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_‘?, washingtonriver PO Box 850
P Protectionsolutions| Richland, WA 99352

June 8, 2009 WRPS-0900932

Mr. Glen Triner, Manager
M&EC Waste Support Services
P. O. Box 1600
MO-281/110/200W/T4-09
Richland, WA 99354

Dear Mr. Triner:
REGARDING WASTE PROFILE WRPS-270-0001, RH MIXED TRU WASTE

This letter is to request an exception to the HNF-EP-0063, Hanford Site Solid Waste Acceptance
Criteria, Appendix L.

WRPS removed the C104 Heel Jet Pump that has initially characterized as RH TRU waste. This
pump is approximately 34 feet in length and has a contact dose reading on the outside of the
basic packaging ranging from < 50mr/hr to 780 mr/hr. The lower portion of the pump is in a
metal pipe sleeve with lead blankets and the upper portion has no lead shielding, but is packaged
in a PVC “Coffin”. The pump meets the WIR determination ESQ-EM-IP-M435.1-1-01 and can
be disposed as radioactive waste,

This waste was not forecasted as RH TRU. In the SWIFT forecast it was anticipated to be LLW
and would be able to be disposed at ERDF. The life cycle planning for this waste did not
anticipate the waste would characterize as TRU waste. Since the dose to curie calculations have
such a wide variance, WRPS has contracted PNNL to perform NDA on this equipment to
develop more precise characterization. Should this process characterize this equipment as low
level waste rather than TRU, the waste will be shipped directly to ERDF for disposal.

Because of the nature of the pump and the dose, WRPS does not have a facility that can size-
reduce this pump and package it to meet the WIPP criteria. We have contacted the PermaFix
Northwest (PHNW) facility to determine if they would accept a modification to our existing
contract to perform size reduction and packaging in WIPP compliant packaging. We are
requesting acceptance of the 34 foot pump in an IP-1 container for storage until such time that a
contractor who can accept this waste for repackaging can be located or, if that is not possible,
until the Hanford Site has a repackaging facility to accommodate this waste. The waste will be
packaged for transport and storage so that the exterior dose of the package does not exceed

200 mr/hr.
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The waste profile has been submitted to M&EC for approval. The 90-day clock for this waste
expires on July 8, 2008.

Please consider this request for an exception to the Hanford Site Solid Waste Acceptance

Criteria. Additional information is attached.

Sincerely,

Lo B /e Lo

Judith A. Nielsen, Manager
Site Services and Tank Sampling
Washington River Protection Solutions LLC

Attachment

JAN:GKS

cc: Amanda Ramirez, M&EC Waste Support Services, Technical Services Manager
Ron Koll, ORP
Mike Royack, ORP
Chris Kemp, ORP

WRPS Correspondence Control
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ATTACHMENT

C104 Heel Jet Pump — 34 feet long, 12-30 inches diameter

TRU Waste — Based on TWINS BBI calculates as RH TRU

Characterization — Dose as packaged (not shipping container) <50 — 780 mr/hr.
Characterization is included in the waste profile.

Packaging

Inner Packaging — Double plastic wrap, lead lined pipe and PVC hinged cover (top 10°)
Outer Packaging — DOT IP-1 container (40” conex) '

Cost Analysis

Based on posted rates and chafge by container volume, not waste volume.
This does not include future treatment cost if packaged in the future at Hanford.

60 Foot Box Conex
(plus replace box at $600K) 8x8x40
CwC PFNW CWC Temp | CWC PFNW CWC Temp
$214K $643 ?+ 8643 $364K $1090 7+ 1090
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WRPS-1001077
REISSUE

Mr. Glen Triner, Manager
M&EC Waste Support Services
P. O. Box 1600
MO-281/110/200W/T4-09
Richland, WA 99354

Dear Mr. Triner:
REGARDING WASTE PROFILE WRPS-270-0001, RH MIXED TRU WASTE

This letter is to request an exception to the HNF-EP-0063, Hanford Site Solid Waste Acceptance
Criteria, Appendix I.

WRPS removed the C111 Saltwell Screen on April 1, 2010 and final characterization indicates
the waste as remote-handled (RH) TRU. This screen is approximately 11 diameter and 35 feet
in length and has a contact dose reading on the outside of the basic packaging ranging from 9
mr/hr to 18000 mr/hr. The lower portion of the screen is in a metal box sleeve used as shielding
and the upper portion has no shielding, but is packaged in a PVC “Coffin”. The screen meets the
WIR determination ESQ-EM-IP-M435.1-1-01 and can be disposed as radioactive waste.

This waste was not forecasted as RH TRU. In the SWIFT forecast it was anticipated to be LLW
and would be able to be disposed at ERDF. The life cycle planning for the waste did not
anticipate the waste would characterize as TRU waste; consequently, the waste was not
forecasted as RH TRU. In the Solid Waste Forecasting Tool (SWIFT) forecast it was anticipated
the Saltwell screen would be low-level waste and would be disposed of at the Environmental
Restoration Disposal Facility (ERDF). Because of the nature of the C111 Saltwell Screen and
the dose, WRPS does not have a facility that can size-reduce the C111 Saltwell Screen and
package it to meet the Waste Isolation Pilot Plant (WIPP) criteria. PermaFix Northwest (PFNW)
will perform size reduction and packaging in WIPP-compliant packaging (55-gallon drums for
RH-TRU Waste, and 55-gallon drums or SWBs for CH-TRU waste). PFNW is in the process of
modifying their permit and does not anticipate being able to accept the C111 Saltwell Screen
until July 2010.

Because of the nature of the screen and the dose, WRPS does not have a facility that can size-
reduce this screen and package it to meet the WIPP criteria. We have contacted the PermaFix
Northwest (PFNW) facility to determine if they would accept a modification to our existing
contract to perform size reduction and packaging in WIPP compliant packaging. We are
requesting acceptance of the 35 foot long C111 Saltwell Screen to be shipped directly from
RMA-269 (outside of C-farm) to storage at the Central Waste Complex (CWC) until such time
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that PFN'W can accept this waste for processing. The waste will be packaged for transport and
storage in a DOT 7A Type A container such that the dose rate on the exterior of the container
will not exceed 200mr/hr prior to acceptance at the CWC.

The existing waste profile WRPS-270-0001 RH TRU Waste will be used for acceptance at the
CHPRC facility. The 90-day clock for this waste expires on June 29, 2010.

Please consider this request for an exception to the Hanford Site Solid Waste Acceptance

Criteria. Additional information is attached.

Sincerely,

W N,

dith A. Nielsen, Manager
Waste Services
Washington River Protection Solutions LLC

Attachment: C111 Saltwell Screen (1 page)

JAN:GKS

cc: Amanda Ramirez, M&EC Waste Support Services, Technical Services Manager
Ron Koll, ORP
Mike Royack, ORP
Chris Kemp, ORP

WRPS Correspondence Control
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ATTACHMENT

C111 Saltwell Screen - 35 feet long, 11 inches diameter

TRU Waste — Based on TWINS BBI calculates as RH TRU

Characterization — Dose as packaged (not shipping container) 9 — 18,000 mr/hr.
Characterization is included in the waste profile.

Packaging

Inner Packaging — Double plastic wrap, metal box sleeve and PVC hinged cover (top 10°)
Outer Packaging — DOT 7A Type A 60°x5°x5” Metal Box

Cost Analysis

Based on posted rates and charge by container volume, not waste volume.
This does not include future treatment cost if packaged in the future at Hanford.

60 Foot Box Conex
(plus replace box at $600K) 8x8x40
CwC PFNW CWC Temp | CWC PFNW CWC Temp
$214K $643 7+ $643 $364K $1090 ?+ 1090
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. : ' Strategy for Classification of Hanford Tank Wastes
DRAFT

1. Establish the Classification of appropriate tank waste as non-HL'W (either TRU or LLW) with a view to
enabling supplemental treatment. Document origin of wastes in candidate tanks

a. The Engineering Group (Mike Johnson) is writing a series of technical reports that will form the basis
for ORP decisions on classification some of the tank wastes as either TRU waste or LLW.
| b. These technical reports will undergo peer review by a select group to check the functions, historical
origin, data accuracy, statistical analysis, and any legal precedence.
c. The first report will define the case for the B-200 and T-200 series tanks

2. Use DOE Order M 435.1-1 as pathway for Classification. Apply the criteria listed in DOE M 435.1-1,
Radioactive Waste Management Manual, Chapter I1, High-Level Waste Requirements to determine
classification of wastes in the candidate tanks

)

|

|

i 3. Group tanks by their perceived ease of Classification to facilitate disposition. (e.g. B and T 200 series tanks are

| considered easier to classify, so start with these). Group tank wastes by those that can be designated by source /

| origin as non-HLW and those tanks tank require the citation or evaluation process (Waste Incidental to
Reprocessing) to classify the waste. Priority will be given to preparing documentation for those wastes that can
be classified as either TRU waste or LLW by the waste source / origin, followed by those wastes that can be
classified by the citation process, “because of the ease of determining up front that they do not pose the long-
term hazards associated with high-level waste”.

a. DOE G 435.1-1, Implementation Guide for use with DOE M 435.1-1, Chapter 11, High-Level Waste
Requirements provides the following guidance in determining the classification of wastes. [DOE G
435.1-1, page 11-17]

“The distinction between the two processes is important because it is clear from background events
that citation process waste streams were so identified because of the ease of determining up front that
they do not pose the long-term hazards associated with high-level waste. Evaluation process wastes, on
the other hand, generally require a case-by-case evaluation and determination. Consistent with this
understanding. the responsibility for citation interpretations rests solely with the DOE Field Element
Manager. although consultation with the Office of Environmental Management is encouraged.
However, the Office of Environmental Management consultation is required for waste that has been
determined to be incidental through the evaluation process. In addition, it is recommended that
consultation with the NRC staff be considered for evaluation process determinations, although this is
not required.”

4. Obtain ORP approval for classification of wastes by source / origin. For those tank wastes that can be
designated by the waste source / origin, submit documentation to DOE-ORP manager for review and approval.

a. Preliminary review of tank waste origins and characterization data indicate that the following tank
wastes may be designated as TRU waste by the waste source / origin:

T-201, T-202, T-203, T-204
B-201, B-202, B-203, B-204
T-111

C-201, C-202, C-203
AW-105

b. Preliminary review of tank waste origins and characterization data indicate that the following tank
wastes may be designated as low-level waste (LLW) by the waste source / origin:

T-111
U-201, U-202, U-203, U-204
C-204

c. The reports will consist of a rationale for the classification.

Michael E. Johnson Page 1 5/7/2013



Strategy for Classification of Hanford Tank Wastes
DRAFT

d. The reports will follow the guidelines in DOE Order 435.1.

e. The reports will be submitted to the Engineering Quality Review Board to ensure compliance with
technical rigor requirements.

5. Obtain ORP and NRC approval for classification of wastes by citation / evaluation process. The approval
process may be lengthy due to the existing lawsuit against the Department of Energy relating to DOE O 435.1.
For those tank wastes that can be designate through the citation and evaluation process, prepare documentation
for submittal to ORP and NRC for review and approval of tank wastes as incidental wastes to reprocessing of
spent nuclear fuels.

a. Preliminary review of tank waste origins and characterization data indicate that the following tank
wastes may be designated as TRU waste by the evaluation process:

AW-103 sludge
SY-102 sludge

b. The sludges in these tanks need separation from HL'W supernate / precipitated salts to be and as TRU
waste by the evaluation process.

c. After gaining NRC approval, the ORP manager can designate these wastes as incidental to the
reprocessing of spent nuclear fuel.

Michael E. Johnson Page 2 5/7/2013



Strategy for Classification of Hanford Tank Wastes
DRAFT

DOE M 435.1-1 page II-1 provides the following definition of high-level waste and guidance for waste
classification.

A. Definition of High-Level Waste: High-level waste is the highly radioactive waste material resulting from

the reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing and any solid

material derived from such liquid waste that contains fission products in sufficient concentrations; and other

highly radioactive material that is determined, consistent with existing law, to require permanent isolation. |

B. Waste Incidental to Reprocessing: Waste resulting from reprocessing spent nuclear fuel that is determined
to be incidental to reprocessing is not high level waste, and shall be managed under DOE’s regulatory authority
in accordance with the requirements for transuranic waste or low-level waste, as appropriate. When determining
whether spent nuclear fuel reprocessing plant wastes shall be managed as another waste type or as high-level
waste, either the citation or evaluation process described below shall be used:

(1) Citation. Waste incidental to reprocessing by citation includes spent nuclear fuel reprocessing plant wastes
that meet the description included in the Notice of Proposed Rulemaking (34 FR 8712) for proposed Appendix
D, 10 CFR Part 50, Paragraphs 6 and 7. These radioactive wastes are the result of reprocessing plant operations,
such as, but not limited to: contaminated job wastes including laboratory items such as clothing, tools, and
equipment.

(2) Evaluation. Determinations that any waste is incidental to reprocessing by the evaluation process shall be
developed under good record-keeping practices, with an adequate quality assurance process, and shall be
documented to support the determinations. Such wastes may include, but are not limited to, spent nuclear fuel
reprocessing plant wastes that:

(a) Will be managed as low-level waste and meet the following criteria:

1. Have been processed, or will be processed, to remove key radionuclides to the maximum extent
that is technically and economically practical; and

2. Will be managed to meet safety requirements comparable to the performance objectives set out in
10 CFR Part 61, Subpart C, Performance Objectives; and

3. Are to be managed, pursuant to DOE’s authority under the Atomic Energy Act of 1954, as
amended, and in accordance with the provisions of Chapter I'V of this Manual, provided the waste
will be incorporated in a solid physical form at a concentration that does not exceed the applicable
concentration limits for Class C low-level waste as set out in 10 CFR 61.55, Waste Classification;
or will meet alternative requirements for waste classification and characterization as DOE may
authorize.

(b) Will be managed as transuranic waste and meet the following criteria:
1. Have been processed, or will be processed, to remove key radionuclides to the maximum extent
that is technically and economically practical; and
2. Will be incorporated in a solid physical form and meet alternative requirements for waste
classification and characteristics, as DOE may authorize; and
3. Are managed pursuant to DOE’s authority under the Atomic Energy Act of 1954, as amended, in
accordance with the provisions of Chapter III of this Manual, as appropriate.

Note: In the Nuclear Waste Policy Act of 1982, as amended, the term high-level radioactive waste is defined as:

“(a) the highly radioactive material resulting from the reprocessing of spent nuclear fuel, including liquid
waste produced directly in reprocessing and any solid material derived from such liquid waste that contains
fission products in sufficient concentrations; and (b) other highly radioactive material that the Commission,
consistent with existing law, determines by rule requires permanent isolation.”

Michael E. Johnson Page 3 5/7/2013



Strategy for Classification of Hanford Tank Wastes
DRAFT

DOE G 435.1-1, Implementation Guide for use with DOE M 435.1-1, Chapter 11, High-Level Waste Requirements
provides the following guidance in determining the classification of wastes.

The NRC has posited that, “radioactive wastes that have historically been referred to as high-level waste,
i.e., reprocessing wastes, are initially both intensely radioactive and long-lived” (52 FR 5994). However,
these wastes contain a wide variety of radionuclides with some (e.g., Sr-90, Cs-137) having a relatively
short half-life yet representing a large fraction of the radioactivity for the first few centuries after the wastes
are produced. These nuclides produce significant amounts of heat and radiation, both of which are of
concern when managing such wastes. [DOE G 435.1-1, page 11-2]

The Nuclear Regulatory Commission “considers that these two characteristics, intense radioactivity for a
few centuries followed by a long-term hazard requiring permanent isolation, are key features which can be
used to distinguish high-level wastes from other waste categories” (52 FR 5994).

[DOE G 435.1-1, page 11-3]

DOE M 435.1-1 supports the implementation of part (2) of the 10 CFR Part 60 definition to mean that
high-level wastes are wastes that are generated as a product of reprocessing of spent nuclear fuel
downstream of, and including, the first step in a separations process, and the consistent waste streams from
subsequent extraction cycles or steps. Separation processes include aqueous separation processes, e.g., the
Redox and the Purex processes, and nonaqueous processes, €.g., pyrometallurgical and pyrochemical
processes. Wastes that are produced upstream of these separations processes. from such processes as

chemical or mechanical decladding, fuel dissolution, cladding separations. conditioning, or accountability
measuring, are not high-level waste. Such wastes are considered processing wastes and should be managed

in accordance with the appropriate Chapters of DOE M 435.1-1, as either transuranic, mixed low-level, or
low-level waste. In addition, these wastes may be commingled with materials-in-process that require
further processing to separate desired materials from wastes. [DOE G 435.1-1, page 11-6]

Michael E. Johnson Page 4 5/7/2013
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DOE/ORP-2004-01

Preface

Although historically the Department of Energy (DOE) has managed wastes within the Hanford
tank farms as High-Level Wastes (HLW) as a matter of operations management policy, DOE has
long maintained that, based on origin, process history, and radiological characteristics, the wastes
in any specific tank may actually be HLW, Transuranic Waste (TRU), or Mixed Low-Level
Waste (MLLW). DOE, therefore, has planned to appropriately designate wastes into one of
those categories once the wastes are ready for retrieval for treatment and disposal.

