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1 Introduction

Trenches 31 and 34 located in the 200 West Area Low-Level Burial Ground (LLBG) are authorized for
disposal of low-level and mixed low-level radioactive waste under DOE Order 435.1, Radioactive Waste
Management. A revised Disposal Authorization Statement (DAS) was issued in October 2023

(Ellis, 2023) following the approval of the performance assessment (PA) (DOE/RL-2021-26, Performance
Assessment of the Active Trenches in 200 East and 200 West Low-Level Burial Grounds at the Hanford
Site) and supporting technical basis documents.

To be consistent with the approved PA calculations, the waste acceptance criteria (WAC), HNF-EP-0063,
2023, Hanford Site Solid Waste Acceptance Criteria, Rev. 22, needs to be updated to include
concentration limits for Category 1 (CAT1) and Category 3 (CAT3) waste along with the inventory limits.
This environmental calculation file (ECF) provides the inventory limits for Category 1 and Category 3
waste disposal of radionuclides at Trench 31 and 34 based on the PA calculations. The concentration
limits are not calculated as they are provided in the PA itself.

The inventory thresholds (or limits) are calculated for only those radionuclides that are identified in the PA
as the primary dose contributors. The primary dose contributors for the groundwater pathway are
technetium-99, iodine-129, niobium-94, chlorine-36, molybdenum-93, and niobium-93m while those for
the air pathway are tritium and carbon-14.

2 Software Applications

Software programs used for this ECF were Microsoft® Excel® and GoldSim®. The dose calculation for
separate CAT1 and CAT3 waste packages used GoldSim Pro? Version 14. The inventory threshold was
calculated using Excel.

21 GoldSim

The Approved Utility Calculation Software used in this ECF, which complies with requirements of
CPCC-PRO-IRM-309, Controlled Software Management, is GoldSim Pro Version 14 (hereafter referred to
as GoldSim). GoldSim used at the Hanford Site is managed and controlled such that the computational
needs filled by use of GoldSim and the specific roles and responsibilities for management, the modeling
staff, and subcontractors have been identified and traced.

The Safety Software Classification of GoldSim, per CP-68009, GoldSim: Version 14 Software
Management Plan states the express intent is to use GoldSim to calculate transport of radionuclide (and
other) contaminants in the groundwater pathway for use in estimating radioactive released to the vadose
zone at Hanford waste sites. These estimates therefore constitute safety management and administrative
controls software per DOE O 414.1D, Quality Assurance.

211 Description

GoldSim Pro Version 14 is registered in the Hanford Information Systems Inventory (HISI) under
identification number 2461. The simulation software is qualified for use and controlled by Central Plateau
Cleanup Company. The HISI registration information lists the documents associated with software
grading (it is graded as Level C Safety Software), minimum system requirements, software functional
requirements, software management, software testing, and software installation plans. The HISI database

® Microsoft and Excel are registered trademarks of the Microsoft Corporation in the United States and other
countries.

® GoldSimis a registered trademark of GoldSim Technology Group, LLC, Issaquah, Washington.

1 “GoldSim Pro” refers to commercial version of GoldSim as opposed to GoldSim Academic or GoldSim Research
versions. In this report, “GoldSim” is frequently used but the functionalities are equivalent to “GoldSim Pro.”
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also contains information on approved installations and user training. The applicable software quality
assurance documents include CP-68009.

Acceptance and installation tests of the GoldSim simulation software demonstrate that it is appropriate for
its intended uses for the inventory threshold calculation and that it has been successfully installed on

the computing systems used to conduct the inventory calculation. Appendix A includes the installation test
reports and the workstation type and property number (from which software is run).

21.2 Software Installation and Checkout
Appendix A provides the Software Installation and Checkout form for the workstation used.

21.3 Statement of Valid Software Application

GoldSim is used to carry out decay and ingrowth calculations of the screened-in radionuclides. The
calculation is within the capabilities and limits of the software.

3 Calculation Methodology

While the PA provided the inventory thresholds for each trench (see Tables 9-5 and 9-6 in
DOE/RL-2021-26), it did not differentiate it by waste category type; instead the PA provided the inventory
threshold for combined CAT1 and CAT3 waste based on the closure inventory for each trench. In this
ECF the inventory thresholds are calculated for each waste category by rerunning the PA calculations for
each waste category separately, without changing the PA methodology or assumptions.

