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EXECUTIVE SUMMARY

This environmental model calculation file documents a screening-level evaluation of potential
air-pathway releases using current (pre-retrieval) inventories. The analysis compares the current
best-basis inventories of selected key radionuclides (*4C, tritium and 12°1) downloaded from the
Tank Waste Information Network System, Queried 10/7/2020, [Best-Basis Inventory, Best-Basis
Calculation Detail, All Tanks, 14C, 3H, 1291] to corresponding inventories that result in the
DOE 0 435.1, Radioactive Waste Management performance objective inhalation dose rate of

10 mrem/yr for atmospheric radionuclides emanating from residual waste in a closed source.
The calculations use only sludge inventories, assuming that all liquid and saltcake will be
removed from the single-shell tanks during tank waste retrievals. Using pre-retrieval sludge
inventories for comparison shows that anticipated post-retrieval inventories of these key
radionuclides will not be sufficient to exceed the performance objective under the applied
assumptions atevery point of calculation, except in the case of tank 241-A-105 at 0.1 km from
the tank.

The threshold inventories calculation assumes that the inventories of 14C, tritium and 12|
emanate from the ground surface over the course of the year and builds upon the work in
RPP-CALC-63180, Calculation of Inhalation Doses fromH-3, C-14 and 1-129 Originating from
Waste Management Area A-AX. The analysis calculates threshold inventories for several
distances away from the source (0.1, 1, 5.6, 12 and 24 km) using the wind direction that provides
the highest concentration in air at the calculated distance (east southeast).

At a distance of 0.1 km (100 m), the inventories of 1C and tritium needed to produce a

10 mrem/yr dose are fairly large—on the order of 1,300 to 3,700 curies. However, in the sludge
of all the single-shell tanks combined, the cumulative inventories of tritium and 14C are

295 curies and 26 curies, respectively, so the threshold inventories for these radionuclides at

0.1 km cannot be reached, even at the waste management area level. Based on current,
pre-retrieval best-basis inventory sludge inventories (decayed to July 1, 2015), only

tank 241-A-105 by itself has sufficient 12°1 to cause a dose about 3.5 times more than the
performance objective to a receptor 0.1 km (100 m) away, under the assumptions applied in the
calculation. At further distances, there is insufficient inventory of any of the three radionuclides,
separately or in combination, to exceed the performance objective. These assumptions ignore
the effects of diffusion through between 5 and 10 m of infill grout above the waste, 4 to 6 m of
soil overburden above the tanks, and up to 5 m of differing material levels in the surface barrier,
all of which lower the emission rate. Furthermore, if transport rates from the waste to the surface
were sufficient to deplete the entire 12°] inventory in a tank in one year, then the passively-
ventilated tanks would no longer contain any 12°1. The presence of 12°1 in the tank waste today is
confirmation that the annual release of all volatile radionuclides grossly overestimates realistic
emission rates from a closed single-shell tank.

Considering entire farms’ inventories of 14C, tritium and 1291, 241-A Tank Farm (A Farm) has
sufficient 1291 (3.6 times the threshold inventory, which is primarily in tank 241-A-105) to exceed
the 10 mrem/yr performance objective at 0.1 km away, under the assumptions applied in the
calculation. At further distances there is insufficient inventory of any of the three radionuclides,
separately or in combination, to exceed the performance objective. 241-SX Tank Farm, too, has
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enough inventory of the three radionuclides (about 1.07 times the threshold inventory) to exceed
the performance objective at 0.1 km away from the farm, although this result is based on highly
conservative estimates using pre-retrieval inventories. There is insufficient inventory of these
radionuclides to exceed the performance objective at further distances from the farm.

Using highly conservative input parameters, these simple calculations show that all single-shell
tanks except for tank 241-A-105 and those in 241-SX Tank Farm can be screened out of future
air pathway analyses. Tank 241-A-105 and the 241-SX Farm tanks might be screened out in the
future using the methods of this environmental model calculation file when post-retrieval
inventories become available.

