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BASES FOR SOLID WASTE VOLUME ESTIMATES
FOR TANK WASTE REMEDIATION SYSTEM

1.0 INTRODUCTION

This document presents the background and basis for the Tank Waste Remediation
System (TWRS) forecast for solid waste submitted in June 1996. The forecast was generated
for single-shell tank (SST) and double-shell tank (DST) activities including operations
through retrieval and disposal of chemical tank waste. The solid waste forecast prepared
using these bases is contained in Appendix A.

2.0 TANK WASTE REMEDIATION SYSTEM PROGRAM BASES

The long-length contaminated equipment (LLCE) and other SST retrieval waste are
handled according to the agreement reached with the U.S. Department of Energy (DOE
1996).

SST retrieval waste represents the waste generated by operations and maintenance
during retrieval operations. Disposal of the equipment used for retrieval is included in the
LLCE.

Solid waste will also be generated by the processes that pretreat the waste and the
processes that vitrify the waste. These processes are used during the Phase I and Phase II
operations described in Section 2.2.

2.1 SINGLE-SHELL TANK LONG-LENGTH EQUIPMENT

LLCE will consist of existing equipment and instrumentation used in tanks and
equipment for the retrieval of tank waste.

For retrieval of tank waste, each tank will have from one to three sluicers installed.
On average each tank will be assumed to have two sluicers installed until more detailed
planning is available. The sluicer for 241-C-106 is about 5.5 m (18 ft) long and has a flange
about 79 cm (31 in.) in diameter.

For retrieval, each tank will have one pump installed for removal of the slurry
generated by the sluicers. Final cleanout will probably require the installation of a second
pump for heel removal. Some pump failures and replacement are also expected. Two
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pumps are assumed for each tank during sluicing. The pump installed in 241-C-106.is about
9 m (30 ft) long, collapsible to about 4.5 m (15 ft). The flange diameter is unknown but
should be in the range of 0.76 to 1.14 m (30 to 45 in.).

For 2.84-ML (750,000-gal) and 3.8-ML (1-Mgal) tanks, the sluicers are expected to be
the same as the sluicer for 241-C-106. The pumps in the larger tanks will need to be longer.
The pumps for 2.84 ML tanks should be collapsible to 7.6 m (25 ft) in length. The pumps
for 3.8-ML (1-Mgal) tanks should be collapsible to about 9.8 m (32 ft) in length.

2.2 TANK WASTE REMEDIATION SYSTEM PROCESSING
(PRETREATMENT AND VITRIFICATION)

Phase I processing represents the demonstration phase and includes retrieval (from
DST), in-tank sludge washing, supernatant pretreatment, low-level waste (LLW)
immobilization, and an optional high-level waste (HLW) immobilization. Also included are
interim storage of immobilized waste and disposal of immobilized waste.

Phase II processing is full scale operation and includes waste retrieval, interim storage
of wastes, supernatant pretreatment, sludge/solids pretreatment, LLW immobilization, HLW
immobilization, and interim storage of immobilized waste.

Phase I and Phase II use privatized contractor facilities for some of the functions and
on site DOE government owned contractor operated facilities for some of the other functions.
The amount and type of generated solid waste is expected to be approximately the same
regardless of where the privatized line is drawn. In addition, the request for proposal for
this work has the DOE responsible for handling the solid waste generated by the privatized
facilities.

Phase 1 privatization begins June 2002 and runs through June 2007; additional
operations may occur through 2011 (Washenfelder 1996).

Phase II operations for LLW are 2011 to 2021,
Phase 11 operations for HLW are 2013 to 2028.

Solid waste from Phase I are returned to DOE. The solid waste generated during
Phase I operations are included in the solid waste estimates.

Solid waste generated from Phase II are included in the solid waste estimates.
The solid waste forecast does not include the immobilized tank waste.

The preliminary schedule for transfer of HLW solids to processing and for transfer of
low-activity waste (LAW) solutions to the private contractors are used to estimate the kind of
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solid waste generated. Phase I generates some solid waste from equipment failures due the
demonstration nature of the processing. Two private contractors may be operating facilities
during Phase 1. However, the total volume of solid waste generated during Phase I is limited
by its relatively short duration.

The preliminary retrieval schedule for SST is used to predict when solid waste is
generated by Phase II. The throughput capacity of Phase II facilities is much greater than
Phase 1. A review of the waste generated by the Plutonium-Uranium Extraction (PUREX)
plant in the 1980’s is used to assist in the estimation of solid waste from this larger facility.
2.3 PHASE I FEED

The sources and volume of Phase I feed are shown below.

