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1.0 INTRODUCTION

11 Purpose

The purpose of this document is to provide estimated inventories of radiological and chemical
constituents in the residual material in the H-Area Tank Farm (HTF) waste tanks and ancillary
equipment at the time of closure to support Performance Assessment (PA) modeling.

12 Scope

The estimated inventories apply to the 29 underground waste tanks and specified ancillary
equipment in HTF and include radiological and chemical waste constituents based on projections
of total HTF tank residual material at closure.

1.3  Waste Tank Closure Inventory Approach

The Savannah River Site (SRS) used the following general approach for estimating radiological
and chemical inventories for use in the HTF PA:

e The contaminant screening process consisted of several steps to arrive at an appropriate
list of isotopes to be included in the HTF closure inventory estimates to be used in the
HTF PA modeling. An initial radionuclide screening process was developed and
performed to evaluate 849 isotopes. [CBU-PIT-2005-00228]

e A screening process was also utilized to develop the list of chemical constituents.

e [Initial inventory estimates were developed using both residual material concentrations
and volumes estimates.

e Adjustments were made to the initial inventory estimates to develop the final inventory
estimates. These adjustments were made to produce reasonable conservative estimates.

e The Type II tank annuli (Tanks 13 through 16) were assumed to contain residual
material, including the sand bed beneath the primary liner.

e The sand bed beneath the Tank 16 secondary liner was assumed to contain residual
material.

This methodology incorporated lessons learned from previous PA inventory estimates and recent
closure sample analyses from Tanks 5, 18, and 19.

After a waste tank is cleaned, the estimated inventory used in the HTF PA will be replaced with
the actual inventory for that tank, which will be developed using the residual material volume
and analytical data from a statistically based sampling program of the residual material after
cleaning the tank. During the closure process for each waste tank, this actual tank inventory will
be used to determine projected dose and risk impacts for that tank.

Key elements of this approach are discussed, beginning with the residual solids initial inventory.
The estimated radiological and chemical inventories in each HTF waste tank developed using
this approach appear in Tables 3.3-1 and 3.3-2, respectively.

2.0 INITIAL RESIDUAL INVENTORY ESTIMATES

This section begins with a summary of how the tank waste initial inventory estimates have been
made, identifying the residual volume and concentration estimates to be used to support the
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development of the inventory estimates used in the HTF PA. This section concludes with a
discussion of residual material in areas other than the tank floor.

2.1 Constituent Selection

An initial radionuclide screening process was developed and performed to evaluate 849 isotopes.
[CBU-PIT-2005-00228] Following the steps described in detail in Appendix A, the list of
isotopes to be evaluated was reduced to 159 isotopes of concern for additional evaluation. The
159 isotopes are presented in the Table A.0-1.

The 159 isotopes resulting from the initial screening were further evaluated to determine which
isotopes could be eliminated from the initial list. This process eliminated additional isotopes
based on short half-life, the presence or absence of parent radionuclides, and the expectation in
the waste inventory. The elimination process is described in Appendix B and presented in Table
B.0-1.

In addition to the isotopes eliminated in Table B.0-1, the following daughters were also
eliminated: Nb-93m, Sb-126, and Sb-126m. At the conclusion of the elimination process, only
the radionuclides that required further evaluation remained for inclusion in the HTF PA and are
shown in Table 2.1-1.

Table 2.1-1: Radionuclides of Concern for the HTF PA

Ac-227 CIl-36 Eu-152 Pa-231 Ra-226 Th-232
Al-26 Cm-243 Eu-154 Pd-107 Ra-228 U-232
Am-241 Cm-244 H-3 Pt-193 Se-79 U-233
Am-242m Cm-245 1-129 Pu-238 Sm-151 U-234
Am-243 Cm-247 K-40 Pu-239 Sn-126 U-235
Ba-137m Cm-248 Nb-94 Pu-240 Sr-90 U-236
C-14 Co-60 Ni-59 Pu-241 Tc-99 U-238
Cf-249 Cs-135 Ni-63 Pu-242 Th-229 Y-90
Cf-251 Cs-137 Np-237 Pu-244 Th-230 Zr-93

The list of chemical constituents that were included in the PA modeling was derived from a
screening process consisting of several steps to arrive at an appropriate list of constituents to be
included in the waste tank closure inventory estimates. The approach was used for screening the
chemicals of interest in Tanks 18 and 19 and since the chemical constituents for both F-Area
Tank Farm (FTF) and HTF are the same; therefore using the developed list was appropriate.

During the closure process for each waste tank, the actual tank inventory will be used to
determine projected dose and risk impacts for that tank.

Chemical and radiological constituents in the waste tanks are known from tracking waste data
based on process sample analysis, process histories, composition studies and theoretical
relationships. The screening process originated using the current listing of the chemical and
radiological constituents found in the tank waste listed in Information on the Radiological and
Chemical Characterization of the Savannah River Site Tank Waste as of July 5, 2011.
[SRR-LWE-2011-00201]

The constituents’ list was compared to the chemicals list in the State Primary Drinking Water
Regulation (SCDHEC R.61-58) maximum contaminant level (MCL) table, the United States
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Environmental Protection Agency (EPA) Region 9 Regional Screening Levels (RSL) Summary
Table June 2011 (http://www.epa.gov/region9/superfund/prg/) and the Resource Conservation
and Recovery Act (RCRA) Identification and Listing of Hazardous Waste, Appendix VIII —
Hazardous Constituents (40 CFR 261 App VIII). If any of the chemical constituents existed on
the regulatory lists, the chemical was added to the chemicals of concern list. Several
constituents, benzene, tributyl phosphate (TBP), and n-butanol, have been excluded based on
process knowledge. [SRR-CWDA-2011-00162] In HTF, tetraphenylborate (TPB) was used as
part of a previous Cs-137 separation process and is currently present in Tank 48. Some TPB was
sent to Tanks 49 and 50 as part of the process. This chemical degrades into benzene. Both of
these constituents, tetraphenylborate and benzene, are expected to be completely removed and
therefore are not included in this inventory estimate. However, these tanks will need to address
both of the constituents at the time of closure. Table 2.1-2 lists the chemical constituents of
concern for the HTF PA.

Table 2.1-2: Chemical Constituents of Concern for the HTF PA

Ag Co Mn Sb
Al Cr Mo Se
As Cu Ni SO4
B F NO, Sr
Ba Fe NO; 9]
Cd Hg Pb Zn
Cl | PO,

At the time of tank closure, sampling and analysis will be performed. During residual
characterization for closure, constituents listed in Tables 2.1-1 and 2.1-2 will be analyzed,
although only highly radioactive radionuclides (HRRs) will be quantified. Those that are not
detectable or below detection limits will be determined via special analysis (e.g., ratios to other
radionuclides or fission yields) in order to conduct an appropriate comparison to the PA
estimated residual inventory.

2.2 Initial Constituent Concentration Estimates

The concentration for each constituent was estimated by using the Waste Characterization
System (WCS) or using physical relationships. The concentration (in Ci/gal) is calculated by
dividing the dry sludge activity (curie) by the corresponding settled sludge volume (gallon)
extracted from WCS. Where appropriate, zeolite volume is taken into account.

2.2.1 The Waste Characterization System

The WCS is an electronic information system that tracks waste tank data, including projected
radiological and chemical inventories, based on sample analyses, process histories,
composition studies, and theoretical relationships. The system (initially developed in 1995)
tracks the dry sludge concentrations of 40 radionuclides and of 37 chemical waste
compounds in each of the SRS waste tanks. The 40 radionuclides tracked in the WCS were
selected primarily based on their impact on tank safety basis source term, inhalation dose
potential, or on the E-Area Vault Waste Acceptance Criteria.
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22.1.1  Use of the Waste Characterization System

The WCS consists of two functional areas: (1) a sample data repository and (2) waste
characterization. The waste characterization area contains inputs and calculations used to
represent real-time conditions in the waste tanks. These real-time conditions are used to
determine compliance (as input to safety basis calculations) with several nuclear safety
administrative control programs such as tank flammability control and a waste tank corrosion
control. Tracked dry sludge activity inventories for each tank and volume of settled sludge
for each tank are extracted directly from WCS.

2212  Updating the System

The WCS is routinely updated to reflect changes in waste inventory resulting from the receipt
of new waste from the SRS canyon facilities, the Effluent Treatment Project (ETP), or
recycle waste from the Defense Waste Processing Facility (DWPF). Additionally, WCS is
updated to reflect changes due to the transfer of waste for processing at the DWPF or
Saltstone Disposal Facility (SDF), and new characterization information in the form of
sample analysis results, field measurements, waste tank video inspections, or technical
reports. The tank contents in WCS are also adjusted to reflect the impacts of evaporator
operation and to account for tank to tank transfers. [WSRC-TR-2003-00048]

2213  Quality Assurance

The WCS is a controlled database that complies with strict Quality Assurance (QA)
requirements. The QA requirements apply to not only data entry but also configuration
control of the database software itself. All data entries into WCS must be independently
verified. A Software Quality Assurance Plan governs the methods that must be utilized to

maintain the database baseline configuration and to ensure the proper handling of the
database. [B-SQP-H-00041]

2214 Conservatism

The WCS generated values are generally conservative because each reactor spent fuel
assembly that was reprocessed is assumed to have received the maximum burn-up possible,
and therefore the amounts of actual fission products contained in an assembly were actually
less than those entered into WCS. [LWO-PIT-2007-00025] Another factor expected to
provide additional conservatism is the likelihood that actual concentrations for some
constituents in the residual sludge on the waste tank bottoms after tank cleaning will be
significantly less than the concentrations for dried sludge currently given in the WCS. This
condition is expected to result from the use of Oxalic Acid (OA) to clean the tanks.

222 Other Constituents Not Addressed in the WCS
2221 Radionuclides and Chemicals

In addition to the nuclides tracked in WCS, updated special analysis methods provided
estimates for additional isotopes. Methods used to estimate the inventories of the additional
30 isotopes, as described in the report for the updated HTF inventory projections, are shown
in Table 2.2-1. [SRR-LWE-2009-00014] These inventories were based on the tank
entrained sludge radiological contents and radiological alpha contents.
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For a number of radionuclide concentrations (i.e., CI-36, K-40, Pd-107, Pt-193, and Zr-93)
not estimated in the report for the updated HTF inventory projections, detection limits based
on Tanks 5, 18 and 19 were used to estimate their inventories. The detection limits used are
discussed in Section 3.0.

Also, there were other constituents for which WCS did not estimate an inventory for all HTF
tanks. Therefore, these radionuclide concentrations were estimated only for waste tanks
where no values were present in WCS. The isotopes requiring additional estimates were
Ba-137m, Cl-36, H-3, K-40, Pd-107, Pt-193, Ra-226, Ra-228, Th-229, Th-230, Th-232,
U-232, U-234, U-236, Y-90, and Zr-93. Also, additional estimates were required for the
antimony, arsenic, barium, boron, cadmium, fluorine, nickel, manganese, molybdenum,
nitrate, nitrite, selenium, silver, and zinc chemical inventories. These estimates were based
on the average concentration of similar tank types and material.

The estimate methods used are described in Table 2.2-1.

Table 2.2-1: Initial Concentration Estimate Method

Constituent Estimate Method
Ba-137m Secular equilibrium with Cs-137 based on its decay chain.
C-14 An average C-14 HTF concentration. [SRR-LWE-2009-00014]
H-3 Interstitial liquid concentration. [X-ESR-G-00004]
Y-90 Secular equilibrium with Sr-90.
B Conservative concentration based on Tanks 5, 18, 19, 40, and 51 sample analysis
Mo Conservative concentration based on Tanks 5, 18, 19, 40, and 51 sample analysis

Tank 16 underwent sludge removal and cleaning which was completed in 1980. After the
final acid wash in 1980 and prior to the final water rinse, a 3 inch diameter sample pan was
installed on the bottom of Tank 16 and remained there until the waste tank bottom had dried.
Analysis of the material was performed and an estimated inventory was generated. The
analysis was performed on a limited number of radionuclides. [DPST-81-441] Due to the
number of constituents needed to be estimated and lack of actual sample analysis, Tank 15
was designated as a surrogate for Tank 16. Tank 15 was chosen because during sludge
removal from Tank 16, material was transferred to Tank 15.

2222  Accounting for Zeolite

Certain waste tanks contain zeolite in addition to the sludge material. Liquid overheads from
the evaporator systems were treated in cesium removal columns containing zeolite, which
functions as a molecular sieve. In HTF, these columns were located on Tanks 24, 32, and 42.

When the zeolite became loaded, the spent zeolite resins and captured cesium were discarded
into the waste tanks. Spent zeolite was transferred into Tanks 38, 40, and S5I.
[CBU-PIT-2005-00099]

The estimated radiological and chemical concentrations for Tanks 24, 32, 38, 40, 42, and 51
have been adjusted to account for the zeolite and corresponding captured cesium.

The solids (sludge and zeolite) concentrations assume that zeolite will remain unchanged
during the waste removal processes. Experience with Tanks 18 and 19 has shown that the
only element that accumulated on zeolite under actual in-tank conditions was cesium. The
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zeolite volume fractions were calculated with the assumption that zeolite weight and volume
fractions are the same in residual material.

2.3 Estimated Residual VVolumes

The initial residual volume estimates were based on waste removal experience. Tanks 5, 6, 16,
18, and 19 have been through the waste removal process. The residual volumes from those
events are listed in Table 2.3-1.

Table 2.3-1: Waste Removal Process Residual VVolumes

Tank | Residual Volume (gal)
5 1900
6 3000
16 220*
18 3900
19 2000

* Estimated

Based on this experience, the projection for the residual material volume was conservatively
estimated to be 4000 gallons. The residual volume in Tank 16 has been estimated at 220 gallons.
To provide a reasonably conservative estimate for Tank 16, 1000 gallons was used as an estimate
of residual material volume.

The inventories of radiological and chemical constituents in residual liquid were assumed to be
included in the final closure solids inventory as the residual liquid has typically evaporated by
the time samples are taken from the tank.

Inventories inside failed cooling coils and on the surface of the waste tank walls, cooling coils,
and columns were assumed to be encompassed by the estimated total tank inventories shown in
Tables 3.3-1 and 3.3-2 for the following reasons: (1) cooling coils with the potential for waste
holdup will be internally inspected and/or flushed and (2) flushing is expected to remove
essentially all waste that may have entered damaged coils. Flushing of damaged coils will
include both inlets and outlets to ensure both sides of damaged coils are flushed.

Inventories associated with the surfaces of waste tank walls, cooling coils, and support columns
are considered encompassed within the reasonably conservative volume of floor material. Based
on the analysis of samples taken from the Tank 19 wall and Tank 5 cooling coils, the additional
inventory present would be insignificant relative to the reasonable conservative volume of tank
floor residuals. The results from the Tank 5 Inventory Determination showed the wall and
cooling coil inventory was insignificant (<I % of the total inventory).
[SRR-CWDA-2012-00027]

2.4 Initial Tank Inventory

The estimated volume of residual solids was multiplied by the concentrations established, as
discussed in the previous section, to estimate the inventory of radiological and chemical
constituents remaining in the tanks.
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2.5 Residual in Tank Annuli and Type Il Sand Layers

Wall inspections of the waste tanks have found cracks where material has leaked in the
secondary containment or annulus. The amount of material contained in the each tank’s annulus
has been estimated. Based on these estimates, inventories within the appropriate annuli were
estimated.

All Type II tanks have both a primary and secondary sand layer. The 1 inch thick primary sand
layer is between the primary and secondary liners and the 1 inch thick secondary sand layer is
between the secondary liner and the basemat. Due to the material that leaked from the Type II
tanks, residual material has been assumed to be present within these sand layers.

251 Annulus Inventories

To estimate each tank’s annulus inventory, estimates of the residual volume and constituent
concentrations were prepared.

2511 Annulus Volumes

Current estimates of the amount of material within the tank annuli were used to estimate the
residual volumes at closure. [C-ESR-G-00003] The Type I and II tanks are known to have
leaksites and material in their annuli. Table 2.5-1 shows the current material volume
estimates and the assumed residual material volume estimates for estimating the annuli
inventories. Type IV tanks do not have annuli and the Type III/IITA tanks are assumed to
have insignificant quantities of residual material within their annuli. Appendix C has
pictures from the annuli of Tanks 9 — 15.

Table 2.5-1: Tank Annuli Material Volume Estimates

Current Volume Estimate Residual Vz)glzgl ¢ Estimate
Tank 9 Material depth of 8 — 10 inches 3300
Tank 10 Material depth of 2 — 3 inches 3300
Tank 11 trace 100
Tank 12 trace 100
Tank 13 trace 100
Tank 14 Material depth of 12 — 13 inches 3300
Tank 15 trace 100
Tank 16 3300 gallons 3300

The amount of material currently in the Tank 16 annulus has been most recently estimated to
be 3300 gallons. [SRR-LWE-2012-00039] For other annuli with significant volume, this
volume was also used. Except of the Tank 16, the material in the annuli is expected to be
highly soluble. This is due to the material originally being supernate that leaked into each
annulus and dried. Therefore the 3300 gallon estimate for all other tanks is believed to be
reasonably conservative. Tank 16 is expected to be an exception due to the mixture of
silicon from sand blasting activities. This material is expected to limit the quantity of
material removed and, is therefore the reason to use its volume as the reasonably
conservative estimate for the appropriate annuli volume.

Page 14 of 72



H-Area Tank Farm Closure Inventory SRR-CWDA-2010-00023
for use in Performance Assessment Modeling Revision 3
May 2012

For those tank annuli with a trace amount of material, a reasonably conservative volume of
100 gallons was used.