9 of 59
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1.0 PURPOSE

This environmental model calculation file (EMCF) intends to screen out the single-shell tanks
(SSTs) from further calculation of the air pathway dose in subsequent performance assessments
(PAs), on the basis that existing tank contents cannot exceed the performance objective dose
limit set by the U.S. Department of Energy (DOE) at various distances from the source. The
analysis calculates the inventories of 14C, tritium and 12°l needed in a closed tank or tank farm to
equal the DOE performance objective and compares the resulting threshold inventories to current
(unretrieved) best-basis inventories in the sludge of all SSTs at Hanford. Carbon-14, tritium and
129] are the key radionuclides considered because they are the only three of the radionuclides
contained in residual inventory at closure that could potentially originate as gas?, and need to be
considered as potential contributors to doses associated with the atmospheric pathway. The
comparison uses only sludge inventories, assuming that the radionuclides in the liquid and
saltcake phases will be removed during retrieval. The comparison uses current, unretrieved
sludge inventories to show that if current inventories are insufficient to reach the threshold to
exceed the performance objective dose limit, then the post-retrieval inventories will not either
since retrieval will likely remove some of the existing inventories.

The 10 mrem/yr dose limit is set in DOE O 435.1, Radioactive Waste Management, and its
accompanying manual, DOE M 435.1-1, Radioactive Waste Management Manual. The dose
limit is for a location that is at least 100 m away from the disposed-of waste, and excludes radon
and its progeny in air.

This calculation documents the assumptions and methodology for calculating the threshold
inventories and the comparisons to current inventories. These calculations assume that the entire
inventory of these nuclides emanates from the ground surface over the course of a single year.
The receptor inhalation dose is calculated over the same year using a method drawing on
previous work in RPP-CALC-63180, Calculation of Inhalation Doses fromH-3, C-14 and 1-129
Originating from Waste Management Area A-AX.

1.1 OBJECTIVE

This calculation’s goal is to screen SSTs from further atmospheric pathway calculations in future
PAs by estimating the inventories of 1291, 14C and tritium at or above which a receptor will
receive 10 mrem/yr from inhaling the emitted radionuclides and comparing these threshold
inventories to current inventories of these radionuclides in the SSTs at Hanford. These doses are
hand-calculated and are based on the atmospheric pathway screening performed for the Waste
Management Area (WMA) A-AX PA focused on radiological impacts to meet the requirements
for a closure authorization under DOE O 435.1.

Current (unretrieved) sludge inventories are used to show that even without retrieval, the
inventories of radionuclides are insufficient to exceedthe DOE performance objective for the air
pathway. The analysis uses only sludge inventory under the assumption that retrieval will

1 The dose performance objective in DOE O 435.1, Radioactive Waste Management excludes the contribution from
radon.
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remove the entirety of the liquid and saltcake phases and corresponding inventories. The
three radionuclides examined in this analysis are the only ones that could potentially originate as
gas.

1.2 SUPPORTING DOCUMENTS
The assumed residual inventories used in the screening evaluation and the calculations use
conceptual models and mathematical models that are appropriate for the intended use as

documented in a series of data package reports, model package reports, other environmental
calculation reports, and/or other technical literature.

1.2.1 Data Package Reports

Data package reports are reports that are developed for use in the environmental model. Data
package reports supporting this calculation support key assumptions and parameterization.

The data package report(s) that support this calculation are:

RPP-ENV-58813, Exposure Scenarios for Risk and Performance Assessments in Tank
Rev. 1 Farms at the Hanford Site, Washington

1.2.2 Model Package Reports

Model package reports are reports that describe the conceptual and mathematical models used in
the calculation. No model package reports were needed for this calculation.

