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EXECUTIVE SUMMARY 

The construction of the 241-AP tank farm has been reviewed to identify any concerns for the 
long-term integrity of the tanks.  This initial review was prompted by construction issues 
identified during the formal leak assessment for tank 241-AY-102 (AY-102), RPP-ASMT-
53793, Tank 241-AY-102 Leak Assessment Report.  In tank AY-102, bulges in the secondary 
liner, deterioration of refractory during post-weld stress relieving (post-weld heat treatment), and 
primary tank floor plate welding rework during construction left residual stresses in the tank that 
may have accelerated corrosion and contributed to the primary tank failure.  The main purpose of 
this review was to determine whether the construction methods utilized after completion of the 
241-AY tank farm either improved the quality and integrity of the sixth double-shell tank farm 
built (241-AP tank farm) or produced similar reduced margins. 
 
The secondary liner bottom thickness was increased from 1/4-in. in the 241-AY tank farm to 3/8 
in. in the 241-AP tank farm and the primary tank bottom thickness was increased from 3/8-in. to 
1/2-in.  The American Society for Testing and Materials (ASTM) A537-79 carbon steel plate 
material utilized in the 241-AP tank farm also varied from the ASTM A515-65 carbon steel plate 
used in the 241-AY tank farm.  ASTM A537 provides a higher yield strength. 
 
During construction of the 241-AP tank farm, primary tank bottom weld rejection was 
significantly improved over that seen during 241-AY-102 tank construction.  A weld rejection of 
5% to 12% was noted in the 241-AP tank farm, while tank AY-102 primary bottom saw a 34% 
weld rejection.  There were two out-of-specification bulges in primary tank AP-104.  Dead 
weight was placed on the bulges, which brought the primary bottom into specification.  No 
bulges were found in any of the secondary liner bottoms.  All 241-AP tank farm stress relief 
processes were completed successfully using alternate code requirements (1000°F for three hours 
per inch or 950°F for 5 hours for AP-108 only) and were accepted.  There is a higher certainty of 
proper stress relief in the 241-AP tank farm than was noted for tank AY-102. 
 
Litecrete 60M was the castable refractory material utilized in the 241-AP tank farm tanks (RPP-
19097, Evaluation of Insulating Concrete in Hanford Double-Shell Tanks, incorrectly indicates 
that Lite Wate 70 castable refractory material was used).  For tanks AP-101 through AP-107, no 
indication of out-of-specification refractory was found.  Plastic shrinkage cracks were found in 
tank AP-108 refractory, caused by curing too quickly.  These cracks were filled with refractory 
material and the refractory was accepted. 
 
Tank bottom bulging, refractory material quality, post-weld stress relieving, and primary tank 
bottom weld rejection in the 241-AP tank farm were improved when compared to tank AY-102.  
These issues, along with others (e.g. concrete foundation and encasement repairs and weld joint 
preparation), are judged to be minor.  Overall condition of the 241-AP tank farm following 
construction is judged to be better than that of tank AY-102. 
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1.0 INTRODUCTION 

This document provides an overview of construction, noting any difficulties encountered for the 
241-AP tank farm, the sixth double-shell tank (DST) farm constructed.  In October 2012, it was 
determined that the primary tank of DST 241-AY-102 (AY-102) was leaking (RPP-ASMT-
53793, Rev. 0, Tank 241-AY-102 Leak Assessment Report).  In tank AY-102, bulges in the 
secondary liner, deterioration of refractory during post-weld stress relieving, and primary tank 
floor plate welding rework during construction compromised the intended robustness and 
corrosion resistance of the tank design and probably contributed to the primary tank’s failure. 
 
Following identification of the tank AY-102 probable leak cause, an Extent of Condition (EOC) 
evaluation was prepared using U.S. Department of Energy’s Energy Facilities Contractors Group 
(EFCOG) Guidance for Extent of Conditions Evaluations.  The EFCOG process was used to 
identify other DSTs with construction, waste storage, or thermal histories similar to that of tank 
AY-102 (Interoffice MemorandumWRPS-1204931, Double-Shell Tank 241-AY-102 Primary 
Tank Leak Extent of Condition Evaluation and Recommended Annulus Visual Inspection 
Intervals).  The EOC evaluation identified six tanks with similar construction and operating 
histories for additional evaluation which included:  241-AY-101, 241-AZ-101, 241-AZ-102, 
241-SY-101, 241-SY-102, and 241-SY-103.   
 
One evaluation was to identify any similarities in construction that could be a precursor for 
accelerated corrosion and premature failure.  Analysis of these tanks was considered to be the 
first phase and was documented in the following reports: 
 

• RPP-RPT-54817, 241-AY-101 Tank Construction Extent of Condition Review for Tank 
Integrity 

• RPP-RPT-54818, 241-AZ Tank Farm Construction Extent of Condition Review for Tank 
Integrity 

• RPP-RPT-54819, 241-SY Tank Farm Construction Extent of Condition Review for Tank 
Integrity 

 
Upon completion of the first phase of construction history review, a recommendation to proceed 
with reviews of the 241-AW, 241-AN, and 241-AP tank farms was provided in external letter 
WRPS-1302595, Washington River Protection Solutions LLC Submittal of Recommended 
Modifications to Double-Shell Tank Visual Inspections.  Phase two of the DST Construction 
extent of condition review includes the twenty-one tanks contained in the 241-AW, 241-AN, and 
241-AP tank farms.  241-AW and 241-AN tank farms were evaluated in the following reports: 
 

• RPP-RPT-55981, 241-AW Tank Farm Construction Extent of Condition Review for Tank 
Integrity 

• RPP-RPT-55982, 241-AN Tank Farm Construction Extent of Condition Review for Tank 
Integrity 

 
This report is the last of the six extent-of-condition reports for the Hanford DSTs. 
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1.1 PURPOSE 

The construction of the 241-AP tank farm has been reviewed to identify issues similar to those 
experienced during tank AY-102 construction.  In this document, those issues and others 
impacting integrity are discussed based on information found in available construction records, 
using tank AY-102 as the comparison benchmark. 

1.2 OVERVIEW   

Six double-shell tank (DST) farms were constructed over a period of roughly 18 years (from 
1968 to 1986), with a design life of 20 to 50 years.  The 241-AP tank farm was the sixth farm to 
be constructed and is the focus of this report.  Table 1-1 provides the construction dates, year of 
initial service, and the expected service life for the DSTs. 
 

Table 1-1. Double-Shell Construction and Age as of 2014 

 
In the construction records, letter designations A 
through P were often used to identify each primary 
tank or secondary liner.  Table 1-2 provides a legend 
for these letter designations. 

1.3 DOUBLE-SHELL TANK DESCRIPTION 

Each DST consists of a primary carbon steel tank 
inside of a secondary carbon steel liner, which is 
surrounded by a reinforced concrete shell.  The 
primary steel tank rests atop an 8-in. insulating 
concrete slab, separating it from the secondary steel 
liner, and providing for air circulation/leak detection 
channels under the primary tank bottom plate.  An annular space of 2-1/2 ft. exists between the 
secondary liners and primary tanks, allowing for visual examination of the tank wall and 
secondary liner annular surfaces.  The annular space also allows for ultrasonic volumetric 
inspections of the primary tank walls and secondary liners. 

Tank Farm Number of 
Tanks 

Construction 
Period 

Construction 
Project 

Initial 
Operation 

Service 
Life Current Age 

241-AY 2 1968 – 1970 IAP-614 1971 40 43 

241-AZ 2 1970 – 1974 HAP-647 1976 20 38 

241-SY 3 1974 – 1977 B-101 1977 50 37 

241-AW 6 1976 – 1979 B-120 1980 50 34 

241-AN 7 1977 – 1980 B-130, B-170 1981 50 33 

241-AP 8 1982 – 1986 B-340 1986 50 28 

Total 28  
Table 1-2. Letter Designations for 

241-AP Tank Farm 

Tank Primary Secondary 
AP-101 M E 
AP-102 K D 
AP-103 O H 
AP-104 N G 
AP-105 P B 
AP-106 L A 
AP-107 J F 
AP-108 I C 
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Figure 1-1. Double-Shell Tank Construction 

Each tank in the 241-AP tank farm has 71 risers penetrating the dome, providing access for video 
cameras, ultrasonic inspection devices, waste sampling devices, mixer pumps, and other 
equipment requiring access to either the primary tank interior or annular space  
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2.0 241-AP TANK FARM CONSTRUCTION INFORMATION 

The 241-AP tank farm was constructed between 1982 and 1986.  It was designated as Project 
B-340, 241-AP Tank Farm.  Rockwell Hanford Operations (Rockwell) built the tank farm for the 
United States Department of Energy (DOE).  The 241-AP tank farm contains eight tanks and 
ancillary equipment.  American Bridge Division of US Steel Corporation (American Bridge) was 
contracted to build the farm.  Construction management was provided by J.A. Jones. 
 
The 241-AP tank farm was built according to SD-340-FDC-001, Function Design Criteria, and 
the following construction specifications:  

• B-340-D1, Design Specification for Primary and Secondary Steel Tanks 241-AP Tank 
Farm 

• B-340-C1, Construction Specification for the 241-AP Tank Farm Site Preparation 
• B-340-C2, Construction Specification for the 241-AP Tank Farm Site Excavation 
• B-340-C3, Construction Specification for the 241-AP Tank Farm Tank Foundations 
• B-340-C4, Construction Specification for Primary and Secondary Steel Tanks 241-AP 

Tank Farm 
• B-340-C5, Construction Specification for the 241-AP Tank Farm Tank Encasement 
• B-340-C6, Construction Specification for the 241-AP Tank Farm Backfill 
• B-340-C7, Construction Specification for the 241-AP Tank Farm Completion 

 
The following three specifications were added to support additional project scope: 

• B-340-C8, Construction Specification for the 241-AP Tank Farm – 242A Evaporator 
Modifications 

• B-340-C9, Construction Specification for 241-AP Tank Farm Cathodic Protection 
Systems 

• B-340-C10, Construction Specification for 241-AP Tank Farm Additional Pipe Line 
 
To obtain information about the construction history, the Record Holding Area (RHA) and 
Integrated Data Management System (IDMS) were queried for boxes containing files from 
Project B-340.  This information includes: 
 

1. Inspection Reports 
2. Radiographic Test Reports 
3. Materials Certifications 
4. Non-conformance reports 
5. Project reports, correspondence, and meeting minutes 

 
There is no evidence of daily logbook entries for construction of the 241-AP tank farm.  Daily 
logbooks generally describe key construction events and issues; without the daily logbooks, 
some sections may lack extensive detail.  The following sections provide an aggregation of the 
information collected, highlighting important events and information relevant to leak integrity.  
The resulting quality of construction and any issues or difficulties noted are discussed in this 
document. 
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3.0 MATERIALS OF CONSTRUCTION 

The materials of construction evolved from the construction of 241-AY tank farm to the 
construction of the 241-AP tank farm.  The primary change in material selection was to use 
American Society for Testing and Materials (ASTM1) A537-79, Pressure Vessel Plates, Heat 
Treated, Carbon-Manganese-Silicon (Specification B-340-C4), for construction of the primary 
and secondary liners instead of ASTM A515, Pressure Vessel Plates, Carbon Steel, for 
Intermediate and Higher Temperature Service, Grade 60, used in the 241-AY tank farm.   
 
In the 241-AP tank farm, the thickness of the secondary liner bottom plate is increased to 3/8-in. 
from 1/4-in. seen in the 241-AY tank farm.  The primary tank bottom was increased from 3/8-in. 
to 1/2-in. sections.  The refractory material was changed from Kaolite2 2200LI castable 
refractory to Litecrete 60M castable refractory.  In addition, the refractory pour pattern was 
modified.  Table 3-1 provides a comparison of the construction materials used in the 241-AY and 
241-AP tank farms. 
 

Table 3-1. Materials Comparison 

Material 241-AY Tank Farm 241-AP Tank Farm 

Concrete 
3000 psi 

Type V for the walls Type III 
for the haunch and dome 

4500 psi Type II for the 
foundations 

5000 psi Type II for the walls, 
domes, and haunches 

Reinforcing Bar 

ASTM A432 for the walls, 
dome and haunch 

ASTM A15 for the 
foundation 

A615, Grade 60, except #3 ties 
shall be Grade 40 

Steel Plate ASTM A515-65 ASTM A537-79, Class 1 

Refractory Kaolite 2200LI Litecrete 60M 

3.1 CONCRETE 

The structural concrete used in the 241-AP tank farm foundation construction required a 4,500 
psi, 28-day compressive strength. The structural concrete used in the 241-AP tank farm concrete 
shell construction required a 5,000 psi, 28-day compressive strength.  The cement for all 
structural concrete used in 241-AP tank farm tank construction conformed to ASTM C150 Type 
II (Low Alkali).  In the 241-AY tank farm, HWS-7791, Specification for Side Walls and Dome 
Nuclear Waste Storage Tank Project IAP-614 Purex Tank Expansion, specifies Type V concrete 
for the tank walls and Type III cement for haunch and dome portions of the tank.  From ASTM 
C150, Standard Specification for Portland Cement, Type II cement is for general use with 

                                                 
1 ASTM is a registered trademark of American Society for Testing and Materials. 
2 Kaolite is a registered trademark of Babcock & Wilcox Company. 
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moderate sulfate resistance and moderate heat of hydration.  Type III cement is high early 
strength cement, and Type V cement is high sulfate resistant cement. 

3.2 REINFORCING BAR 

The tank foundation was reinforced with ASTM A615, Grade 60, specifications with minimum 
yield strength of 60,000 psi. #5, #6, #7, #8, and #10 rebar was utilized to reinforce the tank 
foundation (see H-2-90439, Structural Concrete Tank Foundation Plan and Details, for details) 
while ASTM A615, Grade 60,  #6, #7, #8, #9, and #10 rebar was utilized to reinforce the 
concrete walls and dome sections (see H-2-90441, Structural Dome Reinforcement Plan and 
Detail, and H-2-90442, Structural Tank Section and Haunch Reinforcement, for details). 

3.3 STEEL PLATE 

All primary tank and secondary liner plates used in the 241-AP tank farm were manufactured to 
ASTM A537-79, Class 1, standard.  The selection of ASTM A537 was a change from ASTM 
A515 used in the 241-AY tank farm.  ASTM A537 is a fine grain size metal produced for 
moderate and lower temperature service, while ASTM A515 is a coarse grain size metal 
produced for moderate and higher temperature service.  The smaller grain size in ASTM A537 
increases the notch toughness and resistance to stress corrosion cracking over ASTM A515.  The 
241-AP tank farm tanks were erected using the American Society of Mechanical Engineers 
(ASME3), Boiler and Pressure Vessel Code, 1980 through winter 1981 Editions and Addenda of 
the code.   

