC contracts 2 
 3 

The Project Integration and Controls organization is comprised of the following groups and 4 
responsibilities: 5 
 6 
17.3.2.5.1.1 Project Integration Group 7 
 8 
Responsibilities of this group are as follows: 9 
 10 

 General Support:  Provide status of milestones, Performance Based Incentives (PBI), and 11 
other related contract performance requirements; provide technical editing and writing; 12 
manage records storage/keeping activities; and provide weekly reporting for support 13 
activities to senior management in TOC and WTP 14 

 15 
 Risk and Opportunity Management:  Establish Open Source Requirements Management 16 

Tool (OSRMT) based on the WTP Joint Risk Management Team approach, to identify, 17 
assess, mitigate, manage, monitor, communicate; and integrate, track and report risks and 18 
opportunities 19 
 20 

17.3.2.5.1.2 Project Controls Group 21 
 22 
Responsibilities of this group are as follows: 23 
 24 

 Scheduling:  Develop and maintain integrated One System IPT activity schedules; 25 
monitor and report performance versus schedule baseline; and develop and maintain 26 
schedules for IPT activities 27 

 28 
 Funds/Cost Management:  Develop and maintain all WTP and TOC execution funding 29 

and cost plans for contract activities; monitor/report performance versus baselines; and 30 
prepare and analyze budget and funding scenarios relating to overall WTP and TOC 31 
contract plans 32 
 33 

 Estimating:  Prepare estimates to support One System activities (e.g., TOC interim solid 34 
or liquid waste handling systems, temporary low-activity waste [LAW] alterations, WTP 35 
hot commissioning), and resulting changes to the RPP PMB summary, if any; and 36 
prepare estimates to support the overall execution of both the WTP and TOC contract 37 
requirements 38 
 39 

 Develop and manage formal change control and performance monitoring program for 40 
IPT activities, including integrating/publishing monthly One System IPT progress reports 41 
 42 

 Prepare and analyze change control documents 43 
 44 
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17.3.2.5.2  Environmental, Safety, Health, and Quality Assurance 1 
 2 
The role of ESH&Q is to coordinate the integration of One System IPT ISMS principles with 3 
WTP and TOC programs, considering the safety and health of the workforce and public as a 4 
primary focus and ensuring quality standards are met.  ESH&Q evaluates existing processes in 5 
both the WTP and TOC programs to determine the best programmatic elements to use as a 6 
starting point, then establishes the strategy where WTP and TOC can incorporate appropriate 7 
controls and oversight to ensure requirements for both the One System IPT and each company 8 
are met in a correct, complete, and compliant manner to protect the workforce and the 9 
environment. 10 
    11 
The ESH&Q Department is responsible for the following One System IPT activities: 12 
 13 
17.3.2.5.2.1 Integrated Safety Management System (ISMS) Group 14 
 15 
The ISMS group is responsible to develop and maintain an integrated One System ISMS 16 
program including WTP startup and commissioning and Waste Feed Delivery (WFD) activities 17 
to ensure that both contractor ISMS programs meet DOE requirements.  The group will also 18 
maintain overall WTP and TOC contract ISMS programs and certifications for execution 19 
activities. 20 
 21 
17.3.2.5.2.2 Safety and Health Group 22 
 23 
Responsibilities of the S&H group include the following: 24 
 25 

 Develop, maintain and oversee occupational safety, IH, and safety regulatory compliance 26 
for One System IPT activities. 27 

 28 
 Provide leadership for One System IPT ISMS initiatives and annual assessments. 29 

 30 
 Determine the organizational boundaries for WTP and TOC related to the applicable 31 

safety and health requirements (e.g., 10 CFR 835, “Occupational Radiation Protection,” 32 
and 10 CFR 851, “Worker Safety and Health Program”), including the applicability 33 
boundaries associated with both contractor’s Worker Safety and Health Programs and 34 
Radiological Protection Programs. 35 
 36 

 Provide other general safety and Health functions, to include industrial (Occupational) 37 
S&H, Radiological Control, Occupational Medicine, Emergency 38 
Preparedness/Management, Electrical Safety and Fire Protection. 39 
 40 

17.3.2.5.2.3 Environmental Permitting Group 41 
 42 
Responsibilities of the Environmental Permitting group include development of an overall 43 
integrated permitting strategy and regulatory support.  Additional responsibilities include: 44 
 45 

 Planning, preparing, and submitting all permitting documentation (application or 46 
modification) for WTP and WTP-related tank farm activities 47 
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 1 
 Providing primary interface with the Federal and State regulatory agencies for IPT 2 

objectives and will coordinate with the respective TOC and WTP staff to ensure 3 
consistency in environmental compliance work scope (i.e., regulatory requirements, 4 
strategies, reporting, inspections) and transition of projects and permits to enable 5 
construction and commissioning activities. 6 
 7 

17.3.2.5.2.4 Quality Assurance 8 
 9 
Responsibilities of the Quality Assurance (QA) group are as follows: 10 
 11 

 Maintain and execute a QA program for all WTP and TOC execution activities 12 
 13 

 Incorporate quality requirements into engineering and operational documentation 14 
 15 

 Perform all quality inspections and compliance activities 16 
 17 

 Provide assistance to line management to ensuring quality of technical work scope 18 
activities including adherence to all relevant requirements 19 
 20 

 Provide nuclear quality assurance (NQA)-1 Lead Auditor support for independent 21 
assessments 22 
 23 

17.3.2.5.3  Commissioning 24 
 25 
The Commissioning organization integrates commissioning activities at the interface of the TOC 26 
and WTP projects.  The Commissioning organization provides the basis, or direction, for actions 27 
to be implemented by the TOC or WTP project teams.  In some cases, such as Operations 28 
Programs and Readiness, the Commissioning organization executes a portion of the work itself. 29 
The Commissioning organization is responsible for: 30 
 31 

 Defining the programs and procedures that will be utilized for commissioning and 32 
operations – to ensure consistency between WTP and TOC where appropriate to do so, 33 

 34 
 Managing work scope and integrating Commissioning work scope with One System IPT 35 

schedules and TOC/WTP schedules as appropriate, 36 
 37 

 Supporting resolution of contract line item number (CLIN) 3.2 operability reviews 38 
 39 

The Commissioning organization is comprised of the following groups and responsibilities: 40 
 41 
17.3.2.5.3.1 Integrated Commissioning Planning Group 42 
 43 
The Integrated Commissioning Planning group is responsible to establish and coordinate: One 44 
System commissioning activities and programs to demonstrate that waste retrieval and waste 45 
treatment facilities are effectively integrated including commissioning testing programs; 46 
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integrated commissioning schedule for cold Commissioning and hot commissioning; coordinate 1 
testing interfaces (i.e., Joint Test Group for coordination of activities that cross site boundaries 2 
including waste transfers, canister transport to repository); and initial planning to support hot 3 
commissioning (e.g., WFD, logistics, outage coordination). 4 
 5 
17.3.2.5.3.2 Integrated Production Planning Group (future, Hot Commissioning contract 6 
extension) 7 
 8 
The Integrated Production Planning group will be responsible to develop and coordinate 9 
TOC/WTP Production Schedules for sustained Hot Operations including feed planning, logistics 10 
(e.g., products, wastes, chemicals) and outage coordination. 11 
 12 
17.3.2.5.4  Technical 13 
 14 
The role of the Technical group supports is to integrate issue resolution for the interface of the 15 
TOC and WTP projects through the One System IPT process. In addition, the Technical Group 16 
executes the work scope (i.e., TOC Mixing and Sampling Program, RPP System Plan). 17 
 18 
The Technical group is responsible for: 19 
 20 

 Day-to-day coordination with other departments within the One System IPT and with 21 
TOC and WTP departments and personnel 22 

 23 
 Ensuring work is compliant with the TOC and/or WTP baseline and securing approvals 24 

through change control to perform new work beyond the baselines 25 
 26 

 Developing and maintaining schedules for the work scope 27 
 28 

The Technical Department is comprised of the following groups and responsibilities: 29 
 30 
17.3.2.5.4.1 Technical Interface Integration 31 
 32 
The Technical Interface Integration group is responsible for the following: 33 
 34 

 Identify and resolve interfacing WTP/TOC technical issues (for example, waste feed data 35 
quality objective requirements) 36 

 37 
 Maintain the Interface Management Program Plan for WTP interface control documents 38 

(ICD), monitor performance against the ICDs, and revise the ICDs if necessary 39 
 40 

 Plan and coordinate WTP support activities of other Hanford prime contractors; and 41 
provide technical support to the WTP feed qualification programs 42 
 43 

 Manage ICDs between WTP and Hanford site contractors (except ICD-19) 44 
 45 
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 Plan and execute WTP waste acceptance criteria (WAC) data quality objectives (DQO) 1 
(in conjunction with tank farms mixing and sampling program and WTP Large-Scale 2 
Integrated Testing) 3 
 4 

 Develop and coordinates LAW feed delivery ICDs and WTP WAC DQO (if directed) 5 
 6 

 Plan and coordinate Early high-level waste (HLW) feed delivery ICD and WTP WAC 7 
DQO (if directed) 8 
 9 

 Plan Construction Project Review (CPR) 5-1b resolution on identifying early HLW 10 
connection point (i.e., ICD-14) 11 
 12 

 Plan and support resolution of common technical issues between WTP and TOC (e.g., 13 
99Tc recycle, auto-samplers, fissile material, aluminum solubility) 14 

 15 
17.3.2.5.4.2 System Planning and Modeling Group 16 
 17 
The System Planning and Modeling group Supports development and execution of RPP strategic 18 
planning activities including: 19 
 20 

 RPP requirements and project definition alignment 21 
 22 

 Technical issue resolution and schedule integration with a focus on meeting Tri-Party 23 
Agreement (TPA) and Consent Decree commitments and reducing project life cycle costs 24 
and risks and accelerating mission completion 25 
 26 

 Process modeling for the Tank Farms and WTP 27 
 28 

 Life-cycle cost model analyses 29 
 30 

 RPP System Plan 31 
 32 

 Integrated Waste Feed Delivery Plan 33 
 34 

 Flow sheets for new technologies or new operating strategies and determine their 35 
viability and potential impact on the mission 36 
 37 

 WTP Construction Project Review actions CPR5-1, CPR5-1a, CPR5-20, and CPR5-21 38 
resolution 39 
 40 

 Implementing strategies to mitigate critical RPP technical risks (e.g., near-term lack of 41 
DST space, greater than anticipated Secondary Liquid Effluent generation in LAW, 42 
inability to balance WTP Pretreatment Facility production of treated LAW and HLW 43 
feed) 44 

