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Abstract: This report presents work performed to date to establish
standard global anhd tank-by-tank component inventory estimates. This
work includes: global inventory reconciliations for 21 nonradioactive
components, that account for approximately 80 percent of the total tank
waste inventory (hydroxide accounts for an additional 15 of the
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To ensure that inventory values resulting from these evaluations are
technically defensible and reproducible, every attempt is being made to
document the bases, i.e., originating sources of assumptions, data, and
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EXECUTIVE SUMMARY

This report presents global best-basis inventory estimates for chemical and radionuclide
components in the 177 Hanford Site underground storage tanks. Tank-by-tank best-basis
inventories have also been developed as part of the Standard Inventory task and will be
published in the respective tank characterization report for each tank. In instances where a
tank characterization report has not been issued, the best-basis inventory is issued as a
preliminary tank characterization report. The methodologj for deriving global chemical and
radionuclide inventories, as well as individual tank inventories, is also presented in this

report.

Tank-by-tank waste inventories include 26 chemical and 46 radionuclide components for
each of the 177 single- and double-shell underfground waste storage tanks on the Hanford
Site. The global waste inventories reported herein represent the sum of each chemical br
radionuclide component (e.g., metric tons of sodium, nitrate, aluminum, etc., and curies of
239/240py, 137Cs, %08y, etc.) presently stored in the tanks. The chemical analytes selected
represent over 99 weight percent of the tank contents, and the radionuclides represent over
99 percent of the activity. Global and tank-by-tank inventories now serve as waste
composition data for Tank Waste Remediation System process flowsheet modeling work,

safety analyses, risk assessments, and waste retrieval, treatment, and disposal system design.

Information used to establish global inventories originated from key historical records

(e.g., essential material purchase records), from various chemical flowsheets used in

iii
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reprocessing of irradiated Hanford Site reactor fuels, and from calculations of radionuclide
isotope generation and decay. Tank-by-tank inventories are most often based on sample

analysis results.

In recent years, Los Alamos National Laboratory has revisited some of the historical
information for the development of the Hanford Defined Waste model.’,” This model
generates chemical and radionuclide inventory estimates for each of the underground tanks as
well as global inventories for both single- and double-shell tanks. These Hanford Defined
Waste model inventories are often inconsistent-with the currently used Tank Waste

Remediation System inventories.

A major objective of the Standard Inventory task was to resolve these inconsistencies
and to establish standard global and tank-by-tank inventories that benefit a multitude of was(e
management and disposal activities. Evaluations performed to resolve differences among
reported values involved reviewing the bases, i.e., assumptions, data, background

information, etc., that support these values. To ensure that inventory values resulting from

ldgnew, S. F., J. Boyer, R. A. Corbin, T. B. Duran, J. R. FitzPatrick, K. A. Jurgensen,
T. P. Ortiz, and B. L. Young, 1996, Hanford Tank Chemical and Radionuclide Inventories:
HDW Model Rev. 3, LA-UR-96-858, Los Alamos National Laboratory, Los Alamos, New
Mexico. '

2Agnew; S. F., J. Boyer, R. A. Corbin, T. B. Duran, J. R. FitzPatrick, K. A. Jurgensen,

. T. P. Ortiz, and B. L. Young, 1997, Hanford Tank Chemical and Radionuclide Inventories:

HDW Model Rev. 4, LA-UR-96-3860, Los Alamos National Laboratory, Los Alamos, New
Mexico.

v
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these evaluations are technically defensible and reproducible, every attempt was made to

document all bases that support these values.

Global inventory values resulting from nonradioactive component evaluations are
summarized in Table ES-1 along with the corresponding document section containing the
evaluation discussion. Global inventory values resulting from the radionuclide component

evaluations are summarized in Table ES-2. The global inventories, developed primarily by

purchase records and flowsheets, have yet to be reconciled with global inventories that can
be calculated by summation of the individual tank-by-tank inventories. This work is planned

for fiscal year 1998.

Table ES-1. Summary of Global Best-Basis Inventories for Nonradioactive Components.

. (2 Sheets)
Component Best-basis inventory (MT) Corresponding document section
Aluminum 7,845 5.1
Bismuth 580 5.2
Calcium 214 5.3
Carbonate 4,830 5.4
Cerium 8.8 5.5
Chloride 500 5.6
Chromium 785 5.7
Fluoride 1,360 5.8
Hydroxide 23,000 5.9
Iron 1,230 5.10
Lanthanum 51 5.11
Lead 279 5.12
Manganese 105 5.13
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Table ES-1. Summary of Global Best-Basis Inventories for Nonradioactive Components.

(2 Sheets)
Component Best-basis inventory (MT) Corresponding document section
Aluminum 7,845 5.1
Mercury 2.1 5.14
Nickel 111 5.15
Nitrite and Nitrate 85,700 5.16
Phosphate 6,000 5.17
Potassium 481 5.18
Silicon 570 5.19
Sodium 54,200 5.20
Sulfate 5,000 5.21
Strontium 31.3 5.22
Total organic carbon 4,000 5.23
UrorarL 965 6.3
Zirconium 440 5.24
Minor components

Cadmium 8.2 7.3.1
Silver 8.93 7.3.2
Thorium 25.6 7.3.3
Tungsten 15.9 7.3.4

Table ES-2. Summary of Global Best-Basis Inventories for Radioactive Components.

(3 Sheets)
Radionuclide c Corresponding document section
H 3.40 E+04 6.1
4c 4.81 E+03 6.1
>Ni 9.34 E+02 6.1
%Co 1.23 E+04 6.1
SNi 9.20 E+04 6.1
7Se 7.73 E+02 6.1
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Table ES-2. Summary of Global Best-Basis Inventories for Radioactive Components.

(3 Sheets)

Radionuclide ce Corresponding document section
908y 7.16 E+07 6.1 and 6.2
90y 7.16 E+07 6.1
3zr 3.63 E+03 6.1

P3mNB 2.69 E+03 6.1
PTc 3.26 E+04 6.1
T05Ry 1.04 E+05 6.1
3mcq 1.69 E+04 6.1
1Zgp 2.08 E+05 6.1
1266p 1.19 E+03 6.1
1291 6.30 E+01 6.1
I34cs 8.89 E+04 6.1
I37¢s 4.64 E+07 6.1and 6.2
I37mpq 4.39 E+07 6.1
I31gm 2.75 E+06 6.1
132p, 1.48 E+03 6.1
gy - 1.47 E+05 6.1
155Ey .1.36 E+05 6.1
226Ra 6.31 E-02 6.1
274¢ 8.76 E+01 6.1
228Ra 7.71 E+01 6.1
291R 1.81 E+00 6.1
ZIpg 1.56 E+02 6.1
321 2.11 E+00 6.1
B2y 1.23 E+02 6.1
#3y 4.76 E+02 6.1
B4y 3.46 E+02 6.1
B35y 1.45 E+01 6.1
Béy 9.57 E+00 6.1
Z7Np 1.41 E+02 6.1
238py 2.77 E+03 6.1

vii
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Table ES-2. Summary of Global Best-Basis Inventories for Radioactive Components.

(3 Sheets)

Radionuclide c Corresponding document section
B8y 3.22 E+02 6.1 and 6.3
235Py 3.91 E+04 6.1
240py, 8.93 E+03 6.1
2l 4m 6.99 E+04 6.1
241py 2.29 E+05 - 6.1
242py 1.16 E+00 6.1
242Cm 7.70 E+01 6.1
23 4m 9.34 E+00 - 6.1
243Cm 1.00 E+01 6.1
244Cm 2.42 E+02 6.1

“Decayed to January 1, 1994.

It is recognized that the standard inventory as reported in Tables ES-1 and ES-2 will
not satisfy all user’s needs. Expansion of the data set to include confidence intervals and

other program-specific needs (liquid/solid split, soluble/insoluble split, etc.) is already being

_planned. Users are referred to the Tank Characterization Database’ for the most current

Standard Inventory data set.

1PNL, 1994, TWINS User Guide Tank Waste Characterization Information Network
System Version 4.0, PNL-8824-2, Pacific Northwest Laboratory, Richland, Washington.
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STANDARD INVENTORIES OF CHEMICALS AND RADIONUCLIDES IN |
HANFORD SITE UNDERGROUND TANK WASTES

1.0 INTRODUCTION

_ After the primary mission at the Hanford Site changed from plutonium production to
environmental restoration, the U.S. Department of Energy (DOE) established the Tank Waste
Remediation System (TWRS) in 1991 to safely manage and dispose of the radioactive wastes
stored in underground tanks. Key activities for the TWRS include overseeing tank farm
operations and identifying, monitoring, and resolving the safety issues associated with those
operations and with the tank wastes. Disposal activities involve designing equipment,
processes, and facilities for retrieving wastes, and processing waste into a form that is
suitable for long-term storage/disposal. Safety analyses, engineering evaluations, risk
assessments, and regulatory issues connected with these activities require information about
the chemical and physical properties of tank wastes. To support these activities, chemical
information usually is required in the form of tank waste component inventories, on either a
global (total) or tank-specific basis.

There are multiple sources of tank waste inventory information, often with inconsistent
data. A task was initiated in FY 1996 to establish a best-basis standard inventory for
chemicals and radionuclides in Hanford Site tank waste. The goal is to resolve differences
among the many reported inventory values and to provide a consistent inventory basis for all
waste management and disposal activities. This report summarizes the work performed to -
establish standard tank component inventories on a global basis.

1.1 BACKGROUND

Global tank waste inventory information is presently reported in several sources
including the following:

e Estimated Inventory of Chemicals Added to Underground Waste Tanks, 1944
Through 1975 (Allen 1976)

* Hanford Defensé Waste Final Environmental Impact Statement (DOE 1987)
® Single-Shell and Double-Shell Tank Waste Inventory Data Package for the Tank
Waste Remediation System Environmental Impact Statement (Golberg and

Guberski 1995)

® Chemical and Radionuclide Inventory for Single and Double-Shell Tanks
(Shelton 1996)
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* The Hanford Tank Content Estimate (HTCE) documents (Brevick et al. 1997a,
1997b, 1997c, and 1997d)

e The Hanford Tank Chemical and Radionuclide Inventories: HDW Model Rev. 3
(Agnew et al. 1996) and the Hanford Tank Chemical and Radionuclide
Inventories: HDW Model Rev. 4 (Agnew et al. 1997a), which report predictions
of the Hanford Defined Waste (HDW) model developed by Los Alamos National
Laboratory (LANL)

~® National databases, such as the Federal Facility Compliance Act Database and
Integrated Database (DOE 1995).

Each of the inventory reports listed contains the best inventory knowledge available at
the time of publication. For example, inventories reported in the Single-Shell and
Double-Shell Tank Waste Inventory Data Package for the Tank Waste Remediation System
Environmental Impact Statement (Golberg and Guberski 1995) are based on those established
by Allen (1976) but also include those chemicals used in process operations after 1975. The
inventories reported by Shelton (1996), in support of TWRS process flowsheet modeling
work, correspond with DOE (1987) values with two exceptions: (1) TWRS double-shell tank
(DST) inventories were revised to reflect sampling data, and (2) TWRS single-shell tank
(SST) component inventories for aluminum, chromium, phosphate, and chloride were revised
as the result of a recent (1995) evaluation of these inventories. Finally, the HDW model
predictions were based on historical data and do not directly correspond to any of the global
inventory reports. Not surprisingly, the various global inventory sources provide inconsistent
inventory values.

Several attempts have been made over the years to distribute global component
inventories among individual waste tanks. The distribution is performed by: (1) estimating
component inventories using results from sample analyses, or (2) predicting component
inventories based on process knowledge and historical information. The result is that
tank-specific inventory sources also often report inconsistent inventory values.

Tank-specific inventories are contained in several sources including the following:

e Agnew et al. (1996 and 1997a), which report predictions of the HDW model
developed by LANL

® Tank Characterization Reports (TCRs)
® The HTCE documents (Brevick et al. 1997a, 1997b, 1997c, and 1997d)
® Radionuclide and Chemical Inventories for the Single-Shell Tanks

(Van Vieet 1993a) and Radionuclide and Chemical Inventories for the Double-
Shell Tanks (Van Vleet 1993b)

1-2



HNF-SD-WM-TI-740
Revision 0

e Multiple electronic databases, e.g., Tank Characterization Database (TCD)
(PNL 1994), Braun Database (Forehand 1995), and ICF-Kaiser Hanford Company
Database (Brevick et al. 1995).

The methodology used to establish a best-basis inventory on a global or tank-specific
basis involves a thorough review of all pertinent information sources to identify errors,
biases, inconsistencies, and missing information. The data sources typically include sample
analyses, process flowsheets, waste transaction records, reactor fuel data, and essential
material records. The reconciliation process used to estimate a best-basis inventory is
described in Sections 5.0, 8.0, and Appendix J of this report.

This report presents work performed to establish standard global component inventory
estimates. This work includes: global inventory reconciliations for 26 nonradioactive
components that account for approximately 99 percent of the total tank waste inventory,
global inventory reconciliations for an additional four (4) minor chemical components, and
global inventory values for 46 radionuclides. Tank-by-tank best-basis inventories that include
the same suite of chemicals and radionuclides for each of the 177 Hanford Site underground
storage tanks will be published in the respective TCR. To ensure that inventory values
resulting from these evaluations are technically defensible and reproducible, every attempt
was made to document the bases, i.e., originating sources of assumptions, data, and
background information, that support the inventory values.

1.2 DOCUMENT OVERVIEW
Information in this report is presented as follows:
® Section 1.0 provides background informatioﬁ regarding tank inventories.
® Section 2.0 provides an overview of the Standard Inventory task plan
and shows where the global component inventory work fits within this

plan.

e Section 3.0 summarizes data requirements that served as the
foundation for the global inventory work.

e Section 4.0 introduces the chemical processes that generated waste
inventories, the types and amount of fuel processed, and the system
inventory losses.

® Section 5.0 presents evaluations and global best-basis inventory values
for individual components.

® Section 6.0 presents the methods used to establish giobal inventories for 46
radionuclides.
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Section 7.0 evaluates the sources of minor chemical components that contribute to

the tank waste inventories and presents the global best-basis inventories for four
minor components.

Section 8.0 defines details of the methodology used to determine the tank-by-tank
best-basis inventories for each of the 177 Hanford Site underground waste storage
tanks.

Section 9.0 lists the references used in this document.

Appendix A provides a summary of the users’ data needs for chemical and
radionuclide inventories.

Appendix B presents details of fuel processing history at the Hanford Site,
including production data and fuel processing rates for the various separations
facilities.

Appendix C defines the flowsheet bases for the bismuth phosphate (BiPO,)
process wastes. This information is the standard basis for use in defining global
and tank-by-tank inventories.

Appendix D defines the flowsheet bases for the Reduction and Oxidation
(REDOX) process wastes. This information is the standard basis for use in
defining global and tank-by-tank inventories.

Appendix E provides calculations supporting the global aluminum inventory
evaluation (Section 5.1).

Appendix F provides calculations supporting the global lead inventory evaluation
(Section 5.12). :

Appendix G provides sample fuel activity records, supporting data and
assumptions referred to in the global radionuclide inventory evaluation
(Section 6.0).

Appendix H defines the basis for corrosion product (iron, nickel, and chromium)
inventories.

Appendix I defines limitations on content of the Standard Inventory.

Appendix J contains guidance for preparing tank-by-tank inventory evaluations
(i.e., best-basis inventories).
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2.0 STANDARD INVENTORY TASK OVERVIEW

The primary objective of the Standard Inventory task was to establish best-basis waste
inventory estimates that will provide consistent data for a multitude of activities related to the
safe storage of the tank waste and its eventual treatment and disposal. Additional objectives
within the work scope included ensuring that this information is incorporated into the Tank
Characterization Database! (TCD) (PNL 1994), documented in a published report, and
maintained in a structured and controlled manner.

The approach used to implement the Standard Inventory task objectives is defined in the
Work Plan for Defining a Standard Inventory Estimate for Wastes Stored in Hanford Site
Underground Tanks (Hodgson and LeClair 1996) and is schematically depicted in
Figure 2.0-1. Specific activities within this plan involved the following:

Identification of waste components and characteristics, i.e., data requirements,
that are important to waste management and disposal activities. The results from
this activity are defined in Appendix A and further summarized in Appendix I and
Section 3.0.

Development and documentation of the methodology used to evaluate both global
and tank-by-tank inventories. The global and tank-by-tank inventory evaluation
methodologies are defined in Sections 5.0 and 8.0, respectively.

Determination of standard global inventory values for specified waste components
by evaluating the bases, i.e., assumptions, data, and background information, that
support these values. The results of this effort are documented in Section 5.1
through Section 5.24.

Determination of standard tank-by-tank waste inventories, in terms of these
components, by evaluating available sampling data and historical information.
The results of this effort are to be documented in each of the respective Tank
Characterization Reports (TCRs).

Publication of the results in a form that makes the data easily accessible to data
users, makes it easy to update the data set, and also allows for archiving of the
data and the associated pedigree (usually published as a supporting document).
The TCD (PNL 1994) was recognized as an existing resource for providing these
capabilities. '

Development of a mechanism for maintenance and update of the Standard
Inventory. The results of this effort are discussed later in this section.

nternet address is http://twins.pnl.gov:8001/TCD/main.htm/.
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Figure 2.0-1. Schematic of Task Plan.
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2.1 STANDARD INVENTORY MAINTENANCE

Efforts this fiscal year (1997) will focus on finalizing the initial Standard Inventory
baseline that includes global and tank-by-tank inventory values for 26 chemical and 46
radionuclides. Efforts to reconcile the summation of tank inventories to the global inventory,
and to improve radionuclide prediction will be pursued in fiscal year (FY) 1998.
Maintenance of the Standard Inventory will begin in FY 1998.

For the Standard Inventory values to remain useful, they must be periodically updated
and modified to reflect current information available on tank contents. As sample analysis
results, modeling data, and other information become available, it must be evaluated and’
reconciled with existing data in much the same fashion that the initial Standard Inventory
values were derived. Revised Standard Inventory values and their associated pedigree
(supporting documentation) must then be approved by the change control process and
incorporated into the TCD. In instances where the prompt for update is new sample analysis
results, the best-basis evaluation will also be documented in the respective TCR.

Figure 2.0-2 illustrates the Standard Inventory maintenance process.

Figure 2.0-3 provides an overview of the Standard Inventory change control process
developed during the Standard Inventory User and Policy Workshops conducted in July 1996
(LeClair 1996). This figure serves as a basis for developing the Standard Inventory change
control procedures and policies. These procedures and policies will define protocol to be
followed for proposing changes to the inventory, approving changes to the inventory, and
updating the TCD to report revised Standard Inventory values. Responsibilities, authorities,
methodology application, quality assurance practices, and database configuration control w111
also be addressed by these procedures and policies to be drafted in FY 1997.
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3.0 DATA REQUIREMENTS

The primary objective of the Standard Inventory task is to provide reliable waste
inventory data that will benefit several safety, waste management, and disposal related
activities. Examples of such activities include the following:

e Performance of safety analyses of tank farm operations and of tank wastes

e Performance of risk assessments associated with storage and/or processing of tank
wastes '

* Design, development, and implementation of waste retrieval, treatment, and
disposal systems

® Conduct of performance assessments to evaluate long-term potential doses and
risks from waste form disposal systems

® Obtaining regulatory permits.

To ensure that this task encompassed data needs for all the above-listed activities, an
initial effort in October 1995 involved reviewing existing Data Quality Objective (DQO)
documents and contacting cognizant personnel to identify specific data requirements. The
results from this effort are contained in Appendix A, Summary of Data Requirements.

3.1 STANDARD INVENTORY CONTENT LIMITATIONS

The data requirements defined in Appendix A are quite extensive and, since available
resources were limited, it was necessary to focus this task on a subset of the Appendix A
data requirements. A discussion of the content limitations and the resulting set of chemicals
and radionuclides addressed by the Standard Inventory task is provided in Appendix I. This
subset of chemicals and radionuclides was reviewed with data users during the Standard
Inventory User and Policy Workshop conducted in July 1996 (LeClair 1996).

3.2 EXPANSION OF THE STANDARD INVENTORY CONTENT

As originally conceived, the Standard Inventory would be the inventory data set having
most value to the largest number of users. As a second objective, the Standard Inventory
must also be updated and modified on a regular basis so that it reflects the most current
information available on tank contents. This second objective imposes some limit on the size
of the Standard Inventory data set, therefore, it is recognized that it will not meet every need
of all users.
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As currently defined, the standard inventories are single values per analyte for the
whole of the 177 tanks (global inventory) and for the whole of each tank (tank-by-tank
inventory). The need to include some measure of precision (e.g., confidence interval, error
bars, uncertainty estimates, etc.) on each of these analyte inventories has already been
recognized and is work planned for FY 1998.

Several other user needs have been identified over the course of the Standard Inventory
task including reporting of chemical compound inventories, reporting of the soluble and
insoluble fractions of the analyte waste inventory by tank, and reporting of the analyte
inventories by liquid and solid phase for each tank. Some of these program-specific needs
can often be extracted from the data presented in the best-basis documentation or within the
sample analytical data reported in the TCR for each tank. As these additional program needs
are identified, it is anticipated that the Standard Inventory will be expanded to report the
needed data within the TCD, but such data may not be included in the best-basis inventory
discussion of each TCR. :

3-2
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4.0 PROCESS-RELATED BASES AFFECTING GLOBAL INVENTORY ESTIMATES

The global waste inventory represents the sum of all chemical and radiochemical
components, e€.g., metric tons (MT) of sodium, nitrate, aluminum, etc., and curies (Ci) of
2391240y, 137Cs, %8r, etc., presently stored in SSTs and DSTs. Because of inconsistencies
among reported component inventory values, a major objective of the present task is to
resolve these inconsistencies and to establish standard inventory values for all waste
management and disposal activities. »

Evaluations performed to resolve differences among reported values involve reviewing
the bases, i.e., assumptions, data, background information, etc., that support these values.
These bases are highly dependent on the different separations processes that generated the
waste inventories as well as the types and amounts of fuels processed. In addition,
changes/adjustments to process flowsheets can have major impacts on tank waste inventories.
Waste inventories are also impacted by various process losses and other losses/adjustments
that resulted from tank leaks, offsite shipments, transfer of supernatants from tank farms to
cribs, etc. Figure 4.0-1 provides an overview of the major system components that impact
tank inventories.

These major system components are discussed further in Sections 4.1 through 4.4. A
brief description of the major processes and associated wastes is provided in Section 4.1. An
overview of the types and amount of fuel processed is presented in Section 4.2. The major
caveats and limitations that arise from using chemical values from flowsheets alone to
estimate inventories are addressed in Section 4.3. Section 4.4 summarizes the mechanisms
for system losses. '

4.1 PROCESS DESCRIPTIONS AND WASTE GENERATION

The majority of wastes stored in underground waste tanks at the Hanford Site
originated from processing irradiated uranium fuel and subsequent waste treatment schemes.
The primary chemical processes employed to process irradiated fuels were: the BiPO,
process, the tri-butyl phosphate (TBP) uranium recovery (UR) process, the reduction and
oxidation (REDOX) process, the plutonium-uranium extraction (PUREX) process, and the
B Plant waste fractionization process. Smaller volumes of wastes originated from research
and development programs, laboratory processes, and Plutonium Finishing Plant (PFP)
operations, etc.

Waste volumes were reduced in earlier years by decanting selected dilute wastes to the
ground and in later years by evaporation/concentration methods. Additional postprocessing
of some of the wastes to recover uranium, or to reduce the volume of high-level waste
(HLW), resulted in the addition of ferrocyanide and other compounds to the tanks.
Following are brief descriptions of these processes.
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Figure 4.0-1. Major System Components That Impact Tank Inventories.
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4.1.1 Bismuth Phosphate (BiPO,) Process

The first production process in the world to separate plutonium from irradiated uranium
nuclear reactor fuel was the BiPO, process initially operated in the Manhattan Project T and
B Plants at the Hanford Site. The process was based on the characteristic that in one valence

- state (+4), plutonium phosphate (and plutonium fluoride) is essentially insoluble and could

be co-precipitated with a BiPO, (or lanthanum fluoride) carrier, while a different valence
state, plutonium (+6) phosphate (and plutonium fluoride) is very soluble. The plutonium
valence could be adjusted with appropriate ox1dlzmg and reducmg agents and thus the
plutonium could be separated from the bulk uranium and the various fission products. No
attempt was made to recover the uranium in this process. This BiPO, process operated
between 1944 and 1956 in the 221-T and 224-T Buildings (T Plant) and between 1945 and
1952 in the 221-B and 224-B Buildings (B Plant).

As a result of this process, the following waste streams were sent to underground
storage tanks for storage or routed through the tanks before being transferred to cribs for
ground disposal: coating (cladding) waste (CW) containing the dissolved aluminum cladding,
metal waste (MW) containing the uranium and about 90 percent of the fission products, first
decontamination cycle (1C) waste containing about 90 percent of the remaining fission
products, second decontamination cycle (2C) waste containing essentially all of the remaining
fission products, and final plutonium purification/concentration facility (224) wastes that
contained low concentration transuranic (TRU) wastes.

The BiPO, wastes were generally routed to underground tank "cascades.” These were
a series (usually three) of connected tanks that overflowed one to another. The wastes were
always neutralized to an alkaline pH (>7) to protect the carbon steel tank liner from
corrosion, and at this pH the dissolved metal salts in the waste precipitated and settled,
primarily as hydroxides or hydrated oxides. Thus, the first tank in the cascade collected the
bulk of the solids (including the bulk of the fission products). The cascade settling process,
therefore, had the effect of clarifying the supernatant from the chemicals and radionuclides in
the inlet slurry, and the top supernatant from the last tank in the cascade was much lower in
activity than the inlet waste. The underground waste tanks (nominally 22.9 m [75 ft] in
diameter) originally had no provisions for mixing, and solids, once settled, tended to remain
in the tanks unless the solids built up to an excessively high level. (The overflow lines
between the first-and second tanks in many cascades eventually plugged due to solids
carryover and crystallization in the lines.) The original T Plant tank farms were 241-T and
241-U Tank Farms, followed by 241-TX and 241-TY Tank Farms. The original B Plant
tank farms were 241-B and 241-C Tank Farms, followed by 241-BX and 241-BY Tank
Farms.

The CW and 1C wastes were combined in the 1C waste cascades. (When ferrocyanide
scavenging of the T Plant 1C waste was started in late 1954, these two wastes were separated
since the high pH CW adversely impacted the scavenging.) The MW was later removed
from the MW cascades for UR (see Section 4.1.2). The 224 wastes were initially considered
"disposed” rather than stored, since they were initially routed to an unlined concrete tank
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(361 tank) with the clarified overflow routed to ground by a dry well. Low-activity cell
drainage (known as 5-6 waste), e.g., canyon deck flushes, cell flushes, process or utility line
leakage, etc., was also routed to this system. Higher activity cell drainage was routed to the
1C cascades. These 224 Building concrete waste tanks became filled with solids and
concerns for the possibility of contaminating the site groundwater with plutonium led to
replacement of the concrete tank and dry well disposal by routing the 224 wastes to the 200
series (6.1-m [20-ft] diameter carbon steel lined tanks) in 241-T and 241-B Tank Farms by
1946/1947. (The tank overflows were routed to new cribs.) The supernatant from the last
tank in the 2C waste cascades was found to be of low enough activity (according to disposal
standards of that time) that beginning in 1947 (T Plant) and 1948 (B Plant) the overflow from
these cascades was routed to cribs.

By the late 1940’s, the 1C waste was the only BiPO, waste not being disposed to
ground (2C and 224) or scheduled for recovery (MW). Because of cascading, the 1C, 2C,
and 224 waste solids, including the great bulk of the fission products and the TRU elements °
settled and remained in the waste tanks. Atmospheric pressure evaporators (224 T/B) were
constructed (1951) in both the 200 West and 200 East areas to concentrate the waste. The
condensate from the evaporator was disposed to ground while the concentrate was sent back
to the tank farms. Some 1C waste and concentrated 1C waste contained in tanks were also
disposed to ground on a specific retention basis to free up badly needed tank storage space in
the early 1950’s. The 242-B evaporator ran from 1951 to 1954. The 242-T evaporator ran
from 1951 to 1955. It was reactivated in 1965 and ran again into 1976.

4.1.2 Tri-Butyl Phosphate Uranium Recovery Process

As noted previously, the BiPO, process did not recover the uranium in the irradiated
reactor fuel. The uranium, along with approximately 90 percent of the fission products, was
routed to the MW tank cascades in the 241-B, 241-C, 241-BX and 241-BY tank farms (for
B Plant), and the 241-T, 241-U, and 241-TX farms (for T Plant). The third BiPO, plant
constructed under the Manhattan Project had not been used, and this facility (U Plant) was
modified to perform as a uranium recovery plant during the period 1952 .to 1957.

Process vaults containing stainless steel vessels were constructed near each tank farm,
and sluice pump pits were added to each MW tank. The tanks containing MW were then
sluiced with their own supernatant to the process vaults. There the solids, primarily
uranium, were dissolved in nitric acid and the resultant solution/slurry was pumped to
U Plant. U Plant contained a feed clarification system (via centrifuges) and a feed
adjustment system. The adjusted feed was then routed to one of two parallel solvent
extraction lines. Each of these lines contained a feed tank, two mechanically pulsed solvent
extraction columns for extracting/scrubbing and stripping the uranium, and a solvent
treatment system to clean and recycle the solvent. The recovered and purified uranium
nitrate solution was concentrated and then denitrated to UO; for offsite shipment.
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The U Plant pulse columns were the first production use of this technology for
radiochemical separations, and served as a test bed for the later PUREX Plant pulse
columns. The solvent extraction lines used an organic phase of TBP in a hydrocarbon
diluent as the extractant. One line operated with a TBP concentration of 12.5 vol% and the
other utilized a 30 vol% TBP solvent phase to compare the operating characteristics of these
two systems. The plutonium valence in the solvent extraction feed stream was adjusted so
that any plutonium present would report back to the waste stream for return to the
underground storage tanks. This was done because the U Plant was not equipped to recover
plutonium , and plutonium limits in the uranium product were very low.

The uranium recovery (UR) waste (also called TBP waste) routed to the storage tanks
consisted of the solvent extraction waste (which could be concentrated in U Plant under
certain conditions), combined with the solvent wash waste. The solvent cleanup wash was
initially a sodium sulfate solution, but was later replaced by a sodium carbonate solution.
The wastes were neutralized to a pH greater than 7 before transfer to the tank farms. This
UR waste therefore contained all of the components in the MW (but without the carbonate
and with only 1 to 2 percent of the uranium). Further changes in the waste stream consisted
of addition primarily of nitrate (added as nitric acid), iron (added as a plutonium reductant),
sulfate (from the reductant and sulfate wash) and sodium (from sodium carbonate washes and
caustic [sodium hydroxide] neutralization). Additional changes to the UR waste stream were
affected by ferrocyanide scavenging. (See following section.)

4.1.3 Scavenging Program to Remove Cesium-137 and Strontium-90
From Aqueous Wastes

Ferrocyanide waste scavenging processes were developed at the Hanford Site in the
1950’s to provide additional waste storage space while minimizing the construction of
additional waste storage tanks. These processes were designed to remove the soluble
long-lived fission product *’Cs from liquid wastes. In some cases, where the concentrations
of ®Sr in neutralized waste supernatants remained high, supplemental scavenging with
calcium was also performed to more fully precipitate the *Sr. As a result, supernatants
could be disposed to the ground, and the volume of waste requiring storage in tanks was
reduced.

Three scavenging processes were used to treat the following three different types of
wastes: UR waste from U Plant, 1C waste from T Plant, and in-farm UR wastes (wastes
already stored in tanks). In general, aqueous waste was pumped to large process tanks
where the waste pH was adjusted and the precipitating agents (initially, potassium
ferrocyanide and nickel sulfate; later, sodium ferrocyanide and nickel sulfate) were added. If
supernatants contained significant *°Sr, calcium nitrate was added to precipitate calcium
phosphate. In some campaigns, nonradioactive strontium nitrate was added rather than
calcium. The treated waste was stirred to ensure thorough mixing and then pumped to
receiver tanks in the tank farms. The precipitate containing the scavenged '*’Cs and %°Sr
was allowed to settle and the supernatant was discharged to cribs. When layers of the
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ferrocyanide sludge built up in the receiver tanks, they were pumped to other tanks for |
storage so that the settling depth in the receiver tanks remained maximized.

Scavenging of U Plant waste began with a plant test in late 1953 during which the
treated waste was routed to tank 241-T-101. Production-scale scavenging began in
September 1954. Scavenged UR waste was routed to settling tank(s) in the 241-BY Tank
Farm in the 200 East Area (usually tanks 241-BY-106, 241-BY-107, 241-BY-108, or
241-BY-110). The accumulated sludge in the settling tanks was periodically transferred to
tank 241-BY-104 or 241-BY-105. The last scavenged waste from U Plant was received in
the 241-BY Tank Farm in June 1957.

Routine scavenging of T Plant 1C wastes was started in December 1954 and continued
until the plant was shut down in March 1956. Treated 1C waste was routed to tanks
241-TY-101, 241-TY-103, and 241-TY-104. Beginning in May 1955, unscavenged UR
waste already stored in 200 East Area tanks was routed to the 244-CR Vault for in-farm
scavenging. The scavenged waste was then routed back to other waste storage tanks for
settling, sampling, and decanting to cribs. The primary settling tanks for in-farm scavenged
waste were tanks 241-C-108, 241-C-109, 241-C-111, and 241-C-112. In-farm scavenging
was completed in December 1957. .

4.1.4 Reduction Oxidation (REDOX) Process

The REDOX process was chosen to replace the BiPO, process in order to lower costs,
improve throughput, recover uranium, and improve plutonium recovery to greater than
98 percent. This solvent extraction process operated between 1952 and 1966 in the 202-S
Building (S Plant).

Irradiated fuel elements were declad with caustic and dissolved in nitric acid as was
done in the BiPO, plants. The dissolver product was then adjusted in acid concentration and
plutonium valence for solvent extraction. The extraction solvent was Hexone!. Aluminum
nitrate was added as a source of nitrate ion to drive (“salt”) the uranium and plutonium into
the solvent phase. Nitric acid could not be used as the nitrate ion source since Hexone reacts
violently with nitric acid in even moderate concentrations. The plutonium could then be
removed from the solvent by adjusting the valence with a reducing agent, and the uranium
could be stripped back into an aqueous stream by adjusting the flow ratio of the aqueous to
solvent phases. The solvent extraction operations were performed in packed columns. The
REDOX process contained many solvent extraction cycles (i.e., the uranium and/or
plutonium was extracted from an aqueous solution into a solvent phase and stripped back into
an aqueous solution several times to purify and concentrate these products).

IHexone is a tradename of the Union Carbide Company, Danbury, Connecticut, for
methyl isobutyl ketone.
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Under the original REDOX flowsheet, each of the solvent extraction cycles had a
waste stream that was routed to the tank farms for storage (after concentration in evaporators
in some cases) and combined with the cladding waste as “salt waste” in the 241-S and
241-SX tank farms. As the REDOX process matured, several of the intermediate cycle
wastes were recycled, thereby reducing the plant chemical consumption and increasing the
fission product concentration in the wastes. The fission product concentration (and the
associated amount of decay heat) eventually became high enough that the wastes "self-
boiled.” This reduced the waste tank volume required for storage, but necessitated that the
waste tank design incorporate features to promote controlled boiling in the tanks. In the mid-
1950s, the cladding waste was routed to storage in separate tanks from the solvent extraction
wastes, and a route was installed to utilize the 241-U tank farm for storage of some REDOX
wastes.

The REDOX Plant processed all the Hanford Site irradiated enriched uranium fuel from
1958 until shutdown in 1966, and was the first plant to process Zircaloy!-clad fuel using the
Zirflex chemical decladding process. Small amounts of other irradiated fuels, e.g., from the
Plutonium Recycle Test Reactor (PRTR) and Shippingport reactors, were also processed in
REDOX (see Appendix B).

4.1.5 Plutonium-Uranium Extraction (PUREX) Process

The PUREX solvent extraction process operated between 1956 and 1972 in the 202-A
Building (PUREX Plant). Operations resumed in 1983, but the facility again shut down in
1990. Aluminum-clad fuels were processed at the PUREX Plant from 1956 to 1972. Some
Zircaloy®-clad fuels were processed between 1967 and 1972 and only ercaloy® fuels were
processed from 1983 to 1989.

The PUREX process campaigns, and subsequent campaigns at B Plant, to remove
fission products from PUREX process waste, produced some of the most complicated
combination of wastes produced at the Hanford Site. This solvent extraction process
involved contacting an organic phase mixture of 30 vol% TBP in normal paraffin
hydrocarbon (NPH) with the nitric acid dissolved solution of plutonium and uranium. This
process was much more efficient than the REDOX process. The nitric acid used as a salting
agent at the PUREX Plant could be partially distilled and reused, unlike the aluminum nitrate
at the REDOX Plant. Extraction operations were conducted in mechanically pulsed columns,
rather than packed columns as at the REDOX Plant.

The PUREX Plant processed approximately 72 percent of the irradiated fuel processed
at the Hanford site (see Appendix B). This included aluminum clad uranium fuel, both
natural and enriched, aluminum clad thoria fuel (to recover 2*3U), and Zircaloy®-clad
N Reactor fuel. The PUREX Plant wastes included both "boiling," i.e., high-level solvent
extraction wastes, and "non-boiling" wastes, i.e., the cladding wastes, organic wash wastes

1Zircaloy and Zircaloy-2 are tradenames of Teledyne Wah Chang, Albany, Oregon.
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and cell drainage. The HLW was routed to the 241-A, 241-AX SST farms and later to DST
farms.” The sodium carbonate organic wash wastes were originally routed to the HLW tanks,
but later were routed to non-boiling waste in the 241-C farm for storage, transfer to other
tank farms, and subsequent in-farm concentration along with the cladding wastes and cell
drainage. All of the thoria wastes produced in the 1966 and 1971 processing campaigns
were routed to non-boiling waste storage in 241-C farm. Zirflex decladding wastes were
routed to the 241-AW DST farm after process waste additions to the SST farms were
discontinued in 1980.

4.1.6 B Plant Waste Fractionization

By the mid to late 1950s, there was a program underway to develop methods to remove
the *Sr and !3’Cs from the Hanford HLW for two reasons: (1) the ®°Sr was in demand as a
relatively long-lived heat source for thermoelectric generators, and the *’Cs as a gamma
source; and (2) the first waste storage tank failures (leaks) were seen and it was desirable to
make the stored waste less mobile and thus minimize the volume of any future leaks. In this
regard, if these two radioisotopes, each with a half-life of approximately 30 years, could be
removed from the waste, the remaining waste could be solidified, or at least concentrated and
dewatered with minimal concern for the remaining fission product heat in the waste as long
as the waste was at least one to two years out of the reactor. Therefore, laboratory
development work on processes to recover these two-isotopes from the waste was initiated.
This work resulted in a strontium removal precipitation process in the PUREX Plant, and the
piloting of solvent extraction processes for strontium recovery and purification in the
strontium semi-works in the 200 East Area.

The "laid away" BiPO, plant in the 200 East Area (B Plant) was reactivated and
modified with equipment to "fractionate" the waste, i.e., remove the strontium and cesium
and route/return the remaining waste fraction to the waste storage tanks. The B Plant facility
and the waste treatment processes are described in detail in the Waste Management Technical
Manual (Buckingham et al. 1967). B Plant began removal of 3’Cs from stored PUREX
waste supernatants (PSN) in late 1967 using an ion exchange system. The REDOX waste
supernatants (RSN) were processed for 1’Cs removal via ion exchange starting in 1970. The
244-AR Vault was constructed with stainless steel interim waste storage tanks so that the
waste currently being produced at PUREX could be stored and processed for *°Sr removal in
B Plant without having to neutralize and reacidify the wastes. The first current acid waste
(CAW) from PUREX was processed for strontium recovery in B Plant in April 1968. A
process for the removal of 1*’Cs from CAW with a phosphotungstic acid precipitation was
developed and first used in B Plant in April 1969. The *°Sr in the neutralized and stored
PUREX HLW (i.e., those wastes produced before 1968) was present in the settled sludge
solids in the 241-A and 241-AX farm SSTs. These sludges were sluiced to the 244-AR
vault, washed, and dissolved in nitric acid. The resultant slurry (PUREX Acidified Sludge
= PAS) was settled, and the supernatant was transferred to B Plant where the *°Sr was
removed via a lead sulfate carrier precipitation process. Processing of the first PAS in
B Plant began in late November 1968.
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A solvent extraction process was used in B Plant to recover, concentrate and purify the
Sr and rare earths from the CAW and PAS feeds. This process used
Di(2-ethylhexyl)phosphoric acid (D2EHPA) and TBP as the extractant in an NPH diluent.
The process was pH sensitive, requiring a buffering agent. The presence of relatively high
concentrations of various metals, e.g., Fe and Al, in the waste feed necessitated the use of
selected chelating agents to prevent the precipitation and/or extraction of these metals.
These chelating agents were water soluble organics such as ethylenediamine tetra acetic acid
(EDTA), N(2-hydroxyethyl)ethylenediamine tetra acetate (HEDTA), or citrate. These
organics reported to the solvent extraction system wastes, and were the source of the bulk of
the organics now found in the Hanford site waste tanks.

The %Sr, 13’Cs and rare earths recovered and stored at B Plant could be used for
beneficial purposes in addition to their desired removal to reduce the stored waste heat load.
For instance, both *Sr and '*’Cs were shipped to Oak Ridge National Laboratory (ORNL),
rare earth fractions were shipped to Pacific Northwest National Laboratory (PNNL), and
rhodium-palladium was shipped to Pittsburgh Plate Glass Industries. The bulk of the %Sr
and '3’Cs was converted to fluoride and chloride salts respectively, and encapsulated and
stored in the Waste Encapsulation and Storage Facility (WESF) constructed at the west end
of B Plant.

The B Plant wastes were neutralized and returned to the waste tank farms. The heat
load in the waste determined which tank(s) it was routed to. If the heat load was low, e.g.,
ion exchange wastes (which had been aged before processing) or solvent washes, the waste
was routed to tanks that could be used as feed for the In-Tank Solidification (ITS) or
Evaporation processes. If the waste had a high-heat load, e.g., the solvent extraction HLW,
it was routed to tanks that could store boiling wastes for aging before further processing.

Cesium recovery operations in B Plant were completed in September 1983, and
strontium recovery operations completed in February 1985. Waste Fractionization was not
performed on the PUREX wastes produced when PUREX was restarted in 1983 to process
N Reactor Zircaloy®-clad fuels.

4.1.7 Evaporation of Waste Supernatants and the Formation of Salt Cake

There have been a variety of waste management operations employed at Hanford.
There were several efforts to remove fission products from the waste to reduce waste
activity. Evaporation was routinely used to reduce overall waste volume. These processes
are somewhat related. Each separation process used different solvents and processing
chemicals, providing for variations in the evaporated concentrate composition. _
Additionally, different methods of evaporation were used providing additional variability to
their composition. Salt cakes are the byproduct of various waste reduction efforts using
evaporation. Salt cakes and evaporator concentrates comprise over 66 percent of the waste
volume at Hanford.
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One of the early waste management practices in the tank farms was waste segregation.
The waste streams from different stages of the separation processes were rarely mixed. Raw
waste streams from different separation processes were almost never mixed. The waste
streams from these processes usually had two fractions, liquid and solid. The majority of
the process wastes generated were liquid, with modest amounts of soluble species dissolved
in the solvent stream, carrying the solid fraction as a slurry. The soluble species of note are
sodium, aluminum, nitrate, nitrite, hydroxide, sulfate, phosphate, and carbonate.

After the waste stream was initially disposed in the tanks, the entrained solids dropped
out of the waste stream and settled on the bottom of the tank. The liquid remained above the
solids. Wastes were separated by type and disposed in a particular cascade. Initially, these
supernatant wastes from different tanks were not often mixed before evaporation leading to
the compositional variability attributable from the different process sources. Over time, to
conserve tank space, waste blending was much more prevalent. Therefore, in many cases,
no particular analyte, process source, or characteristic can be attributed to the source waste
streams

Salt cakes are usually distinguishable from sludges physically and compositionally.
Physically salt cakes are lighter in color (white, yellow or light grey is typical) than sludges,
have a visually observable crystal structure, are granular in texture, and are usually very
soluble in water. Compositionally, they are mostly made up of the sodium salts of nitrate,
nitrite, phosphate, carbonate, and hydroxide. Occas10nally aluminum salts are observed to
be part of a salt cake. Transition metals, such as iron, manganese, and lanthanum, and
heavy metals such as lead and uranium, are usually absent from salt cakes. Exceptions have
been noted where "dirty" salt cakes have been obtained. In these cases it appears that sludge'
material had been entrained in the salt cake.

Different evaporation processes also substantially influenced the composition of the salt
cakes. There were four different waste volume reduction methods that relied on evaporation:
the open-air evaporators, 242-B and 242-T; the in-tank solidification tanks (BY farm); the
self-boiling tanks (S, SX, A, and AX Farms) and the vacuum evaporators, 242-S and
242-A. Differences in evaporative processing may be observable and have an impact on
eventual retrieval and disposal of the waste.

The earliest salt cakes were formed in 242-B and 242-T evaporators. Their process
feeds consisted mostly of bismuth phosphate process supernatants, and later uranium
recovery supernatants. These were open-air evaporators that were operated at relatively high
temperatures. This may have contributed to the loss of volatile organic components and the
formation of carbonate. Their salt cakes may resemble the solid fraction of the wastes that
were originally concentrated (e.g. first cycle or uranium recovery waste).

Self-boiling was initially observed in REDOX process waste in S and SX tank farms.
Later, it was also observed in PUREX process waste in A and AX tank farms. This
characteristic was turned to use as a waste management technique. This process was also
open-air evaporation; however, these wastes were much more alkaline than those from the
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bismuth phosphate process. This feature of the waste probably contributed to much higher
carbonate formation.

The in-tank solidification (ITS) process used an in-tank heater as an open-air
evaporator, with a series of tanks connected together in a cooling loop. This promoted salt
cake formation in the cooling tanks. However, because of the different equilibrium
conditions between the boiling tank and the tanks in the cooling loop, the composition of the
salt cake formed in the boiling tanks is probably much different that the composition in the
downstream tanks. The ITS process used a separate tank as a feed staging tank. The feed
tank was used to collect and blend supernatants from various tanks and processes before
introducing them to the evaporator tank. There were two principal ITS heater tanks, tanks
241-BY-102 and 241-BY-112. For a short time, tank 241-BY-101 was used as a prototype
tank.