 Secondary Plate 3.3.1

The secondary liner plates consisted of 3/8-in., 1/2-in., and 9/16-in. sections (see H-2-90534, 
Tank Cross Section 241-AP Tank Farm, for details).  The 1/2-in. plate was used in the transition 
plate from the lower knuckle to the bottom and first course of the liner. The 9/16-in. plate was 
used in the lower knuckle, and the 3/8-in. plate was used for the liner floor, walls and upper 
knuckle, an increase over the 1/4-in. plate used in the 241-AY tank farm.   

 Primary Plate 3.3.2

The primary tank bottom utilizes 15/16-in., 3/4-in., 9/16-in., and 1/2-in. carbon steel plates, 
except that a 4-ft. diameter by 1-in. thick carbon steel plate is located at the center of the primary 
tank bottom, and 7/8-in. carbon steel plate is used for the primary bottom knuckle.  The primary 
tank wall thickness varies from 7/8-in. thick carbon steel at the bottom knuckle to 1/2-in. thick at 
the top transition plate. The transition plate from the lower knuckle to the tank bottom and first 
course is 15/16-in. thick. The first course is 3/4-in. thick, the second course is 9/16-in. and the 
next two courses are 1/2-in. thick.  The top transition plate is welded to a 1/2-in. thick top 
knuckle (see H-2-90534, for details).  The dome of the tank was constructed of 3/8-in. plate 
welded to the top knuckle, with exception of a 6-ft. diameter 1/2-in. thick plate used in the center 
of the tank domes.  Figure 3-1 shows the configuration of the primary tank wall and the thickness 
of each course. 
                                                 
3 ASME is a registered trademark of American Society of Mechanical Engineers 
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Figure 3-1. Primary Tank Wall Configuration and Thickness 

 Material Certification 3.3.3

Material certifications and chemical and physical test reports were required for each steel plate 
containing the heat and slab number.  Material certifications contained yield strength and tensile 
strength information along with percent elongation for each specific heat and slab number.  The 
chemical and physical test reports identify the percent of each element (i.e., carbon, manganese, 
phosphorus, etc.) contained within a sample of the material as well as properties such as, yield 
point, tensile strength, percent elongation, and information gathered from bend test results. 
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3.4 REFRACTORY 

Litecrete 60M was the refractory material used in the 241-AP tank farm.  The refractory was 
required to limit the structural concrete base slab to a maximum temperature of 500°F during the 
post-weld stress relief.  The material had to have an average (out of 5 test specimens) minimum 
compressive strength at or above 130 psi.  The 241-AY tank farm used Kaolite 2200-LI castable 
refractory.  Litecrete 60M was certified to comply with the physical and insulating properties 
specified in B-340-C4 (see App. Figure A-1).   

3.5 PIPING 

All pipe used for permanent risers was manufactured to ASTM A53 or ASTM A106 
specifications. Coal tar enamel wrapped in kraft paper or coal tar tape was used on carbon steel 
pipe exposed to earth.
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4.0 CONSTRUCTION SEQUENCE 

Construction of the eight 241-AP tank farm tanks was awarded to American Bridge.  Excavation 
began in 1982 and the project was completed in 1986.  J.A. Jones acted as construction 
management for the project. 

A listing of the construction sequence follows: 

1. Install reinforced structural concrete foundation for each of the eight tanks.  The 
foundation has a tertiary leak detection system which includes a waffle grid in the 
structural concrete, collection pipes, and the leak detection pit. 

2. When the secondary liner was fabricated over the tank foundation a plywood protective 
layer was installed over the tank foundation. 

3. Install cribbing and jack stands for secondary liner bottom fabrication. 
4. Fabricate secondary liner bottom on top of cribbing and jack stands. 
5. Inspect secondary liner bottom. 
6. Remove plywood and lower the secondary liner bottom onto the concrete foundation or 

move the liner from its construction location to its permanent location. 
7. Install air distribution piping and thermocouple conduits to be embedded in the tank 

bottom refractory, as well as the retainer ring used as a form for the perimeter of the 
refractory. 

8. Pour the refractory. 
9. Remove forms from refractory air slots. 

10. When primary tank bottoms were fabricated over the refractory, a plywood protective 
layer was installed on the refractory. 

11. Install cribbing and jack stands for primary tank bottom fabrication. 
12. Fabricate primary tank bottom on top of cribbing and jack stands. 
13. Inspect primary tank bottom. 
14. Lower the primary tank bottom onto the refractory or move the tank bottom from its 

construction location to its permanent location. 
15. Weld the first, second, third, and fourth course plates, as well as the upper knuckle to the 

primary tank. 
16. Weld the secondary liner course plates up to the last course (not including the upper 

knuckle). 
17. Fabricate tank dome and penetrations inside the primary tank. 
18. Raise tank dome into place and weld it to the primary tank upper knuckle. 
19. Install insulation around the primary tank walls and dome in preparation for stress relief. 
20. Conduct stress relief of the primary tank. 
21. Conduct hydrostatic test of the primary tank. 
22. Install upper knuckle and attach metal flashing between secondary upper knuckle and 

primary tank dome. 
23. Install annulus penetrations. 
24. Place concrete in four sections, including two vertical lifts, a haunch pour, and a dome 

pour. 
25. Install the leak detection system, including the leak detection drain piping, sump, and 

well. 
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26. Start backfilling the tank farm area. 
27. Install appurtenances. 
28. Backfill to top of the domes. 
29. Install the waste transfer system of piping, pump pits, and valve pits. 
30. Complete backfill. 

4.1 CONCRETE FOUNDATION 

 
The foundation is composed of reinforcing steel 
and concrete requiring a 4500 psi, 28-day 
compressive strength (see drawing H-2-90439, 
Structural Concrete Tank Foundation Plan and 
Details, and B-340-C3, Construction 
Specification for the 241-AP Tank Farm Tank 
Foundations, for details).  
 
The structural reinforced concrete foundations 
are 89-ft. 6-in. in diameter.  The foundation is 2-
ft. 8-in. thick from foundation center to a 
diameter of 81-ft.  The foundation is 2-ft. thick 
from a diameter of 81-ft. to the edge of the 
foundation.  The drop in foundation thickness 
from 2-ft. 8-in. thick to 2-ft., creates an 8-in. 
thick shoulder, seen in Figure 4-1.  The purpose 
of the shoulder was to resist inward 
lateral displacement of the concrete 
wall due to external forces (e.g. soil 
pressure). 
 
Two rebar mats were installed, 
followed by instrumentation conduit.  
Concrete forms were then installed, 
including those for drain slots in the 
top of the foundation.  The concrete 
was then placed and set.  Following 
the concrete cure, forms were 
removed and high spots on the 
foundation were ground down.  
 
Structural reinforced foundations for all tanks in the 241-AP tank farm contain drain slots to 
direct any liquid to the leak detection drain slot.  This leak detection drain slot is a change from 
the configuration seen in the 241-AY tank farm construction.  In the 241-AY tank farm, a drain 
pipe was used to drain the foundation at three different locations as seen in Figure 4-2, and the 
drain pipe drained to the leak detection sump. 
 

Figure 4-1. Concrete Foundation Placement 
(Photo 108941-8cn) (Taken 8/9/1983) 

Secondary Tank Liner

Primary Tank

Foundation Slab Leak 
Detection Drains

Concrete Foundation

Concrete Shell

Leak Detection Pit Well Drain Line

Figure 4-2. 241-AY Leak Detection Design 

8-in. Shoulder 
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The leak detection drain slot design was 
first used in construction of the 241-AW 
tank farm foundations because a pipefitter 
strike threatened to delay the project, as 
noted in RPP-RPT-55981, 241-AW Tank 
Farm Construction Extent of Condition 
Review for Tank Integrity.  The leak 
detection drain slot in the 241-AP tank 
farm foundations stop at the 8-in. curb 
where they drain into a section of drain 
pipe imbedded in the concrete, as seen in 
Figure 4-3.  The drain pipe extends to the 
edge of the foundation where it is then 
connected to an encased drain line 
manifold, which drains to a common leak 
detection sump that services four tanks.  In the 
241-AP tank farm, there are only two leak 
detection sumps, with four tanks draining to each. 
This is an important distinguishing characteristic 
from all of other DST farm designs. 

4.2 SECONDARY LINER BOTTOM 

The secondary liner measures 80-ft. in diameter.  
The plates in the liner bottom are 3/8-in. thick 
carbon steel and the bottom knuckles are 9/16-in. 
thick carbon steel.  This thickness is increased 
from the 1/4-in. thick bottoms and bottom 
knuckles of the 241-AY tank farm secondary 
liners. 
 
The secondary liner bottoms for the 241-AP tank 
farm were constructed onsite, as shown in Figure 
4-4 and Figure 4-5.  Many of the tank bottoms 
were constructed over cribbing in neighboring 
locations prior to being moved by crane to their 
final location. 
 
Before beginning the fabrication of a secondary 
liner bottom over a tank foundation, crews would 
place a layer of plywood over the reinforced 
concrete foundation.  Staging was then erected to 
provide an elevated structure on which to fabricate 
the tank bottom.  Elevating the tank bottom 
allowed access to its underside for fabrication 
purposes.  During construction of the 241-AP tank 
farm, crews made use of unused level space 

Figure 4-4. Fabrication of Secondary Liner 
Bottom. (Photo 110871-1) (Tank 12/28/1983) 

Figure 4-5. Fabrication of Secondary Liner 
Bottom. (Photo 110871-3) 

(Taken 12/28/1983) 

6 in. imbedded 
pipe 

Figure 4-3. 241-AP Foundation Leak Detection 
System Design 
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between tanks AP-103 and AP-105, and AP-104 and AP-106 when constructing both secondary 
and primary tank bottoms.  
 
Individual plates were installed using fit-up tools to secure the plates within allowable tolerance 
for proper welding.  The secondary liner bottom knuckles, which are 9/16-in. thick carbon steel, 
were fabricated offsite at Hogan Manufacturing, prior to being shipped to the worksite for 
welding to join the knuckles with the adjacent plates. 
 
After completion and inspection of the welds, the 
secondary liner bottom was lowered or moved onto 
its foundation using two cranes.  This placement can 
be seen in progress in Figure 4-6.  Lifting lugs were 
installed as part of a superstructure used to support 
the tank liner from above to limit deformation during 
the move.   

4.3 REFRACTORY 

The refractory design used for the 241-AP tank farm 
tanks specified a nominal 8-in. thick layer of 
refractory material to be located between the primary 
tank bottom and secondary liner bottom.  Litecrete 
60M was the refractory material used in the 241-AP 
tank farm.  The primary purpose of the refractory 
was to act as an insulating barrier between the 
primary tank and the concrete foundation during 
post-weld stress relieving where temperatures of up 
to 1100°F were required in the primary tank.  The 
refractory would prevent the structural concrete 
temperature from rising above 500°F. 
 
The refractory pad housed air 
supply piping, thermocouple 
conduit, and air distribution 
slots.  The air distribution slots 
allowed airflow to cool the 
primary tank bottom and to 
direct potential leaks to the 
tank annulus where leak 
detectors are located (see H-2-
90440, Structural Insulating 
Concrete Plan and Details, for 
details).  The eight air supply 
pipes (shown in Figure 4-7) 
terminate at the center of the 
tank at an air distribution ring.  

Figure 4-7. Refractory Placement (Photo 8401213-32cn) 
(Taken 2/24/1984) 

Figure 4-6. Transporting a Secondary 
Liner Bottom from Cribbing to 

Foundation (Photo 8400302-36cn) 
(Taken 1/4/1984) 
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After reaching the center air distribution ring, the air travels toward the annulus through air 
distribution slots that are cast into the refractory to be exhausted through annulus risers. 
 
Prior to placing the refractory, 
a 7-in. by 3/4-in. carbon steel 
stiffener ring was installed 
around the perimeter of the 
pour and thermocouple 
conduits were installed.  The 
stiffener ring was used as a 
refractory form.  
Thermocouples allowed 
temperature monitoring of the 
refractory and primary tank 
bottom during post-weld 
stress relieving.    Forms were 
used to create the air 
distribution slots in the refractory.  These forms can be seen in Figure 4-8. 
 
To protect the refractory from damage, it was placed during the warmer months, and covered 
with a plastic sheeting to prevent it from getting wet.  This protection was utilized to prevent 
degradation of the refractory material as a result of excess moisture and freezing.  Damage to 
refractory as a result of excess moisture and freezing had occurred during previous tank farm 
construction projects. 

4.4 PRIMARY TANK BOTTOM 

The primary tank measures 75-ft. in diameter.  
The 4-ft. diameter center plate of the liner 
bottom is 1-in. thick carbon steel, while the 
bottom knuckles are 15/16-in. thick carbon 
steel.  The remainder of the plate in the 
primary tank bottom is1/2-in. thick carbon 
steel, except a 7/8-in. thick plate is used to 
transition between the 1/2-in plate and 15/16-
in. knuckle.  This thickness is an increase from 
over the 3/8-in. thick bottoms of the 241-AY 
tank farm primary tanks.  Following 
completion of refractory installation, the 
primary tank bottom was fabricated using a 
sequence similar to that used for the secondary 
liner bottom.  For the primary tank bottoms not using the previously erected staging between the 
tanks, a protective layer of plywood was placed on the refractory and staging was erected to 
support the liner during construction as shown in Figure 4-9.  The bottom plates of the tank were 
installed on the staging using fit-up tools to allow proper welding.  Once the top and bottom 
sides of the primary tank bottom were completely welded, the knuckle was welded on to the 

Figure 4-9. Primary Tank Bottom Erection 
(Photo 8402306-5cn) (Taken 3/28/1984) 

Figure 4-8. Refractory Air Distribution Slot Forming (Photo 
8402704-14cn) (Taken 4/18/1984) 
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bottom plate.  After inspection of the welds, the primary tank was then transferred to its final 
location and lowered onto the refractory. 

4.5 PRIMARY TANK WALL AND TANK DOME 

The primary tank measures 75-ft in diameter to the 
center of the vertical plate.  The primary tank wall is 
made up of four courses of carbon steel plates 
between the lower and upper knuckles.  The plates in 
the first course are 3/4-in. thick, the next course is 
9/16-in. thick and the upper two courses are 1/2 in. 
thick.  Each course was set in place and welded to the 
previous course.  A 7/8-in. transition plate is welded 
to the top of the 15/16-in. lower knuckle.  The first 
course plates were welded to the 7/8-in. thick 
transition plate, while the fourth course plates were 
welded to the 1/2-in. thick upper knuckle. 
 