 45 
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17.3.2.5.4.3 Secondary Solid Waste and Product Qualification Group 1 
 2 
The Secondary Solid waste and Product Qualification group is responsible to develop a product 3 
and secondary waste qualification program, planning (with appropriate field support from others) 4 
programs and procedures for characterization, certification, and compliance for IHLW, 5 
immobilized low-activity waste (ILAW), and liquid and solid secondary waste. 6 
 7 
17.3.2.5.4.4 Waste Feed Technical Programs Group 8 
 9 
The Waste Feed Technical Programs group is responsible to provide the waste feed technical 10 
integrations function with the WTP technical staff.  The Waste Feed Technical Programs group 11 
is also responsible to develop waste feed delivery interfaces with the WTP, waste acceptance and 12 
compliance plans, and specialty test programs that support mixing, sampling, and feed 13 
certification. 14 
 15 
17.3.2.5.4.5 Waste Characterization Group 16 
 17 
The Waste Characterization group is responsible to develop necessary data for modeling  18 
DOE-ORP mission (e.g., tank inventory, wash and leach factors, etc.), providing the primary 19 
chemistry interface with WTP, and addressing questions regarding tank chemistry and 20 
composition from the WTP contractor. 21 
 22 
17.3.2.5.4.6 Waste Feed Delivery Technical Baseline & Operations Planning Group 23 
 24 
The Waste Feed Delivery Technical Baseline & Operations Planning group is responsible for the 25 
following: 26 
 27 

 Define functions and requirements of the WFD technical baseline; develop and maintain 28 
the integrated WFD/WTP Operations Research model 29 

 30 
 Develop operations and maintenance program enhancements necessary to support the 31 

increased operations tempo required by WFD 32 
 33 

 Plan and execute operational research modeling for integrated of TOC and WTP 34 
operations 35 
 36 

 Identify necessary facility and equipment upgrades to support the RPP System Plan 37 
 38 

 Provide systems engineering services (i.e., system, subsystem, and project specifications, 39 
functions and requirements development, mission analysis reports 40 
 41 

 Support review of miscellaneous technical Studies and evaluation 42 
 43 
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17.3.2.5.5  Front-End Design and Project Definition 1 
 2 
The role of the Front-End Design and Project Definition organization is to plan and execute 3 
project work scope through at least critical decision (CD)-2 completion.  Project areas include: 4 
 5 

 Waste Disposition 6 
 7 

 Interim Pre-treatment 8 
 9 

 Secondary Waste Handling 10 
 11 

 WFD 12 
 13 

 LAW Modifications (when authorized) 14 
 15 

 Other assigned capital asset projects 16 
 17 

In addition, this division includes certain functional capabilities such as construction 18 
management, project engineering, and procurement to facilitate execution of these projects. 19 
 20 
The Front-End Design and Project Definition organization is responsible for management of 21 
management of capital asset projects that support completion of the RPP mission.  22 
Responsibilities include project definition, planning and management, project execution and 23 
project transition. 24 
 25 
17.3.2.5.5.1 Waste Disposition Projects Group 26 
 27 
The Waste Disposition Projects group is responsible to plan, design and execute capital projects 28 
through at least CD-2 that support treatment, storage, and disposal of radioactive waste from 29 
WTP, including: 30 
 31 

 Interim Hanford Storage Project 32 
 33 

 Secondary Liquid Waste Treatment Project 34 
 35 

 Pre-Treatment Engineering Platform Relocation Project 36 
 37 

 IHLW Program Management 38 
 39 

 ILAW Program Management. 40 
 41 
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17.3.2.5.5.2 Interim Pretreatment, Waste Feed Delivery, and Secondary Liquid Waste 1 
Handling Projects Group 2 
 3 
The Interim Pretreatment, WFD, and Secondary Liquid Waste Handling projects group is 4 
responsible to plans, designs and execute projects through at least CD-2 and/or detailed design 5 
that support early start of the WTP LAW facility including: 6 
 7 

 Interim Pretreatment System 8 
 9 

 Interim Waste Feed Delivery System 10 
 11 

 Interim Secondary Liquid Waste Handling System 12 
 13 

17.3.2.5.5.3 Waste Feed Delivery Projects Group 14 
 15 
The waste Feed Delivery Projects group is responsible to plan, design, and execute projects 16 
through at least CD-2 and/or Detailed Design that support the early start of the WTP LAW 17 
facility: 18 
 19 

 Tank Farm Infrastructure  20 
 21 

 Equipment Upgrade Projects 22 
 23 

 In-Tank Upgrade Projects 24 
 25 

 Interim Pre-Treatment System 26 
 27 

 AY/AZ Tank Farm Ventilation Upgrade Project 28 
 29 

 Testing Facility Project 30 
 31 

17.3.2.5.5.4 Project Engineering Group 32 
 33 
The Project Engineering Group is responsible to: 34 
 35 

 Provides engineering services and ensures proper implementation of engineering 36 
requirements such as developing project design criteria, verifying that projects meet the 37 
criteria 38 

 39 
 Provides accountability for technical quality of engineering work 40 

 41 
 Interfaces with WTP and TOC Chief Engineer organizations for information sharing and 42 

assuring consistent application of good engineering practices 43 
 44 

RPP-13033 1/29/2015 - 12:56 PM 1044 of 1079



RPP-13033 REV 5 
 
 

 
 17-32  

17.3.2.5.5.5 Construction/Construction Management Group 1 
 2 
The Construction/Construction Management Group is responsible to provide construction 3 
management services to the One System IPT, including constructability reviews during the 4 
design review process.  The group is also responsible to: 5 
 6 

 Develop construction contracting strategies and statements of work, bid reviews and 7 
technical evaluations 8 

 9 
 Assist One System IPT project managers in development of project cost estimates and 10 

schedules, and in providing construction support personnel as required 11 
 12 
17.3.2.5.5.6 Procurement Group 13 
 14 
The Procurement Group is responsible to provide procurement management services to the One 15 
System IPT.  The group will also establish the necessary infrastructure to support procurements 16 
for large scale capital asset projects, and will coordinate and manage the subcontracts necessary 17 
to support the One System IPT. 18 
 19 
17.3.2.5.6  Nuclear Safety/Engineering Systems Integration 20 
 21 
The Nuclear Safety/Systems Integration group is responsible to develop and integrate 22 
programs/procedures between the WTP and TOC for the following areas:  Nuclear Safety, 23 
Criticality Safety, Configuration Management, and System Engineering. 24 
  25 
The Nuclear Safety/Engineering Systems Integration group is responsible to: 26 
 27 

 Develop procedures that fully implement the requirements of 10 CFR 830 Subpart B and 28 
the associated standards 29 

 30 
 Develop training for the nuclear safety, engineering, and operations personnel on the 31 

safety basis development and implementation 32 
 33 

 Perform assessments of the documented safety analysis (DSA), technical safety 34 
requirements (TSR), and USQ processes 35 
 36 

 Concur with safety basis change packages 37 
 38 

 Establish consistency among WTP and TOC configuration management program for 39 
design requirements, physical configuration, and documentation for SSCs 40 
 41 

 Maintain consistency throughout the life of the SSC, particularly as changes are made 42 
 43 

 Establish consistency among WTP and TOC Cognizant System Engineering programs as 44 
required in DOE O 420.1B, Facility Safety, and respective contracts 45 
 46 
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 Ensure changes to design requirements, physical configuration, and/or documentation are 1 
reflected in operating and maintenance procedures and personnel training 2 
 3 

 Provide support in resolution of technical issues that interface with WTP and TOC 4 
 5 

The Nuclear Safety/Engineering Systems Integration Department organization is comprised of 6 
the following groups and responsibilities: 7 
 8 
17.3.2.5.6.1 Nuclear Safety 9 
 10 
The Nuclear Safety group is responsible to: 11 
 12 

 Develop and maintain procedures for hazard analysis, DSA, and TSR development and 13 
maintenance; DSA and TSR implementation, and USQ, including criticality safety 14 

 15 
 Develop and present training on hazard analysis, DSA and TSR development and 16 

maintenance, DSA and TSR implementation, and USQ, including criticality safety 17 
 18 

 Perform major modification determinations for projects 19 
 20 

 Perform assessments on USQ execution 21 
 22 

 Review and comment on safety basis documents 23 
 24 

17.3.2.5.6.2 Engineering Systems Integration 25 
 26 
The Engineering Systems Integration group is responsible to: 27 
 28 

 Develop and maintain procedures for configuration management including technical 29 
baseline definition, system design descriptions, system boundary definitions, system 30 
assessments, system health reports, system engineer qualifications, and all aspects of a 31 
System Engineering Program 32 

 33 
 Ensure a Design Authority is established for all systems 34 

 35 
 Develop training materials and courses for System Engineers 36 

 37 
 Ensure the requirements of DOE Order 420.1B, Chapter 5, are included in training 38 

programs 39 
 40 

 Ensure the graded approach is appropriately applied to the System Engineering Program 41 
 42 

 Development and Deployment of the SmartPlant Foundation Configuration Management 43 
Program 44 
 45 
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17.3.2.5.7  Engineering, Procurement and Construction 1 
 2 
An Engineering, Procurement and Construction Group is planned to be formed in the future.  Its 3 
role will be to plan and execute post-project definition work scope including: 4 
 5 

 Interim waste treatment feed projects 6 
 7 

 LAW modification projects 8 
 9 

 Waste disposition projects 10 
 11 

Specific responsibilities of the Engineering, Procurement, and Construction Group will be 12 
determined in the future.   13 

 14 
17.3.2.5.8  Support 15 
 16 
A Support Division is planned to be formed in the future.  Its role will be to plan and execute 17 
construction work scope activities, including: 18 
 19 

 Records and document control 20 
 21 

 Commissioning procurement 22 
 23 

 Security and emergency management 24 
 25 

 Property 26 
 27 

 Site infrastructure 28 
 29 

Specific responsibilities of the Support Division will be determined in the future.   30 
 31 