Accordingly, the DOE Office of River Protection (ORP) identified 11 Single-Shell Tanks (SSTs)
that contain wastes from the Bismuth-Phosphate Process (BPP). The BPP, the first production-
scale Spent Nuclear Fuel (SNF) reprocessing process ever used, was deployed during the
Manhattan Project (World War II) to separate plutonium from SNF. The BPP was only used at
Hanford and was replaced 50 years ago by more efficient solvent extraction reprocessing
processes, i.e., Reduction and Oxidation (REDOX) and Plutonium-Uranium Extraction
(PUREX). An important feature of the BPP relative to waste designation is that it was a batch
process, a feature that allows ORP to clearly distinguish where SNF existed (or did not exist)
within the process. The BPP used chemical additions to selectively dissolve and precipitate
plutonium compounds so that the plutonium could be separated from other SNF constituents by
liquid/solids separations via centrifugation. Multiple water washes, each followed by
centrifugation, ensured very high degrees of solids separation from process liquids, e.g.,
separation of plutonium precipitates from liquids produced directly in SNF reprocessing.

The BPP created HLW that will be treated in the Waste Treatment Plant currently under
construction at Hanford and subsequently disposed of in the national repository. The BPP also
produced waste streams that are not HLW by origin as those wastes were not produced during
the reprocessing of SNF. The fact that the wastes are not HLW is confirmed by waste fission
product concentrations that are orders of magnitude less than those the U.S. Nuclear Regulatory
Commission requires to be disposed of in a geologic repository (10 CFR Part 61, Low-Level
Radioactive Waste Disposal).

This document explains the BPP and identifies which BPP steps produced HLW and which did
not on the basis of where SNF reprocessing actually took place within the series of BPP batch
treatment steps. As a result, this document provides a technical and regulatory basis for DOE-
ORP to determine that wastes from the BPP that are now contained in 11 Hanford SSTs (B-201,
B-202, B-203, B-204, T-201, T-202, T-203, T-204, T-104, T-110, and T-111) are TRU due to
waste origin and confirmed by radionuclide content. This document was developed in full
consideration of extensive technical evaluations of historical BPP and tank farm source
documents and records that were performed by the current Hanford tank farm contractor,
CH2M HILL Hanford Group, Inc. (CH2M HILL). CH2M HILL’s evaluations included
historical records and process information produced by Hanford site contractors that operated the
BPP over its 1945—1954 operating history. Information derived from those historical documents
is consistent with the radioactive and chemical characteristics of the wastes in the 11 SSTs.
Accordingly, this document is believed to provide a reasonable and sound basis to support a
DOE-ORP determination that the wastes in the 11 SSTs identified above are TRU. Once those
wastes are put into a snitable form for disposal, appropriately packaged, and characterized in a
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manner that conforms to the Waste Isolation Pilot Plant (WIPP) waste acceptance criteria and
permit requirements, those wastes should be suitable for disposal at WIPP.
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Executive Summary

The diverse nature of Hanford’s tank waste generation operations over the past 60 years has led to large
tank-to-tank differences in radioactive material concentrations. Understanding how and why these
differences occurred is important to reaching sound waste management decisions, Of particular interest
are wastes generated from the Bismuth Phosphate Process (BPP), the first ever Spent Nuclear Fuel (SNF)
reprocessing and Plutonium (Pu) recovery process. That is, in part, because wastes generated by several
BPP process steps are candidates for a Transuranic Waste (TRU) determination as illustrated and
discussed below.

The BPP, unlike later Hanford solvent extraction-based reprocessing approaches (i.e.,, REDOX and
PUREX), consisted of a series of individual batch processes which selectively dissolved and precipitated
specific materials to recover Pu. It achieved thorough liquid/solids separation via centrifugation and
multiple water rinses of the centrifuge solids cake, thereby removing liquids and soluble materials from
the cake. Each batch process step resulted in an extensive and selective separation of the process wastes
from the process product streams. As a result, out of the five distinct BPP process steps (coating
dissolution, U dissolution, U separation, 1*' decontamination cycle for Pu, 2™ decontamination cycle fo:
Pu,), only two involved SNF reprocessing: U dissolution and U separations.

221B/12217 Buildjngs -- Bismuth Phosphate Process 224-B/T Buildings

: ; ; - Pu Concentration
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The coating removal process did not create High-Level Waste (HLW) because it only dissolved the
aluminum coating leaving the SNF intact. That process did not dissolve SNF and its wastes were mildly
contaminated.

HLW including all liquids produced directly in the reprocessing of SNF existed only within the U
dissolution and U separation processes. Acids introduced during U dissolution dissolved the SNF
placing the Pu, the U, and all of the fission products in solution. The U separation processes ther
selectively precipitated the Pu, leaving the U and fission products in solution.

The liquid waste from U separations contained over 99.5% of the SNF constituent elements including
>99.5% of the U, ~99% of the Cs-137, and ~90% of the Sr-90 (DuPont 1944). The liquid and solid
wastes produced during U dissolution and U separation therefore fall squarely within the definition of
HLW as set forth in the Nuclear Waste Policy Act of 1982 (NWPA). The extensive liquid/solids
separations and multiple rinses conducted during U separations assured that any liquid wastes produced
dlrectly in reprocessing were discharged as liquid wastes and did not follow the Pu precipitate into the 1 1
or 2™ decontamination cycles or beyond.

The Pu precipitate, once triple rinsed, contained >99.5% of the Pu, <0.5% of the U, and ~10% of th
fission products. At least half of the fission products were short-lived isotopes that decayed to deminimi
levels within 1-2 years. Because the SNF constituent elements were separated during U separations, no
SNF was present in the subsequent decontamination cycles. Accordingly, wastes from the 1* and 2™
decontamination cycles and Pu concentration process are not HLW based on the NWPA HLW definition.

jin
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The low fission product concentrations in those wastes is consistent with a non-HLW designation.
Therefore, on the basis of origin and content, the wastes in the 11 SSTs that received the wastes from
coating removal, the 1% and 2™ decontamination cycles, and Pu concentration (T-104, T-110, T-111, B-
201 through B-204, T-201 through T-204) are not HLW,

Moreover, the wastes in those 11 SSTs meet the definition of transuranic waste set forth in the NWPA

and the Waste Isolation Pilot Plant (WIPP) Land Withdrawal Act of 1996 and are, therefore, candidates
for disposal at WIPP in New Mexico.

iv
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Basis for Designating Certain Hanford Tank Wastes as TRU
1.0 BACKGROUND - Hanford Wastes Vary Significantly Tank-to-Tank

Hanford’s 149 SSTs, 28 Double-Shell Tanks (DSTs), and 60 Miscellaneous Underground
Storage Tanks (MUSTs) collectively store ~54 million gallons of radioactive mixed defense
wastes containing ~190 million curies of radioactivity. The wastes in those tanks have varying
origins. For example, although extensive SNF reprocessing operations were conducted at
Hanford, not all tank wastes originated during the reprocessing of SNF. Tank wastes were
produced by a number of Hanford defense-related operations associated with removing cladding
from SNF, purifying the Pu product, decontaminating equipment/facilities, and performing
laboratory analyses. Rather than being the actual reprocessing of SNF, these operations occurred
prior to, following, or incidental to SNF reprocessing. This diversity in Hanford’s tank waste
generation operations resulted in large tank-to-tank radioactive material concentration
differences. Understanding these differences is important to sound waste management
decisionmaking. The magnitude of the large tank-to-tank radionuclide concentration differences
are graphically and numerically illustrated in Figures 1 and 2, respectively. For example, the
five tanks' with the highest inventories of radioactive materials in Figure 1 collectively contain ~
50 million curies whereas the 10 tanks’ with the lowest radioactive material inventories
collectively contain less than 5 thousand curies; this is a factor of 10,000 difference.
Furthermore, specific radionuclide concentrations can vary by factors greater than 1 million from
tank-to-tank as illustrated in Figure 2 for Cs-137 and Sr-90, the two most prominent
radionuclides in the tanks.

24,000,000
20,000,000
NOTE: This bar graph indicates the total curies contained in
each Hanford DST and SST based on the Best Basis Inventory.
- Fort size imitations prevent liating the actual tank numbers on
5 16,000,000 the axis of this figure.
-
e
@
'8
@ 12,000,000
2
3
Q
S 8,000,000 -
[
4,000,000
0

SO LA DPPI PR PP POEROPPPEP I IO P IR PRI PP PP OP
Hanford Tanks Ordered By Total Curie Content

Figure 1. Radionuclide Inventories in the Hanford Tanks Span Over Four Orders of Magnitude

! In order of curie inventory, high to low, the tanks are AZ-101, AZ-102, AY-102, A-105, and AX-104.
2 Not ordered by curie inventory, the tanks are B-201, -202, -203. -204; T-201, -202, -203, - 204; and U-203 and
U-204.
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Source: Best Basis Inventory in the TWINS Database

There are several reasons why there is such a wide range of fission product inventories in the
Hanford tanks. First, while some tanks received highly radioactive wastes produced during the
reprocessing of SNF, other tanks did not. Second, the BPP, the world’s first production-level
reprocessing process which was carried out at Hanford during the Manhattan Project starting in
1944, created large quantities of relatively low-curie waste compared to the waste produced by
later, substantially more efficient processes such as REDOX and PUREX. Third, a 1960s/1970s
Hanford tank waste campaign extracted large amounts of Cs-137 from liquids in most Hanford
tanks and Sr-90 from wastes in the A and AX Farm tanks. That campaign reduced the collective
Hanford tank farms fission product content by approximately 40%°. Fourth, tank capacities vary
from 55,000 gallons to over 1 million gallons and tanks are filled to varying degrees.

Cs-137 Sr-90
{Cilliter) Tank (Ciliiter) Tank
| Highest Concentration ~19 AX-104 ~79 AX-104
Lowest Concentration 0.00001 T-204 <0.000003 T-202
Ratio (High/Low) 200,000 30,000,000
Figure 2. Highest and Lowest Cs-137 and Sr-80 Concentrations in Hanford Tanks
Source: Best Basis Inventory in Hanford TWINS Database

This variability in waste sources and concentrations has led DOE to consider the origin and the
characteristics of wastes in each tank in planning its treatment and disposal strategies. Some
examples of wastes discharged to tanks that did not originate directly during the reprocessing of
SNF include:

» Decladding wastes resulting from dissolving the metallic cladding (coating) from the SNF in
order to expose the actual fuel to reprocessing acids.

» Wastes from processes used to clean and/or concentrate recovered Pu product materials in
' order to achieve requisite Pu purity levels for weapons use.

» Laboratory wastes resulting from the sampling and analysis of various process and waste
streams resulting from Hanford operations.

» Wastes from the cleanup of contaminated facilities and/or equipment.

Regardless of the characteristics or origin of the waste in any given tank, as a matter of policy,
DOE manages the Hanford tank farm wastes as HLW while those wastes are stored in the tanks.
This does not mean that DOE classified the wastes as HLW but rather, that DOE employs an
appropriately conservative management practice to ensure that the highest levels of safety and
best management practices are in place during the storage, retrieval, and handling of the Hanford
tank farm wastes.

In the sections that follow, the BPP is described with a focus on determining (a) when SNF was
present such that the “reprocessing of SNF” actually occurred in a process, (b) which BPP

* The cesium and strontium were converted to cesium chloride and strontium fluoride and encapsulated. The
campaign was undertaken to reduce the decay heat load on the tanks, however, bereficial uses for the capsules were
sought and many capsules were deployed on commercial and government initiatives.
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processes created “liquid waste produced directly in reprocessing [of SNF]”, and (c) which BPP
processes appear to have resulted in solid materials with “fission products in sufficient
concentrations” to warrant permanent isolation. The BPP is compared and contrasted as
appropriate with the PUREX process for the simple reason that most people think of the PUREX
process when they think of reprocessing. PUREX was used across the DOE weapons complex
for Pu and Uranium (U) recovery. It was used in the United States on a limited basis for
commercial reprocessing. Finally, PUREX is used internationally for commercial and defense
reprocessing purposes (PNNL 1998). Conversely, the BPP was an earlier process used only at
Hanford in the U.S. Government’s first production-level campaigns to recover Pu for defense
purposes. It processed less than 8% of the SNF reprocessed at Hanford.

2.0 BISMUTH PHOSPHATE PROCESS

As illustrated in Figure 3, the BPP* was carried out in 221-T plant from 1944 to 1956 and in
221-B plant from 1945 to 1952. As the first reprocessing process ever used at production levels
to separate Pu from SNF, it was conceived with an emphasis on time and purpose rather than
efficiency. The BPP was a batch process. It deployed a complex chemistry that selectively
dissolved and precipitated targeted chemical compounds such that simple liquid/solids
separations equipment (centrifuges) could isolate Pu from the other materials in the SNF as well
as materials introduced in the BPP. To place the process in perspective, the Government’s
objective was to separate the one part Pu produced in the fission process from the roughly 10,000
parts of U and fission products that it was dispersed amongst in the SNF.

The BPP was quite different from successor reprocessing processes. For example, its sole
purpose was to recover Pu. Uranium was discharged as a waste. Conversely, REDOX and
PUREX recovered Pu and U, each as a separate product. Also, REDOX and PUREX were
continuous solvent extraction processes which used a small fraction of the chemical additives
that the BPP required for separations. As a result, the BPP created over 200 times more waste
than PUREX per ton of U fuel processed. The BPP U Separations process created approximately
~3800 gallons of HLW per ton of U (GE 1951) while PUREX created ~40 gallons per ton
(ARHCO 1968). This resulted in Hanford’s PUREX wastes having substantially higher fission
product concentrations than BPP
wastes. For example, wastes
discharged from the BPP U TPant | NN
Separations process, the BPP
waste stream with the highest srant | R { ;
fission product concentrations, S N N
were reported to have Cs-137  REDOX o _ Co
concentrations of approximately T N U L
60 Ci/m® (GE 1955%?< 0.5% of  PUREX | I .

the 13,000 Cim’® Cs-137 SIS N N S N A

concentrations in PUREX 1* 1900 1945 1920 1935 196D M3 1WID WIS 30 AM5 1990 1985

Bismuth Phosphate

Figure 3. Operating Time Frames for Spent Nuclear Fuel
Reprocessing Processes at Hanford

* The BPP flowsheets are provided in Attachment A and comparisons between the BPP and the PUREX process
wastes are provided in Attachment B.
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Figure 4. Generalized Bismuth Phosphate Process Flow Diagram
Source: Johnson 2003.

cycle raffinate wastes after neutralization (ARHCO 1968).

Figure 4 depicts the major BPP steps. The discussion that follows traces the SNF, the Pu
product, and the process wastes through the BPP [Note that the numbering of the subsections that
follow correspond to the numbers within each outlined block in Figure 4]. The following
discussions include general information regarding the chemical processes used. More detail
regarding the BPP chemistry and mass flow information can be found in Attachment A.

2.1 Coating Dissolution (Decladding — Figure 4, Block 2.1)

Prior to the actual reprocessing of SNF, the aluminum cladding (or coating) had to be removed to
expose the U to the acids that would be used to dissolve it. A boiling sodium nitrate/sodium
hydroxide solution was used to dissolve cladding. While virtually all of the radioactive fission
products remained within the intact spent fuel matrix, small amounts of radioactive materials at
the surface of the fuel slugs entered decladding solutions. Decladding operations are considered
a “head end” process and not part of SNF reprocessing since the SNF remained intact throughout
the decladding process. The decladding wastes were subsequently combined with 1* cycle Pu
decontamination waste (discussed in Section 2.3) to use the excess sodium hydroxide in the
decladding wastes to neutralize acids in the 1™ cycle decontamination wastes.