The dome of the tank was constructed of two courses 
of 3/8-in. thick carbon steel plate welded to the upper 
knuckle and closed with a circular shaped, 1/2-in. 
thick top dollar plate.  To facilitate the installation of 
tank dome plates, staging was erected inside the 
primary tank.  This staging provided a resting place 
for the tank dome plates for proper fit-up and welding 
as shown in Figure 4-10.  Once the dome was welded 
together, riser penetration holes were cut and pipes 
were welded to the tank dome plates.  These 
penetrations served as access points for the remainder 
of construction and they supported the installation of 
permanent and temporary equipment during 
operation.  Once the penetrations were installed on the 
dome, it was lifted by crane and set on the upper 
knuckle, where it was welded in place as shown in 
Figure 4-11 and Figure 4-12. 
 
Once construction of the primary tank 
was completed, the surfaces were cleaned.  
At this time the door sheet, a plate left out 
of a lower course to allow tank access, 
was welded into place in preparation for 
stress relief and hydrostatic testing. 
  

Figure 4-10. Primary Tank Dome 
Erection (Photo 8405415-34cn) (Taken 

8/1/1984) 

Figure 4-11. Lifting of the Primary 
Tank Dome (Photo 8405145-67cn) 

(Taken 8/1/1984) 

Figure 4-12. Lifting Primary Tank Dome (Photo 
8405415-85cn) (Taken 8/1/1984) 
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4.6 SECONDARY LINER WALL 

Once the primary tank wall was constructed, the 
secondary liner wall was begun.  The secondary 
liner wall is made up of four courses of 3/8-in. 
thick carbon steel plates between the lower and 
upper knuckles.  Each course was set in place and 
welded to the previous course as shown in Figure 
4-13.  A 1/2-in. thick transition plate was welded to 
the top of the 9/16-in. lower knuckle.  The first 
course plates are welded to the 1/2-in. thick 
transition plate, while the fourth course plates are 
welded to the 3/8-in. thick upper knuckle.  
 
To maintain access to the annulus, the upper 
knuckle was not installed on the secondary tank 
liner until after stress relieving and hydrostatic 
testing of the primary tank. 

4.7 PRIMARY TANK STRESS RELIEVING 

To prepare the tank for post-weld stress 
relief, insulation was installed on the 
outer surface of the primary tank, 
including the dome penetrations, to help 
regulate the heating of the primary tank.  
The refractory placed to protect the 
structural concrete also served to insulate 
the bottom of the tank. 
 
Propane gas was supplied from three 
1000 gal storage tanks, passed through 
vaporizers, and ignited at four high 
velocity burners mounted on risers at the 
top of each tank.  Figure 4-14 shows the 
post-weld stress relief insulation on the 
AP-102 primary tank.  Figure 4-15 shows 
the burner layout utilized during stress 
relief. 
 
The requirements for stress relieving were in accordance with ASME Boiler and Pressure Vessel 
Code, Section VIII (1980), which specified a preferred holding, or “soaking,” temperature of 
1100° F for one hour per inch of metal thickness. 
 

Figure 4-13. Secondary Liner Wall 
Erection (Photo 8405415-37cn) (Taken 

8/1/1984) 

Figure 4-14. Insulation for Post-Weld Stress Relief of 
Tank AP-102 (Photo 8405415-2cn) (Taken 8/1/1984) 
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Division 15, Section 3.4, “Stress Relieving,” 
of B-340-C4, Construction Specification for 
Primary and Secondary Steel Tanks 241-AP 
Tank Farm Work Order X34001, provided 
the following direction for stress relieving: 
 

“3.4.2 Perform stress relief in 
accordance with ASME, Section VIII, 
Division 2, Article F-4, except that: 
 

3.4.2.1  The maximum allowable 
decrease in temperature 
below the specified 
temperature of 1100 F 
shall not exceed 100 F. 
 

3.4.2.2  The temperature shall be 
brought from ambient to 
220 F and held for 6 
hours. 

 
3.4.2.3  The rate of temperature 

rise and reduction between 
800 F and 1100 F shall be 
no more than 100 F/hr. 

 
3.4.2.4  The period of heating 

from 800 F to 1100 F shall consume no more than 12 hours. 
 

3.4.2.5  During the heating-up period, after any recorded temperature reaches 800 F, 
the temperature of all parts of the tank being heated shall be uniform with a 
maximum temperature differential at any time of 200 F.” 

 
Although construction specification B-340-C4 specifies a stress relief temperature of 1100° F, 
alternative temperature and time requirements were allowed.  During 241-AW tank farm 
construction, dome deformations in tank AW-101 due to stress relief at 1100° F triggered a 
change in the stress relieving procedure (see RPP-RPT-55981, 241-AW Tank Farm   
Construction Extent of Condition Review for Tank Integrity, for details). The change resulted in 
less severe dome distortion.  To prevent similar dome distortions in the 241-AP tank farm, the 
requirement of a soak temperature of 1000° F for three hours was applied.  Following review of 
the time vs. temperature logs of stress relief, it is clear that tanks AP-101 through AP-107 were 
stress relieved at 1000°F for at least three hours.  Tank AP-108 was stress relieved at 950°F for 5 
hours due to low thermocouple readings.  See Section 5.2 for a description of the tank AP-108 
post-weld stress relief issues.   
  

Figure 4-15. 241-AP Post Weld Stress Relief 
Burner Layout 
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Thermocouples were installed throughout the tank to measure the temperature on the inside.  
Thermocouples installed during the insulating refractory pour were used to monitor the 
post-weld stress relieving temperatures in the primary tank bottom during the operation.  Heating 
occurred in several stages and key events were captured in inspection reports.  See Table 4-1 for 
significant post-weld stress relieving highlights. 
 

Table 4-1. Post-Weld Stress Relieving in the 241-AP Farm 

Tank Burners Turned On 
Completed 6-hr 

Hold Time at 
220°F 

Completed Final  
3-hr Hold Time at  

1000° F 

All Thermocouples 
Reading below  

800° F, Recorders 
Turned Off 

AP-101 6:30 a.m. 
August 16, 1984 

2:00 p.m.B 
August 16, 1984 

10:45 a.m. 
August 17, 1984 

1:00 p.m.A 
August 17, 1984 

AP-102 6:30 a.m. 
August 2, 1984 

3:30 p.m.B  
August 2, 1984 

7:30 a.m. 
August 3, 1984 

10:30 a.m.A 

August 3, 1984 

AP-103 7:00 a.m.B 
September 18, 1984 

4:00 p.m. 
September 18, 1984 

2:00 p.m.B 
September 19, 1984 

7:00 p.m.B  
September 19, 1984 

AP-104 7:00 a.m. 
September 12, 1984 

4:00 p.m.B 

September 12, 1984 
1:00 p.m.B 

September 13, 1984 
4:00 p.m.A 

September 13, 1984 

AP-105 9:30 a.m. 
October 2, 1984 

6:30 p.m. 
October 2, 1984 

2:00 p.m. 
October 3, 1984 

3:30 p.m.A 
October 3, 1984 

AP-106 6:30 a.m. 
August 28, 1984 

3:30 p.m.B 

August 28, 1984 
1:00 p.m.B  

August 29, 1984 
5:30 p.m. 

August 29, 1984 

AP-107 8:00 a.m. 
July 19, 1984 

5:15 p.m. 
July 19, 1984 

1:00 p.m. 
July 20, 1984 

5:00 p.m. 
July 20, 1984 

AP-108 9:00 a.m. 
July 6, 1984 

6:00 p.m.B 

July 6, 1984 
7:00 p.m.C 

July 7, 1984 
11:00 p.m. 

July 7, 1984 
A Last temperature recorded. Temperature not below 800°F. 
B Estimate based on temperature log sheets and Inspection Reports. 
C Hold time was actually 5 hours at 950°F, per NCR B-340-76 and allowed in ASME Section VIII, Div. II, Table AF-402.2. 

4.8 PRIMARY TANK HYDROSTATIC TEST 

After completion of post-weld stress relieving, 
the heating equipment and temporary insulation 
were removed in preparation for hydrostatic 
testing to begin.  Hydrostatic testing equipment 
can be seen in Figure 4-16. 

 
Division 15, Section 3.5, “Hydrostatic Test,” of 
B-340-C4, Construction Specification for 
Primary and Secondary Steel Tanks 241-AP 
Tank Farm Work Order X34001, provided the 
following direction for hydrostatic testing: 
 Figure 4-16. Equipment for Hydrostatic Test 

Water Fill on Tank AP-108 (Photo 8407495-
2cn) (Taken 10/1/1984)  
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“3.5.1 After the tank has been stress relieved, apply a full hydrostatic test to the primary 
tanks by filling with water to a depth of 40 feet from the bottom of the tank to bottom of 
top riser plus or minus 1 inch.  Use one of the vertical risers near the center of the tank 
dome for introduction of water.  To allow air to escape from the tank during the test, 
provide air bleed ports in the other vertical risers.  Tank surfaces to be examined shall be 
dry.  Coat all accessible welded joints below the water level with a mixture of blue chalk 
and water or alcohol.  All water in the primary tanks, regardless of source or length of 
retention, shall be treated to provide a chemical residual of OH = 0.01M and NO2 = 
0.011M.  Cathodic protection may be used per DT-1520 A106. 
 
3.5.2 Maintain the hydrostatic pressure for a minimum of 24 hours. 
 
3.5.3 Leak detection shall be by visual examination of each welded joint previously 
coated with a mixture of blue chalk and water or alcohol.” 
 

Corrosion inhibitors were applied to the water for hydrostatic testing.  This is the first 
double-shell tank known to have used corrosion inhibitors in the hydrostatic testing procedure.  It 
is noted in NCR B-340-118 (see App. Figure B-48), that 3500 pounds of sodium bicarbonate was 
mixed into the water. 
 
After hydrostatic testing for each tank was complete, more water was pumped into the tank to fill 
it to the dome.  The water would then act as support for the dome while the dome concrete was 
being poured.  The water remained in the tanks for several months before being pumped out.  
Table 4-2 provides the date that each tank’s hydrostatic test was accepted. 
 

Table 4-2. Hydrostatic Test Dates 

Tank Hydrostatic Test Accepted 
AP-101 November 21, 1984 

AP-102 November 9, 1984 

AP-103 December 14, 1984 

AP-104 December 6, 1984 

AP-105 December 17, 1984 

AP-106 November 29, 1984 

AP-107 October 26, 1984 

AP-108 October 22, 1984 

4.9 COMPLETE SECONDARY LINER WALL AND TANK PENETRATIONS 

Once the hydrostatic testing was completed, the secondary liner top knuckle was installed and 
welded to the secondary liner vertical wall section.  The secondary liner knuckle is not welded to 
the primary tank.  By design, a 1-in. maximum allowed gap exists between the primary tank 
dome and the edge of the secondary liner knuckle.  To cover the gap and prevent the collection 
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of debris or concrete in the annulus during the remaining construction, metal flashing was tack 
welded to the primary tank over the outside of the secondary top knuckle. 
 
To retain access to the annulus 
space, penetrations were installed in 
the upper knuckle of the secondary 
liner.  These penetrations were used 
for tank annulus processing and 
monitoring activities, such as 
ventilation, annular inspection, 
instrument leads, and construction 
access.  These penetrations can be 
seen in Figure 4-17 

4.10 CONCRETE POUR 

The concrete shell measures 83-ft. 
in outside diameter and is 1-ft. 5 
5/8-in. thick; it rests on a 3/8-in. 
thick steel slide plate and 1/4-in. 
thick bearing plate that are 
supported by the tank foundation.  
These plates ran the full circumference of 
the wall and two sets of anchor studs 
were mounted on the slide plate to help 
anchor the concrete wall.   
 
Rebar used to reinforce the concrete was 
installed around the tank and over the 
dome before the concrete was poured.  
Once the rebar skirts were installed, the 
outer forms were set in place; the 
secondary liner’s outer wall acted as the 
inner concrete form.  The shell was 
poured in four parts: two vertical lifts on 
the sides of the tank, one that covered the 
upper knuckle of the secondary liner, and 
one pour to cover the dome. The concrete 
shell is shown to be nearly complete on tank AP-101 in Figure 4-18.  Keyed construction joints 
connected each new pour to the previous section.  After hydrostatic testing was finished, more 
water was added to the tank to fill it to the top of the dome.  The water supported the dome 
during the concrete dome pour and was pumped out after the concrete was set. 

4.11 LEAK DETECTION SYSTEM 

Once the vertical section of concrete had been placed, the leak detection system was installed.  
The leak detection system consisted of a leak detection drain coming from the foundation of the 

Figure 4-17. Secondary Liner and Penetration Completion 
(Photo 8405795-1cn) (Taken 9/10/1984) 

Figure 4-18. Concrete Dome Pour on Tank AP-101 
(Photo 8407523-9cn) (Taken 11/30/1984) 
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tank, a drain manifold and a shared leak detection sump, and leak detection well which extended 
from the sump up to ground level.   There were two leak detection sumps installed for all the 
241-AP tank farm tanks.  Each sump services four tanks. 

4.12 TANK APPURTENANCES 

After completing the concrete pours, the water used to support the steel dome during concrete 
pouring was pumped out.  The equipment to be placed in the interior of the tank was then 
installed. These pieces of equipment were welded to the existing penetrations that had been 
installed on the tank dome prior to the tank stress relief.   

4.13 POST-CONSTRUCTION RISER INSTALLATION 

After tank farm construction completion, a decision was made to install a single new 42-in. riser 
with a pit, and two additional pits on existing 42-in. risers in each of two tanks in the 241-AP 
tank farm.  While both tank AP-107 and AP-108 were selected to receive new pits, a budget 
reduction reduced the scope of the project to include a new riser and pits only in tank AP-107 
(see App. Figure A-2).  All project design and specification documents were still required to 
include tank AP-108. The pits would house agitator pumps to remove liquid waste from the tanks 
for the waste grout project.  The project was designated Project W-E01, 107-AP and 108-AP 
Tank Farm Riser/Pit Installation, and the formal kickoff date was May 5, 1988.    
 