2512  Annulus Concentrations

Characterization of the material within the various annuli is limited. Few samples have been
taken from annulus material and even when taken, constituents analyzed have also been
limited. Recently, samples were collected from the Tank 16 annulus. Four samples were
taken around the annulus and numerous constituents analyzed. These sample results were
used for all tanks with annulus material. The constituents analyzed are listed in Table 2.5-2.
[SRNL-STI-2012-00178]

Table 2.5-2: Constituents Analyzed in the Tank 16 Annulus Samples

Cs-137 Tc-99 Ag Co Mn Pb

Np-237 U-233 Al Cr Mo Sb

Pu-238 U-234 B Cu Ni Sr

Pu-239 U-235 Ba Fe NO," U

Pu-240 U-236 Cd Hg NO;" Zn
Sr-90 U-238

* From separate analysis [WSRC-STI-2008-00203]

The constituent concentrations assumed for the annulus material was based on these recent
samples. For those constituents analyzed, the concentration reported provided the estimate of
that constituent’s concentration. Since the sample analysis did not include all constituents of
concern, the remaining constituents were estimated.

The type of adjustment made to each constituent in the primary residual inventory estimate
(Section 3.0) determined the method to estimate each constituent’s concentration.

Those constituents, whose Tank 16 primary inventory was estimated by using detection
limits, concentrations were estimated by taking a ratio of the primary residual volume
estimate to the annulus residual volume estimate. For example, CI-36 was estimated in the
Tank 16 primary residual material via a detection limit. So, a ratio of the Tank 16 primary
residual volume estimate (1000 gallons) to the annulus residual volume estimate (3300
gallons) was used to estimate the CIl-36 concentration in the annulus material.

For those constituents estimated in the Tank 16 primary via the unit curie adjustment
(Section 3.0) were estimated with an equal inventory in the annulus. For example, Ac-227
was estimated in the Tank 16 primary inventory estimate at 1 Curie. Therefore, the Tank 16
annulus inventory estimate of Ac-227 was also 1 Curie.

Those constituents, with sample analysis results or considered significant to dose analysis,
concentrations were based on a ratio of a chemically similar element, within the analysis, and
the applicable tank primary floor residual estimate. A ratio to the Pu-238 analysis was used
for the radionuclides that would tend to be insoluble, while a ratio for the Tc-99 analysis was
used for the soluble components. For example, Am-241 was not analyzed in the Tank 16
annulus samples. Since Am-241 can be significant to dose analysis, its annulus
concentration was estimated by using the Pu-238 sample concentration and a ratio of the
Am-241 to Pu-238 primary inventories. That is the Am-241 concentration in the Tank 16
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annulus material was estimated by multiplying the Pu-238 concentration by a ratio of the
Am-241 Tank 16 primary inventory to the Pu-238 Tank 16 primary inventory. A ratio to the
iron measurement was used for the chemical constituents not analyzed.

2513

Annulus Inventories

The annulus inventories were estimated by multiplying the volume and concentration
estimates and are presented in Tables 2.5-3 and 2.5-4. The decay date for these inventories is

2032.
Table 2.5-3: Estimated Annulus Radiological Inventories (2032)
Radionuclide Tanl'< 9 Tank 10 Tank 11 Tank 12 Tank 13 Tank 14 Tank 15 Tank 16
(Ci) (Ci) (&) (Ci) (Ci) (&) (Ci) (Ci)
Ac-227 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Al-26 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Am-241 7.0E+00 | 7.0E+00 | 2.1E-01 | 2.1E-01 | 2.1E-01 | 7.0E+00 | 2.1E-01 | 7.0E+00
Am-242m 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Am-243 3.0E+00 | 3.0E+00 | 3.0E+00 | 3.0E+00 | 3.0E+00 | 3.0E+00 | 3.0E+00 | 1.0E+00
Ba-137m 1.1E+04 | 1.1E+04 | 3.5E+02 | 3.5E+02 | 3.5E+02 | 1.1E+04 | 3.5E+02 | 1.1E+04
C-14 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Cf-249 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Cf-251 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Cl-36 1.7E-03 | 1.7E-03 | 5.3E-05 | 5.3E-05 | 5.3E-05 | 1.7E-03 | 5.3E-05 | 1.7E-03
Cm-243 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Cm-244 2.1E-01 | 2.1E-01 | 6.4E-03 | 6.4E-03 | 6.4E-03 | 2.1E-01 | 6.4E-03 | 2.1E-0O1
Cm-245 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Cm-247 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Cm-248 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Co-60 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Cs-135 3.2E-03 | 3.2E-03 | 9.8E-05 | 9.8E-05 | 9.8E-05 | 3.2E-03 | 9.8E-05 | 3.2E-03
Cs-137 1.2E+04 | 1.2E+04 | 3.7E+02 | 3.7E+02 | 3.7E+02 | 1.2E+04 | 3.7E+02 | 1.2E+04
Eu-152 2.1E+01 | 2.1E+01 | 2.1E+01 | 2.1E+01 | 2.1E+01 | 2.1E+01 | 2.1E+01 | 1.0E+00
Eu-154 2.9E+00 | 2.9E+00 | 8.8E-02 | 8.8E-02 | 8.8E-02 | 2.9E+00 | 8.8E-02 | 2.9E+00
H-3 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
1-129 1.7E-04 | 1.7E-04 | 5.3E-06 | 5.3E-06 | 5.3E-06 | 1.7E-04 | 5.3E-06 | 1.7E-04
K-40 8.7E-04 | 8.7E-04 | 2.6E-05 | 2.6E-05 | 2.6E-05 | 8.7E-04 | 2.6E-05 | 8.7E-04
Nb-94 8.7E-02 | 8.7E-02 | 2.6E-03 | 2.6E-03 | 2.6E-03 | 8.7E-02 | 2.6E-03 | 8.7E-02
Ni-59 8.6E+00 | 8.6E+00 | 8.6E+00 | 8.6E+00 | 8.6E+00 | 8.6E+00 | 8.6E+00 | 1.0E+00
Ni-63 9.6E+00 | 9.6E+00 | 2.9E-01 | 2.9E-01 | 2.9E-01 | 9.6E+00 | 2.9E-01 | 9.6E+00
Np-237 2.6E-02 | 2.6E-02 | 7.9E-04 | 7.9E-04 | 7.9E-04 | 2.6E-02 | 7.9E-04 | 2.6E-02
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Table 2.5-3: Estimated Annulus Radiological Inventories (2032) (Continued)

Radionuclide Tan1'< 9 Tank 10 Tank 11 Tank 12 Tank 13 Tank 14 Tank 15 Tank' 16
(€) (€) (Ci) (Ci) (Ci) (Ci) (8] (C1)

Pa-231 1.7E-03 | 1.7E-03 | 5.3E-05 | 5.3E-05 | 5.3E-05 | 1.7E-03 | 5.3E-05 | 1.7E-03
Pd-107 1.7E-01 | 1.7E-01 | 5.3E-03 | 5.3E-03 | 5.3E-03 | 1.7E-01 | 5.3E-03 | 1.7E-01
Pt-193 1.7E-01 | 1.7E-01 | 5.3E-03 | 5.3E-03 | 5.3E-03 | 1.7E-01 | 5.3E-03 | 1.7E-01
Pu-238 2.5E+01 | 2.5E+01 | 7.6E-01 | 7.6E-01 | 7.6E-01 | 2.5E+01 | 7.6E-01 | 2.5E+01
Pu-239 3.6E+00 | 3.6E+00 | 1.1E-01 | 1.1E-01 | 1.1E-01 | 3.6E+00 | 1.1E-01 | 3.6E+00
Pu-240 42E+00 | 4.2E+00 | 1.3E-01 | 1.3E-01 | 1.3E-01 | 4.2E+00 | 1.3E-01 | 4.2E+00
Pu-241 1.3E+01 | 1.3E+01 | 3.9E-01 | 3.9E-01 | 3.9E-01 | 1.3E+01 | 3.9E-01 | 1.3E+01
Pu-242 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Pu-244 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 1.0E+00
Ra-226 1.7E-02 | 1.7E-02 | 5.3E-04 | 5.3E-04 | 5.3E-04 | 1.7E-02 | 5.3E-04 | 1.7E-02
Ra-228 1.7E+00 | 1.7E+00 | 5.3E-02 | 5.3E-02 | 5.3E-02 | 1.7E+00 | 5.3E-02 | 1.7E+00
Se-79 4.8E+00 | 4.8E+00 | 4.8E+00 | 4.8E+00 | 4.8E+00 | 4.8E+00 | 4.8E+00 | 1.0E+00
Sm-151 1.5E+02 | 1.5E+02 | 4.7E+00 | 4.7E+00 | 4.7E+00 | 1.5E+02 | 4.7E+00 | 1.5E+02
Sn-126 4.6E+00 | 4.6E+00 | 4.6E+00 | 4.6E+00 | 4.6E+00 | 4.6E+00 | 4.6E+00 | 1.0E+00
Sr-90 7.8E+03 | 7.8E+03 | 2.4E+02 | 2.4E+02 | 2.4E+02 | 7.8E+03 | 2.4E+02 | 7.8E+03
Tc-99 49E+00 | 4.9E+00 | 1.5E-01 | 1.5E-01 | 1.5E-01 | 49E+00 | 1.5E-01 | 4.9E+00
Th-229 1.7E-03 | 1.7E-03 | 5.3E-05 | 5.3E-05 | 5.3E-05 | 1.7E-03 | 5.3E-05 | 1.7E-03
Th-230 1.7E-02 | 1.7E-02 | 5.3E-04 | 5.3E-04 | 5.3E-04 | 1.7E-02 | 5.3E-04 | 1.7E-02
Th-232 2.4E-02 | 24E-02 | 7.1E-04 | 7.1E-04 | 7.1E-04 | 2.4E-02 | 7.1E-04 | 1.7E-02
U-232 1.7E-03 | 1.7E-03 | 5.3E-05 | 5.3E-05 | 5.3E-05 | 1.7E-03 | 5.3E-05 | 1.7E-03
U-233 1.4E-01 | 14E-01 | 4.3E-03 | 4.3E-03 | 4.3E-03 | 1.4E-01 | 4.3E-03 | 1.4E-01
U-234 9.1E-02 | 9.1E-02 | 2.8E-03 | 2.8E-03 | 2.8E-03 | 9.1E-02 | 2.8E-03 | 9.1E-02
U-235 2.6E-04 | 2.6E-04 | 7.9E-06 | 7.9E-06 | 7.9E-06 | 2.6E-04 | 7.9E-06 | 2.6E-04
U-236 1.2E-03 | 1.2E-03 | 3.6E-05 | 3.6E-05 | 3.6E-05 | 1.2E-03 | 3.6E-05 | 1.2E-03
U-238 1.0E-03 | 1.0E-03 | 3.2E-05 | 3.2E-05 | 3.2E-05 | 1.0E-03 | 3.2E-05 | 1.0E-03
Y-90 7.8E+03 | 7.8E+03 | 2.4E+02 | 2.4E+02 | 2.4E+02 | 7.8E+03 | 2.4E+02 | 7.8E+03
Zr-93 5.5E-03 | 5.5E-03 | 1.7E-04 | 1.7E-04 | 1.7E-04 | 5.5E-03 | 1.7E-04 | 5.5E-03
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Table 2.5-4: Estimated Annulus Chemical Inventories

Tank 9 | Tank 10 | Tank 11 | Tank 12 | Tank 13 | Tank 14 | Tank 15 | Tank 16

Chemical (ke) (ke) (kg) (k) (kg) (kg) (kg) (kg)

Ag 2.1E+00 | 2.1E+00 | 6.5E-02 | 6.5E-02 | 6.5E-02 | 2.1E+00 | 6.5E-02 | 2.1E+00

Al 1.2E+03 | 1.2E+03 | 3.8E+01 | 3.8E+01 | 3.8E+01 | 1.2E+03 | 3.8E+01 | 1.2E+03

As 1.8E-02 | 1.8E-02 | 5.4E-04 | 5.4E-04 | 5.4E-04 | 1.8E-02 | 5.4E-04 | 1.8E-02

B 3.0E-01 | 3.0E-01 | 9.1E-03 | 9.1E-03 | 9.1E-03 | 3.0E-01 | 9.1E-03 | 3.0E-01

Ba 1.3E+00 | 1.3E+00 | 4.1E-02 | 4.1E-02 | 4.1E-02 | 1.3E+00 | 4.1E-02 | 1.3E+00

Cd 1.0E-01 | 1.0E-01 | 3.2E-03 | 3.2E-03 | 3.2E-03 | 1.0E-01 | 3.2E-03 | 1.0E-01

Cl 1.0E+01 | 1.0E+01 | 3.1E-01 | 3.1E-01 | 3.1E-01 | 1.0E+01 | 3.1E-01 | 1.0E+01

Co 1.5E-01 | 1.5E-01 | 4.6E-03 | 4.6E-03 | 4.6E-03 | 1.5E-01 | 4.6E-03 | 1.5E-01

Cr 3.7E+00 | 3.7E+00 | 1.1E-01 | 1.1E-01 | 1.1E-01 | 3.7E+00 | 1.1E-01 | 3.7E+00

Cu 1.6E+01 | 1.6E+01 | 4.9E-01 | 4.9E-01 | 49E-01 | 1.6E+01 | 4.9E-01 | 1.6E+01

F 7.7E+00 | 7.7E+00 | 2.3E-01 | 2.3E-01 | 2.3E-01 | 7.7E+00 | 2.3E-01 | 7.7E+00

Fe 6.2E+02 | 6.2E+02 | 1.9E+01 | 1.9E+01 | 1.9E+01 | 6.2E+02 | 1.9E+01 | 6.2E+02

Hg 4.3E+01 | 4.3E+01 | 1.3E+00 | 1.3E+00 | 1.3E+00 | 4.3E+01 | 1.3E+00 | 4.3E+01

| 2.0E-01 | 2.0E-01 | 6.0E-03 | 6.0E-03 | 6.0E-03 | 2.0E-01 | 6.0E-03 | 2.0E-01

Mn 5.3E+00 | 5.3E+00 | 1.6E-01 | 1.6E-01 | 1.6E-01 | 5.3E+00 | 1.6E-01 | 5.3E+00

Mo 5.5E-01 | 5.5E-01 | 1.7E-02 | 1.7E-02 | 1.7E-02 | 5.5E-01 | 1.7E-02 | 5.5E-01

Ni 1.4E+00 | 1.4E+00 | 4.3E-02 | 4.3E-02 | 4.3E-02 | 1.4E+00 | 4.3E-02 | 1.4E+00

NO; 1.2E+03 | 1.2E+03 | 3.8E+01 | 3.8E+01 | 3.8E+01 | 1.2E+03 | 3.8E+01 | 1.2E+03

NOs 2.4E+03 | 2.4E+03 | 7.3E+01 | 7.3E+01 | 7.3E+01 | 2.4E+03 | 7.3E+01 | 2.4E+03

Pb 2.1E+01 | 2.1E4+01 | 6.5E-01 | 6.5E-01 | 6.5E-01 | 2.1E+01 | 6.5E-01 | 2.1E+01

POy 4.6E+00 | 4.6E+00 | 1.4E-01 | 1.4E-01 | 1.4E-01 | 4.6E+00 | 1.4E-01 | 4.6E+00

Sb 1.9E+00 | 1.9E+00 | 5.7E-02 | 5.7E-02 | 5.7E-02 | 1.9E+00 | 5.7E-02 | 1.9E+00

Se 4.0E-03 | 4.0E-03 | 1.2E-04 | 1.2E-04 | 1.2E-04 | 4.0E-03 | 1.2E-04 | 4.0E-03

SO4 2.1E+01 | 2.1E4+01 | 6.3E-01 | 6.3E-01 | 6.3E-01 | 2.1E+01 | 6.3E-01 | 2.1E+01

Sr 6.6E-01 | 6.6E-01 | 2.0E-02 | 2.0E-02 | 2.0E-02 | 6.6E-01 | 2.0E-02 | 6.6E-01

U 3.3E+00 | 3.3E+00 | 9.9E-02 | 9.9E-02 | 9.9E-02 | 3.3E+00 | 9.9E-02 | 3.3E+00

Zn 1.9E+01 | 1.9E4+01 | 5.6E-01 | 5.6E-01 | 5.6E-01 | 1.9E+01 | 5.6E-01 | 1.9E+01

2.5.2 Type Il Sand Layer Inventories

Based on the operational history where all the Type II tanks have formed leak sites and
resulted in material accumulating on the annulus floor; the sand layer inventories were
estimated by multiplying the residual concentrations by the estimated residual quantity.

2521  Sand Layer Concentration

The residual material within the sand layer was assumed to have the same concentrations as
determined for the annulus material (Section 2.5.1.2).

2522  Sand Layer Quantity

The quantity estimate within the Type II tank sand layers was based on the operational
history of each tank. For Tanks 14 and 16, a significant quantity of material leaked from the
primary tank into the secondary containment and was sufficient to deposit material at a depth
of several inches. For Tanks 13 and 15, a minimal quantity of material has leaked from the
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primary tank. This is based on the inspections of the annulus floor where negligible
quantities of material have been observed. The different material depths can be observed in
the Appendix C pictures.

The Type II tanks have a grout pad that surrounds the primary sand layers. This grout pad
would limit the flow of material into sand material. The top part of the grout pad met the
bottom of the primary tank liner. For material to reach the primary sand layer, the liquid
level would need to be higher than the top part of the grout pad. In Tanks 13 and 15, since
the quantity of material that leaked from the primary is limited, the amount of material that
moved into the sand layer is considered negligible. Following the reasonably conservative
approach, 100 gallons was assumed to be present within the sand layer for Tanks 13 and 15.
For Tanks 14 and 16, the depth of material in the annulus suggests the possibility of material
movement into the sand layer. It is thought that little liquid material moved into the sand
layer due to the tight, although not sealed, fit between the group pad and primary tank liner.
Although to be reasonably conservative, the void space within these sand layers was
estimated to be completely saturated with residual material.