Washed high-level waste (HLW) solids:

FY 2002 101-AZ 380,000 L (100,000 gal)
FY 2003 101-AZ, 102-AZ 760,000 (200,000)

FY 2004 102-AZ 760,000 (200,000)

FY 2005 102-AZ, 102-AY 1,140,000 (300,000)
FY 2006 102-AY 1,140,000 (300,000)
FY 2007 102-AY 1,140,000 (300,000)
FY 2008 102-AY 760,000 (200,000)

LAW solution:

FY 2002 DN, DSSF 7.7 ML
FY 2003 DSSF, NCRW 8.4
FY 2004 DSSF 6.3
FY 2005 DSSF 2.9
FY 2006 DSSF 3.8
FY 2007 NCAW, CC 5.0
FY 2008 CC 3.9
FY 2009 DSS 3.5
FY 2010 CC 4.4
FY 2011 NCAW 1.5
CC = Complexant concentrate

DN = Dilute, non-complexed

DSS = Double-shell slurry

DSSF = Double-shell slurry feed

NCRW and NCAW = the supernatants from the respective NCAW and NCRW tanks.
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2.4 SINGLE-SHELL TANK RETRIEVAL SEQUENCE

Retrieval of waste from SSTs begins in fiscal year 2004 and continues through 2018.
Below is the initiation year for SST retrieval by tank farm.

FY 2004 AX 1 tank
A 1tank
C 2 tanks
FY 2005 A 2 tanks
SX 1 tank
AX 2 tanks
FY 2006 SX 1 tank

FY 2007

%
<

3 tanks

FY 2008

%)
>

2 tanks
6 tanks
FY 2009 4 tanks
2 tanks
1 tank

>

FY 2010 7 tanks
1 tank
1 tank
FY 2012 2 tanks
4 tanks

4 tanks

WHWwy CrO pcCcO <

;a§w0_<x
© ©
% 54
B

-
-
~

FY 2013 BY 2 tanks
SX 2 tanks

TX 4 tanks
TY 3 tanks



WHC-SD-WM-TI-777
Revision 0

FY 2014 B 1 tanks
BX 2 tanks
BY 3 tanks
S 2 tanks
SX 3 tanks
T 5 tanks
TX 5 tanks
TY 1 tanks

FY 2015 B 1 tank
BX 1 tank
BY 2 tanks
S 3 tanks
TX 1 tank
U 2 tanks

FY 2016 B 4 tanks
BX 3 tanks
BY 2 tanks
S 3tanks
SX 1 tank
T 2 tanks
TX 6 tanks

FY 2017 B 6 tanks
BX 2 tanks
BY 1 tanks
S 2 tanks
U 5 tanks

(This count of tanks includes both 100 and 200 series tanks. The 200 series tanks are four
each in B Farm, C Farm, T Farm, and U Farm. Waste from 241-C-106 was assumed to be
previously retrieved.)
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3.0 SOLID WASTE VOLUME AND CATEGORY BASES

31 SINGLE-SHELL TANK LONG-LENGTH EQUIPMENT

The long-length equipment for disposal consists of existing installed equ1pment plus the
sluicers and pumps used for retrieval.

The existing long-length equipment in SST was identified by tank farm, type and
number of equipment pieces. The total number of equipment pieces in SST was estimated to
be 860 (Galbraith 1996). The table of these equipment pieces is contained in Appendix B.
All of these equipment pieces were assumed to be removed before retrieval equipment is
installed. This conservative assumption produced a total volume of waste that is less than the
number estimated in previous forecasts. This equipment was allocated to individual tanks
farms based on the estimated existing equipment inventory.

A Farm 85 equipment pieces
AX Farm

B Farm 33
BX Farm 76
BY Farm 101
C Farm 96
S Farm 52
SX Farm 110
T Farm 51
TX Farm 89
TY Farm 2
U Farm 100

Some of this equipment may not need to be removed to support retrieval of tank waste.
At least three to four risers per tank are expected to be utilized for retrieval equipment and
instrumentation. Existing equipment in the risers to be used by retrieval operations will
require removal. Some equipment in other risers may interfere with sluicer operations and
will also require removal. Under the best of conditions, the total count of existing equipment
pieces requiring removal is expected to be 400 to 500. When specific plans are established
for retrieval equipment on a tank-by-tank basis, refined estimates of the solid waste volume
can be prepared.