The new 42 in. riser location encompassed the existing penetration #7, 12-in. vent line.  The new 
42-in. riser became penetration #7 (see H-14-010503, Dome Penetration Schedules (WST/WSTA) 
Tank 241-AP-107).  Excavation was completed down to tank dome AP-107.  A 7-ft. diameter 
section of concrete was removed without cutting or damaging the rebar.  Rebar was cut out, and 
a hole was cut in the steel dome at approximately 19-ft. 5 3/4-in. from tank centerline and 
27°-14’-11” North of East.   
 
The riser was welded to the tank dome and rebar was welded in place using the configuration 
shown on H-2-77447, STRL, Tank Dome Penetration Plan and Details.  New concrete with a 
required 5000 psi, 28-day compressive strength, was placed around the new riser using ASTM 
C150, Type II cement.  The area was then backfilled, and pump pits were constructed. 
 
A structural analysis was completed for the addition of a 42-in. riser (as seen in, Integrated Data 
Management System (IDMS), Queried 2/5/2014, [241-AP-107 Riser Installation Structural 
Analysis Project W-E01], http://idmsweb.rl.gov/idms/livelink.exe).  The use of stress relief after 
the riser installation was discussed in correspondence (see App. Figure A-3); however, it is 
unclear if the dome was stress relieved following riser installation.  The project was completed 
on September 30, 1988 (see App. Figure A-4). 
 
Complete information for this project was not located.  None of the documentation specified how 
the concrete was removed without damaging the concrete around it or without cutting the rebar, 
although, it was mentioned that a demonstration was planned on some mockup concrete (see 
App. Figure A-5).  Also, there was no specific information on what method was used to cut the 
steel dome, or how they kept the cut piece from falling into the tank. 
 

http://idmsweb.rl.gov/idms/livelink.exe/fetch/2000/60627/60851/14396176/173401264/241-AP-107_Riser_Installation_Structural_Analysis_PRoject_W-E01.pdf?nodeid=181023303&vernum=1


RPP-RPT-55983, Rev. 0 

5-1 

5.0 CONSTRUCTION ISSUES 

This section provides a detailed review of the construction issues identified during the 
fabrication of the 241-AP tank farm.  This information has been compiled from a review of the 
Quality Assurance (QA) construction, inspection sheets, memos, drawings, photos, construction 
records, and post-construction reports. 

5.1 WELDING AND NON-DESTRUCTIVE EXAMINATION 

 Non-Destructive Examination Methods Utilized 5.1.1

Throughout construction of the primary tank and secondary liner, non-destructive examination 
(NDE) was required.  The level of NDE varied between the primary tank and secondary liner and 
with elevation on the tank wall.  The change in NDE relative to elevation was based on the 
planned use of the tank to contain waste up to a specific elevation.  Table 5-1 provides a 
summary of the NDE used to ensure the pedigree of the primary tank and secondary liner.  
Further information regarding NDE use can be found in the construction specification for the 
primary tank and secondary liner, B-340-C4. 
 

Table 5-1. 241-AP Tank Farm Non-Destructive Examinations Used During Construction 

 Primary Tank Inspections Secondary Liner Inspections 

Tank Bottom 

• Radiography – All butt welds 
• 100% Magnetic particle 
• 100% Liquid penetrant 
• 100% Visual 
• Hydrostatic leak test – Fill to 

40-ft. from bottom of the tank. 

• Radiography – All butt welds 
• 100% Magnetic particle 
• 100% Liquid penetrant 
• 100% Visual 

Bottom Knuckle 

• Radiography – All butt welds 
• 100% Magnetic particle 
• 100% Liquid penetrant 
• 100% Visual 
• Hydrostatic leak test – Fill to 

40-ft. from bottom of the tank. 

• Radiography – All butt welds 
• 100% Magnetic particle  
• 100% Liquid penetrant 
• 100% Visual 
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Table 5-1. 241-AP Tank Farm Non-Destructive Examinations Used During Construction 

 Primary Tank Inspections Secondary Liner Inspections 

Vertical Wall 

• Radiography- All butt welds 
including the weld of the 
cylindrical shell to top dome 
knuckle. 

• Magnetic particle – inside and 
outside surfaces where clips, 
lugs, etc. have been removed 
and/or repaired by filing, 
welding, grinding, etc. 

• 100% Visual 
• Hydrostatic leak test – Fill to 

40-ft. from bottom of the tank. 

• Radiography – All butt welds 
including the weld of the 
cylindrical shell to upper 
knuckle. 

• 100% Visual 

Upper Knuckle 
and Tank Dome 

• 100% Visual 
• Hydrostatic leak test – Fill to 

40-ft. from bottom of the tank. 

• 100% Visual 

 Primary Tank Bottom Weld Film Rejection Rates 5.1.2

Overall primary tank bottom radiographic film rejection rates for the 241-AP tank farm are 
summarized below in Table 5-2.  A quantitative comparison of welding success on the 241-AP 
tanks is shown in Table 5-3 through Table 5-6.  This same comparison was completed and 
included within RPP-ASMT-53793, for the 241-AY tank farm.  Analysis of the tank AY-101 and 
tank AY-102 primary bottom radiographic test diagrams (weld maps) was completed for a 
second time as a part of this extent of condition effort to ensure accuracy and consistency.  Those 
results are provided in Table 5-7 and are nearly identical to those previously tabulated, with 
some minor discrepancies resulting from omission of the center dollar plate welds in the primary 
tank bottom within RPP-ASMT-53793. 
 

Table 5-2. 241-AP Tank Farm Primary Tank Bottom Weld Rejection Rate Summary 

Tank Total Weld Reject Rate (%) 
AP-101 6% 
AP-102 9% 
AP-103 10% 
AP-104 9% 
AP-105 12% 
AP-106 6% 
AP-107 7% 
AP-108 5% 
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Table 5-3. Tanks AP-101 and AP-102 Primary Bottom Welding Success Comparison 

 

Tank AP-101 Tank AP-102 

Length 
of Weld 

(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Length 
of Weld 

(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Weld prior to inspection 735 N/A N/A 735 N/A N/A 

Weld rejected after original weld 47 6% 6% 65 9% 9% 

Weld rejected after first repair 2 4% 6% 8 12% 9% 

Weld rejected after second repair 1 50% 6% 0 0% 9% 

Weld rejected after third repair 0 0% 6% 0 N/A N/A 

Weld rejected after fourth repair 0 N/A N/A 0 N/A N/A 

Total weld rejections 50 73 

Total weld 785 808 

Overall weld rejection rate 6% 9% 

 
Table 5-4. Tanks AP-103 and AP-104 Primary Bottom Welding Success Comparison 

 

Tank AP-103 Tank AP-104 

Length 
of Weld 

(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Length 
of Weld 

(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Weld prior to inspection 735 N/A N/A 735 N/A N/A 

Weld rejected after original weld 81 11% 11% 63 9% 9% 

Weld rejected after first repair 3 4% 10% 5 8% 9% 

Weld rejected after second repair 0 0% 10% 1 20% 9% 

Weld rejected after third repair 0 N/A N/A 0 0% 9% 

Weld rejected after fourth repair 0 N/A N/A 0 N/A N/A 

Total weld rejections 84 69 

Total weld 819 804 

Overall weld rejection rate 10% 9% 
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Table 5-5. Tanks AP-105 and AP-106 Primary Bottom Welding Success Comparison 

 

Tank AP-105 Tank AP-106 

Length 
of Weld 

(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Length 
of Weld 

(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Weld prior to inspection 735 N/A N/A 735 N/A N/A 

Weld rejected after original weld 90 12% 12% 44 6% 6% 

Weld rejected after first repair 9 10% 12% 2 5% 6% 

Weld rejected after second repair 0 0% 12% 0 0% 6% 

Weld rejected after third repair 0 N/A N/A 0 N/A N/A 

Weld rejected after fourth repair 0 N/A N/A 0 N/A N/A 

Total weld rejections 99 46 

Total weld 834 781 

Overall weld rejection rate 12% 6% 

 
Table 5-6. Tanks AP-107 and AP-108 Primary Bottom Welding Success Comparison 

  

Tank AP-107 Tank AP-108 

Length 
of Weld 

(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Feet of 
Weld (ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Weld prior to inspection 735 N/A N/A 734 N/A N/A 

Weld rejected after original weld 50 7% 7% 38 5% 5% 

Weld rejected after first repair 3 6% 7% 1 3% 5% 

Weld rejected after second repair 0 0% 7% 0 0% 5% 

Weld rejected after third repair 0 N/A N/A 0 N/A N/A 

Weld rejected after fourth repair 0 N/A N/A 0 N/A N/A 

Total weld rejections 53 39 

Total weld 788 773 

Overall weld rejection rate 7% 5% 
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Table 5-7. 241-AY Tank Farm Primary Tank Bottom Welding Success Comparison 

  Tank AY-101 Tank AY-102 

Length of 
Weld 
(ft) 

Reject 
Rate  per 

Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Length of 
Weld 
(ft) 

Reject 
Rate per 
Repair 
Cycle 
(%) 

Total 
Reject 

Rate (%) 

Weld prior to inspection 672 N/A N/A 673 N/A N/A 

Weld rejected after original weld 67 10% 10% 229 34% 34% 

Weld rejected after first repair 7 10% 10% 86 38% 35% 

Weld rejected after second repair 1 14% 10% 27 31% 35% 

Weld rejected after third repair 1 100% 10% 1 4% 34% 

Weld rejected after fourth repair 0 N/A N/A 0 N/A N/A 

Total weld rejections 76 343 

Total weld 748 1016 

Overall weld rejection rate 10% 34% 

 
When compared to the 241-AP tank farm, the overall radiographic film rejection rate for tank 
AY-102 was higher, at 34%.  Weld rejections were a noted issue in RPP-ASMT-53793, leading 
to repeated re-welding, a contributing factor to bottom flatness out-of-tolerance conditions.  The 
maximum number of times a weld section was repaired during 241-AY tank farm construction 
was four, with one weld section in tank AY-101 and one weld section in tank AY-102.  It should 
be noted that a weld section is defined within this report as a one foot section.  During 241-AP 
tank farm construction, one weld section was repaired twice in both tank AP-101 and AP-104. 
 
Overall, weld rejection rates do not appear to be a significant issue in the 241-AP tank farm with 
some of the lowest weld rejection rates seen throughout all of Hanford’s double-shell tanks.  All 
initially rejected welds were eventually approved, following acceptable repair.   

 Welding Related Nonconformance Reports 5.1.3

During welding operations, several recurring issues existed. These issues generally fell into the 
following categories: 
 

• Inadequate preparation of surface prior to weld operations (e.g. rust removal). 
• Failure to conduct visual inspection of seams between weld passes. 

 
These issues were documented in various NCRs, outlined in Table 5-8. 
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Table 5-8. Nonconformance Reports Related to Welding Quality 

NCR #A Tank Description Disposition 

B-340-33 AP-106 Weld joints on secondary bottom 
plates for first weld pass by SMAW 
are not being cleaned of rust prior 
to welding.  Welds and/or tack 
welds were made on the BNS 2, 4, 
and 5 seams on tank A. 

Rework - Remove all welds that have 
not been properly cleaned.  Perform 
required preparation and re-weld. (App. 
Figure B-1) 

B-340-34 AP-106 
Welds BNS 4 and BNS 5 were 
made on 10-27-83 with no visual 
examination between the second 
and third weld pass. 

Conditional accept - Review NDE on 
welds BNS 4 and BNS 5.  If NDE is 
acceptable, accept the weld.  If NDE 
does not pass, repair welds as required 
by the C-4 construction specification. 
(App. Figure B-2) 

B-340-58 AP-107 
Unacceptable surface preparation 
(i.e., insufficient rust removal) prior 
to field welding first SMAW 
overhead pass on BRS seams of 
primary tank bottom "J". 

Rework - Remove the first SMAW weld 
pass (exterior of primary) that was made 
on seams specified above that were not 
cleaned of rust prior to welding.  
Perform the necessary joint preparation, 
NDE, and re-weld using approved 
procedures. (App. Figure B-3) 

B-340-61 AP-108 

2 feet of weld on R-15 at the 
intersection of RRS2 on tank 108 
dome was welded with no interpass 
inspection on two overpass weld 
seams. 

Conditional accept - Radiograph the 
above completed weld joint area per 
approved procedures and conditional 
acceptance dependent upon acceptance 
of radiographs.  Alt - Remove weld that 
was not inspected and replace per 
approved procedures. (App. Figure B-4). 

B-340-62 AP-107 

Primary shell, tank 107, C3V3 area 
0 to 3 and C3V4 area 0 to 6: 
Contractor examining personnel did 
not visually examine each weld 
pass prior to deposit of subsequent 
weld passes. 

Conditional accept - Acceptance of the 
welds will be dependent upon the 
radiographic examination of those weld 
joints.(App. Figure B-5). 

B-340-63 AP-108 

On the interior of primary tank "I" 
(108 base), the contractor welded 
four ladder brackets approximately 
six feet east of the north centerline 
without the required tank surface or 
attachment surface cleanliness 
preparation. 

Conditional accept - Acceptable on the 
condition that after attachments are no 
longer needed, they shall be removed, 
the primary tank inner surfaces restored, 
and non-destructive testing performed.  
Weld joints shall be properly cleaned 
before welding.(App. Figure B-6) 
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Table 5-8. Nonconformance Reports Related to Welding Quality 

NCR #A Tank Description Disposition 

B-340-66 AP-103 

At primary tank "O", course 1 
vertical weld seams C1V4 and 
C1V5: 2 internal surface 
attachments at each seam welded 
without prior approval of 
government's representative.  
(Approval was given for 4 
attachments per seam - 6 
attachments were welded per 
seam.)  6 internal surface 
attachments at C1V4 welded 
without surface(s) preparation, i.e., 
rust not removed. 

Rework - Remove attachments and 
restore primary tank inner surfaces to 
original shape and contour.  Perform 
non-destructive testing on the attachment 
area per specification.(App. Figure B-7) 

B-340-70 AP-101 

Tank "E", seam C2V6, Area 2 to 8: 
contractor examining personnel did 
not visually examine each weld 
pass prior to deposit of coverpass 
on the outside of the seam. 

Conditional accept - Acceptance of the 
welds will be dependent upon the 
radiographic examination of that weld 
joint.(App. Figure B-8) 

A. NCRs included as App. Figure B-1 through App. Figure B-8. 
BNS – Bottom North-South weld seam 
BRS – Bottom Round Seam 
C(x)V(y) – Course(x)Vertical(y) 
RRS – Roof Round Seam 
SMAW – Shielded Metal Arc Welding 
 
As noted in NCRs B-340-33, 58, 63, and 66, the contractor failed to adequately prepare material 
surfaces for welding on several occasions.  Repetition of this type of issue is of concern due the 
fact that it often resulted in rework when addressed by NCRs.  This rework can contribute to an 
increase in weld rejection rates and also represents a lack of adherence to procedure by the 
contractor in this regard.  In addition to the NCRs listed in Table 5-8, an interoffice 
memorandum from Kaiser Engineers Hanford to address the recurrence of this issue. 
 