Since the peak dose for the groundwater pathway occurs in the post-compliance period, the inventory
thresholds are calculated using the peak of the mean dose from the probabilistic analysis (consisting of
300 realizations), consistent with the approach adopted in the PA (Section 9.2.2 and 9.2.3 of
DOE/RL-2021-26). For the air pathway, since the peak dose occurs within the compliance period the
deterministic base case value is used for inventory threshold.

The groundwater pathway calculation is performed by starting with the GoldSim file used for the PA
system model probabilistic calculations (LLBG_T3134_system_model 1.013_Probabilistic 300RIz.gsm)
and modifying it such that releases from a single waste category (either Category 1 or Category 3) is
simulated per calculation. This is achieved by inactivating the source-release containers (GoldSim
modeling elements) and then activating them in a systematic manner. As shown in Figure 1 and

Figure 2, the red containers are inactivate and generate zero release rates so that release rates from only
CAT1 waste packages (Figure 1) or CAT3 waste packages (Figure 2) are calculated. The two-step
modification is summarized in Table 1.

The air pathway peak dose estimates are calculated by starting with the PA system model deterministic
base case (LLBG_T3134_system_model_1.013_Deterministic_BaseCase_DiffSources.gsm). The dose
from CAT1 or CAT3 waste packages are calculated separately using the “scenario” capability of GoldSim.

Note that for these calculations the uranium billet source in Trench 34 (U_billets container) is always
inactivated because this is the one-time special waste (containing 141 Ci technetium-99) and will not be
disposed in the future. Including uranium billets release would generate an unrealistically large threshold
for technetium-99 in Trench 34.
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Figure 2. Modification of 200 West LLBG Active Trench Probabilistic Performance Assessment System
Model to Calculate CAT3 Waste Package Groundwater Pathway Dose

Table 1.

GoldSim Model File Configuration for the Inventory Threshold Calculation

Inactivated Containers

Active Containers

Modified GoldSim Filename

T31WC3, T34WC3, and U_billets

T31WC1 and T34WC1

LLBG_T3134_PA_1.013_UA_CAT1.gsm

T31WC1, T34WC1, and U_billets

T31WC3 and T34WC3

LLBG_T3134_PA_1.013_UA_CAT3.gsm

T31: Trench 31
T34: Trench 34
WC1: CAT1 Waste package
WC3: CAT3 waste package

U_billets: uranium billets that were disposed of in Trench 34 (the only uranium billets disposed of in Trench 34)
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The inventory threshold is calculated as follows:

where:

PO

Pij

P Eq. 1
Y P/l

inventory threshold (Ci) for the ith category of waste packages (i = 1 or 3) and
the jth radionuclide;

performance objective for dose equal to 25 mrem/yr for groundwater pathway
and 10 mrem/yr for air pathway;

peak of mean dose (mrem/yr) from probabilistic analysis for the groundwater
pathway or peak dose from the deterministic analysis for the air pathway
predicted at the compliance location for the ith category of waste packages (i
=1 or 3) and the jth radionuclide;

inventory (Ci) at closure for the ith category of waste packages (i = 1 or 3) and
the jth radionuclide.

The GoldSim simulation results are saved to a Microsoft Excel® file “200 West LLBG Active Trench
Inventory threshold Apr 2025.xIsx” where the peak mean dose for each radionuclide, peak mean dose
time, and mean dose history plot are processed.

4 Results

The mean dose histories for primary dose-contributing radionuclides for the groundwater pathway based
on probabilistic analysis (300 realizations) are shown in Figure 3 for Trench 31 CAT1 waste packages, in
Figure 4 for Trench 34 CAT1 waste packages, in Figure 5 for Trench 31 CAT3 waste packages, and in
Figure 6 for Trench 34 CAT3 waste packages, respectively. These figures show that the peak of the
mean dose occurs after 1,000 years postclosure for each of the radionuclides in all waste categories in all
trenches. The peak values of the mean dose estimates will be used for calculating the inventory
thresholds, which are reported in the next chapter.

® Microsoft and Excel are registered trademarks of the Microsoft Corporation in the United States and other

countries.
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Figure 3. Mean Groundwater Pathway Dose for Selected Radionuclides in
Trench 31 CAT1 Waste Packages
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Figure 5. Mean Groundwater Pathway Dose for Selected Radionuclides in
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5 Calculation of Inventory Thresholds

The inventory threshold is calculated by taking the peak mean dose results presented in Chapter 4 and
using that information in Eq 2-1.