2.2 Uranium Dissolution and Uranium Separation (Figure 4, Block 2.2)

Following decladding, the U fuel slugs were dissolved in nitric acid. Once dissolved, water and
sulfuric acid were added to convert the uranyl nitrate to uranyl sulfate. Next, bismuth nitrate and
phosphoric acid were then added and a bismuth phosphate carrier was formed that extracted Pu
from solution as a precipitate. The uranyl sulfate remained in solution along with nearly all of
the cesium and approximately 90% of the strontium (CH2M HILL 2002). The bismuth
phosphate carrier and Pu were then precipitated as a filter cake via centrifuging, the filter cake
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was rinsed with water and re-centrifuged three times to remove any waste liquids and soluble
fission products that may have been initially entrained in the filter cake, and then the Pu cake
was transferred to the first Pu decontamination cycle (GE 1951).

Approximately 10% of the fission products that were dissolved with the U stayed with the Pu
cake when it moved from U separations to the first Pu decontamination cycle. In addition to
strontium, substantial quantities of short-lived® fission products, such as zirconium-95 (Zr-95)
and niobium-95 (Nb-95), were co-precipitated.

2.3 Plutonium Decontamination (Figure 4, Block 2.3, 1* and 2" Decon Cycles)

In the first Pu decontamination cycle, the Pu was oxidized to the +6 valence state via the addition
of sodium bismuthate and sodium dichromate. Sodium bismuthate, phosphoric acid, zirconium
nitrate, and cerium nitrate were added to precipitate bismuth phosphate and fission products
(primarily strontium, cerium, and zirconium). The bismuth phosphate and fission product
precipitate were centrifuged to separate them from the Pu which remained in the liquid phase.
Following separation, the Pu in the liquid phase was reacted with bismuth subnitrate and
phosphoric acid to produce a bismuth phosphate carrier and co-precipitate plutonium phosphate.
The bismuth phosphate carrier and plutonium phosphate solids were separated from the liquids
by centrifugation. The plutonium phosphate solids were water washed and centrifuged three
times. The bismuth phosphate and plutonium phosphate solids were then dissolved in nitric acid,
forming plutonium nitrate and bismuth nitrate in solution. This solution was then transferred to
the second decontamination cycle where the first decontamination process steps (except for
zirconium nitrate and cerium nitrate addition) were repeated to further purify the Pu product.

2.4 Plutonium Concentration Building (224-B/T) Wastes (Figure 4, Block 2.4)

The Pu from 221-B/T plants was transferred to the 224-B/T Pu Concentration Building to
remove the bismuth phosphate and residual fission products which were essentially all short half-
life contaminants. The Pu solution was received at 224-B/T in a +4 valence state. It was first
oxidized with sodium bismuthate to a +6 valence state. Phosphoric acid was added to precipitate
bismuth phosphate along with residual Zr-95 and Nb-95 fission products, which were then
removed by centrifugation leaving the Pu in solution. Hydrogen fluoride and lanthanum fluoride
were added to precipitate remaining fission products leaving the Pu in solution. Hydrogen
fluoride and lanthanum salts were then added to create lanthanum fluoride and plutonium
fluoride solids which were separated by centrifugation. The lanthanum fluoride and plutonium
fluoride solids were reacted with potassium hydroxide to produce lanthanum hydroxide and
plutonium hydroxide. The lanthanum hydroxide and plutonium hydroxide solids were reacted
with nitric acid to produce the high purity Pu nitrate/lanthanum nitrate product.

Targeted radionuclides for removal were primarily short-lived fission product and daughter
isotopes of zirconium, cerium, lanthanum, ruthenium, praseodymium, and yttrium (DuPont
1945), many of which were difficult to physically separate from the Pu via precipitation

3 71-95 has a 64-day haif-life and Nb-95 a 35-day half-life. In addition to the Zr-95, other phosphate insoluble short-
lived fission products such as Ce-144 (~284 days) were removed to achieve the desired plutonium purity and
handling characteristics. The fission products of concern relative to long-term waste management and disposal are
Cs-137 (~30 years) and Sr-90 (~29 years) which together with their daughters, Ba-137m and Y-90, account for
~99% of the curies in the Hanford tanks at the present time.
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processes.  Thus, multiple precipitation steps were used in the first and second Pu
decontamination cycles and the Pu Concentration Building to separate these short-lived fission
products from the Pu product.

3.0 CLASSIFICATION OF TANK WASTES FROM THE BISMUTH PHOSPHATE
PROCESS

Although the BPP is referred to using the generic term ‘reprocessing’, the BPP actually consisted
of batch chemical process operations. Unlike the later solvent extraction processes (REDOX,
PUREX) which were continuous flow and continuously connected, each operation within the
BPP took place on a batch basis. Figure 5 illustrates a typical BPP process step. Feed material
enters a process tank. The feed could consist of a re-dissolved solids (such as SNF or a Pu cake)
from a centrifuge or it could be the liquid phase from a centrifuge as illustrated in Figure 5. In
either case, chemical additives (such as those listed in Section 2) are used to selectively keep
certain chemical species in solution and to precipitate other species. The mixture is then
transferred to a centrifuge where the solids are separated from the liquids by centrifugal force.
The liquids are discharged from the centrifuge as it spins and the solids are retained. The tank
where the feed and additives were mixed is then rinsed with water to ensure all precipitates are
removed. Clean rinse water is sprayed onto the solids in the centrifuge (~3 parts water to 1 part
solids) while it operates to replace any process liquids that may have been entrained in the solid
cake. The centrifuge is operated two cycles to de-water the cake. Water is again sprayed onto
the solids in the centrifuge in a second cake rinse (~3 parts water to 1 part solids) while it
operates to wash trace quantities of dilute process liquids from the solid cake. The centrifuge is
operated two cycles to de-water the cake. All liquids including rinses pass on to the next process
step or are discharged as a waste based on the specific process operation. The solids are
dissolved and then transferred to the next BPP process or discharged as a waste, again based on
the specific BPP process operation.

In the manner discussed above, each BPP batch process achieved a highly effective liquid/solids
separation without cross contamination between batch operations.

Additives that selectively precipitate Triple Rinse
specific chemicals in the feed stream Solids wiWater

Centrifuge Liquids
Liquid/Solids
Separation

Feed Material
(e.g., Pu in Solution}

Triple-Rinsed
Solids

Figure 5 — Typical Bismuth Phosphate Process Operation

The clean separation liquid/solid separations and distinct break between BPP operations provides
an ability to clearly demark where reprocessing of SNF did and did not occur, where “liquid
waste produced directly in reprocessing” was present and where it was not, and consequently,
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which BPP process operations created HLW and which did not. The process logic is described
below.

3.1 Where Did SNF Reprocessing Occur?

SNF reprocessing could only occur during BPP process steps where the SNF constituent
elements existed in solution. That is because the NWPA defines SNF as “fuel that has been
withdrawn from a nuclear reactor following irradiation, the constituent elements of which have
not been separated by reprocessing.”

Based on that definition, the reprocessing of SNF in the BPP occurs during the U dissolution and
U separation processes® as illustrated in Figure 6. The U dissolution and U separation processes
are the only points along the BPP flowsheet where all of the constituent elements of the SNF
existed in one place. The U dissolution process places the SNF constituent elements (U, Pu,
fission products) into solution. All of the constituent elements of SNF exist at that point. The U
separations process then selectively precipitates the Pu. All of the SNF constituent elements are

present in the mixing tank and in the

e A s A A A e e - Processes taking
centrifuge.

place beyond this

point are not

reprocessing spent

fuel which ceased to
Pu Product exist during uranium
separation; the
remaining processes
are decontaminating
the plutonium
product.

Once liquid/solids separations occur
in the U separations centrifuge, the
SNF constituent elements are
separated into waste and Pu product

cake. At the completion of the Pu |1 seme s e s ¢

1 Is separated from the uranium

product cake water rinses 1n the | andfission products by bismutn

centrifuge, the constituent elements Eﬁ%?ﬁ%%:%?’:f‘?ﬁ
of the SNF have been fully separated | ! weunks. T g
and reprocessing is complete. The :HLW:
resultant waste and product streams K !

are as follows:

Nl

SEPARATION

Spent nuclear fuel
constituent elements are
separated in this step.

Figure 6. Bismuth Phosphate Reprocessing Processes

» Uranium Separations Liquid
Waste Stream — This waste stream includes ~99.5% (by mass) of all materials present in
the SNF prior to dissolution including ~99.5% of the U, ~90% of all fission products
including ~99% of the Cs-137 and ~90% of the Sr-90, a small fraction of the Pu, and
chemicals/acids used to keep those materials in the liquid phase (CH2M HILL 2002,
Johnson 2003), and

» Plutonium Product Cake — The Pu product cake includes the precipitated Pu, ~0.5% of
the U, and ~10% of the fission products, at least half of which are short-lived fission
products and daughters (Johnson 2003).

¢ Before uranium dissolution, reprocessing cannot occur since the SF constituent elements could not be separated by
reprocessing while still in solid form.
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3.2 Which Liquid Wastes Were Produced Directly In Reprocessing?

As described above ‘liquid waste produced directly in reprocessing’ could only have been
created during U dissolution and U separations as those two BPP process steps were the only
steps where reprocessing took place. The liquid wastes produced directly in reprocessing were
separated from the Pu product by centrifugal action.

The Pu product stream was thoroughly rinsed and centrifuged multiple times to remove all traces
of the liquitds produced directly in reprocessing (and the undesirable contaminants contained in
such liquids) from the Pu cake. By the time the cake was transferred to the first Pu
decontamination cycle, any residual liquids produced directly in reprocessing that remained in
the cake would have been diluted by ~1000:1 and would have represented <0.1% of the volume
of liquid created during U dissolution and U separations’, a negligible volume and concentration.
This, the, leads one to the conclusion that the only ‘liquid waste produced directly in
reprocessing’ from the BPP is the liquid waste stream discharged from the U separations process
to the SSTs.

3.3 Which BPP Wastes Are HLW?

For the BPP, it is evident from the preceding discussions that the liquid waste stream discharged
from the U separations process contained “highly radioactive material resulting from the
reprocessing of spent nuclear fuel”. Those wastes therefore meet the definition of HLW set forth
in the NWPA®:

“High-level radioactive waste means:

(A) the highly radioactive matenal resulting from the reprocessing of SNF, including
liquid waste produced directly in reprocessing and any solid material derived from such
liquid waste that contains fission products in sufficient concentrations; and

(B) other highly radioactive material that the NRC, consistent with existing laws,
determines by rule requires permanent isolation.”

The U separations liquid waste stream is therefore identified in Figure 6 as HLW. That waste
stream contained approximately 95% of the fission products important to DOE in determining
the waste disposal pathway, i.e., ~99% of the Cs-137 and ~90% of the Sr-90, the two fission
products that, with their secular equilibrium daughters, account for 99% of the radioactivity in
the Hanford tanks’.

7 Cake volume approximately 10 gallons, moisture content ~30%. Waste from U separations approximately 2400
gallons (GE 1951). On that basis, (10)(0.3)/2400 = 0.1% of liquids produced directly in reprocessing should remain
in the cake after first liquid/solid separation. Each rinse used 30 gallons of water (GE 1951), Assuming 3 gallons of
liquid in the cake (30%) and three separate 30 gallon rinses (including tank rinse), each rinse should reduce the
concentration by a factor of 1J. Morecver, any such liquid would be highly diluted (by a factor of 1000 due to the
three rinses) before the cake was dissolved and transferred.

® This same definition is incorporated by reference into the Atomic Energy Act of 1954 (AEA), as amended, and the
Waste Isolation Pilot Plant Land Withdrawal Act.

?Ba-137m and Y-90 are daughters of Cs-137 and Sr-90, respectively, that are in secular equilibrium, i.e., the half-
life of the parent radioisotopes (Cs-137 and Sr-90) is so much longer than that of the daughters that the radioactivity
of the daughters is essentially equal to that of the parent.
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The liquid wastes produced directly in reprocessing arc part of that waste stream and were not
present in the BPP Pu-related processes that followed U separations.

Accordingly, wastes from the BPP 1 and 2™ decontamination cycles are not HLW. Similarly,
wastes from Pu concentration activities that further processed the product stream from the BPP
in 224-B/T buildings were also not HLW.

4.0 TRU DETERMINATION — Candidate Wastes for Classification as Contact-Handled
TRU

The WIPP Land Withdrawal Act defines TRU as:

“waste containing more than 100 nanocuries of alpha-emitting transuranic
isotopes per gram of waste, with half-lives greater than 20 years, except for (A)
HLW; (B) waste that the Secretary has determined, with the concurrence of the
Administrator, does not need the degree of isolation required by the disposal
regulations; or (C) waste that the NRC has approved for disposal on a case-by-
case basis in accordance with Part 61 of title 10, Code of Federal Regulations”.

The waste streams from the BPP first and second decontamination cycles and the Pu
Concentration Cycle that were carried out in the 224-B/T buildings are currently contained in 11
SSTs along with the decladding waste. Based upon the discussions in Section 3, none of those
tanks contain HLW as defined in the NWPA.

Fission product concentrations'® for the wastes in the 11 SSTs are illustrated in Figure 7. The

0.0001

0.00001-11

Cs-137 Class C = 4.6 Ciflter §r-90 Class C = 7 Cifliter
10 e
= 1+
f o
o Cs-137
£ B
g 0.1 . $r.90
=
L
) 224
_g i c 2C
® 0.01
= ™
&
£
8 0.001~
ks
=
©
e
[+
[
a
I3
AD
.

0.000001+

T404 T410 TAY B21 B202 B203 B4 T2 ' 1-202 v 1-203 ‘ T-204 I

; SST Number
Figure 7. Cs-137 and Sr-90 Concentrations in Candidate TRU Tanks

'* At the present time, Cs-137 and $r-90 together with their daughters in secular equilibrium (Ba-137m and Y-90)
represent ~99% of the fission product activity in the Hanford tanks (Best Basis Inventory in the Hanford TWINS
database).
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two dotted/dashed lines near the top of Figure 7 indicate the Class C concentration limits for Cs-
137 (4.4 curies per liter) and Sr-90 (7 curies per liter)'".

All 11 SSTs would be Class A or Class B solely on the basis of the 10 CFR § 61.55
concentrations related to fission products'?. Based on the fission product content, DOE estimates

that all 11 tanks will result in contact-handled"

transuranic material content for each SST is indicated in Figure 8.

TRU once dewatered and packaged. The

The tanks are grouped in Figure 8 according to the primary origin of their contained wastes from
within or resulting from the BPP. The first eight tanks are all 200-series, 55,000 gallon, SSTs
that contain 224-B/T Pu Concentration Building wastes.

Figure 8. Candidate Contact-Handled Single-Shell Tanks TRU Waste Designation

Tahk Waste A Waste Types TRU Cs-137 | sr80 ...
Volume (kgal). | (See Key Below) {nanocuries/gm) (curies/liter) (curies/liter)
Group | - Single-Shell Tanks Containing 224 Building Waste Rt -
B-201 30 224 824 0.0002 0.002
B-202 29 224 214 0.0001 0.004
B-203 51 224 297 0.000008 0.00009
B-204 50 224 263 0.00003 0.0017
T-201 29 224 754 0.00004 0.0001
T-202 21 224 221 0.00003 0.000003
T-203 37 224 295 0.00002 0.000003
T-204 37 224 243 0.000009 0.000005
Group/ll - Single-SheIi-Tanks Containing 224-Building ‘Waste -
; and 2™ Decontamination Cycle Waste S
T-110 370 22412C . 0.00002 0.00004
T-111 447 224/2C/DW 182 0.0001 0.005
Group Il = Single-Shell Tanks Contajning 1* Decontamination Cycle Waste 2
T-104 | 317 | 1wcew ] 158 | 0.0002 | 0.003
e KEY TO WASTE TYPE DESIGNATION o
Waste Typel Description
1C First Pu Decontamination Cycle Waste from Bismuth Phosphate Plant
2C Second Pu Decontamination Cycle Waste from Bismuth Phosphate Plant
224 224-B/T Plutonium Concentration Building Waste
Cw Coating Removal Waste from Dissolution of the Coating on Spent Nuclear Fuel
DW Equipment decontamination waste from 221-T Plant

"' 10 CFR 61.55, Table 2. That regulation indicates the concentrations in curies per cubic meter. The Class C
concentrations for Cs-137 and Sr-90 are 4400 curies per cubic meter and 7000 curies per cubic meter, respectively.
' The wastes exceed the Table 1 limits in §61.55 for alpha-emitting radionuclides, however, for defense wastes
containing alpha-emitting radionuclides, the TRU definition in the WIPP Land Withdrawal Act are governing.

' Contact dose at the package surface will be less than 200 mR/hour.
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The second group of tanks contain Pu Concentration Building wastes along with wastes from the
BPP second decontamination cycle. T-111 also contains decontamination wastes.