The memorandum on March 23, 1984, included as App. Figure B-9, stated the following: 
 

“According to NCR B-340-58 we are still experiencing problems in the field with the 
contractor welding over rust.  Also, the Title III inspector informs me that this is a daily 
trouble area. 
 
Since the contractor has elected to ignore his agreement to clean the plate surfaces in a 
manner that has been demonstrated to him, it is obvious that corrective action measures 
are in order.  Therefore a letter from KEH QA Manager is being forwarded to JAJ QA 
Corp. Manager for a corrective action and response. 
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Also, in the interest of the assurance of Welding Quality, the KEH QA Department feels 
that we are bound to initiate quality measures which will bring this problem under 
control.  This measure appears to be that the inspection plan for the Tank Construction 
Phase be amended to include a hold-point for Title III inspection to verify that plate 
welding surfaces have been properly cleaned prior to welding.  Please initiate a DFC 
which will institute this measure. 

 
Nonconformance reports B-340-33 and B-340-58 included attached pictures to provide evidence 
of improperly prepared joint surfaces. These have been included with the attached NCRs in 
Appendix B as well as below as Figure 5-1, Figure 5-2, and Figure 5-3. 
 

  
Figure 5-1. NCR B-340-33 Joint Preparation Evidence 
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Figure 5-2. NCR B-340-58 Joint Preparation Evidence (1/2) 
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Figure 5-3. NCR B-340-58 Joint Preparation Evidence (2/2) 
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As noted in NCRs B-340-34, 61, 62, and 70, the contractor failed to allow for visual inspection 
between weld passes of a seam on several occasions.  Repetition of this type of issue is of 
concern due the fact that it often resulted in conditional acceptance where future rework would 
be dependent on flatness tolerances and radiography proving to be acceptable.  These actions 
represent an additional lack of adherence to procedure on the part of the contractor.  The 
included NCRs are the only discovered documentation describing this issue.  Ultimately, any 
issues discovered at a later date through radiography or flatness surveying would have been 
addressed per approved procedures and the quality of the tank would not have been adversely 
affected. 

5.2 POST-WELD STRESS RELIEVING 

During stress relief operations in the 241-AP tank farm, there were several temperature-related 
issues: 

• Some thermocouple locations did not reach the required soak temperature of 1000°F. 
• Thermocouple failure. 
• 12 hour allowed period for raising temperature from 800°F to 1100°F4 was exceeded. 

These issues were documented in the NCRs that are outlined in Table 5-9. 
 

Table 5-9. Post-Weld Stress Relieving Nonconformance Reports 

NCR #a Tank Description Disposition 
B-340-76 AP-108 The tank 108 permanent bottom 

thermocouples, with few 
exceptions, remained lower than the 
200°F spread permitted while the 
tank was heated from 800°F to 
1050°F as indicated by the 
temporary thermocouples. The tank 
108 permanent bottom 
thermocouples remained below 
1000°F during the entire 4 hours 
that the temporary thermocouples 
remained near 1050°F. 

Accept as is – because it met the 
alternate code requirement of 950°F for 
5 hours. 

                                                 
4 The holding(soak) temperature was specified to be 1100°F in Specification B-340-C4, however, 1000°F was used. 
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Table 5-9. Post-Weld Stress Relieving Nonconformance Reports 

NCR #a Tank Description Disposition 
B-340-81 AP-107 The tank 107 permanent bottom 

thermocouples, with few 
exceptions, remained lower than the 
200°F spread permitted while the 
tank was heated from 800°F to 
1050°F as indicated by the 
temporary thermocouples. The tank 
107 permanent bottom 
thermocouples remained below 
1000°F during the entire 3 hours 
that the temporary thermocouples 
remained near 1050°F. All 
temporary thermocouples installed 
on the interior bottom and lower 
portion of the exterior bottom 
knuckle indicated temperatures that 
conformed to the stress relief 
procedure. 

Accept as is – for future tanks to be 
stress relieved, the permanent 
thermocouples installed through the 
insulating concrete shall not be used to 
monitor the primary tank bottom 
temperature response during the stress 
relief cycle. Temporary thermocouples 
shall be used to determine the primary 
tank bottom temperatures. The 
temporary thermocouple readings 
substantiate a successful stress relief 
cycle. The permanent thermocouple 
readings do not appear to perform as 
intended for the stress relief cycle, but 
no problems are anticipated when the 
tank contains liquid waste. (App. Figure 
B-11) 

B-340-88 AP-102 

Thermocouples CC, GG, HH, and 
JJ failed approximately 4 hours 
before the beginning of the final 
soak. This resulted in no 
temperature monitoring for fairly 
large area of the tank bottom (tank 
102). 

Accept as is – The temperature data has 
been reviewed for the inside and outside 
temporary thermocouples attached to the 
primary tank bottom. Before the failure 
of the four thermocouples, the 
temperature readings were closely 
grouped with the other temporary 
thermocouples covering the similar tank 
bottom areas. After the loss of the four 
temporary thermocouples, the remaining 
temporary thermocouples indicated that 
the primary tank bottom completed a 
successful stress relief cycle. After 
studying the temperature versus time 
data of the adjacent thermocouples, it is 
obvious that area of the tank bottom 
where the thermocouples were lost also 
completed a successful stress relief 
cycle. (App. Figure B-12) 
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Table 5-9. Post-Weld Stress Relieving Nonconformance Reports 

NCR #a Tank Description Disposition 
B-340-95 AP-106 

Establish stress relief temperatures 
of 1000°F minimum and hold time 
of one hour per inch of thickness. 
Tank 106: thermocouples II and JJ 
did not meet these requirements. 

Accept as is – Add 5 additional 
temporary thermocouples per the 
attached sketch for the tanks remaining 
to be stress relieved. It is obvious from 
studying the stress relief cycles for 
previous tanks that the primary tank 
bottom center is the area recording the 
lowest temperatures and the area that 
determines the completion of the stress 
relief cycle. Additional thermocouple 
instrumentation is required in this area to 
offer redundancy in case of further 
thermocouple failure or erratic 
thermocouple data and adequately 
monitor the temperature distribution in 
that area. (App. Figure B-13) 

B-340-96 AP-104 At tank 104, the first recorded 
temperature of 800°F was recorded 
at 8:20 p.m. on 9-12-84 and the last 
thermocouple reached 1000°F at 
10:20 a.m. on 9-13-84. Therefore 
the specified heat-up time was 
exceeded by 2 hours. 

Accept as is – The minimum 
requirements for stress relief of the tank 
have been met. The excessive heat-up 
time could affect the yield strength 
results which will be addressed at a later 
time. (App. Figure B-14) 

a. NCRs included as App. Figure B-10 through App. Figure B-14. 

 
During stress relief of the 241-AP farm tanks, there were several instances of some 
thermocouples not reaching the required soak temperature of 1000°F.  On two occasions (NCR 
B-340-76 for tank AP-108 and B-340-81 for tank AP-107), the permanently installed 
thermocouples embedded in the refractory failed to reach the 1000°F soak temperature. 
However, temperatures of 1050°F were recorded from temporary thermocouples, installed 
between the tank and refractory.  Each of these events was “accepted as is” because the 
temporary thermocouples, in nearly the same location, reached the soak temperature.  After tank 
AP-107 stress relieving, NCR B-340-81 states  
 

“For future tanks to be stress relieved, the permanent thermocouples installed through 
the insulating concrete shall not be used to monitor the primary tank bottom temperature 
response during the stress relief cycle.”  

 
Two thermocouples did not reach the 1000°F soak temperature in tank AP-106.  NCR B-340-95 
was generated, and the low temperatures were “accepted as is” with the following justification: 
 

“Add 5 additional temporary thermocouples per the attached sketch for the tanks 
remaining to be stress relieved. It is obvious from studying the stress relief cycles for 
previous tanks that the primary tank bottom center is the area recording the lowest 
temperatures and the area that determines the completion of the stress relief cycle. 
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Additional thermocouple instrumentation is required in this area to offer redundancy in 
case of further thermocouple failure or erratic thermocouple data and adequately 
monitor the temperature distribution in that area.” 

 
NCR B-340-88 was generated because four thermocouples in tank AP-102 failed prior to 
reaching the soak temperature, and there was no temperature monitoring for a large area of the 
primary tank bottom.  The nonconformance was “accepted as is” based on the following: 
 

“The temperature data has been reviewed for the inside and outside temporary 
thermocouples attached to the primary tank bottom. Before the failure of the four 
thermocouples, the temperature readings were closely grouped with the other temporary 
thermocouples covering the similar tank bottom areas. After the loss of the four 
temporary thermocouples, the remaining temporary thermocouples indicated that the 
primary tank bottom completed a successful stress relief cycle. After studying the 
temperature versus time data of the adjacent thermocouples, it is obvious that area of the 
tank bottom where the thermocouples were lost also completed a successful stress relief 
cycle.” 

 
A failure to increase the tank temperature from 800°F to 1000°F in the specified 12 hour period 
(specification B-340-C4, paragraph 3.4.2.4), resulted in NCR B-340-96.  The issue was 
“accepted as is” because, “The minimum requirements for stress relief of the tank have been 
met.” However, the justification also states that “The excessive heat-up time could affect the 
yield strength results which will be addressed at a later time.” There is no reference to any other 
documents that discuss the effects on the yield strength of the plate material. 
 
The stress relieving issues discussed in this section are judged to be minor compared to the stress 
relieving issues found in tank AY-102 construction.  During tank AY-102 stress relieving, work 
crews had trouble keeping burners lit for the first three days of attempted stress relieving and 
intermittently during stress relief.  Erratic thermocouples readings along with speculation that 
thermocouples were reading the temperatures of water from the refractory, rather than the 
primary tank bottom temperature, lead to large uncertainties in the actual tank bottom 
temperatures.  Tank bottom thermocouples reading as low as 915°F were accepted as being 
1000°F and a 3 hour soak was started.  These AY-102 stress relief issues bring into question 
whether the primary tank was fully stress relieved. 
 
In the 241-AP tank farm, fewer thermocouple problems and no burner issues bring a higher 
degree of certainty to achieving proper stress relief of the primary tanks. 

5.3 TANK BOTTOM FLATNESS 

Specification B-340-C4, as was identified for other tank farm construction projects, required that 
primary tank bottoms and secondary liner bottoms could have no root-to-crown slopes (bulges) 
greater than 3/8 in. per ft. and a maximum root-to-crown height of 3 in. or less. 
 
Only one instance of tank bottom flatness in the 241-AP tank farm was reported.  
NCR B-340-115 (see App. Figure B-15) was generated for a bulge in the AP-104 primary tank 
bottom on 11/15/1984 with the following description and disposition: 
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“Tank N (104) Survey of the primary tank bottom after stress relief showed two areas 
were out of the 3/8” per foot tolerance. The contractor put dead weight on the two areas.  
Survey was then performed. The new survey showed the two areas that were out of 
tolerance were now acceptable. However, an area on BEW4 adjacent to the centering 
post was then found 1/8” out of tolerance per foot for three feet. 
 
Disposition: Accept as is 
 
Justification: The 1/2”/ft slope (3/8” + 1/8”) exceeds the specification requirements but 
falls within the 3/4”/ft limit substantiated in SAM-76-1 report by Battelle Pacific 
Northwest Laboratory, titles ‘Analysis of Stresses Due to the Flattening of Bumps in the 
Bottom and Knuckle Regions of Million Gallon Waste Storage Tanks.’ 
 
Any repair procedure of the primary tank bottom is not recommended to insure maximum 
integrity of that boundary be maintained.” 

 
No further information was discovered regarding tank bottom bulging in the 241-AP tank farm. 

5.4 REFRACTORY 

On February 29, 1984, NCR B-340-56 (see App. Figure B-16) was generated because of a lack 
of refractory protection.  The NCR has the following description and disposition: 

“Castable refractory placement at tank bottom C (108) quadrants 2 and 4, 2nd lift, on 
2/28/1984 was not protected during curing to minimize the formation of plastic shrinkage 
cracks. Impervious sheet plastic was supported approximately 1 to 3 feet above the 
refractory placement, however, the cover was open on a majority of the perimeter 
allowing the wind to blow across the refractory placement. Heaters were situated to blow 
between cover and refractory placement. Excessive plastic shrinkage cracks developed. 

Disposition: Fill all cracks 1/16” wide or greater to a depth of 3/4” min. with plastic 
refractory material. Additional precautions should be taken to prevent the formation of 
plastic shrinkage cracks on future pours. 

Justification: During stress relief the refractory material will expand and fill a 1/16” 
crack. The maximum depth of cover over the air pipe is 3/4” per specification.” 

Protection of refractory is specified in Section 3.2 of Specification B-340-C4 and provides the 
following: 

“3.2.1 Adequately protect the refractory from physical damage due to mechanical 
injury, material breakdown at temperatures below 40 F, and material 
degeneration at temperatures above 90 F. 

3.2.1.1 Protect the refractory surface from the injurious action of rain. 

3.2.1.2 When the atmospheric temperature is below 40 F, the air in contact with the 
surface of the refractory shall be maintained at a temperature not less than 50 F 
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for the full curing period stipulated by the refractory manufacturer. A protective 
enclosure of sheet plastic, plywood, or other approved construction shall be 
provided to maintain temperature control. The method of heating the enclosure 
shall be in accordance with the approved submittals. Supplemental protection 
from freezing after the full curing period shall be provided in compliance with 
the manufacturer’s recommendations. 

3.2.1.3 When the atmospheric temperature is above 90 F, extra care shall be taken to 
prevent rapid drying of the newly placed refractory. The fresh refractory shall 
be shaded as soon as possible after depositing and curing procedures shall be 
started as soon as the refractory surface is sufficiently hard to permit 
application without damage to the surface. 

3.2.1.4 Allow no loads on the refractory surface until compressive tests indicate the 
required compressive strength has been attained.” 