5.1 Category 1 Waste Inventory Thresholds for Groundwater Pathway

The Category 1 waste inventory thresholds for the groundwater pathway are presented in Table 2 for
Trench 31 and Table 3 for Trench 34, respectively. The first column lists the mobile radionuclides that are
the identified as primary dose contributors for the groundwater pathway. The second column lists the
inventory in Ci at closure. The third and fourth columns list the peak mean dose estimates from 300
realizations and the years when the peak mean dose occurs. These tables show that all the peak mean
dose estimates occur after the compliance period, which warrants “No Limit” for the thresholds for

the doses during the compliance period. No inventory thresholds are calculated if either the radionuclide
inventory or the peak mean dose estimate is zero (labeled as “N/A” in the tables).

Table 2. Trench 31 Category 1 Waste Inventory Thresholds for Groundwater Pathway

Radionuclide Invecr;:zrgrﬁl) at Pea(l;nl\:l:;?y?)ose (Year: eAa::e:Zaltr)sure) Threshold (Ci)®

Tc-99 8.75E-02 1.90E-01 2,800 1.15E+01

1-129 6.31E-04 3.86E-02 10,000 4.08E-01

CI-36 3.30E-05 9.01E-05 5,200 9.16E+00

Nb-94 3.40E-03 5.17E-03 4,900 1.64E+01

Mo-93 2.06E-05 1.73E-04 2,100 2.98E+00
Nb-93m 8.16E-03 3.74E-06 2,200 5.46E+04

Note:

a. Table 2-7 in DOE/RL-2021-26, Performance Assessment of the Active Trenches in 200 East and 200 West Low-Level Burial
Grounds at the Hanford Site, Rev. 0.

b. Eq. 1.
Table 3. Trench 34 Category 1 Waste Inventory Thresholds for Groundwater Pathway
Radionuclide |"V9cr||:;rgn(eil) ) Pea(ll('ﬂ“l{l:;?ygose (Year: :\a:‘re:zaltr)sure) Threshold (Ci)®
Tc-99 6.92E-02 1.52E-01 2,800 1.14E+01
I-129 1.43E-04 8.66E-03 10,000 4.13E-01
CI-36 1.09E-05 6.74E-04 4,200 4.04E-01
Nb-94 1.94E-03 3.02E-03 4,800 1.60E+01
Mo-93 0.00E+00 0.00E+00 N/A N/A
Nb-93m 1.63E-02 0.00E+00 N/A N/A
Note:

a. Table 2-7 in DOE/RL-2021-26, Performance Assessment of the Active Trenches in 200 East and 200 West Low-Level Burial
Grounds at the Hanford Site, Rev. 0.

b. Eq. 1
N/A: not applicable
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5.2 Category 3 Waste Inventory Thresholds for Groundwater Pathway

The CAT3 waste inventory threshold calculation results for the groundwater pathway are presented in
Table 4 for Trench 31 and Table 5 for Trench 34, respectively. Note that the Trench 34 inventory
thresholds exclude inventory associated with uranium billets. Unlike CAT1 waste inventory thresholds
that are almost identical for a given radionuclides in both trenches, the CAT3 waste inventory thresholds
among the two trenches are different. The differences are particularly significant for chloride-36,
niobium-94, and molybdenum-93. This is attributed to the different configuration and dimension of
containers/encasements among the trenches resulting in thickness variations of cementitious barriers.
Since the release of radionuclides from CAT 3 waste packages is diffusion-controlled, the variation in wall
thickness along with dimensions of the representative containers impacts the release. Therefore, the ratio
of peak dose to initial inventory for a given radionuclide (denominator in Eq. 1) is not the same for
different trenches. No inventory thresholds are calculated if either the radionuclide inventory or the peak
mean dose estimate is zero (labeled as “N/A” in the tables).

Table 4. Trench 31 Category 3 Waste Inventory Thresholds for Groundwater Pathway

Radionuclide Invecr;:zrgrﬁl) at Pea(l;nl\:l:;?y?)ose (Year: eAa::e:Zaltr)sure) Threshold (Ci)®

Tc-99 1.42E+00 2.13E+00 3,100 1.67E+01

1-129 3.04E-03 5.28E-02 10,000 1.44E+00

CI-36 5.93E-03 5.77E-03 10,000 2.57E+01

Nb-94 2.34E-02 2.99E-04 10,000 1.96E+03

Mo-93 0.00E+00 0.00E+00 N/A N/A

Nb-93m 2.78E-02 0.00E+00 N/A N/A

Note:

a. Table 2-7 in DOE/RL-2021-26, Performance Assessment of the Active Trenches in 200 East and 200 West Low-Level Burial
Grounds at the Hanford Site, Rev. 0.

b. Eq. 1.