The Type II tanks also have a secondary sand layer that is beneath the secondary liner or
annulus. Tank 16 experienced the largest quantity of material leaving the tank and gathering
in the annulus. In 1960, enough material filled the annulus that tens of gallons overflowed
the annulus pan. [DPSPU-77-11-17_OUO] For the purpose of this inventory evaluation, it is
conservatively assumed that all of the material (26 gallons) that overflowed the annulus pan
entered the secondary sand layer below Tank 16. For Tanks 13 through 15, no material has
leaked beyond the secondary containment; therefore, it is assumed that the secondary sand
layers below these tanks contain no inventory.

2523  Sand Layer Inventories

The primary sand layer and annulus inventories are presented in Tables 2.5-5 and 2.5-6;
however, the secondary sand layer inventory only applies to Tank 16. The decay date for
these inventories is 2032.
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Table 2.5-5: Type Il Sand Pad Radiological Inventory (2032)

Tank 13 Tank 14 Tank 15 Tank 16
Radionuclide (Ci) (C1) (Ci) (C1)
Primary Primary Primary Primary | Secondary
Ac-227 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Al-26 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Am-241 2.1E-01 2.8E+00 2.1E-01 2.8E+00 5.5E-02
Am-242m 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Am-243 3.0E+00 3.0E+00 3.0E+00 1.0E+00 1.0E+00
Ba-137m 3.5E+02 4.5E+03 3.5E+02 4.5E+03 9.0E+01
C-14 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Cf-249 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Cf-251 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Cl-36 5.3E-05 6.9E-04 5.3E-05 6.9E-04 1.4E-05
Cm-243 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Cm-244 6.4E-03 8.3E-02 6.4E-03 8.3E-02 1.7E-03
Cm-245 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Cm-247 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Cm-248 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Co-60 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Cs-135 9.8E-05 1.3E-03 9.8E-05 1.3E-03 2.6E-05
Cs-137 3.7E+02 4.8E+03 3.7E+02 4.8E+03 9.5E+01
Eu-152 2.1E+01 2.1E+01 2.1E+01 1.0E+00 1.0E+00
Eu-154 8.8E-02 1.1E+00 8.8E-02 1.1E+00 2.3E-02
H-3 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
1-129 5.3E-06 6.9E-05 5.3E-06 6.9E-05 1.4E-06
K-40 2.6E-05 3.4E-04 2.6E-05 3.4E-04 6.9E-06
Nb-94 2.6E-03 3.4E-02 2.6E-03 3.4E-02 6.9E-04
Ni-59 8.6E+00 8.6E+00 8.6E+00 1.0E+00 1.0E+00
Ni-63 2.9E-01 3.8E+00 2.9E-01 3.8E+00 7.6E-02
Np-237 7.9E-04 1.0E-02 7.9E-04 1.0E-02 2.1E-04
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Table 2.5-5: Type Il Sand Pad Radiological Inventory (2032) (Continued)

Tank 13 Tank 14 Tank 15 Tank 16
Radionuclide (Cy) (&) (&) (Ci)
Primary Primary Primary Primary | Secondary

Pa-231 5.3E-05 6.9E-04 5.3E-05 6.9E-04 1.4E-05
Pd-107 5.3E-03 6.9E-02 5.3E-03 6.9E-02 1.4E-03
Pt-193 5.3E-03 6.9E-02 5.3E-03 6.9E-02 1.4E-03
Pu-238 7.6E-01 9.8E+00 7.6E-01 9.8E+00 2.0E-01
Pu-239 1.1E-01 1.4E+00 1.1E-01 1.4E+00 2.9E-02
Pu-240 1.3E-01 1.7E+00 1.3E-01 1.7E+00 3.3E-02
Pu-241 3.9E-01 5.1E+00 3.9E-01 5.1E+00 1.0E-01
Pu-242 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Pu-244 1.0E+00 1.0E+00 1.0E+00 | 1.0E+00 | 1.0E+00
Ra-226 5.3E-04 6.9E-03 5.3E-04 6.9E-03 1.4E-04
Ra-228 5.3E-02 6.9E-01 5.3E-02 6.9E-01 1.4E-02
Se-79 4.8E+00 | 4.8E+00 | 4.8E+00 | 1.0E+00 1.0E+00
Sm-151 4.7E+00 | 6.1E+01 | 4.7E+00 | 6.1E+01 1.2E+00
Sn-126 4.6E+00 | 4.6E+00 | 4.6E+00 | 1.0E+00 | 1.0E+00

Sr-90 24E+02 | 3.1E+03 | 24E+02 | 3.1E+03 | 6.1E+0l
Tc-99 1.5E-01 1.9E+00 1.5E-01 1.9E+00 3.8E-02
Th-229 5.3E-05 6.9E-04 5.3E-05 6.9E-04 1.4E-05
Th-230 5.3E-04 6.9E-03 5.3E-04 6.9E-03 1.4E-04
Th-232 7.1E-04 9.3E-03 7.1E-04 6.9E-03 1.4E-04
U-232 5.3E-05 0.9E-04 5.3E-05 6.9E-04 1.4E-05
U-233 4.3E-03 5.6E-02 4.3E-03 5.6E-02 1.1E-03
U-234 2.8E-03 3.6E-02 2.8E-03 3.6E-02 7.2E-04
U-235 7.9E-06 1.0E-04 7.9E-06 1.0E-04 2.1E-06
U-236 3.6E-05 4.7E-04 3.6E-05 4.7E-04 9.4E-06
U-238 3.2E-05 4.1E-04 3.2E-05 4.1E-04 8.3E-06

Y-90 24E+02 | 3.1E+03 | 2.4E+02 | 3.1E+03 | 6.1E+01
Zr-93 1.7E-04 2.2E-03 1.7E-04 2.2E-03 4.3E-05
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Table 2.5-6: Type Il Sand Pad Chemical Inventory

Tank 13 Tank 14 Tank 15 Tank 16
Chemical (kg) (kg) (kg) (kg)
Primary Primary Primary Primary | Secondary
Ag 6.5E-02 8.4E-01 6.5E-02 8.4E-01 1.7E-02
Al 3.8E+01 4.9E+02 3.8E+01 4.9E+02 9.8E+00
As 5.4E-04 7.1E-03 5.4E-04 7.1E-03 1.4E-04
B 9.1E-03 1.2E-01 9.1E-03 1.2E-01 2.4E-03
Ba 4.1E-02 5.3E-01 4.1E-02 5.3E-01 1.1E-02
Cd 3.2E-03 4.1E-02 3.2E-03 4.1E-02 8.3E-04
Cl 3.1E-01 4.1E+00 3.1E-01 4.1E+00 8.1E-02
Co 4.6E-03 6.0E-02 4.6E-03 6.0E-02 1.2E-03
Cr 1.1E-01 1.5E+00 1.1E-01 1.5E+00 2.9E-02
Cu 4.9E-01 6.4E+00 4.9E-01 6.4E+00 1.3E-01
F 2.3E-01 3.0E+00 2.3E-01 3.0E+00 6.1E-02
Fe 1.9E+01 2.4E+02 1.9E+01 2.4E+02 4.9E+00
Hg 1.3E+00 1.7E+01 1.3E+00 1.7E+01 3.4E-01
I 6.0E-03 7.9E-02 6.0E-03 7.9E-02 1.6E-03
Mn 1.6E-01 2.1E+00 1.6E-01 2.1E+00 4.2E-02
Mo 1.7E-02 2.2E-01 1.7E-02 2.2E-01 4.3E-03
Ni 4.3E-02 5.5E-01 4.3E-02 5.5E-01 1.1E-02
NO, 3.8E+01 4.9E+02 3.8E+01 4.9E+02 9.8E+00
NO; 7.3E+01 9.5E+02 7.3E+01 9.5E+02 1.9E+01
Pb 6.5E-01 8.4E+00 6.5E-01 8.4E+00 1.7E-01
PO, 1.4E-01 1.8E+00 1.4E-01 1.8E+00 3.6E-02
Sb 5.7E-02 7.5E-01 5.7E-02 7.5E-01 1.5E-02
Se 1.2E-04 1.6E-03 1.2E-04 1.6E-03 3.1E-05
SO4 6.3E-01 8.2E+00 6.3E-01 8.2E+00 1.6E-01
Sr 2.0E-02 2.6E-01 2.0E-02 2.6E-01 5.2E-03
U 9.9E-02 1.3E+00 9.9E-02 1.3E+00 2.6E-02
Zn 5.6E-01 7.3E+00 5.6E-01 7.3E+00 1.5E-01
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3.0 INVENTORY ADJUSTMENTS

Following the development of the initial inventory estimates, adjustments were made to add a
reasonable conservatism to the inventory estimates. Below is a summary of the adjustments with
more detailed explanations following.

A methodical approach was used to construct estimates of HTF waste tank closure inventories to
be used in PA modeling. Independent steps were developed to systematically construct the HTF
tank inventories, with each step adjusting inventory either by tank or by radionuclide. The steps
used in inventory development were as follows:

1. The inventory adjustment used the initial inventory estimates as the starting point
(Section 2.0).

2. The waste tanks were grouped according to waste tank use and design (Section 3.2).

3. To account for uncertainty surrounding future operations and movement of material
within the HTF, the maximum concentration of each radionuclide or chemical from any
tank within a group was applied to the other tanks within the tank grouping (Section
3.2.1.1).

3.1 Nominal Activities and Detection Limits for Radionuclides

Allowing for more efficient and cost effective means of confirming radionuclide concentrations
with a limited potential impact to dose, the inventories for a group of radionuclides were adjusted
to either 1 curie or used an analytical detection limit. If the radionuclide inventory estimated was
less than the detection limit, then it was adjusted up to the detection limit. However, if the
radionuclide inventory estimated was at least at the detection limit, then it was adjusted up to 1
curie. Recent sample analyses from Tanks 5, 18, and 19 were reviewed for appropriate detection
limits.  [SRNL-STI-2012-00034, SRNL-STI-2010-00386, SRNL-STI-2010-00439]  The
adjustments to either the detection limit or to 1 curie exclusively increased residual inventories
estimates. Inventory estimates were not adjusted lower, only higher.

For those radionuclides that have been observed (through previous analyses or scoping studies)
to have greater potential impact on the overall dose, the inventory was adjusted to the analytical
detection limit.

Note that those radionuclides with estimated inventories greater than 1 curie were not adjusted in
this step. In addition, this adjustment only applied to the radiological inventories and not to the
chemical inventories.

The applicable detection limits for each radionuclide is listed in Table 3.1-1.
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Table 3.1-1: Radionuclide Detection Limit

. . Detection Limit
Radionuclide (uCi/g)
Cl1-36 1E-04
I-129 1E-05
K-40 5E-05
Nb-94 S5E-03
Pa-231 1E-04
Pd-107 1E-02
Pt-193 1E-02
Ra-226 1E-03
Ra-228 1E-01
Th-229 1E-04
Th-230 1E-03
Th-232 1E-03
U-232 1E-04
U-235 1E-03
U-236 1E-03
U-238 1E-04

A density of 1.4 g/ml was used to estimate inventories
3.2  Tank Groupings

The tank type generally had an effect on the type of waste received and therefore guided the
grouping. In general, each waste tank type was built at approximately the same time. The waste
tanks were grouped based on use and design and are presented in Table 3.2-1.

Table 3.2-1: Waste Tank Groupings

Types [ & 11 Type HI/IITA Type IV

Tanks 29, 30, 31, 32, 35, 36,
37, 38, 39,40, 41, 42, 43, 48, Tanks 21, 22, 23, and 24
49, 50, and 51

Tanks 9, 10, 11, 12, 13, 14,
and 15

Note: Tank 16 is a special case with its own grouping

Based on experience with previous Performance Assessments, overestimating the Pu-238
inventories can ultimately exaggerate the projected overall dose. To reduce this exaggeration for
the purpose of estimating Pu-238 inventories in the Type III/IIIA tanks, the grouping was split
based on the two different waste types (salt and sludge). The groupings of the waste tanks is
presented in Table 3.2-2
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Table 3.2-2: Waste Tank Groupings for Pu-238
Types I and I Type II/IITA Type IV
N/A* Salt Sludge N/A*

Tanks 29, 30, 31, 36,
37, 38,41, 48, 49,
and 50

Tanks 9 and 10, 11,
12, 13, 14, and 15

Tanks 32, 35, 39, 40,
42,43, and 51

Tanks 21, 22, 23, and
24

Note: Tank 16 is a special case with its own grouping
*No additional criteria was attributed to this tank type group

3.2.1
The following adjustments were made to each tank’s inventory within each grouping.
3211

Within each tank group, the maximum tank inventory for any one tank was used to estimate
inventory for the other tanks within the grouping due to the uncertain order of waste removal
and closure activities. While a waste tank is in the closure process, material will be removed
and transferred to another waste tank. This will cause the concentrations of the two waste
tanks to become more similar. Since the order of waste tank closure and the transfer
sequences are uncertain, all the radiological and chemical waste tank inventory within each
group were adjusted to match the maximum waste tank inventory within each group.

3212

Based on the differences in concentrations observed during the waste removal process in
Tank 5, decreases in concentrations are anticipated for cesium, strontium, and zirconium.
[WSRC-STI-2007-00192, SRNL-STI-2009-00492] Based on this observation, all the tank
inventories of these elements were adjusted one order of magnitude lower to reflect the effect
of the waste removal process.

3213

Based on results from the Tank 5 inventory determination and FTF PA inventory estimates,
the Tc-99 and Zr-93 inventories required adjustment. For Tc-99, the initial inventory
estimates are believed to be overly conservative. The FTF PA estimated inventory for Tc-99
was close to three orders of magnitude higher than the final inventory. To reduce the
overestimate while maintaining a reasonably conservative inventory estimate for Tc-99, each
tank’s inventory was reduced by one order of magnitude. In previous versions of PA
inventory estimates, Zr-93 inventory estimates were based on a detection limit value. In
Tanks 5, 18, and 19, Zr-93 was measured. Therefore, using these sample results, Zr-93 was
estimated by using a ratio to the Sr-90 concentrations.

Adjustments within each Grouping

Future Operations

Waste Removal Process

Basis Adjustment

3.3

Final Tank Inventory Estimates

The system plan calls for the last waste tank to be grouted at the end of fiscal year 2032.
Therefore, all the radiological inventories have been decay corrected to 2032. After all waste
inventory adjustments, the final radionuclide inventory estimates are provided in Table 3.3-1.
The estimated chemical constituent inventories are provided in Table 3.3-2.
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It should be kept in mind that the curies of residual radiological and the mass of residual
chemical waste constituents are important to the analyses, not the estimated residual waste
volume.
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Table 3.3-1: HTF Estimated Radiological Inventory (Ci) at HTF Closure (2032)

Tank | Ac-227 | Al-26 | Am-241 | Am-242m | Am-243 | Ba-137m | C-14 Cf-249 | Cf-251 Cl-36 | Cm-243 | Cm-244 | Cm-245
9 1.0E+00 | 1.0E+00 | 7.0E+02 | 1.0E+00 | 3.0E+00 | 7.4E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.0E+01 | 1.0E+00
10 1.0E+00 | 1.0E+00 | 7.0E+02 | 1.0E+00 | 3.0E+00 | 7.4E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.0E+01 | 1.0E+00
11 1.0E+00 | 1.0E+00 | 7.0E+02 | 1.0E+00 | 3.0E+00 | 7.4E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.0E+01 | 1.0E+00
12 1.0E+00 | 1.0E+00 | 7.0E+02 | 1.0E+00 | 3.0E+00 | 7.4E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.0E+01 | 1.0E+00
13 1.0E+00 | 1.0E+00 | 7.0E+02 | 1.0E+00 | 3.0E+00 | 7.4E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.0E+01 | 1.0E+00
14 1.0E+00 | 1.0E+00 | 7.0E+02 | 1.0E+00 | 3.0E+00 | 7.4E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.0E+01 | 1.0E+00
15 1.0E+00 | 1.0E+00 | 7.0E+02 | 1.0E+00 | 3.0E+00 | 7.4E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.0E+01 | 1.0E+00
16 1.0E+00 | 1.0E+00 | 8.1E+01 | 1.0E+00 | 1.0E+00 | 1.2E+02 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.3E-04 | 1.0E+00 | 2.4E+00 | 1.0E+00
21 1.0E+00 | 1.0E+00 | 5.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 4.6E+00 | 1.0E+00
22 1.0E+00 | 1.0E+00 | 5.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 4.6E+00 | 1.0E+00
23 1.0E+00 | 1.0E+00 | 5.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 4.6E+00 | 1.0E+00
24 1.0E+00 | 1.0E+00 | 5.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 4.6E+00 | 1.0E+00
29 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
30 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
31 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
32 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
35 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
36 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
37 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
38 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
39 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
40 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
41 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
42 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
43 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
48 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
49 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
50 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
51 1.0E+00 | 1.0E+00 | 1.1E+03 | 1.0E+00 | 1.0E+00 | 5.2E+03 | 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.1E-03 | 1.0E+00 | 2.2E+03 | 1.0E+00
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Table 3.3-1: HTF Estimated Radiological Inventory (Ci) at HTF Closure (2032) (Continued)