The last group has one tank, T-104. It received BPP wastes from coating dissolution and the first
decontamination cycle.

DOE has used historical information, sampling, and analysis to determine that the 11 SSTs
identified in Figures 7 and 8 are valid candidates to receive a contact-handled TRU designation.
That designation will be achieved through a ROD pursuant to the National Environmental Policy
Act of 1969.
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APPENDIX A — Chemical Reactions for the Bismuth Phosphate Flow Sheet

221B/221T Buildings: Spent Fuel Processing, (Bismuth Phosphate era)

Matal Wasse 17 DECON CYCLE

COATING REMOVAL WASTE, COMBINED

WITH 137 DECON CYCLE WASTE Urannim & 90% of FP WASTE ~ 1% of FP
TO BT 101-108 Yo BT 184109
a2

B Plant: 1945 - 1852
¥ Plact. 1945 1358

2% DECON CYCLE
WASTE < 0.1% FP
ToBT 110 112

T Plant
1952 - 1956

To Reverse Weil

224-BJT Buildings:
Pu Purification Cycle

Pu PRODUCT TO 231-2

Coati
NaAlO2
NaOH
Chemical Additicns NaNO3
+ 388-gallons 26wit% NaNO, | — NaNO2
- 84-gations 50wt% NaOH ! NaSiO3
o : - 300-gallons water | Pu
" ALSt Jacksted Urankam | y
* Fuel Slugs Y Votume:

Removal Waste (C'

1.16 M

1.09 M

0.73 M

0.81 M

0.04 M

1-gram

451 4-grams
795-gattons

« 6,600-pounds of
irradiated fuel elements

T Diesoiver
i g et

{100 to 108°C)

Nots: Uranium Fus! Elements

Remain in Dissolver for Next Step

2 Al + 2NaOH + 3 NaNO3
BAI+5NaOH +3NaNO3+2H20 _____, 8NaAlO2 + 3 NH3

ety 2 N2AIO2 + 3 NaNO2 + H20

NOTE: The BPP flowsheets in Appendix A were developed by Michael Johnson of CH2MHILL Hanford
Group, Inc in December 2003 based upon his review of historical Hanford documents and records as

identified at the end of this appendix.
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Dissolution

Chemical Additions

[ + 186-gallons 83wth% H,50,

+ 270-galions water

Chemical Additions
{Repeated 3 times)

» 447 -gallons 60wt% HNO,

« 30-galions 0.385wt% Hg(NO,),

—
i .

{100 t0 115°C)
Note: Mercury catalyzed
dissolution used beginning in 1851

Volume: 3,480-gallons

4.755-gram
2,996 4-kgms.

h

U+8HNO3 —— UQ2(NO3)2 + 6 NO2 (gas) + 4 H20
U+4HNO3 ., UOZ(NO3)2 +2NO (gas) + 2 H20

650-gafion batch transfer to Uranium
Separation / Plutonium Extraction Step
Pu 330-grams
U 563.6-kgs

Py + 8B HNO3 ——e  Pu{NO3M4 + 4 NO2 (gas) + 4 H20
Note: Pu is dissolved and forms Pu nitrate in the +3, +4, and +6 valence state

Uranium Separation / Plutonium Extraction

(Sheet 1)
il
URANIUM
SEPARATION
Mwm

- 81-galions water
+ 12.8-gallons 24wt% BIONO, - 19wt% HNO,
« §3-gallons 73.5wt% H,PO, - 1.5wt% HNO,
- 14.9-gallons 25wt% NaNO,

hemical itign:
= 180-galions water

Chemical Additions !

+ 385-galions water |
- 28.6-gallons 25wt% NaNO2 !
J

L1

I

Precipitator Vessel

{85°C; then cool to 50°C)

e Centrifuge
(Pu Solids
Remain

o

Pu Valence Adjustment
{Convert Pu (i) and (V) to (IV}

{75°C)

3 Pu{NO3)}4 + 4 HIPO4 s

Pu(NO3)3 + NaNO2 + 2 HNO3 ——— Pu (NO3) + NO (gas) + NaNO3 + H20

BIONO3 + H3P0O4 —_—

PuO2(NO3)2 + NaNO2 + 2HNO3 ——=  Py(NO3)4 + NaNO3 + H20

in Bowl)

Pu3(PO4)4 solid + 12 HNO3
BiPO4 solid + H20 + HNO3

DOE/ORP-2004.01
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Separation / Plutonium Extraction

g

(Sheet 2)

“Solution Extraction

Chemical Additions

URANIUM < 149-galions 50wt% NaOH
SEPARATION « 746-gallons 30wt% Na,CO,
Extraction Effluent
HNO3 0.15M
H2S04 042M
HIPO4  044M NeIPOL 026 M
From [ NanO3 oMM v 561.1-kgs
Sheel 1 u 561.1-kgs Pu 1.3-grams
Py 1.3-grams Fission >90%
Fission > 90% Products
Praducts
Chemical Additions
- 95-galions 60wt% HNO,
- 6-galions water
J: Py 320gams
Centrifuge u 1.861-kgs
’ Fission less than 10%
{Pu Solids Products
[ Dissolution)

Pu3(PO4)4 + BiPO4 + 15 HNO3 (conc.) ——» 3Pu (NO3)4 + Bi(NO3)3 + 5 H3P0O4

To Single-Sheil
Tanks

To First
Decontamination
Cycle for Pu

First Decontamination Cycle for Plutonium

Sl

¥ DECON
CYCLEFOR PU.

(Sheet 1)

Chemicat Additions
- 8.5-gallons 10wt% NaBiO,
+ 2.7-gailons 10wt% Na,Cr,0,
+» 106-gallons water

Chemical Additions
= $51-galions water
- 7.5-galions 10wt% NaBiO,
* 3-galions 24wt% BIONO, — 10wt%
HNO,
« 8.3-gailons 10wt% Na,CrO,
*3.4-gallons 1.5wt% Zr - 1.5wt% Ce
« 9.5-gallons 65.9wt% H,PO, - Twt%
Na,CrO, - 1.35wt% HNO,

Pu {iV} to Pu (V1)

Oxidation
(45°C)

(Pu remains in solution,
BiPO4, Zr and Ce
precipitated)

Pu(NO3)4 + NaBiO3
BIONO3 + H3PO4

Precipitation

—  PuO2(NO3)2 + BIONO3 + NaNQO3
—+ BiPO4 (solid) + HNO3 + H20
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Chemical Reactions for the Bismuth Phosphate Flow Sheet
First Decontamination Cycle for Plutonium

Chemical Additions
+5.8-gallons t10wt% Na,Cr;0,
» 124-galions water

{Sheet 2)

Centrifuge

To Sheetd

(Solids Remain
in Bowi)

Chemical Additions
+ 12T-gallons 60wi% HNU,

- 30-gallons water
- 7.7-galions H;0, (dissolves
Zr and Ce solids)

—

Centrifuge

Dissolution)

Phosphale insoluble fission
products such as Ce'* and
Zf“

To 1
Decontamination
™ Cycle Waste

(Sheet §)

!

First Decontamination Cycle for Plutonium

™

(Sheet 3)

CYCLEFOR PV

Chemical Additions
- 73-gallons 14wt% (NH,),SIF, (solubitizes
remaining Zr and Nb fission products)
- 87.5-gallons 20wt% Fa{NH,),{SO,),
+ 7.5gallons 24wt% BIONQ, ~ 19wt% HNO,
« 39-gallons 73.5wt% H,PO, — 1.5wt% HNO,

Pu Solutlan
From Sheet 2

Chemicat Additigns

- 120-gallons water

Centrifuge

Pu (V}} to Pu {1V}
Redugtionand i (pySolids Remain
Precipitation in Bowl see sheet 4)

{ : 6 M
(NH4)2S04 0.018 M
“(NH4)251F6 . 0.044 M
NaNO3 -0.009 M
Pu 2.1-grams
U 1.73kgs
Zr and Nb fission
products

To 1
Decontamination
Cycle Waste

{Sheet 5)

PuO2(NQO3)2 + 2 Fe(NH4)2(S04)2 + 4 HNO3 — Pu(NO3)4 + Fe2(S04)3 + 2 NH4NO3 + (NH4)2S04

3 Pu(NO3) + 4 H3PO4 —»  Pu3(PO4)4 solid + 12 HNO3
BiIONO3 + H3PO4 —» BiPO4 solid + H20 + HNO3
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

First Decontamination Cycle for Plutonium
(Sheet 4)

CYCLE FOR PU

Chemical Additions
- 86-gallons 66wt% HNO, To 2
- 6-gatlons water Decontamination
Cycle for Pu

Centrifuge
(Pu Solids
Dissolution)

=1
{ V] 0.045-kgs

From Sheet 3

Pu3(PO4) + BiPO4 + 15 HNO3 (conc.) —— 3Pu (NO3)4 + Bi(NO3)3 + 5 H3PO4

First Decontamination Cycle for Plutonium
(Sheet 5)

o Chemical Additions
» 219-galions 50wt% NaOH

H3 ivd _ Ll PO4 ;
| Fe2(S04)3° 0.018M 5 05 M
Cr(NO3)3  0.0046 M NO3 15M
(NH4)2S04 0.018 M SiF6 0.031 M
(NH4)2SiF6 0.044 M Na 206 M
NaNO3 0.008 M Pu 4.6grams
Pu 2.1grams Phosphate insoluble fission u 1.82-kgs
U 1.73-kgs | products such as Ce™ and Fission products less than 10%
(Ru™8, Ce'¥  Zr%, Sr%, and Cs'7)

L'l

[ To single-Sheh Tanks |
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium

{Sheet 1)
ey, £ 0

CYCLE FORPY

Chemical Additions
+ 680-galions water
- 7.6-gallons 73.5wt% H,PO, -
1.5wt% HNO,

" Chemical Additions
- 9.8-gallons 10wt% NaBiO,
- 3.1-gallons 10wt% Na,Cr,0,

Precipitation
r——'{ To Sheet 2

{(Puremains in
Pu (IV) to Pu (V1) sl tien)
Oxidation

{45°C)

Decontamination ”i:yc ej

Pu(NO3)4 + NaBIO3 —» PuO2(NO3)2 + BIONO3 + NaNO3
BiONO3 + H3PO4 —+  BiPO4 (solid) + HNO3 + H20

Second Decontamination Cycle for Plutonium
(Sheet 2)

T2 Decontamination Waste >

Chemicai Additions
« 114-gallons water

CYCLEFORPU

HNO3  1OM 5 —
N32Cr207 0.001 M J To Sheet 3
NaNO3 0.003 M

From Centrifuge Pu 324-grams
Sheeot 1 (Solids Remain U 0.18-grams

in Bowl)

! hemical Addition:
| « 50-gallons 60wt% HNO,
« 6-gallons water e o 5

BiPO4 0.146 M
HNO3 882M To 2n¢
Pu 0.6-grams | Decontamination

Cycle Waste
Centrifuge {Shest 5)
R R () =t » ({Solids -

Dissolution)

o

P =
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

CYCLE FOR Py

(Sheet 3)

HNO,

HNO,

Chemical Additions
+ 83-galions 14wt% (NH,),SIF,
« 80-gallons 20wt% Fe(NH,),(SO,),
* 6.8-gallons 24wt% BiONO, — 19wt%

* 35-galions 73.5wt% H,PO, - 1.5wt%

Pu Solution
From Sheet 2

Pu (V1) to Pu (IV)

> Reduction and
Precipitation

Chemical Additions

+ 150-gallons water

DOE/ORP-2004-01

Second Decontamination Cycle for Plutonium

CrNO3)3  0.002M
(NH4)2S04 0.015M |
(NH4)2SiF6 0.038 M
NaNO3 0.004 M
NH4NO3 003 M
Pu 0.7-grams
U None

b

I].

——

Centrifuge
(Pu Solids Remain

! in Bowl see sheet 4)

To 2~
Decontamination
Cycle Waste

(Sheet 5)

PuO2(NO3)2 + 2 Fe(NH4)2(S04)2 + 4 HNO3 — Pu(NO3}4 + Fe2(S04)3 + 2 NH4NO3 + (NH4)2504

3 Pu(NO3M +4 H3PO4 —»  Pu3(PO4M solid + 12 HNO3

BIONO3 + H3PO4 —»

BiPO4 solid + H20 + HNO3

Second Decontamination Cycle for Plutonium

f! ‘HEnﬁum 5@‘ E:)'

Chemical Additions

= 67-gallons 66wt% HNO,

« 6-gallons water

l‘

Centrifuge
(Pu Solids

FEomiShestd §= Dissolution)

Pu3(PO4}4 + BiPO4 + 15 HNO3 (conc.) ——» 3Pu (NO3)A + Bi(NO3)3 + 5 H3PO4

(Sheet 4)

HNO3 746 M
Pu 323-grams
u 0.18-grams

To 224
Concentration
Building
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium

2% DECON

CYCLEFORPU '

BiPO4 0146 M
HNO3 9.82M
Pu 0.8-grams

Tyt |

| CriNO3)3 - 0.00 =

(Sheet 5)

{NH452504 0.015M
(NH4)2SiFB' 0.036 M
NaNO3 0.004 M
NHANO3  0.03 M
Pu 0.7-grams
U None

| S

7| - 174-galions 50wt% NaOH

Chemical Additions

LA 4
S04 0.038 M !
SiF6 0.026 M l
NO3 0.99 M
Na 1.60 M

Fission products jess than 0.1%

!
Pu 1.3-grams |
{ Ru™®, Ce™*, Z*%, S, and Cs'¥) i

| Tosingle-Shell Tanks |

Bismuth Phosphate Cross-Over:
Pu (IV) to Pu (VI) Oxidation

From 221 Plant 2™
Decontamination
Cycle for Pu

7.06M

HNO3
Pu 323-grams
U 0.18-grams |

Chemical Additions
- 86-galions water
* 32.8-gailons 3.9wt% NaBiO, -
1.4wt% Na,Cr,0,

Pu (V) to Pu (VI} Oxidation
(45°C)

e TP b s s
- BIPO4
Precipitation

Pu(NO3)4 + NaBiO3 — PuO2(NO3)2 + BIONO3 + NaNO3
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Bismuth Phosphate Cross-Over:
BiPO4 Precipitation (sheet 1)

(1) o

Chemical Additions Chemical Additions
» 175-gallons water * 90-gallons water
* 5.2-gallons 73.5wt% H,PO, -
1.5wt% HNO,

| Oxidation "H3PO4 ‘0.09M
S Na2Cr207  0.005M
BiPO4 Precipitation Centrifuge Pu 322-grams
. 2 (Solids Stay in
{75°C digest; cool to 35°C) Bowl see sheet 2)
(Removes Zr and Nb Fission
ProAUTIE) To Lanthanum Fluoride

By-Product (sheet 1)

BIONO3 + H3PO4 — BiPO4 solid + HNO3 + H20

Bismuth Phosphate Cross-Over:
BiPO4 Precipitation (Sheet 2)

m@&g Precipitatio} <4
) rws——,

Chemical Additions
- 89-gallons 60wt% HNO,

Centrifuge * 224 Waste Solution |
{Solids Dissolution R AR
from sheet 1) HNO3 11.7M
BiPO4 48.6 gmiL
Pu 0.4-grams J
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Lanthanum Fluoride By-Product:
LaF3 Precipitation (sheet 1)

LaF3 Precipitatioc)

d

(TR >
R

Chemical Additlons
« 176-galions water
» 20.5-gallons 5wi% KMnO,
«23-pounds HF
+ 23.5-gallons 10wt% La salt -

Chemical Additions
~ 60-gallons 8wt% HNO,

10 wit% HNO3

LaF3 Precipitation |

(Removes La and Rare
Earth Fission Products) |

Centrifuge
(Solids Stay in
Bowi to Sheet 2)

DOE/ORP-2004-01

 Na2Cr207  0.005 M

001 M
0.19M
001 M
346-grams

,r To Lanthanum

1 Fluoride By-Product

| (sheet 4)

La(NH4)2(NO3)5 + 3 HF —» LaF3 + 2NH4NO3 + 3 MNO3

Lanthanum Fluoride By-Product:
LaF3 Precipitation (sheet 2)