N/A = not applicable

Table 5. Trench 34 Category 3 Waste Inventory Thresholds for Groundwater Pathway
(Excludes Inventory Associated with Uranium Billets)

Radionuclide |"V9c’::;"l¥r£') ) Pea(l:““:I::‘r/‘!/Ii'))c,se (Year: eAaf:(erzalcr)sure) Threshold (Ci)®

Tc-99 1.25E+00° 1.69E+00 3,100 1.85E+01
1-129 6.11E-03 1.18E-01 10,000 1.30E+00
CI-36 9.52E-04 3.89E-04 10,000 6.12E+01
Nb-94 3.04E-01 1.25E-03 10,000 6.09E+03
Mo-93 3.92E-02 6.08E-03 4,200 1.61E+02
Nb-93m 2.20E-01 1.43E-04 4,300 3.86E+04
Note:

a. Table 2-7 in DOE/RL-2021-26, Performance Assessment of the Active Trenches in 200 East and 200 West Low-Level Burial
Grounds at the Hanford Site, Rev. 0

b. Eq. 1

c. Excludes inventory associated with uranium billets).
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5.3 Air Pathway Inventory Threshold Calculations

The inventory thresholds are calculated using Eq. 1, where the performance objective is 10 mrem/yr for

air pathway. The results are presented in Table 6 for Trench 31 and Table 7 for Trench 34.

Table 6. Trench 31 Inventory Thresholds for Air Pathway

Waste Inventory (Ci) at Peak Dose Peak Year Threshold (Ci)b
Category f i I a / reshold (Ci)

Radionuclide closure (mremlyr) (Years After Closure)

; C-14¢ 1.79E-01 1.70E-03 100 1.05E+03
H-3 3.85E+03 1.34E-05 100 2.86E+09

3 C-14¢ 3.94E-01 3.16E-06 1,000 1.26E+06
H-3 1.22E+03 8.18E-09 130 1.49E+12

Note:

a. Table 2-7 in DOE/RL-2021-26, Performance Assessment of the Active Trenches in 200 East and 200 West Low-Level Burial

Grounds at the Hanford Site, Rev. 0.

b. Eq. 1 with PO =10 mrem/yr.
c. Includes carbon-14 in activated metal, if any.

Table 7. Trench 34 Inventory Thresholds for Air Pathway

Waste Inventory (Ci) at Peak Dose Peak Year cilb
Category . . | A p Threshold (Ci)

Radionuclide closure (mremlyr) (Years After Closure)

; C-14¢ 8.79E-02 8.35E-04 100 1.05E+03
H-3 5.27E+03 1.84E-05 100 2.87E+09

3 C-14¢ 7.09E-01 1.80E-06 1,000 3.95E+06
H-3 2.14E+03 5.96E-10 146 3.59E+13

Note:

a. Table 2-7 in DOE/RL-2021-26, Performance Assessment of the Active Trenches in 200 East and 200 West Low-Level Burial

Grounds at the Hanford Site, Rev. 0.
b. Eqg. 1 with PO =10 mrem/yr.
c. Includes carbon-14 in activated metal, if any.

6 Summary

The trench-specific and waste category-specific inventory thresholds (inventory limits) are summarized in
Table 8 for groundwater pathway and in Table 9 for air pathway. Each inventory threshold in Table 8
would result in 25 mrem/yr dose from that radionuclide for the groundwater pathway. Similarly, each
inventory threshold in Table 9 would result in 10 mrem/yr dose from that radionuclide for the air pathway.
For assessing compliance, the estimated inventory of the radionuclide (decayed to assumed closure date
of Year 2035) should be divided by its inventory threshold value to calculate the fraction of the inventory
limit, and then the sum of fractions for all the radionuclides listed in the tables should be performed to
demonstrate that the value is less than one.
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Table 8. Summary of Inventory Thresholds for Groundwater Pathway (in Curies)

. ) Trench 31 Trench 34
Radionuclide - - - -
Category 1 (Ci) 2 Category 3 (Ci) b Category 1 (Ci)¢ Category 3 (Ci)¢

Tc-99 1.15E+01 1.67E+01 1.14E+01 1.85E+01

1-129 4.08E-01 1.44E+00 4.13E-01 1.30E+00

CI-36 9.16E+00 2.57E+01 4.04E-01 3.25E+00
Nb-94 1.64E+01 1.96E+03 1.60E+01 6.09E+03
Mo-93 2.98E+00 N/A N/A 1.61E+02
Nb-93m 5.46E+04 N/A N/A 3.86E+04

Note:

a. Table 2.

b. Table 3.

a. Table 4.

b. Table 5.