Tank | Cm-247 | Cm-248 | Co-60 Cs-135 | Cs-137 | Eu-152 | Eu-154 H-3 1-129 K-40 Nb-94 Ni-59 Ni-63 Np-237
9 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.4E-03 | 7.9E+02 | 2.1E+01 | 2.9E+02 | 1.0E+00 | 2.8E-04 | 1.1E-03 | 1.1E-01 | 8.6E+00 | 6.3E+02 | 2.1E-01
10 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.4E-03 | 7.9E+02 | 2.1E+01 | 2.9E+02 | 1.0E+00 | 2.8E-04 | 1.1E-03 | 1.1E-01 | 8.6E+00 | 6.3E+02 | 2.1E-01
11 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.4E-03 | 7.9E+02 | 2.1E+01 | 2.9E+02 | 1.0E+00 | 2.8E-04 | 1.1E-03 | 1.1E-01 | 8.6E+00 | 6.3E+02 | 2.1E-01
12 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.4E-03 | 7.9E+02 | 2.1E+01 | 2.9E+02 | 1.0E+00 | 2.8E-04 | 1.1E-03 | 1.1E-01 | 8.6E+00 | 6.3E+02 | 2.1E-01
13 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.4E-03 | 7.9E+02 | 2.1E+01 | 2.9E+02 | 1.0E+00 | 2.8E-04 | 1.1E-03 | 1.1E-01 | 8.6E+00 | 6.3E+02 | 2.1E-01
14 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.4E-03 | 7.9E+02 | 2.1E+01 | 2.9E+02 | 1.0E+00 | 2.8E-04 | 1.1E-03 | 1.1E-01 | 8.6E+00 | 6.3E+02 | 2.1E-01
15 1.0E+00 | 1.0E+00 | 1.0E+00 | 5.4E-03 | 7.9E+02 | 2.1E+01 | 2.9E+02 | 1.0E+00 | 2.8E-04 | 1.1E-03 | 1.1E-01 | 8.6E+00 | 6.3E+02 | 2.1E-01
16 1.0E+00 | 1.0E+00 | 1.0E+00 | 9.9E-04 | 1.3E+02 | 1.0E+00 | 3.3E+01 | 1.0E+00 | 5.3E-05 | 2.6E-04 | 2.6E-02 | 1.0E+00 | 1.1E+02 | 2.2E-02
21 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E-02 | 2.4E+03 | 1.0E+00 | 8.3E+00 | 1.0E+00 | 2.1E-04 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 9.1E+00 | 1.3E-02
22 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E-02 | 2.4E+03 | 1.0E+00 | 8.3E+00 | 1.0E+00 | 2.1E-04 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 9.1E+00 | 1.3E-02
23 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E-02 | 2.4E+03 | 1.0E+00 | 8.3E+00 | 1.0E+00 | 2.1E-04 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 9.1E+00 | 1.3E-02
24 1.0E+00 | 1.0E+00 | 1.0E+00 | 2.3E-02 | 2.4E+03 | 1.0E+00 | 8.3E+00 | 1.0E+00 | 2.1E-04 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 9.1E+00 | 1.3E-02
29 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
30 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
31 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
32 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
35 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
36 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
37 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
38 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
39 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
40 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
41 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
42 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
43 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
48 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
49 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
50 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
51 1.0E+00 | 1.0E+00 | 1.0E+00 | 7.1E-03 | 5.5E+03 | 3.8E+01 | 9.2E+02 | 1.0E+00 | 6.7E-03 | 1.1E-03 | 1.1E-01 | 1.0E+00 | 7.9E+02 | 4.0E-01
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Table 3.3-1: HTF Estimated Radiological Inventory (Ci) at HTF Closure (2032) (Continued)
Tank | Pa-231 | Pd-107 | Pt-193 | Pu-238 | Pu-239 | Pu-240 | Pu-241 | Pu-242 | Pu-244 | Ra-226 | Ra-228 Se-79 Sm-151 | Sn-126
9 2.1E-03 | 2.1E-01 | 2.1E-01 | 6.5E+03 | 8.0E+01 | 5.0E+01 | 7.6E+02 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 4.8E+00 | 1.1E+04 | 4.6E+00
10 2.1E-03 | 2.1E-01 | 2.1E-01 | 6.5E+03 | 8.0E+01 | 5.0E+01 | 7.6E+02 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 4.8E+00 | 1.1E+04 | 4.6E+00
11 2.1E-03 | 2.1E-01 | 2.1E-01 | 6.5E+03 | 8.0E+01 | 5.0E+01 | 7.6E+02 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 4.8E+00 | 1.1E+04 | 4.6E+00
12 2.1E-03 | 2.1E-01 | 2.1E-01 | 6.5E+03 | 8.0E+01 | 5.0E+01 | 7.6E+02 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 4.8E+00 | 1.1E+04 | 4.6E+00
13 2.1E-03 | 2.1E-01 | 2.1E-01 | 6.5E+03 | 8.0E+01 | 5.0E+01 | 7.6E+02 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 4.8E+00 | 1.1E+04 | 4.6E+00
14 2.1E-03 | 2.1E-01 | 2.1E-01 | 6.5E+03 | 8.0E+01 | 5.0E+01 | 7.6E+02 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 4.8E+00 | 1.1E+04 | 4.6E+00
15 2.1E-03 | 2.1E-01 | 2.1E-01 | 6.5E+03 | 8.0E+01 | 5.0E+01 | 7.6E+02 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 4.8E+00 | 1.1E+04 | 4.6E+00
16 5.3E-04 | 5.3E-02 | 5.3E-02 | 2.9E+02 | 7.7E+00 | 3.7E+00 | 2.0E+01 | 1.0E+00 | 1.0E+00 | 5.3E-03 | 5.3E-01 | 1.0E+00 | 1.8E+03 | 1.0E+00
21 2.1E-03 | 2.1E-01 | 2.1E-01 | 7.2E+01 | 1.0E+00 | 3.6E-01 | 2.1E+00 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 2.4E+02 | 1.0E+00
22 2.1E-03 | 2.1E-01 | 2.1E-01 | 7.2E+01 | 1.0E+00 | 3.6E-01 | 2.1E+00 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 2.4E+02 | 1.0E+00
23 2.1E-03 | 2.1E-01 | 2.1E-01 | 7.2E+01 | 1.0E+00 | 3.6E-01 | 2.1E+00 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 2.4E+02 | 1.0E+00
24 2.1E-03 | 2.1E-01 | 2.1E-01 | 7.2E+01 | 1.0E+00 | 3.6E-01 | 2.1E+00 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 2.4E+02 | 1.0E+00
29 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
30 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
31 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
32 2.1E-03 | 2.1E-01 | 2.1E-01 | 1.5E+04 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
35 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
36 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
37 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
38 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
39 2.1E-03 | 2.1E-01 | 2.1E-01 | 1.5E+04 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
40 2.1E-03 | 2.1E-01 | 2.1E-01 | 1.5E+04 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
41 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
42 2.1E-03 | 2.1E-01 | 2.1E-01 | 1.5E+04 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
43 2.1E-03 | 2.1E-01 | 2.1E-01 | 1.5E+04 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
48 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
49 2.1E-03 | 2.1E-01 | 2.1E-01 | 2.8E+03 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
50 2.1E-03 | 2.1E-01 | 2.1E-01 | 1.5E+04 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
51 2.1E-03 | 2.1E-01 | 2.1E-01 | 1.5E+04 | 2.4E+02 | 1.5E+02 | 4.6E+03 | 1.0E+00 | 1.0E+00 | 2.1E-02 | 2.1E+00 | 1.0E+00 | 7.7E+04 | 1.0E+00
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Table 3.3-1: HTF Estimated Radiological Inventory (Ci) at HTF Closure (2032) (Continued)
Tank Sr-90 Tc-99 Th-229 Th-230 Th-232 U-232 U-233 U-234 U-235 U-236 U-238 Y-90 7Zr-93
9 1.4E+04 | 8.1E+00 | 2.1E-03 | 2.1E-02 | 2.9E-02 | 2.1E-03 | 59E-01 | 9.6E-02 | 2.1E-02 | 2.1E-02 | 2.9E-02 | 1.4E+04 | 4.0E-01
10 1.4E+04 | 8.1E+00 | 2.1E-03 | 2.1E-02 | 2.9E-02 | 2.1E-03 | 59E-01 | 9.6E-02 | 2.1E-02 | 2.1E-02 | 2.9E-02 | 1.4E+04 | 4.0E-01
11 1.4E+04 | 8.1E+00 | 2.1E-03 | 2.1E-02 | 2.9E-02 | 2.1E-03 | 59E-01 | 9.6E-02 | 2.1E-02 | 2.1E-02 | 2.9E-02 | 1.4E+04 | 4.0E-01
12 1.4E+04 | 8.1E+00 | 2.1E-03 | 2.1E-02 | 2.9E-02 | 2.1E-03 | 59E-01 | 9.6E-02 | 2.1E-02 | 2.1E-02 | 2.9E-02 | 1.4E+04 | 4.0E-01
13 1.4E+04 | 8.1E+00 | 2.1E-03 | 2.1E-02 | 2.9E-02 | 2.1E-03 | 59E-01 | 9.6E-02 | 2.1E-02 | 2.1E-02 | 2.9E-02 | 1.4E+04 | 4.0E-01
14 1.4E+04 | 8.1E+00 | 2.1E-03 | 2.1E-02 | 2.9E-02 | 2.1E-03 | 59E-01 | 9.6E-02 | 2.1E-02 | 2.1E-02 | 2.9E-02 | 1.4E+04 | 4.0E-01
15 1.4E+04 | 8.1E+00 | 2.1E-03 | 2.1E-02 | 2.9E-02 | 2.1E-03 | 59E-01 | 9.6E-02 | 2.1E-02 | 2.1E-02 | 2.9E-02 | 1.4E+04 | 4.0E-01
16 2.2E+03 | 1.5E+00 | 5.3E-04 | 5.3E-03 | 5.3E-03 | 5.3E-04 | 8.7E-02 | 2.4E-02 | 53E-03 | 5.3E-03 | 5.3E-04 | 2.2E+03 | 6.3E-02
21 3.1E+02 | 1.6E-01 | 2.1E-03 | 2.1E-02 | 2.1E-02 | 2.1E-03 | 6.0E-02 | 2.2E-02 | 2.1E-02 | 2.1E-02 | 7.4E-03 | 3.1E+02 | 8.8E-03
22 3.1E+02 | 1.6E-01 | 2.1E-03 | 2.1E-02 | 2.1E-02 | 2.1E-03 | 6.0E-02 | 2.2E-02 | 2.1E-02 | 2.1E-02 | 7.4E-03 | 3.1E+02 | 8.8E-03
23 3.1E+02 | 1.6E-01 | 2.1E-03 | 2.1E-02 | 2.1E-02 | 2.1E-03 | 6.0E-02 | 2.2E-02 | 2.1E-02 | 2.1E-02 | 7.4E-03 | 3.1E+02 | 8.8E-03
24 3.1E+02 | 1.6E-01 | 2.1E-03 | 2.1E-02 | 2.1E-02 | 2.1E-03 | 6.0E-02 | 2.2E-02 | 2.1E-02 | 2.1E-02 | 7.4E-03 | 3.1E+02 | 8.8E-03
29 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
30 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 84E-02 | 2.0E+04 | 5.7E-01
31 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 84E-02 | 2.0E+04 | 5.7E-01
32 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
35 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
36 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
37 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
38 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 84E-02 | 2.0E+04 | 5.7E-01
39 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
40 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
41 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
42 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 84E-02 | 2.0E+04 | 5.7E-01
43 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 84E-02 | 2.0E+04 | 5.7E-01
48 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 84E-02 | 2.0E+04 | 5.7E-01
49 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
50 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 8.4E-02 | 2.0E+04 | 5.7E-01
51 2.0E+04 | 9.7E+00 | 2.1E-03 | 2.1E-02 | 2.7E-02 | 2.1E-03 | 1.3E+00 | 6.6E-01 | 2.1E-02 | 1.1E-01 | 84E-02 | 2.0E+04 | 5.7E-01
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Table 3.3-2: HTF Estimated Chemical Inventory (kg) at HTF Closure (2032)
Tank Ag Al As B Ba Cd Cl Co Cr Cu F Fe Hg I

9 5.3E+00 | 2.5E+03 | 1.4E-01 | 3.6E+01 | 2.0E+01 | 1.5E+01 | 1.0E+02 | 2.1E-01 | 1.7E+01 | 5.1E+00 | 1.4E+01 | 3.0E+03 | 4.2E+02 | 5.0E-01
10 | 5.3E+00 | 2.5E+03 | 1.4E-01 | 3.6E+01 | 2.0E+01 | 1.5E+01 | 1.0E+02 | 2.1E-01 | 1.7E+01 | 5.1E+00 | 1.4E+01 | 3.0E+03 | 4.2E+02 | 5.0E-01
11 5.3E+00 | 2.5E+03 | 1.4E-01 | 3.6E+01 | 2.0E+01 | 1.5E+01 | 1.0E+02 | 2.1E-01 | 1.7E+01 | 5.1E+00 | 1.4E+01 | 3.0E+03 | 4.2E+02 | 5.0E-01
12 | 5.3E+00 | 2.5E+03 | 1.4E-01 | 3.6E+01 | 2.0E+01 | 1.5E+01 | 1.0E+02 | 2.1E-01 | 1.7E+01 | 5.1E+00 | 1.4E+01 | 3.0E+03 | 4.2E+02 | 5.0E-01
13 | 5.3E+00 | 2.5E+03 | 1.4E-01 | 3.6E+01 | 2.0E+01 | 1.5E+01 | 1.0E+02 | 2.1E-01 | 1.7E+01 | 5.1E+00 | 1.4E+01 | 3.0E+03 | 4.2E+02 | 5.0E-01
14 | 5.3E+00 | 2.5E+03 | 1.4E-01 | 3.6E+01 | 2.0E+01 | 1.5E+01 | 1.0E+02 | 2.1E-01 | 1.7E+01 | 5.1E+00 | 1.4E+01 | 3.0E+03 | 4.2E+02 | 5.0E-01
15 | 5.3E+00 | 2.5E+03 | 1.4E-01 | 3.6E+01 | 2.0E+01 | 1.5E+01 | 1.0E+02 | 2.1E-01 | 1.7E+01 | 5.1E+00 | 1.4E+01 | 3.0E+03 | 4.2E+02 | 5.0E-01
16 4.5E-01 | 4.6E+02 | 4.5E-03 | 9.1E+00 | 1.7E+00 | 4.7E-01 | 2.6E+00 | 2.1E-02 | 2.1E+00 | 5.9E-01 | 1.9E+00 | 1.6E+02 | 5.0E+01 | 5.0E-02
21 1.8E+00 | 3.8E+01 | 2.5E-02 | 3.6E+01 | 3.0E+00 | 2.7E+00 | 2.0E+01 | 8.5E-02 | 4.3E+00 | 6.0E-01 | 9.0E-01 | 6.2E+02 | 4.6E+01 | 2.0E-01
22 1.8E+00 | 3.8E+01 | 2.5E-02 | 3.6E+01 | 3.0E+00 | 2.7E+00 | 2.0E+01 | 8.5E-02 | 4.3E+00 | 6.0E-01 | 9.0E-01 | 6.2E+02 | 4.6E+01 | 2.0E-01
23 1.8E+00 | 3.8E+01 | 2.5E-02 | 3.6E+01 | 3.0E+00 | 2.7E+00 | 2.0E+01 | 8.5E-02 | 4.3E+00 | 6.0E-01 | 9.0E-01 | 6.2E+02 | 4.6E+01 | 2.0E-01
24 1.8E+00 | 3.8E+01 | 2.9E-03 | 3.6E+01 | 3.0E+00 | 2.7E+00 | 2.0E+01 | 8.5E-02 | 4.3E+00 | 6.0E-01 | 9.0E-01 | 6.2E+02 | 4.6E+01 | 2.0E-01
29 | 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
30 | 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
31 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
32 | 82E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
35 | 82E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
36 | 82E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
37 | 82E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
38 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
39 | 82E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
40 | 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
41 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
42 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
43 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
48 | 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
49 | 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
50 | 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
51 8.2E+00 | 2.3E+03 | 1.5E-01 | 3.6E+01 | 2.1E+01 | 1.6E+01 | 6.8E+01 | 3.7E-01 | 2.8E+01 | 8.0E+00 | 2.8E+01 | 1.7E+03 | 6.9E+02 | 1.2E+00
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Table 3.3-2: HTF Estimated Chemical Inventory (kg) at HTF Closure (2032) (Continued)
Tank Mn Mo Ni NOZ NO3 Pb PO4 Sb Se SO4 Sr U /n