N T

LaF) Precipiator

JE—

| PR

Chemical Additions
+18-galions 60wt% HNO,

Chemical Additions
« 15-galions Swt% KMnQO,

Chemical Additions
+30-galions 6wt% HNO,

* 8-galions 1.25wt% Na,Cr,0,

* 10-pounds HF

+ 180-gallons water

r

LaF3 Solids Centrifuge
Rework ry : .
Centr;fuge Hewerk S (Solids Stay in
Bowl to Sheet 3
(Solids Removal From Sheet 1) HNO3 12M )
LaF3 4.72 gmil.
Na2Cr207 0.0t M
KMnO4 0.02 M
HF 029 M

A-100f 13
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Lanthanum Fluoride By-Product:
LaF3 Precipitation (Sheet 3)

Chemical Additions
« 240-gallons water

{

Centrifuge
(Solids Removal from Sheet 2)

LaF3 4.07 gm/iL
Pu 0.2-grams

Lanthanum Fluoride By-Product:
Pu (VI) to Pu (IV) Reduction and Precipitation (sheet 4)

Chemical Additions Chemical Additions Chemical Additions
« 33.4-gallons H,C,0, Second Precipitation « 58-galions 6wt% HNO,
» 66-pounds HF * 6.4-gallons 10wt% La Sait
« 6.4-gallons 10wt% La sait

Third Precipitation
+ 3.2-gallons 10wt% La

Saits
LaF3 Precipitation
(from sheet 1) A ’
[ PuF4 / 2-LaF3 Centrifuge
Precipitation . (Pu/la Solids MA(NO3)2  0.01M

Stay in Bow to H2C204  0.025M

Metathesis) Cr(NO3)3  0.006 M

. N NH4NO3  0.005M

Solution Recycled for Two Additional H2S04 0.004 M
Precipitation Steps Pu 0.7-grams

2 HNO3 + H2C204 + PuO2(NO3)2 — Py(NO3}M + CO2 (gas) + 2 H20
Pu(NO3)4 + 4 HF ~— PufF4 + 4 HNO3
2 La(NH4)2(NO3)5 + 6 HF —+ 2LaF3+ 6 HNO3 + 4 NH4NO3

A-110f13
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Plutonium Metathesis (sheet 1)

Chemical Additions
= 130-galions water
« 7-gallons 34wt% KOH

Metathesis Digest
(80°C for 1.5-hours) ’
] Centrifuge

{Pu Solids stay in
bowl to Sheet 2)

Chemical Additions
« 78-gallons water
« 32-gallons 50wt% KOH

4
Centrifuge
(Pu / La Solids from
Pu Reduction &
Precipitation)

4.87-gm
0.077 M
KOH 3.0M

Pu 345-grams

PuF4 solid + 4 KOH —— Pu(OHM solid + 4 KF
2 LaF3 solid + 6 KOH— 2 La(OH)3 solid + 6 KF

» 4.5-gallons water
*» 2.4-gallons 60wt% HNO,

A

Centrifuge
(Pu Solids Dissolution: — e :
from Sheet 1) ‘La(NO3)3  053M
KNO3 0.16 M
Pu(NO3M4 0.054 M
Pu 345-grams

Pu(OHM solid + 4 HNO3  —— Pu(NO3)4 +4 H20
La(OH)3 solid + 3 HNO3 — La(NO3)3 +3 H20

A-120f 13
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

224 Building Waste

Chemical Additions
« 185-gatlons 50wt% NaOH

f G HNO3 M
HNO3 11.7M LaF3 4.07 gm/L
BiPO4 48.6-gmiL Pu 0.2grams
Pu 0.4-grams
- - Mn 0.33
H2C204 0.025 M C204 129 .
CriNO3)3 0.006 M NH4 0.12
X oo NH4NO3 0.005M S04 0.35
e DB P ECT T V ] H2S04 0.004 M Pu 1.4-grams
NHANO3. 0.001 M Pu 0.7-grams Less than 0.001% of
KNO3 0.004 Fission Products that
KF 0.032 entered with spent fuel to
| Pu 0.1-grams 221 Plant

r__l

{ To Single-Shell Tanksj

References for Appendix A Flowsheets:

HW-10475-C, 1944, Hanford Technical Manual Section C, General Electric Hanford Atomic
Products Operation, Richland, Washington

HW-23043, 1951, Flow Sheets and Flow Diagrams of Precipitation Separations Process,
General Electric Company, Richland, Washington

HW-26365, 1952, Brief Summary of Separations Processes, General Electric Company,
Richland, Washington
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APPENDIX B — Bismuth Phosphate and PUREX Process Waste Stream Characteristics

Table B-1. Comparison of Bismuth Phosphate and PUREX Process Waste Streams

Waste Stream Gross Beta Gross Gamma Sr-90 Cs-137 Waste Waste Batch Comment
Radioactivity | Radioactivity uCi/ml pCitmi Batch (gallons /U
pCifmti uCi/ml Yolume Ton
(gallons)"
T ; i # e 2 iy ey SR S EES . i
221-T/221-T Bismuth Phosphate Plant and 224-T / 224-B Pu Concentration Processing Wastes :
Uranium Separations Metal 127 22 Not Reported Not 2380 3840 Average of three samples taken
Waste Reported in 1947, Fission products in
Metal waste had decayed for | td
2 years; see Table B-2.
Uranium Separations Metal | Not Reported Not Reported 0.59 573 Not Average Cs and Sr
Waste Reported concentrations in Metal waste
after U removal in the TBP
Plant; sce Table B-3
First Pu Product 0.39 0.22 0.0058 0.15 2822 4551 Average fission products
Decontamination Cycle concentrations in 1C/CW
(1C) Waste mixed with waste; see Table B-3.
Coating Removal Waste
W)
Second Pu Product 0.0018 0.003 Not Reported Not 2090 3370 Average fission products
Decontamination Cycle Reported concentrations in 2C waste;
(2C) Waste see Table B-2
224 Pu Product 0.14 0.03 Not Reported Not 2200 3550 See HW-10728, page 9, 1948,
Concentration Building Reported Process Waste Dara - 200
Waste Areas, Letter from R. S. Bell
1o file dated August 12, 1948,
General Electric Company,
Richland Washington
PUREX First Cycle Raffinate
Waste Stream Gross Beta Gross Gamma Sr-90 Cs-137 Waste Waste Batch Comment
Radioactivity | Radioactivity pCi/mi pCi/mi Batch (gallons /U
nCi/mi puCi/ml Yolume Ton
(gallons)
PUREX 1WW Not Reported Not Reported 5,300 5.100 100 100 HW-52824, page 7, 1957,
(concentrated agueous | Ultimate Disposal of PUREX
waste from 1™ cycle solvent Wastes, General Electric
extraction before Company, Richland
concentration and | Washington.
neutralization; after [-year (1957 PUREX Flowsheet for
decay) processing 600 MWD / ton
] natural U fuel)
PUREX 1WW Not Reported Not Reported ~ 218,800 ~12,700 657.4 41.1 ARH-214, 1968, PUREX
(concentrated aqueous {includes Sr* (assuming Chemical Flowsheet
waste from 1* cycle solvent | and Sr*% 16-tons Processing Aluminum Clad
extraction after sugar Urantum Uranium Fuels, Atlantic
denitration, concentration processed Richfield Hanford Company,
and neutralization) per batch) Richland Washington.
(1968 PUREX Flowsheet for
processing 600 MWD/ton
natural U fuel; includes
internal recycle of wastes and
sugar denitration of | WW)

' Bismuth Phosphate Process waste volumes are from HW-23043, 1951, Flow Sheets and Flow Diagrams of Precipitation
Separations Process, General Electric Company, Richland, Washington
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Preface

Although historically the Department of Energy (DOE) has managed wastes within the Hanford
tank farms as high-level radioactive wastes (HLW) as a matter of operations management policy,
DOE has long maintained that, based on origin, process history, and radiological characteristics,
the wastes in any specific tank may actually be HLW, transuranic waste (TRU), or mixed low-
level waste (MLLW). DOE, therefore, has planned to appropriately designate wastes into one of
those categories once the wastes are ready for retrieval for treatment and disposal.

Accordingly, the DOE Office of River Protection (ORP) identified 11 single-shell tanks (SSTs)
that contain wastes from the Bismuth-Phosphate Process (BPP). The BPP, the first production-
scale spent nuclear fuel (SF) reprocessing process ever used, was deployed during the Manhattan
Project (World War II) to separate plutonium from SF. The BPP was only used at Hanford and
was replaced 50 years ago by more efficient solvent extraction reprocessing processes, i.e.,
REDOX and PUREX. An important feature of the BPP relative to waste designation is that it
was a batch process, a feature that allows ORP to clearly distinguish where SF existed (or did
not exist) within the process. The BPP used chemical additions to selectively dissolve and
precipitate plutonium compounds so that the plutonium could be separated from other SF
constituents by liquid/solids separations via centrifugation. Multiple water washes each followed
by centrifugation ensured very high degrees of solids separation from process liquids, e.g.,
separation of plutonium precipitates from liquids produced directly in SF reprocessing.

The BPP created HLW that will be treated in the Waste Treatment Plant currently under
construction at Hanford and subsequently disposed of in the national repository. The BPP also
produced waste streams that are not HLW by origin as those wastes were not produced during
the reprocessing of SF. The fact that the wastes are not HLW is confirmed by waste fission
product concentrations that are orders of magnitude less than those the U.S. Nuclear Regulatory
Commission requires to be disposed of in a geologic repository (10 CFR Part 61, Low-Level
Radioactive Waste Disposal).

This document explains the BPP and identifies which BPP steps produced HLW and which did
not on the basis of where SF reprocessing actually took place within the series of BPP batch
treatment steps. As a result, this document provides a technical and regulatory basis for DOE-
ORP to determine that wastes from the BPP that are now contained in 11 Hanford SSTs (B-201,
B-202, B-203, B-204, T-201, T-202, T-203, T-204, T-104, T-110, and T-111) are TRU due to
waste origin and confirmed by radionuclide content. This document was developed in full
consideration of extensive technical evaluations of historical BPP and tank farm source
documents and records that were performed by the current Hanford tank farm contractor, CH2M
HILL Hanford Group, Inc. CH2M HILL’s evaluations included historical records and process
information produced by Hanford site contractors that operated the BPP over its 1945-1954
operating history. Information derived from those historical documents is consistent with the
radioactive and chemical characteristics of the wastes in the 11 SSTs. Accordingly, this
document is believed to provide a reasonable and sound basis to support a DOE-ORP
determination that the wastes in the 11 SSTs identified above are TRU. Once those wastes are
put into a suitable form for disposal, appropriately packaged, and characterized in a manner that
conforms to the Waste Isolation Pilot Plant (WIPP) waste acceptance criteria and permit
requirements, those wastes should be suitable for disposal of at WIPP.
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Executive Summary

A diversity of Hanford’s tank waste generation operations over the past 60 years has led to large tank-to-
tank differences in radioactive material concentrations. Understanding how and why these differences
occurred is important to reaching sound waste management decisions. Of particular interest are wastes
generated from the Bismuth Phosphate Process (BPP), the first ever spent nuclear fuel (SF) reprocessing
and plutonium (Pu) recovery process. That is, in part, because wastes generated by several BPP process
steps are candidates for a transuranic waste (TRU) determination as illustrated and discussed below.

The BPP, unlike later Hanford solvent extraction-based reprocessing approaches (i.e., REDOX and
PUREX), consisted of a series of individual batch processes which selectively dissolved and precipitated
specific materials to recover Pu. It achieved thorough liquid/solids separation via centrifugation and
multiple water rinses of the centrifuge solids cake, thereby removing liquids and soluble materials from
the cake. Each batch process step resulted in an extensive and selective separation of the process wastes
from the process product streams. As a result, out of the five distinct BPP process steps (coating
dissolution, U dissolution, U separation, 1% decontamination cycle for Pu, 2" decontamination cycle for
Pu,), only two involved SF reprocessing: U dissolution and U separations.

221B/224T Buildings - Bismuth Phosphate Process 224-BIT Buildings l
i = || Pu Concentration
COATING l URANIUM ] URANIUM 15T DECON 240 DECON
DISSOLUTION | DISSOLUTION | SEPARATION CYCLE FORPU CYCLEFORPU o
Clad SF De.Clad SF Dissolved SF Pu B
L£A | | £ ] | IJ
\ 4 v 6
Waste HLW Waste Waste

The coating removal process did not create high-level waste (HLW) because it only dissolved the
aluminum coating leaving the SF intact. That process did not dissolve SF and its wastes were mildly
contaminated.

High-level waste (HLW) including all liquids produced directly in the reprocessing of SF existed only
within the U dissolution and U separation processes. Acids introduced during U dissolution dissolved the
SF, placing the Pu, the U, and all of the fission products in solution. The U separation processes then
selectively precipitated the Pu, leaving the U and fission products in solution.

The liquid waste from U separations contained over 99.5% of the SF constituent elements including
>99.5% of the U, ~99% of the Cs-137, and ~90% of the Sr-90 (DuPont 1944). The liquid and solid
wastes produced during U dissolution and U separation therefore fall squarely within the definition of
HLW as set forth in the Nuclear Waste Policy Act of 1982 (NWPA). The extensive liquid/solids
separations and multiple rinses conducted during U separations assured that any liquid wastes produced
directly in reprocessing were discharged as liquid wastes and did not follow the Pu precipitate into the 1
or 2™ decontamination cycles or beyond.

The Pu precipitate, once triple rinsed, contained >99.5% of the Pu, <0.5% of the U, and ~10% of the
fission products. At least half of the fission products were short-lived isotopes that decayed to deminimis
levels within 1-2 years. Because the SF constituent elements were separated during U separations, no SF
was present in the subsequent decontamination cycles. Accordingly, wastes from the 1¥ and g
decontamination cycles and Pu concentration process are not HLW based on the NWPA HLW definition.
The low fission product concentrations in those wastes is consistent with a non-HLW designation. It is

it



therefore DOE’s position that, on the basis of origin and content, the wastes in the 11 SSTs that received
the wastes from coating removal, the 1* and 2™ decontamination cycles, and Pu concentration (T-104, T-
110, T-111, B-201 through B-204, T-201 through T-204) are not HLW.

Moreover, the wastes in those 11 SSTs meet the definition of transuranic waste set forth in the NWPA
and the Waste Isolation Pilot Plant (WIPP) Land Withdrawal Act of 1996 and are, therefore, candidates
for disposal at WIPP in New Mexico. DOE’s formal determination that the wastes are TRU would occur
via Record of Decision (ROD) in accordance with the National Environmental Policy Act of 1969
(NEPA). Based on that ROD, the wastes would be retrieved, dewatered, packaged, certified, and then
disposed of as TRU at WIPP. Once dewatered and packaged, wastes from all 11 SSTs will be contact-
handled, exhibiting package surface dose rate less than 200 mR/hour.

v



Basis for Designating Certain Hanford Tank Wastes as TRU
1.0 BACKGROUND - Hanford Wastes Vary Significantly Tank-to-Tank

Hanford’s 149 single-shell tanks (SSTs), 28 double-shell tanks (DSTs), and 60 miscellaneous
underground storage tanks (MUSTs) collectively store ~54 million gallons of radioactive mixed
defense wastes containing ~190 million curies of radioactivity. The wastes in those tanks have
varying origins. For example, although extensive spent nuclear fuel (SF) reprocessing operations
were conducted at Hanford, not all tank wastes originated during the reprocessing of SF. Tank
wastes were produced by a number of Hanford defense-related operations associated with
removing cladding from SF, purifying the plutonium (Pu) product, decontaminating
equipment/facilities, and performing laboratory analyses. Rather than being the actual
reprocessing of SF, these operations occurred prior to, following, or incidental to SF
reprocessing. Such diversity in Hanford’s tank waste generation operations resulted in large
tank-to-tank radioactive material concentration differences. Understanding these differences is
important to sound waste management decisionmaking. The magnitude of the large tank-to-tank
radionuclide concentration differences are graphically and numerically illustrated in Figures 1
and 2, respectively. For example, the five tanks' with the highest inventories of radioactive
materials in Figure 1 collectively contain ~ 50 million curies whereas the 10 tanks® with the
lowest radioactive material inventories collectively contain less than 5 thousand curies; this is a
factor of 10,000 difference. Furthermore, specific radionuclide concentrations can vary by
factors greater than 1 million from tank-to-tank as illustrated in Figure 2 for Cs-137 and Sr-90,
the two most prominent radionuclides in the tanks.