17.3.2.5.9  Public Relations and Stakeholder Management 32 
 33 
A Public Relations and Stakeholder Management Division is planned to be formed in the future.  34 
Its role will be to plan and execute One System IPT internal and external communication 35 
activities.  36 
 37 
The Public Relations and Stakeholder Management Division will be responsible for development 38 
of common messages, newsletters and media releases. 39 
 40 
 41 
17.3.2.6  Coordination of Responsibilities between Line Manager Organizations 42 
 43 
Because some line management organizations may perform work within the boundary of a 44 
facility operated by another line management organization, line management responsibility for 45 
safety must be clearly defined.  In general, the line management responsibility for safety will run 46 
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through the management chain in which work authorization resides.  Project Execution Plans 1 
(PEP) will typically address programmatic responsibility for work authorization and execution, 2 
emergency preparedness, notification and reporting, engineering, and document control. 3 
 4 
 5 
17.3.3 Functional Management Structure and Responsibilities  6 
 7 
As noted previously, ESH&Q; Engineering; Strategic Planning and Technology; Project 8 
Integration; Business Operations; Workforce Resources; External Affairs; General Counsel; 9 
Internal Audit; and Employee Concerns comprise the TOC functional management 10 
organizations.  The following sections provide summaries of the respective organization 11 
structures and responsibilities. 12 
 13 
Deployed personnel from functional support areas (FSA) such as engineering, training, 14 
maintenance, and radiological controls include functionally-trained personnel who report directly 15 
to line management within area project organizations.  Line management responsibility for 16 
deployed FSA personnel is identical to their responsibility for all other personnel within the line 17 
organization.  FSA management provides technical guidance, career development, and approves 18 
training for deployed FSA personnel.  FSA management provides input to line management for 19 
deployed FSA personnel performance evaluations, pay increases, and job rotation. 20 
 21 
Matrixed personnel from FSAs such as QA, Construction, and Human Resources include 22 
functionally-trained personnel who report directly to their FSA management, but provide support 23 
to line and functional organizations as requested.  In this case, line management is a “customer” 24 
of FSA management.  While line management may provide direction to these matrixed 25 
personnel, FSA management is accountable to line management for the accomplishment of FSA 26 
scope within the requiring organization.  Line and functional management provide input to FSA 27 
management for performance evaluations and job rotations. 28 
 29 
17.3.3.1  Environment, Safety, Health & Quality  30 
 31 
The ESH&Q organization provides functional management and field support to the following 32 
programs: 33 
 34 

 Safe Work Environment – Including the company-wide VPP, the ISMS, and 35 
company-wide initiatives in enhanced Nuclear Safety Culture, 36 
 37 

 Industrial Safety 38 
 39 

 IH  40 
 41 

 Radiological Control 42 
 43 

 Environmental Protection  44 
 45 

 Security and Emergency Services (SES) 46 
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 1 
 Event Reporting and Investigations 2 

 3 
 Price Anderson Amendment Act (PAAA) 4 

 5 
 QA 6 

 7 
 Contractor Assurance. 8 

 9 
ESH&Q functional personnel are deployed, or are matrixed to IPTs, as required, to support field 10 
activities.   11 
 12 
The ESH&Q organization also serves as the central point of sponsorship for the safety and health 13 
representatives from HAMTC.  The ESH&Q Manager is the technical Point of Contact for the 14 
Hanford Advisory Board, Defense Nuclear Facilities Safety Board (DNFSB), and other 15 
governmental assessment and DOE oversight organizations (including the DOE Office of 16 
Enforcement). 17 
 18 
17.3.3.1.1  Safety & Health  19 
 20 
The Safety and Health (S&H) organization provides company-wide policies, programs, 21 
activities, and oversight in the areas of industrial safety and hygiene.   22 
 23 
The organization serves as the interpretive authority for industrial safety, occupational medicine, 24 
fire protection, IH, case management, and other safety and health programs.  The organization 25 
also provides the following safety and health services and oversight for the TOC: 26 
 27 

 Interface with the DOE and other Hanford industrial safety and health service 28 
organizations on company-wide industrial safety and health issues 29 
 30 

 Maintenance of company-wide industrial safety, IH, and health policies and procedures 31 
 32 

 Subject matter expert (SME) for safety and industrial hygiene training provided to TOC 33 
employees and subcontractors 34 
 35 

 Tracking, trending, and reporting of company-wide industrial safety, IH, and health 36 
performance 37 
 38 

 Coordination of EAPCs 39 
 40 

 Champion of the President’s Accident Prevention Council 41 
 42 

 Technical basis development and maintenance for the industrial hygiene program 43 
 44 

 Administration of the VPP for TOC 45 
 46 
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 Administration of an IH equipment laboratory that includes central procurement, 1 
maintenance, and inventory services for IH instruments 2 
 3 

 Field support with safety professionals, IH professionals, and IH technicians. 4 
 5 

17.3.3.1.2  Radiological Controls  6 
 7 
The Radiological Controls organization is responsible for the company-wide Radiological 8 
Control program, including: 9 
 10 

 Policies, procedures, standards, technical support, and oversight of radiological activities 11 
 12 

 Radiological Control safety related performance measures and indicators 13 
 14 

 Radiation protection program for 10 CFR 835 compliance 15 
 16 

 Ionizing radiation dosimetry and instrumentation services 17 
 18 

 ALARA program and reporting 19 
 20 

 Technical basis development and maintenance for radiological control  21 
 22 

 Primary radiological control technical interface with the DOE-ORP and other site 23 
contractors 24 
 25 

 Field support with radiological control professionals and technicians. 26 
 27 

17.3.3.1.3  Environmental Protection 28 
 29 
The Environmental Protection organization is responsible for developing regulatory strategies to 30 
support the TOC mission, integrating regulatory activities within the TOC, performing  31 
cross-cutting environmental functions, providing environmental resources and services to the 32 
IPTs, managing regulatory and TPA commitments and negotiations with the client and 33 
regulators, coordinating with corporate environmental programs, conducting Performance 34 
Assessments, and representing TOC in site-wide strategic initiatives. 35 
 36 
Environmental Protection serves as the primary TOC point-of-contact with DOE, other site 37 
contractors, and the environmental regulators on regulatory strategy and integration.  38 
Environmental Protection also serves as the primary TOC point-of-contact with DOE, other site 39 
contractors, and the environmental regulators on permitting, other regulatory approvals, National 40 
Environmental Policy Act of 1969 (NEPA)/ State Environmental Policy Act of 1971 (SEPA), 41 
TPA performance, and compliance issues. 42 
 43 
The Environmental Protection organization is responsible for: 44 
 45 
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 Functional and administrative supervision of environmental specialists matrixed to the 1 
IPTs 2 
 3 

 Managing compliance with regulatory and TPA requirements 4 
 5 

 Air operating permit management and coordination 6 
 7 

 Resource Conservation and Recovery Act of 1976 (RCRA) permits development and 8 
management 9 
 10 

 NEPA/SEPA activities 11 
 12 

 Environmental monitoring and reporting 13 
 14 

 Maintaining a Waste-site Identification Database for all Tank Farms 15 
 16 

 Interacting with DOE and other site contractors on environmental programmatic 17 
activities. 18 

 19 
 Field support on any environmental issues 20 

 21 
To ensure communication and consistent application of policy and programs, a WRPS 22 
Environmental Board, an Air Team, and a RCRA Team have been established under the 23 
leadership of the Environmental Program Manager. 24 
 25 
17.3.3.1.4  Security and Emergency Services  26 
 27 
The SES organization consists of Safeguards and Security (SAS) and Emergency Services, 28 
which are described below.  The SES Manager also serves as the Facility Security Officer and 29 
the Approval Authority for Foreign National Visits and Assignments for WRPS. 30 
 31 
17.3.3.1.4.1 Safeguards and Security  32 
 33 
The SAS organization is responsible for the implementation and, in some instances, the 34 
coordination of the following functions with other contractors for shared services: 35 
 36 

 SAS program administration 37 
 38 

 Security condition requirements 39 
 40 

 Vulnerability assessments, design basis threat policy 41 
 42 

 Physical security 43 
 44 

 Facility clearance and registration activities 45 
 46 
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 Foreign ownership, control, or influence 1 
 2 

 Material control and accountability program 3 
 4 

 Personnel security 5 
 6 

 Official foreign travel 7 
 8 

 Counterintelligence (NOTE:  Unclassified Cyber Security, Official Use Only, and 9 
Personal Identifiable Information Programs are administered through the Chief 10 
Information Officer, Information Resources organization). 11 

 12 
17.3.3.1.4.2 Emergency Services 13 
 14 
The Emergency Services organization supports facility access to fire services personnel, 15 
maintains a centralized emergency preparedness program, develops and maintains plans and 16 
procedures, and performs hazard surveys and assessments for WRPS identified hazardous 17 
facilities.  They support emergency preparedness training and drills and provide oversight to 18 
TOC organizations to ensure consistency in the application of the emergency preparedness 19 
program.  They maintain staff to respond to the emergency operations center within a specified 20 
time of receipt of notification from the Hanford Emergency Operations Center Shift Office for 21 
Hanford Site Emergencies. 22 
 23 
WRPS will provide and maintain dedicated qualified personnel with technical expertise to 24 
support the DOE Region 8 Radiological Assistance Program to include a single point of contact 25 
for the Radiological Assistance Program Manager, and respond under the direction of DOE 26 
National Nuclear Security Administration (NNSA) and the U.S. Department of Homeland 27 
Security.  This includes no-notice deployments, activations, fitness-for-duty, drills, training, and 28 
exercises. 29 
  30 
17.3.3.1.5  Price Anderson Amendment Act 31 
 32 
The PAAA organization implements the process to be used for the identification, evaluation, 33 
reporting, and tracking of potential non-compliances with DOE nuclear safety requirements and 34 
associated corrective actions. 35 
 36 
17.3.3.1.6  Quality Assurance  37 
 38 
The QA organization provides company-wide quality services including: 39 
 40 

 Development, maintenance, and interpretation of the QA Program Description 41 
 42 

 Oversight of company-wide work processes and performance 43 
 44 

 Oversight of subcontractor and other government furnished support contractor’s quality 45 
performance 46 
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 1 
 Quality engineering support to procurement, engineering, projects, and operations 2 

organizations 3 
 4 

 Quality control inspection required by code or engineering requirements 5 
 6 

 Quality control activities associated with analytical laboratory analyses and laboratory 7 
specific quality control program development 8 
 9 

 Support to human performance improvement activities that assist in identifying and 10 
removing organization weaknesses, preventing operational events, and building 11 
efficiencies in company-wide procedures and processes 12 
 13 

 Participation in operating committees and boards 14 
 15 

 Administration and performance of independent assessments of TOC programs and 16 
processes. 17 
 18 

17.3.3.1.7  Contractor Assurance  19 
 20 
The Contractor Assurance organization allows management to perform the following functions: 21 
 22 

 Manage the Performance Indicator program to track, trend, analyze, and report 23 
performance measures and indicators. 24 

 25 
 Coordinate Collective Significance Review activities to identify adverse trends or other 26 

indications requiring action to ensure long term continued improvement in WRPS 27 
operation. 28 
 29 

 Manage the Corrective Action Management (CAM) program 30 
  31 

 Administer the PER and E-STARS systems 32 
 33 

 Manage the Assessment Program including management assessments, specialty 34 
assessments, Management Observation Program, and Work Site Visits 35 
 36 

 Manage the Lessons Learned program 37 
  38 

 Perform Event Reporting including management of the Occurrence Reporting & 39 
Processing System (ORPS) 40 
 41 

 Coordinate company-wide Nuclear Safety Culture and Safety Conscious Work 42 
Environment (SWE) initiatives. 43 
 44 