9 5.7E+02 | 3.6E+01 | 6.3E+01 | 3.5E+03 | 3.2E+02 | 5.0E+01 | 8.8E+00 | 6.0E+00 | 1.1E-02 | 4.4E+01 | 5.6E+00 | 8.8E+01 | 6.0E+00
10 5.7E+02 | 3.6E+01 | 6.3E+01 | 3.5E+03 | 3.2E+02 | 5.0E+01 | 8.8E+00 | 6.0E+00 | 1.1E-02 | 44E+01 | 5.6E+00 | 8.8E+01 | 6.0E+00
11 5.7E+02 | 3.6E+01 | 6.3E+01 | 3.5E+03 | 3.2E+02 | 5.0E+01 | 8.8E+00 | 6.0E+00 | 1.1E-02 | 4.4E+01 | 5.6E+00 | 8.8E+01 | 6.0E+00
12 5.7E+02 | 3.6E+01 | 6.3E+01 | 3.5E+03 | 3.2E+02 | 5.0E+01 | 8.8E+00 | 6.0E+00 | 1.1E-02 | 4.4E+01 | 5.6E+00 | 8.8E+01 | 6.0E+00
13 5.7E+02 | 3.6E+01 | 6.3E+01 | 3.5E+03 | 3.2E+02 | 5.0E+01 | 8.8E+00 | 6.0E+00 | 1.1E-02 | 44E+01 | 5.6E+00 | 8.8E+01 | 6.0E+00
14 5.7E+02 | 3.6E+01 | 6.3E+01 | 3.5E+03 | 3.2E+02 | 5.0E+01 | 8.8E+00 | 6.0E+00 | 1.1E-02 | 4.4E+01 | 5.6E+00 | 8.8E+01 | 6.0E+00
15 5.7E+02 | 3.6E+01 | 6.3E+01 | 3.5E+03 | 3.2E+02 | 5.0E+01 | 8.8E+00 | 6.0E+00 | 1.1E-02 | 44E+01 | 5.6E+00 | 8.8E+01 | 6.0E+00
16 2.6E+01 | 9.1E+00 | 1.1E-01 | 1.2E+01 | 4.1E+01 | 1.4E+00 | 1.1E+00 | 1.9E-01 | 1.0E-03 | 5.2E+00 | 6.8E-01 | 2.5E-01 5.1E-01
21 8.5E+00 | 3.6E+01 | 4.6E+01 | 7.2E+02 | 2.6E+01 | 1.0E+01 | 4.8E+01 | 1.1E+00 | 2.0E-03 | 3.4E+01 | 6.0E-01 | 2.2E+01 | 1.5E+01
22 8.5E+00 | 3.6E+01 | 4.6E+01 | 7.2E+02 | 2.6E+01 | 1.0E+01 | 4.8E+01 | 1.1E+00 | 2.0E-03 | 3.4E+01 | 6.0E-01 | 2.2E+01 | 1.5E+01
23 8.5E+00 | 3.6E+01 | 4.6E+01 | 7.2E+02 | 2.6E+01 | 1.0E+01 | 4.8E+01 | 1.1E+00 | 2.0E-03 | 3.4E+01 | 6.0E-01 | 2.2E+01 | 1.5E+01
24 8.5E+00 | 3.6E+01 | 4.6E+01 | 7.2E+02 | 2.6E+01 | 1.0E+01 | 4.8E+01 | 1.1E+00 | 2.0E-03 | 3.4E+01 | 6.0E-01 | 2.2E+01 | 1.5E+01
29 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
30 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 94E+00 | 2.3E+02 | 1.0E+01
31 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
32 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
35 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
36 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
37 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 94E+00 | 2.3E+02 | 1.0E+01
38 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
39 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
40 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
41 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 94E+00 | 2.3E+02 | 1.0E+01
42 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
43 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
48 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
49 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
50 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 94E+00 | 2.3E+02 | 1.0E+01
51 3.6E+02 | 3.6E+01 | 1.3E+02 | 1.3E+03 | 6.1E+02 | 3.2E+01 | 1.7E+01 | 6.5E+00 | 1.2E-02 | 7.0E+01 | 9.4E+00 | 2.3E+02 | 1.0E+01
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4.0 ANCILLARY EQUIPMENT

Ancillary equipment includes transfer lines, transfer line secondary containment, pump
tanks, pump pits (PPs), a catch tank, diversion boxes (DBs), valve boxes, concentrate
transfer system (CTS) tanks, and the evaporator systems. Over the operating life of the
facility, radioactive waste comes in physical contact with some of these components,
leaving behind varying degrees of contamination depending on the service life of the
component, the material of construction, and the type of waste in contact with the
component. Components that directly contacted waste material and were assigned an
estimated modeling inventory are:

1. Transfer lines

2. Pump tanks

3. CTS tanks

4. Evaporator vessels

Other ancillary equipment, such as transfer line secondary containment, PPs, HTF catch
tank, DBs, and valve boxes were not considered as part of the source term for the PA
modeling.

4.1  Representative Sludge Slurry

The initial estimates of each tank are used to establish the characterization of the residual
material in the ancillary equipment. [SRR-LWE-2009-00014] The results of a review of
waste transfers within HTF and between FTF and HTF were sorted to determine the
percent of the volume of all waste transfers that can be attributed to each HTF waste tank.
The representative concentration was then determined by applying a weighted average to
each radiological distribution in the HTF tanks. Because the characterization of dry
sludge was used for each tank for conservatism, it was assumed that the sludge would
have to be slurried in order to remove it from the tanks through the ancillary equipment.
It is important to note that, while the sludge concentrations were used, dry sludge is only
a small portion of the total waste that passes through the transfer lines that are routinely
flushed with a high volume of supernate. Using the dry sludge concentrations provided a
conservative representation of the actinides and long-lived isotopes. The short-lived
radionuclides, which are more concentrated in the supernate than the sludge, will have
decayed significantly during the 100 year active institutional control period.

The Technical Safety Requirements (TSR) limit waste transfers to less than or equal to
16.7 wt% solids and operational conditions are typically well below TSR limits.
[S-TSR-G-00001] Conservatively, the slurry concentration was reduced to 20% of the
dry sludge concentration. As part of this document, the weighted concentrations of
radiological and chemical constituents in the slurried sludge were developed and are
presented in Tables 4.1-1 and 4.1-2, respectively.
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Table 4.1-1: Representative Radiological Concentrations of Sludge Slurry

Radionuclide COIZE??;;?;IOH Radionuclide COIZE??;;?;IOH Radionuclide COIZE??;;?;IOH
Ac-227 4.5E-12 Eu-152 6.4E-04 Ra-226 6.8E-12
Al-26 5.2E-07 Eu-154 2.7E-03 Ra-228 2.9E-08
Am-241 5.8E-03 H-3 2.2E-05 Se-79 4.4E-05
Am-242m 4.2E-06 1-129 7.6E-09 Sm-151 3.3E-01
Am-243 9.1E-05 K-40 5.4E-08 Sn-126 5.1E-05
Ba-137m 2.4E-01 Nb-94 1.6E-08 Sr-90 1.1E+00
C-14 7.4E-08 Ni-59 7.2E-05 Tc-99 7.0E-04
Cf-249 4.0E-15 Ni-63 5.2E-03 Th-229 5.4E-08
Cf-251 1.4E-16 Np-237 3.1E-06 Th-230 8.3E-10
Cl-36 1.1E-07 Pa-231 2.5E-11 Th-232 3.6E-07
Cm-243 2.2E-06 Pd-107 1.1E-05 U-232 2.9E-08
Cm-244 7.4E-04 Pt-193 1.1E-05 U-233 1.5E-05
Cm-245 3.1E-07 Pu-238 4.7E-02 U-234 3.0E-06
Cm-247 7.2E-16 Pu-239 7.6E-04 U-235 3.9E-08
Cm-248 7.5E-16 Pu-240 4.5E-04 U-236 3.0E-07
Co-60 1.6E-04 Pu-241 9.2E-03 U-238 3.5E-07
Cs-135 7.0E-07 Pu-242 1.3E-06 Y-90 1.1E+00
Cs-137 2.6E-01 Pu-244 5.9E-09 71-93 5.6E-05

Table 4.1-2: Representative Chemical Concentrations of Sludge Slurry

Chemical | Concentration (kg/gal) Chemical | Concentration (kg/gal)
Ag 1.3E-04 Mn 6.0E-03
Al 1.7E-02 Mo 1.8E-03
As 3.3E-06 Ni 2.2E-03

B 1.8E-03 NO, 3.3E-02
Ba 3.2E-04 NO; 2.6E-03
Cd 3.5E-04 Pb 8.1E-04
Cl 2.3E-03 PO, 2.7E-04
Co 6.0E-06 Sb 1.4E-04
Cr 2.6E-04 Se 2.6E-06
Cu 8.3E-05 SO4 8.4E-04

F 1.5E-04 Sr 8.5E-05
Fe 4.8E-02 U 1.0E-03
Hg 5.3E-03 Zn 1.2E-04

| 1.9E-05
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4.2  Transfer Line Inventory

The amount of residual material in the piping systems was determined analytically.
[CBU-PIT-2005-00120] The methodology in the referenced document was used for
transfer lines. The transfer line inventory estimate was based on estimating the particle
residuals remaining after a transfer line is flushed.

421 Residue of Particles After Flushing

The transfer line core piping is flushed three times the line volume following each
transfer as normal operating procedure. By performance of a mass balance, the waste

concentrations follow an exponential decay curve with respect to time.
[HLW-STE-99-0023]

—ot
C(t)y=C,eV

Where:
Q = Volumetric flow rate
\Y = Volume of liquid
t = time

Let F equal the number of flush volumes, and since Q = VA, the previous equation

becomes,
C=Cye "
Where:
C, = initial concentration
F = number of flush volumes. Here, F = 3 for the number of volumes.

To convert the concentration from a volume basis to a surface area basis, the
following equation applies:

d2

XVolume_CXﬂTl_de_C Ci kg ><d_ ><7.48‘galx1ft

Area mdl 4 “‘gal Orgal) 4 (in) ft3 12 in

-Or-
Cper area = 0.156Cd
Where:

Cper area =  surface area concentrations (Ci/ft* or kg/ft?)
C = concentration (Ci/gal or kg/gal)
d = pipe diameter (inches)

Tables 4.2-1 and 4.2-2 present the remaining surface concentration following three
flush volumes.

The gravity drain lines (GDLs) leading from the evaporators to the waste tanks have
been plugged with salt waste in the past. However, they have been easily cleaned and
are expected to be at least as clean as the bulk waste transfer lines after three volume
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flushes. For the purpose of this calculation of transfer line inventory, the GDLs are
assumed to be the same as the bulk waste transfer lines.

Table 4.2-1: Radiological Surface Concentration by Residue After Three Volume

Flush
Core Pipe Size Core Pipe Size
Radionuclide | 2-inch 3-inch 4-inch Radionuclide 2-inch 3-inch 4-inch
(Ci/ ) | (Ci/f)) | (Ci/ftD) (Ci/f®) | (Ci/f) | (Ci/ )
Ac-227 7.3E-14 | 1.1E-13 | 1.4E-13 Pa-231 4.0E-13 | 59E-13 | 7.7E-13
Al-26 8.3E-09 | 1.2E-08 | 1.6E-08 Pd-107 1.7E-07 | 2.6E-07 | 3.4E-07
Am-241 9.4E-05 | 1.4E-04 | 1.8E-04 Pt-193 1.7E-07 | 2.6E-07 | 3.4E-07
Am-242m 6.8E-08 | 1.0E-07 | 1.3E-07 Pu-238 7.6E-04 1.1E-03 | 1.5E-03
Am-243 1.5E-06 | 2.2E-06 | 2.9E-06 Pu-239 1.2E-05 1.8E-05 | 2.4E-05
Ba-137m 3.9E-03 | 5.8E-03 | 7.6E-03 Pu-240 7.2E-06 1.1E-05 | 1.4E-05
C-14 1.2E-09 | 1.8E-09 | 2.3E-09 Pu-241 1.5E-04 | 2.2E-04 | 2.9E-04
Cf-249 6.4E-17 | 9.5E-17 | 1.2E-16 Pu-242 2.1E-08 | 3.1E-08 | 4.0E-08
Cf-251 2.2E-18 | 3.3E-18 | 4.4E-18 Pu-244 9.5E-11 1.4E-10 | 1.9E-10
Cl-36 1.7E-09 | 2.6E-09 | 3.4E-09 Ra-226 1.1E-13 1.6E-13 | 2.1E-13
Cm-243 3.6E-08 | 5.3E-08 | 7.0E-08 Ra-228 4.7E-10 | 7.0E-10 | 9.2E-10
Cm-244 1.2E-05 | 1.8E-05 | 2.3E-05 Se-79 7.0E-07 1.0E-06 | 1.4E-06
Cm-245 4.9E-09 | 7.3E-09 | 9.6E-09 Sm-151 54E-03 | 7.9E-03 | 1.0E-02
Cm-247 1.2E-17 | 1.7E-17 | 2.2E-17 Sn-126 8.2E-07 1.2E-06 | 1.6E-06
Cm-248 1.2E-17 | 1.8E-17 | 2.3E-17 Sr-90 1.8E-02 | 2.7E-02 | 3.6E-02
Co-60 2.5E-06 | 3.7E-06 | 4.9E-06 Tc-99 1.1E-05 1.7E-05 | 2.2E-05
Cs-135 1.1E-08 | 1.7E-08 | 2.2E-08 Th-229 8.7E-10 1.3E-09 | 1.7E-09
Cs-137 4.1E-03 | 6.1E-03 | 8.1E-03 Th-230 1.3E-11 2.0E-11 | 2.6E-11
Eu-152 1.0E-05 | 1.5E-05 | 2.0E-05 Th-232 5.8E-09 | 8.6E-09 | 1.1E-08
Eu-154 4.3E-05 | 6.3E-05 | 8.3E-05 U-232 4.7E-10 | 7.0E-10 | 9.2E-10
H-3 3.6E-07 | 5.3E-07 | 7.0E-07 U-233 2.3E-07 | 3.5E-07 | 4.5E-07
1-129 1.2E-10 | 1.8E-10 | 2.4E-10 U-234 49E-08 | 7.2E-08 | 9.5E-08
K-40 8.7E-10 | 1.3E-09 | 1.7E-09 U-235 6.3E-10 | 9.3E-10 | 1.2E-09
Nb-94 2.6E-10 | 3.9E-10 | 5.1E-10 U-236 4.8E-09 | 7.1E-09 | 9.4E-09
Ni-59 1.2E-06 | 1.7E-06 | 2.3E-06 U-238 5.6E-09 | 8.4E-09 | 1.1E-08
Ni-63 8.4E-05 | 1.2E-04 | 1.6E-04 Y-90 1.8E-02 | 2.7E-02 | 3.6E-02
Np-237 5.0E-08 | 7.5E-08 | 9.8E-08 71r-93 9.0E-07 1.3E-06 | 1.7E-06
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Table 4.2-2: Chemical Surface Concentration by Residue After Three Volume

Flush

Core Pipe Size
Chemical 2 inch 3 inch 4 inch
(kg/ft?) (kg/fH) | (kg/fth)
Ag 2.1E-06 3.1E-06 | 4.1E-06
Al 2.7E-04 4.0E-04 | 5.2E-04
As 5.3E-08 7.8E-08 1.0E-07
B 2.9E-05 4.3E-05 | 5.7E-05
Ba 5.1E-06 7.5E-06 | 9.9E-06
Cd 5.6E-06 8.3E-06 1.1E-05
Cl 3.7E-05 5.5E-05 | 7.2E-05
Co 9.6E-08 1.4E-07 1.9E-07
Cr 4.1E-06 6.1E-06 | 8.0E-06
Cu 1.3E-06 2.0E-06 | 2.6E-06
F 2.4E-06 3.5E-06 | 4.6E-06
Fe 7.7E-04 1.1E-03 1.5E-03
Hg 8.4E-05 1.3E-04 1.6E-04
I 3.0E-07 4.5E-07 | 5.9E-07
Mn 9.7E-05 1.4E-04 1.9E-04
Mo 2.9E-05 4.3E-05 | 5.7E-05
Ni 3.5E-05 5.2E-05 | 6.8E-05
NO; 5.3E-04 7.9E-04 1.0E-03
NOs 4.1E-05 6.1E-05 | 8.0E-05
Pb 1.3E-05 1.9E-05 | 2.5E-05
PO, 4.3E-06 6.3E-06 | 8.3E-06
Sb 2.3E-06 3.3E-06 | 4.4E-06
Se 4.2E-08 6.3E-08 | 8.2E-08
SO4 1.3E-05 2.0E-05 | 2.6E-05
Sr 1.4E-06 2.0E-06 | 2.6E-06
U 1.6E-05 2.4E-05 | 3.2E-05
Zn 1.9E-06 2.8E-06 | 3.6E-06

The total affected surface area of the transfer lines is approximately 74,100 square feet.
The HTF transfer line data was obtained from the Structural Integrity Database
(M-ML-G-0005), an engineering database developed to help control and maintain the

technical baseline of the Savannah River Site (SRS) facilities including HTF.