1.2.3 Other Environmental Model Calculation Files

Environmental model calculation files are reports that describe the conceptual and mathematical
models used in the calculation and the result of the calculations, which are potentially used in
subsequent calculations or to support a PA conclusion. The EMCF needed to support this
calculation is:

RPP-CALC-63180, Calculation of Inhalation Doses from H-3, C-14 and 1-129 Originating
Rev. 0 from Waste Management Area A-AX

1.24 Other Technical Reports
Other technical reports are reports that describe the conceptual and mathematical models, or

supply parameters, used in the calculation. Other technical reports supporting this calculation
support conceptual model selection, mathematical model selection, and parameterization.
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1  Other technical reports that support this calculation are:
2
PNNL-6415, Rev. 18 Hanford Site National Environmental Policy Act (NEPA)
Characterization
RPP-7625, Rev. 14 Guidelines for Updating Best-Basis Inventory
3
4
5 13 DOCUMENT STRUCTURE
6
7 This environmental calculation report’s structure follows the required structure of an EMCEF:
8
9 e Section 2.0 provides supplemental background for the calculation.
10 e Section 3.0 describes calculation methodology.
11 e Section 4.0 describes the assumptions and inputs.
12 e Section 5.0 describes the computational software.
13 e Section 6.0 describes the output(s) from the environmental model.
14 e Section 7.0 provides the calculation results and conclusions.
15 e Section 8.0 is a list of references cited in this calculation report.
16
17  Attachment 1 contains the checker’s notes.
18
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2.0 BACKGROUND

This section provides background on single-shell tank (SST) closure, and justifies the
methodology used in the calculation.

2.1  HISTORY

The DOE Office of River Protection is pursuing closure on the SST WMAs at the Hanford Site
under Federal requirements and forthcoming State-approved closure plans and permits in
accordance with the Hanford Federal Facility Agreement and Consent Order

(Ecology etal. 1989), Action Plan, Appendix I. There are atotal of 149 SSTs, built between
1943 and 1964, grouped into 12 groups of tanks and ancillary equipment called tank farms.
These tank farms are located in the 200 East and 200 West Areas of the Hanford Site and are
further aggregated into 7 WMAs (A-AX, B-BX-BY, C, S-SX, T, TX-TY, and U) to support
compliance with hazardous waste regulations. All of the tanks contain a mixture of radioactive
and hazardous wastes (i.e., mixed radioactive waste). Upon closure, tanks and ancillary
equipment within the WMAs will contain residual levels of these wastes. Figure 2-1 shows the
Hanford Site and its location in Washington State.

Figure 2-2 illustrates the closure concept for SST farms following tank waste retrieval. DOE
will remove surface facilities and will fill retrieved SSTs and accessible ancillary equipment with
significant void spaces with grout. DOE also expects to leave waste transfer pipelines in place.
DOE will place an engineered surface cover system over the tank farm and will monitor
contaminant migration from the closed WMA using groundwater wells.

Gases or vapors that are released from the residual waste can potentially diffuse upward through
the infill grout, the tank shell or ancillary equipment structure, and the closure barrier to the
ground surface, where they can subsequently be transported downwind through the atmosphere
to a receptor location. Vapor phase diffusion from the underground waste sources to the
atmosphere will be controlled by the depth to disposal, the volatility of the radionuclides left in
the residual waste after retrievals, the integrity of the tanks or ancillary equipment structure, and
the impedance to transport by the engineered features used to close the tanks and waste
management area.

2-1
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Figure 2-1. Hanford Site and its Location in Washington State.
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1 Figure 2-2. Conceptual Model of Closure ofa Single-Shell Tank Farm.
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2.2 RATIONALE FOR ASSUMED TANK FARM RESIDUAL INVENTORIES USED
IN SCREENING EVALUATION

This analysis uses current best-basis inventories for 14C, tritium and 1291 in the sludge phase of
the SSTs downloaded from the Tank Waste Information Network System (TWINS),

Queried 10/7/2020, [Best-Basis Inventory, Best-Basis Calculation Detail, All Tanks, 14C, 3H,
1291]. Only sludge inventories are used under the assumption that all liquid and saltcake will be
removed from the SSTs during tank waste retrievals. Using pre-retrieval sludge inventories for
comparison shows that anticipated post-retrieval inventories of these key radionuclides will not
be sufficient to exceed the performance objective for the air pathway at every point of
calculation. The key radionuclides are those that could potentially originate as gas. The current
inventories that are used have not been adjusted in any way.