24,000,000
20,000,000
NOTE: This bar graph indicates the total curies contained in
each Hanford DST and SST based on the Best Basis inventory.
. Font size limitations prevent listing the actual tank numbers on
th is of this fi 3
S 16,000,000 bbbl e
j
@
[«%
‘3 12,000,000
s
o
]
‘S 8,000,000
—
4,000,000
0

SO RPR PP P RPEPLP L PRI PR P PP T LSS EOP

Hanford Tanks Ordered By Total Curie Content

Figure 1. Radionuclide Inventories in the Hanford Tanks Span Over Four Orders of Magnitude

! In order of curie inventory, high to low, the tanks are AZ-101, AZ-102, AY-102, A-105, and AX-104.
2 Not ordered by curie inventory, the tanks are B-201, -202, -203. -204; T-201, -202, -203, - 204; and U-203 and
U-204.
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Source: Best Basis Inventory in the TWINS Database

There are several reasons why there is such a wide range of fission product inventories in the
Hanford tanks. First, while some tanks received highly radioactive wastes produced during the
reprocessing of spent nuclear fuel, other tanks did not. Second, the Bismuth Phosphate Process
(BPP), the world’s first production-level reprocessing process which was carried out at Hanford
during the Manhattan Project starting in 1944, created large quantities of relatively low-curie
waste compared to the waste produced by later, substantially more efficient processes such as
REDOX and PUREX. Third, a 1960s/70s Hanford tank waste campaign extracted large
amounts of Cs-137 from liquids in most Hanford tanks and Sr-90 from wastes in the A and AX
farm tanks. That campaign reduced the collective Hanford tank farms’ fission product content by
approximately 40%°. Fourth, tank capacities vary from 55,000 gallons to over 1 million gallons
and tanks are filled to varying degrees.

Cs-137 Sr-90
(Cilliter) Tank (Ciniter) Tank
| Highest Concentration ~1.9 AX-104 ~79 AX-104
Lowest Concentration 0.00001 T-204 <0.000003 T-202
Ratio (High/Low) 200,000 30,000,000
Figure 2. Highest and Lowest Cs-137 and Sr-90 Concentrations in Hanford Tanks
Source: Best Basis Inventory in Hanford TWINS Database

This variability in waste sources and concentrations has led the Department of Energy (DOE) to
consider the origin and the characteristics of wastes in each tank in planning its treatment and
disposal strategies. Some examples of wastes discharged to tanks that did not originate directly
during the reprocessing of spent nuclear fuel include:

» Decladding wastes resulting from dissolving the metallic cladding (coating) from the spent
nuclear fuel in order to expose the actual fuel to reprocessing acids.

» Wastes from processes used to clean and/or concentrate recovered Pu product materials in
order to achieve requisite Pu purity levels for weapons use.

» Laboratory wastes resulting from the sampling and analysis of various process and waste
streams resulting from Hanford operations.

» Wastes from the cleanup of contaminated facilities and/or equipment.

Regardless of the characteristics or origin of the waste in any given tank, as a matter of policy,
DOE manages the Hanford tank farm wastes as high-level radioactive wastes (HLW) while those
wastes are stored in the tanks. This does not mean that DOE classified the wastes as HLW but
rather, that DOE employs an appropriately conservative management practice to ensure that the
highest levels of safety and best management practices are in place during the storage, retrieval,
and handling of the Hanford tank farm wastes.

3 The cesium and strontium were converted to cesium chloride and strontium fluoride and encapsulated. The
campaign was undertaken to reduce the decay heat load on the tanks, however, beneficial uses for the capsules were
sought and many capsules were deployed on commercial and government initiatives.
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In the sections that follow, the BPP is described with a focus on determining (a) when SF was
present such that the “reprocessing of spent nuclear fuel” actually occurred in a process, (b)
which BPP processes created “liquid waste produced directly in reprocessing [of SF]”, and (¢)
which BPP processes appear to have resulted in solid materials with “fission products in
sufficient concentrations” to warrant permanent isolation. The BPP is compared and contrasted
as appropriate with the PUREX process for the simple reason that most people think of the
PUREX process when they think of reprocessing. PUREX was used across the DOE weapons
complex for Pu and uranium (U) recovery. It was used in the U.S. on a limited basis for
commercial reprocessing. Finally, PUREX is used internationally for commercial and defense
reprocessing purposes (PNNL 1998). Conversely, the BPP was an earlier process used only at
Hanford in the U.S. government’s first production-level campaigns to recover Pu for defense
purposes. It processed less than 8% of the SF reprocessed at Hanford.

2.0 BISMUTH PHOSPHATE PROCESS

As illustrated in Figure 3, the BPP* was carried out in 221-T plant from 1944 to 1956 and in 221-
B plant from 1945 to 1952. As the first reprocessing process ever used at production levels to
separate Pu from SF, it was conceived with an emphasis on time and purpose rather than
efficiency. The BPP was a batch process. It deployed a complex chemistry that selectively
dissolved and precipitated targeted chemical compounds such that simple liquid/solids
separations equipment (centrifuges) could isolate Pu from the other materials in the spent fuel as
well as materials introduced in the BPP. To place the process in perspective, the government’s
objective was to separate the one part Pu produced in the fission process from the roughly 10,000
parts of U and fission products that it was dispersed amongst in the SF.

The BPP was quite different from successor reprocessing processes. For example, its sole
purpose was to recover Pu. Uranium was discharged as a waste. Conversely, REDOX and
PUREX recovered Pu and U, each as a separate product. Also, REDOX and PUREX were
continuous solvent extraction processes which used a small fraction of the chemical additives
that the BPP required for separations. As a result, the BPP created over 200 times more waste
than PUREX per ton of U fuel processed. The BP U Separations process created approximately
~3800 gallons of high-level

waste per ton of U (GE 195])  BismuthPhosphate

while PUREX created ~40 T-Plant
gallons per ton (ARHCO 1968).
This resulted in Hanford’s B-Plant

PUREX wastes having
substantially  higher  fission
product concentrations than BP
wastes. For example, wastes
discharged from the BP U Pl 4
Separations process, the BP 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

waste stream with the highest
fission product concentrations, Figure 3. Operating Time Frames for Spent Nuclear Fuel
Reprocessing Processes at Hanford

REDOX

PUREX

* The BPP flowsheets are provided in Attachment A and comparisons between the BPP and the PUREX process
wastes are provided in Attachment B.
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Figure 4. Generalized Bismuth Phosphate Process Flow Diagram
Source: Johnson 2003.

were reported to have Cs-137 concentrations of approximately 60 Ci/m® (GE 1955), < 0.5% of
the 13,000 Ci/m> Cs-137 concentrations in PUREX 1% cycle raffinate wastes after neutralization
(ARHCO 1968).

Figure 4 depicts the major BPP steps. The discussion that follows traces the SF, the Pu product,
and the process wastes through the BPP [Note that the numbering of the subsections that follow
correspond to the numbers within each outlined block in Figure 4]. The following discussions include
general information regarding the chemical processes used. More detail regarding the BPP
chemistry and mass flow information can be found in Attachment A.

2.1 Coating Dissolution (Decladding — Figure 4, Block 2.1)

Prior to the actual reprocessing of SF, the aluminum cladding (or coating) had to be removed to
expose the U to the acids that would be used to dissolve it. A boiling sodium nitrate/sodium
hydroxide solution was used to dissolve cladding. While virtually all of the radioactive fission
products remained within the intact spent fuel matrix, small amounts of radioactive materials at
the surface of the fuel slugs entered decladding solutions. Decladding operations are considered a
“head end” process and not part of spent fuel reprocessing since the spent fuel remained intact
throughout the decladding process. The decladding wastes were subsequently combined with 15
cycle Pu decontamination waste (discussed in Section 2.3) to use the excess sodium hydroxide in
the decladding wastes to neutralize acids in the 1% cycle decontamination wastes.

2.2 Uranium Dissolution and Uranium Separation (Figure 4, Block 2.2)

Following decladding, the U fuel slugs were dissolved in nitric acid. Once dissolved, water and
sulfuric acid were added to convert the uranyl nitrate to uranyl sulfate. Next, bismuth nitrate and
phosphoric acid were then added and a bismuth phosphate carrier was formed that extracted Pu
from solution as a precipitate. The uranyl sulfate remained in solution along with nearly all of the
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cesium and approximately 90% of the strontium (CH2MHill 2002). The bismuth phosphate
carrier and Pu were then precipitated as a filter cake via centrifuging, the filter cake was rinsed
with water and re-centrifuged three times to remove any waste liquids and soluble fission
products that may have been initially entrained in the filter cake, and then the Pu cake was
transferred to the first Pu decontamination cycle (GE 1951).

Approximately 10% of the fission products that were dissolved with the U stayed with the Pu
cake when it moved from U separations to the first Pu decontamination cycle. In addition to
strontium, substantial quantities of short-lived® fission products, such as zirconium-95 (Zr-95)
and niobium-95 (Nb-95), were co-precipitated.

2.3 Plutonium Decontamination (Figure 4, Block 2.3, 1* and 2™ Decon Cycles) .

In the first Pu decontamination cycle, the Pu was oxidized to the +6 valence state via the addition
of sodium bismuthate and sodium dichromate. Sodium bismuthate, phosphoric acid, zirconium
nitrate, and cerium nitrate were added to precipitate bismuth phosphate and fission products
(primarily strontium, cerium, and zirconium). The bismuth phosphate and fission product
precipitate were centrifuged to separate them from the Pu which remained in the liquid phase.
Following separation, the Pu in the liquid phase was reacted with bismuth subnitrate and
phosphoric acid to produce a bismuth phosphate carrier and co-precipitate plutonium phosphate.
The bismuth phosphate carrier and plutonium phosphate solids were separated from the liquids
by centrifugation. The plutonium phosphate solids were water washed and centrifuged three
times. The bismuth phosphate and plutonium phosphate solids were then dissolved in nitric acid,
forming plutonium nitrate and bismuth nitrate in solution. This solution was then transferred to
the second decontamination cycle where the first decontamination process steps (except for
zirconium nitrate and cerium nitrate addition) were repeated to further purify the Pu product.

2.4 Plutonium Concentration _Building (224-B/T) Wastes (Figure 4, Block 2.4)

The Pu from 221-B/T plants was transferred to the 224-B/T Plutonium Concentration Building to
remove the bismuth phosphate and residual fission products which were essentially all short half-
life contaminants. The Pu solution was received at 224-B/T in a +4 valence state. It was first
oxidized with sodium bismuthate to a +6 valence state. Phosphoric acid was added to precipitate
bismuth phosphate along with residual Zr-95 and Nb-95 fission products, which were then
removed by centrifugation leaving the Pu in solution. Hydrogen fluoride and lanthanum fluoride
were added to precipitate remaining fission products leaving the Pu in solution. Hydrogen
fluoride and lanthanum salts were then added to create lanthanum fluoride and plutonium
fluoride solids which were separated by centrifugation. The lanthanum fluoride and plutonium
fluoride solids were reacted with potassium hydroxide to produce lanthanum hydroxide and
plutonium hydroxide. The lanthanum hydroxide and plutonium hydroxide solids were reacted
with nitric acid to produce the high purity Pu nitrate/lanthanum nitrate product.

5 Zr-95 has a 64-day half-life and Nb-95 a 35-day half-life. In addition to the Zr-95, other phosphate insoluble short-
lived fission products such as Ce-144 (~284 days) were removed to achieve the desired plutonium purity and
handling characteristics. The fission products of concern relative to long-term waste management and disposal are
Cs-137 (~30 years) and Sr-90 (~29 years) which together with their daughters, Ba-137m and Y-90, account for
~99% of the curies in the Hanford tanks at the present time.
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Targeted radionuclides for removal were primarily short-lived fission product and daughter
isotopes of zirconium, cerium, lanthanum, ruthenium, praseodymium, and yttrium (DuPont
1945), many of which were difficult to physically separate from the Pu via precipitation
processes. Thus, multiple precipitation steps were used in the first and second Pu
decontamination cycles and the Pu Concentration Building to separate these short-lived fission
products from the Pu product.

3.0 CLASSIFICATION OF TANK WASTES FROM THE BISMUTH PHOSPHATE
PROCESS

Although the BPP is referred to using the generic term ‘reprocessing’, the BPP actually consisted
of batch chemical process operations. Unlike the later solvent extraction processes (REDOX,
PUREX) which were continuous flow and continuously connected, each operation within the
BPP took place on a batch basis. Figure 5 illustrates a typical BPP process step. Feed material
enters a process tank. The feed could consist of a re-dissolved solids (such as SF or a Pu cake)
from a centrifuge or it could be the liquid phase from a centrifuge as illustrated in Figure 5. In
either case, chemical additives (such as those listed in Section 2) are used to selectively keep
certain chemical species in solution and to precipitate other species. The mixture is then
transferred to a centrifuge where the solids are separated from the liquids by centrifugal force.
The liquids are discharged from the centrifuge as it spins and the solids are retained. The tank
where the feed and additives were mixed is then rinsed with water to ensure all precipitates are
removed. Clean rinse water is sprayed onto the solids in the centrifuge (~3 parts water to 1 part
solids) while it operates to replace any process liquids that may have been entrained in the solid
cake. The centrifuge is operated two cycles to de-water the cake. Water is again sprayed onto the
solids in the centrifuge in a second cake rinse (~3 parts water to 1 part solids) while it operates to
wash trace quantities of dilute process liquids from the solid cake. The centrifuge is operated
two cycles to de-water the cake. All liquids including rinses pass on to the next process step or
are discharged as a waste based on the specific process operation. The solids are dissolved and
then transferred to the next BPP process or discharged as a waste, again based on the specific
BPP process operation.

In the manner discussed above, each BPP batch process achieved a highly effective liquid/solids
separation without cross contamination between batch operations.

Additives that selectively precipitate Triple Rinse
specific chemicals in the feed stream Solids w/Water

-

) Centrifuge
. Fe:: :a:):‘:t'l " ‘ Liquid/Solids
.g.. z Separation

Triple-Rinsed
Solids

Figure 5 ~ Typical Bismuth Phosphate Process Operation
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The clean separation liquid/solid separations and distinct break between BPP operations provides
an ability to clearly demark where reprocessing of SF did and did not occur, where “liquid waste
produced directly in reprocessing” was present and where it was not, and consequently, which
BPP process operations created HLW and which did not. The process logic is described below.

3.1 Where Did Spent Nuclear Fuel Reprocessing Occur?

SF reprocessing could only occur during BPP process steps where the SF constituent elements
existed in solution. That is because the Nuclear Waste Policy Act of 1982 (NWPA) clearly
defines spent nuclear fuel as “fuel that has been withdrawn from a nuclear reactor following
irradiation, the constituent elements of which have not been separated by reprocessing.”

Based on that definition, the reprocessing of SF in the BPP occurs during the U dissolution and
U separation processes6 as illustrated in Figure 6. The U dissolution and U separation processes
are the only points along the BPP flowsheet where all of the constituent elements of the SF
existed in one place. The U dissolution process places the SF constituent elements (U, Pu, fission

prodl{cts) into solution. All of the e
constituent elements of SF exist at place beyond this
that point. The U separations process point are not I
then selectively precipitates the Pu. fuet which ceased to
All of the SF constituent elements ?Pupfodud exispturinguragium
A = 1 separafion; the

are present in the mixing tank and in remaining processes

J are decontaminating
the centrifuge. : the plstostn

¢ PN product.

Once liquid/solids separations occur § 2 fosion prockices by bmuth | Spent nuclear fuel
in the U separations centrifuge, the | | fsion products remain n he | e 1 e‘m“
SF  constituent  elements  are |!meams ' '
separated into waste apd Pu product :HLW:
cake. At the completion of the Pu ot .
product cake water rinses in the b Ll
centrifuge, the constituent elements Figure 6. Bismuth Phosphate Reprocessing Processes

of the SF have been fully separated and reprocessing is complete. The resultant waste and
product streams are as follows:

» Uranium Separations Liquid Waste Stream — This waste stream includes ~99.5% (by
mass) of all materials present in the SF prior to dissolution including ~99.5% of the U,
~90% of all fission products including ~99% of the Cs-137 and ~90% of the Sr-90, a
small fraction of the Pu, and chemicals/acids used to keep those materials in the liquid
phase (CH2M HILL 2002, Johnson 2003), and

» Plutonium Product Cake — The Pu product cake includes the precipitated Pu, ~0.5% of
the U, and ~10% of the fission products, at least half of which are short-lived fission
products and daughters (Johnson 2003).

¢ Before uranium dissolution, reprocessing cannot occur since the SF constituent elements could not be separated by
reprocessing while still in solid form.
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3.2 Which Liquid Wastes Were Produced Directly In Reprocessing?

‘[L}iquid waste produced directly in reprocessing’ could only have been created during U
dissolution and U separations as those two BPP process steps were the only steps where
reprocessing took place as described above. The liquid wastes produced directly in reprocessing
were separated from the Pu product by centrifugal action.