5.5 ISSUES UNIQUE TO 241-AP TANK FARM 

 Steel Plate Damages 5.5.1

During tank and liner inspections, many instances of plate damage were discovered, including 
laminations, scabs, gouges, or pits.  In most cases, these issues were caught during inspection by 
American Bridge, resulting in approximately 83 NCRs (Integrated Data Management System 
(IDMS), Queried 2/5/2014, [241-AP Tank Farm Steel Plate Damage NCRs], 
http://idmsweb.rl.gov/idms/livelink.exe).  In all cases these were repaired per approved methods.   
 
In one instance from July 30, 1984, material was discovered in the AP-101 and AP-104 primary 
tank bottom that was suspected to be reject material.  Following investigation and 
communication with the vendor, it was determined that what were thought to be laminations in 
the material were just scabs.  All material with sharp gouges or scratches less than 1/32-in. deep 
was repaired by minor grinding (not to exceed 1/32-in.) and accepted for use.  For gouges and 
scratched deeper than 1/32-in., imperfections were filled with weld metal and inspected per 
Specification B-340-C4.  This event was documented via NCR B-340-85 (App. Figure B-17) and 
described as follows: 
 

“2a. Per Hogan Manufacturing, Inc. Nonconformance Reports No. 197 and No. 200, 1/2 
inch material with control numbers H-183 and H-186 are reject material and are found 
in 101 primary bottom and 104 primary bottom.” 

 
This NCR description is followed up by the following instructions: 
 

“Provide evidence of original documentation showing material acceptability per project 
requirements. If such documentation is not available, repair or replace reject material 
with acceptable materials.” 

 

http://idmsweb.rl.gov/idms/livelink.exe/fetch/2000/60627/60851/14396176/173401264/241-AP_Tank_Farm_Steel_Plate_Damage_NCRs.pdf?nodeid=181009603&vernum=1
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Communication from Hogan Manufacturing to American Bridge (App. Figure B-18) on the same 
day of the NCR, July 30, 1984, explained the use of the material and the steps taken to achieve 
acceptability. It states the following: 
 

“Further review of the subject plates indicated that what was perceived to be laminations 
were in fact scabs.  These scabs were repaired by minor grinding by Hogan Mfg. in lieu 
of returning to vendor, Kaiser Steel.  Pits were acceptable in existing condition. 
 
This was done in an effort to reduce overall costs and shop requirements of subject 
material.  This determination was made after the NCR had been returned from the 
Project Manager to the Q.C Department. 

 
Overall, steel plate damage of various kinds was commonplace during 241-AP tank farm 
construction.  All plates were repaired using an Engineering-approved repair procedure.  Given 
the information discovered, adequate attention and disposition was given to ensure plate quality 
and tank integrity. 

 Tank Dome Distortions 5.5.2

Tank AP-107 was the second in the 241-AP tank farm to be post-weld stress relieved beginning 
on July 19, 1984. After stress relieving, it was noted in NCR B-340-89 (see App. Figure B-19) 
that the AP-107 dome exhibited a drop of up to 5 in. around riser #5 at 180° and 270°.  To 
resolve the dome deformations, additional anchor studs were added per NCR attachment. 
 
NCR B-340-98, as seen in App. Figure B-20, notes a similar issue with tank AP-104.  Tank AP-
104 was stress relieved on September 12, 1984, and was the sixth tank to be stress relieved.  
NCR B-340-98 says that the dome dropped 3 to 4 in. around riser #5, and 2 in. around riser #12 
and riser #27.  Additional anchor studs were utilized to provide an additional margin of safety for 
stress reduction in welds around the risers.   
 
Tank AP-103 was stress relieved directly after tank AP-104, followed by tank AP-105.  NCR 
B-340-102 and B-340-105 (see App. Figure B-21 and App. Figure B-22, respectively), for tanks 
AP-103 and AP-105 respectively, documented 2 to 3 in. drops in the dome plate around riser #5.  
Both cases were “accepted as is” and additional anchor studs were added for safety. 
 
Similar issues took place after stress relieving tank AW-101 during 241-AW tank farm 
construction, as noted in RPP-RPT-55981, 241-AW Tank Farm Construction Extent of Condition 
Review for Tank Integrity.  Tank AW-101 saw significant distortions around the risers used for 
the stress relief burners after reaching a soaking temperature of 1100°F.  The soak temperature 
was reduced to 1000°F for the rest of the 241-AW tank farm tanks. 

 Tank Foundation 5.5.3

During tank foundation concrete placement, there were several recurring structural integrity, 
surface finish, and patching-related issues: 
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• Concrete deposited in large quantities, and vibrators used to transport concrete between 
forms. 

• Slow rate of concrete placement. 
• Bonding grout placed over curing compound. 
• Repair patches not protected from freezing temperatures. 

These issues, along with other tank foundation related issues, were documented in the NCRs that 
are outlined in Table 5-10. 

Table 5-10. Tank Foundation Nonconformance Reports 

NCR #A Tank Description Disposition 

B-340-13 AP-102 

Perimeter formwork installed for tank 
foundation D (102) did not withstand 
the lateral loading. Inadequate form 
braces gave way during concrete 
placement. 

Accept as is – The contractor shall 
outline how he plans to correct the 
formwork failure problem and 
specify his plan for adhering to the 
contract specifications prior to 
placement of the next foundation. 
Slippage of forms did not affect the 
structural integrity of the slab. 
(App. Figure B-23) 

B-340-14 AP-102 

A layer of concrete placed in the 
north side of tank 102 foundation 
hardened to the point it was not 
plastic prior to placing the subsequent 
layer. 

Core drill slab with 4” diameter bit 
to depth of 16” for 2’ thick slab and 
24” for 2’8” thick slab at locations 
determined in field and referenced 
on attachment #1. Evaluation of 
cores will determine disposition of 
this NCR. Ref. NCR B-340-24. 
(App. Figure B-24) 
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Table 5-10. Tank Foundation Nonconformance Reports 

NCR #A Tank Description Disposition 

B-340-15 AP-102 

Concrete pour of tank foundation D 
(102) on 9-9-83. Internal vibrators 
were operated by inexperienced 
workmen. At several locations, 
concrete was deposited in large 
quantities in one area and vibrators 
were used to transport concrete within 
the forms. Some concrete received 
excessive vibration and others not 
enough. Inadequate vibration was 
performed around embeds and forms, 
causing air voids and stone pockets. 
The embedded angles installed along 
the leak detection drain have voids 
under the angle at several locations. 
The floated finish required for tank 
foundation 102 does not have a 
uniform sandy texture. At various 
locations, the surface is irregular and 
has air voids and visible surface 
aggregate.  

Rework – Repair defect areas to 
contract specification requirements. 
Contractor shall take appropriate 
action to insure that concrete 
placement and finishing is 
performed according to contract 
specification. Method of patching 
to be approved by the government 
representative prior to patching. 
(App. Figure B-25) 

B-340-17 AP-101 

At several large areas within the slab, 
the rate of concrete placement was 
not such that the concrete to be 
integrated with fresh concrete was 
still plastic. Excessive over-vibration 
was used to re-establish plasticity of 
the hardening concrete prior to 
placement and integration with the 
subsequent layer of concrete.  

Accept as is – The contractor 
should take precautions to prevent 
the formation of cold joints by 
maintaining adequate rate of 
concrete placement. Re-vibration is 
acceptable as long as running the 
vibrator will sink of its own weight 
into the concrete and liquefy it 
momentarily. (App. Figure B-26) 

B-340-21 AP-108 

The floated finish required for tank 
foundation C (108) does not have a 
uniform sandy texture. At various 
locations, the surface is irregular and 
has air voids and visible surface 
aggregate. The contractor was 
repeatedly notified about the 
condition of the finish in sufficient 
time to correct the problem. 

Rework – Repair defect areas to 
contract specification requirements. 
Contractor Shall take appropriate 
action to insure that concrete 
placement and finishing is 
performed according to contractor 
specification. Method of patching 
to be approved by the government 
rep prior to patching. (App. Figure 
B-27) 
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Table 5-10. Tank Foundation Nonconformance Reports 

NCR #A Tank Description Disposition 

B-340-23 AP-108 

Concrete pour of tank foundation C 
(108) on 8-30-83. At several 
locations, concrete was deposited in 
large quantities in one area and 
vibrators were used to transport 
concrete within the forms. In several 
instances, this resulted in excessive 
vibration and segregation. 

Accept as is – Contractor shall 
provide means of placing concrete 
at its final location. Concrete shall 
be moved by vibration no further 
thank 2 to 3 ft. to prevent 
segregation of aggregate. Repair 
any defects caused by segregation 
to contract specification 
requirements. (App. Figure B-28) 

B-340-24 AP-102 

Upon evaluation of concrete cores 
taken from tank D (102) foundation, a 
cold joint was indicated at core # 3, 
11-1/2” from the surface and core # 9, 
12-1/2” from the surface.  

Rework – Locate all cores with 
angle and distance from center of 
tank. Identify rebar cut when 
coring, radial or circumferential for 
each core hole. Repair all core 
holes by filling with non-shrink 
grout. Remove cold joint in the area 
around cores # 3 and 9. The extent 
of the cold joint will be determined 
by the government rep. during 
rework. There is no evidence of 
rock pockets in cores taken outside 
the cold joint area. A few large 
(1/2” dia. Max) air bubbles were 
seen, but not of a frequency to 
affect the structural integrity of the 
concrete tank foundation. (App. 
Figure B-29) 

B-340-29 AP-108 

Daraweld-C bonding grout was 
placed over curing compound during 
repair at tank bases B (103) and C 
(108), In telephone conversations 
with the manufacturer of Daraweld-C 
and A C Horn, the manufacturer of 
the curing compound, it was stressed 
that the curing compound must be 
removed to obtain the desired bond. 

Rework – Remove all patches 
applied over curing compound. 
Prior to applying new patches, 
remove all traces of curing 
compound in accordance with the 
manufacturer’s instructions. The 
patch and concrete must bond 
together to produce an acceptable 
patch.  (App. Figure B-30) 
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Table 5-10. Tank Foundation Nonconformance Reports 

NCR #A Tank Description Disposition 

B-340-30 

AP-101, 
AP-103, 
AP-104, 
AP-108 

Repair patching on the surface of tank 
bases 101, B (103), 104 and C (108) 
have areas that are soft and indicate 
lack of strength. Areas at tank base C 
(108) have excessive cracking in the 
repair patch. 

Rework – Determine the cause of 
the low strength patching material 
and excessive cracking. Verify 
through the manufacturer of the 
bonding agent that materials and 
methods used will not be 
detrimental to the development of 
bond and compressive strength. 
Remove unsound material, etch and 
clean surface, and apply patching 
material, in accordance with the 
manufacturer’s instructions. (App. 
Figure B-31) 

B-340-40 AP-105 

Repair patches placed in the drain 
slots of tank base “B” (105) on 
11/29/1983 were not protected from 
freezing temperature. Temperatures 
as low as 26°F were recorded at 
approximately 7:30 a.m., 11/30/83. 

Conditional accept – Remove and 
replace all patched areas exhibiting 
lack of strength or bond to the 
concrete base after 350°F daysB. 
Re-evaluate patched areas prior to 
placement of secondary tank 
bottom. (App. Figure B-32) 

B-340-42 
AP-101, 
AP-102, 
AP-104 

Repair patches placed on tank base 
101, 104, and 102 have not been 
adequately protected from cold 
weather. Repair patches on tank base 
101 on 11/29/83 and 12/2/83 had 
recorded overnight and morning 
temperatures ranging from 31°F to 
36°F on 5 consecutive days after 
placement. Repair patches on tank 
base 104 placed on 12/2/83 ranged 
from 33°F to 36°F for 3 consecutive 
days after placement. Repair patches 
placed on tank base 102 on 12/7/83 
ranged from 36°F to 37°F the first 
morning after placement. –until the 
patching has cured the 350°F daysB. 

Conditional accept – Provide 40°F 
min temperature of the environment 
for 350°F daysB required by the 
bonding grout manufacturer. 
Remove and replace all patched 
areas exhibiting lack of strength or 
bond to the original concrete base 
after 350°F daysB. Re-evaluate all 
patched areas prior to placement of 
secondary tank bottom. The 
contractor shall provide evidence 
that he can provide an environment 
capable of maintaining a ≥40°F 
temperature before and after 
placement of any patching, prior to 
patching continuing. The 
foundation shall be heated to 
maintain a ≥40°F temperature. 
(App. Figure B-33) 
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Table 5-10. Tank Foundation Nonconformance Reports 

NCR #A Tank Description Disposition 

B-340-43 AP-102 

Repair patches placed on 12-19-83 at 
tank base “D” (102) have not been 
adequately protected from cold 
weather. Morning temperatures on 
12-22-83 revealed patch temperatures 
ranging from 28°F to 34°F. Ice 
formations were apparent on several 
patches. The ambient overnight low 
within the heated shelter was 25°F. – 
Conditional accept: Provide 40°F min 
temperature of the environment for 
350°F daysB required by the bonding 
grout manufacturer.  

Rework – Remove and replace all 
patched areas exhibiting lack of 
strength or bond to the original 
concrete base after 350°F daysB. 
Re-evaluate patched areas prior to 
placement of secondary tank 
bottom. Areas of low strength or 
bond should be reworked. The 
contractor shall provide evidence 
that he can provide an environment 
capable of maintaining a minimum 
temperature of 40°F before and 
after placement of any patching, 
prior to patching continuing. The 
foundation shall be heated for a 
time interval adequate to maintain a 
minimum temperature of 40°F 
during placement of the patching 
material. After placement of 
patching, the environment shall be 
maintained at 40°F min for 350°F 
daysB. (App. Figure B-34) 

B-340-46 AP-101 

At tank foundation 101, there are 11 
locations on the top of the concrete 
foundation that are out of tolerance 
by 0.01 of a foot (1/8 inch). At tank 
foundation 101, there are 20 areas 
that do not meet the required flatness 
tolerances. These areas exceed either 
or both the 1/4 inch in 10 foot or 1/8 
inch in 2 foot flatness tolerance. 

Conditional accept – Take 
corrective measures to assure 
primary tank bottom will be at 
specified elevation within specified 
tolerances. The slight deviation 
from specified elevation will not 
impact the design requirements for 
the tank. Repair – grind surface or 
patch per approved repair 
procedures to meet required 
flatness tolerances. Flatness 
requirements for the tank bottoms 
must be maintained. (App. Figure 
B-35) 

B-340-47 AP-105 

Reference B-340-40. Repair patches 
placed in the drain slots of tank base 
105 on 11/29/83 were not protected 
from freezing temperature. 
Temperatures as low as 26°F were 
recorded at approximately 7:30 a.m., 
11/30/83. Re-evaluation of patches 
was performed on 1/9/84 and 1/11/84. 
At 2 locations, the patches are soft 
and lack strength. 