The 242-S and 242-A evaporator/crystallizers were different than the open-air
evaporators used in earlier waste volume reduction efforts. They operated under a partial
vacuum, reducing the amount of heat needed to boil the supernatants. Operation under a
partial vacuum also reduced the interaction with the air, inhibiting carbonate formation.
Blending waste feeds is frequently observed in the process records of earlier 242-S
evaporator operations. However, more recent 242-A evaporator operations appear to be
more segregated, with the contents of a single tank being processed at any particular time.
This difference in processing may be observable in sampling data.

4.1.8 Other Processes

A TBP solvent extraction process at the PFP (Z Plant) was used to further purify
plutonium product from the processing plants and from plutonium scrap. Plutonium nitrate
was converted to plutonium oxide and then smelted to metal in a remote mechanical
processing line.

Processing at PFP yielded wastes that contained low concentrations of plutonium and
other transuranic elements, but contained high concentrations of metallic nitrates. The
plant’s waste streams are identified as follows: dilute noncomplexed waste, HLW, high-
transuranic sludge, lab waste, transuranic solids, noncomplexed waste, remote mechanical
line transuranic solids, and remote mechanical line dilute noncomplexed waste. Before
May 1973, waste from PFP was sent to cribs rather than to tank farms.

A relatively small amount of waste was generated at a separations process and
equipment development pilot plant (known as the "hot semi-works;" later as the "strontium
" semi-works"). The plant was retired in 1967. The waste streams that originated from this
facility (hot semi-works, strontium semi-works, and fission products wastes) are
characteristically high in *Sr content.
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4.2 OVERVIEW OF FUEL PROCESSED

Since startup of B Reactor on September 26, 1944, a number of changes occurred in
both fuel fabrication and irradiated fuel processing. These changes are noted in this section.
A summary of fuel processed at each separations plant is presented first followed by
discussions of aluminum and zirconium-clad fuel elements.

4.2.1 Separations Plant Fuel Processing History

Approximately 99,000 metric tons of uranium (MTU) were processed in various
separation facilities at the Hanford Site (Appendix B). This value includes the fuel processed
in the PUREX Plant between 1983 and 1989 with the Zirflex decladding process. Fuel
elements were clad in either aluminum or zirconium to protect the uranium from corrosion.
Zirconium-clad fuel was used in N Reactor exclusively, whereas aluminum-clad fuel was
used in all the older single-pass reactors. In addition to processing of irradiated uranium, the
PUREX Plant was also used to process irradiated thoria (ThO,). Two thoria processing
campaigns were run, one in 1966 and one in 1970. A total of 629 MT of aluminum-clad
thoria were processed.

A summary of fuel processed at the various separation plants appears in Table 4.2-1,

and the detailed separations plant fuel processing history reconstructed for this report is
contained in Appendix B.

Table 4.2-1. Separations Plant Fuel Processing Summary.

, Aluminum-clad fuel Zirconium-clad
Separations plant _ fuel
(operating campaign) Natural uranium Enriched uranium .
(MT) (MT) Uranium (MT)
T Plant .
(1944 to 1956) 5,034 0 0
B Plant
(1945 to 1952) 2,766 0 : 0
REDOX
(1952 to 1966) 11,609 7,852 245
PUREX
(1956 to 1972) 58,748 7,176 1,572.3
PUREX
(1983 to 1989) 0 0 3,890.4
Thoria
(PUREX 1966 and 1970) 629 ThO, - -

PUREX = Plutonium-uranium extraction
REDOX = Reduction and oxidation.
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4.2.2 Aluminum-Clad Fuel

All of the Hanford Site reactors are single-pass reactors, except for N Reactor.
The single-pass reactors used aluminum-clad fuel. Cladding of the fuel was necessary as
corrosion studies in the fall of 1942 showed that water would react with the uranium at the
reactor operating temperatures (approximately 80 °C) (Burley 1958).

4.2.2.1 Fabrication. Aluminum-clad fuel consisted of a uranium metal core surrounded by
an aluminum jacket or can. An aluminum-silicon (Al-Si) alloy braze between the uranium
and aluminum components provided for high thermal conduction and a strong metallurgical
bond between the components. Fuel fabrication methods changed over the years to reduce
costs, and in response to increasingly severe reactor conditions.

Triple Dip Fuel. The first production fuel elements fabricated in quantity were
manufactured by the triple dip process. Uranium pieces were first dipped in bronze, then
dipped in molten tin to remove excess bronze. The bronze alloy contained 47 wt% copper
and 53 wt% tin (Burley 1958). Excess tin was removed by centrifuging the uranium cores
before assembling the cores and aluminum alloy jackets in a molten Al-Si alloy bath. The
triple dip process introduced tin, silicon, aluminum, and a trace of copper into the waste.

Triple dip fabrication was used from 1944 until March 1954 (Weakley 1958). A basis
for estimating when the last triple dip fuel went through the separation facilities has been
developed. The approach is based on an assumed fuel fabrication lead time, reported reactor
residence times, and reported fuel cooling times. An estimated total of 10,800 MTU of
uranium as triple dip aluminum-clad fuel were processed based on an assumed fuel
fabrication lead time of 90 days, the reactor residence days (Jaech 1957), and fuel cooling
data reported in Roberts et al. (1992). Based on these data and the 90 day assumption,

T Plant changed to lead dip fuel about January 1, 1955. The REDOX Plant continued to
work off triple dip fuel into the month of July 1955, except for running lead dip fuel during
the months of February and March 1955. All of the B Plant production, from start-up in |
1945 to shutdown in 1952, was with triple dip fuel. Fuel elements during this time period
consisted of solid uranium pieces clad in aluminum with flat aluminum end caps.

Lead Dip Fuel. Lead dipped aluminum-clad fuel was fabricated from March 1954
until the last single-pass reactor shut down in 1971. The lead dip process introduced silicon,
aluminum and lead into the fuel processing wastes. The lead dip process left a layer of lead
and U-Pb compounds between the uranium core and the Al-Si bond layer. The lead layer
was about 0.0025-cm thick (Kahle and Bement 1958). Approximately 82,400 MTU of lead
dip aluminum-clad fuel was processed.
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Aluminum Introduced by Fuel Fabrication. Aluminum-clad fuel introduced
aluminum into fuel reprocessing waste from two sources: aluminum jackets and Al-Si bond
layer. Natural uranium slugs were fabricated as 8 Inch and 4 Inch elements. Enriched
uranium was fabricated as 6 Inch elements. (The overall lengths of the 4 Inch, 6 Inch, and
8 Inch elements were 11.85 cm, 16.87 cm, and 22.77 cm.!) Fuel elements were fabricated
in both solid, and internal and external (I&E) configurations. (See Fuel Design discussion
provided later in this section.) Fuel elements were designated as type "O," for use in the
older reactors, type "C" for use in C Reactor, and "K" for use in the KE and KW Reactors.
The diameters of the fuel elements varied from 3.658 to 3.744 cm due to differences in
design and operation of each generation of reactor. In addition, small changes in dimensions
were made due to changes in fuel fabrication and to alleviate problems observed during
irradiation.

The aluminum from the fuel jacket material and the Al-Si bond layer was estimated
from fuel drawings, records of enriched versus natural uranium processed, and assumptions
about solid and I&E fuel. (See Fuel Design discussion provided later in this section.)
Information on fuel usage by reactor is not readily available. Since a large fraction of the
fuel was irradiated in K Reactor, the dimensions of "K" fuel were assumed for all I&E
elements. A total of 3,505 MT of aluminum attributable to the fuel cladding was estimated
by these assumptions; about 975 MT from the Al-Si bond layer and 2,530 MT from the
jacket components. Uncertainty in the use of 4 Inch elements (discussed in a following
section) would increase the aluminum in the fuel cladding from 3,505 MT to 3,530 MT.

4.2.2.2 Fuel Design. Increasing power loads on the reactors required changes in the design
and dimensions of fuel elements to improve heat transfer. Changes were also made to
prevent "cocking" of elements in the reactor process channels. Special elements were also
fabricated for production of special isotopes or specific applications in the reactor.

Solid Fuel Elements. The first fuel elements used at the Hanford Site consisted of a
solid uranium core clad in aluminum. The end caps for the first solid fuel elements were flat
pieces of aluminum. Later solid elements were fabricated with Tru-line design end caps (see -
Tru-line elements discussion below). Solid fuel elements were replaced to a small extent
between 1954 and 1957 by cored fuel elements, then later to a greater extent by the I&E
cooled elements.

Cored Fuel Elements. Hollow or cored fuel elements were fabricated from 1954 until
January 1957 (Weakley 1958, DeNeal 1970). The hollow core provided space for expansion
of the uranium. Less than 15 percent of the production during this time was cored fuel
elements (Weakley 1958). :

14 Inch, 6 Inch, and 8 Inch fuel elements are named for their approximate length.
Although our results are reported in metric units, we have chosen (when referring to source
documents) to use other units to preserve the traceability, accuracy, and numerical
significance of the original or source work.
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Internal and External Elements. I&E elements, had an open center for cooling -
water. The end caps used the Tru-line profile. I&E elements were first loaded into the
reactor central zones in September 1957 and phased in for all reactors over 15 months
(DeNeal 1970). Given the reactor residence days reported (Jaech 1957), and the cooling
days before processing (Roberts et al. 1992), it is unlikely that any significant quantity of
I&E fuel would have been processed before 1959. I&E cores reached 85 percent of the fuel
fabrication production in October 1958 (Weakley 1958). Solid fuel elements were deleted
from drawings of aluminum-clad fuel in September 1962. This is consistent with an
assumption in notes to the Allen (1976) report that only I&E fuel was run in the PUREX
Plant after 1964.

Tru-Line Elements. As reactor temperatures increased, fuel failures were observed
that were caused by localized losses of cooling from the cocking of fuel elements in the
reactor fuel channels. Tru-line elements, used contoured end caps to align fuel elements in
the reactor process channels. One end cap of the Tru-line fuel element was slightly raised
and the other end cap was slightly recessed (3.5 mm) to obtain self-alignment of the fuel.
Use of Tru-line elements in the reactors began in September 1957 (DeNeal 1970). Tru-line
fuel elements were fabricated in both solid and I&E designs. Fuel with flat end caps was
deleted from drawings of aluminum-clad fuel in 1960 and, thus, is assumed to have been out
of production as of that date.

Watermix Fuel Elements. A watermix fuel element consisted of a watermix spool
piece and a 6 Inch natural uranium I&E fuel element welded together. The watermix spool
was a 5.08-cm long aluminum fabrication designed to mix the reactor cooling water from the
internal and external passages (Weakley 1958). DeNeal (1970) states that "The first
shipment of watermix elements was received for use in the 17th fuel element position from -
the downstream end." on August 11, 1958, at the KE and KW reactors. The quantity of
watermix fuel elements has not been determined, however, it is thought that watermix fuel
elements do not represent a significant percentage of the fuel processed.

Fuel Elements, 4 Inch. Fuel fabrication reports state that the uranium core lengths for
standard aluminum-clad fuel elements was nominally 8 Inch for natural uranium fuel
elements and 6 Inch for enriched fuel elements. The 4 Inch fuel elements were a special
purpose element fabricated to allow continued operation of reactors with graphite growth
problems. Swelling of the graphite resulted in bowing of the reactor fuel process tubes and
binding of the fuel. This effect was most pronounced in the upper sections of the reactor.
Shorter, 4 Inch solid fuel elements were made to allow charging of distorted reactor fuel
process tubes (DeNeal 1970).

Swelling of the graphite in the single-pass reactors first became apparent in 1945. The
4 Inch fuel elements were first fabricated in 1947. Conclusive evidence of the mechanism
for graphite swelling was established in January 1948. Use of a carbon dioxide atmosphere
to purge air from the reactors and minimize graphite swellmg was immediately implemented,
beginning with D reactor (DeNeal 1970).
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The extent of 4 Inch fuel usage has not been established, but is thought to be small
since only B, D, and F Reactors were in operation before the mechanism for graphite
swelling was established and because 4 Inch fuel elements were only needed in the upper
sections of the reactors. All drawings indicate that only natural solid uranium was used in
the 4 Inch elements. Weakley (1958) notes that very few 4 Inch natural solid fuel elements
were required at the date of his report. The 4 Inch fuel elements were deleted from
drawings of aluminum-clad fuel in 1960. Based on gigawatt days (GWDs), the B, D, and
F Reactors production before 1960 accounts for only 8 percent of the total (through 1971)
single-pass reactor production. Production from 4 Inch fuel elements would have been a
fraction of this amount.

The information extracted on the use of 4 Inch elements from fuel fabrication
documents is in disagreement with annual reports written by General Electric in 1953 and
1954. These reports imply that 4 Inch elements were the standard element before 1952. If
all the elements used before 1952 were 4 Inch instead of 8 Inch elements, the increase in the
aluminum cladding estimate would be less than 1 percent.

4.2.3 Zirconium-Clad Fuel Fabrication

N Reactor, which started up in 1964, used only zirconium-clad fuel. Fuel elements for
N Reactor consisted of assemblies of two concentric uranium tubes, each clad in a zirconium
alloy. The uranium elements were fabricated by coextrusion into Zircaloy-2® cladding.
Each assembly was made up of an inner and outer element. N Reactor was used to produce
both weapons-grade and fuels-grade plutonium. (Fuels-grade plutonium contained more tha.n
6 wt% 2*°Pu after irradiation.)

There are two basic forms of fuel elements differentiated by the uranium enrichment.
Mark IV fuel elements have a pre-irradiation enrichment of 0.947 wt% 235U in both tubes
and an average uranium weight of 22.5 kg. The Mark IV assemblies have an outside
diameter of 6.1 cm and lengths of 44.2 cm, 58.9 cm, 62.5 cm, or 66.3 cm. Mark IA fuel
elements have a pre-irradiation enrichment of 1.25 wt% 235U in the outer tube and
0.947 wt% 235U in the inner tube. Mark IA fuel elements have an outside diameter of
6.1 cm and lengths of 37.8 cm, 49.8 cm, or 53.1 cm. Mark IA elements are commonly
referred to as "spike" fuel (Willis 1995).

In addition to production of plutonium, N Reactor was also used to make tritium. The
tritium producing elements, known as co-product fuel, consisted of an inner target element of
lithium aluminate and an outer uranium element enriched to 2.10 wt% 23°U. Both elements
were clad in Zircaloy®. The two elements were mechanically separated before the enriched
uranium element was sent to the PUREX Plant.

The N Reactor fuel elements were fabricated by a co-extrusion process. Each uranium

tube was encased in an inner and outer sleeve of Zircaloy-2® with an outer sheath of copper.
This assembly was evacuated and sealed to prevent oxidation during preheating and
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extrusion. When the tube assembly was extruded under high pressure and elevated
temperature, a solid state diffusion bond formed between the uranium core and the
Zircaloy-2® cladding.

The extruded fuel was cut into the desired length and a recess was machined into
uranium at each end of the fuel section. This was followed by an acid stripping of the
copper sheath and an acid etching process to remove residual uranium from the cladding.
The tube ends were closed by placing a braze ring, made of Zircaloy-2® and 5 wt%
beryllium, and a Zircaloy-2® end cap in the recess in each end of the fuel and induction
heating the assembly to brazing temperature (about 1,050 °C) in a vacuum. The junction of
the end cap, braze and cladding was then fusion welded to alloy the braze material with the
cladding to improve corrosion resistance and provide a hermetic seal.

4.3 CAVEATS AND LIMITATIONS ON ESTIMATING CHEMICAL
WASTES FROM FLOWSHEETS

In many cases, the amounts of process chemicals routed to underground tanks and/or
disposal sites can be estimated or verified by flowsheet extrapolation. This involves review
of the process flowsheet to determine the amount of chemicals used per unit of irradiated fuel
production (usually tons uranium or MTU where ton U = 0.9072 MTU). The flowsheet
also gives a unit volume for each waste stream. The flowsheet values are then multiplied by
the number of production units in the desired time period. The monthly and annual
production for the separations plants at the Hanford Site are listed in Appendix B.

4.3.1 Additional Data Needed to Accurately Extrapolate from Flowsheets

Estimates made from the process knowledge extracted from flowsheets can be quite
accurate, and in many cases form the basis for estimates of liquid volumes and chemicals
discharged to waste sites. However, there are several things that the estimator must keep in
mind when preparing/using such estimates.

Flowsheets were have been found only for the major Hanford Site processes, e.g.,
BiPO,, UR, REDOX, etc. Other activities were performed for which flowsheets have not
been located or have survived, e.g., Du Pont (1946 p. 178) reports that in April 1946, the
MW line from T Plant plugged up. A flush of the line with 9,100 kg (20,000 Ib) of
10 percent sodium bicarbonate cleared the line. A program of bimonthly flushing of these
lines in both 200 areas was initiated. These chemical additions do not show up on any
flowsheet.
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Other processes may not be directly tied to production figures, €.g., early neptunium
purification in the REDOX and PUREX Plants. Neptunium recovery/accumulation
proceeded during normal U-Pu processing, but Np purification processing was performed on
a campaign basis between U-Pu production campaigns. Fission product recovery in the
PUREX headend facilities also proceeded more or less independently of U-Pu operations.
Between 1972 and 1983, PUREX conducted semi-monthly HNO; flushes.

Flowsheets were written assuming the plant was at equilibrium on hot (produced from
irradiated fuel) feed. In actual practice, the plants, at least REDOX and PUREX Plants,
usually started up and shutdown on cold feed (recycled uranium). The cold feed startup was
to bring the solvent extraction columns to equilibrium with uranium, thereby minimizing
product loses and fission product contamination of the uranium and plutonium. The cold
feed shutdown was to push (strip) the fission products and plutonium out of the solvent
extraction columns, thereby allowing the columns to be emptied and minimizing radiation
damage to the solvent.

There were also other reasons to recycle cold feed, such as rework of out of
specification uranium or plutonium, to provide a sink for plutonium storage during
maintenance of plutonium processing equipment, etc. A major reason for recycling cold
uranium during the N Reactor fuel Zirflex processing at the PUREX Plant from 1983
through 1989, was that the dissolving cycle for this fuel was quite slow. The solvent
extraction system processing rate could just barely be slowed to match the dissolution rate, so
often uranium was recycled to avoid the problems encountered in startup and shutdown of the
solvent extraction system.

The net result of the above discussion is that to make an accurate extrapolation of the -
flowsheet waste streams. The cold feed processed must be known (or estimated) in addition
to the production numbers (hot feed processed). The following cold feed recycle estimates
are used in this document; they may be changed in later revisions as additional data are
located:

Decladding. This always was a batch operation and very little, if any, rework was
done. Thus, a cold feed percentage is not appropriate for this operation in any of the
processes.

Bismuth Phosphate. Again, all of the BiPO, processing was on a batch basis, only the
plutonium was recovered, and very little recycle was performed. Page 507 of the Bismuth
Phosphate Manual (GE 1944) notes that through November 1945, no MW solution from
either B or T Plant had been reworked. (These early periods of plant operation usually show
high rework.)

Uranium Recovery (U Plant). The TBP UR process utilized solvent extraction. The
uranium product was calcined for shipment offsite; thus, there very likely was significant
rework of cold uranium. However, data concerning this rework have not yet been located,
so no cold feed percentage has been established.
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REDOX. This solvent extraction process is assumed to have experienced significant
recycle of cold uranium, particularly followmg plant startup and when the plant was switched
from continuous to weekly operation in October 1958. The following percentages of cold
feed production (i.e., rework) are inferred from aluminum nitrate nonahydrate (ANN)
consumption records, and should be added to the hot feed production.

1952 to 1953, 40 percent cold or rework feed (add to hot feed)
1954 to 1957, 8 percent cold or rework feed (add to hot feed)
1958 to 1966, 44 percent cold or rework feed (add to hot feed).

PUREX. The following values should be used until additional data are located.
For aluminum-clad fuel:

1956 to 1958, 15 percent cold feed (add to hot feed)
1959 to 1961, 10 percent cold feed (add to hot feed)
1962 to 1972, 6 percent cold feed (add to hot feed) (Hobart and Larson 1970)

For N Reactor fuel:

Through 1972, 9 percent cold feed (add to hot feed) (Hobart and Larson 1970)
1983 through 1989, 63 percent cold feed (add to hot feed) (Schofield 1991).

4.3.2 Status of Supplemental Information on Other Processes

To date, records that can be used for estimation of flowsheet deviations have not been
identified for strontium semi-works or B Plant Waste Fractionization. In addition a number
of smaller operations at the Hanford Site, such as the hot semi-works, and the PFP, have not .
been included in previous global inventory reviews. Secondary operations and special
processing campaigns may have limited documentation.

Process flowsheets for the thoria campaigns in PUREX would not include data on the
large volume of chemicals required to flush the process equipment before and after thoria
processing. (Flushing of the plant was necessary to minimize cross contamination of the
plutonium, thorium, and uranium products.) However, details of the chemicals used to flush
the equipment for the thoria campaigns are included in the first campaign reports.
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4.4 OTHER BASES AND ASSUMPTIONS THAT IMPACT GLOBAL INVENTORIES

“Individual tank waste inventories are also impacted by the inadvertent routing of
products (i.e., product losses of uranium, plutonium and neptunium to the waste tanks) along
with the chemicals and fission products from the reprocessing, recovery, and purification
processes. Another factor is that because of the waste management practices used in tank
farms, the waste routed to a particular waste tank often did not remain in the tank, i.e., it
subsequently was routed to another destination, either deliberately or inadvertently.

4.4.1 Product Losses

The primary reason for building and operating the Hanford Site was the production of
plutonium, with subsequent recovery for use in nuclear weapons. Thus, minimizing
plutonium losses during the reprocessing of the irradiated fuel was always an objective. The
plutonium losses in the BiPO, process ran approximately 2.6 percent total (Schneider 1951)
with approximately 0.4 percent losses in the wastes from the Extraction, Second
Decontamination and Plutonium Concentration Purification Cycles, and a larger 1.4 percent
loss in the First Decontamination Cycle.! The subsequent solvent extraction reprocessing
flowsheets (REDOX and PUREX) typically had lower plutonium losses to waste in addition
to also recovering uranium. Because these were continuous processes, the waste batches
with high product losses could be recycled to recover the product values without having to
stop normal production and/or develop complicated rework processes. It was also much
easier to recycle out-of-specification products, either plutonium or uranium, in order to
maintain high product purity. The plutonium losses in the REDOX and PUREX processes
ran on the order of 0.5 percent or less. ’

The BiPO, process did not recover uranium. Essentially all of the uranium was routed
to the MW tank cascades. The uranium was subsequently recovered via sluicing and acid
dissolution (in new stainless steel process vessels) of the MW from these cascade tanks. The
dissolved uranium solution was transferred to the U Plant, 221 U, which was the third,
unused BiPO, plant built during World War II. The U Plant was modified by the installation
of new equipment to recover uranium by a TBP solvent extraction UR process. The
plutonium valence in the solvent extraction feed stream was adjusted so that any plutonium
present reported back to the waste stream returned to underground tanks since the U Plant
was not equipped to recover plutonium, and plutonium limits in the uranium product were
very low. The U Plant uranium losses ran around 1 percent. The REDOX and PUREX
process uranium losses were on the order of 0.2 percent (see Section 6.3).

!The percent plutonium losses quoted in this section are those downstream of the
decladding and dissolution processes and are considered typical. Plutonium losses are
discussed further in Section 6.0 and detailed in Appendix G.

4-20



HNF-SD-WM-TI-740
Revision 0

- Neptunium-237 was a valuable byproduct at the Hanford Site, particularly from the late
1950’s to the 1970’s. The 2*’Np was recovered from the irradiated fuel, purified, and
further irradiated to produce 2*®Pu via neutron capture. The half-life of 2*Pu made it
particularly suitable as a thermoelectric generator. Unrecovered neptunium reported to the
HLW just as did the plutonium losses. In the late 1980’s, the DOE determined that there no
longer was a need for the Hanford Site 2*’Np, so neptunium recovery was stopped and the
onsite recovered >*’Np inventory (12.73 kg) was dumped to waste tank 241-AZ-102.

4.4.2 Wastes Discharged to Ground

Several Hanford Site waste streams were discharged to ground for disposal. Most of
these were wastewater streams, e.g., cooling water, steam condensate, etc. These streams
normally did not contain radioactivity or appreciable chemicals, and even under failure
conditions any such inventory was low. However, there were some process waste streams
that were disposed to ground in the 1940’s and 1950’s that contained substantial amounts of
chemicals and radionuclides. These streams originated from the BiPO, process and included
wastes (all supernatants) from the 224 (plutonium concentration/purification) process, the 2C,
some of the 1C, and the UR wastes from U Plant (and 1C from T Plant) after scavenging for
137Cs removal. These wastes were discharged to ground either via overflow to a reverse well
~or crib from a settling tank (the original 224 waste disposal method) or the last tank in a
cascade of at least three tanks (for later 224 and 2C wastes). The 1C and UR wastes were
decanted to cribs, usually with a floating suction pump to avoid discharging solids to the
disposal site. Waite (1991) contains listings of chemicals and radionuclides discharged to the
various ground disposal sites. The chemical discharges are estimates based on process
flowsheet knowledge for the 224 and 2C wastes; and on process knowledge and samples for
the 1C and UR wastes. In general, reported radionuclide discharges were always based on
samples. Usually, only the major constituents were estimated; thus, there may be other
chemicals discharged to ground that do not show in the listings. The process flowsheet
should be consulted if it is suspected a chemical was discharged but no estimate is shown.
Waite (1991) is the best source of chemical discharge estimates, at least until the solubility
model in the HDW model (Agnew et al. 1996), has been benchmarked.
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5.0 BEST-BASIS GLOBAL INVENTORY EVALUATIONS

Global component inventories for SSTs and DSTs currently serve as waste
composition data for TWRS process flowsheet modeling work, safety analyses, and risk
assessments. Information used to establish these inventories originated from key historical
records, e.g., essential material purchase records, from various chemical flowsheets used in
reprocessing of irradiated Hanford Site reactor fuels, and from calculations of radionuclide
isotope generation and decay.

The HDW model (Agnew et al. 1996) generates chemical and radiochemical inventory
estimates for each of the underground tanks as well as global inventories for SSTs and DSTs.
Shelton (1996) also reports tank inventories and global inventories for the Hanford Site
underground waste tanks. This TWRS baseline inventory has been used to support the
TWRS process flowsheet modeling work. The HDW model global component inventories
are often inconsistent with the TWRS global component inventories. Table 5.0-1! illustrates
these inconsistencies for some chemical components. Note, for example, the large
discrepancy in the reported sodium inventory values. The sodium inventory is of particular
importance because it influences the volume, and subsequently the cost, of low-level waste
(LLW) that will be produced and stored on the Hanford Site.

Because global component inventories are important to numerous users, one of the first
objectives of the standard inventory task was to resolve differences among reported global
inventory values and to establish best-basis inventory values. The methodology for resolving
these differences and providing best-basis values includes evaluating and documenting the
bases, i.e., assumptions, data, and background information, that support these values. This -
methodology is depicted schematically in Figure 5.0-1. The best-basis global chemical
inventory values derived as part of this evaluation process are summarized for comparison
purposes in the last column of Table 5.0-1. The methodology for developing radionuclide
inventory values is discussed in Section 6.1 and the global evaluation for total uranium is
presented in Section 6.3.

'The HDW model inventories in Table 5.0-1 reflect the global values reported in HDW
model Rev. 3 (Agnew et al. 1996) rather than the global values from HDW model Rev. 4
(Agnew et al. 1997). This is due to the fact that most of the global inventory evaluations
reported in Sections 5.1 through 5.24 were conducted in fiscal year 1996 and used HDW
Rev. 3 model as the basis for comparison.
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Table 5.0-1. Comparison of Hanford Defined Waste and Tank Waste
Remediation System Inventories. (2 Sheets)

Single-shell tanks Double-shell tanks Global inventory

g S o7

Component | ypw | TWRS | HDW | TWRS | HDW | TWRS |Best-basis
(MT) (MT) (MT) (MT) (MT) (MT) (MT)
Al 5530 | 3,390° | 2,190 | 1,570 | 7,720 | 4,960° | 7,845
Bi 513 262 11.3 2.23 524 264 580
Ca 497 | 128 122 25.7 619 154 214
Ce NR 232 NR 2.78 NR 235 8.8
cl 576 415° 381 272 957 687° 500
Co, 2,880 | 1,660 | 1,950 | 1,550 | 4,830 | 3,210 | 4,830
Cr 652 268°¢ 133 84.9 785 353¢ 785
F 269 812 369 389 638 1,200 | 1,360
Fe 1,615 631 220 162 1,835 793 1,230
Hg 5.81 NR 1.05 NR 6.86 NR 2.1
K 181 55.3 300 564 481 619 481
La 40.3 1.86 | 0.137 21.1 40.4 23.0 51
Mn 15.1 121 23.6 28.3 38.7 149 105
Na 25,850 | 57,300 | 14,430 | 11,200 | 40,300 | 68,500 | 54,200
Ni 144 203 38.2 10.9 182 214 111
NO, 8,980 | 6,520 | 4580 | 3,000 | 13,600 | 9,530 85,700
NO, 29,100 | 100,000 | 16,200 | 7,490 | 45,300 | 107,000 ,
OHrorar | 16,500 | 12,700 | 6,510 | 4,010 | 23,000 | 16,700 | 23,000
Pb 268 28.3 10.7 6.20 279 34.5 279
PO, 3310 | 4,730¢ | 715 237 4,030 | 4,970 | 6,000
Si 477 458° 136 234 614 692 570
SO, 2,000 | 1,650 | 1,220 394 | 3,220 | 2,040 | 5,000
Sr 167 36.0 | 0.0290 | 0.619 167 36.6 31.3
TOC 908 473 897 669 1,800 | 1,140 | 4,000
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(2 Sheets)

Single-shell tanks

Double-shell tanks

Global inventory

Component | Hpw | TWRS | HDW | TWRS | HDW | TWRS | Best-basis
- (MT) MT) MT) MT) MT) (MT) MT)
Urorar | 2,100 | 1,420 240 37.7 2340 | 1,460 965
Zr 370 | 38 195 305 232 687 440

HDW = Hanford Defined Waste model (Agnew et al. 1996)
NR = Not reported
TWRS = Tank Waste Remedlatlon System (Shelton 1996)

*Includes aluminum that may be found in cancrinite

(2NaAlSiQ, - 0.52NaNO; - 0.68H,0); total aluminum inventory adjusted from the 1987
Environmental Impact Statement (DOE 1987).
bSingle-shell tank inventories were adjusted from 4.0E+01 MT reported in the 1987
Environmental Impact Statement (DOE 1987).
“Single-shell tank inventories were adjusted from 95.9 MT reported in the 1987
Environmental Impact Statement (DOE 1987).
dSingle-shell tank inventories were adjusted from 8,740 MT reported in the 1987
Environmental Impact Statement (DOE 1987).
“Includes silicon that may be found in cancrinite (2NaAlSiO, - 0.52NaNO;, - 0.68H,0).
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Figure 5.0-1. Methodology for Developing Global Inventory Values for Major Components.

Identify/compile inventory sources
¢ HDW model
¢ TWRS inventory
(based on Hanford Defense Waste
Environmental Impact Statement)
¢ Analytical

e Compare inventories
¢ Define differences

y

e i o  in Frrc

Review/evaluate inventory sources for TWRS/HDW
model values to identify discrepancies, errors,
missing information, etc. .

¢ Contributing waste types

* Flowsheets

¢ Waste volumes

¢ Fuel processed

¢ Purchase records

y

Define and document best-basis estimate
¢ Best-basis technical agreement
e Revise data
e Define confidence level
¢ Revise HDW model totals

Legend
HDW = Hanford Defined Waste
TWRS = Tank Waste Remediation System
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Data quality for the work described in this section was maintained by adhering to the
following steps:

1. Ciritically examine all input data and assumptions used in the TWRS Inventory
and HDW model inventory calculations to identify any discrepancies, errors,
missing information, etc. :

- Identify waste types that contributed to the majority of the component
inventory.

- Evaluate process stream compositions from chemical flowsheets.

- Review amount of fuel processed, waste transfers, e.g., crib discharges,
purchase records.

- Review/evaluate tank waste sample analyses.

2. Document all bases and obtain agreement among the majority of technical experts
that the revised input data are sound.

Retracing the evolution of data has proved challenging, and every attempt is being
made to document original sources of data and information to ensure that inventory values
resulting from these evaluations are technically defensible and reproducible. The following
Sections- 5.1 through 5.24 present global inventory evaluations for 24 chemicals.

Several sections provide tables that total the various mass contributions for a chemical
component. At the author’s discretion, these totals are often rounded to two or three
significant figures. The summation of individual values may not be exactly equal to the
rounded value presented. '
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5.1 ALUMINUM

The primary sources of aluminum (Al), a major constituent in tank wastes, were:
(1) the Al cladding on the irradiated fuel (greater than 90 wt% of the fuel processed at the
Hanford Site was aluminum-clad), and (2) the Al added as aluminum nitrate nonahydrate
(ANN) - AI(NO3);-9H,0 as a salting agent in the REDOX solvent extraction process.
Smaller sources of aluminum were the aluminum canisters used to contain the early New
Production Reactor (NPR) (N Reactor) fuels processed at the REDOX Plant in 1965 and
1966, ANN salting agent for the Plutonium Finishing Plant (PFP) solvent extraction system,
and aluminum added as ANN to complex fluoride ion, thereby reducing the corrosion of the
stainless steel process vessels and piping. The PUREX Plant used ANN for this purpose
during thorium fuel processing and zirconium-clad fuel decladding (Zirflex process), and all
plants used ANN when fluoride ion was used in flushes.

. The total mass of Al in the tank waste is important since the amount is so large that it
will greatly impact the volume of the final waste glass products. The only larger mass
metallic component is sodium (see Table 5.0-1). Aluminum is relatively widespread
throughout the waste tanks. Aluminum from the bismuth phosphate process decladding waste
was combined with the first decontamination cycle (1C) wastes. Solids from this waste
stream, including aluminum solids, preferentially settled in the first tank of the 1C cascades.
When the 1C supernatants were later concentrated, more solids crystallized out in the
evaporator bottoms tanks. Aluminum concentrations are high in almost all the REDOX
process waste tanks (primarily S, SX, and U farm tanks), both from the ANN additions and
the fact that the REDOX Plant cladding wastes and concentrated solvent extraction wastes
were not initially segregated in the waste tanks; wastes were segregated after 1954. The
PUREX process aluminum cladding wastes were always routed to the C farm tanks;
however, the waste supernatants were later concentrated in the In-Tank Solidification (ITS)
systems (bottoms in BY farm) and the 242-T Evaporator (bottoms in the TX farm).
Eventually the supernatants were further concentrated in the vacuum evaporator crystallizers,
242-S for 200 West Area and 242-A for 200 East Area.

5.1.1 Identification of Aluminum Inventory Values
The reported global aluminum inventory values are 7,720 MT (HDW model, Agnew

et al. 1996) and 4,960 MT (TWRS, Shelton 1996) (see Table 5.0-1). A separate estimate is
provided below to verify these values. The estimate details are shown in Table 5.1-1.
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Table 5.1-1. Estimated Metric Tons Aluminum in Tank Waste.

Plant Fuel type MTU? kg AI/MTU MT Al
Bismuth phosphate Solid natural 7,800 32.2 ~251
REDOX _ Solid natural 10,718 32.2 ~345

Solid enriched 966 35.1 ~34
I&E natural 890 - 41.7 ~37
I&E enriched 6,964 47.1 ~328
NPR Al canisters 225 15.3 ~3
Total REDOX Process Cladding Wastes ~747
REDOX Process Salt Wastes (from ANN salting agent)® ~4.210
Total all REDOX Process Wastes ~4.,957
PUREX Solid natural 15,683 32.2 ~505
I&E natural 43,065 41.7 ~1,796
I&E enriched 7,176 47.1 ~338
NPR (ANN to 5,465 15.1 ~83
complex fluoride ,
ion)®
NPR (fabrication . 5,465 - ~4
impurity)®
Thoria processing® | Decladding, ANN complexing of ~43
fluoride ion .
Total all PUREX Process Wastes ' ~2,769
Plutonium Finishing Plant Waste® , : ~88
Total all Aluminum to Waste : ~ 8,065
Aluminum to Ground® | ~220
Total Aluminum in Tank Waste ~7,845

ANN = Aluminum Nitrate Nonahydrate - AI(NO;); - 9H,0
I&E = Internal and External (Cooled)

NPR = New Production Reactor (N Reactor)

PUREX = Plutonium-uranium extraction

REDOX = Reduction and oxidation

*From Appendix B

bSee text.
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5.1.2 Aluminum Inventory Evaluation

5.1.2.1 Aluminum Decladding Wastes. The amount of aluminum depended on the design -
of the fuel element. Values ranged from approximately 31.8 kg AlI/MTU, for the early solid
natural uranium elements processed in the bismuth phosphate plants (GE 1944) (32.2 kg
Al/MTU was used in Table 5.1-1 for the solid natural uranium fuel to reflect the later
increase in cladding wall thickness [Weakley 1958]), to approximately 47.1 kg AI/MTU for
the I&E cooled annular enriched uranium (0.947 wt% 23°U) fuel elements later processed at
the REDOX and PUREX Plants. The bulk of the fuel was natural uranium I&E elements
processed at the PUREX Plant in the 1960’s. Matheison and Nicholson (1968) reported

these elements typically contained approximately 41.7 kg AI/MTU.

5.1.2.2 REDOX Process Salt Wastes. The REDOX process used ANN as a salting agent
for solvent extraction with Hexone. The REDOX process flowsheet documents show this
usage as approximately 129.2 kg AI/MTU in 1955 (Merrill and Stevenson 1955), and it was
even higher when the REDOX Plant started up in 1952; and down to approximately 75.9 kg
Al/MTU in 1965 (Isaacson 1965). The value shown in Table 5.1-1 for total MT Al is taken
from a source that reported annual ANN usage per ton of uranium processed (Jenkins and
Foster 1978). These values are considerably higher than the flowsheet values quoted earlier
and reflect the fact that the REDOX Plant recycled a substantial amount of cold uranium in
addition to "hot" feed (see Section 4.3.1).

5.1.2.3 Additions for New Production Reactor (Zirflex) Processing. Table 5.1-1 shows
entries for the aluminum NPR canisters dissolved at the REDOX Plant, for the ANN added
at the PUREX Plant for complexing of fluoride ion and for aluminum contained in the NPR
uranium fuel alloy (see Section 7.0). ’
5.1.2.4 Additions for PUREX Thoria Processing. The PUREX Plant conducted major
thoria target processing campaigns in 1966 and 1970 to produce 2>*U. A total of 629 MT of -
thoria were processed (see Appendix B). The thoria target elements were clad in aluminum,
thus an aluminum decladding waste was produced. Both campaigns also used fluoride ion (in
acidic solutions) in precampaign flushes to cleanout the process vessels and lines, and in the
thoria dissolution to speed dissolving rates. The fluoride ion then was complexed with ANN
in downstream vessels to minimize corrosion. The actual amount of ANN used for fluoride
complexing in the 1966 campaign was listed in Isochem (1967). The flowsheet values for
the thoria target aluminum cladding are given in Jackson and Walser (1977). The data from
these two documents were used to calculate that the thoria campaigns contributed a total of
43 MT of aluminum to the tank waste. (See Appendix E, for calculation details.)

5.1.2.5 Additions for Plutonium Finishing Plant Processing. The PFP contained a
Plutonium Reclamation Facility (PRF) that used a carbon tetrachloride-TBP solvent
extraction flowsheet to recover plutonium from dissolved scrap and other rework streams.
This solvent extraction process, like the REDOX process, used ANN as a salting agent. The
waste from this process, along with other PFP liquid wastes, was originally discharged to
ground. However, in June 1973, the PFP liquid waste was routed to the underground
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storage tanks. The estimated aluminum content of the tanked PFP wastes is shown in
Table 5.1-1. The details of this estimate are given in Appendix E.

5.1.2.6 Aluminum in Wastes Discharged to Ground. Waite (1991) gives estimated values
for chemicals discharged to the soil. Table E-1 in Waite’s document lists 6.69 E+05 kg of
sodium aluminate (220 MT of aluminum) disposed. This value is subtracted in Table 5.1-1.
The number seems somewhat high since it represents approximately 88 percent of the total
aluminum in the bismuth phosphate process cladding wastes. However, the potential error
appears to be small compared to the total aluminum added.

5.1.3 Best-Basis Estimate for Aluminum Inventory Value

The total aluminum estimate shown in Table 5.1-1 (7,845 MT) compares quite
favorably with the HDW model (Agnew et al. 1996) estimate of 7,718 MT (the difference is
approximately 1.6 percent). However, inspection of the details of the HDW estimate show
major differences in the sources (and disposal) of aluminum as compared to Table 5.1-1.
Table E-1 in Appendix E lists the process sources of aluminum for both the HDW and
current (Table 5.1-1) estimates. It can be seen that while there are several areas of good
agreement (e.g., REDOX and PUREX Plant cladding wastes, PUREX Plant ThO,, PRF)
there are also areas that differ substantially, e.g., the BiPO, cladding waste, the REDOX
Plant salt (ANN) wastes, the B Plant LLW, and the aluminum disposed to ground. These
discrepancies have been pointed out to the HDW model authors and preliminary feedback is
that they believe that the values developed in this analysis are more reasonable. Thus, the
values shown in Table 5.1-1 should be accepted as the best-basis inventory for aluminum.

5.2 BISMUTH

The first fuel reprocessing scheme used at the Hanford Site to separate plutonium from
the bulk of dissolved nuclear reactor fuel was based on the characteristic of plutonium, in its
lower oxidation states, to coprecipitate with bismuth phosphate. Application of the bismuth
phosphate process resulted in three bismuth-containing waste streams being sent to SSTs for
storage or routed through SSTs before being transferred to cribs. These three streams, 1C,
2C, and 224, are the source terms for the in-tank bismuth inventory.

Bismuth is important to disposal operations because (1) as a major component in some
washed sludges, it can potentially impact glass volume and quantity, and (2) it can interfere
with transuranic element extraction if some of the more extensive separation processes are
employed.
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5.2.1 Identification and Comparison of Bismuth Inventory Values

Inventory values reported for bismuth are summarized in Table 5.2-1. The value
reported in the Hanford Defense Waste-Environmental Impact Statement (DOE 1987) and
used in TWRS engineering evaluations appears to originate from the value derived by Allen
(1976). As a result, these three inventory values are essentially equivalent in terms of two
significant figures, i.e., 260 MT bismuth. The predicted HDW model value of 524 MT is
twice as large. Table 5.2-2 provides a comparison of the Allen and HDW model inventory
values by waste stream. The bismuth concentration, the volume of waste assumed
transferred to/through storage tanks, and the resulting bismuth inventory are provided in th1s

table for each waste stream.

Table 5.2-1. Reported Bismuth Inventory Values (MT Bismuth).
Reference Inventory
Estimated Inventory (Allen 1976) 259
Hanford Defense Waste Environmental Impact Statement (DOE 1987) 261
Tank Waste Remediation System (Shelton 1996) 264
Hanford Defined Waste model (Agnew et al. 1996) 524

Table 5.2-2. Comparison Between Allen* and Hanford Defined Waste Model

Bismuth Inventories by Waste Stream.

Allen® Hanford Defined Waste Model®
Stream Conc Volume | Inventory Conc Volume Inventory

(M) (kgal) - (MT) M) (kgal) (MT)

1C 0.01 29,400 233 0.014 28,298 313
2C 0.006 5,530 26 0.01°¢ 8,962° 71°¢
0.0053¢ 22,7274 95¢

224 0.0062 8,300 41
Total 259 520°

1C = First decontamination cycle of the bismuth phosphate process
2C = Second decontamination cycle of the bismuth phosphate process
224 = Final decontamination/concentration cycle of the bismuth phosphate process

4Allen (1976)
bAgnew et al. (1996)

‘Agnew et al. (1996) refers to the second cycle bismuth phosphate process operated

between 1944 and 1949 as 2Cl1

dAgnew et al. (1996) refers to the second cycle bismuth phosphate process operated

between 1950 and 1956 as 2C2

“Difference between 520 MT calculated and 524 MT reported may be due to

rounding.
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5.2.2 Bismuth Inventory Evaluation

In Table 5.2-1, the difference between the Allen (1976) and the HDW model global
bismuth inventories stems mainly from the differences in the 2C and 224 waste volumes
assumed transferred to/through the tanks. Unlike the HDW model, Allen appears to have
assumed that the 2C waste from T Plant and the 224 waste were immediately cribbed instead
of cascaded through tanks before cribbing. The question is: which one of these inventories,
if either, is correct? The following evaluation was performed to help answer this question.
The bismuth inventory was examined from two different bases: (1) from a process history
basis, similar to that used by Allen and for the HDW model, and (2) from an analyzed waste
sample basis. '

The bismuth phosphate process flowsheet (Schneider 1951) provided bismuth
concentration information for each of the process waste streams. These concentrations were
multiplied by the total waste stream volumes to obtain a process history inventory estimate,
based on the assumptions that all wastes were cascaded through tanks and that all bismuth
precipitated in these tanks before cribbing the aqueous wastes. Analytical data provided
bismuth concentration information for in-tank wastes. These data were assumed to be
representative of the sludges formed by the three process waste streams, i.e., 1C, 2C, and
224. Concentrations were multiplied by the measured density and the total volume assumed
for each process sludge to obtain an analytical-based inventory estimate. The results are
summarized in Table 5.2-3.

Table 5.2-3. Bismuth Inventories Projected from Historical Process Information and from
Analytical Data for the Bismuth Phosphate Process Waste Types.

Process? Analytical -
Tank Solids
Stream | Conc | Volume | Inventory | waste, Conc? volumes | Imventory
(M) ' (kgal) (MT) denSity ug/ gsludgc (kgal) (MT)
) (g/mL)
1C 0.012 30,350 288 | T-104, 18,900 3,300 271
1.15
2C 0.0063 | 28,980 144 B-110, 20,100 1,500 149
1.35
224 0.0056 | 33,100 147 B-201, 103,000 300 147
1.25
Total 579 567

4Schneider (1951)

bColton (1995)

‘LaFemina (1995).
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A second waste sample-based bismuth inventory was derived using bismuth inventories
for specific waste types (Table 5.2-4). Waste types called out in Table 5.2-4 were identified
by Hill and Simpson (1994) with the Sort On Radioactive Waste Type (SORWT) model;
inventory information for each waste type was obtained from Colton (1995).

The global bismuth inventories listed in Tables 5.2-3 and 5.2-4 support the global
inventory predicted by the HDW model (Table 5.2-2), although differences are apparent
among the waste-specific inventories. Most noticeable is the difference between the
inventory for 224 waste predicted by the model, 41 MT (Table 5.2-2), and the inventories
for 224 waste projected from waste sample data, 147 MT and 135+ MT (Tables 5.2-3 and
5.2-4). The sample-based bismuth inventories for 224 waste correspond with the process
inventory that is based on bismuth precipitating from 125,000 kL (33,100 kgal) of 224 waste,
while the model-based value reflects bismuth precipitating from only 31,000 kL (8,300 kgal)
waste.