The total radiological (decayed to 2032) and chemical inventories in the transfer lines
using analytical methods are presented in Tables 4.2-3 and 4.2-4.
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Table 4.2-3: Estimate of Residual Radioactivity in HTF Transfer Lines

Residual Residual Residual

Radionuclide | Radioactivity Radionuclide | Radioactivity Radionuclide | Radioactivity

(C) (C) (C)

Ac-227 8.2E-09 Eu-152 1.2E+00 Ra-226 1.2E-08
Al-26 9.4E-04 Eu-154 4.8E+00 Ra-228 5.3E-05
Am-241 1.1E+01 H-3 4.1E-02 Se-79 7.9E-02
Am-242m 7.6E-03 1-129 1.4E-05 Sm-151 6.0E+02
Am-243 1.7E-01 K-40 9.8E-05 Sn-126 9.2E-02
Ba-137m 4.4E+02 Nb-94 3.0E-05 Sr-90 2.1E+03
C-14 1.3E-04 Ni-59 1.3E-01 Tc-99 1.2E+00
Cf-249 7.2E-12 Ni-63 9.4E+00 Th-229 9.8E-05
Cf-251 2.5E-13 Np-237 5.7E-03 Th-230 1.5E-06
Cl-36 2.0E-04 Pa-231 4.5E-08 Th-232 6.5E-04
Cm-243 4.1E-03 Pd-107 2.0E-02 U-232 5.3E-05
Cm-244 1.3E+00 Pt-193 2.0E-02 U-233 2.6E-02
Cm-245 5.6E-04 Pu-238 8.6E+01 U-234 5.5E-03
Cm-247 1.3E-12 Pu-239 1.4E+00 U-235 7.1E-05
Cm-248 1.3E-12 Pu-240 8.1E-01 U-236 5.4E-04
Co-60 2.8E-01 Pu-241 1.7E+01 U-238 6.3E-04
Cs-135 1.3E-03 Pu-242 2.3E-03 Y-90 2.1E+03
Cs-137 4.7E+02 Pu-244 1.1E-05 Zr-93 1.0E-01

Table 4.2-4: Estimate of Residual Chemicals in HTF Transfer Lines

Chemical Residual Mass Chemical Residual Mass
(kg) (kg)
Ag 2.3E-01 Mn 1.1E+01
Al 3.0E+01 Mo 3.3E+00
As 5.9E-03 Ni 3.9E+00
B 3.3E+00 NO, 6.0E+01
Ba 5.7E-01 NO; 4.6E+00
Cd 6.3E-01 Pb 1.5E+00
Cl 4.1E+00 PO, 4.8E-01
Co 1.1E-02 Sb 2.5E-01
Cr 4.6E-01 Se 4.8E-03
Cu 1.5E-01 SO, 1.5E+00
F 2.7E-01 Sr 1.5E-01
Fe 8.7E+01 U 1.8E+00
Hg 9.5E+00 Zn 2.1E-01
I 3.4E-02
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4.2.2 Previous Transfer Line Inventory Methodology

The methodology in the referenced document used for transfer lines inventory used
three methods to estimate the residual inventory. [CBU-PIT-2005-00120] These
methods are:

1. Residue by diffusion into metal
2. Residue in the oxide film formed on the carbon steel and the stainless steel
3. Residue of particles remaining after the transfer lines are flushed

Diffusion calculations assumed a 100 year contact time and a 100°C exposure
temperature. Appendix B of CBU-PIT-2005-00120 describes the methodology in
which diffusion estimates are made.

Based on the previous version of this document, the principal source for the transfer
line inventory is the residue particles. Diffusion into the metal and an oxide film
residual were shown to be insignificant contributors to the overall transfer line
inventory. For this reason, only the residue particles technique was used to estimate
the transfer line inventory. [SRR-CWDA-2010-00023 Rev. 1]

To illustrate, Table 4.2-5 presents the contribution from each transfer line inventory
contributor developed in a previous version of this document.
[SRR-CWDA-2010-00023 Rev. 1]

Table 4.2-5: Distribution of Estimate Contributions

Diffusion into % of Residue in % of Parjucle % of

Metal (Ci/f®) | Total | Oxide (Ci/f®) | Total R(‘zjsll/‘}?zis Total
Cs-137 |  23E-21 | 4.7E-17 3.8E-05 077 | 4.8E-03 99
Np-237 | 3.4E-27 | 1.8E-18 1.5E-09 0.77 1.9E-07 99
Pu-238 | 4.6E23 | 1.7E-18 2.1E-05 077 | 2.7E-03 99
Ra-226 | 5.8E-33 | 2.3E-18 1.9E-15 0.77 | 2.5B-13 99
Tc-99 1.6E22 | 3.4E-16 3.6E-07 077 | 4.6E-05 99
U-234 2.1E27 | 1.9E-18 8.7E-10 0.77 1.1E-07 99
U-238 3.8E-28 | 1.9E-18 1.6E-10 0.77 | 2.0E-08 99

4.3  Pump Tank and CTS Tank Inventory

Pump tanks differ from piping systems with respect to such features as geometry and
usage. Only residue left behind after rinsing and flushing was considered for these
components. After tanks are cleaned and inspected, it is expected that residual inventory
will be very low. It is assumed that 0.0625 inch of residual material will remain in these
vessels, consistent with the waste tank residual depth.

The representative material concentrations presented in Tables 4.1-1 and 4.1-2 were used
to determine the residual inventory in pump tanks HPT-2 through HPT-10 (HTP-1 has
been removed from HTF). All of these tanks are accessible for waste removal and
cleaning. As described for the waste tanks, the residual for the nine pump tanks was
estimated as 0.0625 inch of residue remaining on the floor of the tank. The diameter of
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the base of the pump tanks is 12 feet. The residue for each pump tank was therefore
estimated at approximately 4.4 gallons each.

The HTF has two CTS tanks. The CTS tanks are comparable in capacity to the pump
tanks, thus a similar residual inventory is expected. Therefore, the estimated inventory,
decayed to 2032, was the same for each pump tank and each CTS tank as presented in
Tables 4.3-1 and 4.3-2.

Table 4.3-1: Estimate of Residual Radioactivity in Each Pump Tank and CTS Tank

HPT and CTS HPT and CTS
Radionuclide Residual Radionuclide Residual
(Ci) (Ci)
Ac-227 1.0E-11 Pa-231 1.1E-10
Al-26 2.3E-06 Pd-107 4.8E-05
Am-241 2.5E-02 Pt-193 3.6E-05
Am-242m 1.7E-05 Pu-238 1.8E-01
Am-243 4.0E-04 Pu-239 3.3E-03
Ba-137m 6.6E-01 Pu-240 2.0E-03
C-14 3.2E-07 Pu-241 1.4E-02
Cf-249 1.7E-14 Pu-242 5.7E-06
Cf-251 6.0E-16 Pu-244 2.6E-08
Cl-36 4.8E-07 Ra-226 2.9E-11
Cm-243 6.0E-06 Ra-228 1.0E-08
Cm-244 1.4E-03 Se-79 1.9E-04
Cm-245 1.4E-06 Sm-151 1.2E+00
Cm-247 3.2E-15 Sn-126 2.2E-04
Cm-248 3.3E-15 Sr-90 3.0E+00
Co-60 4.2E-05 Tc-99 3.1E-03
Cs-135 3.1E-06 Th-229 2.4E-07
Cs-137 7.0E-01 Th-230 3.7E-09
Eu-152 9.5E-04 Th-232 1.6E-06
Eu-154 2.1E-03 U-232 1.0E-07
H-3 3.0E-05 U-233 6.4E-05
1-129 3.4E-08 U-234 1.3E-05
K-40 2.4E-07 U-235 1.7E-07
Nb-94 7.2E-08 U-236 1.3E-06
Ni-59 3.2E-04 U-238 1.5E-06
Ni-63 2.0E-02 Y-90 3.0E+00
Np-237 1.4E-05 Zr-93 2.5E-04
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Table 4.3-2: Estimate of Residual Chemicals in Each Pump Tank and CTS Tank

4.4

44.1

Sample characterization data for the FTF 242-F evaporator was used to estimate the
residual material in each of the three evaporators in HTF. Samples were taken to
estimate the characterization of residual solids for 242-F (Figure 4.4-1). Analytical
results for the 242-F evaporator are shown in Tables 4.4-1 and 4.4-2. The HTF
evaporators were assigned the same values as the 242-F evaporator.

Evaporators

HPT and
Chemical CTS
(kg)
Ag 5.7E-04
Al 7.4E-02
As 1.4E-05
B 8.0E-03
Ba 1.4E-03
Cd 1.5E-03
Cl 1.0E-02
Co 2.6E-05
Cr 1.1E-03
Cu 3.7E-04
F 6.6E-04
Fe 2.1E-01
Hg 2.3E-02
I 8.3E-05
Mn 2.7E-02
Mo 8.0E-03
Ni 9.5E-03
NO, 1.5E-01
NO; 1.1E-02
Pb 3.6E-03
PO, 1.2E-03
Sb 6.2E-04
Se 1.2E-05
SOy 3.7E-03
Sr 3.7E-04
U 4.5E-03
Zn 5.1E-04

Evaporator System Inventory

A sample of the overheads was also taken during the heel removal campaign. Due to
the low activity and low volume in the overheads and CTS tanks, compared to
evaporators, the inventory of the overheads was not included in the inventory.
Residual liquids will be removed prior to closure.
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Figure 4.4-1: 242-F Evaporator System Sample Locations
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Table 4.4-1: Measured Radionuclide Concentrations in the 242-F Evaporator

Sample
Evaporator Sample
Radionuclide FTF 287
(uCi/g)
Am-241 3.9E-03
Ba-137m 4.7E-01
Co-60 3.0E-05
Cs-137 5.0E-01
H-3 <3.0E-06
Np-237 3.6E-06
Pu-238 4.3E-03
Pu-239 1.4E-02
Pu-240 3.1E-03
Pu-241 1.1E-02
Pu-242 4.5E-06
Se-79 7.7E-09
Sr-90 2.8E-02
Tc-99 1.3E-03
U-233 <1.1E-05
U-234 <7.1E-06
U-235 8.1E-08
U-236 1.4E-07
U-238 7.5E-06
Y-90 2.8E-02

[CBU-LTS-2004-00078, Table 5-5]
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Table 4.4-2: Measured Chemical Concentrations in 242-F Evaporator Sample

. Evaporator Sample FTF 287
Chemical Wit %
Ag 2.2E-04
Al 1.3E-02
As <2.0E-05
B 8.5E-05
Ba 7.4E-04
Cd 3.0E-04
Cr 2.5E-03
Cu 8.3E-04
Fe 2.2E-01
Hg 1.0E-03
Mn 8.7E-03
Mo 1.0E-03
Ni 3.0E-03
Pb 1.6E-03
Sb 8.2E-04
Se <2.0E-05
Sr 4.0E-03
U 2.2E-02
Zn 2.8E-03
[CBU-LTS-2004-00078, Table 5-13]

4.4.2 242-16H and 242-25

H Evaporator & Vessel

The 242-16H and 242-25H evaporator cells and vessels remain operational. It is
expected that the 242-16H and 242-25H evaporator systems will meet or exceed the
decontamination levels achieved in the 242-F evaporator system. To support the PA
modeling, the estimate of residues remaining in 242-F were used to estimate the
residues that will remain in 242-16H and 242-25H at the time of closure.

The total remaining inventory for each evaporator vessel was estimated based on 0.3
gallons of sludge and a dry sludge density of 6.83 Ib/gal. [CBU-LTS-2004-00078]
The radiological (decayed to 2032) and chemical inventories are presented in Tables

4.4-3 and 4.4-4.
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Table 4.4-3: Residual Radionuclide Inventory in Each of the HTF Evaporator

Systems
Inventory in
Radionuclide | Evaporator
Vessel (Ci)
Am-241 3.9E-03
Ba-137m 4.7E-01
Co-60 3.0E-05
Cs-137 5.0E-01
H-3 3.0E-06
Np-237 3.6E-06
Pu-238 4.3E-03
Pu-239 1.4E-02
Pu-240 3.1E-03
Pu-241 1.1E-02
Pu-242 4.5E-06
Se-79 7.7E-09
Sr-90 2.8E-02
Tc-99 1.3E-03
U-233 1.1E-05
U-234 7.1E-06
U-235 8.1E-08
U-236 1.4E-07
U-238 7.5E-06
Y-90 2.8E-02
Table 4.4-4: Residual Chemical Inventory in Each of the HTF Evaporator Systems
Inventory in Inventory in
Chemical Evaporator Chemical | Evaporator
Vessel (kg) Vessel (kg)
Ag 2.2E-04 Mn 8.7E-03
Al 1.3E-02 Mo 1.0E-03
As 2.0E-05 Ni 3.0E-03
B 8.5E-05 Pb 1.6E-03
Ba 7.4E-04 Sb 8.2E-04
Cd 3.0E-04 Se 2.0E-05
Cr 2.5E-03 Sr 4.0E-03
Cu 8.3E-04 U 2.2E-02
Fe 2.2E-01 Zn 2.8E-03
Hg 1.0E-03
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443 242-H Evaporator and Vessel

The 242-H evaporator cell and vessel is non-operational. It is expected that the
242-H evaporator system will meet or exceed the decontamination levels achieved in
the 242-F evaporator system. To support the PA modeling, the estimate of residues
remaining in 242-F were used to estimate the residues that will remain in 242-H
evaporator at the time of closure.

The total remaining inventory for the 242-H evaporator vessel is estimated based on
0.3 gallons of sludge and a dry sludge density of 6.83 Ib/gal.
[CBU-LTS-2004-00078] The inventory has been decayed to the expected year of
closure, 2032, and is previously presented in Tables 4.4-3 and 4.4-4.

45  Other Ancillary Equipment
45.1 Pump Pits

The PPs are shielded reinforced concrete structures located below grade at the low
points of transfer lines and are lined with stainless steel. These structures are
secondary containments that house the pump tanks, and are accessible for cleaning at
the time of closure. No inventory was assigned to these structures.

45.2 Catch Tank

There is a single catch tank in HTF designed to collect drainage from HDB-1 and the
Type I tank transfer line encasements. These transfer lines run primarily from Tanks
9 through 16 to HDB-1 and HDB-2. The transfer line encasement slopes towards the
catch tank to collect leakage from the transfer line core pipe and in-leakage from
ground water. The catch tank is located west of HDB-1. No significant
contamination has been collected in this waste tank and it was not modeled as a
source for contamination in the HTF PA.

45.3 Diversion Boxes

The DBs are shielded reinforced concrete structures containing transfer line nozzles
to which jumpers are connected in order to direct waste transfers to the desired
location. The majority of DBs are located below ground and are either stainless steel
lined or sealed with water proofing compounds to prevent ground contamination.
These structures are accessible for cleaning at the time of closure. No inventory was
assigned to these structures.

454 Valve Boxes

Transfer valve boxes facilitate specific waste transfers that are conducted frequently.
The valves are generally manual ball valves in removable jumpers with flush water
connections on the transfer lines. The valve boxes provide secondary containment.
These structures are accessible for cleaning at the time of closure. No inventory was
assigned to these structures.
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5.0 DECAY DATE

The system plan calls for the last waste tank to be grouted at the end of fiscal year 2032.
Therefore, all the radiological inventories have been decayed to 2032.

6.0 RESULTING ESTIMATES

As noted previously, Table 3.3-1 provides the estimated radionuclide inventories for HTF
developed using the processes described above. Table 3.1-2 provides the estimated
chemical constituent inventory in the residual waste.

Tables 2.5-3 and 2.5-5 provide the estimated radionuclide inventories within the tank
annuli and Type II sand layers. Tables 2.5-4 and 2.5-6 provide the estimate chemical
inventories within the tank annuli and Type II sand layers.

The transfer lines, pump tanks, CTS tanks, and evaporators residual inventory estimates
are provided in Tables 4.2-3, 4.2-4, 4.3-1, 4.3-2, 4.4-3, and 4.4-4.

7.0 INVENTORY ESTIMATE USE

The inventory estimates are for use in the HTF PA modeling. In using these in the PA, it
should be kept in mind that the curies of residual radionuclides and the kilograms of
residual chemical waste constituents are important to the analyses, not the estimated
residual waste volume. While the estimated solids volume is used to calculate the
residual radiological and chemical waste constituent inventories, the volume estimate is
not significant in its own right.

8.0 INTRUDER INVENTORY

For the intruder scenarios, an inventory removed by the intruder was estimated using a
tank from the Type I/II tank grouping represented by Tank 13, a Type IV tank
represented by Tank 24, a 3-inch transfer line, and a 4-inch transfer line. The residual
material was assumed to be uniformly distributed across the tank floor. The well
diameter was assumed to be 8 inches. The inventories used for the well drilling scenarios
are provided in Tables 8.0-1 and 8.0-2.
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Table 8.0-1: HTF Intruder Scenario Radionuclide Inventories

| Tank 13| Tank24 | 3 | 410 | Tank 13| Tank24 | 3™ | 4in.
Radionuclide (Ci) (Ci) line line Radionuclide (Ci) (Ci) line line
(Ci) (Ci) (Ci) (Ci)

Ac-227 6.2E-05 | 6.2E-05 |5.8E-14|1.0E-13 Pa-231 1.3E-07 | 1.3E-07 |3.2E-13 | 5.4E-13

Al-26 6.2E-05 | 6.2E-05 | 6.6E-09 | 1.1E-08 Pd-107 1.3E-05 | 1.3E-05 | 1.4E-07 | 2.4E-07

Am-241 4.3E-02 | 3.1E-04 |7.5E-05|1.3E-04 Pt-193 1.3E-05 | 1.3E-05 | 1.4E-07 | 2.4E-07

Am-242m | 6.2E-05 | 6.2E-05 |5.4E-08 | 9.3E-08 Pu-238 4.0E-01 | 4.4E-03 | 6.0E-04 | 1.0E-03

Am-243 1.9E-04 | 6.2E-05 | 1.2E-06 | 2.0E-06 Pu-239 4.9E-03 | 6.4E-05 |9.6E-06 | 1.7E-05

Ba-137m 4.6E-02 | 1.4E-01 |3.1E-03|5.4E-03 Pu-240 3.1E-03 | 2.2E-05 |5.7E-06 | 9.8E-06