The length and diameter of equipment was estimated based on installed equipment lists
for each farm (Roach 1995). Based on the equipment sizes, the number of each container
size was identified for each tank farm. A standard "square long equipment container (LEC)"
was used for each piece of equipment. The LEC dimensions and volumes were provided in
the solid waste spreadsheet (SWIFT) provided by solid waste programs.

The schedule for the removal of the equipment was determined based on the latest
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estimate of the SST retrieval sequence (Penwell 1996). The retrieval sequence is estimated
by tank. For purposes of the forecast, the sequence was identified by tank farm. As an
example, in 2004, retrieval of waste from one A Farm tank begins, retrieval from one AX
Farm tanks begins, and retrieval from two C Farm tanks begins. The equipment in these
tanks was assumed to be removed in 2001, three (3) years before retrieval is scheduled to
begin. Likewise for all of the SST, the existing equipment is removed three (3) years before
retrieval is scheduled to begin.

With an estimate of the equipment in each tank farm and how many tanks are to be
retrieved per year, the removal of equipment was prorated for each year from 2001 through
2014. (SST retrieval starts in the tanks from 2004 through 2017.)

Other long-length equipment will be generated by the disposal of retrieval equipment,
sluicers and pumps. From one to three sluicers and one pump are expected to be used in
each tank for retrieval operations. Of these, about one sluicer per tank and one pump per
tank was assumed to require disposal as long-length equipment. This set of assumptions is
expected to be conservative because some sluicers and pumps will be reused and those that
are not reused are expected to be left in the tanks and disposed in the same manner as the
tanks (DOE 1996).

All of the retrieval pumps and sluicers have some capability for retraction that permits
a shorter container can be used for storage and disposal. All of the retrieval equipment is
expected to fit into the containers that are 8.53-m (336-in.) long except the pumps removed
from the 3,800 m* (1 Mgal) tanks which will require containers 12.8 m (504 in.) long. In
total, 140 sluicers and 140 pumps were identified for disposal as solid waste.

The schedule for the retrieval equipment disposal was assumed to be the same as the
start date for retrieval. This will conservatively assure that containers are available and
storage space is allocated when needed.

3.2 SINGLE-SHELL TANK RETRIEVAL

The solid waste in the SST retrieval category is the waste generated by SST retrieval
operations. The volume of solid waste used in the this forecast is the same as used in the
previous forecast. The volume of waste was prorated over the retrieval schedule based on
the number of tanks being retrieved per year.

3.3 SOLID WASTE FROM FUTURE FACILITIES

The future facilities for processing and disposal of tank chemical waste are not well
defined. In about two years, conceptual designs for the Phase I facilities are scheduled to be
completed. As the conceptual designs are completed and progress is made toward more
detailed designs, the accuracy of estimates for solid waste generation should improve. Until
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designs are available, estimates are very preliminary and have to estimated based on
knowledge of former processing facilities such as PUREX or B Plant. The feed rates
required for the future facilities provides some measure of the size of facilities (Slaathaug
1996). In addition, the designs of canceled projects such as the Hanford Waste Vitrification
Plant (HWVP) and Interim Pretreatment Module (IPM) provide a general idea of the
equipment and processes that are expected in future facilities.

3.3.1 High-Level Vitrification Plant

The solid waste from the high-level vitrification plant (HLVP) was estimated based on
the annual production of solid waste by the PUREX plant during operations in the 1980°s.
The Phase II operations include a large facility and is expected to generate an amount of
waste equivalent to the PUREX plant. The PUREX plant typically generated about 1,600 m?
of solid waste per year in the 1980’s. The HLVP is expected to include some pretreatment
processes and solid wastes generated by these processes are included in the forecasted
volumes. In previous solid waste forecasts, the pretreatment processes had been included in
a separate facility. The Phase I plant is a demonstration facility and is expected to generate
about one fifth as much solid waste on an annual basis as the Phase II facility.

3.3.2 Low-Level Vitrification Plant

The Phase II low-level vitrification plant (LLVP) is a very large facility and is expected
to generate an amount of waste equivalent to twice the volume of solid waste generated by
the PUREX plant. The LLVP will have pretreatment processes and the solid waste
generated by these processes are included in the forecasted volumes. In previous solid waste
forecasts, the pretreatment processes had been included in a separate facility. The Phase I
plant is a demonstration facility and is expected to generate about one fifth as much solid
waste on an annual basis as the Phase II facility.