Table 5.2-4. Bismuth Inventory Projected from Sample Analysis Data for Sort On
Radioactive Waste Type Groups.

SORWT Group No. (waste type) Bi Inventory (MT)
_ (Colton 1995)

XXV.i(1C) 36.3
IX(1C-CW) 24.0
XI(1C-TBP) 67.4
VIII(1C-EB) 118
XXV.I(TBP-1Cf) 34.7
XII(TBPf-1C) 30.4

Total 1C-containing wastes 311 .
XVI(2C-5,6) , 50.8
XV(2C-224) : 96.0
VI(224) 135

Total 2C- and 224-containing wastes 282
Total 593

1C = First decontamination cycle of the bismuth phosphate process

2C = Second decontamination cycle of the bismuth phosphate process

224 = Final decontamination/concentration cycle of the bismuth phosphate process
CW = Cladding waste

EB = Evaporator bottoms

TBP = Tri-butyl phosphate waste _

SORWT = Sort On Radioactive Waste Type from Hill and Simpson (1994).
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5.2.3 Best-Basis Estimate for Bismuth Inventory Value

Based on evaluations discussed in this report, the best-basis estimate for bismuth
inventory is 580 MT for the following reasons:

* This inventory value reflects the estimated bismuth inventory used in

- the bismuth phosphate process. This value was picked instead of the
inventory value reported by HDW model because of the uncertainty in
the volume of 224 waste assumed for the model. The deviation of +
60 MT from the best-basis estimate inventory value encompasses the
value currently predicted by the HDW model and the values projected
from analyzed waste samples.

* The inventory value reported by Allen (1976) that supports the
Hanford Defense Waste-Environmental Impact Statement (DOE 1987)
and TWRS inventory values is incomplete. This value does not
include bismuth from the 2C and 224 wastes that were cascaded
through the tanks before being transferred to cribs.

5.3 CALCIUM

Only two Hanford Site processes added calcium as a flowsheet material. Calcium was
added to scavenge *°Sr from tank waste supernatants, and also it was used during plutonium
metal production. Calcium is ubiquitous in Hanford Site sludges, however, suggesting trace
contamination from water and essential materials as potential sources. Typically, process
operations used deionized water, but calcium could also come from large amounts of
untreated water used to flush transfer lines. Many of the essential materials used at the
Hanford Site had specifications (Palmer 1978) for maximum calcium content ranging from
0.0007 wt% (hydrazine solution) to 0.025 wt% (cadmium nitrate), but the specification for
the bulk chemicals NaOH and HNO; was 0.002 wt%, which would account for almost all of -
the calcium from chemical additions.

A few nonroutine additions of calcium, such as cement and diatomaceous earth, are
described in the following discussion. Some cribbed waste passed through beds of CaCOj; as
a final treatment before discharge to the ground, but none of this calcium should be found in

underground tanks. We have not been able to substantiate or quantify other anecdotal leads

such as the use of sacrificial grout linings in process cells.

The extremely low solubility of compounds like CaCO; and Ca,(PO,), limits the ability
to remove calcium using proposed sludge washing methods. The presence of calcium in
Hanford Site HLW sludges can potentially impact sludge vitrification processes. Once
calcium is in the melter, under certain conditions a floating Ca;(PO,), phase can form which
adversely affects melting rate.
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5.3.1 Identification and Comparison of Calcium Inventory Values

Revisions of the HDW model have reflected calcium inventories ranging from
1,120 MT (Agnew 1995) to the current estimate of 619 MT (Agnew et al. 1996). The
revised HDW tank inventory (Agnew et al. 1996) distributes 497 MT to SSTs and 122 MT
to DSTs, with 121 MT lost to the cribs and tank leaks.

By comparison, the TWRS Inventory (Shelton 1996) accounts for 154 MT of calcium
in the tanks distributed 128 MT to SSTs and 26 MT to DSTs (see Table 5.3-1).

Table 5.3-1. Current Reported Inventory Values for Calcium.

All tanks (MT) Single-shell Double-shell
tanks (MT) tanks (MT)
Hanford Defined Waste model 619 497 122
(Agnew et al. 1996)
Tank Waste Remediation System 154 - 128 26
Inventory (Shelton 1996)

5.3.2 Calcium Inventory Evaluation

The table of "chemicals added” in Appendix B of Agnew et al. (1996) suggests that a
base concentration of 0.018M calcium, apparently extrapolated from analytical data, was -
assigned to most waste streams. Some streams are as high as 0.02M to account for known -
process additions of calcium. This base concentration seems unusually high in view of the
known solubility and infrequent use of calcium. Agnew et al. (1996) acknowledged that their
estimate cannot account for the source of a large fraction of the calcium. An importart
observation about this approach is the impact of an erroneous base concentration. Only a
small fraction is attributed to deliberate process additions while 90 to 99 percent of the
calcium is accounted for in the base concentration. The HDW model supernatants typically
contain 0.009M calcium, and control the split between supernatants and sludges. For
comparison, untreated Columbia River water is 0.00075M calcium.

The Sections 5.3.2.1 through 5.3.2.5 attempt to account for calcium by evaluating the
potential sources, referred to as the source-based evaluation.

5.3.2.1 Fuel Fabrication. The calcium content of fuel is not known, although judging by
the minor element evaluation in Section 5.15, calcium is not recognized as a fuel constituent
of any significance. It is reasonable to assume that no calcium comes from fuel.

5.3.2.2 Chemical Process Operations. Chemical processing introduced calcium to the -
waste through intentional routine additions, however,. such additions of calcium were limited
to two chemical processes: in-plant/in-farm scavenging of *°Sr, and slag and crucible
processing for plutonium metal production at Z Plant. The Inventory of Chemicals Used at
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Hanford Site Production Plants and Support Operations (1944 to 1980) (Klem 1990)
substantiates that calcium was not used for the Precipitation Separations Process (i.e.,
bismuth phosphate) at T Plant (1944 to 1956) or B Plant (1945 to 1952), but was used during
Uranium Recovery (In-Plant Scavenging) at U Plant (1952 to 1958) and for In-Farm
Scavenging. The amount used for in-plant scavenging is documented; Stedwell (1957)
reported that in-plant scavenging used 34,000 kg (75,000 Ib) of CaCO; for the treatment of
121,000 m? (32,000,000 gal) of work. This amounts to 13.6 MT of calcium. Sloat (1955)
points out that CaCO; was converted to Ca(NO5), with nitric acid before using in the
scavenging process.

In-farm scavenging is summarized in Jeppson (1993). According to Appendix A of that
document, the actual volume processed was 45,800 m> (12,100,000 gal) and the total calcium
consumption was approximately 20 MT.

The Semiworks Pilot Plant (1955 to 1967) lists Ca(NO3), as an essential material, and
B Plant process control reports from very early waste fractionization operations indicates
CaCO; was consumed, probably for preparing test simulants, but the amount used was
undoubtedly small.

The second source of process calcium was from slag and crucible waste at Z Plant. A
rough estimate of calcium consumption is 20 MT which left the plant in the PRF CAW
stream. Virtually all of the slag and crucible waste was discharged to cribs before Z Plant
was connected to the tank farm in May 1973. A very small percentage of Z Plant calcium
resides in the tanks and is not included in the tank waste inventory.

The REDOX Plant (1951 to 1967) used no calcium. There is no evidence of calcium
use at the PUREX Plant (1955 to 1972). Radionuclide removal from PUREX process wastes
has not been investigated as a possible source of PUREX process calcium as of this writing.

5.3.2.3 Process Chemical Impurities. The major process chemical with potential for
calcium impurities is NaOH. The sodium reconciliation in Section 5.20 identifies

54,200 MT sodium in the tanks, with an additional 23,000 MT routed to the cribs,
corresponding to 134,300 MT NaOH or 268,600 MT of 50 wt% caustic soda, assuming all
sodium came from caustic (not a true assumption but reasonable for this purpose) and that all
calcium in the caustic remained in the tanks. As noted previously, the essential material
specification for caustic was 0.002 wt% calcium. The common industry specification for
commercial grade caustic soda is 0.006 wt% CaO or 0.004 wt% calcium. Applying the
more conservative industry specification, essential material impurities account for only

10 MT calcium.

Agnew et al. (1996) acknowledges that most of the water in Hanford Site waste was
deionized before use, but nevertheless attributes much of the calcium in the HDW inventory
to exaggerated water hardness. Using the Agnew et al. (1996) estimate of 1,640,000 m®
(433,000,000 gal) net water volume, the untreated water hardness of 0.00075M calcium, and
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assuming that no calcium was lost through crlbbmg, the maximum contribution from water
hardness is 50 MT calcium.

5.3.2.4 Non-routine Tank Farm Additions. In 1966 tank farm operations added 57 MT of
Portland cement to 241-BY-105. At 64 wt% CaO (Flinn and Trojan 1975), this contributed
26 MT calcium. Between 1970 and 1972, tank farm operations added 354 MT of
diatomaceous earth to the tanks. At 0.9 wt% CaO (Buckingham and Metz 1974), this added
2.3 MT calcium to the tanks.

5.3.2.5 Blowsand. Section 5.19 estimates the amount of blowsand accumulation in the
tanks from all sources at 25 MT. With Hanford soil a nominal 6 wt% CaO (Voogd 1993),
the contribution of calcium from blowsand is 1 MT.

5.3.2.6 Summary of Source-Based Evaluation. The source-based approach described in
Section 5.3.2.1 through 5.3.2.5 accounts for 123 MT of calcium. As noted above, there are
other potential sources for which we currently have no estimating basis, so the source-based
estimate could increase. By comparison, the TWRS Inventory is 154 MT.

Table 5.3-2. Summary of Calcium Sources.

Sources Estimated Source (MT)
Chemical Process Operations 33.6
Chemical Impurities 10
Water Hardness 50
Non-Routine Additions 28.3
Blowsand 1
Total 123

5.3.2.7 Analytical Basis. A recent projection of calcium in SST sludge by Colton 1995,
shown in Table 5.3-3, places the SST calcium at 172 MT. Colton’s estimate is based on
sludge analytical data and waste volumes. The low value for calcium in TBP sludge seems
peculiar since scavenging of TBP raffinates is the only known intentional process addition of
calcium. Through a personal communication, Colton acknowledged that no sludge data were
available for most of the TBP wastes, and that no projection could be made without a basis.
Earlier in Section 5.3.2.2, however, the calcium usage for scavenging was estimated at
approximately 34 MT calcium. Substituting that value for Colton’s 18 MT of TBP calcium,
we arrive at a revised estimate in Table 5.3-3.
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Table 5.3-3. Calcium in Single-Shell Tanks Estimated From Sludge Samples.

Process Colton estimate (MT) Revised estimate (MT)
BiPO, 42 42
TBP 18 34

REDOX 37 37

PUREX 75 75
Total 172 188

"PUREX = Plutonium-Uranium Extraction
REDOX = Reduction and oxidation
TBP = Tri-butyl phosphate.

The presence of calcium in PUREX sludge samples was the basis for a projection of
30 MT by Allen (1976), although no calcium was actually used in the PUREX process.
Since Colton had a better sample base from which to project, Colton’s number may be more
reasonable. Colton’s revised sludge-based estimate is more than the TWRS estimate of
128 MT in SSTs, but less than half the HDW model prediction of 497 MT in SSTs. In the
future, it would be worthwhile to investigate in more detail how the HDW model (Agnew
et al. 1996) arrived at the calcium inventory of the defined waste streams.

5.3.3 Best-Basis Estimate for Calcium Inventory

Both the source-based evaluation outlined above and an independent estimate based on
sludge analyses suggest that the HDW model estimate is too high. At the same time, there is
evidence that the source-based evaluation may be too low to account for SST calcium.

The sample-based estimate of 188 MT of calcium in SSTs, which is somewhat more
conservative than the TWRS inventory and the source-based inventory, is considered the
best-basis estimate. There is no reason at this time to suspect the sample-based TWRS

estimate of 26 MT in DSTs.

(Table 5.3-4).

This brings the best-basis inventory of calcium to 214 MT

Table 5.3-4. Best-Basis Estimate of Calcium Inventory in

Hanford Site Underground Tanks.

Tanks MT
Double-shell tanks 26
Single-shell tanks 188

Total 214
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5.4 CARBONATE

The following were the primary sources of carbonate (total inorganic carbon), CO;, in
tank wastes:

1.  Absorption of atmospheric carbon dioxide, CO,, from ventilation air and airlift
circulator air passing through the underground waste storage tanks.

2. Solvent treatment from PUREX and B Plant solvent extraction processes. The U
Recovery Process potentially used carbonate for solvent treatment also.

3. The B Plant cesium ion exchange system used ammonium carbonate for scrub and
elution streams.

4. Flushing of tank farm pipelines in the 1940’s with sodium bicarbonate.

Carbonate exists as an anion. Multivalent metal salts of carbonate are generally
insoluble. Monovalent metal (sodium and potassium) salts of carbonate are generally soluble
in the alkaline waste supernatant. Multiple passes through the tank waste evaporator process
can ultimately result in carbonate salt cakes. In the Hanford wastes, greater than 90 percent
of the carbonate is expected to be water and/or caustic wash soluble.

5.4.1 Identification of Carbonate Inventory Values

The reported global carbonate inventory values are 4,830 MT (HDW model, Agnew
‘et al. 1996), 3,210 MT (TWRS, Shelton 1996), and 4,830 MT by this report.

‘The methodology and analysis to obtain a total global carbonate inventory of 4,830 MT
carbonate is contained in Section 5.4.2.

5.4.2 Carbonate Inventory Evaluation

Total carbonate added to tank wastes as process chemicals in PUREX and B Plant was
1,130 MT CO;. This carbonate was contained in 1,560 MT Na,CO, used for organic
treatment (Section 5.20, Sodium).

The HDW model (Agnew et al. 1996) estimates a total CO; inventory of 4,830 MT.
The HDW model does not include absorption of CO, into tank wastes or degradation of
organic carbon as contributions to carbonate.

The largest amount of carbonate in tank wastes is produced by absorption of

atmospheric CO, from ventilation and sparge air in the underground waste storage tanks.
The absorption of CO, into tank wastes simultaneously reacts with two free NaOH molecules

5-18



HNF-SD-WM-TI-740
Revision 0

to form one Na,CO; and one H,O molecules. Over time the free NaOH is converted to
Na,COj; and the waste pH decreases. Tank farm operations has periodically added NaOH to
selected tanks to raise the pH again for corrosion protection.

Modeling of CO, absorption into tank wastes would be difficult and the results
unreliable. Future assessments of global TOC can use the summation of individual tank
inventories when they are available. This study uses the total carbonate inventory estimated
by the HDW model (Agnew et al. 1996) and calculates 3,700 MT CO, from CO, absorption
by difference.

DuPont (1946, p. 178) reported that in April 1946, the metal waste line from T Plant
plugged up. A flush of the line with 9,100 kg (20,00 Ib) of 10 percent sodium bicarbonate
cleared the line. A program of bimonthly flushing of these lines in both 200 areas was
initiated. Subsequent Uranium Recovery (UR) operations released the metal waste carbonate
content to the atmosphere as CO, when the metal waste was acidified. This study assumes
no carbonate in UR wastes that originated from BiPO, metal waste.

5.4.3 Best-Basis Estimate for Carbonate Inventory

Table 5.4-1 provides the results from this evaluation for carbonate, together with
comparable estimates from other sources. The global best-basis estimate for Hanford Site
tank waste is about 4,830 MT of carbonate. This estimate is the HDW model estimate of
4,830 MT carbonate (Agnew et al. 1996). The current value of 3,210 MT carbonate in the
TWRS reference chemical inventory (Shelton 1996) is based on 1987 EIS (DOE 1987)
estimates for tank wastes, corrected for known additions to the waste tanks.

Table 5.4-1. Estimated Amount of Carbonate in the Hanford Site
Tank Wastes, MT.

Process Present HDW model TWRS inventory
estimate (Agnew et al. | (Shelton 1996)
1996)
PUREX organic wash 714 - . NA
B Plant organic wash 413 - NA
CO, absorption - 3,700 0 NA
Total 4,830 4,830 3,210

HDW = Hanford Defined Waste

NA = Not attributed to individual waste streams
PUREX = Plutonium-uranium extraction
TWRS = Tank Waste Remediation System.
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The current Hanford Site tank waste inventory estimate of 4,830 MT carbonate has the
highest uncertainty in the amount of C02 absorbed in the tank wastes. Sample analyses and
carbonate inventory of individual tanks in the future may show that total carbonate inventory
is greater than 4,830 MT.

5.5 CERIUM

Cerium added to the waste tanks is primarily from two sources: (1) reactor fission
products and (2) ceric ammonium nitrate added during the first cycle of the bismuth
phosphate process. Other minor sources include laboratory wastes and engineering
development testing.
5.5.1 Identification of Cerium Values

Earlier estimates of cerium have been based on the bismuth phosphate process

flowsheet and waste discharge records or estimates of fission products. Table 5.5-1
compares some of the reported values.

Table 5.5-1. Reported Cerium Inventories.

Reference Inventory (MT) Comment

Tank Waste Remediation System 235 EIS values for SSTs.

Baseline (Shelton 1996) Sample results for DSTs.

Hanford Defined Waste model Cerium not

(Agnew et al. 1996) included

Hanford Defense Waste Final 230

Environmental Impact Statement

(DOE 1987) ‘ .

TRAC (Jungfleisch 1984) 4 Reports as 2.86 E+04 gram
moles. Through 1980 only.

Allen (1976) 244 or 333 Reports inventory of Ce and
Ce(OH); at same mass value.
Through 1972 only.

DST = Double-shell tank

EIS = Environmental Impact Statement
SST = Single-shell tank

TRAC = Track radioactive components.
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5.5.2 Cerium Inventory Evaluation

5.5.2.1 Chemical Additions. With the exception of TRAC, all previous estimates of
cerium inventory of the underground storage tanks are traceable to an estimate made in 1976
(Allen 1976). This document indicated a total cerium inventory of "730,000 pounds"

(331 MT) based on the 1951 bismuth phosphate process flowsheet (Schneider 1951) and the
waste volumes from a production data notebook (Roberts et al. 1992).

A review of the hand-written calculations for this document (Allen 1976) shows an
exponent error for the waste molarity. The molarity used was high by a factor of 100. The
corrected inventory would be 3.3 MT of cerium.

The Allen (1976) report contains an additional error in that both Ce*3 ion and the
Ce(OH); compound are reported at the identical "730,000 pounds” (331 MT). The Hanford
Defense Waste Disposal Alternatives document (RHO 1985a) reported the cerium as 230 MT
based on 331 MT of Ce(OH);, which in turn was used for the TWRS baseline. There are
slight variations in the reported values, likely the result of rounding and using different
conversion factors. Also, a small quantity (approximately 3 MT) was added to the TWRS
baseline (Shelton 1996) to account for the sample results from DSTs.

A spreadsheet also based on the 1951 bismuth phosphate process flowsheet
(Appendix C) estimates the cerium added to the underground storage tanks at 3.1 MT using
the flowsheet chemical additions and waste volumes.

Minor amounts of cerium were added to the wastes tanks through laboratory wastes
(Klem 1990). The only known plant usage outside of bismuth phosphate processing was a
one-time process test at the REDOX Plant which contributed less than 50 kgs of cerium.

5.5.2.2 Cerium Fission Product. Fission product cerium is actually the prime contributor
to the tank waste inventory. TRAC estimated this inventory at 4 MT through 1980.

Re-estimation of the cerium fission product inventory yields a slightly higher value.
Cerium inputs are estimated at 5.03 MT for fuel reprocessed up to 1972 (RIBD) and
0.37 MT for post-1983 PUREX Plant operation (ORIGEN?2), for a total of 5.4 MT of
cerium. An independent ORIGEN2 calculation reported in Section 7.2 estimates the total
fission product cerium production at 5.71 MT.

5.5.3 Best-Basis Estimate for Cerium Inventory

The best-basis global cerium inventory is 8.8 MT from all sources. This small quantity
is unlikely to have a significant impact on future tank waste treatment operations.
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5.6 CHLORIDE

Most of the chloride in Hanford Site wastes was introduced as an impurity in sodium
hydroxide. Chloride has been identified as a component of concern with respect to
formulation of both high-level and LLW glasses. Chloride salts have limited retention in
glass and can contribute to the formation of secondary molten salt phases during melting
operations. Because of its high volatility, chloride can also impact offgas system design.

Due to the high solubility of the chloride anion, the bulk of the chloride in Hanford Site
tank wastes is found in the supernatant and interstitial liquids within the tank solids.

Chloride is widespread throughout the waste tanks. Chloride is a monovalent halogen
anion and essentially all chloride salts are soluble in acidic and alkaline solutions. In the
Hanford Site wastes, approximately 99 percent of the total chloride is expected to be water
soluble. The insoluble one percent of chloride is found in the sludges as complex
compounds. Soluble chloride in the tank wastes is associated with alkaline soluble sodium
chloride (NaCl).

The tank wastes were processed for solids removal (i.e., settling) and/or volume
reduction after they were routed to the tanks. The volume reduction processes included
scavenging, evaporation, and crystallization processes. These processes redistributed the
sodium and associated chloride within the storage tank complex:

1. The scavenging process treated supernatants containing sodium chloride for
cesium and strontium removal and discharged the treated supernatants to cribs for
disposal of the decontaminated sodium salt solutions and associated chloride. _

2. The evaporation processes using the 242-B and 242-T evaporators removed water
to reduce tank waste volume, resulting in increased sodium and chloride
concentrations and transfer to different storage tanks.

3. The later crystallization processes evaporated additional water from the

' supernatants to crystallize sodium nitrate salts and further reduce tank waste
volume. ' This crystallization preferentially crystallizes sodium nitrate and
provides a decontamination from the associated chloride in the salt crystals. The
saturated mother liquor from this crystallization in the tanks is drained from the
salt crystals by the process of "salt well pumping" and transferred to the DSTs to
become Double-Shell Slurry Feed (DSSF). The residual SST interstitial liquor
and DSSF contains the remaining uncrystallized sodium nitrate and the other
soluble sodium salts including sodium chloride.

As a result, the SSTs currently contain approximatély 29 percent of the total waste

chloride in interstitial solutions with high sodium concentrations, eight percent associated
with SST sludges, and less than 1 percent in the sodium nitrate crystals. The DSTs contain
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5.6.1 Identification of Chloride Inventory Values

The reported global chloride inventory values are 957 MT (HDW model,

Agnew et al. 1996), 687 MT (TWRS, Shelton 1996), and 500 MT by this report.

the remaining appréximately 63 percent of the total waste tank inventory of chloride as
predominately supernatants.

The methodology and analysis to obtain a total global chloride inventory of 500 MT

5.6.2 Chloride Inventory Evaluation

chloride is contained in the following sections.

The Hanford Site tank sodium inventory determined by this report is based on

analytical data for chloride and sodium and the estimated tank waste inventory of sodium.
The available TCR inventories for tanks where both the sodium and chloride inventories are
based on chemical analysis are summarized in Tables 5.6-1 and 5.6-2 for DSTs and SSTs,
respectively.

Table 5.6-1. Double-Shell Tank Characterization Report Inventories for
Sodium and Chloride.

Tank Sodium, Chloride, Tank Sodium, | Chloride,
MT MT MT MT
241-AN-102 562 14.7 241-AW-103 (NCRW) 270 0.078
241-AP-102 426 12.1 241-AW-105 (NCRW) 175 6.56
241-AP-105 519 7.3 241-AZ-101 (NCAW) 17 0.027
241-AP-106 24 0.24 - 241-AZ-102 (NCAW) 27 0.061
241-AW-101 906 20.4 241-SY-102 (PFP) 86.2 1.3
241-AW-104 26 0.71 Total 575 8.0
241-AY-102 5 1.2 Chloride to sodium mass ratio = 0.0140
241-SY-101 1,390 56
241-SY-103 656 17.3
Total 4,514 130

Chloride to sodium mass ratio = 0.0289

NCAW = Neutralized Current Acid Waste
NCRW = Neutralized Cladding Removal Waste
PFP = Plutonium Finishing Plant.
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Table 5.6-2. Single-Shell Tank Characterization Report Inventories for
Sodium and Chloride.

Tank Sodium, MT | Chloride, MT Tank Sodium, MT | Chloride, MT
241-AX-102 28 0.47 241-C-110 86 1.12
241-B-101 80 0.84 241-C-201 04 | o001
241-B-102 23 0.04 241-C203 | 1 0.001
241-B-103 50 0.47 241-S-104 219 5.9
241-B-104 153 1.01 241-SX-113 0.4 0.01
241-B-110 327 1.55 241-T-102 4 0.02
241-B-111 102 1.09 241-T-104 150 1.7
241-B-112 24 0.23 241-T-105 34 0.15
241-B-201 5 0.23 241-T-106 6 0.03
241-BX-101 18 0.10 241-T-107 134 0.56
241-BX-103 24 0.03 241-T-108 30 0.22
241-BX-107 192 2.14 241-T-111 80 0.98
241-BY-108 171 1.68 241-TY-104 33 0.21
241-C-107 128 0.61 241-TY-106 9 0.13
241-C-108 33 0.25 241-U-202 1 0.01
241-C-109 25 0.21 Total 2,171 22.0

Chloride to sodium mass ratio = 0.0102.

The DST wastes are segregated into two categories for this evaluation. The NCRW
and NCAW wastes produced in the 1983 to 1989 period and the PFP wastes were effectively
segregated into five tanks (251-AW-103, 241-AW-105, 241-AZ-101, 241-AZ-102, and
241-SY-102). The remaining DSTs have waste inventories derived from the previous
processing of SST wastes (fission product recovery, waste evaporation, crystallization, and
saltwell pumping). The chloride to sodium ratio in the DSTs that do not contain NCRW,
NCAW, or PFP is representative of the ratio that can be expected in the SST interstitial
liquids. These DST supernatants include Dilute Noncomplexed (DN) and DSSF that are the
products of evaporation, crystallization, and saltwell pumping in the SSTs.

The available tank characterization results for SSTs are for tanks containing sludges.

SST tanks containing salt cake and interstitial liquids can be estimated by using the
following: '
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1. Using the DST ClI/Na ratio for the nbn NCRW/NCAW/PFP TCR results as the
Cl1/Na ratio for the interstitial liquid fraction.

2. Assuming a chloride decontamination of 100 from the SST sludge Cl/Na ratio for
crystallization of sodium nitrate results in a C1/Na ratio of 0.0001 for the sodium
nitrate crystal fraction.

The sodium distribution in the DSTs and SSTs for salt cake, sludges, and interstitial
liquids is estimated in Section 5.20. Combination of the sodium waste type inventories with
the comparable C1/Na ratio provides a total chloride and distribution for the tank wastes as
shown in Table 5.6-3.

Table 5.6-3. Distribution of Chloride in Hanford Site Tank Wastes.

Waste Sodium, MT Cl/Na mass ratio | Chloride, MT
: DST, NCRW/NCAW/PFP 575 0.014 8
; DST, non-NCRW/NCAW/PFP 10,600 0.029 _ 310
Subtotal DST 11,200 0.0284 318
SST interstitial liquid 4,900 0.029 142
SST sludge 3,800 0.0102 39
SST salt crystals 34,300 0.0001 3
" Subtotal SST 43,000 0.0042 181
Total 54,200 0.0092 500

DST = Double-shell tank

NCAW = Neutralized current acid waste
NCRW = Neutralized cladding removal waste
PFP = Plutonium Finishing Plant -

SST = Single-shell tank.

The HDW model chloride inventory estimate of 957 MT assumes that sodium
hydroxide purchased at the Hanford Site contained a chloride impurity of 1.0 wt%
(Agnew et al. 1996). This assumption accounts for the bulk of the HDW model chloride
inventory - the rest coming from minor additions of chloride in the UR process. While it is
true that commercial grade caustic typically contained sodium chloride upwards to 1.0 wt%
(chloride to 0.61 wt%), there is no indication that caustic purchased by the Hanford Site
actually contained this level of impurity. The specification for chloride in sodium hydroxide
at the Hanford Site (Palmer 1978) was < 0.9 wt% for chloride but this still doesn’t address
the average amount of chloride impurity actually delivered to the facilities.
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A 50 wt% sodium hydroxide solution contains about 0.29 g Na/g solution. The
chloride/sodium mass ratio that corresponds to 1.0 wt% chloride contamination is 0.034
(0.01 g C1/0.29 g Na).

The mass ratio of total chloride to total sodium in the HDW model is 0.024, (957 MT
Cl1/40,280 MT Na), which is 160 percent higher than the 0.0092 estimate by this evaluation
(500 MT Cl1/54,200 MT Na).

5.6.3 Best-Basis Estimate for Chloride Inventory Value

Table 5.6-4 provides the results from this evaluation for chloride, together with
comparable estimates from other sources. The best-basis global estimate for Hanford Site
tank waste is about 500 MT of chloride. This estimate is significantly lower than the HDW
model estimate of 957 MT chloride (Agnew et al. 1996) and the current value of 687 MT in
the TWRS reference chemical inventory (Shelton 1996).

Table 5.6-4. Estimated Amount of Chloride In Hanford Site Tank Wastes, MT.

‘Waste Present estimate ( Agll;I:\);v vztn;ﬁdi’lg%) ngmi?le;l;z;y
DSTs 318 360 72
SSTs 181 597 115
Total 500 957 - 687

DST = Double-shell tank

HDW = Hanford Defined Waste

SST = Single-shell tank

TWRS = Tank Waste Remediation System.

The present estimate is based primarily on reported inventories based on analytical
results in available Tank Characterization Reports and the estimated sodium inventory from
this document (Section 5.20). The analytical based TCR inventories for DST sludges and
supernatants in this analysis represent 32 percent of the projected SST interstitial liquid and
DST sludge and supernatant inventories. The analytical based Tank Characterization Report
inventories for SST sludges in this analysis represent 57 percent of the projected SST sludge
inventories.

The HDW model is based on flowsheet caustic consumption and an assumed maximum
chloride impurity level in the caustic, and waste transfer records from Hanford Site
processing plants. The TWRS inventory is based on the 1987 EIS (DOE 1987) estimate of
the Hanford Site tank inventory in 1983 plus additions to the tank system after 1983.
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5.7 CHROMIUM

Chromium in the Hanford Site tank waste came from three generic sources:
(1) chemical additives used in both the bismuth phosphate and REDOX separations
processes, (2) corrosion of stainless steel piping, tube bundles and vessels of the separations
plants, and (3) chromic acid used as a decontamination agent in various plants (mainly
T Plant). Essentially no chromium was introduced from fuel element impurities or fission
products.

In the bismuth phosphate processes, chromium was added in the form of Na,Cr,0;, for
the purpose of controlling the oxidation state of plutonium. In the REDOX process,
chromium was added as Na,Cr,0, for adjusting plutonium to the hexavalent state, but
chromium nitrate was also added during early years of plant operation to effect the complete
reduction and precipitation of manganese in the headend ruthenium oxidation/scavenging
precipitation step.

The addition of excess dichromate to act as a holding oxidant meant that both Cr*3 and
Cr*® compounds were present in the alkaline waste leaving the plant. Therefore, chromium
can be expected to exist in tank waste as both soluble and insoluble compounds. The Cr*3
fraction should be found in waste sludges while the Cr*® compounds will likely have
accumulated with supernatant solutions. Chromium becomes an important constituent in
disposal efforts because of its limited solubility in borosilicate glass, and Cr*6 has regulatory
implications.

5.7.1 Identification and Comparison of Chromium Inventory Values

The global inventory for chromium as projected by the HDW model (785 MT) is
significantly greater than the value estimated for the TWRS inventory (353 MT). In
addition, the 1974 estimate of chromium consumption in separations plants (Allen 1976),
presumably the original source for the Hanford Defense Waste Final Environmental Impact
Statement (DOE 1987), is significantly larger than values that were reported in the TWRS
inventory (718 MT chromium as estimated by Allen versus 353 MT chromium as reported in
the TWRS inventory).

5.7.2 Chromium Inventory Evaluation

To resolve this significant disparity in chromium inventory values, calculations were
performed to reevaluate in greater detail the amount of chromium consumed in the REDOX
fuels separation plant during its operating lifetime, 1952 through 1966. This reevaluation
begins with the REDOX process (see Table 5.7-1) since other separations or waste treatment
processes did not add significant quantities of chromium in comparison to that added in the
REDOX process. Six REDOX process flowsheet documents plus monthly reports were
inspected to identify dates when changes were made in individual stream flow rates or
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chromium concentrations. Monthly chromium consumption factors (gmol/MTU) varied as
much as a factor of 1.8, from highest consumption in the mid 1950’s to lowest consumption
in the mid 1960’s. These consumption data were then combined with a file of historical
uranium throughput by month to generate a total consumption value over the life of the
REDOX Plant. This value was then increased by an estimated 15 percent in 1952 through
1957 and 44 percent in 1958 through 1966 to allow for flowsheet inefficiencies and periods
of rework. A range of results is shown in Table 5.7-1.

Table 5.7-1. Total Chromium Additions in REDOX Plant
Operations 1952 to 1966 (MT of Chromium).

Uncertainty in Tank H4 Uncertainty in timing of flowsheet changes
chromium addition, 1952-1959 Minimizing assumptions Maximizing assumptions
| Low: (398 gmol/MTU) 703 749
High: (596 gmol/MTU) 796 ' 895

REDOX = Reduction and oxidation.

Table 5.7-1 gives the results of several sensitivity calculations to account for
uncertainties in the timing of process changes and to account for a period of frequent
flowsheet modifications related to the headend ruthenium oxidation step. (In the 1952 to
1959 time period, the headend chromium addition was frequently modified; surviving
flowsheet documents do not record these variations. This situation is unfortunate because of.
all the REDOX process chemical addition streams, the headend chromium addition was the
largest source of chromium in the entire process.) The result of these uncertainties is that
~ total chromium consumption in the REDOX Plant could have ranged from 703 MT to

895 MT. '

The global chromium inventory not only includes REDOX process consumption (i.e.,
703 to 895 MT) but also must account for consumption in B and T Plant operations as well
as stainless steel corrosion in all four separations operations. B and T Plant operations have
previously been estimated to have consumed 19 MT of chromium (Allen 1976). The
contribution to global chromium from all corrosion sources (68 MT) can be estimated from a
similar analysis done for corrosion of iron and corrosion of nickel (Sections 5.10 and 5. 15,
respectively). By this current reestimate, the global chromium inventory (the sum of
REDOX process, B and T Plant consumption, and stainless steel corrosion sources) is in the
range of 790 to 980 MT.

5-28



TSP SRR s o S

H
i
&
H
3
]

- HNF-SD-WM-TI-740
Revision 0

5.7.3 Best-Basis Estimate for Chromium Inventory Value

The reestimate of chromium consumption and corrosion sources, presented above, leads
to the conclusion that total tank inventory values could not possibly be as low as reported in
the Hanford Defense Waste Final Environmental Impact Statement (DOE 1987) (268 MT) or
in the TWRS inventory (353 MT). That the TWRS data source could be in error may be
explained as follows:

® Inspection of the paper trail leading to the Hanford Defense Waste Final
* Environmental Impact Statement (DOE 1987), and subsequently to the TWRS
inventory, suggests that Allen’s original estimate of Cr*> (3.8 E+06 gmol
[equivalent to 198 MT of chromium]) was corrupted by a factor of 0.5 in early
engineering flowsheets supporting publication of ERDA 77-44 (ERDA 1977).

® Allen’s original estimate of hexavalent chromium (1.0 E+07 gmol [equivalent to
520 MT of chromium]) was inadvertently dropped from the listing of waste
chemicals in the Hanford Defense Waste Final Environmental Impact Statement
(DOE 1987) support document (RHO 1985a).

In summary, it appears that the HDW estimate of total chromium inventory (785 MT)
is corroborated by the current reestimate range (790 to 980 MT). Since the HDW estimate is
essentially equal to the lower end of the reestimate range, it is recommended that the HDW
value of 785 MT be adopted as the best-basis inventory for chromium.

5.8 FLUORIDE

Fluoride in various chemical forms, e.g., KF, NH,F, HF, and (NH,),SiF,, was
routinely used in all Hanford Site fuel reprocessing plants and also in the Hanford Site PFP.
Compounds of fluoride were added in process operations for several specific purposes. For
example, in the PUREX Plant operation large amounts of NH,F were used to prepare the
NH,F-NH,NO, solution used to dissolve Zircaloy® cladding; KF was used as a catalyst in
nitric acid dissolution of ThO, in the two PUREX Plant thorium campaigns. The REDOX
Plant also used an NH,F-NH,NO; solution to dissolve cladding in processing relatively small
amounts of Zircaloy®-clad fuel. Ammonium fluorosilicate [(NH,),SiF)] was added in both
the first and second decontamination cycles of the bismuth phosphate process to increase
decontamination of plutonium from fission product zirconium and niobium.

Also, in the bismuth phosphate process solutions of HF were added in the product
concentration cycle to provide fluoride ion for precipitation of LaF; as a carrier for
plutonium. And, in PFP so-called "B Acid" (11 M HNOj;- 0.2 M HF) was routinely used to
dissolve PuO, and other plutonium-containing materials.

Fluoride in the Hanford Site’s SSTs and DSTs is likely distributed between solid
(sludge and salt cake) and liquid (supernatant and interstitial liquid) phases. Knowledge of
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the inventory, both global and tank-by-tank, of fluoride is important for at least two reasons.
The amounts of waste, either high-level (i.e., sludge, or low-level, i.e., pretreated salt cake)
which can be satisfactorily accommodated in candidate glass forms may be limited by the
fluoride content of the waste. At vitrification temperatures substantial amounts of fluoride,
as HF or other volatile species, may evolve from glass melters. Design of suitable melter
offgas systems requires knowledge of the inventory of fluoride-bearing gases to be handled.

5.8.1 Identification and Comparison of Fluoride Inventory Values

Table 5.8-1 compares fluoride inventory values from two data sources. The HDW
model Rev. 3 (Agnew et al. 1996) predicts the 177 Hanford Site tanks to contain only about
one-half of the fluoride inventory presently carried in the TWRS database. Both the HDW
model (Rev. 3) and the TWRS data base agree very well on the amount of fluoride in the
DSTs, 369 versus 389 MT. However, the HDW model (Rev. 3) predicts the SSTs to
contain only about one-quarter as much fluoride as stated in the TWRS database. The
inventory of fluoride in the 28 DSTs is based upon analyses of samples taken from each of
the tanks and is, therefore, considered highly reliable.

Table 5.8-1. Currently Reported Inventories of Fluoride in Hanford Site Tanks.

_ Fluoride (MT)
Tanks Hanford Defined Waste model | Tank Waste Remediation System
(Rev. 3) data? database®

Single-shell tanks ' 269 812
Double-shell tanks 369 389
All 638 1200

2Agnew et al. (1996)

®Shelton (1996).

5.8.2 Fluoride Inventory Evaluation

The following sections summarize the major sources of fluoride in tank wastes.

5.8.2.1 Fluoride from Bismuth Phosphate Process Operation.

(NH,),SiF,. Appendix C of this report provides detailed chemical flowsheet data for
the bismuth phosphate process which was operated at the Hanford Site from 1944 through
1956. Data in Table C1-2 (Appendix C) show that significant amounts of (NH,),SiF¢ were
routinely added in both the first and second decontamination cycles of the bismuth phosphate
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process. The function of the added ammonium fluorosilicate was to provide increased
decontamination of plutonium from fission product niobium and zirconium which
accompanied plutonium in the original product recovery cycle.

Table 5.8-2 lists the fluoride content of the (NH,),SiF¢ used in the bismuth phosphate
process. The behavior of the fluorosilicate anion when the decontamination cycle waste
solutions were made alkaline is not known exactly. Very possibly, in alkaline media, the
fluorosilicate species decomposed to fluoride ion and one or more silicon species.

Table 5.8-2. Sources of Fluoride in Hanford Underground Tanks.

Plant or process Plant operation Form of.added MT o f
fluoride fluoride
Bismuth Addition of (NH,),SiFg (NH,),SiF, 694.00
Phosphate Addition of HF HF 593.00
REDOX Reprocess N reactor fuels
0.947 wt% 23U fuel NH,F 21.20
spike fuel NH,F 4.86
Reprocess Shippingport
reactor fuel NH,F 14.00
Reprocess PRTR fuels
Al-Pu alloy fuels NH,F 1.84
, Pu0,-UO, fuel NH,F 1.84
PUREX Reprocess N Reactor fuels
0.947 wt% 35U fuel
1967 to 1972 NH,F 54.40
1983 to 1989 NH,F 409.00
spike fuel
1967 to 1972 NH,F 108.60
1983 to 1989 NH,F 75.80
coproduct fuel NH,F 58.50
Reprocess irradiated thoria KF 2.45
Reprocess PRTR fuels
Al-Pu alloy fuels NH,F 4.55
Pu0,-UO, fuel NH,F 6.31
Plutonium PuO, dissolution and off gas CaF, 86.50
Finishing Plant | scrubbing
TOTAL |2,127.00

PRTR = Plutonium Recycle Test Reactor
PUREX = Plutonium-Uranium Extraction
REDOX = Reduction and Oxidation.
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Hydrofluoric Acid. For lanthanum fluoride precipitation, data in Table C1-2 indicate
that in the bismuth phosphate process 80 g of HF were added for each MT of uranium
processed. A total of 7800 MT of uranium were processed through the B and T Plants.
Hence, 593 MT of fluoride ion were consumed (as HF) during the time the bismuth
phosphate process was operated in the B and T Plants. This quantity of fluoride ion was
used in precipitation of LaF,, a carrier for plutonium, in the product concentration cycle.

5.8.2.2 Fluoride from REDOX Process Operations.

Processing of N Reactor Fuels. For plutonium production purposes the N Reactor
used Zircaloy®-clad uranium metal. Two basic types of fuel elements were used: uranium
metal uniformly enriched with 2>>U to contain (preirradiation) 0.947 wt% 23U and so-called
"spike" elements which were fabricated to contain uranium metal enriched to 0.947 wt%
235U and uranium metal enriched to 1.25 wt% 2*°U. Also irradiated in the N Reactor were
so-called “coproduct” fuel elements. The latter consisted of an outer shell of Zircaloy®-clad
uranium metal containing 2.1 wt% 2%>U surrounding an inner cylinder of lithium metal. The
co-product fuel elements were used to demonstrate the capability of N Reactor for
simultaneously producing plutonium and tritium.

In its last few years of operation the REDOX Plant reprocessed a small quantity of
irradiated Zircaloy®-clad N Reactor uranium metal fuel. Data in Appendix B show that a
total of 228 MT of uranium were reprocessed including 186.7 MT of uranium containing,
before irradiation, 0.947 wt% 233U, 37.4 MT of uranium in spike N Reactor fuel elements
(0.947 wt% 2*°U/1.25 wt% 2*°U, and 4.0 MT of uranium containing, before irradiation,
1.25wt% 23U.

e Reprocessing of 0.947 wt% 235U Fuel. In 1965 and 1966 186.7 MT of
Zircaloy®-clad N Reactor fuel containing, before irradiation, 0.947 wt% 233U
were declad and dissolved. The chemical flowsheet prepared by Hanson (1966)
called for the use of 1.02 MT of NH,F (0.53 MT of fluoride) for decladding
4.67 MT of uranium. Decladding of 186.7 MT of N Reactor fuel required
21.2 MT of fluoride added as NH,F.

* Reprocessing of 1.25 wt% 235U Fuel. Hanson (1966) prepared chemical
flowsheets for decladding and dissolving both spike (0.947 wt% and 1.25 wt%
235U) and 1.25 wt% 23°U enriched N Reactor fuel. (It is convenient to address
together fluoride consumption for dissolution of these latter two types of fuel.)
The Hanson flowsheet involved use of 2,370 Ib of NH,F to remove cladding from
4.68 MT of uranium contained in the spike fuel elements. For processing of
37.4 MT of uranium in the spike fuel 1.89E+04 1b of NH,F (equivalent to
4.41 MT of fluoride) were required. An additional 0.45 MT of fluoride as NH,F
was used to declad 4.0 MT of N Reactor fuel containing, before irradiation,

1.25 wt% 23U.
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Reprocessing of Plutoniﬁm Recycle Test Reactor Fuels.

e Reprocessing of Al-Pu Alloy Fuels. In its initial operation the PRTR employed
Zircaloy®-clad Al-Pu alloy fuel elements. Campaigns to declad, dissolve, and
recover plutonium from irradiated Al-Pu alloy fuel were carried out in the
Hanford Site REDOX Plant in February and March 1963 (Hanson 1962, Jenkins
and Foster 1978). Zircaloy® cladding was removed according to flowsheet
conditions defined by Hanson (1962). For each dissolver charge, 1,975 Ib of
NH,F (equivalent to 0.46 MT of fluoride) were consumed. Historical records
(HW-76848 1963, HW-84845 1963) show that a total of four charges of the
PRTR Al-Pu alloy fuel were processed. A total of 1.84 MT of fluoride, as
NH,F, were used to process the four dissolver charges.

¢ Reprocessing of PRTR Pu0,-UO, Fuels. Chemical flowsheets for decladding
and dissolution of PRTR 0.48 wt% PuO,-UO, fuels in the REDOX Plant were
drawn up by Hanson (1965). These flowsheets were followed to process four
dissolver charges (McDonald 1965) of the PuO,-UO, fuel. For each charge
1,976 Ib of NH,F (equivalent to 0.46 MT of fluoride) were used to remove the
Zircaloy® cladding. The total decladding and dissolution campaigns consumed
1.84 MT of fluoride as NH,F.

Shippingport Reactor Fuel Processing. Shortly before it ceased operations in 1967
the Hanford Site REDOX Plant reprocessed highly irradiated Zircaloy®-clad UO, fuel from
the commercial Shippingport nuclear reactor. Shippingport reactor fuel containing 13 MT of
uranium was declad in six dissolver charges (McDonald 1966, 1967), each charge contained
5,900 Ib of UO, and 2,200 Ib of Zircaloy® cladding. The Zircaloy® cladding of the
irradiated Shippingport reactor fuel was heavily oxidized from long exposure to pressurized
water at high temperatures. To ensure satisfactory undercutting of the oxide layer and
complete dissolution of the unoxidized Zircaloy® cladding the chemical flowsheet
(Davis 1966) used for each dissolver charge called for five separate Zirflex process cycles.
Three of the Zirflex process cycles each used 0.847 MT of NH,F (equivalent to 0.437 MT
of fluoride) while the other two cycles each used 1.0 MT of NH,F (equivalent to 0.5 MT of
fluoride). For each dissolver charge of Shippingport reactor fuel the decladding cycles
consumed 2.34 MT of fluoride. A total of 14 MT of fluoride, as NH,F, were used in the
REDOX Plant Shippingport reactor fuel campaigns.