2.3 JUSTIFICATION FOR METHODOLOGY USED TO CALCULATE
SCREENING-LEVEL THRESHOLD INVENTORIES

This analysis evaluates gases that may be released from closed tanks or tank farms and estimates
screening-level threshold inventories that would result in the prescribed 10 mrem/yr performance
objective for atmospheric releases identified in DOE M 435.1-1. Calculations estimating
potential doses assume that institutional control and societal memory is retained for at least

100 years after the year of closure. Therefore, during this institutional control period a member
of the public’s nearest potential exposure point is at the Hanford Site boundary. At the end of
the institutional control period, the calculations assume that an individual may move onto the
Hanford Site. At times after the institutional control period, the atmospheric exposure is
assumed to occur at the edge of a 100-m buffer zone surrounding the residual waste.

Analyses for atmospheric releases from WMA C (RPP-ENV-58782, Performance Assessment of
Waste Management Area C, Hanford Site, Washington) indicated that releases of gases from the
WMA were projected to begin occurring within the first hundred years after closure. Therefore,
the primary point of exposure considered in this screening calculation would be the Hanford Site
boundary, since institutional controls are assumed to still be in place which preclude a member
of the public being on the Hanford Site.

However, PAs contain numerous assumptions that are intended to be conservative by assuming
minimal function of engineered features. In particular, both the WMA C and WMA A-AX PAs
assume the steel tank shell provides no barrier to contaminant transport starting at the time of
closure. In reality, the tank shells are intact, and will likely remain intact for a long time after
closure. Consequently, the potential for gas releases to be delayed beyond 100 years after
closure should also be considered. For this reason, a secondary screening analysis has been
conducted, comparing calculated doses to a receptor at 100 m from the WMA boundary.

To simplify calculations, this analysis uses the extremely conservative assumption that the entire
inventories of the key radionuclides are depleted in asingle year. This is not the expected
release rate of the closed tanks and the air pathway results from the WMA C PA, which were
obtained from a system model, indicate that key radionuclide source depletion would occur over
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thousands of years. The difference in release rates means this screening analysis could
overpredict doses by several orders of magnitude. If such overestimated results are well below
the performance objective, it emphasizes that existing tank contents cannot exceed the
performance objective dose limit under realistic release conditions and the lower key
radionuclide inventories in retrieved tanks would result in even lower doses.

Another conservative simplifying assumption in this analysis is placing the entire inventory of
key radionuclides on the ground surface, rather than at the bottom of the tanks. Doing so ignores
the effects of diffusion through between 5 and 10 m of infill grout above the waste, 4 to 6 m of
soil overburden above the tanks, and up to 5 m of differing material levels in the surface barrier,
all of which lower the emission rate. This too will emphasize that current inventories under
realistic conditions cannot exceed the performance objective.

The DOE technical standard DOE-STD-5002-2017, DOE Standard Disposal Authorization
Statement and Tank Closure Documentation states that:

“The exposure scenarios for atmospheric pathways should consider immersion in
and direct inhalation of air contaminated with volatile and non-volatile
radionuclides. Atmospheric exposure scenarios should also consider external
exposure, ingestion of crops, soil, livestock and dairy products from the
deposition of contaminated particles, and inhalation of re-suspended contaminated
particles.”

However, projected releases from closed tank farms are limited to tritium, 14C, and 12°I.
Immersion doses from these three radionuclides are negligible (or zero in the case of tritium)
compared to inhalation doses for a given airborne concentration. This is shown by taking the
ratio of dose from immersion to dose from inhalation for a given radionuclide, assuming a
concentration in air of 1 pCi/m3. The following equation calculates this ratio (RPP-RPT-58813):

Dim,i _ Cair,i X tout X GSFo,i X Fadj X DCFim,i (2_1)
Dinh,i Cair,i X (INHin X tin + INHgye X tout) X DCFinh,i
Where:

Dim = dose from air immersion (mrem/yr)

Cair = radionuclide concentration in air (pCi/m?3)

tout = fraction of time spent outdoors (unitless)

GSF,; = gamma shielding factor (unitless)

Fadj = adjustment factor for DCFi,, to account for the dermal absorption of tritium.