Rework – Replace patch #1 prior to 
placement of the secondary tank 
bottom…a minimum strength of 
500 psi shall be attained. Accept as 
is – The patch #2 in the immediate 
area occupies about 35% of the 
surface area. This would not block 
the trench if it became detached. 
(App. Figure B-36) 
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Table 5-10. Tank Foundation Nonconformance Reports 

NCR #A Tank Description Disposition 

B-340-49 AP-102 

Repair patches placed on tank base 
“D” (102) on 1/13/84, 1/16/84, and 
1/17/84 have not been adequately 
protected from cold weather. On 
1/19/84, at approximately 9:30 a.m., 
recorded patch temperatures ranged 
from 33°F to 39°F. Morning 
temperatures were again below 40°F 
for these repaired areas on 1/20/84. 

Condition accept – Remove and 
replace all patched areas exhibiting 
lack of strength or bond to the 
original concrete base after 350°𝐹 
daysB. Re-evaluate all patched areas 
prior to placement of secondary 
tank bottom. Areas of low strength 
or poor bond shall be reworked. 
(App. Figure B-37) 

B-340-51 AP-102 
At tank foundation “D” (102), the 
elevation of the finished drain slots 
vary from the allowable tolerance. 

Accept as is – all slots have 
adequate cross sectional areas and 
alternate directions of flow to 
provide adequate leak detection 
drainage in event of leakage. (App. 
Figure B-38) 

B-340-53 AP-102 

Concrete placed on 2/1/84 for pour 
back of cold joint on tank base 102 
[NCR B-340-14 and B-340-24] was a 
6” slump. Approximately one cubic 
yard of concrete was placed. 

Conditional accept – acceptance 
shall be based on break strength of 
cylinders at 28 days. (App. Figure 
B-39) 

A. NCRs included as App. Figure B-23 through App. Figure B-39. 
B. “Degree-Days” (e.g. 350°F days) is a time-temperature factor used to estimate the in-place strength of 

concrete to allow the continuance of construction activities such as termination of cold weather protection 
(see ASTM C1074, Standard Practice for Estimating Concrete Strength by the Maturity Method, for details). 

 
The NCRs listed in Table 5-10, have several common issues along with a couple of minor unique 
issues. 
 
It is noted in NCR B-340-13 (see App. Figure B-23) that perimeter formwork installed for tank 
AP-102 foundation, did not withstand the lateral loading.  The cause was determined to be 
inadequate braces.  Although it states that “Slippage of forms did not affect the structural 
integrity of the slab”, the contractor was still required to outline a plan to correct the formwork 
failure prior to concrete placement in future tank foundations. 
 
Three NCRs are related to slow concrete placement, where concrete was placed at a rate that 
allowed hardening of the concrete and the possible formation of cold joints.  NCR B-340-14 (see 
App. Figure B-24) requires core drills of the tank AP-102 foundation in the location of possible 
cold joint formations, and references NCR B-340-24 for disposition, see App. Figure B-29.  
NCR B-340-24 evaluates the concrete cores taken for NCR B-340-14 and notes that some repair 
was required in these locations due to cold joints.  Approximately 1 cubic yard of concrete was 
used for pour back in these repair areas.  The concrete used had a slump of 6 in., which was 
greater than the 4 in. maximum slump stated in Specification B-340-C3.  The high slump was 
accepted based on the 28-day concrete cylinder breaks (NCR B-340-53).  In NCR B-340-17 (see 
App. Figure B-26), it is noted that excessive vibration was used to re-establish plasticity due to 
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slow concrete placement for tank AP-101 foundation.  Over-vibration was accepted as is, and the 
contractor was cautioned about over-vibration. 
 
On two separate occasions (NCR B-340-15, and B-340-23 for tank AP-102 foundation and tank 
AP-108 foundation, respectively), concrete was deposited in large quantities in one area within 
the forms.  Vibrators were used to transport concrete within the forms.  Some concrete received 
over-vibration while some did not receive enough vibration.  In NCR B-340-15 (see App. Figure 
B-25), tank foundation AP-102 received inadequate vibration around embeds and forms, causing 
air voids and stone pockets.  The floated finish was irregular and had air voids and visible 
surface aggregate.  The defect areas were repaired by an approved patching method.  In NCR B-
340-23 (see App. Figure B-28), Concrete placed for tank foundation AP-108 received excessive 
vibration in an attempt to transport concrete within the forms.  The excessive vibration resulted 
in segregation of the concrete.  Limits were then set on the distance that concrete could be 
transported, and any defects caused by segregation were repaired. 
 
There were two instances of out-of-tolerance tank foundations.  NCR B-340-46 (see App. Figure 
B-35) notes that tank AP-101 foundation had 11 locations on top of the concrete foundation that 
are out of tolerance by 1/8-in., and 20 areas that did not meet the required flatness tolerances.  
Grinding and patching was used to bring the tank foundation within tolerances specified in B-
340-C3.  In tank AP-102, the variance of the finished drain slots from the allowable tolerance, 
prompted NCR B-340-51 (see App. Figure B-38).  The slots were accepted as is based on the 
following justification: 
 

“All slots have adequate cross section areas and alternate directions of flow to provide 
adequate leak detection drainage in event of leakage.” 

 
Several concrete patching-related NCRs were generated during construction of the 241-AP tank 
farm tank foundations.  Initial concrete patching failed because the bonding grout used to patch 
the concrete was placed over the curing compound.  The curing compound does not allow the 
bonding grout to bond to the original concrete.  The patch was removed, curing compound was 
cleaned off, and bonding grout was reapplied.  Some initial patching was soft, and showed 
excessive cracking.  The patch was removed, and the bonding grout manufacturer was consulted 
for re-application of the grout.  Most of the patching-related NCRs were due to improper 
protection of the patch during freezing temperatures.  All patches affected by cold temperatures 
were conditionally accepted.  All patches exhibiting lack of strength or bond to the concrete base 
after a 350°F day5 curing period were removed and replaced.  All patches were re-evaluated 
prior to placement of the secondary liner bottom. 

                                                 
5 “Degree-Days” (e.g. 350°F days) is a time-temperature factor used to estimate the in-place strength of concrete to 
allow the continuance of construction activities such as termination of cold weather protection (see ASTM C1074, 
Standard Practice for Estimating Concrete Strength by the Maturity Method, for details). 
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 Tank Concrete Shell 5.5.4

During placement of the concrete shells, low field-cured concrete cylinder breaks were a 
recurring issue.  Concrete related issues were documented in the NCRs that are outline in Table 
5-11. 
 

Table 5-11. Concrete Shell Nonconformance Reports 

NCR #a Tank Description Disposition 

B-340-101 AP-108 

Tank 108 – during placement of 
concrete, forms gave way. Also, 
vibration was not performed 
adequately, causing some rock 
pockets on the surface approximately 
4 inches deep. 

Repair – remove concrete as 
necessary to allow proper 
installation of polysulfide sealant. 
Provide improved formwork 
support to prevent future formwork 
displacement. Repair rock pockets 
and verify vibration will be 
improved on future pours. Excess 
concrete will not affect the 
structural integrity of the tank walls 
and repair of rock pockets is 
required per specification. (App. 
Figure B-40) 

B-340-107 AP-107 

Tank 107 lower shell concrete breaks 
at 28-days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-41) 

B-340-108 AP-108 

Tank 108 upper shell concrete breaks 
at 28 days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is: based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-42) 

B-340-109 AP-102 

Tank 102 lower shell concrete breaks 
at 28 days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-43) 

B-340-111 AP-101 

Tank 101 lower shell concrete breaks 
at 28 days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-44) 

B-340-114 AP-101 

Tank 101 upper shell concrete breaks 
at 28 days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-45) 

B-340-116 AP-102 

Tank 102 upper shell concrete breaks 
at 28 days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-46) 
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Table 5-11. Concrete Shell Nonconformance Reports 

NCR #a Tank Description Disposition 

B-340-117 AP-106 

Tank 106 lower shell concrete breaks 
at 28 days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-47) 

B-340-118 AP-102 

During concrete placement on tank 
102 dome, water inside the tank came 
out of the filler holes [dome 
penetrations] and entered the 
concrete. The amount of water is not 
known. The tank was full of water 
treated with 3500 pounds of sodium 
bicarbonate. 

Accept as is – the water washed 
over the surface of a completed 
area of the pour, washing away 
sand and cement and exposing 
aggregate. This damaged surface 
area will be repaired. The 
concentration of sodium 
bicarbonate in the tank water is 
significantly less than the 
concentration which may cause 
reduction in setting time and 28-
day concrete strength. The tank 
water was not used for mixing and 
was not allowed to mix with the 
fresh concrete, causing no chemical 
damage to the fresh concrete. (App. 
Figure B-48) 

B-340-120 AP-106 

Tank 106 upper shell concrete break 
at 28 days: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on lab-cured 
cylinders which meet specified 
requirements. (App. Figure B-49) 

B-340-121 AP-106 
Temperature of concrete placed on 
dome of tank 106 dropped below 
50°F to a low of 43°F in one location. 

Conditional accept – provide 
additional protection time to 
develop compressive strength 
comparable to those areas better 
protected. Seven day field strength 
tests indicated no damage to 
concrete due to low initial curing 
temperature. (App. Figure B-50) 

B-340-124 AP-107 

Concrete cylinder breaks for tank 107 
dome area: field-cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – lab results show that 
concrete will develop the required 
strength to perform properly. (App. 
Figure B-51) 

B-340-125 AP-105 

Tank 105 lower shell concrete breaks 
at 28 days: field cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Accept as is – based on engineering 
judgment, ignore the results of tests 
on one of three field-cured 
cylinders. It must not have received 
the same curing and protection as 
the others, since all three lab-cured 
cylinders show consistency in 
strength. (App. Figure B-52) 
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Table 5-11. Concrete Shell Nonconformance Reports 

NCR #a Tank Description Disposition 

B-340-126 

AP-103, 
AP-104, 
AP-105, 
AP-106 

Form ties were not removed 
immediately after removal of 
concrete forms on tanks 103, 104, 
105, and 106. Form ties on tank 106 
(haunch pour area) were removed 
12/18/84. Concrete was heated up 
prior to patching with grout mix. 
After patch was placed, no curing was 
performed. (overnight temperatures 
was 0°F). 

Repair – remove and replace all 
patched areas exhibiting lack of 
strength or bond to the original 
concrete. The repair must develop 
adequate strength and bond to 
provide a watertight joint to protect 
reinforcing steel. (App. Figure 
B-53) 

B-340-127 AP-102 

Concrete cylinder breaks for tank 102 
dome area: field curing cylinders 
failed to make 5000 psi of laboratory-
cured cylinders. 

Accept as is – lab results show that 
concrete will develop the required 
strength to perform properly. (App. 
Figure B-54) 

B-340-129 AP-101 

Concrete cylinder breaks for tank 101 
dome area: field-cured cylinders to 
make 5000 psi or 85% of laboratory-
cured cylinders.  

Accept as is: lab results show that 
concrete will develop the required 
strength to perform properly. (App. 
Figure B-55) 

B-340-130 AP-104 

Concrete cylinder breaks for tank 104 
haunch area: field cured cylinders 
failed to make 5000 psi or 85% of 
laboratory-cured cylinders. 

Conditional accept – acceptance of 
curing and protection of the 
concrete shall be based on the 
additional field cured cylinders held 
for a 45 day break. (App. Figure 
B-56) 

B-340-132 AP-103 

Field cured cylinders for the tank 103 
haunch area failed to make 5000 psi 
or 85% of the laboratory-cured 
cylinders. 

Conditional accept – acceptance of 
curing and protection of the 
concrete pour shall be based on the 
additional field cured cylinders held 
for a 45 day break. (App. Figure 
B-57) 

B-340-134 AP-103 

Tank 103 dome concrete cylinder 
breaks at 28 days: field cured 
cylinders failed to make 500 psi or 
85% of laboratory-cured cylinders. 

Accept as is – lab results show that 
concrete will develop the required 
strength to perform properly. (App. 
Figure B-58) 

a. NCRs included as App. Figure B-40 through . 

 
Several NCRs listed in the above table were generated because of a lack of compressive strength 
in the field-cured concrete cylinders.  In each case, the issue was “accepted as is” because the 
lab-cured cylinders met the compressive strength specifications provided in Specification 
B-340-C4.   
 
NCR B-340-118 (see App. Figure B-48) was written when an unknown amount of water inside 
the tank spilled out of the filler holes (filler holes are assumed to be dome penetrations known as 
risers) and entered the concrete during tank 102 dome concrete placement.  The tank was full of 
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water treated with 3500 pounds of sodium bicarbonate.  Sand and cement were washed away as a 
result of the spill, exposing some aggregate.  The disposition of the NCR states that “This 
damaged surface area will be repaired.” The justification of the NCR says that the concentration 
of sodium bicarbonate was significantly less than the concentration which could have caused a 
reduction in settling time and 28-day concrete strength.  It is also noted that the water was not 
used for mixing and was not allowed to mix with concrete, causing no chemical damage to the 
fresh concrete. 
 
On 12/6/1984, NCR B-340-121 (see App. Figure B-50) was generated when temperature of the 
concrete placed on tank dome 106 dropped below the specified 50°F (B-340-C4) to a low of 
43°F in one location.  The disposition of this issue was to provide additional protection time to 
develop compressive strength comparable to areas better protected. 
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6.0 CONCLUSION 

The leak assessment report for tank AY-102, RPP-ASMT-53793, identified first-of-a-kind 
construction difficulties and trial-and-error repairs that compromised the intended robustness of 
the tank.  To determine whether improvements in DST construction continued and whether 
similar or other difficulties were present, a review and evaluation of the construction records for 
the 241-AP tank farm were completed. 
 
After a review of the construction history of the 241-AP tank farm, it is concluded that, during 
construction of the 241-AP tank farm, there were fewer construction difficulties.  Table 6-1 
includes a summary comparison of the issues seen in tank AY-102 and the 241-AP tank farm, 
focusing on the critical difficulties that were identified in RPP-ASMT-53793. 
 
The secondary liner bottom thickness was increased from 1/4-in. in the 241-AY tank farm to 
3/8-in. in the 241-AP tank farm and the primary tank bottom thickness was increased from 
3/8-in. to 1/2-in.  The American Society for Testing and Materials (ASTM) A537-79 carbon steel 
plate material utilized in the 241-AP tank farm also varied from the ASTM A515-65 carbon steel 
plate used in the 241-AY tank farm.  ASTM A537 provides higher yield strength. 
 