C-14 6.2E-05 | 6.2E-05 |9.4E-10| 1.6E-09 Pu-241 4.7E-02 | 1.3E-04 |1.2E-04 | 2.0E-04

Cf-249 6.2E-05 | 6.2E-05 |5.1E-17 | 8.7E-17 Pu-242 6.2E-05 | 6.2E-05 | 1.7E-08 | 2.8E-08

Cf-251 6.2E-05 | 6.2E-05 |1.8E-18 | 3.1E-18 Pu-244 6.2E-05 | 6.2E-05 | 7.5E-11 | 1.3E-10

Cl-36 1.3E-07 | 1.3E-07 | 1.4E-09 | 2.4E-09 Ra-226 1.3E-06 | 1.3E-06 | 8.6E-14 | 1.5E-13

Cm-243 6.2E-05 | 6.2E-05 | 2.9E-08 | 4.9E-08 Ra-228 1.3E-04 | 1.3E-04 |3.7E-10]6.4E-10

Cm-244 1.2E-03 | 2.8E-04 | 9.4E-06 | 1.6E-05 Se-79 2.9E-04 | 6.2E-05 | 5.6E-07|9.6E-07

Cm-245 6.2E-05 | 6.2E-05 | 3.9E-09 | 6.8E-09 Sm-151 6.8E-01 | 1.5E-02 |4.3E-03 | 7.3E-03

Cm-247 6.2E-05 | 6.2E-05 |9.1E-18 | 1.6E-17 Sn-126 2.8E-04 | 6.2E-05 | 6.5E-07 | 1.1E-06

Cm-248 6.2E-05 | 6.2E-05 |9.5E-18 | 1.6E-17 Sr-90 8.6E-01 | 1.9E-02 | 1.5E-02 | 2.5E-02

Co-60 6.2E-05 | 6.2E-05 |2.0E-06 | 3.4E-06 Tc-99 5.0E-04 | 9.6E-06 | 9.0E-06 | 1.5E-05

Cs-135 3.3E-07 | 1.4E-06 |9.0E-09 | 1.5E-08 Th-229 1.3E-07 | 1.3E-07 | 6.9E-10 | 1.2E-09

Cs-137 4.8E-02 | 1.5E-01 |3.3E-03|5.7E-03 Th-230 1.3E-06 | 1.3E-06 |1.1E-11 | 1.8E-11

Eu-152 1.3E-03 | 6.2E-05 | 8.2E-06 | 1.4E-05 Th-232 1.8E-06 | 1.3E-06 |4.6E-09 | 7.9E-09

Eu-154 1.8E-02 | 5.1E-04 |3.4E-05 | 5.8E-05 U-232 1.3E-07 | 1.3E-07 | 3.7E-10| 6.5E-10

H-3 6.2E-05 | 6.2E-05 |2.9E-07 | 4.9E-07 U-233 3.6E-05 | 3.7E-06 | 1.8E-07|3.2E-07
1-129 1.7E-08 | 1.3E-08 |9.7E-11 | 1.7E-10 U-234 5.9E-06 | 1.3E-06 |3.9E-08 | 6.6E-08
K-40 6.5E-08 | 6.5E-08 | 6.9E-10| 1.2E-09 U-235 1.3E-06 | 1.3E-06 |5.0E-10]8.6E-10

Nb-94 6.5E-06 | 6.5E-06 |2.1E-10|3.6E-10 U-236 1.3E-06 | 1.3E-06 | 3.8E-09 | 6.6E-09

Ni-59 5.3E-04 | 6.2E-05 |9.2E-07 | 1.6E-06 U-238 1.8E-06 | 4.5E-07 | 4.5E-09 | 7.7E-09

Ni-63 3.9E-02 | 5.6E-04 |6.6E-05|1.1E-04 Y-90 8.6E-01 | 1.9E-02 | 1.5E-02 | 2.5E-02

Np-237 1.3E-05 | 8.1E-07 | 4.0E-08 | 6.9E-08 Zr-93 2.5B-05 | 5.4E-07 |7.1E-07 | 1.2E-06
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Table 8.0-2: HTF Intruder Scenario Chemical Inventories
Chemical Tank 13 | Tank 24 | 3 in. line | 4 in. line Chemical Tank 13 | Tank 24 | 3 in. line | 4 in. line
(kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg)
Ag 3.2E-04 | 1.1E-04 | 1.7E-06 | 2.9E-06 Mn 3.5E-02 | 5.2E-04 | 7.7E-05 1.3E-04
Al 1.5E-01 | 2.3E-03 | 2.1E-04 | 3.7E-04 Mo 2.2E-03 | 2.2E-03 | 2.3E-05 | 4.0E-05
As 8.7E-06 | 1.8E-07 | 4.2E-08 | 7.2E-08 Ni 3.9E-03 | 2.8E-03 | 2.8E-05 | 4.8E-05
B 2.2E-03 | 2.2E-03 | 2.3E-05 | 4.0E-05 NO, 2.1E-01 | 4.5E-02 | 4.2E-04 | 7.2E-04
Ba 1.2E-03 | 1.9E-04 | 4.0E-06 | 7.0E-06 NO; 2.0E-02 | 1.6E-03 | 3.3E-05 | 5.6E-05
Cd 9.2E-04 | 1.6E-04 | 4.4E-06 | 7.6E-06 Pb 3.1E-03 | 6.2E-04 | 1.0E-05 1.8E-05
Cl 6.2E-03 | 1.2E-03 | 2.9E-05 5.0E-05 PO, 5.4E-04 | 2.9E-03 | 3.4E-06 | 5.8E-06
Co 1.3E-05 | 5.2E-06 | 7.7E-08 1.3E-07 Sb 3.7E-04 | 6.7E-05 | 1.8E-06 | 3.1E-06
Cr 1.0E-03 | 2.6E-04 | 3.3E-06 | 5.6E-06 Se 7.0E-07 | 1.3E-07 | 3.4E-08 | 5.8E-08
Cu 3.2E-04 | 3.7E-05 | 1.1E-06 1.8E-06 SO, 2.7E-03 | 2.1E-03 | 1.1E-05 1.8E-05
F 8.6E-04 | 5.5E-05 | 1.9E-06 | 3.3E-06 Sr 3.4E-04 | 3.7E-05 | 1.1E-06 1.9E-06
Fe 1.8E-01 | 3.8E-02 | 6.1E-04 1.1E-03 U 5.4E-03 | 1.4E-03 | 1.3E-05 | 2.2E-05
Hg 2.6E-02 | 2.8E-03 | 6.7E-05 1.2E-04 Zn 3.7E-04 | 9.2E-04 | 1.5E-06 | 2.5E-06
| 3.1E-05 | 1.2E-05 | 2.4E-07 | 4.1E-07

9.0 INVENTORY STOCHASTICS

The waste tank and ancillary equipment inventories in the GoldSim HTF transport model
control the total amount of contaminants available for release. Sections 3.0 and 4.0
describe the basis for estimates of residual radiological inventory in the HTF waste tanks
and ancillary equipment.

The process used to estimate each waste tanks’ residual material at operational closure
created estimates that were both bounding and reasonable. Estimates were developed for
all radionuclides and chemicals expected to occur in the HTF, but those components
expected to affect dose are closely scrutinized, and the values selected are intended to
provide conservatism over what is expected to remain at operational closure.

The initial inventories are considered conservative estimates. For instance, in estimating
residuals from reprocessed reactor spent fuel, maximum burn-up is assumed,
consequently certain radionuclide byproducts are also maximized. An unknown amount
of residual material characterized as fission products bearing Plutonium Recovery and
Extraction (PUREX) Low Heat Waste actually originated as cladding waste or other low
radionuclide bearing wastes that contain relatively small amounts of fission products.
[LWO-PIT-2007-00025] Additional conservatism is added to the estimate of residuals
assumed to remain in the waste tanks after cleaning. It is probable that less residuals, and
thus a lower inventory of contaminants, will actually remain. These process-related
uncertainties have not been quantified; instead, this uncertainty is accounted for by
applying a lower and upper bound to the initial inventory estimates, using a log uniform
distribution.

A comparison between actual waste tank samples and WCS estimated values was
completed. Tanks 5, 18 and 19 contents have been sampled and tested to allow for a
comparison. Figure 9.1-1 shows a ratio of the actual sample measure values over the
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predicted WCS values for each constituent (i.e., values less than 1.0 are overestimated by
WCS). The comparison of data shows that 75% of the approximately 215 sample results
indicate WCS conservatively overestimated or closely matched the sample measure
values. Excluding less than detection limit values, less than 25% of the sample results
indicate that WCS underestimated the sample measure values. [SRS-REG-2007-00008]

Discrete multipliers are applied (between 0.01 and 10 are applied to both radionuclide
and chemical elements) to the initial inventory for each radionuclide and chemical
constituent. The multipliers are presented in Tables 9.1-1 and 9.1-2 and are based on the
confidence in the initial estimate.

9.1 Revision 2 Update

Tank 5 is in the final stages of operational closure which include sample and analysis
activities. The final Tank 5 inventory determination has been completed.
[SRR-CWDA-2012-00027] A comparison between the inventory estimate in the FTF PA
and the final Tank 5 inventory was performed. Although Tank 5 is in F-Tank Farm, the
PA inventory estimate process was similar and a comparison between estimate and final
inventories provide an indication to the confidence in the multipliers used here. This
comparison is presented in Figure 9.1-2. Inspection of the figure generally shows an
underestimate maximum of 10. One significant underestimate, Zr-93, was resolved with
this revision by adjusting the inventory basis (Section 3.2.1.3). Otherwise, a maximum of
one order of magnitude is believed to a good high multiplier.
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Figure 9.1-1: Sample to WCS Prediction Ratio
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Figure 9.1-2: Tank 5 Sample to WCS Prediction Ratio
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Table 9.1-1: HTF Radionuclide Inventory Multipliers

Type /11 Tank 16 Type IV Type I[II/ITIA
Distribution Lo Lo Lo .
Unifogrm Unifogrm Unifogrm Log Uniform
Radionuclide | Min | Max | Min | Max | Min | Max Min Max
Ac-227 0.01 1 0.01 1 0.01 1 0.01 1
Al-26 0.01 1 0.01 1 0.01 1 0.01 1
Am-241 0.01| 10 |[0.01| 10 |0.01| 10 0.01 10
Am-242m 0.01 1 0.01 1 0.01 1 0.01 1
Am-243 0.01| 10 |0.01 1 0.01 1 0.01 1
C-14 0.01 1 0.01 1 0.01 1 0.01 1
Cf-249 0.01 1 0.01 1 0.01 1 0.01 1
Cf-251 0.01 1 0.01 1 0.01 1 0.01 1
Cl-36 0.01 1 0.01 1 0.01 1 0.01 1
Cm-243 0.01 1 0.01 1 0.01 1 0.01 1
Cm-244 0.01| 10 |[0.01| 10 |0.01] 10 0.01 10
Cm-245 0.01 1 0.01 1 0.01 1 0.01 1
Cm-246 0.01 1 0.01 1 0.01 1 0.01 1
Cm-247 0.01 1 0.01 1 0.01 1 0.01 1
Cm-248 0.01 1 0.01 1 0.01 1 0.01 1
Co-60 0.01 1 0.01 1 0.01 1 0.01 1
Cs-135 0.01| 10 [ 0.01| 10 |0.01]| 10 0.01 10
Cs-137 0.01| 10 |[0.01| 10 |0.01] 10 0.01 10
Eu-152 0.01| 10 |0.01 1 0.01 1 0.01 10
Eu-154 0.01| 10 |[0.01| 10 |0.01| 10 0.01 10
H-3 0.01 1 0.01 1 0.01 1 0.01 1
I-129 0.01| 10 |0.01 1 0.01 1 0.01 10
K-40 0.01 1 0.01 1 0.01 1 0.01 1
Nb-94 0.01 1 0.01 1 0.01 1 0.01 1
Ni-59 0.01 | 10 | 0.01 1 0.01 1 0.01 1
Ni-63 0.01| 10 |[0.01| 10 |0.01 ] 10 0.01 10
Np-237 0.01| 10 |[0.01| 10 |0.01| 10 0.01 10
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Table 9.1-1: HTF Radionuclide Inventory Multipliers (Continued)

Type /11 Tank 16 Type IV Type I[II/ITIA
Distribution Lo Lo Lo .
Unifogrm Unifogrm Unifogrm Log Uniform
Radionuclide | Min | Max | Min | Max | Min | Max Min Max
Pa-231 0.01 1 0.01 1 0.01 1 0.01 1
Pd-107 0.01 1 0.01 1 0.01 1 0.01 1
Pt-193 0.01 1 0.01 1 0.01 1 0.01 1
Pu-238%* 0.01| 10 |[0.01| 10 |0.01] 10 0.01 10
Pu-239 0.01| 10 [ 0.01| 10 |0.01| 10 0.01 10
Pu-240 0.01| 10 |[0.01| 10 |0.01] 10 0.01 10
Pu-241 0.01| 10 [ 0.01| 10 |0.01] 10 0.01 10
Pu-242 0.01 1 0.01 1 0.01 1 0.01 1
Pu-244 0.01 1 0.01 1 0.01 1 0.01 1
Ra-226 0.01 1 0.01 1 0.01 1 0.01 1
Ra-228 0.01 1 0.01 1 0.01 1 0.01 1
Se-79 0.01| 10 |0.01 1 0.01 1 0.01 1
Sm-151 0.01| 10 |0.01] 10 |0.01] 10 0.01 10
Sn-126 0.01 | 10 | 0.01 1 0.01 1 0.01 1
Sr-90 001 10 |0.01] 10 |0.01] 10 0.01 10
Tc-99 0.01| 10 |[0.01| 10 |0.01] 10 0.01 10
Th-229 0.01 1 0.01 1 0.01 1 0.01 1
Th-230 0.01 1 0.01 1 0.01 1 0.01 1
Th-232 0.01| 10 |0.01 1 0.01 1 0.01 10
U-232 0.01 1 0.01 1 0.01 1 0.01 1
U-233 0.01| 10 |[0.01| 10 |0.01 ] 10 0.01 10
U-234 001| 10 |0.01] 10 |0.01] 10 0.01 10
U-235 0.01 1 0.01 1 0.01 1 0.01 1
U-236 0.01 1 0.01 1 0.01 1 0.01 10
U-238 0.01 | 10 | 0.01 1 0.01 | 10 0.01 10
Zr-93 0.01| 10 [0.01| 10 |0.01] 10 0.01 10

* Although the Pu-238 estimates in the Type III/IIIA tanks were separated into salt and

sludge tanks, the multiplier is the same for both groupings
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Table 9.1-2: HTF Chemical Inventory Multipliers

Probability | Multiplier
0.25 0.01
All Chemicals 0.25 0.1
0.25 1
0.25 10

An initial inventory is modeled to exist in the sand pads, and in the ancillary equipment
including the transfer lines. Because peak dose is driven by the initial inventory in the
tanks, and because of lack of sample data to better define the uncertainty of these
components, it was determined that applying uncertainty to the ancillary equipment and
sand pad initial inventory was unjustified.
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APPENDIX A SOURCE TERM SCREENING

The initial radionuclide screening process developed and performed to support
characterization efforts is applicable for HTF PA modeling. CBU-PIT-2005-00228
identifies how SRS performed a screening of radionuclides by initially evaluating 849
isotopes. Of the original 849 isotopes, 159 remained on the list and 690 were excluded
from further consideration.

This screening process used the following information:

e physical properties of each radioisotope such as half-life and decay mechanism,

e source and handling of the waste was used in the decisions based on isotope
production mechanisms and time since the isotope was produced, and

e screening factors for ground disposal of radionuclides developed in NCRP-123
which convert a quantity of each radionuclide to a dose.

The screening process performed in the initial screening was presented in
CBU-PIT-2005-00228 was as follows:

Step 1. Identify isotopes that were part of any of the four decay series (Actinium,
Neptunium, Thorium, or Uranium) and retained for further analysis because the HTF
waste was known to contain the first member of each of the series.

Step 2. Identify isotopes for which there was high-level waste sludge characterization
information and retain for further analysis since these have been determined to likely
be present in the waste and of importance to some aspect of the program. Note that
this step may identify isotopes for inclusion that could have been screened out at
some later step if they had not been so designated.

Next, the remaining list of radionuclides was examined to eliminate those isotopes which
can be excluded based on the criteria presented in the following steps. Those that have
very long half-lives (and correspondingly low specific activity) and those that have been
screened out using the most up-to-date method presented in NCRP-123 were identified
for exclusion.

Step 3. Identify isotopes for which there is no dose conversion information (typically
very long lived and essentially stable isotopes). The two most comprehensive sources
of information are the NCRP-123 and EPA Risk Assessment Web Site
(www.epa.gov/radiation/heast), and both of these sources were consulted. Dose
Conversion Factors do not exist for these isotopes because they were not considered
to merit the development of factors.

Step 4. Identify isotopes that have been screened out in NCRP-123 using the
screening methodology for ground disposal.

The next part of the screening process employs some general information about an
assumed residual inventory of radionuclides in high-level waste sludge that is an order of
magnitude or more than expected at closure.

Step 5. Assuming a large activity level (one million curies) of any isotope remaining
in the residual material, and using the screening factors from NCRP-123, identify
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those that would result in a hypothetical exposure to a Member of the Public (MOP)
of 1 mrem/yr or less and eliminate them from the list. Note that this analysis includes
the exposure due to all daughter radionuclides.

Step 6. Assuming a large mass (1,000 lbs) of any isotope remaining in the residual
material, and using the screening factors from NCRP-123, identify those that would
result in a hypothetical exposure to a MOP of 1 mrem/yr or less and eliminate them
from the list. Note that this analysis includes the exposure due to all daughter
radionuclides.

Step 7. Identify isotopes that would not be in the waste due to their physical
properties (e.g., present as a gas and released in the reactor or during fuel processing).

More specific information about the waste at the SRS is used to identify those
radionuclides which can be excluded based on history of the site waste.

Step 8. Employ information about the age of the HTF waste (minimum of 15 years)
to identify those radionuclides that would not be expected to be in the waste at the
time of closure due to their short half-lives. Restrict this analysis to those isotopes
that have no on-going source and decay directly to stable products so that no isotopes
with significant daughters are prematurely eliminated.

Step 9. Employ information about the age of the HTF waste (minimum of 15 years)
to identify those radionuclides that would not be expected to be in the waste at the
time of closure due to their short half-lives. Apply this analysis to those isotopes that
have no on-going source and decay to short-lived daughters (less than 1 year) and
then to stable products so that no isotopes with significant daughters are prematurely
eliminated.