5.8.2.3 Fluoride from PUREX Process Operations.

Processing of N Reactor Fuels. From 1967 to 1972 the PUREX Plant reprocessed
irradiated N Reactor 0.947 wt% 23°U, spike, and coproduct fuel. In addition, from 1983
through 1988 the PUREX Plant continued to reprocess N Reactor 0.947 wt% 2*°U and spike
fuel elements. Table B-5 in Appendix B lists the metric tons of uranium contained in the
various types of N Reactor fuel.
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The initial step in all N Reactor fuel reprocessing operations in both the PUREX and
REDOX Plants was to dissolve the Zircaloy® cladding according to the chemical reaction:

Zr + 6 NH,F + 0.5 NH,NO, = (NH,),ZrFs + 5 NH, + 1.5 H,0

Chemical flowsheets referred to later provide details of the quantity of NH,F used in
PUREX Plant operations to declad the various types of N Reactor fuel.

Reprocessing of 0.947 wt% 235U Fuel. From 1967 through 1972 the PUREX
Plant reprocessed 413.2 MT of uranium in which the 2>*U content, before
irradiation, was 0.947 wt% and 0.71 MT of uranium in which the 233U content,
before irradiation, ranged from 0.72 to 0.8 wt%. These fuels were reprocessed
according to flowsheet conditions stated by Davis (1967) which called for the use
of 7.6 moles of NH,F for each mole of zirconium present. Information in

Davis (1967) indicates that the 413.9 MT of uranium was associated with
3.76E+05 moles of zirconium, allowing for the fact that Zircaloy-2® contains
only about 98 wt% zirconium. For this amount of zirconium 106 MT of NH,F

(equivalent to 54.4 MT of fluoride) were used in the decladding step.

Additional reprocessing of N Reactor fuel containing, before irradiation,

0.947 wt% 2**U continued in the PUREX Plant from 1983 through 1988. Data in
Appendix B indicate 3,299 MT of uranium were reprocessed in this period.
Dissolution of Zircaloy® cladding was performed according to the flowsheet
conditions stated in the PUREX Chemical Flowsheet for Processing N Reactor
Fuels, ARH-2362 (ARHCO 1972). According to these flowsheet conditions,

1.13 MT of fluoride (1,400 gal of 11.2 M NH,F) were used to remove cladding -
from 9.11 MT of uranium. Overall, then, 409 MT of fluoride were consumed in
reprocessing 3,299 MT of uranium. '

Reprocessing of Spike Fuel. A total of 794.2 MT of uranium contained in

N Reactor spike fuel elements was reprocessed in the PUREX Plant from 1967 -
through 1972. Flowsheet conditions stated by Davis (1967) indicate 1.24 MT of
NH,F (equivalent to 0.64 MT of fluoride) were used to dissolve the cladding

from each charge of 4.68 MT of spike fuel uranium. Overall, 108.6 MT of
fluoride (as NH,F) were consumed in removing the Zircaloy® cladding from

794.2 MT of N Reactor spike Zircaloy®-clad fuel.

Additional reprocessing of N Reactor spike fuel continued in the PUREX Plant
from 1983 through 1988. Data in Appendix B indicate spike fuel containing
591.5 MT of uranium were reprocessed in this latter period. Flowsheet
conditions for applying the Zirflex process to declad spike fuel are presented in
ARH 2362 (ARHCO 1972). According to these flowsheet conditions, 1.16 MT
of NH,F (equivalent to 0.60 MT of fluoride) were used to remove cladding from
each dissolver charge of spike fuel containing 4.68 MT of uranium. In
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reprbcessing fuel containing 591.5 MT of uranium, a total of 147.6 MT of NH,F,
equivalent to 75.8 MT of fluoride, were used.

Reprocessing of N Reactor Coproduct Fuel. Campaigns were conducted during
1968 and 1969 in the PUREX Plant to reprocess N Reactor coproduct fuel
containing 359.3 MT of uranium (Appendix B). Flowsheet conditions stated by
Austin and Nicholson (1967) indicated 1.57 MT of NH,F (equivalent to 0.81 MT
of fluoride) were used to remove cladding from coproduct fuel containing

6.14 MT of uranium. A total of 113.4 MT of NH,F (equivalent to 58.5 MT of
fluoride) were consumed in reprocessing of 359.3 MT of uranium in coproduct
fuel.

Reprocessing of Thoria Fuels. In two separate campaigns (1966 and 1970) irradiated
thorium oxide targets were reprocessed in the Hanford Site PUREX Plant to recover valuable
33y, The thoria fuel was dissolved in nitric acid solutions containing added KF to accelerate
the dissolution rate. Section 5.18, Table 5.18-1, indicates that a total of 5.03 MT of
potassium, as KF, was used in the two thoria campaigns. The latter amount of KF contains
2.45 MT of fluoride. '

Reprocessing of Plutonium Recycle Test Reactor Fuels.

Reprocessing of Al-U and Al-Pu Fuels. As noted in Section 5.14.2.1, the
Hanford Site PUREX Plant reprocessed small amounts of various unirradiated
Al-U and Al-Pu alloys including Zircaloy®-clad PRTR fuel assemblies and/or
rods, LWPR fuel elements, thin Phoenix fuel plates and small disks, and
miscellaneous aluminum alloy fuel samples. Ten dissolver charges were required
to declad and dissolve the entire load of Al-U and Al-Pu alloys. Five of the
dissolver charges contained fuel clad in Zircaloy®. The chemical flowsheet for
processing these latter charges (Mathieson and Nicholson 1972a) required use of
3,910 Ib of NH,F (equivalent to 0.91 MT of fluoride) to declad each charge. A
total of 4.55 MT of fluoride, as NH,F, was used to declad all the Zircaloy®-clad
alloy fuel in the 1972 PUREX Plant campaign.

Reprocessing of 0.5 and 1.0 wt% Pu0O,-UO, Fuel. The Hanford Site PUREX
Plant reprocessed Zircaloy®-clad irradiated PRTR PuQ,-UO, fuel in both 1969
and 1970. Flowsheets following these reprocessing operations were prepared by
Matheison and Nicholson (1969) and Watrous (1969b). In 1969 two dissolver
charges of 0.5 wt% PuO,-UQ, fuel were declad using 3,390 Ib of NH,F
(equivalent to 0.79 MT of fluoride) for each charge. In 1969 also one charge of
1.0 wt% PuO,-UO, fuel was reprocessed again using 3,390 b of NH,F (0.79 MT
of fluoride) for the decladding step. Thus, a total of 2.37 MT of fluoride, as
NH,F, were used in reprocessing PRTR PuO,-UO, fuel in 1969.
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In 1970 the PUREX Plant continued reprocessing irradiated PRTR PuO,-UO,
fuel. Six separate charges of such fuel were declad by the Zirflex process. The
first charge required 1.53 MT of NH,F (equivalent to 0.79 MT of fluoride) for
the decladding step. The remaining five charges each required 0.63 MT of
fluoride, as NH,F, to dissolve the Zircaloy® cladding. Thus, a total of 2.52 MT
of fluoride, as NH,F, was consumed in the 1970 PUREX Plant campaign to
reprocess PRTR PuO,-UQ, fuel. And, a total of 6.31 MT of fluoride, as NH,F,
was used in both the 1969 and 1970 PUREX PRTR fuel reprocessing campaigns.

5.8.2.4 Fluoride from PFP Operations. During its long period of operation the PFP
generated substantial quantities of acidic liquid waste containing fluoride ion. As indicated
earlier, fluoride ion was added routinely to the nitric acid used to dissolve plutonium oxide
and other plutonium -bearing solids. The resulting dissolver solution constituted feed to a
TBP solvent extraction process used to recover and purify plutonium. The aqueous raffinate
from the TBP process was combined with other PFP liquid wastes, some of which also
contained fluoride ion.

Beginning in early 1973 the composite aqueous acidic waste stream from the PFP was
made alkaline and routed to various underground tanks. Starting in 1982 and continuing
through 1989 neutralized PFP aqueous waste was routed exclusively to tank 241-SY-102. A
recent TCR (Winters 1995) for this latter tank states that 6.27E+06 L (6.27E+03 m3) of
neutralized PFP waste were introduced into tank 241-SY-102. Overall, according to a recent
estimate by Bergquist (1996) about 1 E+07 L (1 E+04 m3) of PFP waste containing fluoride
were discharged to Hanford Site tanks from 1973 through 1989.

Higley of Westinghouse Hanford Company (1996) stated, during a telephone
conversation, that the PFP liquid waste came from three different operations: Plutonium
Reclamation Facility (PRF), Remote Mechanical C (RMC) Line, and the Analytical
Laboratory and Plutonium Process Support Laboratory. The PRF waste included waste
generated by TBP solvent extraction operations, process distillate, steam condensate, and
laboratory waste. Nominally, the flowrate of the solvent extraction waste known as high-salt
waste (HSW) was 235 L/h. The fluoride ion content of the HSW varied between 0.02 and
0.2M, Higley indicated that the nominal fluoride ion content of the HSW was 0.17M.

During a PRF campaign, process distillate, steam condensate, and laboratory wastes were
generated at a rate of 80 L/h. These low-salt wastes, typically, did not contain fluoride ion.

Wastes generated during a RMC Line campaign included spent scrubber solution, steam
condensate, process distillate, and laboratory waste. Spent scrubber solution containing 3.0M
fluoride was generated at a rate of 25 L/h. The average flowrate of low salt waste and
laboratory waste during a RMC Line campaign was 90 L/h.

A recent communication from Bergquist (1996), who reviewed available historical
records, states that the PFP routed 86.5 MT of fluoride to the Hanford Site tanks.
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5.8.2.5 Fluoride Discharged to the Ground. Section 4.4.2 of this report describes the
various types of process wastes that were disposed of to the ground in the 1940s and 1950s.
All these streams originated from bismuth phosphate process operation. Waite (1991)
contains listings of chemicals and radionuclides discharged to.the various ground disposal
sites. Data reported by Waite indicate 772 MT of fluoride were discharged to the ground.

5.8.3 Best-Basis Estimate for Fluoride Inventory Value

Data summarized in Table 5.8-2 indicate as much as 2,127 MT of fluoride were
introduced into the Hanford Site underground tanks. Of this amount, 772 MT were disposed
of to the ground. The best-basis inventory for fluoride in the SSTs and DSTs is 1,360 MT.
This value is in reasonable agreement with the 1,200 MT carried in the TWRS database
(Table 5.8-1).

5.9 HYDROXIDE
The following were the primary sources of hydroxide, OH, in tank wastes:

1. Sodium hydroxide used to dissolve aluminum cladding from irradiated fuel in the
bismuth phosphate, REDOX, and PUREX fuel reprocessing processes.

2. Sodium hydroxide used to neutralize acidic wastes prior to discharge to the
underground carbon steel storage tanks from the bismuth phosphate, uranium
recovery, REDOX, PUREX, and B Plant fission product recovery processes.

Hydroxide exists as an anion. Monovalent metal (sodium and potassium) salts -of
hydroxide are generally soluble in the alkaline waste supernatant. Multivalent metal salts of
hydroxide are generally insoluble. The exceptions are hydroxide complexes of aluminum and
chromium that can exist as anions, aluminate (Al(OH),) and chromite (Cr(OH),™?),
respectively. In the Hanford wastes, the fraction of soluble hydroxide is a function of waste
neutralization and storage conditions that affect the split of aluminum between the insoluble
aluminum hydroxide (Al(OH);) and the soluble sodium aluminate (NaAl(OH),).

5.9.1 Identification of Hydroxide Inventory Values

The reported global hydroxide inventory values are 23,000 MT (HDW model, Agnew
et al. 1996), 16,700 MT (TWRS), and 23,000 MT by this report.

The methodology and analysis to obtain a best-basis global hydroxide inventory of
23,000 MT hydroxide is contained in Section 5.9.2.
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5.9.2 Hydroxide Inventory Evaluation

The hydroxide inventory is determined by performing a global ionic charge balance.
The global ion balance is shown in Table 5.9-1. The charge balance is performed on the
component inventories determined by this document using the same basic methodology in the
HDW model. The silicon inventory of 570 MT is converted to the equivalent 1,540 MT
silicate, Si05%", to correspond to the HDW model methodology. The total organic carbon
ionic charge of -0.33 per carbon atom is determined from the total organics defined in

Section 5.23.

Table 5.9-1. Global Ion Balance. (2 Sheets)

Component Molecular | Inventory, Ton Million equivalents
weight MT charge Positive Negative
Al 26.98 7,850 +3 873
Bi 208.99 580 +3 8.3
Ca 40.08 214 +2 10.7
Ce 140.13 8.5 +3 0.2
cl 35.457 500 -1 14.1
CO, 60.011 4,830 2 161
Cr 52.01 785 +3, +6 71.42
F 19.00 1,360 -1 71.6
Fe 55.85 1,230 +3 66.1
Hg 200.61 2.04 +2 0.02
K 39.10 481 +1 12.3
La 138.92 51 +3 1.1
Mn 54.94 105 +4 7.6
Na 22.991 54,200 +1 2,360
Ni 58.71 110 +2 3.7
NO,/NO, 60.41 85,700 -1 1,420
OHroraL 17.008 23,000 -1 1,350
Pb 207.21 279 +2 2.7 |
PO, 94.975 6,000 -3 189
Si0, 76.09 1,540 2 40.6
SO, 96.066 5,000 ) 104
Sr 87.63 31.3 +2 0.7
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Table 5.9-1. Global Ion Balance. (2 Sheets)

C Molecular | Inventory, Ton _Million equivalents
omponent . — -
weight MT charge Positive Negative
Urrorar 238.07 965 +6 24.2
Zr 91.22 430 +4 18.9
TOC 12.011 4,000 -0.33 ' 110
Total - - - 3,460 3,460

2Assumes 40 percent Cr*3, 60 percent Cr+6
®Assumes 90 percent NO;, 10 percent NO,.

The chromium in tank wastes is a mixture of +3 and +6 valent chromium. The
chromium is assumed to be 60 percent Cr*5 based on the global evaluation of chromium
solubility (Colton 1996). Chromium +6 is water soluble and Cr*3 is not.

The hydroxide ion equivalents are determined by the difference between total positive
equivalents and total negative equivalents not including hydroxide. The resulting
1,350 million equivalents of hydroxide is equal to 23,000 MT of hydroxide.

As stated by the HDW model (Agnew et al. 1996), aluminum is counted as the +3
cation, not as aluminate. The hydroxide value reported includes the hydroxide complexed to
the aluminum as aluminate. Also, the hydroxide assumed precipitated with multivalent metal
_ions is partially converted to hydrated oxides and oxides. Therefore, the free hydroxide in
supernatants is more than an order of magnitude lower than the hydroxide value reported in
Table 5.9-1. The free hydroxide in all the tank wastes is less than 100 million charge
equivalents or gmoles hydroxide. The free hydroxide and amount of aluminum present as
aluminum hydroxide or sodium aluminate is a function of total CO, absorption and historical
tank farm evaporator operation (see Section 5.4, Carbonate).

5.9.3 Best-Basis Estimate for Hydroxide Inventory

Table 5.9-2 provides the results from this evaluation for hydroxide, together with
comparable estimates from other sources. The best-basis global estimate for Hanford Site
tank waste is 23,000 MT of hydroxide. The HDW model estimate is 23,000 MT hydroxide
(Agnew et al. 1996). The value of 16,700 MT hydroxide in the TWRS reference chemical
inventory (Shelton 1996) is based on 1987 EIS (DOE 1987) estimates for tank wastes,
corrected for known additions to the waste tanks.
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Table 5.9-2. Estimated Amount of Hydroxide® in the Hanford Site
Tank Wastes, MT.

HDW model .
Process- Present estimate (Agnew et al. T(vsvlgtolﬁvle;;gy
‘ 1996) -
Total 23,000 23,000 16,700

HDW = Hanford Defined Waste

TWRS = Tank Waste Remediation System

“Does not include equivalent oxide content in phosphate, sulfate, and silicate anions
and assumes no aluminate or chromite anions.

5.10 IRON

Iron (Fe) in Hanford Site tank waste is generated from two sources:

1. Iron containing chemicals added in fuel reprocessing operations, e.g., ferrous
sulfamate, ferrous ammonium sulfate, and ferrous nitrate.

2. Corrosion of stainless-steel piping and equipment during fuel reprocessing
operations and waste evaporator campaigns, and in-tank corrosion of the mild
steel waste storage tanks.

Iron in the alkaline tank waste is a trivalent cation. The ferric salt is insoluble in
alkaline solutions. In the Hanford Site wastes, it is expected that.greater than 99 percent of
the total Fe will report to the HLW.

5.10.1 Identification of Iron Inventory Values

The reported global Fe inventory values are 1,835 MT (HDW model, Agnew et al.
1996), 793 MT (TWRS, Shelton 1996), and 1,230 MT (best-basis) estimated by this report.

The methodology and analysis to obtain a total global Fe inventory of 1,230 MT Fe is
contained in the following sections.
5.10.2 Iron Inventory Evaluation

The Hanford Site tank Fe inventory is estimated by computing the total amount of Fe

added to each of the separations processes and adding the amounts of Fe in the wastes from
corrosion. Sources of information include the following:
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1. Process flowsheets (Schneider 1951, GE 1951b, Crawley 1960, Isaacson 1965,
Boldt 1966, and Schofield 1991).

2. Partial chemical usage summaries (McDonald 1968, Allen 1976, McDonald and
Hogan 1977, and Hogan 1992).

3. Tank transaction records and estimates from the HDW model (Agnew et al.
1995a, Agnew et al. 1996).

4. Crib discharges (Waite 1991).
5. Corrosion analysis contained in Appendix H of this document.

These sources are used to develop Fe inventory estimates for each of the chemical
separations processes.

5.10.2.1 Bismuth Phosphate Process Wastes. The bismuth phosphate process operated at
T Plant from December 1944 through 1956 and at B Plant from April 1945 through 1952.
The Hanford Site production records indicate that 7,800 MTU were processed in the bismuth
phosphate plants from 1944 to 1956 (Appendix B).

An estimate of chemical usage in the bismuth phosphate processing is developed in
Appendix C based on the Schneider (1991) flowsheet. The Appendix H analysis provides an
estimated bismuth phosphate processing corrosion input to the wastes of 32 MT Fe.
Comparable HDW process and corrosion Fe values are obtained from the waste volume out
and iron concentrations of the HDW. The HDW Fe concentrations used are attributed to
Jungfleisch (1980, 1983, 1984) and Lucas (1989).

The Fe usage in the bismuth phosphate processing is shown in Table 5.10-1 for the
Schneider (1991) flowsheet and for the HDW model (Agnew et al. 1996).

Table 5.10-1. Amount of Iron in Bismuth Phosphate Process Wastes, MT.

Waste stream Present estimate HDW model (Agnew

(Schneider 1991) et al. 1996)

Metal waste (MW) 0 122 -

First cycle and coating waste (1C/CW) 201 277

Second cycle (2C) 186 214

224 waste : : 0 28

Corrosion 328 b

Total 419 640

HDW = Hanford Defined Waste
#Appendix H
bCorrosion contribution included in the streams above.
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Metal Waste. The first steps in the bismuth phosphate process dissolved the uranium
metal slugs and extracted the plutonium by carrier precipitation with bismuth phosphate.
Sulfuric acid was added to the solution to complex the uranyl ion (UO,*?) and avoid uranyl
phosphate precipitation. This resulted in the metal waste stream. The metal waste stream
contained the bulk of the uranium and approximately 90 percent of the long-lived fission
products (e.g. 1*’Cs and *°Sr) and was sent to the SSTs for storage.

The stored metal waste containing the uranium from bismuth phosphate processing was
later retrieved as the feed for the UR process.

Cribbed Bismuth Phosphate Process Wastes. Portions of the other bismuth
phosphate process waste streams were disposed to cribs and specific retention trenches
following settling of solids in a cascaded series of SSTs (Waite 1991). The total Fe
discharged to cribs and specific retention trenches was 1 MT Fe in 259,000 m® (68.5 Mgal)
(Waite 1991).

The HDW model estimates 20 MT Fe was cribbed from the bismuth phosphate process
in 173,000 m3 (45.8 Mgal) (Agnew et al. 1996). The HDW estimate for bismuth phosphate
process wastes is obtained from the crib volume and the supernatant Fe concentration of
Agnew et al. (1996). The Fe concentrations are attributed to Jungfleisch (1980, 1983, 1984)
and Lucas (1989).

Summary for Bismuth Phosphate Process Wastes. The residual MW, 1C, 2C, and
224 wastes in the tanks determined by this estimate and the HDW model are presented in

Table 5.10-2. This report estimates the residual bismuth phosphate process tank wastes
contain 418 MT of Fe versus the 488 MT estimated by the HDW model.

Table 5.10-2. Estimated Amount of Iron in Bismuth Phosphate Process Tank Wastes, MT.

Process Present estimate HDW model
(Agnew et al. 1996)

Bismuth phosphate process wastes produced 419 640
Bismuth phosphate process wastes cribbed 1 20

Bismuth phosphate process wastes sent to 0 132
uranium recovery

Bismuth phosphate process wastes in 418 488
single-shell tanks/double-shell tanks

The principal differences in the present estimate and the HDW model are the input
chemicals in the flowsheets assumed and the HDW assumed global presence of 0.016M
corrosion Fe in the bismuth phosphate process wastes.
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5.10.2.2 Uranium Recovery Wastes. The UR process began in 1952 to extract uranium

- from the bismuth phosphate process MW stored in 241-B, 241-BX, 241-BY, 241-C, 241-T,

241-TX, and 241-U Tank Farms.

Uranium Recovery Chemicals Added. The design basis flowsheet for the UR process
is provided in the Uranium Recovery Technical Manual (GE 1951a). According to values in
the UR flowsheet, a scrub stream injects 0.05M of Fe(NH,),(SO,), and 0.1M of NH;SO; at
50 flows into the "RA" solvent extraction column to treat the MW feed that contains 0.26M
of uranium at 104 flows. In essence, the UR flowsheet requires 0.05 gmol of
Fe(NH,),(SO,), to treat 0.52 gmol of uranium. On this basis, 170 MT of Fe would have
been needed to process 7,500 MTU.

From process records, Allen (1976) estimated the amount of Na,Fe(CN)4 and
K Fe(CN)g used for in-plant and in-tank scavenging of UR wastes. Altogether, 396 MT of
Na,Fe(CN)s and 60 MT of K,Fe(CN)4 were reportedly used. This is equivalent to adding
81.9 MT of Fe to UR waste from scavenging (36 MT from in-tank and 45.9 MT from in-
process scavenging). A ferrocyanide scavenging flowsheet analysis (Borsheim and Simpson
1991) projected total iron use of 39 MT Fe. The actual use from records is indicated as
twice the flowsheet value.

With the 170 MT of Fe added as ferrous ammonium sulfate and 82 MT of Fe added as
ferrocyanide, the total amount of Fe added in UR was 252 MT.

The Appendix H analysis provides an estimated UR corrosion input to the tank wastes
of 45 MT Fe. g

Cribbed Uranium Recovery Wastes. The HDW model analysis of transfer records
from the UR operation indicates that 62.5 vol% of the total UR waste streams containing
3 wt% of the Fe (13 MT Fe) were cribbed.

Waite (1991) states that 155,000 m> (41 Mgal) of scavenged UR wastes containing

.22 MT of Fe was discharged to cribs and specific retention trenches. The 22 MT of cribbed

Fe represents 7 percent of the projected Fe content in the UR wastes.

Summary for Uranium Recovery Process Wastes. Table 5.10-3 provides a summafy
iron material balance for the UR process for this analysis and the HDW model.
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Table 5.10-3. Estimated Amount of Iron in Tank Wastes from the Uranium Recovery

Process, MT.
P "~ Present estimate .| HDW model (Agnew et al.
rocess

, 1996)
Bismuth phosphate process wastes 0 132
sent-to UR
UR chemicals added | 252 291
UR corrosion : 458 -
Total UR wastes produced 297 423
UR wastes cribbed (22) (13)
UR wastes in single-shell 275 410
tanks/double-shell tanks

UR = Uranium Recovery
“Appendix H.

5.10.2.3 REDOX Process Wastes. According to the site production records, 19,706 MTU
were processed through the REDOX process from 1952 through 1966 (Appendix B).
Chemical purchase records can also be used to generate an estimate of net iron consumption
(McDonald 1968). According to these records, 30,000 kg (66,000 Ib) of Fe(NH,SO;), were
consumed in the REDOX Plant from 1965 through 1966. This is equivalent to 6.75 MT of
Fe produced from oxidation of the sulfamate. The site production records indicate

2,604 MTU were processed through the REDOX Plant from 1965 to 1966 (Appendix B).
This results in a recorded 2.59 kg process iron in REDOX process wastes per MTU
processed.

From 1952 to 1966, a total of 19,706 MTU were processed through the REDOX Plant
(Appendix B). Based on these figures and the assumption of 2.59 kg process Fe/MTU, it is
calculated that 50 MT of Fe was introduced by the REDOX process from ferrous sulfamate.
This Fe content is 125 percent of the value predlcted by the REDOX process Flowsheets 5
through 9.

Because the REDOX process product streams were frequently reworked, the plant
experienced frequent startups and shutdowns (five day a week operation for Flowsheets 4
and 5), and specialty processing campaigns for neptunium and nonstandard fuel (performed
during the periods represented by Flowsheets 7, 8, and 9), the REDOX process flowsheets
cannot be used to accurately account for all of the chemicals added to the process. The
flowsheet provides chemical usage at equilibrium operation. The nonstandard operations
result in chemical use higher than predicted by flowsheets. Therefore, the reported usage of
Fe being 125 percent of the flowsheet values for Flowsheets 5 through 9 is consistent
(Section 4.3.1).
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The Appendix H analysis provides an estimated REDOX process corrosion input to the
tank wastes of 8.5 MT Fe.

Summary for REDOX Process Wastes. Table 5.10-4 provides a summary iron

material balance for the REDOX process for this analysis and the HDW model. The HDW
Fe values are obtained from the waste volume out and iron concentrations of the HDW.

Table 5.10-4. Estimated Amount of Iroh in Tank Wastes from the REDOX Process, MT.

S Present estimate | HDW model (Agnew et al.
tream

1996)
Neutralized Solvent Extraction Waste 50 372
Cladding Waste 0 16
Corrosion . 8.5° A b
REDOX process wastes in 58 388
single-shell tanks/double-shell tanks

HDW = Hanford Defined Waste

REDOX = Reduction and oxidation

#Appendix H

®Corrosion contribution included in the streams above.

5.10.2.4 PUREX Process Wastes. . The PUREX process came on line in January 1956.
The PUREX Plant processing can be broken down into three main periods: 1983 through
1989, 1965 through 1982, and 1956 through 1964.

1983 through 1989. The period from 1983 through 1989 processed Zircaloy®-clad fuel
exclusively. The total iron use by the PUREX Plant in the 1983 through 1989 period is
summarized in Table 5.10-5 for this analysis and the HDW model.

Essential material usage records can be used to define the chemical consumption for the
PUREX Plant from 1983 to 1989 (Hogan 1992, and personal communication with J. J.
Hogan). J. J. Hogan, personal communication, stated that 103 MT (227,800 Ib) of ferrous
sulfamate was used at the PUREX Plant from 1983 through 1991. This material would
result in 23 MT of iron in the PUREX Plant tank wastes.
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Table 5.10-5. Estimated Amount of Iron in 1983 through 1989 PUREX Plant Tank

Wastes, MT.
Tank Present estimate HD vztlzﬁd‘lﬂg ég\)gnew

CWZr2 ) 7
P3 i o3
PL2 _ o7
Essential Material Records 738 v i

Corrosion 36b I
Total 59 7

CWZr2 = Coating waste from REDOX process, zirconium cladding
HDW = Hanford Defined Waste
P3 = Aging waste from PUREX process high-level waste (1983 to 1988)
PL2 = PUREX process low-level waste (1983 and 1988)
PUREX = Plutonium-uranium extraction process
. ?J. J. Hogan (personal communication)
®Appendix H
“Corrosion contribution included in the streams above.

The basis for the PUREX Plant 1983 through 1989 wastes in Agnew et al. (1996) is
not defined. The HDW iron values are obtained from the waste volume out and iron
- concentrations of the HDW., -

1965 through 1982. The site production records indicate 25,179 MTU and 629 MT of
thoria were processed in the PUREX Plant from 1965 to 1972 (Appendix B). The PUREX
Plant was maintained in standby from 1973 through 1982. Monthly essential material usage
records can be used to define the chemical consumption for the PUREX Plant from 1965
through 1982 (McDonald 1968, McDonald and Hogan 1977, Hogan 1992). Data from these
essential material use records are summarized by year in Table 5.10-6.

Table 5.10-6 shows that the total process Fe used by PUREX Plant processing from
1965 through 1982 is 106 MT process iron.
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Table 5.10-6. Iron Use in PUREX Process from 1965 through 1982.

MT processed Chemical use, MT
Year Aluminum-clad U | Zirconium-clad U ThO, Fe(NH,S0,),

1965% 5,385 5 90.7
1966* 3,806 197 80.8
1967° 4,459 123 69

1968° 3,393 427 84.6
1969° 2,568 228 63.2
1970° 555 92 427 33.6
1971° 2,988 287 32.7
1972° 552 416 17.9
1973-1982° 0 0 0 0

Total 23,706 1,572 629 472
Subtot Fe, MT - - - 106°

PUREX = Plutonium-uranium extraction
#*McDonald (1968)

®McDonald and Hogan (1977)

“Total PUREX process iron from 1965 through 1982.

1956 through 1964. The third period covers the PUREX production process from
1956 through 1964. During this period, 42,320 MTU were processed in the PUREX Plant
(Appendix B). From 1956 through 1964, only aluminum-clad natural uranium fuel was
processed through the PUREX Plant.

Examination of the PUREX Plant processing history in Table 5.10-6 shows that 1965
and 1967 processed predominately aluminum-clad fuel. The average chemical usage in 1965
and 1967 was 16 kg of ferrous sulfamate/MTU containing 3.61 kg of process Fe per MTU.
A 1968 PUREX aluminum-clad flowsheet (Matheison and Nicholson, 1968) gave iron use at
1.91 kg of process Fe per MTU.

The resulting estimated chemical use in PUREX Plant from 1956 through 1964 is
shown in Table 5.10-7. The total PUREX process iron generation from 1956 through 1964
is estimated at 153 MT iron based on process iron use of 16 kg ferrous sulfamate or 3.61 kg
of process Fe per MTU.
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Table 5. 10 7. Iron Use in PUREX Process from 1956 through 1964.

Estimated chemical use, MT
Year MTU processed Fe(NH,S0,),, Fe,
16 kg/MTU 3.61 kg/MTU

1956 2,286 36.6 8.2
1957 3,989 63.8 14.4
1958 4,707 75.3 17.0
1959 4,635 74.2 16.7
1960 5,599 89.6 20.2
1961 5,438 .87 19.6
1962 5,483 87.7 19.8
1963 5,024 80.4 18.1
1964 5,157 82.5 18.6
Total 42,318 677 153

Total estimated PUREX process iron from 1956 through 1964 = 153 MT.

Summary for PUREX Process Wastes. Iron use by the PUREX Plant is summarized
in Table 5.10-8. This analysis gives a total PUREX Plant iron generation of 455 MT iron -

based.on the following:

1.

2.

3.

4.

Extrapolation of reported 1965 and 1967 usage for years 1956 through 1964
(153 MT Fe, 34 percent).

Reported 1965 through 1982 usage (106 MT Fe, 23 percent).

Reported 1983 through 1989 usage (23 MT Fe, 5 percent).

Estimated corrosion 1956 through 1989 usage (178 MT Fe, 38 percent).

The process wastes of PUREX Plant, B Plant, and tank farms wastes from 1956

through 1982 are combined in Table 5.10-8 for comparison purposes.

The individual process

contributions in the HDW model (Agnew et al. 1996) were not developed by this report.
The 1956 through 1983 value of 397 MT Fe is determined by the difference of the total Fe
(1,835 MT Fe, Agnew et al. 1996) and the sum of other wastes discussed in this section

(1,438 MT Fe).
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Table 5.10-8. Estimated Amount of Iron in PUREX Process Wastes, MT.

Estimated iron content, MT Fe
Present estimate HDW model
Years . (Agnew et al.
Fe(NH,S03), Corrosion Total 1996)
chemical use
1956 - 1964 153 , - - -
1964 - 1982 106 - - -
Subtotal, 1956 - 1982 259 142 403 397
1983 - 1989 23 36 59 172
Total 282 178 462 569

HDW = Hanford Defined Waste..

5.10.2.5 B Plant Process Wastes. No Fe containing chemical additions were identified for
B Plant and tank farms from 1965 through 1982 from monthly essential material usage
records (McDonald 1968, McDonald and Hogan 1977, Hogan 1992). Chemical corrosion in
B Plant is included in the PUREX Plant corrosion developed by Appendix H.

5.10.2.6 Other Cribbed Wastes. Agnew et al. (1996) defines portions of waste streams
other than the bismuth phosphate and UR process wastes discussed above as having been
cribbed. These streams are identified in Agnew et al. (1996) as P1, CWP1, OWWI1, DW,
T1-S1tCk, and WTR. The fraction of the streams cribbed is given in Appendix D, pages D-
49 and D-53 (Agnew et al. 1996). The total iron in the streams is given by the volume and
the concentration. The summed products of these three values give a total 32 MT calculated
amount of Fe cribbed. .

This report’s analysis is based on the reported cribbed iron given by Waite (1991).
The cribbed iron content in bismuth phosphate and UR process wastes given in the previous
sections includes all Fe cribbed in the common crib and specific retention sites. Therefore,
the other cribbed wastes identified in Agnew et al. (1996) are included in the bismuth
phosphate or UR process values identified by Waite (1991) and no separate value is identified
by this report’s analysis.

5.10.2.7 N Reactor Decontamination Wastes. Agnew et al. (1996) defined the residual
amount of N Reactor decontamination wastes in the DSTs after a single vault of
phosphate/sulfate waste grout was produced. The N Reactor decontamination waste stream,
(N) is defined in Appendixes B and D pages B-4, B-20, and D-53 (Agnew et al. 1996) with
composition attributed to Lucas (1989). The resulting residual N Reactor Decontamination
Hanford Site tank inventory is 12 MT Fe.
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5.10.3 Best-Basis Estimate for Iron Inventory Value

Table 5.10-9 provides the results from this evaluation for iron, together with
comparable estimates from other sources. The best-basis global estimate for Hanford Site
tank waste is 1,230 MT of Fe. This estimate is significantly lower than the HDW model
estimate of 1,835 MT Fe (Agnew et al. 1996) and significantly higher than the current value
of 793 MT in the TWRS reference chemical inventory (Shelton 1996).

Table 5.10-9. Estimated Amount of Iron in the Hanford Site Tank Wastes, MT.

Present HDW model TWRS inventory
Process estimate (Agnew et al. (Shelton 1996)
1996)

Bismuth phosphate process 418 488 NA
wastes in SSTs/DSTs _

UR wastes in SSTs/DSTs 275 410 NA
REDOX 58 388 NA
PUREX and B Plant (1956-82) | 403 , 397 NA
Removals from cribbed wastes - (32) NA
N Reactor decontamination 12 12 NA
PUREX (1983-89) 59 172 NA
Total 1,230 1,835 793

DST = Double-shell tanks

HDW = Hanford Defined Waste

NA = Not attributed to individual waste streams
PUREX = Plutonium-Uranium Extraction
REDOX = Reduction and Oxidation.

SST = Single-shell tank

TWRS = Tank Waste Remediation System

UR = Uranium recovery.

An independent sample-based projection of the SST Fe inventory was developed by
Colton (1997). Colton developed a projected SST inventory of 1,244 MT Fe based on
41 SST samples classified by waste type. The DST sample based iron inventory is 162 MT
Fe (Shelton 1996). Thus, the total SST/DST inventory based on available sample data is
1,406 MT Fe.
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The present estimate is based on reported chemical consumption for REDOX, PUREX,
and B Plants, reported crib discharges for bismuth phosphate and UR processes, and
flowsheet values of chemical consumption for the bismuth phosphate and UR processes. The
HDW model is based on flowsheet waste compositions and waste transfer records from
Hanford Site processing plants. The TWRS inventory is based on the 1986 EIS estimate of
Hanford Site tank inventory in 1983 plus additions to the tank system after 1983.

The process wastes of PUREX Plant, B Plant, and tank farms wastes from 1956
through 1982 are combined in Table 5.10-9 for comparison purposes. The individual process
contributions in the HDW model (Agnew et al. 1996) were not developed by this report.

The 1956 through 1983 value of 397 MT Fe is determined by the difference of the total Fe
(1,835 MT Fe, Agnew et al. 1996) and the sum of the individual streams discussed in
previous sections (1,438 MT Fe).

The current Hanford Site tank waste inventory estimate of 1,230 MT Fe has the highest
uncertainty in the residual wastes produced by the bismuth phesphate and UR processes.
These wastes represent 57 percent of the estimated total. Both the current estimate and the
HDW model are based on flowsheets for additions and estimated crib discharges for the
bismuth phosphate and UR processes.

Corrosion in REDOX, PUREX and B Plants, and in N Reactor represent 24 percent of
the estimated total. These corrosion values were developed by extrapolation of available
analytical data (Appendix H).

Reported use of Fe precursor chemicals in REDOX and PUREX Plants represent
19 percent of the estimated total. This represents significantly lower uncertainty than the
previous two categories of analysis.

Additional tank sampling and analysis of sludges will significantly reduce the
uncertainties associated with Fe inventories.

5.11 LANTHANUM

Lanthanum added to the waste tanks was primarily from four sources:
(1) lanthanum nitrate added during 224 Building plutonium purification in the bismuth
phosphate process, (2) reactor fission products, (3) strontium scavenging at B Plant in 1983
and 1984, and (4) PUREX process transuranic removal from cladding waste after
March 1985. Minor amounts were also used at various Hanford Site analytical laboratories.
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5.11.1 Identification of Lanthanum Values

Earlier estimates of lanthanum were based on the bismuth phosphate process flowsheet
or technical manual, waste volume transfer records, or estimates of fission products.
Table 5.11-1 compares some of the reported values.

Table 5.11-1. Reported Lanthanum Inventories.

Reference Inventory (MT) Comment
Tank Waste Remediation System Baseline 23 TRAC for SSTs
(Shelton 1996) Samples for DSTs
Hanford Defined Waste model (Agnew et al. 40.4
1996)
Hanford Defense Waste Final Environmental ‘ NA
Impact Statement (DOE 1987)
TRAC (Jungfleisch 1984) | 1.8 Reports as
1.33 E4+04 gram
moles. Through
_ 1980 only.
Allen (1976) NA

DST = Double-shell tank
SST = Single-shell tank
TRAC = Track Radioactive Components.

‘The TWRS baseline combines SST inventories based on the TRAC (Jungfleisch 1984)
estimate with the DST inventories based on waste samples. TRAC did not address the 224
Building wastes and includes only lanthanum from fission products. The DST inventory of
21.4 MT is much higher than would be predicted from the PUREX and B Plant process
inputs since 1983 (see following discussion). The lanthanum inventory for Tank 241-AY-101
is stated to be 16 MT, which is unlikely given the lack of an identifiable chemical source.

The HDW model (Agnew et al. 1996) cites an abbreviated operating period for the
bismuth phosphate process 224 Building operation (1952 to 1956) and an extremely low
waste volume (27 percent of that predicted from the Schneider [1951] flowsheet [see
Appendix C]). Lanthanum waste concentrations taken from Lucas (1989), which for 224
Building wastes are based on the bismuth phosphate process technical manual, are only
37 percent of the Schneider (1951) flowsheet. Yet the predicted lanthanum inventory for the
10 tanks receiving the 224 Building waste is 60 percent of that predicted from the Schneider
(1951) flowsheet compositions and waste volumes. The HDW model may have a mathematic
flaw in this area, because the global inventory is reasonable. Additionally, up to 25 percent
of the 224 Building lanthanum was routed to Tanks 241-B-361 and 241-T-361 and are not
included in the tank waste inventory (see the following discussion).
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5.11.2 Lanthanum Inventory Evaluation

5.11.2.1 Bismuth Phosphate Plant Chemical Additions. A spreadsheet, also based on the
1951 bismuth phosphate process flowsheet (Appendix C), predicts 60 MT lanthanum added
to the underground storage tanks from flowsheet chemical additions and flowsheet waste
volumes. The Schneider (1951) flowsheet document was issued after 7 years of operation
and is felt to be the best data source available. The lanthanum usage was 2.7 times the 1944
technical manual value (GE 1944), but there are indications in the flowsheet document that
lanthanum usage rate had increased even further by the time the Schneider (1951) flowsheet
was issued.

The waste from the 244 T and B Buildings was originally routed to tanks
241-T-361 and 241-B-361, respectively, and in turn overflowed to dry wells or cribs.
Lanthanum would have been present as an insoluble chemical, and most should have settled
out in the tanks.

Tank 241-T-361 was active from 1944 to 1947 and Tank 241-B-361 was active from
1945 to 1947 (Freeman-Pollard 1994). These concrete tanks are not part of the DST or SST
systems. A very rough estimate based on the MTU processed during those years indicates
that up to 25 percent of the lanthanum (15 of the 60 MT) could remain in these two tanks or
the associated dry wells/cribs.

5.11.2.2 B Plant Strontium Recovery Usage. B Plant used a rare earth co-prec1p1tat10n
process during 1983 and 1984 to scavenge *°Sr from strontium purification wastes (Joyce
1984). Both sulfate precipitation and caustic strike purification wastes were treated to reduce

~ waste losses. Small quantities of a 2.5M rare earth nitrate solution (75 percent lanthanum

nitrate/25 percent neodymium nitrate) were added to each waste batch and precipitated as a
sulfate.

Compilation of engineering work instructions and procedure data sheets provides the
best current estimate of the lanthanum added. Approximately 10,250 kg (22,600 Ib) of the
2.5M solution (density 1.57 g/ml) were added. The total lanthanum addition was
approximately 1.7 MT.

5.11.2.3 PUREX Process Decladding Waste Usage. The PUREX process also used a rare
earth precipitation process to reduce the TRU levels in the Zirflex decladding wastes from
March 6, 1985, until plant shutdown. The rare earth nitrate mixture used at the PUREX
Plant was predominately a 1.675M lanthanum nitrate and 0.8325M neodymium nitrate,
although the B Plant rare earth nitrate mixture was used for the process test (Walser 1985).
Approximately 28.4 L (7.5 gal) were added to each batch of decladding waste (WHC 1990),
and a second addition was usually made before centrifuging the second portion of the
decladding waste batch after July 1987 (Herting et al. 1988). Additionally, until September
1986, actual usage of rare earth nitrate was only 60 percent of that which was specified in
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the procedure (Herting et al. 1988). The estimated rare earth nitrate usage is given in
Table 5.11-2.

Table 5.11-2. Addition of Rare Earth Nitrate to the PUREX Process Decladding Wastes.

. . Number of -Estimated rare earth
Time period . .
dissolver charges nitrate usage
3/85 (process test) 10 ‘| 22 L/charge
8/85 - 8/86 133 17 L/charge
3/87-5/87 4 0
7/87 - 12/89 64 57 L/charge

PUREX = Plutonium-uranium extraction.

A rough calculation indicates 220 L of 1.875M lanthanum and 5,910 L of 1.68M
lanthanum were used. The total lanthanum added to the decladding wastes is approximately
1.4 MT. This is somewhat less than the 2.5 MT found in the Aging Waste tanks even after
accounting for fission product lanthanum and the initial sludge heel in the tank. It is,
however, apparent that the PUREX process usage was relatively small compared the bismuth
phosphate process usage.

5.11.2.4 Lanthanum Fission Product. Fission product lanthanum contributes a small
amount to the tank waste inventory. TRAC (Jungfleisch 1984) estimated this inventory at
1.84 MT through 1980. Re-estimation of the lanthanum fission product inventory results in a
slightly higher value. Lanthanum inputs are estimated at 2.6 MT for fuel reprocessed
through 1972 (RIBD) and 0.19 MT for the post-1983 PUREX Plant operation (ORIGEN2),
for a total of 2.8 MT of lanthanum. An independent ORIGEN2 calculation, reported in
Section 7.2, estimates a total lanthanum fission product production of 2.98 MT.

5.11.2.5 Minor Lanthanum Contributions. Chemicals containing lanthanum were used at
various Hanford Site laboratories (Klem 1990), but the quantities included in laboratory
waste transfers would be expected to be negligible.

5.11.3 Best-Basis Estimate for Lanthanum Inventory

The best-basis global lanthanum inventory is 51 MT from all sources. The largest
uncertainty in this value results from the differences between the 1944 bismuth phosphate
process technical manual (GE 1944) and the Schneider (1951) flowsheet, and in the solubility
of the lanthanum compounds. Any future improvement to this estimate will require tank
specific data.
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5.12 LEAD

The aluminum-clad uranium metal fuel used at the Hanford Site contained significant
amounts, e.g., >200 MT, of lead. The cladding and Al-Si bond in such fuels also contained
smaller amounts of lead. Very small amounts of lead were also present in the Zircaloy®-clad
fuel reprocessed at the Hanford Site.

Additional amounts of lead were introduced into the Hanford Site underground tanks
from a lead sulfate carrier precipitation process used at the Hanford Site PUREX Plant and
B Plant to separate and concentrate *°Sr from PUREX process HLW in the 1960’s.

From its known chemistry, lead introduced into many Hanford Site SSTs is expected to
have concentrated in the sludge phase in these tanks. Selection, development, and testing of
candidate glass formulations for vitrification of Hanford Site tank sludges require satisfactory
knowledge of the total (global) and tank-by-tank amounts of lead present in the tank sludges.

5.12.1 Identification and Comparison of Lead Inventory Data

The HDW model, Rev. 3 (Agnew et al. 1996) predicts the Hanford Site tank waste to
contain 279 MT of lead. The current TWRS baseline reflects the presence of 34.5 MT of
lead in both the DSTs and SSTs. As discussed more fully later, it appears likely that the
present TWRS baseline does not account for the large amount of lead introduced into tank
wastes from decladding and dissolution of aluminum-clad fuels.

5.12.2 Lead Inventory Evaluation

The following sections summarize the major sources of lead in tank wastes.
5.12.2.1 Lead From Fuel Fabrication. Section 7.0 of this report provides a detailed and
comprehensive account of the various elements, including lead, which were introduced into

the Hanford Site reactor fuel elements during the fuel fabrication process. Such constituents
eventually reported to various process waste streams and to the underground tanks.
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From the discussion in Section 7.0, specifically Table 7.1-1, the amounts of lead
introduced during fabrication of aluminum-clad fuel were as follows:!