Table 9. Summary of Inventory Thresholds for Air Pathway (in Curies)

. . Trench 312 Trench 34°
Radionuclide - - - -
Category 1 (Ci) Category 3 (Ci) Category 1 (Ci) Category 3 (Ci)
C-14 1.05E+03 1.26E+06 1.05E+03 3.95E+06
H-3 2.86E+09 1.49E+12 2.87E+09 3.59E+13
Note:
a. Table 6.
b. Table 7.
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Appendix A

Software Installation and Checkout Form
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SOFTWARE INSTALLATION AND CHECKOUT FORM

Software Owner Instructions:

Complete Figlds 1=13, then run test cases in Field 14, Compare test case results listed in Field 15 to comesponding Test Report
outputs, If results are the same, sign and date Field 19, If not, resolve differences and repeat above steps.

Software Subject Matter Export Instructions:
Aaign tesl parsonnel, Approve the installation of the code by signing and datig Field 219, then mantasin form os part of the softwan
support documantation,

GEMERAL INFORMATION

1. Software Mame: ZcldSim Pro Varsion Mo.: 14
EXECUTABLE INFORMATION

2. Exmcutable Name [include path).

MD5 CheckSum of Executable: 00ZBR3ABZATIE1GIT464DESBLETICEFIE

3. Executable Size fbytes): 3, 355,000

COMPILATION INFORMATION

4, Hardware Systom (.8, propery number or 1D);
Compiled by wendor

5. Cperating Sysiem (fncluge version number):

Windeows

INSTALLATION AND CHECKOUT INFORMATION

B, Hardware System (.8, propeny number or 10}
PAC=-NECH . Lntera, sam Preduct ID: O0300-52836-1284A-AROEM

T, Operating System (include version number):

Windows 10 Pra

. Open Problem Repor? [ Yes [x] Mo PRICR Mo
TEST CASE INFORMATION

. Directory/Path:

10. Procedures:
per CP=6GB009% Rev O, Gold3im Fro Software Management FPlan

11. Librarias:
H/h

12. Input Filas
FirstModel .gsm

13. Cuiput Files:

FisabFedsl . gam

14. Teat Casss

G3=-1ITE=1

15. Test Case Results:
Match EMPECEEU resulta aa preaenteﬂ 1n CP=aH004, GoldSim Pro Scftwara Hanagement Flan

16, Test Parformed By; Wei Zhou

17. Test Results: [*| Salislactory, Accepled for Use [ 1 Unsatisfactory
18, Diepoaibion (inciude SIS uodahe):

Page 1 of 3 A-BODS-149 [REY 1)
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SOFTWARE INSTALLATION AND CHECKOUT FORM (Continued)

Accepted, entry added te HISI

Page 2 of 3 A-B005-149 (REY 1)
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SOFTWARE INSTALLATION AND CHECKOUT FORM (Continued)

LRy wgnad by CFFOO TGPV ER FRRACEY ke |
19. Prepared By (Sofware Owner:  CHRISTOPHER i s S e sen o

[TIT=m
Famaor | bese revewe o docure

Christopher Farrow FARROW (Afﬁhﬂt&) fﬁﬁﬁri?“%ﬁ

(T
Prind Firaf and | azd Memns

20, Test Parsannal:

Title: Principal Engineer
Crisgifrully pigrect bey Wi Ehew

et Wed e (Affiliade) (o
SIGTENGTE 7 LEE

Dafe: 202500 06 12-58:37 0500
Print First and Last Name

Titles:
Foind Fual min Leail ane ST LI
Title:
Print First and Last Nama SIGTETTe ;L
1y g By S WILLIAM NICHOLS  Ditaly signed by wiuian
BCHOLS [AfFillate)
William Nichols (Affiliate) mte 2023,02.06 10:50:48 0B 00"
Print Firgt and Last Name ST - L
Page 3of 3 A-B005-14% (REY 1)
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