Next, some basic information about the duration of institutional control combined with
specific isotope characteristics can be used to eliminate radionuclides that are not going
to be of future concern to MOP or worker exposure.

Step 10. Employ detailed decay scheme information to identify short-lived isotopes
with no ongoing sources that will decay to stable isotopes in multiple short steps.
This step requires the careful review of each decay scheme individually. Although
there is not a general rule of thumb, it is obvious from inspection of the decay chain
that both the parent and the daughters are effectively extinct.

Step 11. Employ detailed decay scheme information to identify those short-lived
isotopes with no ongoing sources that will decay to a longer lived isotope that is
separately tracked. Once this decay has happened, the short-lived parent isotope is no
longer of interest.

Step 12. Employ detailed decay scheme information and an assumed period of
institutional control (100 years) to identify those isotopes with no ongoing sources
that will decay to a stable isotope during the period of institutional control.

Step 13. Employ detailed decay scheme information and an assumed period of
institutional control (100 years) to identify those isotopes with no ongoing sources
that will decay to a longer lived isotope that is separately tracked during the period of
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institutional control. Once this decay has happened, the parent isotope is no longer of
interest.

The isotopes remaining on the list which have not been identified for either inclusion or
exclusion can now be examined. Many of the isotopes on the list were not created in the
SRS reactors. This is because the initial list of isotopes for evaluation was pulled from a
variety of sources and includes isotopes of interest for many different reasons due to
other SRS activities other than just reactor operations.

Step 14. The remaining isotopes are now identified as those isotopes which require
further analysis (i.e., pathway and/or inventory specific screening).

The results of the screening process yielded 159 remaining radionuclides for evaluation
presented in Table A.0-1

Table A.0-1: Radionuclides Requiring Further Evaluation

Ac-225 Bk-250 Eu-152 Nb-94 Po-213 Rh-106 Th-227
Ac-227 C-14 Eu-154 Ni-59 Po-214 Rn-219 Th-228
Ac-228 Ca-41 Eu-155 Ni-63 Po-215 Rn-220 Th-229
Ag-108m Ce-144 Fe-60 Np-236 Po-216 Rn-222 Th-230
Al-26 Cf-249 Fr-221 Np-237 Po-218 Ru-106 Th-231
Am-241 Cf-250 Fr-223 Np-239 Pr-144 Sb-125 Th-232
Am-242 Cf-251 Gd-148 Np-240 Pt-193 Sb-126 Th-234
Am-242m Cf-252 H-3 Pa-231 Pu-236 Sb-126m Ti-44
Am-243 Cl-36 Hf-178m Pa-233 Pu-238 Se-79 TI1-207
Am-246 Cm-242 Hf-182 Pa-234 Pu-239 Si-32 TI1-208
At-217 Cm-243 Hg-194 Pb-202 Pu-240 Sm-146 T1-209
At-218 Cm-244 Ho-166m Pb-205 Pu-241 Sm-147 T1-210
Ba-137m Cm-245 1-129 Pb-209 Pu-242 Sm-151 U-232
Be-10 Cm-246 Ir-192 Pb-210 Pu-243 Sn-121m U-233
B1-207 Cm-247 Ir-192m Pb-211 Pu-244 Sn-126 U-234
Bi-210 Cm-248 K-40 Pb-212 Pu-246 Sr-90 U-235
Bi-210m Cm-250 La-137 Pb-214 Ra-223 Ta-182 U-236
Bi-211 Co-60 La-138 Pd-107 Ra-224 Tb-157 U-238
Bi-212 Co-60m Lu-176 Pm-145 Ra-225 Tb-158 U-240
Bi-213 Cs-134 Mn-53 Pm-147 Ra-226 Tc-97 Y-90
Bi-214 Cs-135 Mo-93 Po-210 Ra-228 Tc-98 7r-93
Bk-247 Cs-137 Na-22 Po-211 Rb-87 Tc-99
Bk-249 Eu-150 Nb-93m Po-212 Re-186m | Te-125m
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APPENDIX B EVALUATION OF REMAINING
RADIONUCLIDES

From Table A.0-1, 90 isotopes are screened out for the initial inventory for the reasons
described in Table B.0-1. There are radionuclides that are removed from the initial
inventory although they are known to exist due to decay behavior. Justification for
removing the in-growth from the initial inventories is discussed below.

The in-growth of radionuclides within a decay series is insignificant. For the short lived
isotopes, the in-growth occurs quickly such that they are at equilibrium within the
institutional control period (100 years). For the longer lived isotopes, the in-growth
would be insignificant due to the length of the evaluation period (10,000 years). For
example, assuming no in-growth within the initial inventory, the Th-299 in-growth from
U-233 decay would be 62.2% of the initial U-233 inventory at 10,000 years. If in-growth
is included, the Th-229 in-growth would be 62.5% of the U-233 initial inventory.

Although these radionuclides are not included in the initial inventories, they are included
in the modeling software and are grown in as a function of their parent’s inventory and
time.
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Table B.0-1: Continued Evaluation of Radionuclides
Reason for
Radionuclide | Half-life* Elimination from Decay Chain
Initial Inventory
Generated by Np-237
Ac-225 10 days decay in modeling; Neptunium Series
short half-life
Generated by Th-232
Ac-228 6.15 hours decay in modeling; Thorium Series
short half-life
Ag-108m — Ag-108 — Cd-108 (stable)
Ag-108m 438 years No decay source and Pd-108 (stable)
Decay from Am- Am-242m — Am-242 — Cm-242 — Pu-
Am-242 16 hours 242m in modeling 238 — U-234 (in Uranium Series)
Ancestors not Cm-250 — Pu-246 — Am-246 — Cm-
Am-246 39 minutes | present, decays to U- 246 — Pu-242 — U-238 (in Uranium
238 series Series)
Generated by Np-237
At-217 <1 second decay in modeling; Neptunium Series
short half-life
Generated by U-238 0
At-218 1.5 seconds decay in modeling; Decay mode lezseélallan 1% of Po-218
short half-life v
Be-10 1,510,000 No decay source .Be-10 — Ba-10 (stable).
years Long-lived naturally occurring isotope
Bi-207 32.9 years | Ancestors not present At-207 — Po-207 — Bi-207 — Pb-207
(stable)
Generated by U-238
Bi-210 5 days decay in modeling; Uranium Series
short half-life
Bi-210m 3’2]462}200 No decay source Bi-210m —TI1-206 — Pb-206 (stable)
Generated by U-235
Bi-211 2.14 seconds | decay in modeling; Actinium Series
short half-life
6055 Generated by Th-232
Bi-212 L decay in modeling; Thorium Series
minutes

short half-life
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Table B.0-1: Continued Evaluation of Radionuclides (Continued)

Reason for
Radionuclide | Half-life* Elimination from Decay Chain
Initial Inventory
Generated by Np-237
Bi-213 45.6 minutes | decay in modeling; Neptunium Series
short half-life
Generated by U-238
Bi-214 20 minutes decay in modeling; Uranium Series
short half-life
Ancestors not
Cf-247 — Bk-247 — Am-243 — Np-239
Bl-247 1,380 years | present, decays to U- — Pu-239 — U-235 (in Actinium SI;ries)
235 series
Md-258 — Es-254 — Bk-250 — Cf-250
Ancestors not — Cm-246 — Pu-242 — U-238 (in
Bk-250 3.2 hours present, decays to U- Uranium Series);
238 series Cm-250 — Bk-250 — Cf-250 — Cm-246
— Pu-242 — U-238 (in Uranium Series)
102,000
Ca-41 years No decay source Ca-41 — K-41 (stable)
Md-258 — Es-254 — Bk-250 — Cf-250
Ancestors not — Cm-246 — Pu-242 — U-238 (in
Cf-250 13.1 years | present, decays to U- Uranium Series)
238 series Cm-250 — Bk-250 — Cf-250 — Cm-246
— Pu-242 — U-238
Cf-250 — Cm-246 — Pu-242 — U-238
(in Uranium Series);
Ancestors not Es-250m — Cf-250 and Bk—246 - Cm-
Cm-246 4760 years | present, decays to U- 246 — Pu-242 ;:rlije_sz)% (in Uranium
238 series Cm-250 — Pu-246 — Am-246 — Cm-
246 — Pu-242 — U-238 (in Uranium
Series)
Cm-250 — Pu-246 — Am-246 — Cm-
Cm-250 8,300 years No decay source 246 — Pu-242 — U-238 (in Uranium
Series)
Co-60m 10.5 seconds | Ancestors not present Fe-60 = Co-60m — Co-60 — Ni-60
(stable)
Eu-150 36.9 years No decay source Eu-150 — Sm-150 (stable)
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Table B.0-1: Continued Evaluation of Radionuclides (Continued)

Reason for
Radionuclide | Half-life* Elimination from Decay Chain
Initial Inventory
Fe-60 1,500,000 No decay source Fe-60 — Co-60m — Co0-60 — Ni-60
years (stable)
Generated by Np-237
Fr-221 5 minutes decay in modeling; Neptunium Series
short half-life
Generated by U-235
Fr-223 22 minutes decay in modeling; Actinium Series
short half-life
Gd-148 70.9 years No decay source Gd-148— Sm-144 (stable)
Hf-178m 31 years No decay source Hf-178m — Hf-178 (stable)
HE180 8,900,000 Ancestors not present Hf-182m — Hf-182 — Ta-182 — W-182
years (stable)
] [Ti-194 and Ti-194m] — Hg-194 — Au-
Hg-194 444 years Ancestors not present 194 —> Pt-194 (stable)
Ho-166m 1200 years No decay source Ho-166m — Er-166 (stable)
Ir-192m — Ir-192 — Pt-192 (stable) or
Ir-192 74 days Ancestors not present 0s-192 (stable)
Ir-192m — Ir-192 — Pt-192 (stable) or
Ir-192m 241 years No decay source Os-192 (stable)
Ce-137m — Ce-137 — La-137 — Ba-
137 (stable);
La-137 60,000 years | Ancestors not present Pr-137 — Ce-137 — La-137 — Ba-137
(stable)
La-138 1.02E+11 No decay source La— 138— Ce-138 (stgble)
years Long-lived naturally occurring isotope
Lu-176 3.76E+10 No decay source Lu— 176 — Hf-176 (st'flble.)
years Long-lived naturally occurring isotope
Mn-53 3;2’2320 No decay source Mn-53 — Cr-53 (stable)
[Mo0-93m and Tc-93 and Tc-93m] — Mo-
Mo-93 4,000 years | Ancestors not present 93 — Nb-93m — Nb-93 (stable)
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Table B.0-1: Continued Evaluation of Radionuclides (Continued)

Reason for
Radionuclide | Half-life* Elimination from Decay Chain
Initial Inventory
Np-236 — U-236 — Th-232 (in Thorium
Series);
Np-236 1,540 years No decay source Np-236 — Pu-236
Np-236a — U-232 to Th-228 (in Thorium
Series)
Cf-247 — Bk-247 — Am-243 — Np-239
Decay from Am-243 — Pu-239 — U-235 (in Actinium Series);
Np-239 2.4 days in modeling; short Es-255 = Bk-251 or Fm-255 — Cf-
halfli f:: 251— Cm-247— Pu-243 — Am-243 -
Np-239 — Pu-239 — U-235 (in Actinium
Series)
Decay from Pu-244 Cf-252 — Cm-248 — Pu-244 — U-240
Np-240 62 minutes in modeling; short — Np-240 — Pu-240 — U-236 — Th-
half-life 232 in Thorium Series
Generated by Np-237
Pa-233 27 days decay in modeling; Neptunium Series
short half-life
Generated by U-238
Pa-234 6.7 hours decay in modeling; Uranium Series
short half-life
Po0-202 — Bi-202 — Pb-202 — [T1-202
Pb-202 52,500 years | Ancestors not present and Hg-198 (stable)];
T1-202 — Hg-202 (stable)
Pb-205 1.73E+07 Ancestors not present Po-205 — Bi-205 — Pb-205 — TI-205
years (stable)
Generated by Np-237
Pb-209 3.3 hours decay in modeling; Neptunium Series
short half-life
Pb-210 22 years Generat.ed by U_.238 Uranium Series
decay in modeling
Generated by U-235
Pb-211 36 minutes decay in modeling; Actinium Series
short half-life
Generated by Th-232
Pb-212 10.6 hours decay in modeling; Thorium Series
short half-life
Generated by U-238
Pb-214 27 minutes decay in modeling; Uranium Series

short half-life
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Table B.0-1: Continued Evaluation of Radionuclides (Continued)

Reason for
Radionuclide | Half-life* Elimination from Decay Chain
Initial Inventory
Pm-145 18 years | Ancestors not present Gd-145 1?1) SEB; ;?3_ 1_4) SS(mst-aleiZ)_) Pm-
Po-210 138 days Generated by U-238 Uranium Series
decay in modeling
Generated by U723.5 Decay mode less than 1% of Bi-211
Po-211 <1 second decay in modeling; deca
short half-life Y
Generated by Th-232
Po-212 <1 second decay in modeling; Thorium Series
short half-life
Generated by Np-237
Po-213 <1 second decay in modeling; Neptunium Series
short half-life
Generated by U-238
Po-214 <1 second decay in modeling; Uranium Series
short half-life
Generated by U-235
Po-215 <1 second decay in modeling; Actinium Series
short half-life
Generated by Th-232
Po-216 <1 second decay in modeling; Thorium Series
short half-life
Generated by U-238
Po-218 3 minutes decay in modeling; Uranium Series
short half-life
Pu-236 3 years pres?nlicfiset((:);}sl; ‘:)(;[ Th. | C1-244 — Cm-240 = Pu-236 — U-232
; . — Th-228 (in Thorium Series)
228 series
Decay from C£-251 in Cf-251 — Cm-247— Pu-243 — Am—243
Pu-243 5 hours ) — Np-239 — Pu-239 — U-235 (in
modeling . .
Actinium Series)
Cm-250 — Pu-246 -Am-246 — Cm-
Pu-246 11 days Ancestors not present 245 Pu-241 (in Neptunium Series):
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Table B.0-1: Continued Evaluation of Radionuclides (Continued)

Reason for
Radionuclide | Half-life* Elimination from Decay Chain
Initial Inventory
Generated by U-235
Ra-223 11 days decay in modeling; Actinium Series
short half-life
Generated by Th-232
Ra-224 3.6 days decay in modeling; Thorium Series
short half-life
Generated by Np-237
Ra-225 15 days decay in modeling; Neptunium Series
short half-life
Rb-87 4.97E+10 Ancestors not present [Kr-87 and Sr-87m] — Rb-87 — Sr-87
years (stable)
Re-186m 200,000 No decay source Re-186m — Re-186 — Os-186 — W-182
years (stable)
Generated by U-235
Rn-219 4 seconds decay in modeling; Actinium Series
short half-life
Generated by Th-232
Rn-220 56 seconds decay in modeling; Thorium Series
short half-life
Generated by U-238
Rn-222 4 days decay in modeling; Uranium Series
short half-life
Si-32 132 years No decay source Si-32 — P-32 — S-32 (stable)
[Gd-146 and Tb-150] — Eu-146 — Sm-
1.03E+08 146 — Nd-142 (stable);
Sm-146 years Ancestors not present Eu-150m — Gd-150 — Sm-146 — Nd-
142 (stable)
Pr-147 — Nd-147 — Pm-147 — Sm-147
Sm-147 1.06E+11 Decay from Pm-147 — Nd-143 (stable);
years in modeling Tb-147 — Gd-147 — Eu-147 — Sm-147
— Nd-143 (stable)
Sn-121m 44 years No decay source Sn-121m — Sn-121 — Sb-121 (stable)
Ta-182 114 days | Ancestors not present HE-182m — H-182 — Ta-182 — W-182
(stable)
Tb-157 71 years | Ancestors not present Ho-157 — Dy-157 — Tb-157 — Gd-157
(stable)
Tb-158 180 years No decay source Tb-158 — Gd-158 (stable)
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Table B.0-1: Continued Evaluation of Radionuclides (Continued)

Reason for
Radionuclide | Half-life* Elimination from Decay Chain
Initial Inventory
Te-97 4,210,000 Ancestors not present [Ru-97 and Tc-97m] — Tc-97— Mo-97
years (stable)
Tc-98 4’2}/062’200 No decay source Tc-98 — Ru-98 (stable)
Generated by U-235
Th-227 19 days decay in modeling; Actinium Series
short half-life
Generated by Th-232
Th-228 1.9 years decay in modeling; Thorium Series
short half-life
Generated by U-235
Th-231 25.5 hours decay in modeling; Actinium Series
short half-life
Generated by U-238
Th-234 24 days decay in modeling; Uranium Series
short half-life
Ti-44 60 years No decay source Ti-44 — Sc-44 — Ca-44 (stable)
Generated by U-235
T1-207 5 minutes decay in modeling; Actinium Series
short half-life
Generated by Th-232
T1-208 3 minutes decay in modeling; Thorium Series
short half-life
Generated by Np-237
T1-209 2.2 minutes decay in modeling; Neptunium Series
short half-life
. GeneraFed by UT238 Decay mode less than 1% of Bi-214
T1-210 1.3 minutes decay in modeling; deca
short half-life v
Decay from Cf-252 in | Cf-252 — Cm-248 — Pu-244 — U-240
U-240 14 hours modeling; short half- — Np-240 — Pu-240 — U-236 — Th-
life 232 (in Thorium Series)

*Half-life years obtained from the April 2005 Nuclear Wallet Cards.

[SRR-CWDA-2011-00180]
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APPENDIX C ANNULUS INSPECTION PICTURES

Below are pictures of recent annulus inspections of the Type I and II tank annuli.

Tank 9
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Tank 10

Tank 11
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Tank 12

Tank 13
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Tank 14
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