3.4 WASTE CATEGORIES

In addition to the volume, the solid waste forecast requires the type of waste be
identified by hazard category and radionuclide category. All of the solid waste from the
tanks were considered to be mixed waste, having both a hazardous component as defined by
RCRA and a radionuclide component. Most of the waste coming from tanks is considered to
be remote handled except for tanks that largely contain transuranic (TRU) waste without a
large concentration of radioactive cesium and strontium.

Retrieval operations, the high level vitrification plant, and the low level vitrification
plant have both contact handled and remote handled waste. The breakout of waste into the
various categories was based on past solid waste forecasts (Valero 1996) and waste generated
by former plants (Duncan 1993).
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Most of the curies in SST are *Sr and *’Cs. These two elements and their daughters
make up between 95 percent and 99 percent of the total curies. Most of the equipment
removed from tanks will be greater than the category I limit for these radionuclides but less
than the category IIT limit. The category I limit for *Sr is 4.3 x 10 Ci/m®. The category
111 limit is 1.5 x 10* Ci/m? (15 Ci/L). The category I limit for '3’Cs is 6.3 x 10" Ci/m?.
The category IH limit is 1.3 x 10* Ci/m® (13 Ci/L). The sum of the fractions rule is used to
determine the category when more than one radionuclide is present.

Waste from the retrieval operations and the vitrification plants will include some
category I waste and some category III waste. None of the waste from the tanks, retrieval
operations, or the vitrification plants is expected to be greater than category III. The highest
concentration of cesium in any one tank is about 2 Ci/L in DST 241-AZ-101. The highest
concentration of strontium is about 7 Ci/L (in about 867,000 L) in SST 241-C-106.
Retrieval operations and other processing will generally tend to dilute the radionuclide
concentrations. Some exceptions to this rule may occur during pretreatment processes, but
the category I limit should not be exceeded for any solid waste generated during the
operation of these processes.

3.5 DETERMINATION OF TRANSURANIC POTENTIAL FOR TANK EQUIPMENT

The amount of TRU equipment removed from tanks is significantly affected by an
agreement reached with the DOE (1996). Equipment that has not been removed from tanks
would be included in the closure plans for the tanks. All equipment removed from SSTs
after 2003 will be decontaminated to non-TRU levels. To determine the amount of TRU
equipment removed from tanks through 2003, the inventory of solid chemical waste in each
of the SSTs was reviewed. Most of the curies of TRU constituents are contributed by
plutonium and americium. Very few of the SSTs have a combination of TRU solids and a
significant sludge depth.

In order for heavy equipment removed from a tank to be classified as TRU, the
concentration of TRU must be 100 nCi/g (1 x 107 Ci/g) of total waste. The total weight of
the equipment and any contamination is considered in making the TRU designation (DOE ~
1995). Tank equipment varies in weight from a few hundred pounds (e.g., 150 Ibs to 500
1bs) to several thousand pounds (150 lbs is 68,000 g; 5,000 Ibs is 2.26 million g). To
contaminate 150 Ibs of waste to TRU levels would require only 0.007 curies of TRU. To
contaminate 5,000 lbs of waste to TRU levels requires 0.23 curies of TRU.

Fortunately, the maximum concentration of plutonium in any SST is about
1.3 x 10°° Ci/g in Tank TX-118. About 538 g of this waste would be required to make
150 lbs of waste TRU. About 18 kg of this waste would be required to make 5,000 Ibs of
waste TRU. Only four other tanks have a significant potential for TRU contamination based
on the TRU concentration in the tank and a significant volume of solids. A large volume of
solids is required to contaminate more than the tip of the equipment. A small amount of
contamination on the end of the equipment to cause a TRU designation.

10
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Eighteen other tanks have some potential for creating TRU waste based on the
concentration of TRU in the solids and the amount of solids in the tanks. None of the five
tanks with significant TRU solids are scheduled for retrieval through 2003. Only one of the
eighteen tanks with some potential for TRU contamination is scheduled for retrieval through
2003. However, if equipment is pulled out of tanks three years before retrieval begins, a
total of seven out of the 18 tanks are affected. The probability of very long, light-weight
equipment in these tanks being TRU is estimated to be in the range of 10 percent to
50 percent. Based on this estimate some of the long-length equipment removed during the
years 2001, 2002, and 2003 may be TRU and was included in the forecast.

Based on the experience with Tank 241-SY-102, which had equipment removed which

was TRU and contact handled, one-half of the TRU equipment was classified as contact
handled and one-half as remote handled.

11
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APPENDIX A

SOLID WASTE FORECAST

A-1
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