DCFin = immersion dose conversion factor (mrem/pCi)

Dinn = dose from inhalation of gaseous radionuclides (mrem/yr)

INH;, = inhalation rate while indoors (md3/yr)

tin = fraction of time spent indoors (unitless)

INHo: = inhalation rate while outdoors (m@/yr)

tout = fraction of time spent outdoors (unitless)

DCFi,, = inhalation dose conversion factor (mrem/pCi)
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Using the input values documented in Section 4.2 of this report together with the

radionuclide-specific values in Table 2-1, this equation shows that the immersion dose is
four orders of magnitude lower than the inhalation dose from 14C, and six orders of magnitude
lower than the inhalation dose from 12°] and that there is no immersion dose from tritium.

Table 2-1. Ratio of Immersion Dose to Inhalation Dose and Values
Used in the Calculation.

Radionuclide DCFinn DCFim Fadj | GSFo | Ratio Dim to Dinn
Tritium 7.14E-08 0.00E+00 15 1 0.00E+00
1“C 2.48E-08 3.04E-07 1 1 6.53E-04
1291 4.00E-04 3.34E-05 1 1 4.45E-06

Furthermore, potential releases from a closed WMA are only envisioned as vapor releases; there
is no potential release of particulates, with subsequent redeposition, from a WMA in its

post-closure configuration.

However, tritium and 14C have the potential to be incorporated into the food chain directly from
airborne concentrations, as tritiated water and *CO, are components of plant photosynthesis.
Consequently, tritium and 14C could potentially contribute to the dose from gaseous releases
from a closed WMA. The current screening calculations calculate the dose as an inhalation dose
to a person standing at the point of maximum concentration at the compliance boundary. Doses
from tritium and 14C entering the food chain must be calculated from a wider area-averaged
concentration: there must be sufficient area to grow the food to support the exposed person in
the dose calculation. Such area-averaged concentrations depend on where the crops are grown
relative to the source, but generally are substantially below the maximum point concentration
used in the inhalation calculation, and associated doses are not likely to be significant compared
to inhalation doses. Consequently, the screening calculation presented in this EMCF focuses on

inhalation dose as the sole screening criterion.

23 of 59
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3.0 METHODOLOGY

This analysis performs the calculation using the methods described in RPP-ENV-58813, and
which are detailed in Section 3.2. Assumptions and inputs used in the calculation are further
described in Section 4.0.

3.1 SELECTION OF TECHNICAL STAFF

The responsible manager or a selected delegate is responsible for selecting the technical staff that
develops the conceptual and mathematical approach, performs and documents the calculations,
checks the work, and reviews the calculation for technical accuracy and completeness.

For the calculations described in this EMCF, the Washington River Protection Solutions, LLC
(WRPS) technical lead, as delegated by the responsible manager, has selected the technical staff.

3.1.1 Originators

The originators or preparers of the environmental model calculation develop the methodology;
gain early concurrence with the senior reviewers; identify project conditions, assumptions, and
inputs; and prepare the calculation and associated calculation report.

David J. (DJ) Watson, WRPS
M.S., Environmental Science, Washington State University
B.S., Geology, Washington State University

Mr. Watson has over 16 years of human health risk assessment and PA experience. He has over
13 years of environmental modeling experience, including: subsurface contaminant transport
using STOMP?Z, pflotran3, and TOUGH2#; air dispersion with AERMOD?; internal and external

2 Subsurface Transport Over Multiple Phases (STOMP) is developed and distributed by Battelle Memorial Institute.

3 PFLOTRAN is open-source software and can be redistributed and/or modified under the terms of the GNU Lesser
General Public License as published by the Free Software Foundation.