Intermetallic layer  213.00 MT

Al-Si bond 1.93 MT
AL jacket 0.25 MT
Total 220.00 MT

Also, as indicated in Section 7.0, only very little lead was introduced into Zircaloy®-
clad fuels. Data in Section 7.0 indicate that no more than 0.04 MT of lead was present in all
the Zircaloy®-clad fuels processed at the Hanford Site.

5.12.2.2 Lead From Strontium-90 Recovery Operations.

PUREX Plant. In the 1960’s there was great incentive for the Hanford Site to supply
megacurie amounts of purified *Sr for use in the United States Defense Programs. To meet
this need, Hanford Site scientists developed a Lead Sulfate Carrier Precipitation process
(Bray and Van Tuyl 1961) for recovery of **Sr from concentrated PUREX Plant first-cycle
waste (IWW solution). This process involved the following:

® Add a mixture of 2M Na,SO, and 1.7M tartaric acid to the IWW solution
* Add 50 wt% NaOH solution to adjust fhc pH in the range of 1.5 to 2.5

e Digest at 80 °C for an hour

e (Centrifuge

* Further treat the lead sulfate precipitate to obtain a nitric acid solution of *°Sr free
of sulfate, lead, and most other metal impurities.

The PbSO, precipitation process was applied in 1960 and 1961 to obtain about a
megacurie of *Sr "crude concentrate.” In plant-scale operation, 340 L of 0.5M Pb(NO,),
(35 kg of lead) were added to each 3,800 L batch of concentrated PUREX process HLW
(1WW solution). The average *°Sr concentration in the IWW solution in 1960 and 1961 was
about 6.34 Ci/L (Van Tuyl 1958, Appendix F of this report). Thus, assuming an overall
recovery of 55 percent (Bray and Van Tuyl 1961), 76 batches (3,800 L each) of IWW

The "less than" signs used in Section 7.0 for amounts of lead introduced during the fuel
fabrication process are deliberately omitted in this section. This practice allows statements of
the maximum global lead inventory. Development of glass formulations which will
satisfactorily accommodate the maximum global lead inventory is desirable to ensure
engineering conservatism.

5-56



it R RN ot S e L e e

HNF-SD-WM-TI-740
Revision 0

solution would have to have been treated with 2,650 kg (2.65 MT) of lead to recover one
megacurie of *°Sr (calculational details are shown in Appendix F of this report).

Additional use of the PbSO, precipitation process was made in the Hanford Site
PUREX Plant during the period of 1961 through 1964 to recover another 8 MCi of *°Sr. As
a result of further laboratory development efforts and of the initial plant-scale experience,
overall 2Sr recovery was increased from 55 to 90 percent. It was also possible to decrease
lead nitrate usage from 35 kg of lead per 3,800 L batch of waste feed to 35 kg per 5,700 L
batch of PUREX process acid waste. The net result was that 277 batches (5,700 L each
batch) were treated with 8,640 kg (8.64 MT) of lead to recover an additional 8 MCi of *Sr.
(Calculational details are shown in Appendix F of this report.)

Overall, during the period of 1960 through 1964, 11.3 MT of lead were used in the
PUREX Plant to recover 9 MCi of %Sr.

B Plant. In the mid to late 1960’s further use of the PbSQO, carrier precipitation
process was made in the Hanford Site B Plant to provide "strontium crude” for follow-on
isolation and purification of its *°Sr content. Allen (1976) reported that during the period of
1965 through 1970, operation of the PbSO, carrier precipitation process in both the PUREX
and B Plants consumed 16.1 MT of lead nitrate, equivalent to 10 MT of lead. There is
presently some uncertainty about the use of Pb(NO;), in B Plant past 1972. Further
evaluation is necessary to determine if additional lead was used.

5.12.3 Best-Basis Estimate for Lead Inventory Value
Data provided to date in Section 5.12.2 accounts for 241.3 MT of lead:

¢ From fuel fabrication - 220 MT

® From PbSO, precipitation process - 21.3 MT. Further evaluations are ongoing to
determine if additional lead was used at B Plant for *Sr recovery.

Therefore, the best-basis estimate for lead in Hanford Site waste tanks is the HDW
value of 279 MT.

5.13 MANGANESE

Large amounts of manganese were introduced into the Hanford Site waste tanks as the
result of the extensive use of KMnQO, in the bismuth phosphate, REDOX, and PUREX
processes (see Section 5.18). Additional small quantities of manganese were introduced into
aluminum- and Zircaloy®-clad fuels during the fuel fabrication process (see Section 7.0).
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Manganese can exist in aqueous solution in several oxidation states, but under the
alkaline conditions prevailing in Hanford Site tanks, it is expected that some, perhaps most,
of the Mn (VII) (from KMnO,) and Mn(0) (from fuels) both converted to Mn(IV) and
precipitated as MnO, - XH,0. Selection, development, and testing of candidate glass
formulations for vitrification of the Hanford Site tank sludges require satisfactory knowledge
of the total (global) manganese content in Hanford tank waste.

5.13.1 Identification and Comparison of Manganese Inventory Data

The HDW model, Rev. 3 (Agnew et al. 1996) predicts the Hanford Site waste tanks to
contain only 38.7 MT of manganese. The current TWRS inventory (Shelton 1996) reflects
the presence of 149 MT of manganese distributed between the SSTs (121 MT) and DSTs
(28 MT). .

5.13.2 Manganese Inventory Evaluation

The following sections summarize the evaluation of flowsheet data and analytical
information to arrive at a provisional best-basis tank inventory. '

5.13.2.1 Use in Fuel Reprocessing Plants. Manganese (VII), in the form of KMnQO,, was
routinely used in the bismuth phosphate, REDOX, and PUREX Plants. In the latter plant
KMnO, was used as a constituent of the aqueous solvent wash solution. In the REDOX
Plant KMnO, was used from plant startup in 1952 until September 1959 to oxidize fission
product ruthenium to volatile RuO, in a head-end oxidation process. And, in the bismuth
phosphate process, KMnO, was added to oxidize Pu(IV) to Pu(VI).

Historical records (see Section 5.18) indicate that manganese was always added as
KMnO, in the various separations plants. Table 5.13-1, adopted from data in Table 5.18-1,
provides an estimate of the amounts of manganese added in the bismuth phosphate, REDOX,
and PUREX Plants. The historical data show that a total of 101.8 MT of manganese were
added during operation of the fuels reprocessing plants.

As noted in Section 5.18.2.3, large volumes in liquid wastes from the bismuth
phosphate process, after prior treatment in the metal recovery plant, were routed to cribs.
Thus, much of the soluble potassium from KMnQO,, added in the bismuth phosphate process,
eventually reported to one or more cribs. However, there is no reason to believe, or any
evidence to show, that the manganese fraction of the added KMnO, was cribbed. Rather, it
is believed that the manganese became part of the sludge fraction of the tank waste and is
still present in the SST and DST wastes. The fraction manganese precipitated in the HDW
model (Agnew et al. 1996, Appendix B) appears to be conservatively low based on the
known chemistry of manganese in alkaline solutions.
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Table 5.13-1. Estimates of Manganese Added to Hanford Waste Tanks from Separations
Plant Operations.*

Chemical Flowsheet Uranium Total
Plant added usage Kg Mn processed manganese®

(MTU) (MTU) (MT)

Bismuth phosphate KMnO, 4.09 7.80E+03 31.9

REDOX KMnO, (High) 3.85 1.13E+04 50.0

_ KMnO, (Low) 2.82 1.13E+04 36.7

PUREX (U-Al) KMnO, 0.32 6.11E+04 21.0

PUREX (U-Zr, KMnO, 0.45 1.34E+03 0.656

through 1972)

PUREX (U-Zr, 1983 KMnO, 0.45 3.89E+03 2.86
through 1989) :

PUREX (Th) KMnO, - 2.02

Total manganese added to tank waste . 101.8

PUREX = Plutonium-uranium extraction

REDOX = Reduction and oxidation

#Adapted from Table 5.18-1; references provided in Table 5.18-1
®Takes into account average ratios listed in Table 5.18-1.

5.13.2.2 From Fuels Fabrication. Section 7.0 of this report provides a detailed account of
the various elements, including manganese, that were introduced into the Hanford Site ‘

~ reactor fuel elements during the fuel fabrication process. Such constituents eventually

reported to various process waste streams and to the underground tanks. From the
discussion in Section 7.0 the maximum amounts of manganese which were introduced during
fabrication of aluminum-clad fuel were as follows:

Uranium Core 2.33 MT

AL-Si Bond Layer  0.29 MT
Al jacket 0.76 MT
Total 3.4 MT

Also, as indicated in Section 7.0, only very little manganese was introduced into
Zircaloy®-clad fuels. Data in Section 7.0 indicate that no more than 0.16 MT of manganese
was present in all the Zircaloy®-clad fuels processed at the Hanford Site.
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5.13.3 Best-Basis Estimate for Manganese Inventory Value
Data provided in Sections 5.13.2.1 and 5.13.2.2 account for 105 MT of manganese:

From process use of KMnO,: 101.8 MT
From fuel fabrication: 3.6 MT

As noted earlier, the HDW model predicts only 38.7 MT of manganese to be present in
the Hanford Site tanks. The current TWRS inventory value of 149 MT of manganese,
although in better agreement with the 105 MT value determined in this report, appears to be
too high. Thus, the best-basis global manganese inventory value is 105 MT.

5.14 MERCURY

Mercury was introduced into Hanford Site underground tanks from two principal
sources:

¢ Use of Hg(NO;), in the PUREX and REDOX Plants to catalyze nitric acid
dissolution of certain unirradiated Plutonium Recycle Test Reactor (PRTR)

aluminum-plutonium alloys and also certain other reactor aluminum alloy fuels
(Matheison and Nicholson 1972a, Hanson 1962).

* Use of Hg(NO,), in the BiPO, process (B and T Plants), REDOX process, and
PUREX process to suppress volatilization of radioiodine (?°I and '*'I) during
nitric acid dissolution of short-cooled (less than 90 days) irradiated uranium metal
fuel.

From known mercury chemistry, most of the Hg(II) in the acidic BiPO,, REDOX, and
PUREX process wastes precipitated as HgO - xH,O when the wastes were made alkaline.
However, no matter where it is present in the existing tank wastes, i.e., sludge and/or salt
cake, mercury will present special problems during high temperature vitrification of both the
HLW and LLW fractions. Mercury is easily reduced to the metallic state. Metallic mercury
so produced may interfere with operation of joule-heated melters. However, more likely, at
the high temperatures prevailing in vitrification operations, mercury will readily volatilize
and seriously complicate offgas handling equipment and procedures. Knowledge of the
amount and location of mercury in the Hanford Site tanks is, thus, essential.

Since mercury is also classified as a toxic metal (Resource Conservation and Recovery

Act of 1976 [RCRA)), disposition of any mercury condensed from melter offgases presents
additional problems. -
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5.14.1 Identification and Comparison of Mercury Inventory Values

The HDW model, Rev. 3 (Agnew et al. 1996) predicts the Hanford Site tanks to
contain 6.86 MT of mercury. Of this total, 5.81 MT are predicted to be in the SSTs and
1.05 MT in the DSTs. Information in Agnew et al. (1996) indicates the basis for the
6.86 MT inventory value is information originally reported by Jungfleisch (1984).

Allen (1976) estimated that 5,000 moles of Hg(NO,), - H,O (1.0 MT of mercury) were
added to the underground tanks during the period of 1944 through 1975. Allen’s estimate is
known to be low since it does not account for usage of Hg(Il) in the BiPO, process (B and T
Plants). Also, it does not appear to take into account use of mercuric nitrate in the REDOX
and PUREX Plant for dissolution of aluminum-alloy fuels.

The TWRS database presently does not include data for the global inventory of
mercury. However, the data package (RHO 1985a) assembled for preparation of the
Hanford Defense Waste Environmental Impact Statement (DOE 1987) indicated the presence
of 900 kg (0.9 MT) of mercury in the SSTs. Recent analyses of samples taken from the
DSTs indicate that these tanks contain a total of 0.14 MT of mercury. Table 5.14-1
compares mercury data from several sources.

Table 5.14-1. Currently Reported Inventories of Mercury in Hanford Site Tanks.

Tanks HDW model (Rev. 3) data® Environmental Impact
Statement and analytical data
Double-shell tanks 1.05 MT 0.14 MT®
Single-shell tanks 5.81 MT 0.9 MT®
All 6.86 MT 1.0 MT

HDW = Hanford Defined Waste

2Agnew et al. (1996) .

®From analyses of samples from the double-shell tanks
‘RHO (1985a).

5.14.2 Mercury Inventory Evaluation

The following sections summarize the major sources of mercury in tank waste.

5.14.2.1 Sources of Mercury Introduced Into Tanks.

Dissolution of Al-U and Al-Pu Alloy Fuels. In 1963 the REDOX Plant processed
four dissolver charges containing PRTR Al-Pu alloy. The REDOX Plant used the flowsheet
from Hanson (1962) to process these charges. Each charge involved use of 0.00462 MT of
mercury (as Hg(NO;), - H,0). Dissolution of the four charges of Al-Pu alloy involved use of
0.018 MT of mercury.
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In 1972, the Hanford Site PUREX plant reprocessed small amounts of various
unirradiated Al-U and Al-Pu alloys including Zircaloy®-clad PRTR fuel assemblies and loose
rods, Light Water Pressure Reactor (LWPR) fuel elements, thin Phoenix reactor fuel plates
and small disks, and miscellaneous aluminum-alloy fuel samples. Chemical flowsheets for
these dissolution campaigns were prepared by Matheison and Nicholson (1972a).

According to the Matheison and Nicholson (1972a) flowsheets, ten separate Al-U and
Al-Pu alloy charges were dissolved in nitric acid using added Hg(NO;), to catalyze the
dissolution. Five of the charges each used 20 kg (44 1b) of Hg(NO;), - H,0, two charges
each used 22 1b of Hg(NO,)2 - H,,0 while the final three charges each used 6.8 kg (15 Ib) of
Hg(NOj), - H,0. Hence, a total of 140 kg (309 Ib) of mercuric nitrate were used in
reprocessing the Al-alloy material. This quantity of Hg(II) nitrate corresponds to 409 moles
of mercury or 82 kg (0.082 MT). For the purposes of this report, it is assumed that actual
PUREX Plant dissolution of the Al-alloy fuel material was performed in close compliance
with the published flowsheets. '

5.14.2.2 Suppression of Radioiodine Volatilization. It was known before chemical
reprocessing of irradiated fuels began at the Hanford Site that control of the release of
radioactive iodine, e.g, 12°I and, especially, 131, would be important. Thus, plutonium
separations processes were designed to minimize the environmental effects of any released
radioiodine by allowing 13'I (t* = ca. 7 days) to decay to negligible levels before fuel
reprocessing by maximizing the atmospheric dilution of any emitted radioiodine, and by
performing fuel dissolution operations during optimal atmospheric conditions. To further
suppress evolution of radioiodine, starting in about 1951, Hg(II) nitrate was routinely added
to the nitric acid dissolvent in the B and T Plants and later, for a time at least, in the

- REDOX and PUREX Plants. Since Hg(II) forms a strong complex with iodide ion, it was -
expected (Holm 1951) that the addition of Hg(II) nitrate during the plutonium reduction step
in the BiPO, process (B and T Plants) would react with radioactive iodine and, thereby,
decrease its volatilization.

‘B and T Plant Experience. Schneider (1951) states that in the BiPO, process,
113.4 kg (250 Ib) of 0.385 wt% Hg(NO;), solution were added during processing of
997.9 kg (2,200 1b) of uranium metal. Per Appendix B, 3,683.2 MT of uranium metal were
processed through B and/or T Plants during the period of 1951 through 1956. This resulted
in the use of 1611.4 kg of Hg(II) nitrate which contained 1.0 MT of mercury.

In the HDW model Rev. 3, Agnew et al. (1996) estimates that wastes generated in the
BiPO, process over the time this process was used contained 0.48 MT of mercury.

REDOX and PUREX Plant Experience. Historical records (Beard 1970) indicate that
Hg(II) nitrate was occasionally used at both the REDOX and PUREX Plants to suppress
volatilization of radioiodine during dissolution of short-cooled fuels. During these periods,
which are estimated to be about 25 percent of the time before 1968, 0.8 kg (1.7 Ib) of
Hg(NO,), were added for every six tons of uranium dissolved. The practice of adding
Hg(II) nitrate for iodine evolution control was discontinued at the PUREX Plant in 1968.
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Available data (Allen 1976) indicate 1,633 kg (3,600 Ib) of Hg(NO,), - H,O were used
at the REDOX and PUREX Plants during the period from 1952 through 1967. This amount
of Hg(II) nitrate corresponds to 960 kg (0.96 MT) of mercury.

In the HDW model Rev. 3, Agnew et al. (1996) estimates that REDOX process wastes
contained 1.21 MT of mercury and that PUREX process wastes contained 5.29 MT of
mercury. These latter estimates appear to assume that Hg(II) nitrate was used continuously
rather than occasionally in both REDOX and PUREX Plant operation. Furthermore, Agnew
et al. (1996) also states that Hg(II) nitrate was used to. suppress volatilization of radioiodine
during the entire time the Hanford Site PUREX Plant was operated. Historical records
indicate that such usage was discontinued in 1968.

5.14.2.3 Other Sources of Mercury. Personal communications with various active and
retired Hanford Site scientific personnel discloses that it was once common practice to
discard small amounts of contaminated and potentially-contaminated mercury metal from
manometers and other instruments to aqueous wastes, which eventually were routed to the
underground tanks. The best recollection of many of the involved personnel is that direct
disposal of mercury metal occurred only infrequently and that only a very small amount of
mercury was ever disposed of in this manner. '

5.14.3 Best-Basis Estimate for Mercury Inventory Value

The evaluations described in Section 5.14.2 accounts for a total of 2.1 MT of mercury
in all the Hanford Site tanks (Table 5.14-2). This latter value, although substantially lower
than the 6.86 MT inventory figure carried in Agnew et al. (1996), is taken to be the :
best-basis global inventory value for mercury.

Table 5.14-2. Best-Basis Estimate of Mercury Inventory.

Source Mercury
Dissolution of Al-alloy fuels ’ 0.1 MT
Suppression of iodine emission:
B and T Plants 1.0 MT
REDOX and PUREX Plants 0.96 MT
Total 2.1 MT (rounded)

PUREX = Plutonium-Uranium Extraction
REDOX = Reduction and oxidation.
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5.15 NICKEL

Nickel is a component of many of the water-insoluble solids (sludges) present in
Hanford Site tank wastes. Pretreatment of retrieved sludges before their vitrification with
dilute NaOH washes to remove soluble aluminum, phosphate, etc., will not remove nickel.
Thus, conditions, e.g., melt formulation, waste loading, etc., for vitrifying nickel-bearing
sludges must be controlled to permit production of glass meeting current specifications for
nickel content.

Nickel resulted from three principal sources:
® As an impurity or additive in fuel and cladding
® Corrosion of 304-L stainless steel equipment

* From precipitation of nickel ferrocyanides from aged bismuth phosphate process
wastes from 1954 to 1957.

The latter operation was performed both in-plant (U Plant) and in-tank to reduce the
137Cs concentration of the aged wastes to a level that would allow their disposal to the soil
(under then-existing rules), thereby freeing up needed tank space. Nickel ferrocyanide solids
were originally deposited in 20 separate SSTs. Recent analyses of samples taken from these
tanks show that nickel is present in the expected (from historical records) amounts.

5.15.1 Identification and Comparison of Nickel Inventory Values

Two currently reported global inventory values for nickel in the Hanford Site tanks are
listed in Table 5.15-1. The data sources list nickel inventories separately for SSTs and
DSTs, and these separate inventory values are included in Table 5.15-1. The global nickel
inventories from the two data sources agree to within about 18 percent. However, as noted
in Table 5.15-1, the HDW model predicts the DSTs to contain about 27.3 MT more nickel
than the TWRS data and about 59.2 MT less nickel in the SSTs.
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Table 5.15-1. Currently Reported Inventories of Nickel in

Hanford Site Tanks (MT).

Tanks TWRS data? HDW model data®
Double-shell tanks 10.9 38.2
Single-shell tanks 203.0 143.8
Total 214.0 182

HDW = Hanford Defined Waste

- TWRS = Tank Waste Remediation System

4Shelton (1996)
PAgnew et al. (1996).

Several questions concerning the validity of the HDW model and TWRS nickel

inventories must be answered, namely:

® Do both inventory databases include data relating to introduction of nickel into the

tanks from:

- Impurities in fuel and constituents of cladding

- Precipitation of nickel ferrocyanide
- Corrosion of stainless steel equipment?

® Do both inventory data bases use the same input inventory information?

® Do both inventory data bases include information concerning the inventory of
nickel that may have been transferred to underground cribs?

® What is the basis in each data base for distributing the tank nickel inventory

between the DSTs and SSTs?

5.15.2 Nickel Inventory Evaluation

The following sections summarize the major sources of nickel in tank waste, and
provide an estimate of nickel discharges to cribs.

5.15.2.1 Sources of Nickel Introduced into Tanks.

Fuels and Cladding. Section 7.0 of this report provides an in-depth analysis of the

- inventories of minor components, including nickel, introduced into the Hanford Site tanks as

a result of decladding and dissolution of aluminum-clad and Zircaloy®-clad fuels. For

convenience, these data are summarized in Table 5.15-2.
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Table 5.15-2. Inventory of Nickel in Aluminum- and Zircaloy®-Clad Fuel.

Component Aluminum-clad fuel Zircaloy®-clad fuel
inventory, kg (MT) inventory, kg (MT)
Uranium fuel | 9.3 E+03 (9.3) <5.70 E+02 (<0.57)
Aluminum-silicon bond layer - 3.3 E+02 (0.33)
Aluminum cladding 2.01 E4+04 (20.1)
Braze filler <1.4 E4+00 (0.0014)
Zircaloy® cladding 2.3 E+02 (0.23)
Total 2.97 E+04 (29.7) <8.1 E+02 (<0.81)

There is no indication in either the Hanford Defense Waste Final Environmental Impact
Statement (DOE 1987) or in the HDW model (Agnew et al. 1996) that account was ever
taken of the nickel in either aluminum-clad or Zircaloy®-clad fuel processed at the Hanford
Site. |

Precipitation of Nickel Ferrocyanide. Stedwell (1957) states that 1.22 E+05 kg
(2.70 E+04 1b) of nickel sulfate were used to precipitate nickel ferrocyanide from 1.2 E+408
L of Metal Recovery Process waste on an "in-plant” basis. Chemical flowsheets issued
during the period (1954 through 1957) when nickel ferrocyanide scavenging operations were
underway indicate nickel was added to the waste as an aqueous solution of NiSO, - 6H,0.
Accordingly, 1.22 E+05 kg of NiSO, - 6H,0 correspond to 4.66 E+05 moles of nickel

. equivalent to 27.4 MT of nickel. Borsheim and Simpson (1991) estimate that 4.58 E+05

moles of ferrocyanide (either as the potassium or the sodium salt) were added during in-plant
scavenging operations. The equivalency of the nickel and ferrocyanide mole quantities are in
agreement with the current belief that the precipitated compound was Na,Ni[Fe(CN)].

Stedwell (1957) also stated that as of January 15, 1957, 1.6 E+04 kg of NiSO, - 6H,0
had been used to precipitate nickel ferrocyanide from 1.2 E+07 L of Metal Recovery Plant
waste on an in-farm basis. In-farm nickel ferrocyanide scavenging operations continued
through treatment of approximately 1.2 E+07 gal of waste in the 200 East Area; contrary to
early expectations, candidate wastes in the 200 West Area were not scavenged with nickel
ferrocyanide. Jeppson (1993) provides data relating to the amount of nickel sulfate used for
in-farm scavenging purposes in the 200 East Area. According to information in Jeppson
(1993) approximately 16.3 MT of nickel were used for this purpose.

Overall, 27.4 and 16.3 MT of nickel were used in the in-plant and in-farm scavenging
operations, respectively. Thus, assuming that none of the nickel was eventually sent to cribs,
some 43.7 MT of nickel from nickel ferrocyanide scavenging operations are presently stored
in the Hanford Site tanks. Agnew et al. (1996) predicts a total of 46.5 MT of nickel in the
tanks containing uranium recovery process wastes. Also note, however, that Agnew
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et al. (1996) states that 33.6 MT of nickel were sent to cribs with scavenged UR and 1C
bismuth phosphate process wastes (see Section 5.15.2.2).

Of interest from a historical point of view, Allen (1976) estimated that a total of
2.3 E+05 kg (1.5 E+06 moles) of nickel sulfate were added to the Hanford Site wastes
from 1944 through 1975. This amount of nickel sulfate corresponds to 88 MT of nickel.
Allen based his estimate upon Stedwell’s data for in-tank scavenging and assumed,
erroneously that nickel was added as anhydrous nickel sulfate rather than as the hexahydrate.
Allen also projected Stedwell’s (1957) data for in-farm scavenging completed to
January 15, 1957, to expected future scavenging in both candidate 200 East and 200 West
Area tanks. (The 200 West Area tanks were not subjected to nickel ferrocyanide
scavenging.)

Further, Allen (1976) estimated that the sludge in the tanks receiving nickel
ferrocyanide solids contained 500 MT of Ni,[Fe(CN)¢]. Using this formula, the amount of
nickel ferrocyanide assumed to be in the tanks contains 176 MT, not 88 MT, of nickel.
Personnel who prepared the Hanford Defense Waste Final Environmental Impact Statement
(DOE 1987) in the 1985 to 1987 timeframe mistakenly carried forward the 176 MT (rounded
to 180 MT) of nickel value. As noted earlier, the correct compound for the solids
precipitated in the scavenging operations is now thought to be Na,Ni[Fe(CN),].

Corrosion of Stainless Steel Equipment. Reprocessing of irradiated fuel from
Hanford Site reactors was performed in stainless steel, principally 304-L, equipment.
Corrosion of this equipment over its service life introduced fairly large amounts of iron,
chromium, and nickel into the HLW sent to the underground tanks. The exact quantity of
stainless steel corrosion products routed to the underground tanks is still controversial.

Various estimates of the amounts of corrosion-derived nickel in the Hanford Site tanks
are available. For example, Agnew et al. (1996) discusses both a "low" and a "high"
estimate. The latest, and what is judged to be the most accurate estimate of the inventory of
nickel resulting from corrosion of stainless steel, is based upon the recent calculations for
iron corrosion documented in Appendix H of this report. Table 5.15-3 provides a summary
of nickel corrosion values calculated from data reported in Section 5.10 for inventories of
corrosion-derived iron; stainless steel 304-L contains 71 wt% iron and 10 wt% nickel.
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Table 5.15-3. Estimates of Amounts of Corrosion-Generated
Nickel in Hanford Site Tanks.?

Process Nickel inventory, MT
PUREX 25.1°
REDOX 1.2
Bismuth Phosphate 4.6
Uranium Recovery ' 6.3
Total . 372

PUREX = Plutonium-uranium extraction

REDOX = Reduction and oxidation

*Based upon corrosion data reported in Appendix H of this report

®Operating Period: 5.1 MT Ni (1983 to 1989) and 20.0 MT Ni (1956 to 1972).

Van der Cook and Walser (1970) estimated that in the PUREX process operation for
each MT of fuel processed about 1.2 kg of iron, over and above that added as process
chemicals, were introduced into the process waste. About one-half of the 1.2 kg was
attributable to corrosion of various items of process equipment and piping. Over the life of
fuel reprocessing activities at the Hanford Site, 1.08 E+08 MT of fuel were reprocessed. If
the Van der Cook and Walser (1970) estimate prevailed during reprocessing of all the fuel,
the amount of "corrosion-derived" iron introduced into the tank wastes was 64.8 MT. Since
nickel is only 10 wt% of the metal content of stainless steel 304-L, about 9.1 MT of
"corrosion-generated" nickel was introduced into the tank waste.

Agnew et al. (1996) provides a somewhat higher estimate of corrosion-derived nickel.
To account for the large amount of iron found by analysis in sludges, Agnew et al. (1996)
suggests that as much as 1.2 E+07 mol (673 MT) of iron in the tank waste is attributable to
corrosion of stainless steel. On this basis, about 94.8 MT of nickel could have been '
introduced into the tank wastes.

There is no evidence in the Hanford Defense Waste Final Environmental Impact
Statement (DOE 1987) that any account was taken of corrosion-generated nickel in either the
DSTs or SSTs.

5.15.2.2 Nickel Sent to Cribs. Agnew et al. (1996) estimates that over the lifetime of the
Hanford Site project 33.6 MT of nickel were sent to cribs constructed in the Hanford Site
soil. Any nickel that was indeed sent to cribs was likely present in various forms, e.g.,
particulate nickel ferrocyanide, precipitated hydrated nickel oxide, and as aqueous-soluble
nickel ion.

From historical records, Waite (1991) reports that approximately 9.0 E+04 kg of
ferrocyanide were discharged directly to the soil at the Hanford Site. (Waite does not
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provide any data concerning the amount of nickel, if any, that might have been discharged to
the soil.) Waite (1991) does not state if the discharged ferrocyanide was present as the free
ion or combined with nickel into a solid form or both. If all the 9.0 E+04 kg of
ferrocyanide was discharged to the solid as Na,NiFe(CN), (very unlikely situation), about

26 MT of nickel would have also been discharged to the soil.

There is no firm basis whatsoever for determining the amount of nickel, if any, that
was discharged to the soil. For purposes of this report, it is assumed that all the nickel
originally input to the tanks is still there. This assumption is a conservative one since it
maximizes the amount of nickel-bearing material that will have to be vitrified.

5.15.3 Best-Basis Estimate for Nickel Inventory Value

Depending upon the choice of the datum used for the amount of nickel introduced into
the underground tanks as a result of the corrosion of stainless steel piping and equipment,
several inventories for nickel in Hanford Site waste tanks can be calculated (Table 5.15-4).

The Case 2 and 3 nickel inventories bracket those currently carried in the TWRS data
base and those predicted by the HDW model. However, Case 3 is rejected in favor of
Case 2 as providing the best-basis estimate of the total Hanford Site tank inventory of nickel.
Case 2 incorporates what is now thought to be the most accurate estimate of the amount of
nickel introduced to the tanks from corrosion, dissolution of fuel and cladding, and nickel
ferrocyanide scavenging operations. The best-basis inventory of nickel in the Hanford Site
waste tanks is 111 MT.

Table 5.15-4. Possible Inventories of Nickel in Hanford Site Waste Tanks.

MT Nickel
Component

Case 1 Case 2 Case 3
From fuel and cladding 30.5 30.5 30.5
Precipitated as nickel ferrocyanide 43.7 43.7 43.7
Corrosion of stainless steel 9.12 37.2b 94.8°¢
Disposed of to cribs 0.0 0.0 (33.6)
Total in tanks 83.3 111.4 135.0

“Based on Van der Cook and Walser (1970)

®Based on data in Appendix H

“Based on the Hanford Defined Waste model Rev. 4 (Agnew et al. 1996).
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5.16 NITRATE AND NITRITE

Nitric acid (HNO;) was the largest source of nitrate. It was used in the dissolvers at
the processing facilities and sodium nitrate (NaNO,) was used to suppress hydrogen
generation during the decladding step of the Bismuth Phosphate, REDOX, and PUREX
processes. Aluminum nitrate nonahydrate (ANN) used in the REDOX process to extract
plutonium and uranium was another major source of nitrate. Lesser sources include:

(1) cadmium nitrate, Cd(NOs),, which was used as a neutron poison in plutonium transfers

-between the processing areas and solvent extraction at the PUREX Plant; and (2) lead nitrate

(Pb(NO;)5) which was used at the PUREX Plant and B Plants for fission product recovery.
Sodium nitrite (NaNO,) was used as an additive to alkaline wastes to inhibit corrosion of
carbon steel storage tanks. Nitrite is generated as a product in the radioloysis of nitrate. It
was also used in the bismuth phosphate and PUREX processes to oxidize plutonium for
extraction.

Due to its high solubility, nitrate and nitrite reside mostly in the salt cake layers and in
the liquid phase of the tank waste. Due to reduction/oxidation reactions in the processes and
radiolysis in the waste tanks, it is difficult to estimate the respective concentrations of nitrate
and nitrite. Therefore, only the combined nitrate/nitrite inventory will be discussed here for
now. The uncertainty associated with not knowing the individual nitrate and nitrite masses
does not impact facility design and subsequent facility costs.

5.16.1 Identification of Nitrate/Nitrite Inventory Values
The HDW model and TWRS inventory values are summarized in Table 5.16-1. The -

HDW model, TWRS inventory, and this report values for total nitrate/nitrite are 58,900 MT,
117,000 MT, and 85,700 MT, respectively. Table 5.16-1 summarizes the breakdown

between nitrate and nitrite reported values.

Table 5.16-1. Reported Nitrate/Nitrite Values (MT).

Reference Nitrate Nitrite Nitrate + Nitrate
(MT) MT) (MT)
HDW (Agnew et al. 1996) 45,300 13,600 58,900
TWRS (Shelton 1996) 107,000 9,530 117,000
This report - - 85,700

HDW = Hanford Defined Waste
TWRS = Tank Waste Remediation System.
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5.16.2 Nitrate/Nitrite Inventory Evaluation

The nitrate/nitrite inventory can be estimated by computing the total amount of nitrate
and nitrite present in each of the separations process wastes and subtracting the amount of
each component that was discharged to cribs and trenches.

5.16.2.1 Bismuth Phosphate Process Wastes. The bismuth phosphate process operated at
T Plant from December 1944 through 1956 and at B Plant from April 1945 through 1952.
The Hanford Site production records indicate 7,800 MTU were processed in the bismuth
phosphate plants from 1944 to 1956 (Appendix B).

An estimate of chemical usage in the BiPO, processing is developed in Appendix C
based on the Schneider (1951) flowsheet. Comparable HDW nitrate values are obtained
from the "waste volume out” and "nitrate and nitrite concentrations” of the HDW. The
HDW nitrate and nitrite concentrations used are attributed to Jungfleisch (1980, 1983, 1984)
and Lucas (1989).

The nitrate usage in the BiPO, processing is shown in Table 5.16-2 for the Schneider
(1951) flowsheet (Appendix C) and for the HDW model (Agnew et al. 1996).

Table 5.16-2. Amount of Nitrate/Nitrite in Bismuth Phosphate Wastes.

Nitrate + Nitrite (MT) Volume (m?)

Waste stream Scl;191t5:i1der Agm;,;vggt al. | ghneider 1951 Agm;,;vggt-al.
Metal waste 4,825 1,680 124,900 135,900
First cycle (1C) 9,900 5,550% 107,100 121,600%
Second cycle (2C) 6,720 6,300 109,800 120,000
224 Waste 7,520 - 3,080 114,300 31,400
Coating Waste 675 - 8,100 -
Total 29,640 16,500 464,000 409,000

Includes Coating Waste.

Metal Waste. After decladding, the first steps in the BiPO, process dissolved the
uranium metal slugs and extracted the plutonium by carrier precipitation with bismuth
phosphate. Sulfuric acid was added to the solution to complex the uranyl ion (UO,*?) and
avoid uranyl phosphate precipitation. This resulted in the metal waste stream. The metal
waste stream contained the bulk of the uranium and approximately 90 percent of the long-
lived fission products (e.g., ’Cs and *°Sr). The metal waste was neutralized with sodium
hydroxide and sodium carbonate and was sent to the SSTs for storage.
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‘The stored metal waste containing the uranium from BiPO, processing was later
retrieved as the feed for the UR process.

Cribbed BiPO, Wastes. Portions of the other BiPO, waste streams were disposed to
cribs and specific retention trenches following settling of solids in a cascaded series of SSTs
(Waite 1991). The total nitrate discharged to cribs and specific retention trenches was
11,100 MT nitrate/nitrite in 259,000 m® (68.5 Mgal) (Waite 1991). This 11,100 MT
nitrate/nitrite is 44.7 percent of the BiPO, wastes excluding the metal wastes. The
nitrate/nitrite values reported in Waite are suspect as the nitrate/nitrite is approximately
10 percent low to be charge balanced with the other reported components. The solubility
behavior of nitrate in the alkaline wastes should be similar to sodium. The Section 5.20,
Sodium, analysis of the Waite report indicates that 70.0 percent of the sodium in the BiPO,
wastes excluding the metal wastes content was cribbed.

'The HDW model estimates 9,130 MT nitrate/nitrite was cribbed from the BiPO,
process in 173,000 m® (45.8 Mgal) (Agnew et al. 1996). This is equivalent to 61 percent of
the nitrate/nitrite in the BiPO, wastes excluding the metal wastes. - The HDW estimate for :
BiPO, wastes is obtained from the "crib volume" and the "supernatant nitrate and nitrite
concentrations” of Agnew et al. (1996). The nitrate/nitrite concentrations are attributed to
Jungfleish (1980, 1983, 1984) and Lucas (1989). The higher percentage cribbed in the
HDW model is due to the lower nitrate/nitrite quantity assumed in the 1C and 224 wastes
(Table 5.16-2).

This analysis assumes that the sodium concentrations presented by Waite are more
accurate than the nitrate analyses and uses 70 percent as the fraction of nitrate cribbed from
BiPO, wastes excluding the metal wastes. This is equivalent to 17,580 MT nitrate/nitrite
cribbed from BiPO, wastes.

Summary for BiPO, Process Wastes. The residual MW, 1C, and 224 wastes in the
tanks determined by this estimate and the HDW model are presented in Table 5.16-3. This
report estimates the residual BiPO, tank wastes contain 7,530 MT of nitrate versus the
5,710 MT estimated by the HDW model.
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Table 5.16-3. Estimated Amount of Nitrate/Nitrite in BiPO, Tank Wastes, MT.

Nitrate/nitrite, MT
BiPO, process waste Present HDW model
estimate (Agnew et al. 1996)
BiPO, wastes produced 29,640 16,520
BiPO, wastes cribbed 17,580 9,130
BiPQO, wastes sent to uranium recovery 4,825 1,680
BiPO, wastes in single- and double-shell tanks 7,530 ' 5,710

HDW = Hanford Defined Waste.

The principal differences in the present estimate and the HDW model are the input
chemicals in the flowsheets assumed and the volume of cribbed BiPO, wastes.

5.16.2.2 Uranium Recovery Wastes. The UR process began in 1952 to extract uranium
from the BiPO, process MW stored in B, BX, BY, C, T, TX, and U tank farms.

The design basis flowsheet for the UR process is provided in the UR Technical Manual
(GE 1951a). The process operated with a highly variable feed due to variations in the
quality of retrieved metal waste sludges and supernatants. The variation of uranium content
during the retrieval operation resulted in variation of required nitric acid for dissolution and
resulting sodium hydroxide for subsequent neutralization. As a result, the UR flowsheet (GE

. 1951a) is not expected to provide an accurate estimate of UR chemical usage.

Cribbed Uranium Recovery Wastes. The HDW model analysis of transfer records
from the UR operation indicates that 157,500 m> (41.6 Mgal) containing 26,700 MT
nitrate/nitrite was cribbed. This reflects 62.5 vol% of the total UR waste streams being
routed to cribs and 37.5 vol% of the total UR waste streams remaining in the SSTs. The
HDW model estimate for UR wastes is obtained from the crib volume and the supernatant
nitrate/nitrite concentration of Agnew et al. (1996). The nitrate/nitrite concentrations are
attributed to Borsheim and Simpson (1991) and Sloat (1954).

Waite (1991), states that 155,000 m? (41 Mgal) of scavenged UR wastes containing
31,900 MT of nitrate/nitrite in a total of 433,800 m> (114.6 Mgal) containing 43,000 MT
total nitrate/nitrite was discharged to cribs and specific retention trenches. The nitrate values
in the Waite report are suspect as an additional 4,000 MT of nitrate is required to attain
charge balance with the other components listed in the Waite chemical data. With adjustment
of the total nitrate in the Waite data by an additional 4,000 MT and subtraction of the
17,580 MT nitrate/nitrite in cribbed BiPO, wastes, a net 29,400 MT of nitrate/nitrite is
calculated to have been cribbed from UR wastes as shown below:
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Total cribbed (Waite, 1991) 43,000 MT NO,/NO,
Charge balance correction 4,000 MT NO4/NO,
Corrected total crib discharge 47,000 MT NO,4/NO,
BiPO, wastes cribbed (Table 5.16-3) 17,580 MT NO,/NO,
Net UR wastes cribbed 29,400 MT NO,/NO,

This analysis assumes that the UR nitrate discharged to cribs and specific retention
trenches is equal to the 62.5 vol% split determined by the HDW model.

Uranium Recovery Chemicals Added. The assumption of 62.5 percent of the UR
waste nitrate/nitrite being cribbed (29,400 MT nitrate/nitrite) results in a total UR waste
nitrate content of 47,000 MT. The nitrate content of the UR waste feed and UR chemlcals
added are 4,825 MT and 42,200 MT, respectively.

For the HDW model the amount of nitrate added to tank wastes during UR is the
difference in the nitrate content between the UR wastes produced and the BiPO4 wastes sent
to.UR. The HDW model nitrate and nitrite values in the UR wastes produced (50,300 MT
nitrate/nitrite) are obtained from the "waste volume out" and "nitrate and nitrite
concentrations” of the HDW model. The HDW nitrate and nitrite concentrations used are
attributed to Borsheim and Simpson (1991) and Sloat (1954). Subtraction of the
nitrate/nitrite inventory in the UR feed (1,680 MT nitrate/nitrite) gives a 48,600 MT
nitrate/nitrite chemical addition in UR.

Summary for Uranium Recovery Process Wastes. Table 5.16-4 provides a summary
nitrate/nitrite material balance for the UR process for this analysis and the HDW model.
This report estimates the residual UR tanked wastes contain 17,600 MT of nitrate/nitrite
versus the 23,600 MT estimated by the HDW model.

Table 5.16-4. Estimated Amount of Nitrate/Nitrite in Uranium Recovery Wastes, MT.

Process 4Present estimate HDW model (Agnew et al.

1996)

BiPO, wastes sent to UR 4,825 1,680

UR chemicals added 42,200 48,600

UR wastes produced 47,000 50,300

UR wastes cribbed 29,400 26,700

UR wastes in single-shell and 17,600 23,600

double-shell tanks

HDW = Hanford Defined Waste
UR = Uranium recovery.
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The difference in analysis that provided the nitrate/nitrite results in Table 5 16-4 are as
follows:

1. UR feed - Values reported in Section 5.16.2.1.
2.  UR wastes produced.

a.  Present estimate of UR wastes produced equals nitrate reported cribbed
(Waite 1991) corrected for charge balance, and BiPO, wastes cribbed
(Section 5.16.2.1), divided by 0.625 (the volume fraction of UR wastes
cribbed [Agnew et al. 1996]).

b.  The HDW model basis for UR wastes produced is Sloat (1954) and
Borsheim and Simpson (1991).

3. UR chemicals added - the difference between (2) and (1).
4. UR wastes cribbed.

a.  Present estimate based on Waite (1991) corrected for charge balance and
BiPO, wastes cribbed (Section 5.16.2.1).

b.  The HDW basis uses transfer records and calculated nitrate/nitrite solubility.

Because of the lack of definitive data on the chemical usage in UR and the nitrate
content of UR sludges, there is a significant uncertainty in the amount of nitrate/nitrite
associated with residual UR wastes in the waste tanks. The HDW basis for nitrate and nitrite
content in cribbed UR wastes result in a greater fraction of nitrate/nitrite in the residual UR
tank wastes, 47 percent versus 37 percent. The uncertainty in nitrate/nitrite content in
residual UR tank wastes could be several thousand MT of nitrate/nitrite.

5.16.2.3 REDOX Process Wastes. The REDOX process used solvent extraction and
chemical salting methods to recover uranium and plutonium from irradiated fuel. This
process started up in January 1952 in S Plant. According to the production records, .
19,706 MTU were processed through the REDOX Plant from 1952 to 1966 (Appendlx B).
The REDOX process flowsheets are summarized in Appendix D and were used as a basis for
estimating the total amount of nitrate/nitrite in the REDOX process wastes.

The total use of ANN by the REDOX process contained 4,210 MT of Al, Section 5.1.
The Appendix D analysis of REDOX flowsheets and essential material use states that the
average neutralized REDOX HLW was 0.98M aluminum and 4.31M nitrate. This results in
a total sodium nitrate content in the REDOX HLW of 58,290 MT NaNO; containing
42,520 MT nitrate.
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In January, 1963 (Isaacson 1965), the use of commercial NaNO; for hydrogen
suppression in the fuel decladding step was discontinued when NaNO; solutions were
recovered from dissolved waste tank farm sludge for recycling back to the dissolvers. In the
decladding process 1.05 mole of NaNO, is converted to 0.9 mole of NaNO, and 0.15 mole
of NH; per mole of Al dissolved. This conversion of NaNQO, to NaNO, is reflected in
Table 5.16-5 (flowsheets 8, 9A, and 9B) by the negative values for net reduction of nitrate to
nitrite and ammonia. '

Table 5.16-5. Amount of NaNO; and NaNO, Sent to Underground Storage Tanks from
the REDOX Process.

Flowsheet Allocated Salt waste Cladding waste
MTU NaNO; (MT) NaNO; (MT) NaNO, (MT)

No. 4 and 5 9,400 - 527 737
No.6 - 4,000 - 140 203
No. 7 1,930 - 29 137
No. 8 1,690 - -171 119
No. 9A 2,360 - -256 178
No. 9B 320 - -14 - 10

Total 19,706 58,290 255 1,384

A total of 58,500 MT of NaNO; were transferred to underground storage from the
REDOX Plant, containing 42,700 MT of NO;. A total of 1,384 MT of NaNO, was
produced by the decladding waste, containing 923 MT of NO,.

This analysis gives a total REDOX nitrate/nitrite waste inventory of 43,600 MT based
primarily on reported ANN consumption (96 percent) and secondarily on flowsheet analysis
of NaNO; usage (4 percent). The HDW model gives a total of 27,100 MT nitrate/nitrite
based on transfer records and unreferenced flowsheet compositions. Agnew et al. (1996)
does not provide references for the REDOX waste compositions used. Agnew (1995)
indicates eight references (GE 1951b, Merrill 1955, Crawley 1960, Isaacson 1965, Allen
1976, Jenkins and Foster 1978, Jungfleisch 1984, and Anderson 1990) were used to define
the compositions of the four REDOX waste streams but does not state the specific reference
or methodology.

5.16.2.4 PUREX Process Wastes. There were three main production periods at the
PUREX Plant: 1983 through 1989, 1965 through 1972, and 1956 through 1964.