 Coordinate company-wide ISMS initiatives 45 
 46 
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 Coordinate corrective action commitments and correspondence for external assessments, 1 
surveillances and audits. 2 
 3 

The Contractor Assurance organization provides WRPS management with the information to 4 
evaluate and improve all aspects of the organization and the structure to formulate effective 5 
corrective actions.  Information is obtained through the performance of management, specialty, 6 
and independent assessments, Management Observations (MOP), and Work Site Visits of the 7 
TOC programs and processes and collective reviews of internal and external reviews.  These 8 
assessments apprise management of: 9 
 10 

 Organizational progress in reaching strategic goals and objectives 11 
 Implementation and adequacy of management programs 12 
 Performance of safety management systems 13 
 Quality of products and services 14 
 Compliance with contractual and regulatory requirements 15 
 Effectiveness of corrective actions. 16 

  17 
17.3.3.2  Engineering 18 
 19 
The Engineering organization provides company-wide engineering oversight, standards, 20 
programs, and cross cutting engineering support.  The Chief Engineer manages the overall 21 
Engineering organization and is the WRPS Design Authority.  Engineering resources are 22 
deployed from the Engineering organization to the various line managers so the Chief Engineer 23 
retains concurrence authority, along with the line manager, for performance evaluations and 24 
merit and promotion decisions.  The resources perform engineering duties as directed by the line 25 
manager in accordance with policies and procedures set by the Engineering organization.  The 26 
Engineering Council, with membership consisting of representatives from the Chief Engineer 27 
and all deployed engineering groups, serves as the forum to drive consistent engineering 28 
practices across the Project.  The Engineering organization provides company-wide engineering 29 
support and direction, including the following: 30 
 31 

 Owns the Technical Baseline for the Company 32 
 Develops and maintains all engineering policies, programs, procedures, and standards 33 
 Identifies required engineering training and qualification programs 34 
 Provides technical expertise for projects with qualified engineers 35 
 Develops and maintains the Authorization Basis 36 
 Oversees nuclear safety and licensing implementation 37 
 Oversees System Engineering/Design Authority implementation 38 
 Determines technical readiness prior to startup or restart of a facility or activity 39 
 Deploys engineering resources to line organization 40 
 Chairs the Engineering Council for the Project 41 
 Ensures career development activities for all engineers 42 

  43 
The primary organizations that comprise the Engineering organization are:  Central Design 44 
Authority & Standards; Engineering Programs/Performance Assurance; Nuclear Safety; 45 
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Technical Integration, Central Process Engineering, DST/SST Integrity; Design Engineering; 1 
Engineering Automation, and Process Engineering Analysis. 2 
 3 
17.3.3.2.1  Central Design Authority & Standards 4 
 5 
This organization provides discipline leads for mechanical, ventilation, civil/structural, electrical 6 
and instrumentation control, and software engineering.  It is responsible for establishing and 7 
maintaining the engineering processes (procedures, standards).  This organization also provides 8 
the following: 9 

  10 
 Policies, plans, and procedures, and interpretation of national codes and standards 11 

 12 
 Independent expert reviews of engineering products 13 

 14 
 Engineering standards and Level I Specifications 15 

 16 
 Oversight of DST and SST activities by the Waste Transfer and Confinement Review 17 

Board 18 
  19 

 Dome loading   20 
  21 

 Independent overview and support for the technical aspects of Operational Readiness 22 
activities coordinated by the Project Integration organization 23 
 24 

 Acts as Authority Having Jurisdiction for Codes delegated by ORP 25 
 26 

 Leads development of and approves Functional Requirements Evaluation Documents 27 
(FRED).  28 
 29 

17.3.3.2.2  Engineering Programs/Performance Assurance 30 
 31 
This organization manages the engineering cost and schedule information.  Also, the 32 
organization is responsible for analyzing engineering performance through metrics and PER 33 
review, as well as providing the engineering qualification process and engineering assessment 34 
program.  This organization: 35 
 36 

 Serves as the Cost Account Manager for the Engineering Programs and Earned Value 37 
Management System (EVMS) compliance 38 
 39 

 Develops and maintains Engineering performance indicators and leading indicators 40 
associated with the engineering program and contractor assurance system input 41 
 42 

 Tracks, trends, analyzes, and reports performance measures and indicators based on data 43 
from the CAM system 44 
 45 
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 Tracks corrective actions, verifying timely completion of each corrective action using the 1 
PER and E-STARS systems 2 
 3 

 Develops and maintains the Plan of the Week schedules for the Engineering Programs 4 
 5 

 Manages the development and approval of Statements of Work as required to support the 6 
engineering activities 7 
 8 

 Tracks organizational progress in reaching strategic goals and objectives 9 
   10 

 Ensures implementation and adequacy of management programs such as event 11 
investigation and causal analysis 12 
 13 

 Monitors performance of safety management systems including Conduct of Operations, 14 
EAPC, ISMS, and VPP 15 
 16 

 Tracks engineering commitments in systems such as ORPS and Non-Compliance 17 
Tracking System (NTS) 18 
 19 

 Serves as the primary interface with DNFSB. 20 
 21 

17.3.3.2.3  Nuclear Safety 22 
 23 
The Nuclear Safety organization provides nuclear safety support for the tank farms, the 242-A 24 
Evaporator, and the 222-S Laboratory, and has the responsibility to: 25 
 26 

 Develop and maintain nuclear safety policies, procedures, and standards 27 
 28 

 Administer the USQ process and the USQ qualification requirements 29 
 30 

 Communicate with DOE on the project safety basis approval needs and priorities 31 
 32 

 Develop and maintain safety analysis methods and procedures, including consequence 33 
analysis and frequency determination 34 
 35 

 Administer the control selection process and prepare safety basis change packages 36 
 37 

 Maintain the Nuclear Safety Engineer Qualification program 38 
 39 

 Provide safety basis user services to line management, including overall day-to-day 40 
nuclear safety support and USQ reviews, issuances of safety basis amendments, 41 
justifications for continuing operations, USQ bulletins, annual updates, requirements 42 
database, and HNF-IP-1266, Tank Farms Operations Administrative Controls 43 
 44 

 Facilitate and overview the Process Hazard Analysis reviews of TOC waste disturbing 45 
activities 46 
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 1 
 Provide nuclear criticality analyses and overview of TOC activities and processes. 2 

 3 
17.3.3.2.4  Technical Integration, Central Process Engineering and DST/SST Integrity 4 
 5 
This organization provides review and integration of Tank Farm technical issues associated with 6 
SST and DST conditions or operations.  It also provides a central engineering overview of 7 
process engineering activities, process control plans, and modeling efforts.  In addition, 8 
Technical Integration will: 9 
 10 

 Provide documented analyses and assessments for tank leak determinations 11 
 12 

 Provide oversight and direction to waste chemistry corrosion optimization studies 13 
 14 

 Facilitate and interface with Expert Panel groups for SST and DST Integrity initiatives 15 
 16 

 Overview and provide direction for DST and SST Integrity programs (e.g., DST/SST 17 
underground tank and visual inspection programs) 18 
 19 

 Coordinate and consolidate DST and SST Integrity technical database efforts 20 
 21 

 Interface closely with One System and Strategic Planning and Technology organizations 22 
to support WTP readiness initiatives 23 
 24 

 Overview and direct rotational training and professional growth for engineering staff 25 
working at tank farms 26 
 27 

 Overview and direct a New Engineer hiring and rotational qualification program 28 
 29 

 Maintain Operating Specification Documents (OSD) and their technical bases for SSTs 30 
and DSTs 31 
 32 

 Coordinate technical outreach activities for the TOC. 33 
 34 

17.3.3.2.5  In-House Design Engineering 35 
 36 
The In-House Design Engineering organization provides design engineering support to TOC 37 
projects, Retrieval and Closure, Tank Farm Projects, One System, Strategic Planning and 38 
Technology, and Base Operations.  It is responsible for independent oversight of design 39 
execution and drawing configuration control.  It establishes and owns procedures related to 40 
design execution and design change control.  The In-House Design Engineering organization is 41 
also responsible for Procurement Engineering and implementation of the Commercial Grade 42 
Dedication process.  This organization also provides the following. 43 
 44 

 Technical leadership in the areas of mechanical, electrical, civil/structural engineering 45 
design 46 

RPP-13033 1/29/2015 - 12:56 PM 1057 of 1079



RPP-13033 REV 5-H 
 
 

 
 17-45  

 1 
 Technical leadership in computer aided drafting design and drawing/ computer aided 2 

drafting file access control 3 
 4 

 Design engineering services in all disciplines 5 
 6 

 Procurement engineering support in the procurement and spares establishment for 7 
engineered equipment 8 
 9 

 Design reviews of externally generated designs 10 
 11 

 Commercial Grade Dedication Technician support in the development of Commercial 12 
Grade Dedication packages 13 
 14 

 Procurement engineering support in the performance of Commercial Grade Dedication 15 
vendor surveys 16 
 17 

 Procurement Engineering review of all Safety Significant/Safety Class procurements for 18 
items, materials, and services 19 
 20 

 Human Factors in design and hazards assessment safety management program. 21 
 22 
17.3.3.2.6  Process Engineering Analysis 23 
 24 
The Process Engineering Analysis group provides technical leadership in the areas of 25 
engineering policies, plans, and procedures; configuration management; requirements 26 
management; engineering assessments; and interpretation of national codes and standards.  The 27 
group is responsible for the coordination and management of WRPS technical resources, 28 
specifically Base Operations Process Engineering, Tank Waste Inventory and Characterization 29 
Group, and Mission Analysis Engineering resources; the execution of the technical aspects of the 30 
Base Operations Process Engineering, Tank Waste Inventory and Characterization Group, and 31 
the Mission Analysis Engineering; and development of uniform qualification and training 32 
standards, and training opportunities for WRPS process engineers. 33 
 34 
The Process Engineering Analysis group is responsible for ensuring Process Engineering 35 
Analysis program activities are performed in accordance with company work management 36 
policy and procedures.  Other responsibilities of the Process Engineering group include: 37 
 38 

 Providing communication and interface with ORP, WRPS Operations, and Strategic 39 
Planning and Technology Development managers. 40 

 41 
 Providing technical integration between engineering components of Process Engineering 42 

and Mission Analysis Engineering with Strategic Planning and Technology Development 43 
managers and WRPS Operations managers. 44 
 45 
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 Ensuring technical resources are available for successful execution of process 1 
engineering and mission analysis engineering in support of Strategic Planning and 2 
Technology mission objectives and Tank Farm Operations. 3 
 4 

 Providing process engineering leadership to Base Operations to plan waste transfers and 5 
evaporator campaigns in support of SST Retrieval and WTP Feed Delivery objectives. 6 