The Pu product stream was thoroughly rinsed and centrifuged multiple times to remove all traces
of the liquids produced directly in reprocessing (and the undesirable contaminants contained in
such liquids) from the Pu cake. By the time the cake was transferred to the first Pu
decontamination cycle, any residual liquids produced directly in reprocessing that remained in
the cake would have been diluted by ~1000:1 and would have represented <0.1% of the volume
of liquid created during U dissolution and U separations’, a negligible volume and concentration.
It is therefore DOE’s position that the only ‘liquid waste produced directly in reprocessing’ from
the BPP is the liquid waste stream discharged from the U separations process to the SSTs.

3.3 Which BPP Wastes Are HLW?

For the BPP it is evident from then preceding discussions that the liquid waste stream discharged
from the U separations process contained “highly radioactive material resulting from the
reprocessing of spent nuclear fuel”. Those wastes therefore meet the definition of HLW set forth
in the NWPA®:

“High-level radioactive waste means:

(A) the highly radioactive material resulting from the reprocessing of spent nuclear fuel,
including liquid waste produced directly in reprocessing and any solid material derived
from such liquid waste that contains fission products in sufficient concentrations; and

(B) other highly radioactive material that the NRC, consistent with existing laws,
determines by rule requires permanent isolation.”

The U separations liquid waste stream is therefore identified in Figure 6 as HLW. That waste
stream contained approximately 95% of the fission products important to DOE in determining
the waste disposal pathway, i.e., ~99% of the Cs-137 and ~90% of the Sr-90, the two fission
products that, with their secular equilibrium daughters, account for 99% of the radioactivity in
the Hanford tanks®.

7 Cake volume approximately 10 gallons, moisture content ~30%. Waste from U separations approximately 2400
gallons (GE 1951). On that basis, (10)(0.3)/2400 = 0.1% of liquids produced directly in reprocessing should remain
in the cake after first liquid/solid separation. Each rinse used 30 gallons of water (GE 1951). Assuming 3 gallons of
liquid in the cake (30%) and three separate 30 gallon rinses (including tank rinse), each rinse should reduce the
concentration by a factor of 10. Moreover, any such liquid would be highly diluted (by a factor of 1000 due to the
three rinses) before the cake was dissolved and transferred.

® This same definition is incorporated by reference into the Atomic Energy Act of 1954 (AEA), as amended, and the
Waste Isolation Pilot Plant Land Withdrawal Act.

®Ba-137m and Y-90 are daughters of Cs-137 and Sr-90, respectively, that are in secular equilibrium, i.e., the half-
life of the parent radioisotopes (Cs-137 and Sr-90) is so much longer than that of the daughters that the radioactivity
of the daughters is essentially equal to that of the parent.
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The liquid wastes produced directly in reprocessing are part of that waste stream and were not
present in the BPP Pu-related processes that followed U separations.

Accordingly, wastes from the BPP 1* and 2" decontamination cycles are not HLW. Similarly,
wastes from Pu concentration activities that further processed the product stream from the BPP
in 224-B/T buildings were also not HLW.

4.0 TRU DETERMINATION — Candidate Wastes for Classification as Contact-Handled
TRU

The Waste Isolation Pilot Plant Land Withdrawal Act defines transuranic waste (TRU) as:

“waste containing more than 100 nanocuries of alpha-emitting transuranic
isotopes per gram of waste, with half-lives greater than 20 years, except for (A)
high-level radioactive waste; (B) waste that the Secretary has determined, with
the concurrence of the Administrator, does not need the degree of isolation
required by the disposal regulations; or (C) waste that the Nuclear Regulatory
Commission has approved for disposal on a case-by-case basis in accordance
with Part 61 of'title 10, Code of Federal Regulations™.

The waste streams from the BPP first and second decontamination cycles and the Plutonium
Concentration Cycle that were carried out in the 224-B/T buildings are currently contained in 11
SSTs along with the decladding waste. Based upon the discussions in Section 3, none of those
tanks contain HLW as defined in the NWPA.

Cs-137 Class C = 4.6 Cifliter Sr-90 Class C = 7 Cifliter

Cs-137

E 224
RS —(_‘;C_\ r__zf__\ p
S oot
2
E
S 0.0001-
o
8
.ué_" 0.00001
£.000001 = ‘ il . A i
Figifé 7 TE8-13 7 and8t-96 Bonehitraftéls i Eandfdate TRU THks

SST Number
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Fission product concentrations'® for the wastes in the 11 SSTs are illustrated in Figure 7. The
two dotted/dashed lines near the top of Figure 7 indicate the Class C concentration limits for Cs-
137 (4.4 curies per liter) and Sr-90 (7 curies per liter)'".

All 11 SSTs would be Class A or Class B solely on the basis of the §61.55 concentrations related
to fission products'?. Based on the fission product content, DOE estimates that all 11 tanks will
result in contact-handled> TRU once dewatered and packaged. The transuranic material content
for each SST is indicated in Figure 8,

The tanks are grouped in Figure 8 according to the primary origin of their contained wastes from
within or resulting from the BPP. The first eight tanks are all 200-series, 55,000 gallon, SSTs
that contain 224-B/T Plutonium Concentration Building wastes.

Figure 8. Candidate Contact-Handled Single-Shell Tanks TRU Waste Designation

Tank Waste Waste Types TRU Cs-137 Sr-90
Volume (kgal) (See Key Below) {nanocuries/gm) (curies/liter) (curies/liter)
Group | - Single-Shell Tanks Containing 224 Building Waste :
B-201 30 224 824 0.0002 0.002
B-202 29 224 214 0.0001 0.004
B-203 51 224 297 0.000008 0.00009
B-204 50 224 263 0.00003 0.0017
T-201 29 224 754 0.00004 0.0001
T-202 21 224 221 0.00003 0.000003
T-203 37 224 295 0.00002 0.000003
T-204 37 224 243 0.000009 0.000005
Group Il - Single-Shell Tanks Containing 224 Building Waste
and 2" Decontamination Cycle Waste

T-110 370 224/2C S 0.00002 0.00004
T-111 447 224/2C/DW 182 0.0001 0.005

Group lll — Single-Shell Tanks Containing 1> Decontamination Cycle Waste
T-104 | 317 | 1ciew ] 158 | 0.0002 | 0.003

KEY TO WASTE TYPE DESIGNATION
Waste Typel Description

1C First Pu Decontamination Cycle Waste from Bismuth Phosphate Plant
2C Second Pu Decontamination Cycle Waste from Bismuth Phosphate Plant
224 224-B/T Plutonium Concentration Building Waste
Ccw Coating Removal Waste from Dissolution of the Coating on Spent Nuclear Fuel
DW Equipment decontamination waste from 221-T Plant

' At the present time, Cs-137 and Sr-90 together with their daughters in secular equilibrium (Ba-137m and Y-90)
represent ~99% of the fission product activity in the Hanford tanks (Best Basis Inventory in the Hanford TWINS
database).

10 CFR 61.55, Table 2. That regulation indicates the concentrations in curies per cubic meter. The Class C
concentrations for Cs-137 and Sr-90 are 4400 curies per cubic meter and 7000 curies per cubic meter, respectively.
12 The wastes exceed the Table 1 limits in §61.55 for alpha-emitting radionuclides, however, for defense wastes
containing alpha-emitting radionuclides, the TRU definition in the WIPP Land Withdrawal Act are governing.

3 Contact dose at the package surface will be less than 200 mR/hour.
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The second group of tanks contain Plutonium Concentration Building wastes along with wastes
from the BPP second decontamination cycle. T-111 also contains decontamination wastes.

The last group has one tank, T-104. It received BPP wastes from coating dissolution and the first
decontamination cycle.

DOE has used historical information, sampling, and analysis to determine that the 11 SSTs
identified in Figures 7 and 8 are valid candidates to receive a contact-handled TRU designation.
That designation will be achieved through a ROD pursuant to the National Environmental Policy
Act of 1969.
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Chemical Reactions for the Bisnuth Phosphate Flow Sheet

APPENDIX A — Chemical Reactions for the Bismuth Phosphate Flow Sheet

221872217 Buildings: Spent Fuel Processing, (Bismuth Phosphate era)

|
|
‘ COATING
|
|

DISSOLUTION

FNCOCYGE 2% pCORCYIE
WASIF - X 4P WASTE <RIRIP
TO BT Wt 103 To R 104 109 TaBTIW- 12

]

B&T Farms i
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102 105 108 111 ] 224-B/T Buildings:
I Pu Purification Cycle
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Coating Dissolution

A | s

COATING

DISSOLUTION g [ c5ting RemovalWa> Coafing Removal Waste (CW)

NanNO2 116 M

NaOH 109M

Chemical Additions NaNO3 073M

- 388-gallons 26wt% NaNO, NaNO2 081M

« 84-gallons 50wt NaOH NaSio3 004M

- = 300-gallons waler Pu 1-gram
~ Al-St Jacketed Uranium U 451 4-grmams

3L 0. -2 Vome:  795-gallons
» 6,600 pounds of T T
irradiated fuel elements Y Dissolver
(100 to 108°C)
Note: Uranium Fuel Elements
Remain in Dissoiver tor Next Step
2 Al +2 NaOH + 3 NaNO3 —» 2NaAlO2+3 NaNO2 +H20

8AI+5NaOH +3NaNO3+2H20 ___, 8NaAlO2+3NH3

NOTE: The BPP flowsheets in Appendix A were developed by Michael Johnson of CH2MHILL Hanford
Group, Inc in December 2003 based upon his review of historical Hanford documents and records as
identified at the end of this appendix.

A-10f 13




&

U+8HNO3 ——» UOANO3)2+6NO2(gas)+ 4 H20
U+4HNO3 __, UOZNO3)2+2NO (gas)+ 2 H20

Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Dissolution

URANIUM
DISSOLUTION

[- 186 galions $3wt% H,SO,

Chemical Addiions

Chemical Addions

{Repeated ) times)
- 447-gallons 68wt% HNO,
+30-gallons 8.385wt% Hg(N!
*2706-gallons wafer

|

Dissolver

{100 to 115°C)

Note: Mercury catalyzed
dissolution used beginning in 1351

- H2S04
Pu
U
Volume:

2,996 4-kgms
3.480-gallons

4

650-galion batch transter to Uranaam
Separation / Plutonisn Extraction Step
Pu
u

330-grams
563.6-kgs

Pu +8 HNO3 —— Pu(NO3¥ + 4 NO2 (gas) + 4 H20
Note: Pu is dissolved and forms Pu nitrate in the +3, +4, and +6 valence state

Uranium Separation / Plutonium Extraction

[T Ssoluton

SEPARATION

{Sheet 1)

Chemical Additions

«81-galions water
= 12 8-gallons 24wt BIONO, - 19wt HNO,
«53-gallons 73 5wt¥% H,PO, — 1 Swi% HNO,

L’

« 14 9-gallons 25wi% NaNO,
Chemical Additions ‘
= 385-gallons water - &
~ 28 5-gallons 25wt% NaNO2 Precipitator Vessel
{85°C; then cool to 50°C})

Chemical Addiions

= 180-gallons wafter

it

Pu Valence Adjustment
= {Convert Pu (1} and {V1} to IV}

75°C) 3PuNO3¥ +4 H3PO4 —» Pu3(PO4)4 solid + 12 HNO3

Pu(NO3)3 + NaNO2 +2HNO3 ——» Pu (NO3) + NO (gas) + NaNO3 +H20

PuO2(NO3)2 + NaNO2 + 2HNO3 ——  Pu(NO3M + NaNO3 + H20

Centrifuge
(Pu Solids
Remain
in Bowl)

BiONO3 + H3PO4 —— BiPO4 solid + H20 + HNO3

To Sheet 2

A-20f 13



Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Separation / Plutonium Extraction

(Sheet 2)
[ el Sontion. > Chemical Addions
« 149-gailons 58wt% NaOH
- 746-gallons 38wt% Na,CO,

—

Exiraction Effluent
HNO3 0.15M
H2504 0.42M v To smgo-smﬂ
H3PO4 044M Na3PO4 026 M Tanks
From NaNO3 0.11 M U 561.1-kgs -
Sheet 1 u 561.1kgs Pu 1.3grams
Pu 1.3-grams Fission > 90%
Fission >90% Products
Produds
Chemical Additions
« 85 gallons 60wt% HNO, I ——
- 6-gallons water To First
Decontaminaion
Cyde for Pu
HNO3
- Pu 329-grams
Centrifuge u 1.861-kgs
Fission tess than 10%
('_D“ So.ds Products
Dissolution)
Pu3(PO4)M + BiPO4 + 15 HNQO3 (conc.) ——— 3Pu (NO3M +Bi(NO3)3 + 5 H3PO4
First Decontamination Cycle for Plutonium
{Sheet 1)
[ St il | Chemscal Additons
157 DECON « 551-gallons water
CYCLE FORPY - 7.5-gallons 10wt% NaBiO,
* 3-galions 24wt% BiONO, — 10wi’%
HNO,
- 8.3 gallons 10wt%Na,CrO,
+3 4-gallons 1 5wt% Zr — 1 5wit% Ce
- 9.5 galions 65.9W% H,PO, - Twit%
Chemical Addions [ Na,Cr0,~ 1 35wt HNO,
+ 8 5-gallons 10wiX NaBiO,
-27-gallons 10wt% NaCr,0,
- 106-galions water
! _M To Sheet 2
» ,X (Pu remains in solution,
Solution Extraction | Pu @IV} to Pu (V) B'POd'.Z_rz';g Ce
Oxidation J preciEsd)
{4%C)

PuNO3M + NaBiO3 —» PuO2(NO3)2 + BIONO3 + NaNO3
BIONO3+H3PO4 4 BiPO4 (solid) + HNO3 + H20



Chemical Reactions for the Bismuth Phosphate Flow Sheet

First Decontamination Cycle for Plutonium

(Sheet 2)
S

B,
1%t Decontamination Wastz/"
UL Uit iy
19" DECON - 7R

CYCLE FORPU

T

Chemical AddiSons
+5.8-gallons 10wtk Na.Cr,0,
= 124-gallons water e e
0.098 M
= ‘ 1.49M
Sy NahNO3 0.0071 M
Sheet 1 Py 326-grams
Centrifuge u 1.77-kgs
{Solids R
in Bowt)
T

jm———————— i
! Chemical Addifions | Dissolved Solids |
I | - 127.gallons 6owt%HNO, | Waste Solution
1 - 38-gallons water
1 - 7.7-gallons H,0, (dissolves BiPO4 0.11M
I Zr and Ce solids) Ce3(PO4M 0.0017 M To 1% .
! | Zr3(PO4M  0.0026 M — Decontamina
1 HMO3 71M Cycle Waste
] Centrifuge Pu 2.5grams (Sheet 5)
| R (Sobds - U 0.09-kgs

Dissohsti Phosphate insoluble fission

) products such as Ce'** and
Ze

First Decontamination Cycle for Plutonium

(Sheet 3)
“Plutoritm Solution. 3T DECO
1 N P Mo nias Sohtion
CYCLEFOR PU b
Chemical Additions dubifizes
e . 93M
- T3 gallons 14wk 1) S o T i
remaining Zr and Nb fission products) Fe2(S040 0018M
7 S-atoms 26wt BIONO, 1tk HNO, et i
- 30 gallons 73 5wk HPO, — 1 5wtk (NH4)2504 0018 M
73 5wi% H,PO, — 1.5wt% HNO, (NH4)2SiF6 0.044 M
Pu Solution | NaNO3 0.009 M
From Sheet 2 Chemical Additions v e
= 120-gailons water s S
Zrand Nb fission
products
Pu (V) to Pu IV} uswl Sy Decon II
Reduction and Bt see et
Predipitation : =
n see sheet 4) s
Cycle Waste
{Sheet 5)

PuO2(NO3)2 + 2 Fe(NH4)2(SO4)2 + 4 HNO3 —» Pu(NO3) +Fe2(S04)3 + 2 NHANG3 + (NH4)2504
3 Pu(NO3) + 4H3PO4 —» Pu3(PO4) solid + 12 HNO3
BIONO3 +H3PO4 —» BiPO4 solid + H20 + HNO3



Chemical Reactions for the Bismuth Phosphate Flow Sheet

First Decontamination Cycle for Plutonium

(Sheet 4)

St Decontamination Waste

CYCLE FORPY

i e W
Fomisheetd Dissolution)

Chemical Additions
« 86-gallons 66wt% HNO;
+ G-gallons water &
l} HNO3
Centrifuge B“