The 241-AP tank farm experienced primary tank bottom weld rejection rates ranging between 
5% and 12%.  High weld rejection rates and subsequent repairs are thought to be a contributor to 
out-of-tolerance distortions, or bulges, found during previous tank farm tank construction, such 
as in the 241-AY and 241-SY tank farms.  In the 241-AP tank farm, this does not appear to be a 
significant issue with some of the lowest weld rejection rates seen throughout all of Hanford’s 
double-shell tanks.  All initially rejected welds were eventually approved, following acceptable 
repair, and post-weld stress relief of the primary tank was accepted as successfully completed.  
There were two out-of-specification bulges in primary tank AP-104.  Dead weight was placed on 
the bulges, which brought the primary bottom into specification.  No bulges were found in any of 
the secondary liner bottoms. 
 
The construction specification of 1100° F for one hour per one inch thickness was not met, but 
the alternate code requirement of 1000° F for three hours per one inch thickness was adopted as 
standard practice after problems with dome deformation were seen in previous tank farms (241-
AW and 241-AN).  There is a higher certainty of proper stress relief in the 241-AP tank farm 
than was noted for tank 241-AY-102.  However, tank AP-108 post-weld stress relief was 
accepted based on a holding temperature of 950°F for a period of 5 hours, because the permanent 
thermocouples installed in the refractory below the primary tank bottom did not reach 1000°F. 
 
Litecrete 60M was the castable refractory material utilized in the 241-AP tank farm tanks.  For 
tanks AP-101 through AP-107, no indication of out-of-specification refractory was found.  In 
tank AP-108, plastic shrinkage cracks were found in the refractory, caused by rapid curing.  The 
minor cracks were filled with refractory material and the refractory was accepted. 
 
Other issues, unique to the 241-AP tank farm, were noted.  Surface defects and plate damage was 
discovered during inspection of the material.  This damage was directed to be repaired per 
approved procedures.  These defects included laminations, scabbing, and pitting.  Tank dome 
distortions were observed and noted on the domes of tanks AP-103, AP-104, AP-105, and 



RPP-RPT-55983, Rev. 0 

6-2 

AN-107 following stress relief.  Additional anchor studs were added to adequately support the 
dome and the conditions were accepted as is.   
 
The 241-AP tank farm was the sixth DST farm constructed; American Bridge was chosen to 
construct the tank farm.  American Bridge also constructed the 241-AW and 241-AN tank farms.  
Tank bottom bulging, out-of-tolerance conditions were non-existent, and refractory material 
quality and post-weld stress relief were much improved over that seen in tank AY-102.  Lower 
weld rejection rates occurred in the 241-AP tank farm compared to tank AY-102.  These issues, 
along with others that were judged to be minor (e.g. concrete foundation and encasement repairs 
and weld joint preparation).  Overall condition of the 241-AP tank farm following construction is 
judged to be better than that of tank AY-102. 
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Table 6-1. Summary Comparison 241-AP Tank Farm Construction to Tank AY-102 

Tank AY-102 AP-101 AP-102 AP-103 AP-104 AP-105 AP-106 AP-107 AP-108 

Evaluation 
Document 

RPP-ASMT-53793, 
Tank 241-AY-102 Leak 
Assessment Report 

RPP-RPT-55983, 241-AP Tank Farm Construction Extent of Condition Review for Tank Integrity 

Construction Order 1st DST constructed  4th DST in 6th Farm 3rd DST in 6th Farm 7th DST in 6th Farm 6th DST in 6th Farm 8th DST in 6th Farm 5th DST in 6th Farm 2nd DST in 6th Farm 1st DST in 6th Farm 
Construction 
Contractor 

Pittsburgh-Des Moines 
(PDM)Steel Company American Bridge Division of US Steel Corporation 

Secondary Bottom 
Material 

0.25-in. plate, ASTM 
A515, Gr 60 0.375-in. plate, ASTM A537, Class 1 

Secondary Liner 
Bottom Bulges 

Excessive distortion 
and bulges noted 
throughout. Maximum 
slope noted as much as 
1-in./ft.  22 places 
exceed 2-in. peak-to-
valley tolerance. 

No out-of-tolerance bulges identified. 

Primary Bottom 
Material  

0.375-in. plate,  ASTM 
515, Gr 60 0.5-in. plate, ASTM A537, Class 1 

Primary Bottom 
Weld Rework 

33.8% 6% 9% 10% 9% 12% 6% 7% 5% 

Ultimately all welds 
were accepted and 
stress relieved, 
although problems with 
that process were 
noted.   

Ultimately all welds were accepted and stress relieved. 

Primary Liner  
Bottom Bulges 

Primary bottom 
flatness described as 
“generally good.”   

No out-of-tolerance bulges identified 

Two out of tolerance 
areas noted until dead 
weight was placed on 

them. Re-survey 
showed the tank bottom 
to be within specified 

tolerances. 

No out-of-tolerance bulges identified 

Stress Relieving 
Process 

Required 2 days to 
remove all the water in 
the refractory and 
temperature recorder 
just prior to initiating 3 
hour hold time was 
915°F (accepted as 
being 1000°F). 

Three hour hold at 
1000°F.  

Three hour hold at 
1000°F. 

 
Four thermocouples, 
representing a large 

portion of the primary 
bottom, failed prior to 

final soak. 

Three hour hold at 
1000°F. 

Three hour hold at 
1000°F. 

 
Specified heat-up time 

was exceeded by 2 
hours. 

Three hour hold at 
1000°F. 

Three hour hold at 
1000°F. 

 
Two thermocouples in 
measure tank bottom 
temperature failed to 

reach the 1000°F hold 
temperature. 

Three hour hold at 
1000°F. 

 
Permanent bottom 

thermocouples never 
reached the 1000°F hold 
temperature. Temporary 

thermocouples did 
reach the required 

temperature. 

Five hour hold at 
950°F. 

 
Permanent bottom 

thermocouples never 
reached the 1000°F hold 
temperature. Temporary 

thermocouples did 
reach the required 
temperature. An 
alternate code 

requirement of 950°F 
for 5 hours was 

satisfied. 
Refractory Kaolite 2200-LI Litecrete–60M 
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Tank AY-102 AP-101 AP-102 AP-103 AP-104 AP-105 AP-106 AP-107 AP-108 

Refractory 
Protection 

Allowed to saturate 
with rain water, not 
protected from 
freezing. 

Heaters were used to keep the cast refractory from freezing. Plastic sheeting was used to protect the refractory from rain, and wind that might cause plastic shrinkage of the refractory from curing to fast. 

Refractory 
Condition 

After hydro test 
refractory found to be 
degraded, extensively 
cracked and spalled. 
Samples showed 
excessive carbonation.    

No reports on post cured refractory inspection were found 

Plastic shrinkage cracks 
were found in the 
refractory caused by 
poor weather protection. 
The refractory was 
covered with plastic, 
however, the ends were 
left open and wind was 
allowed to blow across 
the refractory, causing 
the refractory to cure 
too quickly and develop 
plastic shrinkage cracks. 

Refractory Repair 
21 inches of perimeter 
removed and replaced 
with concrete and rebar 

None reported 

Minor repairs were 
made to fill the cracks 
found in the refractory 
during initial pour. 

Other Issues 

Unsupported areas of 
primary bottom filled 
with foam. 

Excessive foundation 
concrete vibration 
resulted in segregation. 
Out-of-tolerance 
concrete foundation. 
Low compressive 
strength in field-cured 
concrete shell testing.   

Slow rate of foundation 
concrete placement 
resulted in cold joint. 
Inadequate foundation 
concrete vibration 
resulted in air voids and 
stone pockets. Concrete 
foundation repair 
patches were not 
adequately protected 
from cold temperatures 
and repairs were made. 
Foundation drain slots 
varied from elevation 
tolerances. Low 
compressive strength in 
field-cured concrete 
shell testing.  Dome 
deformations occurred 
near riser #5 and 
additional anchor studs 
were added.  

Low compressive 
strength in field-cured 
concrete shell testing.  
Dome deformations 
occurred near riser #5 
and additional anchor 
studs were added. 
Inadequate preparation 
of surface prior to weld 
operations. 

Low compressive 
strength in field-cured 
concrete shell testing.  
Dome deformations 
occurred near riser #5 
and additional anchor 
studs were added. 

Concrete foundation 
repair patches were not 
adequately protected 
from cold temperatures 
and repairs were made. 
Low compressive 
strength in field-cured 
concrete shell testing.  
Dome deformations 
occurred near riser #5 
and additional anchor 
studs were added. 

Low compressive 
strength in field-cured 
concrete shell testing. 
Tank dome concrete 
dropped below 50°F 
prior to cure. Dome 
concrete was accepted 
based on seven day 
field-cure strength tests. 

Visual inspection did 
not occur between weld 
passes on several 
occasions. Dome 
deformations occurred 
near riser #5 and 
additional anchor studs 
were added. Inadequate 
preparation of surface 
prior to weld 
operations. 

Inadequate use of 
moisture-retaining 
membrane. Excessive 
foundation concrete 
vibration resulted in 
segregation. Low 
compressive strength in 
field-cured concrete 
shell testing. Visual 
inspection did not occur 
between weld passes on 
several occasions. 
Inadequate preparation 
of surface prior to weld 
operations. 
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Tank AY-102 AP-101 AP-102 AP-103 AP-104 AP-105 AP-106 AP-107 AP-108 

Overall Conclusion 
on Construction 
Difficulties 

Difficultly with liner 
fabrication and the 
castable refractory left 
the tank with 
unsupported areas in 
the tank bottom and 
unexpected residual 
stresses in the tank 
bottom that probably 
contributed to failure.  

In the 241-AP tank farm, weld rejection rates do not appear to be a significant issue, with some of the lowest seen throughout all of Hanford’s double-shell tanks. There were two out-of-specification bulges in primary 
tank AP-104.  Dead weight was placed on the bulges, which brought the primary bottom into specification.  No bulges were found in any of the secondary liner bottoms. There is a higher certainty of proper stress 
relief in the 241-AP tank farm than was noted for tank 241-AY-102 and fewer overall stress relief difficulties were noted. No indication of out-of-specification refractory was found.  No information on post-weld heat 
treatment condition of refractory was recovered from the records archives.  In tank AP-108, plastic shrinkage cracks were found in the refractory, caused by rapid curing.  The minor cracks were filled with refractory 
material and the refractory was accepted. The 241-AP tank farm was the third tank farm constructed by American Bridge. Difficulties seen during tank AY-102 construction were avoided through the 241-AP tank 
farm construction and overall condition is judged to be better.   
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APPENDIX A SUPPORTING DOCUMENTATION 
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App. Figure A-1. Refractory Certificate of Compliance 
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App. Figure A-2. 107-AP Riser/Pit Installation Scope and Status Update 
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App. Figure A-3. 107-AP Post-Construction Riser Installation Stress Relief Discussion 
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App. Figure A-4. Project W-E01 Completion 
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App. Figure A-5. Project W-E01 Concrete Demolition Demonstration 
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APPENDIX B TANK DEFICIENCY DOCUMENTATION 
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App. Figure B-1. Nonconformance Report B-340-33 
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App. Figure B-2. Nonconformance Report B-340-34 
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App. Figure B-3. Nonconformance Report B-340-58 
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App. Figure B-4. Nonconformance Report B-340-61 
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App. Figure B-5. Nonconformance Report B-340-62 
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App. Figure B-6. Nonconformance Report B-340-63 
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App. Figure B-7. Nonconformance Report B-340-66 
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App. Figure B-8. Nonconformance Report B-340-70 
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App. Figure B-9. Memorandum Regarding Welding Surface Preparation 
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App. Figure B-10. Nonconformance Report B-340-76 
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App. Figure B-11. Nonconformance Report B-340-81 
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App. Figure B-12. Nonconformance Report B-340-88 
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App. Figure B-13. Nonconformance Report B-340-95 
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App. Figure B-14. Nonconformance Report B-340-96 

 
  



RPP-RPT-55983, Rev. 0 

B-33 

App. Figure B-15. Nonconformance Report B-340-115 
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App. Figure B-16. Nonconformance Report B-340-56 
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App. Figure B-17. Nonconformance Report B-340-85 
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App. Figure B-18. Letter from Hogan Manufacturing to American Bridge - Plate Laminations 
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App. Figure B-19. Nonconformance Report B-340-89 
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App. Figure B-20. Nonconformance Report B-340-98 
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App. Figure B-21. Nonconformance Report B-340-102 
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App. Figure B-22. Nonconformance Report B-340-105 
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App. Figure B-23. Nonconformance Report B-340-13 
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App. Figure B-24. Nonconformance Report B-340-14 
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App. Figure B-25. Nonconformance Report B-340-15 
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App. Figure B-26. Nonconformance Report B-340-17 
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App. Figure B-27. Nonconformance Report B-340-21 
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App. Figure B-28. Nonconformance Report B-340-23 
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App. Figure B-29. Nonconformance Report B-340-24 
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App. Figure B-30. Nonconformance Report B-340-29 
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App. Figure B-31. Nonconformance Report B-340-30 
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App. Figure B-32. Nonconformance Report B-340-40 
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App. Figure B-33. Nonconformance Report B-340-42 
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App. Figure B-34. Nonconformance Report B-340-43 
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App. Figure B-35. Nonconformance Report B-340-46 
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App. Figure B-36. Nonconformance Report B-340-47 
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App. Figure B-37. Nonconformance Report B-340-49 
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App. Figure B-38. Nonconformance Report B-340-51 
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App. Figure B-39. Nonconformance Report B-340-53 
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App. Figure B-40. Nonconformance Report B-340-101 
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App. Figure B-41. Nonconformance Report B-340-107 
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App. Figure B-42. Nonconformance Report B-340-108 
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App. Figure B-43. Nonconformance Report B-340-109 
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App. Figure B-44. Nonconformance Report B-340-111 
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App. Figure B-45. Nonconformance Report B-340-114 
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App. Figure B-46. Nonconformance Report B-340-116 
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App. Figure B-49. Nonconformance Report B-340-120 
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App. Figure B-50. Nonconformance Report B-340-121 
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App. Figure B-51. Nonconformance Report B-340-124 
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App. Figure B-52. Nonconformance Report B-340-125 
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App. Figure B-55. Nonconformance Report B-340-129 
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App. Figure B-56. Nonconformance Report B-340-130 
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App. Figure B-57. Nonconformance Report B-340-132 
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