 7 
 Evaluating Base Operations activities to ensure compliance with Waste Compatibility 8 

Program requirements including Flammable Gas Controls, Waste Chemistry Controls, 9 
and Waste Characteristic Controls.  These programs are developed and maintained as 10 
appropriate. 11 
 12 

 Evaluating Base Operations activities to ensure consistency with the RPP System Plan 13 
and comply with Safety Basis, Environmental, and Operational requirements.  14 
 15 

 Providing the technical basis for waste characteristic related safety basis controls and 16 
ensuring it is maintained and improved (e.g., buoyant displacement gas release event 17 
(BDGRE) evaluation criteria). 18 

 19 
 Developing technical studies and evaluations in support of WFD projects, “what if” 20 

studies to evaluate proposed options to enhance WTP waste feed efficiency, and mission 21 
analysis/project definition (Front End Engineering) activities 22 

 23 
 Performing operations baseline activities including development of the integrated WFD 24 

Operations Research model as a mission planning tool and supporting the development of 25 
operations/maintenance program enhancements needed by the increased operations 26 
tempo required by WFD 27 
 28 

 Developing requirements baseline activities focusing on implementation of systems 29 
engineering through the development of functions and requirements, and a consistent set 30 
of DST system and subsystem specifications as well as project specifications 31 
 32 

 Providing direct support to WFD projects (process engineering, design reviews, et al.) 33 
 34 

 Defining and maintaining the Waste Feed Delivery technical baseline. 35 
 36 
The organization is divided into three smaller organizations - the Base Operations Process 37 
Engineering group, the Tank Waste Inventory and Characterization group, and the Mission 38 
Analysis Engineering group. 39 
 40 
The Base Operations Process Engineering group has the following responsibilities: 41 
 42 

 Provide process leadership to Base Operations to plan waste transfers and evaporator 43 
campaigns in support of SST Retrieval and Strategic Planning and Technology 44 
Development objectives.  Base Operations activities are evaluated to comply with Waste 45 
Compatibility Program requirements including Flammable Gas Controls, Waste 46 
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Chemistry Controls and Waste Characteristic Controls.  Base Operations activities are 1 
consistent with the RPP System Plan and comply with Safety Basis, Environmental, and 2 
Operational requirements. 3 

 4 
 Maintain and improve the technical basis for waste characteristic related safety basis 5 

controls (e.g. BDGRE evaluation criteria). 6 
 7 

The Tank Waste Inventory and Characterization group has the following responsibilities: 8 
 9 

 Manage tank waste characterization data for DSTs, SSTs, and Miscellaneous 10 
Underground Storage tanks. 11 

 12 
 Write Data Quality Objectives, Sample Analysis Plans, Tank Characterization Reports, 13 

and Monthly Tank Waste Summary Reports. 14 
 15 

 Maintain the BBI. 16 
 17 

 Perform chemical modeling. 18 
 19 

 Manage the TWINS database subcontract. 20 
 21 

The Tank Waste Inventory and Characterization group maintains a staff that can assist other 22 
organizations in using and interpreting tank characterization data, as well as identify needs for 23 
new data. 24 

 25 
Mission Analysis Engineering has responsibility to define and maintain the WFD technical 26 
baseline.  Activities performed in support of this responsibility include: 27 

 28 
 Technical studies and evaluations in support of WFD projects, “what if” studies to 29 

evaluate proposed options to enhance Strategic Planning and Technology Development 30 
waste feed efficiency, and mission analysis/project definition (Front End Engineering) 31 
activities 32 

 33 
 Operations baseline activities including development of the integrated WFD Operations 34 

Research model as a mission planning tool and supporting the development of 35 
operations/maintenance program enhancements needed by the increased operations 36 
tempo required by WFD 37 
 38 

 Requirements baseline activities focusing on implementation of systems engineering 39 
through the development of functions and requirements, and a consistent set of DST 40 
system and subsystem specifications as well as project specifications 41 
  42 

 Direct support to WFD projects (process engineering, design reviews, et al) 43 
 44 

  45 
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17.3.3.3  Project Integration 1 
 2 
The Project Integration organization is responsible for providing support to the TOC Project 3 
Manager and the Work Area Managers in the coordination and integration of project and 4 
interface functions and resources.  The organization maintains authority for assigned program 5 
requirements, provides independent assessment of effective program implementation, and 6 
supplies qualified experts directly to the projects to assure that project work is safely and 7 
compliantly conducted in an efficient manner. 8 
 9 
The Project Integration organization: 10 
 11 

 Ensures consistent project management procedures, planning and integration 12 
 13 

 Manages the TOC Risk Management Plan 14 
 15 

 Integrates project-level changes and updates into the PMB 16 
 17 

 Coordinates with Integrated Project Team to trend, evaluate, and provide early warnings 18 
in project performance 19 
 20 

 Supports project status meetings to communicate performance results to DOE 21 
 22 

 Establishes an EVMS presence, achieves WRPS EVMS certification, and ensures 23 
ongoing EVMS compliance 24 

 25 
The organization assures that the logical ties and dependencies of work activities are identified, 26 
forecasted, integrated, and completed in a systematic manner via EVMS.  The function of the 27 
Project Integration organization is to ensure standardization in project management and controls, 28 
interface management, and project engineering approach, definition, and control. 29 
 30 
The organization is focused on implementing the WRPS Project Management Approach and 31 
System for ongoing training and certification to develop high quality project management 32 
personnel. 33 
 34 
Project Integration personnel participate as IPT members for TOC projects.  35 
 36 
Project Integration has the responsibility to provide independent functional oversight to assure 37 
that WRPS is conducting business in compliance with contract requirements and project 38 
standards. 39 

 40 
17.3.3.3.1  Project Controls 41 
 42 
This organization develops and maintains the cost control processes, procedures, and systems, 43 
and allocates cost engineering and scheduling resources.  This organization also provides project 44 
performance analysis and monitoring, baseline management and integration support, scheduling 45 
and cost control standards, policies, and procedures, and ensures compliance to EVMS standards.   46 

RPP-13033 1/29/2015 - 12:56 PM 1061 of 1079



RPP-13033 REV 5-H 
 
 

 
 17-49  

 1 
The Project Controls organization responsibilities are to: 2 
 3 

 Develop, issue, and maintain the TOC Project PMB 4 
 5 

 Develop and submit Monthly Performance Reports representing the prior month’s 6 
performance to DOE-ORP 7 
 8 

 Participate in monthly contract/project reviews with DOE-ORP 9 
 10 

 Prepare, maintain, and enforce cost control and scheduling standards, policies, and 11 
procedures 12 
 13 

 Maintain cost control systems 14 
 15 

 Maintain the PMB cost estimating system 16 
 17 

 Monitor and forecast expenditures to complete and at completion 18 
 19 

 Provide and allocate scheduling and cost control resources 20 
 21 

 Prepare cost analysis to validate aggregate estimates to complete and estimates at 22 
completion 23 
 24 

 Maintain company level cost performance 25 
 26 

 Interface and analyze incorporation of life-cycle baseline changes based on both field and 27 
strategic planning decisions 28 
 29 

 Provide accountability and configuration control for the Summary Life Cycle Schedule 30 
 31 

 Ensure standards for Baseline Change Control; administration and implementation of 32 
Baseline Change Control documentation; and maintenance and ownership of the Baseline 33 
Change Control Log 34 
 35 

 Manage and support the Management Summary Schedule, Expanded Management 36 
Summary Schedule, and other displays, as necessary 37 
 38 

 Prepare, maintain, and enforce scheduling standards, policies, and procedures 39 
 40 

 Provide Project Management, Project Control Analyst, and Scheduling support to the 41 
functional organizations 42 
 43 

 Provide management support to the total contract price alignment as documented in Table 44 
B-4 of the TOC contract and interface with project contract management to ensure PMB 45 
alignment with the TOC contract scope and deliverables 46 
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 1 
 Maintain and implement the Project Control System Description 2 

 3 
 Flow down the EVMS requirements under EIA-748 to the IPTs 4 

 5 
 Conduct TOC EVMS Surveillances and issue an annual report. 6 

 7 
Project Controls serves as the integrator for the Integrated Mission Execution Schedule and the 8 
Performance Measurement Baseline Schedule. 9 
 10 
17.3.3.3.2  Project Management Program 11 
 12 
The Project Management Program organization responsibilities are to: 13 
 14 

 Prepare and submit for DOE-ORP approval a PEP 15 
 16 

 Be the interpretive authority for project management processes 17 
 18 

 Ensure TOC project compliance with DOE Orders, Guides, and other DOE project 19 
related directives 20 
 21 

 Maintain all project management systems 22 
 23 

 Provide all project managers to CLIN-1, 2, and 3 Line organizations 24 
 25 

 Implements the Project Review Board and project-specific assessments 26 
 27 

 Implements all TOC project turnover and project closeout activities 28 
 29 

17.3.3.3.3  Interface Management 30 
 31 
The Interface Management organization responsibilities are to: 32 
 33 

 Provide input to Mission Support Contract (MSC) to facilitate the MSC’s development 34 
and maintenance of a Hanford Site Interface Management Plan 35 

 36 
 Establish appropriate documentation, and manage interfaces in accordance with the 37 

WRPS Contract Section J Attachment entitled “Hanford Site Services and Interface 38 
Requirements Matrix” 39 
 40 

 Provide TOC coordination and input to the annual update to the Hanford Site’s 41 
Infrastructure and Services Alignment Plan (ISAP) and Hanford Interface Management 42 
Plan (IMP) 43 
 44 

 Provide input to the Annual Forecast of Services and Infrastructure’s projection of 45 
needed utilities, services and infrastructure, which is incorporated into the ISAP 46 
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 1 
 Provide input to the MSC to support the development of the annual update to the Hanford 2 

Site Services and Interface Requirements Matrix 3 
 4 

 Coordinate TOC review and administration of the Section J Attachments entitled 5 
“Hanford Site Structures List (J-13)” and “Hanford Waste Site Assignment List (J-14)” 6 
 7 

 Provide administrative support to the TOC One System organization and interface with 8 
the WTP ORP Interface Manager in regards to the WTP Interface Program 9 
 10 

 Provide internal TOC organizational issue resolution and problem solving as requested 11 
 12 

 Collaboratively work with the other Hanford contractors to ensure services received by 13 
the TOC or provided to others from the TOC are right-sized, continuously improved, and 14 
meet the needs of the customers 15 
 16 

 Develop the TOC Risk Management Plan and implement the risk management process 17 
 18 

 Coordinate risk and decision management activities on a continuing basis with  19 
DOE-ORP, the WTP contractor, and the other Hanford Site contractors 20 
 21 

 Generate a Risk Management Analysis 22 
 23 

 Work with other Hanford contractors to resolve interface issues or other site-wide 24 
decisions related to shared services. 25 
 26 