1983 through 1989. The period from 1983 through 1989 processed Zircaloy®-clad fuel

exclusively. The NCRW produced during this period contained nitrate and nitrite from
ammonium fluoride/ammonium nitrate (AFAN) used in decladding the fuel.
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Tank core samples and flowsheet information can be used for the 1983 to 1989 period
to estimate the total nitrate/nitrite sent to underground storage. The neutralized cladding
removal waste (NCRW) that left the PUREX Plant during this period was sent to DSTs
241-AW-103 and 241-AW-105 while the neutralized current acid waste (NCAW) was sent to
DSTs 241-AZ-101 and 241-AZ-102.

Based on flowsheets and tank core samples, about 30 MT of NO; and 9 MT of NO,
were sent to 241-AW-103 and 2414-AW-105 during the 1983 to 1989 period when the
PUREX Plant processed 3900 MTU from N reactor (Schofield 1991). The combined mass
per MTU for nitrate/nitrite is:

(30,000+9,000)kg/3,900 MTU = 10 kg NO,/NO, in NCRW per MTU irradiated fuel

For NCAW, Schofield estimated the nitrate and nitrite masses from flowsheet
information and his knowledge of deviations from the flowsheet. He compared these with
the results of core samples taken in 1989 (Schofield 1991). The results, summarized in
Table 5.16-6, show excellent agreement. The higher sample-based numbers were chosen for
this evaluation. Using 6,350 MTU! for NCAW (Section 5.20) the combined mass per MTU
is:

(476,000+333,000)kg/6,350 MTU = 127.4 kg NO;/NO, in NCAW per MTU total
solvent extraction feed

Table 5.16-6. Comparison of Nitrate/Nitrite Estimates in Neutralized
Current Acid Waste.

Flowsheet-based Sample-based

estimate (kg)* estimate (kg)®
NO, 436,000 476,000
NO, 323,000 333,000

PUREX = Plutonium-uranium extraction
*Estimates derived from the PUREX process flowsheet (Schofield 1991)
PEstimates derived from 1989 core sample data (Schofield 1991).

Combining NCRW and NCAW together yields a total nitrate mass of 506 MT and a
total nitrite mass of 342 MT.

'During 1983 through 1989, PUREX processed 3,900 MTU of irradiated fuel through
solvent extraction by recycling 2,450 MTU of cold uranium to maintain the extraction
column throughput above the minimum processing rate.

5-77



1956 through 1982,

HNF-SD-WM-TI-740

Revision 0

The site production records indicate 67,490 MTU and 629 MT of

thoria were processed in the PUREX plant from 1956 through 1972 (Appendix B). The
PUREX plant was maintained in standby from 1973 through 1982. From purchase records,
the chemical requirements for the PUREX process and the resulting neutralized wastes were
estimated (Allen 1976). From these records, Allen estimated the following quantities of
nitrate and nitrite salts in PUREX tanked wastes from 1956 through 1972:

Table 5.16-7. Nitrate/Nitrite Salts Contained in
PUREX Plant Tanked Wastes from 1965 through 19722

~ Chemical MT
NaNO, 4,590
Pb(NO;), 13
NaNO, 11,730

PUREX = Plutonium-uranium extraction

2Allen (1976).

The chemicals in Table 5.16-7 contain an equivalent to 3,350 MT of nitrate and
7,820 MT of nitrite. The combined mass per MTU is:

(3,350,000+7,820,000)kg/67,490 MTU = 165.5 kg/MTU

which is 20 percent higher than the 137.4 kg/MTU total solvent extraction feed calculated for
the 1983 through 1989 period.

The contribution of nitrate and nitrite from the PUREX prbcess is summarized in

Table 5.16-8.

Table 5.16-8. Amount of Nitrate/Nitrite Sent to Underground Storage from the

PUREX Process.

Period | 1956 through 1972 | 1973 through 1982 | 1983 through 1989 | Total (MT)
(MT) (MT) (MT)
NO, 3,350 0 506 3,860
NO, 7,820 0 342 8,160
NO,/NO, 11,170 0 848 12,020

PUREX = Plutonium-uranium extraction.
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5.16.2.5 B Plant Process Wastes B Plant and Semiworks processed tank wastes for
strontium and cesium removal in the 1965 through 1982 time period. This processing
involved: (1) processing PUREX and REDOX alkaline tank waste supernatants for 137Cs
recovery, (2) processing acidic wastes from PUREX, (3) the dissolution of retrieved tank
farm sludges in nitric acid, and (4) subsequent neutralization of the raffinates before
returning the wastes to the tank farms. The resulting sodium and nitrate additions by B Plant
fission product removal operations for the 1965 to 1972 period was included in the PUREX
wastes by Allen. The combined nitrate production determined by Allen is retained in

Table 5.16-8.

“The nitrate content of B Plant process wastes for the 1973 through 1982 period when
no processing of PUREX acid waste was performed can be estimated from the B Plant
NaOH use, section 5.20. The B Plant NaOH use from 1973 through 1982 was 3,588 MT
NaOH. This amount of NaOH could neutralize 5,650 MT of nitric acid in dissolved tank
sludges. Allowing for excess NaOH to control the neutralized waste pH, this analysis
assumes that 5,000 MT of nitrate was in the B Plant process waste during the 1973 to 1982
period. : :

5.16.3 Best-Basis Estimate for Nitrate/Nitrite Inventory Value

Table 5.16-9 provides the results from this evaluation for nitrate/nitrite, together with
comparable estimates from other sources. The best-basis global estimate for Hanford Site
tank waste is about 85,700 MT of nitrate/nitrite. This estimate is 45 percent higher than
HDW model estimate of 58,900 MT nitrate/nitrite (Agnew et al. 1996) and 25 percent lower
than the current value of 117,000 MT in the TWRS reference chemical inventory (Shelton
1996). The current TWRS reference inventory is based on 1986 EIS estimates for tank
wastes, corrected for known additions to the waste tanks.

The present estimate is based primarily on reported chemical consumption for REDOX,
PUREX, and B Plant; reported nitrate/nitrite crib discharges for BiPO, and UR; and
flowsheet values of chemical consumption for the BiPO, process. The HDW model is based
on flowsheet waste compositions and waste transfer records from Hanford Site processing
plants. The TWRS inventory is based on the 1986 EIS estimate of Hanford Site tank
inventory in 1983 plus additions to the tank system after 1983.
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Table 5.16-9. Estimated Amount of Total Nitrate/Nitrite in the Hanford Site

Tank Wastes, MT.
Process Present HDW model TWRS inventory
estimate (Agnew et al. (Shelton 1996)
1996)
BiPO4 wastes in SST/DSTs 7,530 5,710 NA
UR wastes in SST/DSTs 17,600 23,600 NA
REDOX 43,600 27,100 NA
PUREX and B Plant 17,000 2,490 NA
Total 85,700 58,900 117,000

DST = Double-shell tank
HDW = Hanford Defined Waste

NA = Not attributed to individual waste streams

PUREX = Plutonium-uranium extraction

REDOX = Reduction oxidation
SST = Single-shell tank

TWRS = Tank Waste Remediation System

UR = Uranium récovery.

The process wastes of PUREX and B Plant wastes in the period from 1956 through
1989 are combined in Table 5.16-10 for comparison purposes. The individual process
contributions in the HDW model (Agnew et al. 1996) were not developed by this report.
The 1956 through 1989 total PUREX + B Plant value of 2,490 MT nitrate/nitrite was

* determined as the difference of the total nitrate/nitrite (58,900 MT nitrate/nitrite, Agnew et

al. 1996) and the sum of the BiPO,, UR, and REDOX tanked wastes discussed in Sections

5.16.2.1 through 5.16.2.3 (56,400 MT nitrate/nitrite).
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5.17 PHOSPHATE
The following were the primary sources of phosphate in tank wastes:

1. Phosphoric acid (H;PO,) used to separate and decontaminate plutonium from
uranium and fission products in the BiPO, process.

2. Solvent losses from the PUREX and B Plant solvent extraction processes.

3. Phosphoric acid (H;PO,) used for solvent treatment in the Uranium Recovery
(UR) process (GE 1951a).

4. Fission product recovery using a phosphotungstic acid precipitation process.

5. Decontammatlon solutions containing phosphoric acid or trisodium phosphate
(Na;PO,).

Phosphate is a trivalent anion. The sodium salt is soluble in acidic and alkaline
solutions. The calcium, strontium, and barium salts are insoluble in alkaline solution,
thermodynamically stable, and resist metathesis to the soluble trisodium phosphate by sodium
hydroxide. In the Hanford wastes, approximately 60 percent of the total phosphate sodium is
expected to be water soluble. The remaining 40 percent of phosphates in the sludges are
primarily aluminum and iron phosphates of which three fourths are metathesized to the
soluble trisodium phosphate by sodium hydroxide leaching. This results in approximately
90 percent of the tank waste phosphate inventory being routed to the low activity waste
(LAW) and 10 percent to the HLW.

5.17.1 Identification of Phosphate Inventory Values

The reported global phosphate inventory values are 4,030' MT (HDW model Agnew
et al. 1996), 4,970 MT (TWRS, Shelton 1996), and 6,000 MT by this report.

The methodology and analysis to obtain a total global phosphate inventory of 6,000 MT
phosphate is contained in Section 5.17.2.

IThis values is taken from the Table ES-1a of the HDW model, Rev. 4 (Agnew et al.
1996). It is inconsistent with the value obtained from summing the different process
contributions to the phosphate global inventory as defined by Agnew et al. (1996). Refer to
Table 5.17-6.
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5.17.2 Phosphate Inventory Evaluation

The Hanford Site tank phosphate inventory is estimated by computing the total amount
of phosphate added to each of the separations processes and subtracting the amounts of
phosphate in the wastes that were discharged to cribs and trenches. Crib transfers are
especially important because these transfers are used to estimate the average phosphate
concentration and total volume of BiPO, and UR process wastes that were left in the tanks
(Waite 1991, Anderson 1990). Other sources of useful information include the following:

1. Process flowsheets (Schneider 1951 and GE 1951b).

2. Tank transaction records and estimates from the HDW model (Agnew et al. 1995a
and Agnew et al. 1996, respectively).

3. Partial chemical usage summaries (McDonald 1968, McDonald and Hogan 1977,
and Hogan 1992).

4. Tank samples and tank inventory estimates derived from supernatant and core
samples (Hodgson 1995).

These sources are used to develop phosphate inventory estimates for each of the
chemical separations processes.

5.17.2.1 Bismuth Phosphate Process Wastes. The bismuth phosphate process started up at

T Plant in December 1944, and at B Plant in April 1945, and continued until 1952 in B Plant

and until 1956 in T Plant. The site production records indicate that 7,800 MTU were ’
processed in the bismuth phosphate plants from 1944 to 1956 (Appendix B).

An estimate of chemical usage in the BiPO, processing is developed in Appendix C
based on the flowsheet by Schneider (1991). Comparable HDW phosphate values are
obtained from the "waste volume out" and "phosphate concentrations" of the HDW. The
HDW phosphate concentrations used are attributed to Jungfleisch (1980, 1983, 1984) and
Lucas (1989).

_ The phosphate usage in the BiPO, processing is shown in Table 5.17-1 for the
Schneider (1991). flowsheet and for the HDW model (Agnew et al. 1996).
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Table 5.17-1. Amount of Phosphate in BiPO, Process Wastes, MT.

Waste stream Present estimate HDW model (Agnew et al. 1996)
Metal waste (MW) 3,050 2,320 '
First-cycle and coating waste 2,820 3,540
(1C/ICW)
Second-cycle waste (2C) 2,570 1,580
224 Waste 350 ' 150
Total 8,790 7,590

Metal Waste. The first steps in the BiPO, process dissolved the uranium metal slugs
“and extracted the plutonium by carrier precipitation with bismuth phosphate. This resulted in
the metal waste stream. The metal waste stream contained the bulk of the uranium and
approximately 90 percent of the long-lived ﬁss10n products (e.g., *’Cs and *°Sr) and was
sent to the SSTs for storage.

The stored metal waste containing the uranium from BiPO, processing was later
retrieved as the feed for the UR process. Approximately 73 percent of the uranium is
thought to have been associated with the sludge, as Na,UO,(CO,); and NaUO,PQ,, while the
remainder was dissolved in the supernatant (GE 1951b). Furthermore, it appears that
5.5 percent of the metal waste sludge was not recovered from the tanks during the sluicing
campaign (Rodenhizer 1987). Two-thirds of the uranium in the metal waste sludge was in
the form of Na,UO,(CO,); and remainder as NaUQ,PO,, the following calculation indicates
the amount of phosphate that might be in the tanks with the residual metal waste.

UMW) = (0.73)(0.055)(7,800 MTU) = 310 MTU, where UMW) is the amount of
residual metal waste uranium in the tanks.

PO,(MW) = (U)[(0.34)(1/0.6134)(0.245)], where:

0.34 equals the fraction of uranium in the form of NaUO,PO,,
0.6134 equals the fraction of uranium as in NaUO,PQ,,

0.245 equals the fraction of phosphate in NaUO,PQ,.
PO,(MW) = 42 MT (from residual MW in the tanks).

Thus, 3,010 MT of phosphate in the metal wastes was transferred to the UR process
from the total 3,050 MT of phosphate initially produced in the metal waste.
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Cribbed BiPO, Wastes. Portions of the other BiPO, waste streams were disposed to
cribs and specific retention trenches following settling of solids in a cascaded series of SSTs
(Waite 1991). The total phosphate discharged to cribs and specific retention trenches was
2,610 MT phosphate in 259,000 m> (68.5 Mgal) (Waite 1991).

The HDW model estimates 2,110 MT phosphate was cribbed from the BiPO, process
in 173,000 m? (45.8 Mgal) (Agnew et al. 1996). The HDW estimate for BiPO, wastes is
obtained from the crib volume and the supernatant phosphate concentration (Agnew et al.

1996). The phosphate concentrations are attributed to Jungfleish (1980, 1983, 1984) and
Lucas (1989).

Summary for BiPO, Process Wastes. The residual MW, 1C, and 224 wastes in the
tanks determined by this estimate and the HDW model are presented in Table 5.17-2. This
report estimates the residual BiPO, tank wastes contain 3,170 MT of phosphate versus the
3,070 MT estimated by the HDW model.

Table 5.17-2. Estimated Amount of Phosphate in BiPO, Tank Wastes, MT.

Process Present estimate HDW model
_ (Agnew et al. 1996)
BiPO, wastes produced 8,790 7,590
BiPO, wastes cribbed 2,610 2,110
BiPO, wastes sent to uranium recovery 3,010 2,410
BiPO, wastes in single-shell and double-shell 3,170 3,070
tanks

HDW = Hanford Defined Waste.

The principle differences in the present estimate and the HDW model are the input
chemicals in the flowsheets assumed and the volume of cribbed BiPO, wastes.

5.17.2.2 Uranium Recovery Process Wastes. The UR process began in 1952 to extract
uranium from the BiPO, process MW stored in B, BX, BY, C, T, TX, and U tank farms.

Uranium Recovery Chemicals Added. The design basis flowsheet for the UR process
is provided in the Uranium Recovery Technical Manual (GE 1951a). Phosphate use in the
UR process was limited to solvent treatment. The design basis flowsheet states that organic
treatment could use sodium sulfate, or sulfuric acid, or phosphoric acid for solvent washing.
The phosphoric acid alternate solvent wash is stated as less than 12.5 flows of 1.08M
phosphoric acid. This is equivalent to less than 0.2 MT phosphate per MTU in the UR feed.
For the 7,500 MTU processed by UR the potential phosphate use is less than 1,500 MT.
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As a result, the UR flowsheet (GE 1951a) is not expected to provide an accurate
estimate of UR phosphate usage. For this analysis, an allowance of 800 MT phosphate is
assumed.

For the HDW model the amount of phosphate added durmg UR is the difference in the
phosphate content between the UR wastes produced and the BiPO, wastes sent to UR. The
HDW model phosphate values in the UR wastes produced (3,260 MT PO,) are obtained from
the "waste volume out” and "phosphate concentrations” of the HDW. The HDW phosphate
concentrations used are attributed to Borsheim and Simpson (1991) and Sloat (1954).
Subtraction of the phosphate inventory to UR (2,410 MT PO,) gives an 850 MT PO,
chemical addition in UR..

Cribbed Uranium Recovery Wastes. The HDW model (Agnew et al. 1996) analysis
of transfer records from the UR operation indicates that 155,000 m? (41 Mgal) or 62.5 vol%
of the total UR waste streams were cribbed and 37.5 vol% of the total UR waste streams
were routed to the SSTs. The HDW model UR waste phosphate distribution is 61 percent
(1,990 MT phosphate) to the cribs and 39 percent (1,270 MT phosphate) to the SSTs. The
HDW estimate for UR wastes is obtained from the crib volume and the supernatant
phosphate concentration of Agnew et al. (1996). The phosphate concentrations are attributed
to Borsheim and Simpson (1991) and Sloat (1954).

Waite (1991), states that 155,000 m? (41 Mgal) of scavenged UR wastes containing
1,520 MT of phosphate was discharged to cribs and specific retention trenches. This is less
than 50 percent of the phosphate content in the UR wastes.

Summary for Uranium Recovery Process Wastes. Table 5.17-3 provides a summary
phosphate material balance for the UR process for this analysis and the HDW model. This
report estimates the residual UR tank wastes contain 2,300 MT of phosphate versus the
1,270 MT phosphate estimated by the HDW model.

Table 5.17-3. Estimated Amount of Phosphate in Uranium Recovery Wastes, MT.

Process Present estimate HDW model :
(Agnew et al. 1996) |
BiPO4 wastes sent to UR 3,010 2,410
UR chemicals added 800 850
UR wastes produced 3,810 3,260
UR wastes cribbed 1,520 1,990
UR wastes in single-shell /double-shell tanks 2,300 1,270

HDW = Hanford defined waste
UR = Uranium recovery.
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The difference in analysis that provided the results in Table 5.17-3 are
1. UR feed - Values calculated in section 5.17.2.1, above.
2. UR Wastes Produced

a.  Present estimate of UR wastes produced equals the amount in the UR feed
‘ plus UR chemicals added, (3)(a) below)

.b.  The HDW model basis for UR wastes produced is Sloat (1954) and
Borsheim and Simpson (1991).

3. UR Chemicals Added
a.  An allowance of 800 MT phosphate for solvent washing.
b. The HDW model is the difference between 2. and 1, above.
4. UR Wastes Cribbed
a. Present estimate based on Waite (1991).
b. The HDW basis uses transfer records and calculated phosphate solubilify.

Due to the lack of definitive data on the chemical usage in UR and the phosphate split
between UR waste sludges and cribbed UR waste supernatants, there is little definitive basis’
for the amount of phosphate associated with residual UR wastes in the waste tanks. The
HDW basis for phosphate content in cribbed UR wastes result in a lower fraction of
phosphate in the residual UR tank wastes, 39 percent versus 60 percent for this analysis.
The uncertainty in phosphate content in residual UR tank wastes could be hundreds of MT.

5.17.2.3 REDOX Process Wastes. Phosphates were not used in the REDOX process.
This statement is confirmed by examining the composition of tank 241-S-104 waste. This
waste contains 480 kg of phosphate in 409,000 m> (108 kgal) of R1 (REDOX process
high-level) waste and 91,000 m® (24 kgal) of CWR1 (REDOX process cladding waste)
(Agnew et al. 1995b).

If the phosphate concentration in tank 241-S-104 waste can be used as a basis for
judging the total amount of phosphate in all of the REDOX process waste, the total amount
of phosphate would be only 6.26 MT (less than 0.15 percent of the phosphate in BiPO, and
UR waste). ‘
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This calculation does not include phosphate associated with the 241-S-104 supernatant,
most of which was transferred tank 241-TY-103 in the first quarter of 1970 and eventually
incorporated into T2SItCk (T2 salt cake) (Anderson 1990, Agnew et al. 1995a). T2SltCk
contains about 285 MT of phosphate from a variety of sources, but none of this, other than
incidental amounts, can be attributed to the REDOX process.

5.17.2.4 PUREX Process Wastes. The phosphate content in PUREX wastes originates

from TBP solvent losses to the wastes. Table 5.17-4 shows the PUREX process phosphate
contribution to the tank wastes given by this report and the HDW model.

Table 5.17-4. Estimated Amount of Phosphate in PUREX Tank Wastes, MT.

Process Present estimate HDW model
(Sederburg and Reddick 1994) | (Agnew et al.
_ 1996)
PUREX (1956-1982), PL1, TH1, TH2 243 90
PUREX (1983-1989), PL2 25 287
Total PUREX (1956-1989) 268 377

HDW = Hanford Defined Waste

PL1 = PUREX process low-level waste (1956 to 1976)
PL2 = PUREX process low-level waste (1983 to 1988)
PUREX = Plutonium-Uranium Extraction

TH1 = Thoria high-level waste or cladding waste (1966)
TH2 = Thoria high-level waste or cladding waste (1970).

HAPO/Chemical Processing Department Monthly Reports and monthly essential
material usage records were used to define the annual PUREX solvent losses to tanks, cribs,
and the atmosphere for the period 1955 through 1991 (Sederburg and Reddick 1994).
Sederburg and Reddick identified 773 m® of TBP reporting to the waste tanks. The 773 m®
of TBP contains the equivalent of 268 MT phosphate. The Sederburg and Reddick analysis
indicates that approximately one percent of the TBP content is in the NCAW and the
remainder in Organic Wash Waste (OWW).

The HDW model phosphate values in the PUREX tank wastes produced (377 MT
phosphate) are obtained from the "waste volume out" and "phosphate concentrations” of the
HDW for streams PL1, TH1, TH2, and PL2.

5.17.2.5 B Plant Process Wastes. Monthly essential material usage records can be used to
define the chemical consumption for B Plant and tank farms during the 1965 to 1982 period
(McDonald 1968, McDonald and Hogan 1977, Hogan 1992). Data from these essential
material use records are summarized by year in Table 5.20-12. The TBP, and

di-2-ethyl hexylphosphoric acid (D2EHPA) use in 1968 through 1979 was used as the solvent
for strontium recovery. Solvent losses and the associated phosphorus reported to the waste
tanks.
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Table 5.17-5 shows that the total estimated phosphate use by B Plant and tank farms
processing in the period of 1965 through 1977 is 12 MT phosphate. This analysis did not
determine if the HDW model attributed any phosphate input to the tanks from B Plant fission
product recovery operations.

Table 5.17-5. Phosphate Use in B Plant from 1965 through 1977. (2 Sheets)

Year Solvent component, MT
TBP, (C,H,0);PO D2EHPA, (CgH;;,0),POOH
19652 17.7
1966* 1.4
19672
1968 6.0 10.0
1969° 5.5 5.4
1970° 4.7 8.4
1971° 3.2 5.5
1972b 7.4 9.7
1973° 3.2 6.5
1974 2.6 6.3
1975 2.1 2.3
1976° 5.7 6.3
1977° 1.8 6.8
Total 42 70
Subtot PO,, MT 4.9 7.0
Total PO,, MT o 12¢

D2EHPA = Di(2-ethylhexyl)phosphoric acid

TBP = Tri-butyl phosphate

#McDonald 1968

®McDonald and Hogan 1977

“Total B Plant and tank farms phosphate use from 1965 through 1977.

5.17.2.6 Other Cribbed Wastes. Agnew et al. (1996) defines portions of waste streams
other than the BiPO, and UR process wastes discussed earlier as having been cribbed. These
streams are identified in Agnew et al. (1996) as P1, CWP1, OWWI1, DW, T1-SItCk, and
WTR. The fraction of the streams cribbed is given in Agnew et al. (1996) in Appendix D.
The total phosphate in the streams is given by the volume and the concentration. The
summed products of these three values give a total calculated amount of phosphate cribbed of
33 MT phosphate.
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This report’s analysis is based on the reported cribbed phosphate given by Waite
(1991). The cribbed phosphate content in BiPO, and UR wastes given in the previous
sections includes all phosphate cribbed in the common crib and specific retention sites.
Therefore, the "other cribbed wastes” identified in Agnew et al. (1996) are included in the
BiPO, or UR values identified by Waite (1991) and no separate value is identified by this
report’s analysis.

5.17.2.7 N Reactor Decontamination Wastes. Agnew et al. (1996) defined the residual
amount of N Reactor decontamination wastes in the DSTs after a single vault of
"Phosphate/Sulfate Waste" grout was produced. The N Reactor decontamination waste
stream, "N", as defined in Agnew et al. (1996) Appendix D, with composition attributed to
Lucas (1989). The resulting residual N Reactor Decontamination Hanford Site tank
inventory is 190 MT phosphate.

5.17.2.8 Other Phosphate Sources. Decontamination agents were used by processing
facilities, tank farm operations, and for equipment reclamation by T Plant. The
decontamination agents frequently contain phosphate compounds. The decontamination
wastes ‘and laboratory wastes are routed to tank farms. The expected total phosphate content
in decontamination chemicals and laboratory wastes is expected to be less than 100 MT
phosphate. This study uses an allowance of 40 MT phosphate contained in decontamination
agents.

5.17.3 Best-Basis Estimate for Phosphate Inventory

Table 5.17-6 provides the results from this evaluation for phosphate, together with
comparable estimates from other sources. The global best-basis estimate for Hanford Site
tank waste is about 6,000 MT of phosphate. This estimate is about 20 percent higher than
HDW model estimate of 4,870 MT phosphate (Agnew et al. 1996) and the current value of
4,970 MT in the TWRS reference chemical inventory (Shelton 1996). The current value is
based on 1986 EIS estimates for tank wastes, corrected for known transfers to cribs.
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Table 5.17-6. Estimated Amount of Phosphate in the Hanford Site
Tank Wastes, MT.

Process Present HDW model TWRS inventory
estimate (Agnew et al. 1996) (Shelton 1996)
BiPO4 wastes in SST/DST’s 3,170 3,070 NA
UR wastes in SST/DST’s 2,300 1,270 NA
REDOX 6 0 NA
PUREX 277 377 NA
B Plant 12 - NA
Other cribbed wastes - (33) NA
N Reactor decontamination 190 190 NA
Other phosphate sources 40 - NA
Total 6,000 . 4,870° 4,970

HDW = Hanford Defined Waste

NA = Not attributed to individual waste streams

TWRS = Tank Waste Remediation System

#Summary Table E-1a of HDW model, Rev. 3 (Agnew et al. 1996) indicates
4,028 MT PO,.

The current Hanford Site tank waste inventory estimate of 6,000 MT phosphate has the
highest uncertainty in the residual wastes produced by the BiPO, and UR processes. These
wastes represent 90 percent of the estimated total, thus total uncertainty in the phosphate
inventory is high. Both the current estimate and the HDW model are based on flowsheets
for additions and estimated crib discharges. Tank sampling and analysis of sludges will not
fully resolve the uncertainty because the alkaline soluble trisodium phosphate in the
supernatants has resulted in a fairly wide distribution of residual phosphate in tank
supernatants and salt cakes.

It is noted that the addition and subtraction of the individual streams in the HDW model
by this report’s analysis resulted in a total of 4,870 MT phosphate versus a total of
4,028 MT phosphate given in the HDW model summary (Agnew et al. 1996) for the residual
tank waste phosphate inventory. This apparent discrepancy requires further investigation to
resolve. ‘
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5.18 POTASSIUM

There are two classic sources of potassium in Hanford Site tank wastes: (1) potassium
compounds that were purposely added in the separations processes; and (2) potassium
contamination from other process chemicals.

Potassium was first added in 224-B/T Buildings operations (final plutonium
decontamination and concentration cycles in the bismuth phosphate processes). Three
potassium compounds were added: KMnQ, as an oxidant, KOH to effect the metathesis of
LaF; solids, and KNOj; in rework solutions from the plutonium isolation process. In the
REDOX process, KMnO, was added during early years as part of the headend ruthenium
oxidation/volatilization step.

During the 1950’s some potassium was added in the Uranium Recovery process as
K,(FeCN), (along with NiSO,) to effect the scavenging precipitation of 1*’Cs from waste
supernatants.

In the PUREX Plant, potassium was routinely added as KMnO, to wash process
solvents. Later, during 1966 and 1970, KF was a process chemical for the special thorium-
233U campaigns. More recently, KOH was added to metathesize uranium tetrafluoride
produced in chemical decladding of Zircaloy®-clad N Reactor fuel elements.

Certain amounts of potassium were also introduced as a minor impurity in other
essential chemicals used in separations processes. Of these materials, the sodium hydroxide
used to neutralize acidic waste solutions is likely the chief source of potassium as a
contaminant.

The chemistry of potassium and sodium compounds is generally very similar. Both are
group 1A alkali metals. Most.compounds of both potassium and sodium are very water
soluble, although significant amounts of water insoluble or partially soluble sodium and
potassium compounds also exist in Hanford Site waste sludges.

The chief importance of potassium in the tanks chemical inventory is its impact on
future waste pretreatment and immobilization processes. The majority of the potassium will

-exist in tank waste supernatants that will eventually be vitrified and disposed as LLW waste.

Prior to vitrification, these waste supernatants will be processed using ion exchange methods
to remove radio-cesium (**’Cs) which is also an alkali metal. Potassium ions compete with
cesium ions for uptake by both organic ion exchange resins and inorganic sorbents.
Specification of process conditions for satisfactory removal of 1*’Cs from Hanford Site
alkaline waste solutions requires a good knowledge of the tank potassium inventory both on a
global and a tank-by-tank basis.

Major amounts of potassium also will contribute towards increasing the volume of
vitrified LLW since the glass volume is controlled by the alkali metal content in the wastes.
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5.18.1 Identification and Comparison of Potassium Inventory Values

A comparison of TWRS and HDW model estimates of the global inventory for
potassium (see Table 5.0-1, 619 MT versus 481 MT) shows a minor degree of disagreement.
Comparison of SST and DST potassium inventories from the same table shows even greater
disagreement. In addition, the early estimate of Allen (1976) for potassium in pre-1976
wastes is an order of magnitude less than the HDW model and TWRS values. In an attempt
to understand and reconcile these differences, an independent global estimate was calculated,
as described, below.

5.18.2 Potassium Inventory Evaluation

The potassium inventory can best be reestimated by assessing several sources of useful
information: (1) process flowsheets for the three primary fuels separations processes as well
as for waste scavenging processes, (2) essential material records, (3) records of potassium
contamination in essential materials, and (4) tank samples.

The source of potassium as a contaminant in other process chemicals was investigated
by looking at specifications for several grades of caustic soda. So far this path of
investigation has found no data on which to base an estimate of the "contaminant potassium"
source term.

Results of the reestimate for addition of potassium compounds are summarized in
Table 5.18-1. Here, the potassium usage rate (kg of potassium per MTU of fuel processed)
is listed for each potassium bearing essential chemical by plant and by operating period (in
certain cases where flowsheet consumption rates changed with time). The fourth column lists
tonnages of fuel processed while various flowsheets were in effect. Column five lists an
estimated "overage factor” to account for inefficiencies caused by rework, or the recycle of
cold uranium through the solvent extraction processes. These "overage factors" are
consistent with cold uranium percentages discussed in Section 4.3.1. Lastly, Table 5.18-1
(column six) gives calculated values for total potassium added to tanks, corresponding to
each plant/flowsheet/chemical consumed. Exceptions to this flowsheet methodology are the
U Plant K Fe(CN)g addition and the PUREX Plant Thorium-233U Campaign additions where
historical consumption values were used instead of flowsheet values.
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Table 5.18-1. Estimates of Total Potassium Added to Hanford Waste Tanks.

Plant Chemical Flowsheet Uranium Overage Total References
added usage rate processed ratio potassium
(Kg K/MTU) (MTU) MT)
Bismuth phosphate | KOH 1.25E+02 | 7.80 E+03 1.00 9.73 E+02 | Schneider 1951
KMnO, 2.90 E+00 7.80 E+03 1.00 2.26 E+01 | Schneider 1951
KNO, 3.30 E+00 7.80 E+03 1.00  2.57 E+01 | Schneider 1951
REDOX KMnO, 2.73 E+00 1.13 E+04 1.15 3.55E+01 | GE 1951b
(01/52 - 09/59) (High)
KMnO, 2.00 E+00 1.13 E+04 1.15 2.60 E+01 | GE 1951b
(Low)
Scavenging Process | K,Fe(CN) - - - 2.25 E+01 | Stedwell 1957
6
(U Plant)
PUREX KMnO, 2.30 E-01 6.11 E+04 1.06 1.49 E4+01 | Matheison and
(U-A)) ' Nicholson 1968
PUREX KMnO, 3.20 E-01 1.34 E+03 1.09 4.67 E-01 RHO 1985b
(U-Zr through :
1972) KOH 6.60 E+01 | 1.34 E+03 1.00 8.83 E4+01 | RHO 1985b
PUREX KMnO, 3.20 E-01 3.89 E+03 1.63 2.03 E+00 | RHO 1985b
U-Zr)
1983 - 1989 KOH 6.60 E+01 3.89 E+03 1.00 2.57 E+02 | RHO 1985b
PUREX (Th) KF - Included | 5.03 E+00 | Isochem 1967
in Totals Jackson and
Walser 1977
KMnO, - Included | 1.43 E+00 | Isochem 1967
in Totals Jackson and
Walser 1977
Total Potassium Added to Tanked Waste 1.45 E+03
Estimated Potassium Discharged to Cribs 1.04 E+03
Net Potassium Remaining in Waste Tanks 4.04 E+02

PUREX = Plutonium-Uranium Extraction
REDOX = Reduction and oxidation.

Further details are given below for each plant operation.

5.18.2.1 Bismuth Phosphate Process. Schneider 1951 indicates that two potassium
compounds (KOH, and KMnQO,) were introduced into the 224-B/T Buildings operations while
a third potassium chemical, KNO;, added in 231 Building operations, was back cycled to the
224-B/T Buildings. Of these, the consumption of KOH (used for metathesizing
lanthanum/plutonium fluoride precipitates) dominates all other sources of potassium added to
tanks. However, it is likely that this large quantity of potassium (970 MT), being soluble in

5-93




et bt B

HNF-SD-WM-TI-740
Revision 0

the 224-B/T Buildings waste supernatants, was subsequently routed to cribs as were the
224-B/T wastes

5.18.2.2 REDOX Process. The REDOX process consumed KMnO, in the headend
ruthenium oxidation process step from plant startup in 1952 until September 1959, when the
troublesome headend oxidation step was finally eliminated from the process. During this
period the permanganate consumption ratio was somewhat variable according to monthly
reports. Unfortunately, no actual records of direct chemical consumption have been found
for potassium permanganate, and even the two flowsheets documents issued during this
period are very ambiguous as to the permanganate consumption ratio. To deal with this
uncertainty, Table 5.18-1 shows an estimated range for the likely consumption ratio during
this period.

5.18.2.3 Uranium Recovery Scavenging Processes. According to flowsheet records,
potassium was only introduced during in-plant scavenging operations. Stedwell (1957)
recorded data on actual chemical consumption in all of these operations. The consumption
value for K ;Fe(CN)¢-3H,0 (22,500 kg of K) is directly listed in Table 5.18-1.

In subsequent sludge settling and supernatant disposal operations, it is likely that
essentially all of this added potassium remained soluble and was routed to cribs. This
assumption is consistent with Sloat (1954).

5.18.2.4 PUREX Process. Potassium consumption values in Table 5.18-1 are listed for
several fuel types and operating periods.

During the processing of aluminum-clad uranium fuel, the only intentional potassium °

~ input was in the form of KMnO,, used along with sodium carbonate for solvent washing.

According to Matheison and Nicholson (1968) the use of permanganate didn’t begin until
sometime around 1957, and then it was only added to the #1 solvent wash system. Later,
permanganate was used in both solvent washing operations, along with the introduction of
spent wash recycle from the #2 system to the #1 system. In Table 5.18-1 these variations
have been approximated by using the consumption factor from the 1968 flowsheet as
representative of operations 10/57 through 1972, during which 61,000 MTU of uranium fuels
were processed.

The processing of thorium oxide targets in two separate campaigns (1966 and 1970)
introduced potassium in two chemical forms, KF and KMnO,. The KF was primarily used
to accelerate dissolution of the thorium oxide fuel in nitric acid. In addition, significant
quantities of KF were consumed during pre-campaign flushing operations. For the 1966
campaign, actual chemical consumption data are given in Isochem (1967). The accounting of
the 1970 campaign (Jackson and Walser 1977) gives a processing flowsheet but no
information on quantities of KF consumed during flushing. In the absence of actual
consumption data for 1970 campaign flushing data from the first campaign (Isochem 1967)
were assumed to be representative of 1970 operations. Processing consumption factors for
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the 1970 campaign were very similar to the 1966 campaign (8.15 kg K/MT Th from KF and
2.61 kg K/MT Th from KMnQ,).

The processing of Zircaloy®-clad fuel from N-reactor called for the use of KMnO, (for
solvent washing) and KOH (for metathesis of UF, solids generated during decladding
operations). Consumption factors were derived from the flowsheet (RHO 1985b).

Table 5.18-1 shows consumption factors and fuel tonnage values for two time periods: (1)
pre-1973 when the overage factor was estimated to be 9 percent; and (2) 1983 through 1989,
when the overage factor was significantly higher (63 percent).

5.18.2.5 Reevaluation of Potassium Discharged from Tanks and Net Tank Inventory.
Table 5.18-1 indicates that a total of 1.45E+03 MT of potassium was added to tanked waste.
As mentioned, above, essentially all potassium originating from the bismuth phosphate
224-B/T Buildings and from in-plant scavenging operations (the addition of K,Fe(CN))
would have remained soluble in waste supernatants and been routed to cribs in supernatant
discharges from the tanks. Thus, Table 5.18-1 shows a total of 1.04E+03 MT of potassium
estimated to have been discharged to cribs. This leaves an estimated 4.04E+02 MT of
potassium as the net global inventory in tanks.

5.18.3 Best-Basis Estimate for Potassium Inventory Value

The reestimated potassium inventory value (404 MT) is lower than the HDW model
value (481 MT) by a relative percent difference of 17 percent. This difference is small
enough to suggest a "conclusion of confirmation:" either value or the average could be
adopted as a best estimate of the real inventory. Given the fact that the reevaluation assumed
100 percent solubility and crib discharges of a major source term of potassium (and
therefore, may be slightly low), coupled with the fact that the HDW model may have more
accurately accounted for supernatants entrainment in sludge solids, it is suggested that the
HDW model value (481 MT) be adopted as the best-basis global inventory estimate for
potassium.
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5.19 SILICON

Five sources for silicon in the tanks have been identified:

Fuel fabrication

Chemical process operations
Process chemical impurities
Direct addition by tank farms
Blowsand.

el o e

This evaluation has established an independent estimate for each of these sources. The
independent values are compared to the HDW model prediction and TWRS values for
silicon.

5.19.1 Identification of Silicon Values

Estimates of silicon to date have primarily focused on discharge records and process
flowsheets of the chemical processes. Table 5.19-1 compares some of the reported values.

Table 5.19-1. Reported Silicon Inventory Values.

Reference Inventory Comment
(MT)
TWRS Baseline (Shelton 1996) 692
HDW model (Agnew et al. 1996) 614
Hanford Defense Waste Final Environmental 447 Silicon absent from
Impact Statement (DOE 1987) double-shell tank
, waste compositions.
TRAC (Jungfleish 1984) 317 Calculated waste
generated through
1980 only.
Allen (1976) 418 Calculated waste
' generated through
1972 only.

HDW = Hanford Defined Waste
TRAC = Track radioactive components
TWRS = Tank Waste Remediation System.
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5.19.2 Silicon Inventory Evaluation

Previous estimates of silicon have primarily focused on developing estimates from
process flowsheets and discharge records of the major chemical processes. The present
evaluation has identified additional sources of silicon to be evaluated. These additional
sources include: (1) fuel fabrication, (2) minor chemical processes, (3) process chemical
impurities, (4) direct addition by tank farms, and (5) blowsand.

5.19.2.1 Fuel Fabrication. Approximately 99,000 MTU was processed by various
separation facilities at the Hanford Site (Appendix B). This value includes the fuel processed
by the PUREX Plant between 1983 and 1989. Fuel elements were clad in either aluminum
or zirconium to protect the uranium from corrosion during irradiation in the reactors.
Zirconium-clad fuel was used in N Reactor exclusively, whereas aluminum-clad fuel was
used in all the older single-pass reactors.

The primary source of silicon from fuel fabrication was the Al-Si braze layer of the
aluminum-clad fuel. Small contributions of silicon came from the silicon impurities in the
aluminum alloy fuel jackets and in the uraniurh metal. The zirconium alloy jackets also
contain trace quantities of silicon.

Al-Si Braze Alloy. The hypoeutectic Al-Si alloy used in the triple-dip and lead dip
processes in general ranged from 10.6 to 11.5 wt% silicon (Burley 1958). The nominal
silicon content of Al-Si was 10.8 wt%. The silicon attributable to the Al-Si bond layer was
estimated from gap allowance between the uranium metal core and the aluminum alloy
jacket. Gap volumes were derived and calculated from drawings of the various fuel types
fabricated. An allowance for erosion of the aluminum components experienced during
canning operations, as reported by Weakley (1958) was included. Assumptions detailed in
Section 4.2.1 included design differences between natural uranium fuel and enriched uranium
fuel. The specifications of both solid fuel, and Internal and External fuel were also used.
These factors, when combined with the quantities of the various fuel types processed, result
in an estimated quantity of silicon added by the Al-Si bond layer of 118.3 MT.

Silicon from the Uranium Core. Weakly (1958) reports a maximum silicon
specification for uranium metal of 75 pug/g. Using this specification and a value of
93,200 MTU of aluminum-clad fuel yields a maximum estimate of 7 MT of silicon.

Silicon from the Aluminum Jacket Alloy. At least two types of aluminum alloy were
used for the fuel element jacket. The 1245 (C-64) alloy was introduced in 1944 and the
M-388 (X-8001) alloy was introduced to fuel fabrication in mid 1957 (Weakley 1958). Full
scale use of the X-8001 alloy was in effect in December 1960 (DeNeal 1970). Both of these
alloys had a maximum silicon specification of 0.17 wt%. Using the value of 93,200 MTU of
aluminum-clad fuel yields a maximum estimate of 4.3 MT silicon.
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Silicon Introduced by Zirconium-Clad Fuel Fabrication. The maximum silicon
specification on the N Reactor fuel components was 124 pg/g in the uranium 601 alloy,
100 pg/g in the Zircaloy-2® alloy, and 250 pg/g in the braze metal. The separations plant
reconstructed fuel process history in Appendix B indicates that 1,820 MT of zirconium-clad
fuel was processed between 1963 and 1972, and 3,890 MT was processed between 1983 and
1989. Using these values, a maximum estimate of 0.8 MT silicon is obtained. Almost all of
this silicon is in the uranium 601 alloy.

5.19.2.2 Chemical Process Operations. Chemical processes introduced silicon to the waste
as intentional routine and non-routine chemical additions.

Routine Additions of Silicon During Chemical Process Operations. A number of
chemical processes were operated at Hanford to recovery plutonium, uranjum, strontium,
cesium as well as other isotopes. Evaluation of these processes is in progress. The major
processes to be evaluated are as follows:

Bismuth Phosphate

TBP/Uranium Recovery

In-Farm Cesium/Strontium Scavenging
REDOX

PUREX

Waste Fractionization at B Plant
Plutonium Finishing Plant Operations.

Bismuth Phosphate Process. Silicon from the aluminum fuel jackets and the Al-Si
bond layer are expected to have been in the CW stream. It is estimated that the CW stream
contained 8.1 MT of silicon. The bismuth phosphate process introduced (NH,),SiFg into the
First-Cycle and Second-Cycle waste streams. Based on fuel process records and the
flowsheet (Schneider 1951), it is estimated that 91.4 MT of silicon entered the F irst-Cycle
waste and 79 MT entered the Second-Cycle waste. The flowsheet does not appear to include
the 0.6 MT of silicon present as impurities in the uranium metal that would end up in either
the metal waste or the First-Cycle waste.

Uranium Recovery Process. The Uranium Recovery Process was reviewed, and no
silicon additions by the process were identified. Any silicon present in the bismuth
phosphate metal waste (0.6 MT) will also show up in the uranium recovery feed and waste
streams.

In-Farm Processing. The In-Farm Cesium Scavenging flowsheets and process
documents do not indicate any additional sources of silicon.

REDOX Process. The REDOX process flowsheets and process documents were
reviewed and do not indicate any additional sources of silicon other than fuel cladding.
Silicon from the aluminum fuel jackets and the Al-Si bond layer are expected to have been in
the cladding waste stream. Using fuel fabrication documents, it is estimated that the cladding
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waste stream contaiﬁed 25.1 MT of silicon. Another 1.5 MT of silicon was present as
impurity in the uranium metal and would have ended up in the solvent extraction waste.

PUREX Process. The PUREX process flowsheets and process documents were
reviewed and do not indicate any additional sources of silicon other than fuel cladding.
Silicon from the aluminum fuel jackets and the Al-Si bond layer are expected to have been in
the cladding waste stream. Using fuel fabrication documents, it is estimated that the CwW
stream contained 89.4 MT of silicon. Another 4.9 MT of silicon was present as impurities
in the uranium metal and would have ended up in the solvent extraction waste.

Waste Fractionization (B Plant). The cesium and strontium waste fractionization and
purification flowsheets do not indicate any additional sources of silicon.

Plutonium Finishing Plant. Silicon is a known constituent of the Plutonium
Reclamation Facility (PRF) high salt waste, though at a low level, 42 mg/L (90 mg/L Si0,).
The PRF began operation in 1964 and ran through 1977, then ran again between 1983 and
1986. However, before May of 1973, waste from the Plutonium Finishing Plant was sent to
cribs rather than to tank farms. The PRF does not significantly contribute to the silicon
inventory.

Non-Routine Additions of Silicon During Chemical Process Operations. The
REDOX and PUREX processes used SiO, gel beds to capture radioruthenium during the
uranium purification process. The beds were regenerated and were not routinely replaced, if
at all. It is not known if the SiO, beds were disposed of as tank waste or as solid waste,
however, disposal as solid waste is considered more likely. The SiO, beds are considered to
be a small and unlikely source of silicon. '

Since the 1970’s, spent ion exchange media from the 242-S and 242-A evaporators has
been discharged to the Hanford Site underground waste tanks. The evaporators used a
zeolite-based ion exchange media designed to physically degrade at a pH above 12. The
242-S Evaporator was started up in November 1971 and was shut down in 1981. The 242-A
Evaporator was started up in March 1977 and was shut down in 1989. After completion of
upgrades, the 242-A Evaporator was restarted in 1995. A partial inventory for this silicon
source can be determined from essential material consumption records.