4 TOUGH?2 software was developed by Lawrence Berkeley National Laboratory, University of California, Berkeley,
California with support fromthe Office of Science, Office of Basic Energy Sciences, Materials Sciencesand
Engineering Divisionof DOE.

5 AERMOD atmospheric dispersion modeling systemwas developed by the AERMIC (American Meteorological
Society [AMS]/U.S. Environmental Protection Agency [EPA] Regulatory Model Improvement Committee), a
collaborativeworking group of scientists fromthe AMS andthe EPA.
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radiological dosimetry using IMBA®¢, DCAL’, OLINDAS8, and RESRAD?; and system
modeling using GoldSim©10, He has worked in the areas of underground tank waste retrieval
and tank closure, radiation dosimetry from both internally-deposited radionuclides and external
exposure, nuclear fuel fabrication and transport, and geologic carbon dioxide sequestration. His
work has supported DOE, U.S. Nuclear Regulatory Commission, International Atomic Energy
Agency, Joint Global Change Research Institute and other industrial and research organizations.

3.1.2 Checkers

The checkers review the environmental model calculation to verify that it is clearly developed
and that the calculation was performed as described and without error. Checking includes
ensuring that all the inputs are consistent with the original referenced material. The checker
documents the review of the calculation on an appropriate Checker Log.

KearnP. “Pat” Lee, ORANO Federal Services, LLC
M.CE, Civil and Environmental Engineering, University of Delaware
B.ChE., Chemical Engineering, University of Delaware

Mr. Lee has more than 13 years of PA development and analysis experience and has been
supporting DOE nuclear waste programs for 18 years. He supported the development of the
post-closure PA for the license application to dispose high-level waste at Yucca Mountain in
Nevada. Following completion of the license application, Mr. Lee transitioned into developing
and testing different technologies to retrieve radioactive waste from underground tanks on the
Hanford Site in Washington. Combining experience from both endeavors, Mr. Lee brings
experience in model development and analysis and project management to the Technical Lead
role for the DOE O 435.1 PAs for the Hanford Integrated Disposal Facility and WMA A-AX.

3.1.3 Senior Reviewers

The senior reviewers review the calculation methodology, assumptions, and criteria and verify
that they are appropriate for the intended use and that the calculation was developed correctly.

6 Integrated Modules for Bioassay Assessment (IMBA)®is a registered trademark of Public Health England,
London, United Kingdom; IMBA BExpert™ DOE-Edition is atrademark of ACJ & Associates, Richland,
Washington and U.K. Health Protection Agency, Oxfordshire, United Kingdom.

7 DCAL (Dose and Risk Calculation) software was developed by the Dosimetry Research Group (nowthe
Biosystems Modeling Teamin the Advanced Biomedical Science and Technology Group) at Oak Ridge National
Laboratory underthe sponsorship of EPA.

8 OLINDA code was written by Michael Stabin, PhD, CHP, Department of Radiology and Radiological Sciences,
Vanderbilt University, Nashville, Tennessee.

9 The RESRAD (RESidual RADioactive) family of codes is developedat Argonne National Laboratory, Lemont,
Illinois, managed by UChicago Argonne, LLC, for DOE’s Office of Science.

10 GoldSim® simulation software is copyrighted by GoldSimTechnology Group LLC of Issaquah, Washington (see

http://www.goldsim.com).
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Marcel P. Bergeron, WRPS
M.A., Geology, Indiana University
B.A., Geology, University of Vermont

Mr. Bergeron has more than 35 years of experience in a wide variety of subsurface investigations
and studies at radioactive and hazardous waste facilities and contaminated sites. He is
experienced in planning and implementation of environmental characterization and risk
assessment investigations in a variety of roles including as a technical contributor, a project and
task manager, and a line manager. He has performed quantitative analysis of subsurface systems
using analytical and numerical models and visualization tools. He has significant technical
project experience in managing technical teams, schedules, and budgets for multi-disciplinary
projects and communication of project results with clients, regulators, and stakeholders.