The organization oversees the establishment of inter-contractor interfaces, with the assistance of 27 
Business Operations.  Interface Management is responsible for administering and maintaining 28 
the associated interface agreements that: 29 
 30 

 Identify TOC interface needs 31 
 32 

 Provide input based on the TOC execution strategy with regard to the Infrastructure and 33 
Service Alignment Plan 34 
 35 

 Develop the TOC IMP 36 
 37 

17.3.3.3.4  Field Cost/Schedule Integration 38 
 39 
The Field Cost/Schedule Integration organization is responsible to: 40 
 41 

 Increase communication and integration within the project controls organizations 42 
 43 

 Focus on integration support, enhanced cost/schedule performance, and EVMS training 44 
and readiness for the TOC 45 

  46 
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17.3.3.3.5  Project Contract Manager 1 
 2 
The Project Contract Management organization provides effective administration of the WRPS 3 
Prime Contract with DOE-ORP including the identification of contractual requirements and 4 
transmittal of required contract deliverables.  The organization is responsible for the 5 
identification, development, transmittal, and negotiation of prime contract items including the 6 
Performance Evaluation Measurement Plan (PEMP), and Requests for Equitable Adjustment 7 
(REA).   8 
 9 
The Prime Contract Management organization is also responsible to: 10 
 11 

 Act as principal point of contact with the DOE-ORP Contracting Officer 12 
 13 

 Ensure contract compliance to 48 CFR 970.5204-2, “Laws, Regulations, and DOE 14 
Directives” 15 
 16 

 Ensure Contract maintenance and conformance 17 
 18 

 Provide guidance on matters related to financial accumulation and reporting 19 
interpretations, cost principles, labor issues in conjunction with Human Resources and 20 
Labor Relations, and specific contract reporting issues 21 
 22 

 Coordinate the change management process to identify, develop, and submit REAs to 23 
support adjustment to the total contract price 24 
 25 

 Identify, develop, and submit REAs to support adjustment to the Total Contract Price 26 
 27 

 Manage and respond to commercial and compliance audits and assessments performed by 28 
others 29 
 30 

 Identify new or revised contractual requirements that may impact the Safety Basis 31 
Documents and notify the functional area interpretive authority 32 
 33 

 Provide Contract interpretation and support as requested by others 34 
 35 

 Review and transmit Performance Based Incentive and Award Fee completion documents 36 
to DOE-ORP for fee approval (joint responsibility with Business Operations – Finance). 37 

 38 
17.3.3.4  Workforce Resources 39 
 40 
The Workforce Resources organization manages and administers all training, procedures, human 41 
resources, and labor relations functions of the TOC.  Additionally, this organization is 42 
responsible for workforce staff planning and the development of the current workforce and 43 
candidate pipeline to meet future mission requirements. 44 
 45 
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17.3.3.5  Business Operations 1 
 2 
The Business Operations organization manages and administers all financial, contractual, 3 
business planning, accounting, non-radiological facility and property management, legacy 4 
benefit plan management, and reporting functions of the TOC.  The Business Operations 5 
Manager directs all departments within the organization, including Finance, Procurement 6 
Services, Information Resource Management, Records and Document Control, Facilities & 7 
Property management, and Rocky Flats and Mound Legacy Plans. 8 
 9 
17.3.3.6  Employee Concerns Program 10 
 11 
The Employee Concerns Program provides a process to adequately and effectively investigate 12 
and respond to all areas of employee concerns and serves as the WRPS liaison to the Hanford 13 
Concerns Council. 14 
 15 
In order to facilitate efficient and effective concern resolution, the Employee Concerns Program 16 
may transfer or refer concerns to other WRPS organizations, such as General Counsel, Internal 17 
Audit or Workforce Resources (including Human Resources and Labor Relations).  Concerns 18 
may be transferred outside of WRPS to CSC Hanford Occupational Health Services, independent 19 
investigators, or other Hanford contractors. 20 
 21 
17.3.3.7  Office of General Counsel 22 
 23 
The Office of General Counsel provides legal services in support of the DOE mission and on 24 
behalf of WRPS in all areas.   25 
 26 
17.3.3.8  Internal Audit Department 27 
 28 
The Internal Audit department serves as an independent, objective assurance and consulting 29 
function that uses systematic and disciplined approaches to evaluate and improve the 30 
effectiveness of risk management, control, and governance processes. 31 
 32 
17.3.3.9  External Affairs 33 
 34 
The External Affairs organization serves as the primary contact between the TOC and the news 35 
media, community, stakeholders, employees, and the general public.  36 
 37 
17.3.3.10  Strategic Planning and Technology Development Group 38 
 39 
Strategic Planning and Technology Development (SPTD) identifies technical challenges and 40 
potential performance enhancements.  SPTD identifies and matures initiatives and technologies 41 
that can enhance TOC performance and serves as a catalyst for RPP flow sheet initiatives that 42 
may ultimately be incorporated into the RPP baseline if they prove to be beneficial and  43 
cost-effective. SPTD is focused on near-term and long-term improvements in the RPP mission, 44 
flow sheet, and performance.  Key responsibilities include: 45 
 46 

 Evaluating the mission to identify key gaps and strategic enhancement opportunities 47 
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 1 
 Carrying out preliminary engineering evaluations 2 

 3 
 Identifying key decision and insertion points, and developing implementation 4 

frameworks for potential strategies 5 
 6 

 Managing the Tank Farms’ technology program which includes developing and maturing 7 
technologies necessary to support strategic initiatives as well as other Technology 8 
Development initiatives as directed by ORP 9 
 10 

 Maintaining routine communications with the TOC Project Manager, the Manager of One 11 
System, other Core Organizations and ORP as appropriate to ensure understanding and 12 
agreement with proposed initiatives and endorsement of moving forward with the 13 
initiative including necessary funding and contractual coverage. 14 
 15 

 Carrying out engineering studies and assessments to mature initiatives and prepare 16 
sufficient underpinning to enable a determination of whether the initiatives should be 17 
incorporated into the baseline, and if so, coordinating the handoff with the Core 18 
Organization that would be responsible for implementing the initiative. 19 
 20 

 Serving as the primary interface for external review groups for matters relating to 21 
Strategic Initiatives and Technology. 22 
 23 

SPTD has no major project execution capabilities but does implement small to medium sized 24 
projects to support its initiatives.  Execution of major projects is the responsibility of the Core 25 
Organizations once the concepts are sufficiently mature for incorporation into the RPP baseline. 26 
 27 
17.3.4 Staffing and Qualifications 28 
 29 
The TOC personnel assigned to tank farm facilities shall be qualified, competent, and adequately 30 
staffed to support safe and effective operations.  Management and technical personnel meet the 31 
education and experience requirements of DOE O 426.2, Personnel Selection, Training, 32 
Qualification, and Certification Requirements for DOE Nuclear Facilities.  Qualifications are 33 
met through education and related industry experience and through company-sponsored, job-34 
specific training.  Training and qualification requirements for TOC personnel are summarized in 35 
Chapter 12.0.  Minimum staffing requirements for safe operation are identified in  36 
HNF-SD-WM-TSR-006, Tank Farms Technical Safety Requirements.  37 
 38 
The TOC is staffed to accomplish the accelerated closure mission effectively, efficiently, and 39 
safely, and to ensure that personnel with the best qualifications (background, experience, and 40 
proven track record) are placed in positions of leadership.  Personnel supporting the leadership 41 
are aligned based on their backgrounds and qualifications to accomplish the accelerated closure 42 
mission. 43 
 44 
The TOC utilizes an employee performance assessment process for monitoring individual 45 
performance in achieving goals, commitment to safety, personal improvement, etc.  While 46 
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frequent feedback is encouraged, the process requires a formal mid-cycle and annual 1 
performance review with each employee. 2 
 3 
Refer to Chapter 12.0 for a discussion on the qualification process. 4 
 5 
 6 
17.4 SAFETY MANAGEMENT POLICIES AND 7 

PROGRAMS 8 
 9 
It is TOC policy to maintain the highest health and safety standards and to manage all facilities 10 
and operations to minimize risk to site personnel, offsite public, and the environment.  To 11 
conform to this policy, an integrated system of organizations and programs has been created to 12 
ensure that operations are managed with the highest concern for safety to maintain a safe work 13 
environment.  The following sections identify and describe the company-level programs that 14 
constitute facility safety. 15 
 16 
17.4.1 Safety Review and Performance Assessment 17 
 18 
The TOC Management Assessment Program, Independent Assessment Program, and 19 
Management Observation Program described in the TOC ESH&Q procedures, define the 20 
processes that provide independent oversight, safety review, and appraisal of safety performance.  21 
These processes apply to TOC organizations involved in the management of safety. 22 
 23 
The TOC’s Independent Oversight Program provides assessment and examination services of the 24 
adequacy and effectiveness of TOC management control systems.  The TOC’s assessment 25 
program provides management the information to evaluate and improve all aspects of the 26 
organization, including organizational progress in reaching strategic goals and objectives, the 27 
adequacy and implementation of management programs developed to achieve the mission, the 28 
performance of safety management systems, the quality of products and services, compliance 29 
with contractual and regulatory requirements, and the effectiveness of corrective actions.   30 
  31 
17.4.2 Configuration and Document Control 32 
 33 
Configuration management and document control and records management are independent 34 
programs.  These programs are described below. 35 
 36 
The TOC configuration management program establishes and maintains consistency among 37 
design requirements, physical configuration, and facility documentation.  Physical configuration 38 
must conform to the design requirements established by the design output documents.  Facility 39 
documentation must accurately represent physical configuration and design requirements.  40 
Facility documentation that supports facility operations includes the as-built configuration 41 
documentation for safety-class and safety-significant SSCs that are required to establish the 42 
safety baseline and maintain the integrity of the controls described in the TSRs.  Changes to 43 
facility design requirements are reflected in the facility physical configuration and the facility 44 
documentation, and changes to the physical configuration or the facility documentation must be 45 
supported by design requirements.  These configuration control activities are the responsibility of 46 
the TOC Chief Engineer.   47 
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 1 
TFC-PLN-03, Engineering Program Management Plan, describes the configuration management 2 
program the TOC uses to manage and integrate its programmatic and functional operations to 3 
perform work.  The configuration management program defined in TFC-PLN-03 provides the 4 
necessary technical consistency for safe, economic, and environmentally sound management of 5 
tank farm facilities and systems throughout their life cycles. 6 
 7 
The TOC document control and records management program is described in TFC-PLN-17, 8 
Document Control and Records Management Program Description.  The purpose of the program 9 
is to define the TOC document control and records management processes.  The TOC is required 10 
to manage information management activities in accordance with applicable laws, regulations, 11 
and DOE policy and manuals as identified in the contract.  The TOC must control the 12 
preparation, review, approval, distribution, use, and revision/change control for all documents 13 
that establish or prescribe requirements, define or direct work, or provide the controls necessary 14 
to ensure compliance with applicable requirements.  The degree of controls applied to document 15 
preparation, review, approval, distribution, use, and revision is specified within the procedures 16 
describing or directing the work processes.  The TOC has developed and implemented the 17 
procedural controls necessary to ensure that adequate records are generated, identified, and 18 
maintained in a manner that ensures their availability to support operational and regulatory needs 19 
and to meet legal obligations. 20 
 21 
17.4.3 Occurrence Reporting 22 
 23 
The Occurrence Reporting Program sets forth the minimum requirements in categorizing 24 
occurrences related to safety, environment, health, or operation (“Reportable Occurrences”), 25 
including base program operational emergencies and abnormal events, providing timely 26 
notification to the DOE, and developing and submitting written reports for events at TOC 27 
facilities. 28 
 29 
17.4.4 Integrated Environment, Safety and Health 30 