Material consumption records for post-1981 are not available; however, the annual
volume of waste concentrated post-1981 is substantially lower than pre-1981 rates. Essential
material consumption records for 1977 through 1981 indicate that the evaporators used
14.25 MT of Zeolon 900.! Zeolon 900 has a SiO,/Al,0; ratio of 10, which results in a
partial estimate of 5.7 MT silicon from this source. The jon exchange media from the 242-S

1Zeolon 900 was a synthetic zeololite used for ion exchange. It was used in the
evaporator because it would polish 137Cs. Because it was an inorganic, it could be dumped
or flushed to the tanks. Zeolon 900 was a product of the Norton Co. and was later sold to
the Philadelphia Quartz Corporation, Baltimore, M.D.
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Evaporator was first dumped to tank 241-S-102, then later to tank 241-SY-102. Prior to
1981, the 241-A Evaporator dumped to tank 241-A-102 and later to tank 241-AW-102.

5.19.2.3 Process Chemical Impurities. Unintentional additions of silicon may have
occurred due to silicon impurities in purchased chemicals. Perusal of the process facility
technical manuals does not indicate that Hanford process facilities had unique silicon
specifications for purchase of process chemicals. Since there is no evidence of a unique
silicon specification, it is assumed that silicon content of purchased chemicals would be in
compliance with industrial standards. The major process chemicals used at Hanford were
NaOH, HNO,, and ANN.

The industry specification for 50 wt% commercial grade caustic soda is 0.04 wt%
Si0,. The specification for 50 wt% rayon grade caustic soda is 0.002 wt% SiO,.
Section 5.20 estimates the total sodium discharged from the chemical process plants at
54,200 MT. Agnew et al. (1996) estimates 40,300 MT of sodium discharged from the
plants. If it is assumed that all the sodium estimated in Section 5.20 was obtained as 50 wt%
NaOH, then up to 75.4 MT silicon could have been introduced as a chemical impurity if
commercial caustic soda was used, whereas only 4.0 MT silicon would have been used if the
purer rayon grade was used. The incentive for using a better grade of caustic soda (rayon)
would be to control the chloride content in the waste. Commercial grade caustic soda can
contain up to 1.0 wt% NaCl. It is known that the chloride content of purchased chemicals
has been a procurement specification for some time. Evidence of rayon grade caustic soda
usage at the Hanford Site, however, has not been established.

The SiO, impurity level of other purchased chemicals is not well documented. Review
of essential material reports (Palmer 1978 and Isochem 1966) provided little information on
SiO, impurities beyond a 0.01 wt% SiO, limit for aluminum nitrate solution. Based on the
estimate of aluminum introduced by ANN, as discussed in Section 5.1, the ANN could have
introduced 5.6 MT of silicon.. The essential material reports do not include a specification
for SiO, in nitric acid. In addition, the inventory of virgin nitric acid used has not been
established. The essential material reports do include a nitric acid limit for residue after
evaporation of 0.01 wt%. This residue would come from a number of sources during nitric
acid manufacture, and would more likely be iron and heavy metals than silicon.

Values for silicon introduced by corrosion and process water have been determined for
PUREX Plant processing of N Reactor fuel. The values are 0.95 gmol/MTU and
0.81 gmol/MTU, respectively. If these values are applied to all of the fuel processed on the
Hanford Site, the silicon introduced by these sources totals 2.6 MT and 2.3 MT,
respectively. These values indicate that corrosion and process water are likely to be small
contributors to the silicon inventory.

5.19.2.4 Addition by Tank Farm Activities. In 1966, tank farm operations added

57,000 kg of Portland cement to tank 241-BY-105 (Krieg et al. 1990). Portland cement
contains 22 wt% SiO, (Kirk-Othmer 1979). During 1970 to 1972, a total of 354,000 kg of
diatomaceous earth was added to tanks 241-BX-102, SX-113, TX-116, TX-117, TY-106, and
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U-104 (Krieg et al. 1990). Chemical analysis for typical diatomaceous earth indicates a SiO,
content of 92.3 wt%, dry basis (Buckingham and Metz 1974). The moisture content of the
diatomaceous earth that was used is unknown. Using the masses of Portland cement and
diatomaceous earth, and the respective weight fractions, an estimate of 159 MT of silicon is
obtained for direct addition by tank farm activities.

5.19.2.5 Blowsand. Blowsand is dust or dirt that entered the tanks as material suspended in
air. The following three pathways for entry of blowsand into the tanks were identified:

1. By the tank vents
2. From removal of cover blocks from pits
3. By direct addition. ’

The following analysis was developed from personal communications with Messrs.
Russ Knight, Rex Bendixsen, and Fay Boyd, all of whom worked in or with Tank Farm
Operations for many years and have first hand knowledge of blowsand accumulation during
operations.

. Tanks Vents. Tank vents were not equipped with HEPA filters until the mid 1970’s.
The SX, SY, A, AX, AY, AZ, AN, AW, and AP tanks were provided with forced
ventilation. All other tanks were ventilated by breathing, i.e., through atmospheric pressure
changes. The average dust loading of air on the Hanford Site according to Schreckhise et
al. (1993) is 1.0E-04 g/m>. This dust burden includes the contribution of dust storms. The
SiO, content of blowsand is assumed to be the same as Hanford Site soil, 61 wt% SiO,.

Tanks with Forced Ventilation. The following additional parameters were assumed: -

e Forced ventilation places a negative pressure on the tank. Air enters a tank with
forced ventilation by various in-leakage paths and is unfiltered.

e Unfiltered forced ventilation continued for about 40 years in the SX and A farms
based on completion of construction of SX farm in 1954 and A farm in 1955. All
other farms with forced ventilation were completed after these dates.

e There are 53 tanks in the SX, SY, A, AX, AY, AZ, AN, AW, and AP farms.!

e A conservatively high air flow rate of 1,000 ft3/min was assumed for each tank.

IThe A, AX, and AY tank farms were equipped with air-lift circulators. Thus, much of
the inlet air for these tanks would have come from compressors. Although the compressors
did not provide instrument quality air, the compressors were housed in buildings that would
have protected the air supply from high-dust levels.
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e Limited forced ventilation was provided during sluicing opérations and during
certain maintenance activities. This contribution is considered small and has been
ignored.

For the 15 oldest tanks in SX farm,

(15 tanks)(40 yr)(365 d/yrnl24 hr/d)(60 min/hr)(1.000 ft3/min/tk)(1.0E-4 g/m?)
(35.314 ft3/m3)(1,000 g/kg)

= 890 kg of soil could have collected.
Repeating and summing this calculation for all 9 ventilated tank farms results in an estimate
of 2,000 kg of soil entering the tanks. The silicon load of the soil is 2.0 E+04 mol or
0.6 MT. ‘
Tanks with natural ventilation. The following additional parameters were assumed:
e Unfiltered natural ventilation continued for about 30 years based on construction

of the first farm being completed in 1944, and installation of HEPA filters in the
mid 1970’s.

e Garfield (1975) calculates the daily natural air breathing rate of a tank to be
0.00667 times the tank volume.

e The total volume of all DST and SST tanks including dome space is
7.24 E+05 m?® (RHO 1985a). This volume was not reduced to correct for either
i tanks under forced ventilation or for the tank volume occupied by waste.

(7.24 E+5 m?)(0.00667/d)(30 yr)(365 d/yr)(1.0E-4 g/m3)
(1,000 g/kg)

= 5.3kg

These assumptions result is an estimate of 5.3 kg of soil entering the tanks. The silicon load
of the soil is 54 mol or 1.5 kg.

Cover Block Removal. Tank pits associated with the tanks and the tank farm system
are nearly flush with the ground and can accumulate sand in the joints between the cover
blocks. The pits are used to house pumps, condensers, sluicing equipment, valves and
jumpers. Sand enters the pit when the cover blocks are removed.

Pits on the tank or within a tank farm drain to the tank whereas pits outside the farms

drain to a catch tank. Sand collected in a catch tank may or may not have been transferred
by the catch tank pump to the waste tanks. Observations of the catch tank liquid level rates
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of change during transfers indicate that solids heels formed a cone around the pump suction
and were not readily transferred to the tanks.

Before completion of SX farm in 1954, the tanks and tank farms were not equipped
~with pump pits or valve pits. Many older tanks were retro-fitted in the early 1950’s with pits
to support sluicing operations. After the mid 1970’s, attempts were initiated to seal the
cover blocks to prevent infiltration of water. Initial efforts used metal foil tape. Sealing of
the cover blocks would also minimize collection of sand between the cover block joints.

During tank sluicing operations (1953 to 1957) removal of cover blocks was an
extremely frequent operation, on the order of once per shift. A second period of frequent
cover block removal occurred during the late 1970’s in support of saltwell pumping. The
amount of blowsand accumulated by this activity has not been considered due to uncertainty
in the sealing of pits. Typical removal rates for cover blocks during times with more routine
operations were much less. A removal frequency of twice per week is assumed.

Estimates of the typical volume of blowsand found in a pit range from 15 to 50 1b
(0.15 to 0.5 ft’). The estimate assumes the volume of blowsand introduced during removal
of cover blocks to be 0.25 ft* (about 7 L).

Cover Block Removal for Sluicing Operations. The time period of active slulcmg
was 5 years, from 1953 to 1957.

(5 yr)(365 d/yr)(3 shift/d)(1 removal/shift)(0.25 ft*/removal) X
(100 Ib/ft%)(453 g/lb)/(1000 g/kg) = 62,000 kg.

Cover Block Removal for Routine Operations. The time period for the less active
routine operations was 20 yrs., from 1957 to the mid 1970’s.

(20 yr)(52 wk/yr)(2 removals/wk)(0.25 ft3/removal) X
(100 Ib/ft%)(453 g/Ib)/(1,000 g/kg) = 24,000 kg.

_ These assumptions result is a total estimate of 86,000 kg of blowsand entering from
cover block removal. The silicon load of the soil is 8.7 E+05 mol or 24 MT. This estimate
is highly sensitive to amount of blowsand assumed to collect in the pits. Contributions from
pits where the cover blocks were left off for an extended period of time may not fall within
this assumption. Distribution of the blowsand among the tanks would depend on the
frequency of pit activity.

Direct Addition. One occasion is known where soil was placed in the SX-101 pump

pit for shielding during maintenance. When the maintenance was completed, the soil was
washed into the tank. A volume of one cubic meter is assumed. This assumption result is
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an estimate of 1,600 kg of blowsand entering by this single event. The silicon load of the
soil is 1.6 E+04 mol or 0.45 MT.

5.19.2.6 Silicon Inventory Evaluation Summary. Table 5.19-2 summarizes the sources of
silicon identified in this section. Estimates of silicon identified in Table 5.19-2 have
primarily focused on discharge records and process flowsheets of the chemical processes. It
does not appear that any of these previous sources included silicon from chemical impurities,
materials added to the tanks or from blowsand. These sources could add as much as 230 MT
to the current inventory.

The bismuth phosphate process flowsheet appears to base the silicon values on chemical
usage. There is no evidence that silicon impurities were considered. The REDOX and
PUREX process flowsheets do not consistently track the silicon introduced by the fuel. The
following points are noted:

e The major source of SiO, appears to be from fuel fabrication and process
chemicals. '

e Direct addition of diatomaceous earth and Portland cement to the tanks appears to
be the next most significant source.

e The most significant source of blowsand is entry through crevices in the cover
blocks. This estimate is highly dependant on the estimate of typical blowsand
accumulation and the frequency of cover block removal. The assumptions used
are based on interviews with experienced tank farm operating and engineering
personnel. Using maximum estimates for blowsand accumulation and cover block
removal frequency could easily increase this impact by a factor of four.

A parallel concern from blowsand might be the impact on the aluminum inventdry.
Typical Hanford Site soil contains 13.6 wt% Al,05;. The 88,000 kg of blowsand estimated
to enter the tanks would contain 1.17 E+405 mol or 3.2 MT of aluminum. This is less than
0.1 percent of the aluminum thought to be in the tanks from fuel fabrication and process
chemicals.

Table 5.19-2. Summary of Silicon Sources. (2 Sheets)

Mass of
Silicon (MT)

Source Remarks

Fuel Fabrication

Al-Si Braze Metal 118.3
Uranium metal ‘ 7.0
Aluminum Jacket 4.3
Zirconium Clad Fuel 0.8
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Table 5.19-2. Summary of Silicon Sources. (2 Sheets)

Source S ﬂli\élzzs ((lc;T) Remarks
Chemical Processing '
BiPO, 1st Cycle 91.4
BiPO, 2nd Cycle 79.0 _
Uranium Recovery -- No sources of silicon identified
In-Farm Processing -- No sources of silicon identified
REDOX Plant -~ No sources of silicon identified
PUREX Plant -- No sources of silicon identified
Waste Fractionization -- No sources of silicon identified
Plutonium Finishing Plant -- No significant source of silicon
identified
Non-Routine Process Additions 5.7
Chemical Impurities
NaOH - 75.4
HNO; - Not a likely source of silicon
ANN 5.6
Others --
Corrosion 2.6
Process water 2.3
Direct Addition by Tank Farms
Diatomaceous Earth and Portland 159
Cement
Blowsand
Forced Ventilation 0.6
Natural Ventilation <0.1
Cover Block Removal 24
Soil Addition 0.45
Total Silicon Sources 570.8
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Hanford Defined Waste Inventory. The HDW model exhibits several discrepancies
with the independent evaluation compiled in this report. For the REDOX process, the HDW
model report assumes a value of 650 g Si/MTU coming from the fuel and 1,550 g Si/MTU
from unidentified sources. The unidentified sources assumption (1,550 g Si/MTU) was
included in the HDW model to account for the high silicon inventories found in the REDOX
waste tanks. The silicon introduced by fuel is derived from REDOX Flowsheet 6 (Crawley
and Harmon 1960b). Fuel fabrication records and fuel process history, used in the
independent evaluation, however, indicate that the silicon from fuel ranged from 1,010 to
1,610 g Si/MTU. The bulk of the fuel processed through the REDOX Plant were enriched
I&E elements with a silicon vatue of 1,610 g Si/MTU. Sources such as chemical impurities
and blowsand could account for the rest of the discrepancy with the silicon found in the
REDOX Plant waste tanks.

For the PUREX process, the HDW model report assumes 4,025 g Si/MTU for all of
the years that the PUREX Plant operated, including the years when only zirconium-clad fuel
was processed. This value appears to be excessive as most of the fuel run in the PUREX
Plant was either natural I&E fuel at 1,350 g Si/MTU or zirconium-clad N Reactor fuel at
131 g Si/MTU.

The HDW inventory does not appear to have, as yet, incorporated the diatomaceous
earth and Portland cement additions made by Tank Farms Operations.

Tank Waste Remediation System Inventory. Review of the TWRS inventory
identified a calculation error that decreases the silicon estimate from 693 to 603 MT silicon.
In addition, it was noted that 96 MT of silicon is attributed to Tank 241-AY-101. This value
is based on a sample result and cannot be reconciled by the tank fill history. Although the -
sample result cannot be ruled out, it is considered suspect.

5.19.3 Best-Basis Estimate for Silicon Value

The best-basis value for the silicon inventory is the value developed by the independent
evaluation, 570 MT. The reasons for using the independent evaluation value are as follows:

e The assumptions in the HDW inventory cannot be reconciled with fuel fabrication
records, and several sources, diatomaceous earth, Portland cement, and blowsand
have not been included.

e The technical basis for the TWRS SST inventory is limited to process knowledge
of the reprocessing facilities. The basis for silicon in the DSTs may be biased
toward a high value because of the Tank 241-AY-101 sample.

e The values for the majority of the silicon sources are based, to a large degree on

subjective reasoning and have a large element of uncertainty. Use of a large
uncertainty value (+ 25 percent) is recommended.
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5.20 SODIUM

The following were the primary sources of sodium, the primary nonvolatile constituent
in tank wastes:

1.  Sodium hydroxide (NaOH) used as follows:
a. Dissolve the aluminum cladding from irradiated reactor fuel and targets.

b.  Neutralize acidic wastes resulting from separations of Pu, U, Th, and (;ther
byproducts from acid dissolved reactor fuel and targets.

c.  Neutralize the acidic cladding waste from Zircaloy®-clad fuels.

2. Sodium nitrate (NaNO;), which was used in the NaOH dissolution of aluminum
cladding to suppress hydrogen evolution.

3. Sodium carbonate (Na,CO3), which was used to treat solvent extraction organic
solvents for recycle and to maintain product quality.

4. Sodium nitrite (NaNO,), which was used as an additive to neutralized alkaline
wastes to inhibit stress corrosion cracking in the carbon steel waste storage tanks
and to oxidize Pu(Ill) to Pu(IV) in the separations plants.

5. Sodium bisulfate and sodium sulfate, which were used for fission product
recovery and strontium product purification.

Sodium is widespread throughout the waste tanks. Sodium is a monovalent alkaline
metal and essentially all sodium salts are soluble in acidic and alkaline solutions. In the
Hanford Site wastes, approximately 99 percent of the total sodium is expected to be water
soluble. The insoluble 1 percent of the sodium is found in the sludges as complex mixed
metal compounds. Soluble sodium in the tank wastes is associated with alkaline soluble
compounds such as sodium nitrate (NaNOs), sodium nitrite (NaNO,), sodium hydroxide
(NaOH), sodium phosphate (Na;PO,), sodium sulfate (Na,SO,), sodium fluoride (NaF),
sodium chloride (NaCl), sodium aluminate (NaAlO,), sodium chromite (NaCrO,), and
sodium dichromate (Na,Cr,05).

The wastes were processed for solids removal (i.e., settling) and/or volume reduction
after they were routed to the tanks. The volume reduction processes included scavenging,
evaporation, and crystallization processes.

The scavenging process treated supernatants containing sodium for cesium and

strontium removal and discharged the treated supernatants to cribs for disposal of the
decontaminated sodium salt solutions.
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The evaporation processes using the 242-B and 242-T evaporators removed water to
reduce tank waste volume.

The later crystallization processes evaporated additional water from the supernatants to
crystallize sodium nitrate salts and further reduce tank waste volume. The saturated mother
liquor from this crystallization in the tanks is drained from the salt crystals by the process of
"saltwell pumping" and transferred to the DSTs to become DSSF. The residual SST
interstitial liquor and DSSF contains the remaining uncrystallized sodium nitrate and the
other soluble sodium salts defined earlier.

As a result, the SSTs currently contain approximately 60 percent of the total waste
sodium as crystallized sodium nitrate, 10 percent associated with SST sludges, and 10
percent as interstitial solutions with high sodium concentrations. The DSTs contain the
remaining approximately 20 percent of the total waste tank inventory of sodium as
supernatants.

The crystallized sodium nitrate redissolves into solution with the addition of water.
The retrieval of SST tank wastes is planned to use "past practice” sluicing with water to
dissolve the crystallized salt cake and remaining interstitial liquor.

5.20.1 Identification of Sodium Inventory Values

The reported global sodium inventory values are 40,300 MT (HDW model, Agnew
et al. 1996), 68,500 MT (TWRS, Shelton 1996), and 54,200 MT by this report. A separate
analysis of current SST waste salt cake, drainable liquids, and sludge volumes, combined
" with the DST sodium inventory, gives a potential total sodium inventory in the tank wastes
of 54,900 MT.

The methodology and analysis to obtain a global sodium inventory of 54,200 MT
sodium is contained in the following sections.

5.20.2 Sodium Inventory Evaluation

The Hanford Site tank sodium inventory is estimated by computing the total amount of
sodium added to each of the separations processes and subtracting the amounts of sodium in
the wastes that were discharged to cribs and trenches. Crib transfers are especially important
because these transfers are used to estimate the average sodium concentration and total
volume of BiPO, and UR process wastes that were left in the tanks (Waite 1991, Anderson
1990). Other sources of useful information include the following:
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1.  Process flowsheets (Schneider 1951, GE 1951b, Merrill and Stevenson 1955,
Crawley 1960, Isaacson 1965, Boldt 1966, Schofield 1991).

2. Tank transaction records and estimates from the HDW model (Agnew et al. 1995a .
and Agnew et al. 1996, respectively).

3. Partial chemical usage summaries (McDonald 1968, McDonald and Hogan 1977,
Hogan 1992, and Jenkins and Foster 1978).

4. Process production records (Appendix B).

5. Tank samples and tank inventory estimates derived from supernatant and core
samples (Hodgson 1995, Ryan 1995).

These sources are used to develop sodium inventory estimates for each of the chemical
separations processes.

5.20.2.1 Bismuth Phosphate Process Wastes. The bismuth phosphate process operated at
T Plant from December 1944 to 1956 and at B Plant from April 1945 to 1952. The site
production records indicate that 7,800 MTU were processed in the bismuth phosphate plants’
from 1944 to 1956 (Appendix B).

An estimate of chemical usage in the BiPO, processing is developed in Appendix C
based on the flowsheet by Schneider (1991). Comparable HDW sodium values are obtained
from the "waste volume out" and "sodium concentrations” of the HDW. The HDW model
sodium concentrations used are attributed to Jungfleisch (1980, 1983, and 1984) and Lucas
(1989).

The sodium usage in the BiPO, processing is shown in Table 5.20-1 for the Schneider
(1991) flowsheet and for the HDW model (Agnew et al. 1996).

Table 5.20-1. Amount of Sodium in BiPO, Process Wastes, MT.

Waste stream Present estimate HDW model
(Schneider 1991) (Agnew et al. 1996)
Metal waste (MW) 10,430 7,590
First-cycle and coating waste (1C/CW) 5,740 6,110
Second decontamination cycle waste (2C) 4,010 4,280
224 Waste 4,260 1,300
Total 24,400 19,280

HDW = Hanford Defined Waste.
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Metal Waste. The first steps in the BiPO, process dissolved the uranium metal slugs
and extracted the plutonium by carrier precipitation with bismuth phosphate. This resulted in
the metal waste stream. The metal waste stream contained the bulk of the uranium and
approximately 90 percent of the long-lived fission products (e.g., 1*’Cs and *°Sr) and was
sent to the SSTs for storage.

The stored metal waste containing the uranium from BiPO, processing was later
retrieved as the feed for the UR process. Approximately 73 percent of the uranium is
thought to have been associated with the sludge, as Na,UO,(CO;); and NaUO,PO,, while the
remainder was dissolved in the supernatant (GE 1951b, page 203). Furthermore, it appears
that 5.5 percent of the metal waste sludge was not recovered from the tanks during the
sluicing campaign (Rodenhizer 1987). Two-thirds of the uranium in the metal waste sludge
was in the form of Na,UO,(CO;); and the remainder as NaUO,PQO,. The following
calculation indicates the amount of sodium that might be in the tanks with the residual metal
waste.

UMW) = (0.73)(0.055)(7,800 MTU) = 310 MTU, where UMW) is the amount of
residual metal waste uranium in the tanks.

Na(MW) = (U)[(0.66)(1/0.432)(0.170)+(0.34)(1/0.6134)(0.0593)], where:

0.66 equals the fraction of uranium in the form of Na,UO,(COs);,
0.432 equals the fraction of uranium in Na,UO,(CO,);,

0.170 equals the fraction of sodium in Na,UO,(CO;);,

0.34 equals the fraction of uranium in the form of NaUO,PO,,
0.6134 equals the fraction of uranium in NaUO,PO,,

0.0593 equals the fraction of sodium in NaUO,PQO,.

Na(MW) = 91.5 MT (from residual MW in the tanks).

Thus, 10,340 MT of sodium in the metal wastes was transferred to the Uranium
Recovery process from the total 10,430 MT of sodium initially produced in the metal waste.

Cribbed BiPO, Wastes. Portions of the other BiPO, waste streams were disposed to
cribs and specific retention trenches following settling of solids in a cascaded series of SSTs

(Waite 1991). The total sodium discharged to cribs and specific retention trenches was
9,850 MT sodium in 259,000 m> (68.5 Mgal) (Waite 1991).

The HDW model estimates 6,420 MT sodium was cribbed from the BiPO, process in
173,000 m> (45.8 Mgal) (Agnew et al. 1996). The HDW estimate for BiPO, wastes is
obtained from the crib volume and the supernatant sodium concentration of Agnew et al.
(1996).
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Summary for BiPO, Process Wastes. The residual MW, 1C and 224 wastes in the
tanks determined by this estimate and the HDW model are presented in Table 5.20-2. This
report estimates the residual BiPO, tank wastes contain 4,210 MT of sodium versus the
5,180 MT estimated by the HDW model.

Table 5.20-2. Estimated Amount of Sodium in BiPO, Tank Wastes, MT.

Process Present estimate HDW model
' (Agnew et al. 1996)
BiPO, wastes produced 24,400 : 19,280
BiPQO, wastes cribbed 9,850 6,420
BiPO, wastes sent to uranium 10,340 7,680
recovery
BiPO, wastes in SSTs/DSTs 4,210 5,180

DST = Double-shell tank
HDW = Hanford Defined Waste
SST = Single-shell tank.

The principal differences in the present estimate and the HDW model are: (1) the input
chemicals in the flowsheets (assumed), (2) the volume of cribbed BiPO, wastes, and (3) a
significant difference in the amount of sodium contained in the wastes sent to UR.

5.20.2.2 Uranium Recovery Process Wastes. The UR process began in 1952 to extract U
from.the BiPO, process MW stored in B, BX, BY, C, T, TX, and U Tank Farms.

The design basis flowsheet for the uranium recovery process is provided in the
Uranium Recovery Technical Manual (GE 1951a). The process operated with a highly
variable feed due to variations in the quality of retrieved metal waste sludges and
supernatants. The variation of uranium content during the retrieval operation results in
variation of required nitric acid for dissolution and resulting sodium hydroxide for subsequent
neutralization. As a result, the UR flowsheet (GE 1951a) is not expected to provide an

‘accurate estimate of uranium recovery chemical usage.

Cribbed Uranium Recovery Wastes. The HDW model analysis of transfer records
from the UR operation indicates that 62.5 vol% of the total UR waste streams were cribbed
and 37.5 vol% of the total UR waste streams were routed to the SSTs. The HDW model
estimate for UR wastes is obtained from the crib volume and the supernatant sodium
concentration of Agnew et al. (1996). The sodium concentrations are attributed to Borsheim
and Simpson (1991) and Sloat (1954).
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Waite (1991) states that 155,000 m® (41 Mgal) of scavenged UR wastes containing
13,100 MT of sodium was discharged to cribs and specific retention trenches. This analysis
assumes that the sodium discharged to cribs and specific retention trenches is equal to the
~ vol% split determined by the HDW model.

Uranium Recovery Chemicals Added. The assumption of 62.5 percent of the UR
waste sodium being cribbed results in a total UR waste sodium content of 20,960 MT. The
sodium content of the residual in tank UR wastes and UR chemicals added are 7,860 MT and
10,620 MT, respectively. The uranium chemical sodium addition of 10,620 MT is
approximately 20 percent greater than the flowsheet predicted value (GE 1951a) of
8,880 MT, as expected.

For the HDW model the amount of sodium added during UR is the difference in the
sodium content between the UR wastes produced and the BiPO, wastes sent to Uranium
Recovery. The HDW model sodium values in the UR wastes produced (24,600 MT sodium)
are obtained from the "waste volume out” and "sodium concentrations" of the HDW model.
The HDW model sodium concentrations used are attributed to Borsheim and Simpson (1991)
and Sloat (1954). Subtraction of the sodium inventory to UR (7,680 MT sodium) gives a
16,920 MT sodium chemical addition in UR.

Summary for Uranium Recovery Process Wastes. Table 5.20-3 provides a summary
sodium material balance for the UR process for this analysis and the HDW model. This
report estimates the residual UR tank wastes contain 7,860 MT of sodium versus the
11,300 MT estimated by the HDW model.

Table 5.20-3. Estimated Amount of Sodium in Uranium Recovery Wastes, MT.

Process Present estimate HDW model
(Agnew et al. 1996)
BiPO, wastes sent to UR 10,340 7,680
UR chemicals added o 10,620 16,920
UR wastes produced 20,960 24,600
UR wastes cribbed 13,100 13,300
UR wastes in SST/DST’s 7,860 11,300

DST = Double-shell tank

HDW = Hanford Defined Waste
SST = Single-shell tank

UR = Uranium Recovery.

5-112



HNF-SD-WM-TI-740
Revision 0

The difference in analysis that provided the results in Table 5.20-3 are as follows:
1. UR feed - Values calculated in Section 5.20.2.1. |
2.  UR wastes produced.

a.  Present estimate of UR wastes produced equals sodium reported cribbed
(Waite 1991) divided by 0.625 (the volume fraction of UR wastes cribbed
[Agnew et al. 1996]).

b. The HDW model basis for UR wastes produced is Sloat (1954) and
Borsheim and Simpson (1991).

3. UR chemicals added - the difference between (2) and (1).
4. UR wastes cribbed.
a. Present estimate based on Waite (1991).
b. The HDW basis uses transfer records and calculated sodium solubility.

Due to the lack of definitive data on the chemical usage in uranium recovery and the
sodium content of uranium recovery sludges, there is a significant uncertainty in the amount
of sodium associated with residual uranium recovery wastes in the waste tanks. The HDW
basis for sodium content in cribbed UR wastes result in a greater fraction of sodium in the
residual UR tank wastes, 46 percent versus 32.5 percent. The uncertainty in sodium content
in residual UR tank wastes could be several thousand MT of sodium.

5.20.2.3 REDOX Process Wastes. The REDOX process used solvent extraction and
aluminum nitrate as a salting agent to recover uranium, plutonium, and neptunium from -
irradiated fuel. This process started up in January 1952. During the period from 1952 to
1966, 19,706 MTU were processed through the REDOX Plant (Appendix B). Sodium usage
in the REDOX process included: (1) sodium hydroxide to declad irradiated fuel and
neutralize the solvent extraction wastes for SST storage, (2) sodium nitrate to suppress
hydrogen during fuel decladding, and (3) sodium dichromate to adjust plutonium valence for
solvent extraction recovery.

Sodium Hydroxide. The synopsis of REDOX Plant operations (Jenkins and
Foster 1978) was used as a basis for estimating the total amount of sodium from sodium
hydroxide in the REDOX process wastes. Table 5.20-4 provides the annual sodium
hydroxide usage for REDOX (Jenkins and Foster 1978).

5-113



SR

HNF-SD-WM-TI-740
Revision 0

Table 5.20-4. NaOH Added to REDOX Process. (2 Sheets)

Year MTU processed | NaOH, kg Na, kg/MTU Na, MT
1952 745.8 3,262,500 2,520 1,876
1953 1,297.8 4,225,000 1,872 2,430
1954 1,432.7 4,367,000 1,753 . 2,510
1955 2,200.5 4,852,000 1,269 2,790
1956 2,118.5 3,609,000 980 2,070
1957 1,658.8 2,329,000 807 1,340
1958 1,274.0 1,631,000 736 938
1959 831.5 1,051,000 | 727 604
1960 755.9 1,081,000 ) 622
1961 1,144.6 1,312,000 659 754
1962 892.1 1,108,000 714 637
1963 1,054.8 1,202,000 656 691
1964 1,695.0 1,770,000 601 1,018
1965 1,407.6 1,670,000 683 960
1966 1,196.8 1,657,000 796 953
Total 19,706 35,130,000 - 20,200

MT = Metric ton
MTU = Metric ton uranium
REDOX = Reduction and oxidation.

A comparison of flowsheet derived sodium estimates to reported REDOX Plant
operating usage (Jenkins and Foster 1988) is provided in Table 5.20-5.
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Table 5.20-5. Comparison of REDOX Flowsheets to REDOX Plant
Operations Synopsis for Sodium Hydroxide.

Year Flowsheet Na from NaOH, | Na from NaOH, Ratio
kg/MTU? kg/MTU®
1952 No. 4 1,970 2,520 1.28
1956 No. 5 638 980 1.54
1961 No. 6 664 659 1.01
1964 No. 7 357 601 1.68
1965 No. 8 443 683 1.54
1966 No. 9 409 741 1.81

MTU = Metric ton uranium

REDOX = Reduction and oxidation

*Flowsheets No. 4, 5, 6, 7, 8, and 9 (GE 1951b, Merrill 1955, Crawley 1960
Isaacson 1965, Boldt 1966)

bSynops1s of REDOX Plant Operations (Jenkins and Foster 1978).

Because the REDOX product streams were frequently reworked, the plant experienced
frequent start ups and shut downs (five day a week operation for flowsheets 4 and 5), and
because of the specialty processing campaigns for neptunium and nonstandard fuel
(performed during the periods represented by Flowsheets 7, 8, and 9), the REDOX
flowsheets cannot be used to accurately account for all of the chemicals added to the process.
The flowsheet provides chemical usage at equilibrium operation. The nonstandard operations
- result in chemical use higher than predicted by the flowsheets. Therefore, the reported usage
of sodium hydroxide versus flowsheet values shown in Table 5.20-5 is reasonable.

It also appears from REDOX history (personal communication, R. A. Watrous), that
Flowsheet 5 was probably issued in advance of certain changes in the plant configuration,
and Flowsheets 7, 8, and 9 well after completion of the indicated changes. The REDOX
operations summarized in the synopsis of Jenkins and Foster (1978), therefore, seem to be a
more appropriate basis for defining the composition of the REDOX process waste.

Sodium Nitrate. Tank waste supernatants were used after January 1963 to supply all
of the sodium nitrate needed for decladding operations. This change was documented in
Flowsheets 7 and 8 (Isaacson 1965).

During the period of 1952 through 1962, 14,350 MT of U was processed at the
REDOX Plant. Appendix D shows that REDOX used about 150 kg NaNO; per MTU for the
decladding operation. This results in an estimated REDOX use of 2,150 MT NaNO, from
1952 through 1962 containing 580 MT of sodium.
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Sodium Dichromate. Sodium dichromate use at Hanford is discussed in Section 5.7 |
with an estimate of 749 MT of sodium dichromate used at the REDOX Plant. There is
330 MT sodium associated with the 749 MT sodium dichromate used by the REDOX
process.

Summary for REDOX Process Wastes. Sodium use by the REDOX Plant is
summarized in Table 5.20-6 for this analysis and the HDW model.

Table 5.20-6. Estimated Amount of Sodium in REDOX Wastes, MT.

Chemical Source Present estimate HDW model
_ (Agnew et al. 1996)
Sodium hydroxide 20,200 NA
Sodium nitrate 580 NA
Sodium dichromate 330 NA
Total 21,100 11,970

HDW = Hanford Defined Waste
NA = Not attributed to individual chemicals.

This analysis gives a total REDOX sodium usage of 21,100 MT sodium based
primarily on reported NaOH consumption (95 percent) and secondarily on flowsheet analysis
(5 percent) of NaNO; and Na,Cr,0; usage. The HDW model gives a total of 11,970 MT
sodium based on transfer records and unreferenced flowsheet compositions. Agnew et al.
(1996) does not provide references for the REDOX waste compositions used. Agnew (1995)
indicates eight references (GE 1951b, Merrill 1955, Crawley 1960, Isaacson 1965, Allen
1976, Jenkins and Foster 1978, Jungfleisch 1984, and Anderson 1990) were used to define
the compositions of the four REDOX waste streams but does not state the specific reference
or methodology.

5.20.2.4 PUREX Process Wastes. The PUREX process came on line in January 1956.
The PUREX Plant processing can be broken down into three main periods: 1983 through
1989, 1965 through 1982, and 1956 through 1964.

1983 through 1989. The period from 1983 through 1989 processed Zircaloy®-clad fuel
exclusively. The NCAW during this period was effectively segregated in two DSTs and the
sodium content can be determined by sample analysis. The NCRW was distributed
throughout the DSTs by decanting and concentrating. The NCRW sodium content can be
estimated by analysis of the flowsheet.

The NCAW sodium content is determined by samples (Hodgson 1995, Ryan 1995) and

summarized in Shelton (1996). The NCAW produced from 1983 through 1989 contains
577 MT total sodium in the combined sludge and supernatant as shown in Table 5.20-7.
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Table 5.20-7. Estimated Amount of Sodium in 1983 through 1989 PUREX
Neutralized Current Acid Waste, MT.

Tank Present estimate® HDW model (Agnew et al. 1996)
P3 waste PL2 waste
241-AZ-101 384 170 -
241-AZ-102 193 97 -
Other DSTs - 17 641
Total 577 ' 922

DST = Double-shell tanks

HDW = Hanford Defined Waste

P3 = Aging waste from PUREX process high-level waste (1983 to 1988)
PL2 = PUREX process low-level waste (1983 to 1988)

2Shelton 1996.

During 1983 through 1989, PUREX processed 3,900 MTU of irradiated fuel through
solvent extraction by recycling 2,450 MTU of cold uranium to maintain the extraction
column throughput above the minimum processing rate. The total 577 MT sodium in the
NCAW from processing a total of 6,350 MTU equals a sodium usage of 91 kg Na/MT
total U. Schofield (1991) estimated that 102 kg Na/MTU as NaOH was used to neutralize
NCAW from the PUREX process.

The basis for the PUREX 1983 through 1989 wastes in Agnew et al. (1996) is not
defined. The quantities and distribution of sodium in the P3 and PL2 wastes are defined by
volume, concentration, and distribution of Agnew et al. (1996).

The quantity of sodium in the NCRW stream from PUREX Plant from 1983 through
1989 was assessed by Schofield (1991). Schofield reviewed core samples and flowsheet
estimates to determine the amount of sodium in the PUREX process wastes produced from
reprocessing N Reactor fuel. Schofield estimated that 704 MT of sodium as NaOH was used
to neutralize the cladding waste from decladding 3,900 MTU of irradiated fuel from 1983
through 1989.

The quantity of sodium in NCRW stream from the PUREX Plant from 1983 through
1989 is defined by Agnew et al. (1996) by the volume and the sodium concentration for the
CWZr2 stream. These assumptions give a total of 492 MT sodium in the PUREX Plant
NCRW from 1983 through 1989.

The total sodium use by the PUREX Plant from 1983 through 1989 is summarized in

Table 5.20-8. Altogether, 1,280 MT of sodium are estimated to have been used in the
PUREX process from 1983 through 1989.
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Table 5.20-8. Estimated Amount of Sodium in 1983 through 1989
PUREX Plant Wastes, MT.

Stream Present estimate HDW model (Agnew et al. 1996)
NCAW (PL3/PL2) 577 922
NCRW (CWZr2) 704 492
Total 1,280 1,414

CWZr2 = REDOX process coating waste, zirconium cladding
PL2 = PUREX process low-level waste (1956 to 1976)

PL3 = PUREX process low-level waste (1983 to 1988)
HDW = Hanford Defined Waste

NCAW = Neutralized Current Acid waste

NCRW = Neutralized Cladding Removal Waste.

1965 through 1982. The site production records indicate 25,179 MT of U and
629 MT of Th were processed in the PUREX Plant from 1965 to 1972 (Appendix B). The
PUREX Plant was maintained in standby from 1973 through 1982. Monthly essential
material usage records can be used to define the chemical consumption for the PUREX Plant
during the 1965 to 1982 period (McDonald 1968, McDonald and Hogan 1977, and
Hogan 1992). Data from these essential material use records are summarized by year in
Table 5.20-9.

Table 5.20-9 shows that the total sodium use by PUREX Plant processing in the period
of 1965 through 1982 is 5,590 MT sodium. The sodium sulfate use in 1965 through 1967
was for fission product recovery by sulfate strike precipitation.

1956 through 1964. The third period covers the PUREX production process from
1956 through 1964. During this period, 42,320 MTU were processed in the PUREX Plant
(Appendix B). From 1956 through 1964, only aluminum-clad natural uranium fuel was
processed through PUREX.

Examination of the PUREX processing history in Table 5.20-9 shows that

* aluminum-clad fuel was predominately process during 1965 and 1967. The average chemical
usage in 1965 and 1967 was 230 kg of NaOH/MTU, 14 kg of Na,CO,;/MTU, 140 kg of
NaNO,/MTU and 11 kg of NaNO,/MTU.

Since sugar denitration was not used until the early 1960’s, more sodium was probably
required for waste neutralization during this era. Sugar denitration destroys about two-thirds
of the nitric acid in current acid waste (Willett 1981). Based on these values, about 60 kg of
additional sodium per MTU would have been needed for acid neutralization for a total of
290 kg NaOH/MTU during the 1956 through 1964 period.
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Table 5.20-9. Sodium Chemical Use in the PUREX Process from 1965 through 1982.

MT processed Chemical use, MT
Year Al clad | Zr clad | ThO, | NaOH | NaNO; | Na,CO; | NaNO, | Na,SO,
U U

1965* 5,385 5 1,190 746 77 62 142

1966* 3,806 197 1,225 605 54 42 119

1967* . | 4,359 123 1,067 630 58 43 23

1968° 3,393 427 1,031 557 38 34

1969° 2,568 228 529 538 29 32

1970° 555 92 427 749 240 71 11

1971° 2,988 287 742 476 30 18

1972° 552 416 591 95 40 13

1973b

1974

1975

1976°

1977°

1978° 24

1979° 39

1980° 37

1981¢ 14 1

1982°¢ 48 2

Total 23,706 | 1,572 629 7,286 | 3,887 396 258 284
Subtotal - - - 4,190 | 1,052 172 86 92
Na, MT

Total 5,590¢
Na, MT

aMcDonald (1968)
®McDonald and Hogan (1977)

“Hogan (1992)

9Total PUREX process sodium from 1965 through 1982.
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Agnew (1995) identified a sulfate strike operation in the PUREX Plant in 1960 and
1961 based on examination of PUREX Plant monthly reports. This sulfate strike operation is
similar to the operation performed in 1965 through 1967 that used 284 MT of sodium
sulfate. An allowance of 150 MT of sodium sulfate is assumed for the sulfate strike
operation in 1960 and 1961.

The resulting estimated chemical use in PUREX Plant for 1956 through 1964 is shown
in Table 5.20-10. The total PUREX process sodium use from 1956 through 1964 is
estimated at 9,120 MT sodium. This is a use of 215 kg Na/MTU. The PUREX process use
should be 204 kg Na/MTU, based on the original flowsheet (GE 1955). The estimated use is
higher than the flowsheet value due to inefficiencies of rework of products and
startups/shutdowns.

Table 5.20-10. Sodium Chemical Use in the PUREX Process from 1956 through 1964.

Estimated chemical use, MT
Year MTU NaOH, NaNO,, Na,COs;, NaNO,, | Na,SO,,
processed | 265 kg/MTU 140 14 kg/MTU | 11 kg/MTU | allowance
kg/MTU

1956 2,286 663 320 32 25

1957 3,989 1,157 558 56 44

1958 4,707 1,365 659 66 52

1959 4,635 1,344 649 65 51

1960 5,599 1,624 784 78 62 75

1961 5,438 1,577 761 76 60 75

1962 5,483 1,590 778 77 60

1963 5,024 1,457 - 703 70 55

1964 5,157 1,496 722 72 57

Total | 42,318 12,270 5,925 592 465 150
Subtotal - 7,060 1,603 257 155 50
Na, MT

Total 9,120°
Na, MT

5-120
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Summary for PUREX Process Wastes. Sodium use by the PUREX flant is

summarized in Table 5.20-11. This analysis gives a total PUREX Plant sodium usage of
16,000 MT sodium based on the following: '

1. Extrapolation of reported 1965 and 1967 usage (9,120 MT sodium, 57 percent).
2. Reported 1965 through 1982 usage (5,590 MT sodium, 35 percent),
3. DST analytical results for 1983 through 1989 (1,280 MT sodium, 8 percent). '
“Sodium use by the PUREX Plant for comparable periods in the HDW model
(Agnew et al. 1996) was not determined in this report. The HDW model PUREX Plant

sodium use was combined with B Plant fission product recovery wastes for comparison.
This comparison is shown in a later section, Section 5.20.3.

Table 5.20-11. Estimated Amount of Sodium in the PUREX Plant Wastes, MT.

Y Estimated sodium content from cheniical use, MT Na
ears
NaOH NaNO; | Na,CO, NaNO, Na,SO, ~ Total
1956 - 1964 7,060 1,603 257 155 50 9,120
1965 - 1982 4,190 1,052 172 - 86 92 5,590
Subtotal, 11,250 2,650 429 241 142 14,710
1956 - 1982
Subtotal, - - - - - 1,280
1983 - 1989 ,
Total 16,000
1956 - 1989

PUREX = Plutonium-uranium extraction.

5.20.2.5 B Plant Process Wastes. Monthly essential material usage records can be used to
define the chemical consumption for B Plant and Tank Farms during the 1965 to 1982 period
(McDonald 1968, McDonald and Hogan 1977, Hogan 1992). Data from these essential
material use records are summarized by year in Table 5.20-12. The sodium bisulfate and
sodium sulfate use in 1968 through 1979 was for strontium product purification before
encapsulation.

Table 5.20-12 shows that the total estimated sodium use by B Plant and Tank Farms
processing in the period of 1965 through 1982 is 4,910 MT sodium.
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Table 5.20-12. Chemical Use in B Plant and Tank Farms from 1965 to 1982.

Chemical use, MT

Year NaOH NaNO, Na,CO, NaNO, NaEISO, | Nasso,
B Tank | B | Tank | g plant | B Tank | BPlant | B Plant
Plant | Farms | Plant | Farms Plant | Farms
1965* |
1966°
19672
1968° 789 17 32 5 7
1969° 624 55 54 41
1970° 707 4 38 24
1971 | 982 221 2 33
1972° 732 148 39
1973 495 76 45 2 29
1974° 551 99 11 18 13
1975 516 69 12 14 5
1976° 541 69 1 8
1977° 654 78 1 1
1978° 416 96 6
1979° 141 27 1
1980° 86 11
1981°¢ 188 5 4
1982°¢
Total 7,910 165 572 18 75 137
Subtotal 4,550 44 248 6 14 44
Na, MT
Total 4,910¢
Na, MT

aMcDonald (1968)
®McDonald and Hogan (1977)
“Hogan (1992)
dTotal B Plant and Tank Farms sodium use from 1965 through 1982.
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5.20.2.6 Other Cribbed Wastes. Agnew et al. (1996) defines portions of waste streams
other than the BiPO, and UR process wastes discussed earlier as having been cribbed. These
streams are identified in Agnew et al. (1996) as P1, CWP1, OWW1, DW, T1-SItCk, and
WTR. The fraction of the streams cribbed is given in Agnew et al. (1996) Appendix D.

The total sodium in the streams is given by the volume and the concentration. The summed
products of these three values give a total calculated amount of sodium cribbed of 250 MT
sodium.

This report’s analysis is based on the reported cribbed sodium given by Waite (1991).
The cribbed sodium content in BiPO, and Uranium Recovery wastes given in the previous
sections includes all sodium cribbed in the common crib and specific retention sites.
Therefore, the "other cribbed wastes” identified in Agnew et al. (1996) are included in the
BiPO, or UR values identified by Waite (1991) and no separate value is identified by this
report’s analysis.