= To2™
Decontamination
0.063M
7.72M Sydicforty
324-grams
0.045-kgs

Pu3(PO4)4 + BiPO4 + 15 HNO3 (conc.) ——— 3Pu (NO3M + Bi(NO3)3 + 5 H3PO4

First Decontamination Cycle for Plutonium

15T DECON
CYCLE FORPUY

(Sheet 5)

1 Decontanination Waste

Waste Solution |

i (Sheet 3)

| HNO3 093 M
H3PO4 0.39M
Fe2(S04)3 0.018M
Cr(NO3)3  0.0046 M
(NH4)2504 0.018 M
(NH4)2SiF6 0.044 M
NaNO3 0.009M
Pu 2.1-grams
U 1.73-kgs

Dissolved Solids

Waste Solution

(Sheet 2)

BiPO4 011 M
Ce3(PO4M 0.0017 M
—+ | zr3(Po4ps  0.0026 M

HNO3 71M
Pu 2.5grams i
U 0.08-kgs

Phosphate insolubie fission [
products such as Ce'** and

e

Chemical Additions
- 219-galions 50wt% NaOH
En F = =
1= Decontamination Cycle
{1C) Waste
Bi 0.012M
Ce 0.0002 M
2r 0.0003 M
NH4 011 M
PO4 0.28 M
SO4 0.05M
NO3 1.5M
SiFe 0.031 M
Na 2.06 M
Pu 4.6grams
U 1.82-kgs
Fission products less than 10%
(Ru™® Ce™4  2r%5, Sr%0, and Cs'¥)

L‘

| ToSingleShell Tanks

AL olis



Chemical Reactions for the Bismuth-Phosphaie Flow Sheet

Second Decontamination Cycle for Plutonium

(Sheet 1)
! Chemical Addifions
22 DECON » 680-gallons waler
CYMETEY - 7.6-gallons 73 5wt% HPO, —
1.54CA HNO;
Chemical Addifions
+ 9.8 gallons 10wt% NaBiO,
- 3.1-galtons 10wt% Na,Cr,0,
Precipitation ——
(Pu remains in
’: 1% Decontamination Cydekm I Pu @iV} to Pu (V1) )
Oxidation
{45°C)

Pu(NO3}4 +NaBiO3 —» PuO2(NO3)2 + BIONO3 + NaNO3
BIONO3 + H3PO4 —+ BiPO4 (solid) + HNO3 + H20

Second Decontamination Cycle for Plutonium
(Sheet 2)

M DECON
CYCLE FORPU

Chemical Additions
- 114-gallons water

4 0.076 M
HNO3 1.0M

Na2Cr207 0.001 M
NaNO3 0.003 M

Centrifuge Pu 324-grams
(Solids Remain v 0.18-grams

in Bowl)
__________ T
1 " —
! Chemical Addifions  Dissolved Solids
I - 50-gallons 60wi% HNO, Waste Solution
] - 6-gallons water
1 BiPO4 0.146 M I
1 | HNO3 9.82 M To 274
] Pu 0 6-grams DecontaminaSon
I Cyde Wask:
} Centrifuge (Sheet5)
S————- »  (Soids
Dissolution)

ERTia A-6 0f 13




Chemical Reactions forthe Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium
(Sheet 3)

" Pitonum Solution ﬁﬂi
20 DECON

" Plutonium Solution

CYCLE FORPU ——— -
| Waste Solution
HNO3 0.74 M
Chenical Additions H3PO4 0.32 M
- 63-galions 14wt% (NH,),SiF, Fe2(SO4)3 0.015 M
- 80-galions 20wt Fe(NH,),{S0J, ] Cr(NO3)3  0.002M
+ 6.8-gallons 24wt’% BIONO; — 19wi% (NH4)2S04 0.015 M
HNO, (NH4)2SiF6 0.036 M
- 35-gallons 73.5w% H,PO, — t5wt% NaNO3 0.004 M
HNO, NH4NO3  0.03 M
Pu Solati L Pu 0.7-grams
From Sheet 2 Chemical Additions = il
- 150-galions water l‘l
To 2™
Decontamination
Pu {V1} t'? Pu {IV} Centrifuge Cycle Waste
—>  Reductionand e (Py Solids Remain feemed (Sheet 5)
Precipitation in Bowl see sheet 4)

PuO2(NO3)2 + 2 Fe(NH4)2(S04)2 + 4 HNO3 —» Pu(NO3M + Fe2(S04)3 + 2 NH4NO3 + (NH4)2S04
3 Pu(NO3)4 + 4H3PO4 —» Pu3(PO4M solid + 12 HNO3
BIONO3 + H3PO4 —» BiPO4 solid + H20 + HNO3

Second Decontamination Cycle for Plutonium
(Sheet 4)

[zvd Decontamination Was{é/‘

ikl
e L

2% DECON
CYGLE FORPU

Chemical Addifions
- 67-gallons 66wt% HNO, g
| w ' To 224
* 6-gallons water " { = -
Bi 0.069 M —>  Concentration

L HNO3 7.46 M Budding

N Pu 323-grams

Centrifuge U 0.18-grams

[Fommms |1 Fie
Fiips Shees Dissolution)

Pu3(PO4)4 + BiPO4 + 15 HNO3 (conc.) —— 3Pu (NO3) + Bi(NO3)3 + 5 H3PO4

A-70f 13



Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium
(Sheet 5)

__|  Chemical Additions
- 174_galions S0wt% NaOH
@'2’"’ Decontamination Cycle
(2C) Waste
~ Waste Solution ~
e 8i 0.006 M
Sheet3 Fe 0.033 M
= cr 0.001 M
issolved Solids HNO3 0.T4M || NHa 0.095 M
L Sulliie Fex8043 0,018 M Bou 1* s
A e i o
Sheet 2 -} |cmN03)3  0.002M == SiF6 0.026 M
) (NH4)2504 0.015 M NO3 0.99 M
BiPO4 0.146 M (NH4RSF6 0.036 M Na 160M
HNO3 982 M NaNO3 0.004 M Pu 1 3.grams
Pu 0.6-grams NH4NO3  0.03M Fission products less than 0.1%
Pu 0.7-grams (Ru'3 Ce'  7r¥ Sr% and Cs¥¥7)

U None l

[ To Single-Shell Tanks

Bismuth Phosphate Cross-Over:
Pu (IV) to Pu {VI) Oxidation

Chemmical Additions

- 96-galions wafer

- 32.8-gallons 3.9wt%, NaBiO, -
14wt% Na,Cr,0,

0.069M o Pu @IV} to Pu {VI) Oxidation
HNO3 746 M {45°C)

Pu 323-grams Precipitation
v} 0.18-grams

Pu(NO3} + NaBiO3 —> PuO2(NO3)2 + BIONO3 + NaNO3

A-8of 13



Chemical Reactions for the Bismuth Phosphate Flow Sheet

Bismuth Phosphate Cross-Over:
BiPO4 Precipitation (Sheet 1)

“BPO4 Precipitation Waste

TR SR

Chemical Additions Chemical Additions
- 175-galions water - 90-galions water
- 5.2-gallons 73.5w% H,PO, -
1.5wt% HNO,
Solution from 1.46 M
Oxidation | l H3PO4 0.09 M
% { Na2Cr207 0.005 M
BiPO4 Precipitation Centrifuge Pu 322-grams
(Solids Stay in
(75C digest;co 035°C) ||| gow see sheet 2)
{Removes Zr and Nb Fission
Rioslui:s) To Lanthanum Fluoride
By-Product {sheet 1)

BIONO3 + H3PO4 — BiPO4 solid + HNO3 + H20

Bismuth Phosphate Cross-Over:
BiPO4 Precipitation (Sheet 2)

BIPO4 Preciptation Weste

" Pu Solufiorr

Chemical Addiions
« 60-gallons 60wt% HNO,
b ' BIPO4 Precipitation
Centrifuge 224 Waste Solution |
(Sdlids Dissolution
from sheet 1) HNO3 11.7M
BiPO4 48.6 gm/L
Pu 0.4-grams

A-Sofl 13




Chemical Reactions for the Bismuth Phosphate Flow Sheet

Lanthanum Fluoride By-Product:
LaF3 Precipitation (Sheet 1)

LaF3 Pnclpltztlor i

ﬁ
Chemical AddiSons Chemical Addifions
* 176-gallons waler Go-gilom 6wt% HNO,
=205 gallons Swt% KMnO,
= 23-pounds HF
+23 5gallons 10wt La salt—
10 wt%a HNO3
H3PO4  0O0SM
Precipitation = Na2Cr207 0.005 M
LaF3 Precipitation Centrd KMnO4 001 M
(Solids Stay in HF 0.19M
{Removes La and Rare = Bowl to Sheet 2) NH4NO3 001 M
Earth Fission Products) Pu 346-grams

To Lanthanum
Fluoride By-Product
(sheet 4)

"~ Precipitation Sheet 2)

24-grams

La(NH4)2NO3)5 + 3HF —» LaF3 + 2NH4ANO3 + 3 HNO3

Lanthanum Fluoride By-Product:
LaF3 Precipitation (Sheet 2)

LaF3 Precipitatior]
d
Chemical Additions Chemical Additions Chemical Additio
-18-gallons 60wt’ HNO, ~ 15-galions Swi'. KMnO, -30-9:"0: elmx I'mo",s
- 6-gadlons 1.25wt% Na,Cr,0, - 10-pounds HF
- 180-galions werler
LaF3 Solids Centrifuge
~ _ -
: Rework Slurry {Solids Stay in
. Centrifuge — " Bowl to Sheet 3)
(Sdlids Removal From Sheet 1) .
LaF3 472gmL
Na2Cr207 0.01M

KMnO4 0.02M

GilE LRl “LaF3Precipitation |
{To Sheet 1)

Pu 24-grams

A-iver L3



Chemical Reactions for the Bismuth Phosphate Flow Sheet

Lanthanum Fluoride By-Product:
LaF3 Precipitation (sheet 3)

'LaF3 Precipitation Waste >

_ Pu(Vl)Soltion 5

7 LaF3 Precipitatics - —
TTPuIV Solufion
Chemical Additions
= 240-gallons water
A 4
Centrifuge ' LaF3 Precipitation i
{Solids Removal from Sheet 2) 224 Waste
| Solution
HNO3 -M
LaF3 4.07 gm/L
Pu 0.2-grams

Lanthanum Fluoride By-Product:
Pu (VI) to Pu (IV) Reduction and Precipitation (sheet 4)

“Pu (Vi) Solution

PuPrecipitation ivasnl)

Py (V) Metathess Stumy >

Chemical Additions Chemical Addiions Chemical Additions
- 33.4-gallons H,C,0, Second Precipitation - 58-gallons 6wt% HNO,
- 66-pounds HF « 6.4-gallons 10wt% La Salt
« 6.4-gallons 10wt% La salt E .o =
Third Precipitation '~ Pu Precipitation
= 32-galions 10wt% La 224 Waste
Salts Solution
'Solﬁﬁn fr e HNQO3 0.99 M
LaF3 Precipitation H3PO4 0.05M
{from sheet 1) L 4 E NaNO3 0.003 M
I PuF4 / 2-LaF3 Centrifuge e i
. Precipitation (Pt rSolids MR(NO3)2  0.01 M
Stay in Bowl to H2C204  0.025M
Metathesis) CHNO3)3  0.006 M
NH4NO3  0.005 M
Solution Recycled for Two Additional H2S04 0.004 M
Precipitation Steps Pu 0.7-grams

2 HNO3 + H2C204 + PUO2(NO3)2 —+ Py(NO3M + CO2 (gas) + 2 H20
Pu(NO3)M + 4 HF — PuF4 + 4 HNO3
2 La(NH4)2(NO3)5 + 6 HF — 2LaF3 + 6 HNO3 + 4 NHANO3

AR I

A-11of 13



Chemical Reactions for the Bismuth Phosphate Flow Sheet

Plutonium Metathesis (Sheet 1)

Chemical Additions
= 78-gallons water
= 32-gallons 50wt% KOH

Centrifuge
(Pu/ La Solids from
Pu Reduction &
Precipitation)

Chemical Additions
» 130-gallons water
- 7-gallons 34wt% KOH

)

Metathesis Digest
(80°C for 1.5-hours)

L Rk et ¥ AL
La(OH)3 4.87-gm/L
KF 0.077 M
KOH 30M

Pu 345-grams

l Centrifuge

(Pu Solids stay in
bowl to Sheet 2)

l_I

PuF4 solid + 4 KOH —— Pu(OHM solid + 4 KF
2 LaF3 solid + 6 KOH— 2 La(OH)3 solid + 6 KF

' Pu Metathesls
224 Waste
Solution

KOH 1.38 M
NH4NO3 0.001 M
KNO3 0.004

KF 0.032

Pu 0.1-grams

Plutonium Metathesis (Sheet 2)

"PU Mebathesis Waste

Chemical Additions
= 4. 5-gallons water
= 2.4-gallons 60wt% HNO,

¥

Pu(OH)4 solid + 4HNO3 —» PW(NO3)M + 4 H20
La(OH)3 solid + 3 HNO3 — La(NO3)3 +3 H20

Centrifuge ..
(Pu Solids Dissolution N
1 HNO3
from Sheet 1) La(NO3)3
KNO3
Pu(NO3)4
Pu

225M
0.53 M
0.16 M
0.054 M
345-grams

A-120f 13



Chemical Reactions for the Bismuth Phosphate Flow Sheet

224 Building Waste

Chemical Additions
- 185-gallons 50wt% NaOH

—

BiPO4 | | LaF3Precipitation | " PuPrecipitation | | Combined 224 Waste |
Precipitation 224 Waste 224 Waste SRRy (omL)
224 Waste Solution Solution 2'04 ;32
Solution -4 - = | NO3 424
HNO3 -M HNO3 0.99 M g 0.49
HNO3 1M17M LaF3 4.07 gm/L H3PO4 0.05 M E 56
BiPO4 48.6-gm/L Pu 0.2-grams NaNO3 0.003 M Na 36.8
Pu 0.4-grams oo KNO3 0.0t M K 853
" Pu Metathesis uF DM Cr 0.17
Ny n(NO3)2 0.01 M Mn 0.33
224 Waste H2C204  0.025M C204 1.29
Solution Cr(NO3)3  0.006 M NH4 012
e NH4NO3  0.005M S04 035
KOH 1.38 M H2S04 0.004 M Py 1.4-grams
NH4NO3  0.001 M Pu 0.7-grams Less than 0.001% of
KNO3 0.004 Fission Products that
KF 0.032 entered with spent fuel to
Pu 0.1-grams 221 Plant
—

To Single-Shell Tanks |

References for Appendix A Flowsheets:

HW-10475-C, 1944, Hanford Technical Manual Section C, General Electric Hanford Atomic
Products Operation, Richland, Washington

HW-23043, 1951, Flow Sheets and Flow Diagrams of Precipitation Separations Process,
General Electric Company, Richland, Washington

HW-26365, 1952, Brief Summary of Separations Processes, General Electric Company,
Richland, Washington
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APPENDIX B — Bismuth Phosphate and PUREX Process Waste Stream Characteristics

Table B-1. Comparison of Bismuth Phosphate and PUREX Process Waste Streams

Waste Stream Gross Beta Gross Gamma Sr-90 Cs-137 Waste Waste Batch Comment
Radioactivity | Radioactivity pCi/ml puCi/ml Batch (gallons / U
pnCi/ml puCi/ml Volume Ton
(gallons)"
221-T / 221-T Bismuth Phesphate Plant and 224-T / 224-B Pu Concentration Processing Wastes
Uranium Separations Metal 127 22 Not Reported Not 2380 3840 Average of three samples taken
Waste Reported in 1947, Fission products in
Metal waste had decayed for 1 td
2 years; see Table B-2.
Uranium Separations Metal | Not Reported Not Reported 0.59 57.3 Not Average Cs and Sr
Waste Reported concentrations in Metal waste
after U removal in the TBP
Plant; see Table B-3
First Pu Product 0.39 022 0.0058 0.15 2822 4551 Average fission products
Decontamination Cycle concentrations in 1C/CW
(1C) Waste mixed with waste; see Table B-3.
Coating Removal Waste
(W)
Second Pu Product 0.0018 0.003 Not Reported Not 2090 3370 Average fission products
Decontamination Cycle Reported concentrations in 2C waste;
(2C) Waste see Table B-2
224 Pu Product 0.14 0.03 Not Reported Not 2200 3550 See HW-10728, page 9, 1948,
Concentration Building Reported Process Waste Data — 200
Waste Areas, Letter from R. S. Bell
to file dated August 12, 1948,
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