Management System 31 
 32 
The TOC has implemented an ISMS to systematically integrate environment, safety, health, and 33 
quality into the work processes within the three business levels (company, facility, and activity).  34 
This integration enables the assigned missions to be efficiently and effectively accomplished 35 
while protecting the workers, the public, and the environment, and it is embodied in the TOC 36 
safety culture and the overall ISMS objective to “Do Work Safely.” 37 
 38 
ISMS provides every employee (office, administrative, and field) the opportunity to do his or her 39 
job in the safest possible way.  It is a common sense approach to integrating environmental, 40 
safety, health, and quality into each step of the work process; it starts at the earliest planning 41 
stages and continues through project closeout.   42 
 43 
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The TOC’s ISMS program is a dynamic system incorporating the concept of continuous 1 
improvement to support the worker, public, and environmental safety.  The seven guiding 2 
principles in the TOC’s ISMS program are as follows: 3 
 4 

 Line management is responsible for safety 5 
 Clear roles and responsibilities 6 
 Competence commensurate with responsibilities 7 
 Balanced priorities 8 
 Identification of safety standards and requirements 9 
 Hazard controls tailored to work being performed 10 
 Operations authorization. 11 

 12 
To support these principles, the ISMS program has five distinct core functions as follows: 13 
 14 

 Define the scope of work 15 
 Identify the hazards 16 
 Develop and implement hazard controls 17 
 Perform work within controls 18 
 Provide feedback and continuous improvement. 19 

 20 
As indicated above, line management is directly responsible for the protection of the public, the 21 
workers, and the environment.  As a complement to line management, the DOE Office of 22 
Environment, Safety, and Health provides safety policy, enforcement, and independent oversight 23 
functions. 24 
 25 
Refer to RPP-MP-003 for the details of the TOC’s ISMS program. 26 
 27 
 28 
17.4.5 Safety Management Programs Related to 29 

Defense-in-Depth 30 
 31 
The following sections summarize SMPs that are identified in Chapters 3, 4, and 5 as providing 32 
defense-in-depth. Additionally, the key features of the SMP programs that are specifically 33 
identified in Chapter 3.0, Section 3.3.2.3.2, are listed under each SMP. 34 
 35 
17.4.5.1  Engineering Program.  In addition to the Engineering Program’s configuration 36 
management function described in 17.4.2, elements of the Engineering Program that provide 37 
defense-in-depth as described in Chapter 3.0, Section 3.3.2.3.2, Table 3.3.2.3.2-2, are listed 38 
below. 39 
 40 

 Material Balance Monitoring (Table 3.3.2.3.2-2, Item 3).  41 
 Design of Waste Transfer Pump Shaft Sealing Systems (Table 3.3.2.3.2-2, Item 4).   42 
 Design/Procedures for Draining Transfer Systems (Table 3.3.2.3.2-2, Item 11).  43 
 Winterization/Freeze Protection (Table 3.3.2.3.2-2, Item 12).   44 
 Dome Loading (Table 3.3.2.3.2-2, Item 17). 45 
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 Interfacing Water System Overpressure and Flow Transient Protection (Table 3.3.2.3.2-2, 1 
Item 23).  2 

 Compressed Air System Overpressure Protection (Table 3.3.2.3.2-2, Item 25). 3 

 Interfacing Water System High Temperature Protection (Table 3.3.2.3.2-2, Item 27). 4 
 Compressed Air System High Temperature Protection (Table 3.3.2.3.2-2, Item 28). 5 
 Waste Transfer System Overpressure and Flow Transient Defense-in-Depth Features  6 

(Table 3.3.2.3.2-2, Item 29). 7 
 Waste Surface Level Monitoring and Trending Defense-in-Depth Feature  8 

(Table 3.3.2.3.2-2, Item 30). 9 
 10 

17.4.5.2  Initial Testing Program.  The TOC Initial Testing Program ensures that SSCs comply 11 
with design safety and acceptance criteria; that SSCs can be started and operated efficiently and 12 
safely; and that new, modified, and refurbished SSCs are thoroughly tested in an organized 13 
manner before being accepted and placed in service.  Additional detail on the TOC Initial 14 
Testing Program is provided in Section 10.3, Initial Testing Program. 15 
 16 
17.4.5.3  Procedures and Training.  The TOC Procedures SMP and the TOC Training SMP 17 
ensure that procedures and training processes have been developed to enhance personnel safety 18 
performance, and that work is performed by trained employees operating in accordance with 19 
approved procedures.  Procedures and training are developed, verified, and validated for the 20 
conduct of normal, abnormal, and emergency operations.  This ensures that facilities are operated 21 
and maintained by qualified personnel and that procedures and training elements are accurately 22 
developed and kept current. 23 
 24 
Procedures, including planned and preventive maintenance procedures, are controlled documents 25 
requiring processing through a structured development, review, and approval process.  Control 26 
and development processes are implemented to ensure that each procedure has a standardized 27 
format and style, and is valid, clear, and concise.  Procedure users are responsible for providing 28 
working knowledge and human factors considerations for procedure development. 29 
 30 
TOC training and qualification programs ensure employees are trained to safely, competently, 31 
and effectively perform their job functions while protecting themselves, the public, and the 32 
environment.  The TOC employs a systematic approach to the development of training programs.  33 
Analysis and planning processes identify the expected results of training in terms of the specific 34 
requirement (or its intent) and the desired performance improvement.  The training program 35 
ensures that personnel are trained in emergency response procedures and hazard 36 
communications.  Training requirements for facility access by non-facility personnel are verified 37 
before unescorted access to the radiologically controlled areas is granted. 38 
 39 
Refer to Chapter 12.0 for further discussion on procedures and training.  40 
 41 
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17.4.5.4  Environmental Management.  The TOC Environmental Management SMP ensures 1 
the planning and performance of work at the tank farms complies with pollution prevention, 2 
environmental protection practices, and environmental regulatory requirements.  Elements of the 3 
Environmental Management Program that provide defense-in-depth as described in Chapter 3.0, 4 
Section 3.3.2.3.2, Table 3.3.2.3.2-2, are listed below. 5 
 6 

 Transfer Leak Detection/Alarm Response (Table 3.3.2.3.2-2, Item 2).  7 
 Waste Transfer Line Encasements (Table 3.3.2.3.2-2, Item 14). 8 
 Encasement leak detection and waste removal (Table 3.3.2.3.2-2, Item 24). 9 
 Guzzler Air Permitting Requirements (Table 3.3.2.3.2-2, Item 26). 10 

 11 
17.4.5.5  Radiological Control.  The TOC Radiological Control SMP describes methods for 12 
controlling ionizing radiation and handling radioactive materials for the TOC.  The TOC 13 
Radiological Control Program includes all aspects of radiological control applicable to 14 
performing hazardous work at the tank farms.  Refer to Chapter 7.0 for further discussion on 15 
radiological control.  The element of the Radiological Control Program that provides 16 
defense-in-depth as described in Chapter 3.0, Section 3.3.2.3.2, Table 3.3.2.3.2-2, is listed below. 17 
 18 

 Radiological Postings (Table 3.3.2.3.2-2, Item 20).  19 
 20 
17.4.5.6  Waste Management.  The TOC Waste Management SMP ensures waste 21 
characterization-related activities are performed in compliance with all applicable laws and 22 
regulations governing these activities.  This program provides for effective and compliant 23 
management of hazardous, low-level, and mixed low-level waste streams at the tank farms.  24 
Refer to Chapter 9.0 for details of the Waste Management Program.  The element of the Waste 25 
Management Program that provides defense-in-depth as described in Chapter 3.0, 26 
Section 3.3.2.3.2, Table 3.3.2.3.2-2, is listed below. 27 
 28 

 Flammable Gas Concentration Requirements for Waste Sample Containers 29 
(Table 3.3.2.3.2-2, Item 16).  30 

 31 
17.4.5.7  Nuclear Criticality.  The TOC Nuclear Criticality SMP ensures appropriate actions are 32 
taken to prevent and mitigate the consequences of a criticality accident.  Program requirements 33 
and recommendations are based on DOE orders, industry standards, and best management 34 
practices.  These requirements and recommendations apply to the design, construction, 35 
operation, maintenance, and decommissioning of all tank farm facilities that contain or handle 36 
fissile material.  Refer to Chapter 6.0 for additional information on the Nuclear Criticality Safety 37 
Program. 38 
 39 
17.4.5.8  Safety and Health.  The TOC S&H Program (described in TFC-PLN-47, Worker 40 
Safety and Health Program) establishes and maintains policies and procedures, and provides 41 
overall management and oversight of occupational medicine, case management, and three SMPs: 42 
industrial safety, industrial hygiene, and fire protection.  The program maintains the safety and 43 
health equipment laboratory and provides central procurement, maintenance, and inventory 44 
services for safety and health instruments.  The program provides for tracking, trending, and 45 
reporting company-wide safety and health performance; and maintains injury/illness records.  46 
Refer to Chapter 8.0 for further discussion on safety and health. 47 
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 1 
17.4.5.8.1  Industrial Safety.  The TOC Industrial Safety SMP prevents employee injury from 2 
industrial hazards that may be encountered in the workplace.  Company-wide program 3 
requirements and procedures establish a baseline for compliance with applicable industrial safety 4 
codes and standards.  Industrial safety concepts are integrated in various TOC safety 5 
management processes as they apply to the identification and analysis of hazards and to 6 
determining the appropriate controls for employee protection.  The TOC Hoisting and Rigging 7 
program is an element of the Industrial Safety SMP.  Implementation of the industrial safety 8 
requirements is the responsibility of line management, supported by industrial safety 9 
professionals who are assigned to the area/facility S&H managers.  Industrial Safety interfaces 10 
with DOE and the Occupational Health Contract provider for the Worker’s Compensation 11 
Program.  Refer to Chapter 8.0 for further discussion on industrial safety. 12 
 13 
The element of the Industrial Safety Management Program that provides defense-in-depth as 14 
described in Chapter 3.0, Section 3.3.2.3.2, Table 3.3.2.3.2-2, is listed below. 15 
 16 