5.20.2.7 N Reactor Decontamination Wastes. Agnew et al. (1996) defined the residual
amount of N Reactor decontamination wastes in the DSTs after a single vault of
"Phosphate/Sulfate Waste" grout was produced. The N Reactor decontamination waste
stream, "N," is defined in Agnew et al. (1996), Appendixes B and D, with composition
attributed to Lucas (1989). The resulting residual N Reactor Decontamination Hanford tank
inventory is 162 MT sodium.

5.20.3 -Best-Basis Estimate for Sodium Inventory

Table 5.20-13 provides the results from this evaluation for sodium, together with
comparable estimates from other sources. The best-basis global inventory of sodium in
Hanford Site tank waste is about 54,200 MT. This estimate is significantly higher than the
HDW model estimate of 40,300 MT sodium (Agnew et al. 1996) and significantly lower than
the current value of 68,500 MT in the TWRS reference chemical inventory (Shelton 1996).

The present estimate is based primarily on reported chemical consumption for REDOX,
PUREX, and B Plant; reported sodium crib discharges for BiPO, and Uranium Recovery;
and flowsheet values of chemical consumption for the BiPO, process. The HDW model is
based on flowsheet waste compositions and waste transfer records from Hanford Site
processing plants. The TWRS inventory is based on the 1986 EIS estimate of Hanford Site
tank inventory in 1983 plus additions to the tank system after 1983.
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Table 5.20-13. Estimated Amount of Sodium in the Hanford Site Tank Wastes, MT.

Process Present estimate HDW model TWRS inventory
: ’ (Agnew et al. 1996) (Shelton 1996)

BiPO, 4,210 5,180 NA
Uranium recovery 7,860 11,300 NA
REDOX | 21,100 11,970 NA
PUREX, B Plant, and 19,600 11,110 NA
Tank Farms (1956-82) '
Other cribbed wastes - (250) NA

N Reactor 162 162 NA
decontamination '

PUREX (1983-89) 1,280 1,410 1,280
Total 54,200 40,300 68,500

HDW = Hanford Defined Waste

NA = Not attributed to individual waste streams
PUREX = Plutonium-Uranium extraction
REDOX = Reduction and Oxidation

TWRS = Tank Waste Remediation System.

The process wastes of PUREX, B Plant, and tank farms wastes in the period from 1956
through 1982 are combined in Table 5.20-13 for comparison purposes. The individual
process contributions in the HDW model (Agnew et al. 1996) were not developed by this
report. The 1956 through 1983 value of 11,110 MT sodium is determined by the difference
of the total sodium (40,300 MT sodium, Agnew et al. 1996) and the sum of the individual
streams discussed in Sections 5.20.2.1 through 5.20.2.7 (29,190 MT sodium).

An alternate method of determination of the Hanford Site waste tank sodium inventory
based on reported waste volumes is available. The SSTs contain about 88,000 m? of salt
cake, 2,090 m? of supernatant, 22,800 m> of drainable liquid (based on 45 volume percent
drainable liquid in the salt cake and 15 vol% drainable liquid in the sludge) and 45,400 m> of
sludge (Hanlon 1995). Hanlon (1995) uses reported liquid levels and assumes a 45 vol% salt
cake porosity or void volume as equivalent to drainable liquid volume to conservatively
project future saltwell pumping volumes. Based on historical saltwell pumping experience, it
has been determined that the drainable liquid fraction of salt cake varies from 19 to
43 percent, with most salt cake tanks being in the range of 35 percent drainable liquid
(DeWeese 1988).
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Table 5.20-14 shows an estimated Hanford Site waste tank inventory of 54,900 MT
sodium based on adjusting the reported waste volumes to 35 vol% salt cake porosity. For
this analysis, porosity is considered equal to void volume in salt cake and filled with either
supernatant or air. The volume-based estimate of 54,900 MT sodium compares favorably
with the estimated 54,200 MT sodium inventory obtained by analysis of chemical use
records, reported discharges to cribs and specific retention trenches, and flowsheet analysis.

The best-basis global inventory of 54,200 MT sodium has the highest uncertainty in the
residual wastes produced by the BiPO, and Uranium Recovery processes. These wastes
represent 20 percent of the estimated total, thus total uncertainty in the sodium inventory is
low.

Also, the estimated total of 54,200 MT sodium may be biased high because the NaOH
use in processing facilities included NaOH for regeneration of water demineralizers.
Regeneration solutions of sodium hydroxide and sulfuric acid used in regeneration of
demineralized water ion exchange beds was routed to chemical sewers in the regeneration
process. The chemical consumption records quoted in the earlier sections are high for NaOH
by this undefined amount of regeneration NaOH. The total amount of regeneration NaOH is
expected to be low (less than 200 MT of contained sodium).
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Table 5.20-14. Estimated Amount of Sodium in the Hanford Site Tank Wastes based on
Reported Waste volumes, MT.

Volume at Volume at
45 VOI% salt 35 vol % salt | Assumed sodium Sodium, MT,
Waste cake drainable . ) at 35 vol % salt
N 3 cake drainable| concentration .
liquid, m liquid. m? cake porosity®
(Hanlon 1995) auc,
SST sludge 45,400 45,400 - 3,800°
SST salt cake volume 88,000 88,000 - -
including voids
SST salt volume 48,400 57,200 226 ¢g NaNO3/cc 35,000
without voids -
0.611 MT Na/M3
SST sludge drainable 6,810 6,810 - -
liquid
SST salt cake 15,950 12,400 - -
drainable liquid :
SST supernatant 2,090 2,090 - -
Total SST drainable 24,850 21,300 10M NaNO; 4,900
liquid .
0.230 MT Na/M3

DST inventory® - - - 11,200
without future saltwell
pumping or facility
decommissioning
Total - - - 54,900

DST = Double-shell tank
SST = Single-shell tank
#For this analysis, porosity is considered equal to void volume in salt cake

®Colton (1996)
“Shelton (1996).
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5.21 SULFATE
The following are the primary sources of sulfate in tank wastes:

1. Sulfuric acid (H,SO,) used in the bismuth phosphate precipitation processes to
separate uranium from plutonium and for plutonium decontamination.

2. Ferrous sulfamate (Fe(NH,SO5),) and ferrous ammonium sulfate
(Fe(NH,),(S0,),) used to reduce plutonium valence for separation from uranium
in the fuel reprocessing plants and the uranium recovery plant.

3. Sulfamic acid (NH,SO;H) used as a stabilizer to prevent oxidation and excessive
use of ferrous ion reductant.

4. Sodium sulfate (Na,SO,4) and sodium bisulfate (NaHSO,) used for recovery and
purification of fission products.

Sulfate is a divalent anion. The sodium salt is soluble in acidic and alkaline solutions.
The calcium, strontium, and barium salts are insoluble in alkaline solution and resist
metathesis to the soluble sodium sulfate by sodium hydroxide. In the Hanford Site wastes, it
is expected that greater than 90 percent of the total sulfate will be solubilized by water or
metathesized to the soluble sodium sulfate by sodium hydroxide leaching. This results in
greater than 90 percent of the tank waste sulfate inventory being routed to the LAW and less
than 10 percent to the HLW.,

5.21.1 Identification of Sulfate Inventory Values

The reported global inventory values for sulfate are 3,220 MT (HDW model, Agnew
et al. 1996), 2,040 MT (TWRS, Shelton 1996), and 5,000 MT by this report.

The methodology and analysis to obtain a total global sulfate inventory of 5,000 MT
sulfate is contained in the following sections.

5.21.2 Sulfate Inventory Evaluation

The Hanford Site tank sulfate inventory is estimated by computing the total amount of
sulfate added to each of the separations processes and subtracting the amounts of sulfate in
the wastes that were discharged to cribs and trenches. Crib transfers are used to estimate the
average sulfate concentration and total volume of residual bismuth phosphate and UR process
wastes that were left in the tanks (Waite 1991, Anderson 1990). Other sources of
information include the following:
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1. Process flowsheets (Schneider 1951, GE 1951b, Crawley 1960, Isaacson 1965,
Boldt 1966, Schofield 1991).

2. Tank transaction records and estimates from the HDW model (Agnew et al. 1995a
and Agnew et al. 1996, respectively)

3. Partial chemical usage summaries (McDonald 1968, McDonald and, Hogan 1977,
and Hogan 1992).

~ 4. Tank samples and tank inventory estimates derived from supernatant and core
samples (Hodgson 1995, Ryan 1995).

These sources are used to develop sulfate inventory estimates for each of the chemical
separations processes.

5.21.2.1 Bismuth Phosphate Process Wastes. The bismuth phosphate process operated at
T Plant from December 1944 into 1956 and at B Plant from April 1945 into 1952. The
Hanford Site production records indicate that 7,800 MTU were processed in the bismuth
phosphate plants from 1944 to 1956 (Appendix B).

An estimate of chemical usage in the bismuth phosphate processing is developed in
Appendix C based on the Schneider (1991) flowsheet. Comparable HDW sulfate values are
obtained from the "waste volume out” and "sulfate concentrations" of the HDW. The HDW
sulfate concentrations used are attributed to Jungfleisch (1980, 1983, 1984) and
Lucas (1989).

The sulfate usage in the bismuth phosphate processing is shown in Table 5.21-1 for
the Schneider (1991) flowsheet and for the HDW model (Agnew et al. 1996).

5-128



R

HNF-SD-WM-TI-740
Revision 0

Table 5.21-1. Amount of Sulfate in Bismuth Phosphate Process Wastes, MT.

Sulfate, MT
Waste stream
Present estimate HDW model
(Table C-3, Appendix C) | (Agnew et al. 1996)

Metal waste (MW) 3,030 2,760
First decontamination cycle and 700 : 662
coating waste (1C/CW)
Second decontamination cycle 635 384
20)
224 waste 15 5
Total 4,380 3,810

Metal Waste. After decladding, the bismuth phosphate process dissolved the uranium
metal slugs and extracted the plutonium by carrier precipitation with bismuth phosphate.
Sulfuric acid was added to the solution to complex the uranyl ion (UO,*?)and avoid uranyl
phosphate precipitation. This resulted in the metal waste stream. The metal waste stream
contained the bulk of the uranium and approximately 90 percent of the long-lived fission
products (e.g. *’Cs and *°Sr). The metal waste was neutralized with sodium hydroxide and:

- sodium carbonate and was sent to the SSTs for storage.

The stored metal waste containing the uranium from bismuth phosphate processing was
later retrieved as the feed for the UR process.

Cribbed Bismuth Phosphate Wastes. Portions of the other bismuth phosphate waste
streams were disposed to cribs and specific retention trenches following settling of solids in a
cascaded series of SSTs (Waite 1991). The estimated total sulfate discharged to cribs and
specific retention trenches was 460 MT sulfate in 259,000 m? (68.5 Mgal) (Waite 1991).

The HDW model estimates 690 MT sulfate was cribbed from the bismuth phosphate
process in 173,000 m> (45.8 Mgal) (Agnew et al. 1996). The HDW estimate for bismuth
phosphate wastes is obtained from the crib volume and the supernatant sulfate concentration
of Agnew et al. (1996). The sulfate concentrations are attributed to Jungfleisch (1980, 1983,
1984) and Lucas (1989).
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Summary for Bismuth Phosphate Process Wastes. The residual MW, 1C, and 224
wastes in the tanks determined by this estimate and the HDW model are presented in
Table 5.21-2. This report estimates the residual bismuth phosphate tank wastes contain
890 MT of sulfate versus the 370 MT estimated by the HDW model.

Table 5.21-2. Estimated Amount of Sulfate in Bismuth Phosphate Tank Wastes, MT.

Process Present HDW model
estimate " (Agnew et al. 1996)

Bismuth Phosphate wastes produced | 4,380 3,810
Bismuth Phosphate wastes cribbed | 460 690
Bismuth Phosphate wastes sent to uranium 3,000* 2,750
recovery
Bismuth Phosphate wastes remaining in 920 - 370
single-shell tanks/double-shell tanks

HDW = Hanford defined waste
*Assumnes 99 percent.

The principal differences in the present estimate and the HDW model are the input
chemicals in the flowsheets assumed and the volume of cribbed bismuth phosphate flrst—cycle
and second-cycle wastes.

5.21.2.2 Uranium Recovery Wastes. The UR process began in 1952 to extract uranium
from the bismuth phosphate process MW stored in B, BX, BY, C, T, TX, and U tank farms.

Uranium Recovery Chemicals Added. The design basis flowsheet for the uranium
recovery process is provided in the Uranium Recovery Technical Manual (GE 1951a). The
flowsheet value for sulfate addition via ferrous sulfamate and sulfamic acid is 1,120 MT
sulfate for 7,500 MTU recovered. This 1,120 MT sulfate does not include potential use of
sulfuric acid or sodium sulfate to treat the UR solvent. The flowsheet lists sulfuric acid or
sodium sulfate as alternate solvent treatment chemicals to the phosphoric acid assumed in this
analysis (Section 5.17.2.2). The potential exists that the UR solvent treatment ultimately
used sodium carbonate.

The UR process operated with a highly variable feed due to variations in the quality of
retrieved metal waste sludges and supernatants. As a result, the UR flowsheet (GE 1951a) is
not expected to provide an accurate estimate of UR sulfamic acid, ferrous sulfamate and
sulfuric acid use. This is still the best information available.
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Cribbed Uranium Recovery Wastes. The HDW model analysis of transfer records
from the UR operation indicates that 62.5 vol %. of the total UR waste streams were cribbed
and 37.5 vol% of the total UR waste streams remained in the SSTs. Waite (1991) states that
155,000 m? (41 Mgal) of scavenged UR wastes containing 2,150 MT of sulfate was
discharged to cribs and specific retention trenches. The 2,150 MT of cribbed sulfate
represents 52 percent of the projected sulfate content in the UR wastes.

Summary for Uranium Recovery Process Wastes. Table 5.21-3 provides a summary
sulfate material balance for the UR process for this analysis and the HDW model.

Table 5.21-3. Estimated Amount of Sulfate in Uranium Recovery Wastes, MT.

Process Present estimate HDW model
(Agnew et al. 1996)

Bismuth Phosphate wastes sent to 3,000 2,750
Uranium Recovery
Uranium Recovery chemicals added 1,120 640
Uranium Recovery wastes produced 4,120 } 3,390
Uranium Recovery wastes cribbed 2,150 2,120
Uranium Recovery wastes 2,000 1,270
remaining in single-shell tank/
double-shell tanks

5.21.2.3 REDOX Process Wastes. According to the site production records, 19,706 MTU
were processed through the REDOX process from 1952 through 1966 (Appendix B). The
REDOX process flowsheets can be used to estimate the total amount of sulfate produced
during this production (Merrill and Stevenson 1955, Crawley 1960, Isaacson 1965, and

Boldt 1966). Based on these flowsheets, it appears that 138.4 MT of sulfate was produced in
the REDOX process from consumption of ferrous sulfamate and sulfamic acid.

Chemical purchase records can also be used to generate a separate estimate of net
sulfate consumption (McDonald 1968). According to these records, 30,000 kg (66,000 1b) of
Fe(NH,S0;), were consumed in the REDOX Plant from 1965 through 1966. This is
equivalent to 23.2 MT of sulfate produced from oxidation of the sulfamate. The site
production records indicate 2,604 MTU were processed through the REDOX Plant from
1965 to 1966 (Appendix B). This results in a recorded production of 8.9 kg sulfate in
REDOX process wastes per MTU processed.
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From 1952 to 1966, a total of 19,706 MTU were processed through the REDOX Plant
(Appendix B). Based on these figures and the assumption of 8.9 kg sulfate/MTU, it is
calculated that 175 MT of sulfate was produced by the REDOX process from ferrous
sulfamate and sulfamic acid. This sulfate content is 126 percent of the value predicted by the
REDOX process flowsheets.

Because the REDOX Plant product streams were frequently reworked, the plant
experienced frequent startups and shutdowns (five day a week operation for flowsheets 4
and 5), and specialty processing campaigns for neptunium and nonstandard fuel (performed
during the periods represented by Flowsheets 7, 8, and 9), the REDOX process flowsheets
can not be used to accurately account for all of the chemicals added to the process. The
flowsheet provides chemical usage at equilibrium operation. The nonstandard operations
result in chemical use higher than predicted by the flowsheets. Therefore, the reported
production of sulfate being 126 percent of the flowsheet values is consistent (Section 4.3.1).

The HDW model (Agnew et al. 1996) calculates a total of 311 MT SO, in the
neutralized REDOX high level wastes (R1 and R2) and REDOX cladding wastes (CWR1 and
CWR2).

5.21.2.4 PUREX Process Wastes. The PUREX process'came on line in January 1956.
The PUREX Plant processing can be broken down into three main periods: 1983 through
1989, 1965 through 1982, and 1956 through 1964.

1983 through 1989. The period from 1983 through 1989 processed Zircaloy®-clad fuel
exclusively. The NCAW during this period was effectively segregated in two DSTs and the
sulfate content can be determined by sample analysis.

The total sulfate use by the PUREX Plant in the 1983 through 1989 period is
summarized in Table 5.21-4 for this analysis and the HDW model.

Table 5.21-4. Estimated Amount of Sulfate in 1983 Through 1989 PUREX Process
Neutralized Current Acid Waste, MT.

Tank Present estimate HDW model (Agnew et al. 1996)
| P3 waste PL2 waste
241-AZ-101 62® 33 -
241-AZ-102 50° 19 -
Other double-shell tanks - 3 17
Total 134° 72

HDW = Hanford Defined Waste

PUREX = Plutonium-uranium extraction

#Shelton (1996), (from tank waste sample analyses).

®J. J. Hogan (personal communication), (from essential material records).
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Essential material usage records can be used to define the chemical consumption for the
PUREX Plant from 1983 to 1989 (Hogan 1992, and personal communication). J. J. Hogan,
per personal communication, also stated that 103 MT (227,800 1b) of ferrous sulfamate and
54.5 MT (120,100 1b) of sulfamic acid was used at the PUREX Plant from 1983 through
1991. This material would result in 134 MT of sulfate in the PUREX Plant tank wastes.

The basis for the PUREX process 1983 through 1989 wastes in Agnew et al. (1996) is
not defined. The quantities and distribution of sulfate in the P3 and PL2 wastes are defined

by volume, concentration, and distribution of P3 and PL2 wastes in the HDW model (Agnew
et al. 1996).

The NCAW sulfate content and potential sulfate distribution in the waste tanks is also
determined by samples (Hodgson 1995, Ryan 1995) and summarized in Shelton (1996). The
NCAW produced from 1983 through 1989 contains 62 + 50 = 112 MT total sulfate in the
combined sludge and supernatant (Table 5.21-4).

1965 through 1982. The site production records indicate 25,179 MTU and 629 MT of
thoria were processed in the PUREX Plant from 1965 through 1972 (Appendix B). The
PUREX Plant was maintained in standby from 1973 through 1982. Monthly essential
material usage records can be used to define the chemical consumption for the PUREX Plant
from 1965 through 1982 (McDonald 1968, McDonald and Hogan 1977, Hogan 1992). Data
from these essential material use records are summarized by year in Table 5.21-5.

| Table 5.21-5 shows that the total sulfate produced from essential material use by

PUREX Plant processing from 1965 through 1982 is 655 MT sulfate. The sodium sulfate
use in 1965 through 1967 was for fission product recovery by sulfate strike precipitation.
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Table 5.21-5. Sulfate Use in PUREX Process From 1965 Through 1982.

MT processed ~ Chemical use, MT
Year Aluminum- | Zirconium- | ThO, | Fe(NH,SO,), | NH,SO;H | Na,SO,
clad Uranium | clad Uranium
1965 5,385 5 90.7 16.3 142
1966* 3,806 197 80.8 12 119
1967* 4,459 123 69 17.4 23
1968° 3,393 427 84.6 17.9
1969° 2,568 228 63.2 12.8
1970° 555 92 427 33.6 5.1
1971 2,988 287 32.7 10.7
19720 552 416 17.9 6.2
1973-1982 0 0 0 0 0 0
Total 23,706 1,572 629 472 98 284
Subtotal - - - 366 97 192
SO,, MT
ggt‘:l MT 655°

PUREX = Plutonium-uranium extraction
*McDonald (1968) '
®McDonald and Hogan (1977)
“Total PUREX process sulfate from 1965 through 1982.

1956 through 1964. The third period covers the PUREX production process from
1956 through 1964. During this period, 42,320 MTU were processed in the PUREX Plant
(Appendix B). From 1956 through 1964, only aluminum-clad natural uranium fuel was
processed through the PUREX Plant.

Examination of the PUREX Plant processing history in Table 5.21-5 shows that 1965

and 1967 processed predominately aluminum-clad fuel. The thoria campaign in 1966 and
zirconium clad fuel after 1967 used a disproportionately high amount of ferrous sulfamate.
The average chemical usage in 1965 and 1967 was 16 kg of ferrous sulfamate/MTU and 3.4
kg of sulfamic acid/MTU.

Agnew (1995) identified a sulfate strike operation in the PUREX Plant during 1960 and

1961 based on examination of PUREX Plant monthly reports. This sulfate strike operation is
similar to the operation performed in 1965 through 1967 that used 284 MT of sodium
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sulfate. An allowance of 150 MT of sodium sulfate is assumed for the sulfate strike
operation in 1960 and 1961.

The resulting estimated chemical use in PUREX Plant from 1956 through 1964 is

shown in Table 5.21-6. The total PUREX process sulfate generation from 1956 through
1964 is estimated at 770 MT sulfate.

Table 5.21-6. Sulfate Use in PUREX Process From 1956 Through 1964.

MTU Estimated chemical use, MT ,
Year processed | Fe(NH;S80,),, NH,SO;H, Na,SO,,
@ 16 kg/MTU?* | @ 3.4 kg/MTU® allowance
1956 2,286 36.6 7.8
1957 3,989 63.8 13.7
1958 4,707 75.3 16.1
1959 4,635 74.2 15.9
1960 5,599 89.6 19.2 75
1961 5,438 87 18.7 75
1962 5,483 87.7 18.8
1963 5,024 80.4 17.2
1964 5,157 82.5 17.7
Total 42,318 677 145 150
Subtotal SO, MT - 524 144 100
Total SO,, MT 770

MTU = Metric ton uranium
PUREX = Plutonium-Uranium Extraction
*Total estimated PUREX process sulfate from 1956 through 1964.
Summary for PUREX Process Wastes. Sulfate use by the PUREX Plant is
summarized in Table 5.21-7. This analysis gives a total PUREX Plant sulfate generation of
1,560 MT sulfate based on the following:

1. Extrapolation of reported 1965 and 1967 usage for years 1956 through 1964
(770 MT sulfate, 50 percent of total).

2. Reported 1965 through 1982 usage (655 MT sulfate, 41 percent of total).

3. Reported 1983 through 1989 usage (134 MT sulfate, 9 percent of total).
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Sulfate use by the PUREX Plant for comparable periods in the HDW model
(Agnew et al. 1996) was not determined in this report. The HDW model PUREX Plant
sulfate use was combined with B Plant fission product recovery wastes for comparison. This
- comparison is shown in Section 5.21-3.

Table 5.21-7. Estimated Amount of Sulfate in PUREX Process Wastes, MT.

Years Estimated Sulfate.Content from Chemical Use, MT SO,
Fe(NH,S0;), | NH,SO;H Na,SO, Total
1956 - 1964 524 144 100 770
1965 - 1982 366 97 192 655
Subtotal, 1956 - 1982 890 241 - 292 1,425
1983 - 1989 80 54 - 134
Total, 1956 - 1989 1,560%

*Total estimated PUREX process sulfate from 1956 through 1989.

5.21.2.5 B Plant Process Wastes. Monthly essential material usage records can be used to
define the chemical consumption for B Plant and Tank Farms from 1965 through 1982
(McDonald 1968, McDonald and Hogan 1977, Hogan 1992). Data from these essential
material use records are summarized by year in Table 5.21-8. The sodium bisulfate and
sodium sulfate used from 1968 through 1979 was for strontium product purification before -
- encapsulation. B Plant also purified strontium in 1983-1984 and used an estimated 45 MT
sodium sulfate (personal communication, D. E. Place).

Table 5.21-8 shows that the total estimated sulfate use by B Plant and Tank Farms
processing from 1965 through 1982 is 152 MT sulfate.

Table 5.21-8. Sulfate Chemical Use in B Plant from 1965 to 1984. (2 Sheets)

Year Estimated Sulfate Content from Chemical Use, MT SO,
NaHSO, Na,SO,

1965 - 1967*

1968P 7

1969° 41

1970b 24

1971° 2 33

1972b 39
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Table 5.21-8. Sulfate Chemical Use in B Plant from 1965 to 1984. (2 Sheets)

Year Estimated Sulfate Content from Chemical Use, MT SO,
NaHSO, Na,S0,

1973% 29
1974° _ 13
1975° 5
1976° 8
1977° 1
1978° 6
1979° 1
1980 - 1982°
1983 - 19844 45
Total | 75 182
Subtotal SO,, MT 60 122
Total SO,, MT 182°

#McDonald (1968)

®McDonald and Hogan (1977)

“Hogan (1992) '

dPersonal communication, D. E. Place.

“Total B Plant sulfate use from 1965 through 1982.

5.21.2.6 Other Cribbed Wastes. Agnew et al. (1996) defines portions of waste streams
other than the bismuth phosphate and UR process wastes discussed above as having been
cribbed. These streams are identified in Agnew et al. (1996) as P1, CWP1, OWW1, DW,
T1-SItCk, and WTR. The fraction of the streams cribbed is from Agnew et al. 1996, pages
D-49 and D-53. The total sulfate in the streams is given by the volume and the
concentration. The summed products of these three values give a total calculated amount of
sulfate cribbed of 32 MT sulfate. '

This report’s analysis is based on the reported cribbed sulfate given by Waite (1991).
The cribbed sulfate content in bismuth phosphate and UR wastes given in the previous
sections includes all sulfate cribbed in the common crib and specific retention sites.
Therefore, any other cribbed wastes identified in Agnew et al. (1996) are included in the
bismuth phosphate or UR process values identified by Waite (1991) and no separate value is
identified by this report’s analysis.
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5.21.2.7 N Reactor Decontamination Wastes. Agnew et al. (1996) defined the residual
amount of N Reactor decontamination wastes in the DSTs after a single vault of
phosphate/sulfate waste grout was produced. The N Reactor decontamination waste stream,
(N) is defined in Agnew et al. (1996), pages B-4, B-20, and D-53, with compositions
attributed to Lucas (1989). The resulting Hanford Site residual N Reactor decontamination
sulfate inventory is 2 MT sulfate.

5.21.3 Best-Basis Estimate for Sulfate Inventory Value

Table 5.21-9 provides the results from this evaluation for sulfate, together with
comparable estimates from other sources. The best-basis global inventory for Hanford Site
tank waste is 5,000 MT of sulfate. This estimate is significantly higher than both the HDW
model estimate of 3,220 MT sulfate (Agnew et al. 1996) and the TWRS inventory value of °
2,040 MT sulfate (Shelton 1996).

Table 5.21-9. Estimated Amount of Sulfate in Hanford Site Tank Wastes, MT.

_ Present | HDW model TWRS
Process Wastes v estimate | (Agnew et al. inventory
1996) (Shelton 1996)
Bismuth Phosphate 920 370 NA
UR wastes 2,000 . 1,270 NA
REDOX 170 311 NA
PUREX (1956-82) and B Plant (1956-84) 1,740 1,230 NA
‘Other cribbed wastes - (32) NA
N Reactor decontamination 2 2 NA
PUREX (1983-89) 134 72 112
Total 5,000 3,220 2,040

DST = Double-shell tank

HDW = Hanford defined waste

NA = Not attributed to individual waste streams
PUREX = Plutonium-uranium extraction
REDOX = Reduction and oxidation

SST = Single-shell tank

TWRS = Tank Waste Remediation System

UR = Uranium recovery.

The present estimate is based on reported chemical consumption for REDOX, PUREX,
and B Plants, reported sulfate crib discharges for bismuth phosphate and UR processes, and
flowsheet values of chemical consumption for the bismuth phosphate process. The HDW
model is based on flowsheet waste compositions and waste transfer records from the Hanford
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Site processing plants. The TWRS inventory is based on the 1987 EIS estimate (DOE 1987)
of Hanford Site tank inventory in 1983 plus additions to the tank system after 1983.

The process wastes of PUREX and B Plant wastes from 1956 through 1982 and 1984
are combined in Table 5.21-9 for comparison purposes. The individual process contributions
in the HDW model (Agnew et al. 1996) are not cited in this report. The 1956 through 1983
value of 1,230 MT sulfate is determined by the difference of the total sulfate (3,220 MT
sulfate [Agnew et al. 1996]) and the sum of the individual streams discussed in previous
sections (1,990 MT sulfate). :

The current Hanford Site tank waste inventory estimate of 5,000 MT sulfate has the

highest uncertainty in the residual wastes produced by the bismuth phosphate and UR

processes. These wastes represent 60 percent of the estimated total. Both the current
estimate and the HDW model are based on flowsheets for additions and estimated crib
discharges for the bismuth phosphate and UR processes. The remaining 40 percent of the
estimated sulfate inventory is based on reported use of sulfate precursor chemicals resulting
in significantly lower uncertainty.

Tank sampling and analysis of sludges will not fully resolve the uncertainty because the
alkaline soluble sodium sulfate in the supernatants has resulted in a fairly wide distribution of
residual sulfate in tank supernatants and salt cakes.

5.22 STRONTIUM

Other than the "in-plant" scavenging operation at U Plant, no Hanford Site process is
known to have used strontium as a flowsheet material. Strontium was preferred to calcium
as a supplemental scavenging agent but was not always available. The bulk of the strontium
inventory is expected to be present in four SSTs that received UR waste treated by "in-plant”
scavenging. The localization of high strontium concentrations in these four tanks is
noteworthy.

Radioactive *Sr is, of course, widely distributed in the tanks but at low concentration.
An exception to this is 241-C-106, the "high-heat" tank. Past operations resulted in an
unusual concentration of *Sr in this tank.

Like calcium, strontium is frequently present as an impurity in many commercial
chemicals but strontium is normally a trace component relative to calcium.

The extremely low solubility of compounds like SrCO; and especially Sr3(PO,), limits
the removal of strontium from sludges by proposed sludge washing methods.
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5.22.1 Identification and Comparison of Strontium Inventory Values

The current revision of the HDW model (Agnew et al. 1996) distributes 167 MT of
strontium to SSTs and only 0.03 MT (30 kgs) to DSTs, with about 1 MT lost to the cribs.
By comparison, the TWRS inventory (Shelton 1996) accounts for 36 MT in SSTs and about
0.6 MT (600 kgs) in DSTs. ‘

Table 5.22-1. Current Reported Values for Strontium.

Single-shell Double-shell
tanks (MT) tanks (MT)

HDW model (Agnew et al. 1996) 167 167 0.03

All tanks (MT)

Tank Waste Remediation System
Inventory (Shelton 1996)

HDW = Hanford Defined Waste.

37 36 0.6

5.22.2 Strontium Inventory Evaluation

The addition of strontium to UR waste scavenged *°Sr by co-precipitation with
Sr3(PO,),. The table of "chemicals added" in Appendix B of the HDW model document
(Agnew et al. 1996) assigns the source of strontium to the 224 waste stream. The HDW
model bears out in its tank-by-tank results (Appendix E) that virtually all of the strontium is
routed to SSTs containing 224 waste. This apparently is an error in defining stream
compositions because the document referenced by Agnew et al. for the composition (Lucas -
1989) does not show strontium in 224 waste, and furthermore, the HDW "in-plant"
scavenged stream shows no strontium, which is where it would be expected.

5.22.2.1 Fuel Fabrication. The strontium content of fuel is not known, but it is reasonable
to assume that fuel made no significant contribution to the inventory.

5.22.2.2 Fission Product Strontium. Four primary isotopes of fission product strontium
were produced in Hanford’s reactors. Table 5.22-2 shows that radioactive *°Sr and the stable
88Sr persist; the short-lived 3Sr and 'Sr were essentially gone within two years of discharge
from the reactor. The Hanford Site produced approximately 100 MCi *°Sr. About

95.4 percent of the *Sr remained after two years of decay, and at that point in time,
accounted for 60 wt% of the fission product strontium. The *°Sr continued to decay over the
years but ®3Sr remained constant. Multiple ORIGEN2 code runs which simulate the time
integrated generation and decay of radionuclides in Hanford reactor fuels indicate that as of
January 1, 1994 (the decay date basis used in Section 6), **Sr would account for only

43 wt% of total fission product strontium. This document estimates that as of

January 1, 1994, approximately 72 MCi *°Sr reside in the tanks, another 26 MCi are
encapsulated, and roughly 7 MCi are distributed to offsite facilities, plant residuals, and solid
waste. There is, therefore, 0.52 MT of *Sr in the tanks. Assuming that isotopic ratios for
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strontium remaining in tanks are the same as for fuels before chemical separations, the total
fission product strontium in tanks is estimated to be 1.2 MT (0.52/0.43 = 1.2).

Table 5.22-2. Fission Product Strontium in 9 Percent Mark IV Fuel (Hedengren 1985).

Grams of Sr per MT of fuel
Sr isotope - At discharge After 2 years
88Sr v - 22.57 _ 22.59
89Sr 10.30 0.00046
28r ‘ : 35.56 33.91
olSr 0.12 nil
Total Fission Sr 68.55 ' 56.50

5.22.2.3 Chemical Process Operations. Chemical processing introduced strontium to the
waste through intentional routine additions. Initially, UR wastes were scavenged only by
ferrocyanide to remove ’Cs, Calcium was introduced later as a supplemental scavenging
agent to remove *°Sr, eventually to be replaced by scavenging with nonradioactive strontium.
Four SSTs (241-BY-106, 107, 108, and 110) received 57 batches of "in-plant” scavenged
waste. An interim report on the scavenging process, covering the filling of the first 30
tanks, shows that twelve were treated with strontium (Abrams 1956). The total strontium
usage for those twelve tanks was 9.28 MT. Assuming that the remainder of the "in-plant"
batches was scavenged at the same flowsheet conditions (0.004M Sr), total strontium
consumption would be 29.14 MT. This compares favorably with the reported usage of
140,000 1b of Sr(NO;), (Stedwell 1957), which is equivalent to 26.70 MT of strontium.
Stedwell’s report was issued four months prior to the last "in-plant" batch so it may not
account for all the strontium.

As a general observation, analytical results for Tanks 241-BY-108 and 241-BY-110
confirm a high concentration of strontium in the waste compared to other tanks.

The operating procedure for "in-farm" scavenging (Sloat 1955) indicates that
scavenging with strontium was tested in the laboratory but the processing records show that
strontium was never used (Jeppson 1993). "In-farm" scavenging was implemented for
200 East Area waste, but not in 200 West Area. The only known use of strontium,
therefore, was for "in-plant” scavenging.

Klem (1990) indicates that Sr(NO;), was used in the 300 Area laboratories, but the
quantities were most certainly small. There is also some question about the final destination
of lab wastes.
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5.22.2.4 Process Chemical Impurities. It is reasonable to assume that whenever calcium is
present as an impurity, strontium would also be present at about 1/10 the concentration.
Based on the discussion of calcium impurity in NaOH (see Section 5.3.2.3), one would
project less than 1 MT of strontium from commercial grade caustic. This amount appears to
be consistent with the isotopic dilution that occurred between the strontium in two year old
fuel (60 wt% *°Sr) and the strontium recovered in B Plant operations (49 wt% °Sr).

5.22.2.5 Summary of Strontium Evaluation. The sources evaluated in Sections 5.22.2.1
through 5.22.2.4 account for 31.3 MT of strontium. This is in reasonable agreement with
the TWRS Inventory value of 37 MT, whereas the HDW model estimate of 167 MT was
based on an erroneous defined waste composition as noted above.

5.22.3 Best-Basis Estimate for Strontium Inventory

For the best-basis estimate it is recommend that 31.3 MT of strontium be used. Also,
it is important to note that virtually all of the strontium probably resides in four tanks
(241-BY-106, 107, 108, and 110) that received "in-plant" scavenging waste. Fission product
strontium, a small fraction of the total, is widely distributed.

5.23 TOTAL ORGANIC CARBON
The following were the primary sources of total organic carbon (TOC) in tank wastes:
1. Solvent losses from the UR, PUREX, and B Plant solvent extraction processes.
2. Equipment flushing reagénts used at the PUREX Plant.
3. Fission product recovery using organic complexants.
4. Decontamination solutions.

TOC exists as several anions. Multivalent metal salts of oxalate are generally
insoluble; monovalent salts are sparingly soluble. Metal salts of the organic complexants are
generally soluble. The solvent losses from UR, PUREX, and B Plant solvent extraction
processes can form a separate immiscible organic phase if the organic exceeds the solubility
limit in a waste supernatant aqueous phase. In the Hanford wastes, greater than 90 percent
of the TOC is expected to be water soluble upon retrieval.

5.23.1 Identification of Total Organic Carbon Inventory Values

The reported global TOC inventory values are 1,805 MT (HDW model, Agnew et al.
1996), 1,142 MT (TWRS, Shelton 1996), and 4,000 MT by this report.
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The methodology and analysis to obtain a total global TOC inventory of 4,000 MT
TOC is contained in Section 5.23.2.

5.23.2 Total Organic Carbon Inventory Evaluation

The Hanford Site tank TOC inventory is estimated by computing the total amount of
TOC added to each of the separations processes and subtracting the amounts of TOC in the
wastes that were discharged to cribs and trenches. Crib transfers are used to estimate the
average TOC concentration and total volume of BiPO, and UR process wastes that were left
in the tanks (Waite 1991, Anderson 1990). Other sources of useful information include the
following:

1. Process ﬂowsheeis (Schneider 1951 and GE 1951b).

2. Tank transaction records and estimates from the HDW model (Agnew et al. 1995a
and Agnew et al. 1996, respectively).

3. Partial chemical usage summaries (McDonald 1968, McDonald and Hogém 1977,
and Hogan 1992).

These sources are used to develop TOC inventory estimates for each of the chemical
separations processes.

The Hanford Site tank TOC inventory is estimated by computing the total amount of
TOC added to each of the separations processes. The primary process sources of TOC were

~ from the PUREX and fission product recovery solvent extraction processes. The BiPO,

recovery process limited organic use to oxalate precipitation. The UR process and REDOX
process also used organic solvents.

Organic discharges to process condensate cribs were assumed to be 80 percent of the
solvent extraction diluent losses to tank farms from the PUREX and B Plant fission product
recovery operations. The actual evaporation of diluent may approach 100 percent. The
resulting 20 percent residual diluent in tank wastes results in a conservative basis to calculate

TOC.

5.23.2.1 Bismuth Phosphate Process Wastes. The bismuth phosphate process started up at
T Plant in December 1944, and at B Plant in April 1945, and continued until 1952 in B Plant
and until 1956 in T Plant. The site production records indicate that 7,800 MTU were
processed in the bismuth phosphate plants from 1944 to 1956 (Appendix B).

An estimate of chemical usage in the BiPO, processing is developed in Appendix C
based on the flowsheet by Schneider (1951). Comparable HDW TOC values are obtained
from the "waste volume out" and "TOC concentrations" of the HDW. The HDW TOC
concentrations used are attributed to Jungfleisch (1980, 1983, 1984) and Lucas (1989).
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The TOC usage in the BiPO, processing is shown in Table 5.23-1 for the Schneider
(1951) flowsheet (Appendix C) and for the HDW model (Agnew et al. 1996).

Table 5.23-1. Amount of Total Organic Carbon in BiPO, Process Wastes, MT.

Waste stream Present estimate HDW model
(Agnew et al. 1996)

Metal waste (MW) | 0 0
First decontamination cycle and 0 0
coating waste (1C/CW)
Second decontamination cycle (2C) 0 0
224 Waste

as oxalate ion, MT 461 83

as Total Organic Carbon, MT 126 . 23
Total Organic Carbon, MT 126 23

HDW = Hanford Defined Waste.

Cribbed BiPO, Wastes. Portions of BiPO, waste streams were disposed to cribs and
specific retention trenches following settling of solids in a cascaded series of SSTs (Waite
1991). The solubility of oxalate in cribbed supernatants is assumed to be zero. The
resulting total TOC discharged to cribs and specific retention trenches is 0 MT TOC in
259,000 m? (68.5 Mgal) (Walte 1991).

The waste from the 244-T and 244-B Buildings was originally routed to tanks 241-T-
361 and 241-B-361, respectively, and in turn overflowed to dry wells or cribs. Oxalate
would have been present as an insoluble compound, and most should have settled out in the
tanks. Tank 241-T-361 was active from 1944 to 1947, and tank 241-B-361 was active from
1945 to 1947 (Freeman-Pollard 1994). These concrete tanks are not part of the DST or SST
systems. An estimate based on the MTU processed during those years indicate that up to
25 percent of the oxalate or TOC (31 of the 126 MT TOC) could remain in these two tanks
or the associated dry wells/cribs. The remaining 95 MT TOC would be in the SSTs and
DSTs.

The HDW model estimates 0.7 MT TOC were cribbed from the BiPO, 224 wastes in
5,530 m3 (1.46 Mgal) (Agnew et al. 1996). The HDW estimate for BiPO, wastes is obtained
from the crib volume and the supernatant TOC concentration of Agnew et al. (1996). The
TOC concentrations are attributed to Jungfleisch (1980, 1983, 1984) and Lucas (1989).

Summary for BiPO, Process Wastes. The residual MW, 1C and 224 wastes in the
tanks determined by this estimate and the HDW model are presented in Table 5.23-2. This
report estimates the residual BiPO, tank wastes contain 126 MT of TOC versus the 22 MT
estimated by the HDW model.
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Table 5.23-2. Estimated Amount of Total Organic Carbon in BiPO, Tank Wastes, MT.

. Present HDW model
BiPQ, waste stream estimate (Agnew et al. 1996)
BiPO, wastes produced 126 23
BiPO, wastes cribbed 0 0.7
BiPO, wastes sent to uranium recovery 0 0
BiPO, wastes in 241-B-361 and 241-T-361 31
tanks
BiPO, wastes in single-shell and double-shell 95 22
tanks :

HDW = Hanford Defined Waste.

The principal differences in the present estimate and the HDW model for BiPO, wastes
are the volume of 224 wastes, 114.3 ML and 31.4 ML, and concentration, respectively
(Appendix C and Agnew et al. 1996).

5.23.2.2 Uranium Recovery Process Wastes. The UR process began in 1952 to extract
uranium from the BiPO, process MW stored in B, BX, BY, C, T, TX, and U tank farms.

Uranium Recovery Chemicals Added. The design basis flowsheet for the UR process
is provided in the Uranium Recovery Technical Manual (GE 1951a). TOC use in the UR
process was limited to solvent losses to the tank wastes. The design basis flowsheet does not.
give a basis for solvent losses.

The PUREX process losses to tanked wastes were evaluated by Sederbug and Reddick
(1994) as 747 MT TBP and 1,300 MT diluent during the PUREX life while processing '
71,400 MTU.. With the assumption of 20 percent residual diluent in the tank waste after
evaporation, this results in 8.7 kg TOC in tanked wastes per MTU. This analysis uses the
PUREX value of 8.7 kg TOC/MTU for the 7,500 MTU processed at UR for a total of

- 65 MT TOC.

For the HDW model the amount of TOC added during UR is the difference in the TOC
content between the UR wastes produced and the BiPO, wastes sent to UR. The HDW
model TOC values in the UR wastes produced (7.1 MT TBP containing 3.8 MT TOC) are
obtained from the "waste volume out” and "TOC concentrations" of the HDW model.
Subtraction of the TOC inventory to UR (0 MT TOC) gives a 3. 8 MT TOC chemical
addition in UR.
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Cribbed Uranium Recovery Wastes. The HDW model (Agnew et al. 1996) analysis -
of transfer records from the UR operation indicates that 157,000 m® (41.6 Mgal) or
62.5 vol% of the total UR waste streams were cribbed and 37.5 vol% of the total UR waste
streams were routed to the SSTs. This analysis assumes 25 MT TOC cribbed in UR wastes
and 40 MT TOC in residual UR wastes.

The HDW model UR waste TOC distribution is 62 percent (2.4 MT TOC) to the cribs
and 38 percent (1.4 MT TOC) to the SSTs. The HDW model estimate for UR wastes is
obtained from the crib volume and the supernatant TOC concentration of Agnew et al.
(1996). The TOC concentrations are attributed to Borsheim and Simpson (1991) and Sloat
(1954).

Summary for Uranium Recovery Process Wastes. Table 5.23-3 provides a summary
TOC material balance for the UR process for this analysis and the HDW model. This report
and the HDW model estimate the residual UR tank wastes contain 25 and 1.4 MT of TOC,
respectively. '

Table 5.23-3. Estimated Amount of Total Organic Carbon in
Uranium Recovery Wastes, MT.

Process Present estimate HDW model
(Agnew et al. 1996)
BiPO, wastes sent to UR 0 0
UR chemicals added 65 3.8
UR wastes produced 65 3.8
UR wastes cribbed 40 2.4
UR wastes in single-shell/double-shell tanks 25 1.4

HDW = Hanford Defined Waste
UR = Uranium recovery.

5.23.2.3 REDOX Process Wastes. The REDOX process used hexone as a process solvent.
Hexone has a high volatility and no hexone is assumed to have been discharged to the tank
farms in process wastes. The other use of organic at REDOX was an oxalic acid regenerant
of silica gel columns. The silica gel columns provided a final decontamination of the .
REDOX uranium product stream. The flowsheets show oxalate use of 2.5 to 2.7 kg/MTU.
This use for 19,700 MTU at REDOX results in a calculated 51 MT oxalate or 18 MT TOC.

This is supported by examining the composition of tanks 241-S-104 and 241-SX-108.

Tank 241-S-104 contains 2,840 kg of TOC in 408.8 m® (108 kgal) of R1 (REDOX process
high-level) waste and 90.8 m® (24 kgal) of CWR1 waste (REDOX process cladding waste)
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(Agnew et al. 1995b). Tank 241-SX-108 contains about 500 kg of TOC in 333.1 m’
(88 kgal) of R1 and R2 (REDOX process high-level) waste.

This concentration of TOC could result in several 10s of MT of TOC in the REDOX
sludges. Additional potential sources of TOC in REDOX wastes could be degraded solvent
in the hexone still bottoms that were routed to the HLW, organics discharged from the 222-S
laboratory, process equipment lubricants lost to the process cells, degraded paints and
coatings, decontamination agents, and ion exchange resins.

This analysis assumes 30 MT of TOC in the REDOX wastes. The HDW model
assumes zero TOC in the REDOX wastes.

5.23.2.4 PUREX Process Wastes. The TOC content in PUREX wastes originates from
TBP/diluent solvent losses to the wastes, equipment flushes using oxalic-nitric acids and