 Excavation Program (Table 3.3.2.3.2-2, Item 7). 17 
 18 
17.4.5.8.2  Industrial Hygiene.  The TOC Industrial Hygiene SMP prevents employee 19 
occupational illness from chemical, biological, physical, and ergonomic hazards that may be 20 
encountered in the workplace.  Company-wide program requirements and procedures establish a 21 
baseline for compliance with applicable industrial hygiene codes and standards.  Industrial 22 
hygiene concepts are integrated in various TOC safety management processes as they apply to 23 
the identification and analysis of hazards and to determining the appropriate controls for 24 
employee protection.  Implementation of the industrial hygiene requirements is the responsibility 25 
of line management, supported by industrial hygiene professionals who are assigned to the 26 
area/facility S&H managers.  Industrial hygiene professionals act as liaisons between the TOC 27 
and the other Hanford Site prime contractors providing Occupational Medical Services, 28 
Employee Assistance Program, Equipment Calibration, Analytical Laboratories, and Material 29 
Safety Data Sheet Program.  Refer to Chapter 8.0 for further discussion on industrial hygiene. 30 
 31 
17.4.5.8.3  Fire Protection.  The TOC Fire Protection SMP focuses on controlling and 32 
eliminating fire hazards in the work place, minimizing fire losses, and ensuring that the level of 33 
life safety is in accordance with DOE Orders and ORP Implementing Manual.  Implementation 34 
of the Fire Protection Program requirements is the responsibility of line management, supported 35 
by Fire Protection Program professionals.  Specific Fire Protection Program responsibilities also 36 
reside with the Hanford Fire Department, Base Operations, SST Retrieval & Closure Operations, 37 
and Engineering.  Refer to Chapter 11.0 for further discussion on fire protection.  Elements of 38 
the Fire Protection Program that provide defense-in-depth as described in Chapter 3.0,  39 
Section 3.3.2.3.2, Table 3.3.2.3.2-2, are listed below. 40 
 41 

 Vehicle Access (Table 3.3.2.3.2-2, Item 15).  42 
 Fuel Handling within Tank Farms (Table 3.3.2.3.2-2, Item 15). 43 
 Fire Marshall Permitting (Table 3.3.2.3.2-2, Item 15). 44 

 45 
17.4.5.9  Emergency Preparedness.  The TOC Emergency Preparedness SMP includes 46 
considerations for mitigation, response, and recovery from hazards presented by emergency 47 
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events involving radiological, toxicological, and all other potential sources of injury or harm to 1 
personnel, the environment, or material resources.  Chapter 15.0 provides the details of the 2 
Emergency Preparedness Program. 3 
 4 
17.4.5.10  Conduct of Operations.  The TOC Policy for conduct of operations is described in 5 
TFC-POL-01, Conduct of Operations Policy.  As one of the core safety management programs 6 
(SMPs), the program ensures that facility operations are managed, organized, and conducted in a 7 
manner that results in a high level of performance and, therefore, contributes to safe and reliable 8 
execution of work.  The program consists of company-wide procedures that implement 9 
requirements from DOE O 422.1, Conduct of Operations, as delineated in TFC-PLN-05, 10 
Conduct of Operations Implementation Plan, and govern facility and activity operations.  Refer 11 
to Chapter 11.0 for further discussion on Conduct of Operations.  Elements of the Conduct of 12 
Operations Program that provide defense-in-depth as described in Chapter 3.0, Section 3.3.2.3.2, 13 
Table 3.3.2.3.2-2, are listed below. 14 
 15 

 Vehicle Barriers or Vehicle Restrictions (Table 3.3.2.3.2-2, Item 5).  16 
 Spotters (Table 3.3.2.3.2-2, Item 6).  17 
 Pre-Transfer Excavation Walkdown (Table 3.3.2.3.2-2, Item 8).   18 
 Pre-Transfer Verification of Valve Lineup (Table 3.3.2.3.2-2, Item 9).  19 
 Flushing of Waste Transfer Lines (Table 3.3.2.3.2-2, Item 21).  20 

 21 
17.4.5.11  Quality Assurance.  The TOC Quality Assurance SMP is described in the Quality 22 
Assurance Program, also referred to as the quality management system.  The goal of the quality 23 
management system is delivery of safe, reliable products and services that meet or exceed the 24 
customer’s requirements, needs, and expectations.  To accomplish this goal, the quality 25 
management system describes methods for planning, performing, assessing, and improving the 26 
adequacy of work, including work assigned to parties outside the organization.  The quality 27 
management system complements the DOE ISMS.  The focus of the quality management system 28 
is to properly and safely fulfill the mission as outlined in the TOC’s strategic plan.  Refer to 29 
Chapter 14.0 for a detailed discussion of the Quality Assurance Program.   30 
 31 
In addition to the above, there are requirements to control tank farm instrumentation and these 32 
requirements are applicable to instrumentation used to verify parameters to comply with the 33 
TSRs.  These requirements are documented in TFC-PLN-02.  Per the QAPD, tools, gauges, 34 
instruments, and other M&TE used for activities affecting quality are controlled, calibrated at  35 
specific periods, adjusted, and maintained to required accuracy limits.  Section 3.3.2.4, Hazard 36 
Evaluation Results for Representative Accidents, provides additional discussion of control of 37 
tank farms instrumentation. 38 
 39 
The element of the Quality Assurance Program that provides defense-in-depth as described in 40 
Chapter 3.0, Section 3.3.2.3.2, Table 3.3.2.3.2-2, is listed below. 41 
 42 

 Verification of Paperwork Prior to Bulk Chemical Additions (Table 3.3.2.3.2-2, Item 18).  43 
 44 
17.4.5.12  Waste Transfer Compatibility.  The TOC Waste Transfer Compatibility SMP 45 
described in HNF-SD-WM-OCD-015, Tank Farm Waste Transfer Compatibility Program, 46 
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formalizes the process for determining the acceptability of waste transfers.  The primary goal of 1 
the program is to ensure that sufficient controls are in place to prevent the formation of 2 
incompatible mixtures during waste transfer operations and to ensure that transfers comply with 3 
established limits and controls.  The program defines a consistent means of evaluating 4 
compliance with certain Administrative Controls, safety, operational, regulatory, and 5 
programmatic criteria and specifies considerations necessary to assess waste transfers and 6 
chemical additions.  The program describes decision rules relating to the receipt of waste from 7 
non-tank farm facilities into the DST system; waste transfers from SSTs to DSTs, or DSTs to 8 
DSTs; water or chemical additions to DSTs; and waste additions to SSTs, water additions to 9 
SSTs, or chemical additions to 100-series SSTs.   10 
 11 
The process involves characterizing waste, comparing characteristics with criteria, resolving 12 
potential incompatibilities, and documenting the process.  The decision rules apply to the 13 
following operations: transferring wastes within the DST system; transferring waste between the 14 
DSTs and the 242-A Evaporator; receiving waste from SSTs and the 222-S Laboratory; 15 
receiving waste from non-tank farms facilities; making large water additions or adding bulk 16 
chemicals to DSTs; and adding waste to SSTs, making large water additions to SSTs, or adding 17 
bulk chemicals to 100-series SSTs. 18 
 19 
The element of the Waste Transfer Compatibility Program that provides defense-in-depth as 20 
described in Chapter 3.0, Section 3.3.2.3.2, Table 3.3.2.3.2-2, is listed below. 21 
 22 

 End-State Analysis for Tank Bump in DSTs (Table 3.3.2.3.2-2, Item 19).   23 
  24 
17.4.5.13  In-Service Surveillance Program.  The TOC program for in-service surveillance, 25 
inspection, and testing activities is described in TFC-PLN-29, Nuclear Maintenance 26 
Management Plan.  This maintenance program contains the necessary provisions sufficient to 27 
provide reasonable assurance that SSCs are capable of fulfilling their intended function.  28 
Surveillance requirements have been established for safety-significant SSCs whose continued 29 
reliability is required to be verified during the service life.  30 
 31 
Maintenance Program.  The TOC maintenance program is described in TFC-PLN-29 and is 32 
focused on ensuring the reliable performance of tank farms SSCs.  Preventive maintenance 33 
requirements (e.g., functional checks, calibrations, mechanical inspection, cleaning) are 34 
established by engineering taking into consideration the operational history of the equipment, 35 
input from maintenance craft, technical safety requirements, vendor suggested maintenance, and 36 
codes and standards.  Corrective maintenance is scheduled on a priority basis with correction of 37 
imminent safety hazards, restoration of inoperable safety SSCs, and restoration of out-of-service 38 
environmental equipment receiving the highest priority.  Maintenance organization training, 39 
post-maintenance testing, control and calibration of measuring and test equipment, and 40 
maintenance history and trending are implemented through TOC procedures.  Additional details 41 
on the TOC Maintenance Program are provided in Section 10.5, Maintenance Program. 42 
 43 
17.4.5.14  Human Factors Program.  The TOC human factors program is implemented through 44 
TFC-PLN-09, Human Factors Program.  The primary objective of this program is to ensure that 45 
human factors are considered in the design of SSCs, particularly where there are human-machine 46 
interfaces.  There are two key areas where human factors are applied.  The first area involves the 47 
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17.4.5.15  evaluation of human-machine interfaces in the design of new facilities (or significant 1 
modifications to existing facilities).  The second area involves the evaluation of human-machine 2 
interfaces in the hazards analyses where such interfaces are important to the prevention of the 3 
hazard or for mitigation of the consequences.  Refer to Chapter 13.0 for further discussion of the 4 
human factors SMP. 5 
 6 
17.4.5.15.1.1 Event Investigation 7 
 8 
The Event Investigation is a formal process to ensure significant issues at TOC facilities are 9 
aggressively investigated and documented.  Prompt (as soon as practicable after the event, 10 
typically the same shift or the next working day) investigation of events and conditions is 11 
important so facilities can assess the impact of each event or condition, determine causes, and 12 
identify corrective actions to prevent recurrence.  An investigation is appropriate for all events, 13 
conditions, “near misses,” or other indications of situations within or outside the operations 14 
organization that, if uncorrected, can adversely affect safety, health, quality assurance, 15 
safeguards and security, operations, or the environment. 16 
 17 
The Event Investigation organization conducts fact-finding investigations.  A fact-finding 18 
investigation is a low level investigation (typically consisting of individual or small group 19 
interviews with involved personnel) that seeks to understand the precursors leading to an event 20 
and consolidates all information and serves as a single point of contact for reporting to DOE. 21 
 22 
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