3.2 CONCEPTUAL MODEL
Of the radionuclides contained in residual inventory at closure, three could potentially originate

as gas, and must be considered as potential contributors to doses associated with the atmospheric
pathway:11

e Carbon-14
e Hydrogen-3 (tritium)
e lodine-129.

The conceptual model is a simple dose calculation converting each radionuclide’s inventory to
an emission rate, which is then converted to a concentration in air at the receptor’s site through
the use of atmospheric dispersion coefficients. The concentrations are converted to dose by
accounting for the receptor’s indoor inhalation rate, fraction of time spent indoors, outdoor
inhalation rate, fraction of time spent outdoors, and radionuclide-specific dose conversion
factors. The sum of these doses is the total inhalation dose to the receptor. Lesser exposure
pathways, e.g., ingestion of foods contaminated by the airborne plume, are neglected in this
calculation. This analysis’ objective is determining screening-level threshold inventories ator
above which a receptor will receive the DOE 435.1 performance objective dose rate of

10 mrem/yr. This conceptual model can be used to calculate threshold inventories by solving for
emission rate using the performance objective dose rate.

3.3 MATHEMATICAL MODEL

The concentration of gaseous constituents of potential concern and corresponding inhalation
dose to receptor at the receptor location is calculated by (RPP-CALC-63180):

X
Dinh,i = a X Qi X (INHin X tin + INHout X tout) X DCFinh,i X UCFl (3'1)

1 The dose performance objective in DOE O 435.1 excludes the contributionfromradon.

3-3
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Dose rate of radionuclide i in air (mrem/yr)

factor — concentration at receptor location per unit release from source
(s/m?3)

Emission rate (Ci/s)

Indoor inhalation rate (ms3/yr)

Fraction of time spent indoors (unitless)

Outdoor inhalation rate (ms3/yr)

Fraction of time spent outdoors (unitless)

Dose conversion factor of radionuclide i (mrem/pCi)

Unit conversion factor — Ci to pCi (1x1012 pCi in a Ci).

Algebraically rearranging the terms of Equation 3-1 to solve for an emission rate needed to reach
a specific dose rate yields the following equation:

Qi

Where:

Qi

Dinn,i
DCFipn,i
INH,,
tin
INHgut

tout
X

o
UCF;

Dinni

DCFinp i X (INHyp X tin + INHoye X toye) X Ql x UCF,

(3-2)

Emission rate of radionuclide i (Ci/s)

Dose rate of radionuclide i in air (mrem/yr)

Dose conversion factor of radionuclide i (mrem/pCi)

Indoor inhalation rate (ms3/yr)

Fraction of time spent indoors (unitless)

Outdoor inhalation rate (ms3/yr)

Fraction of time spent outdoors (unitless)

factor — concentration at receptor location per unit release from source
(s/m?3)

Unit conversion factor — Ci to pCi (1x10%2 pCi in a Ci).

The emission rate can then be multiplied by time to determine the inventory required to meetan
inhalation dose (Dinni):

Where:

Li
Qi
T

UCF;

Li =0Q; xT X UCF, (3-3)

Threshold inventory of radionuclide i (Ci)

Emission rate of radionuclide i (Ci/s) (Equation 3-2)

Length of emission time (assumed to be one year)

Unit conversion factor — year to seconds (31,557,600 seconds in a year).

Since the three radionuclides all contribute to dose, a sum of the fractions approach can be used
to determine a mixture of the three on the dose to a receptor. The sum of the fractions is the sum

34
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of the quotients of each radionuclide’s inventory in a source divided by the appropriate threshold
inventory as shown in the following equation.

SF = Z d
Ll (3-4)
l
Where:
SF = Sum of the fractions
l; = Inventory of radionuclide i in a source (Ci)
L = Threshold inventory of radionuclide i (Ci) (Equation 3-3).

A sum of the fractions below 1 means the mixture of radionuclide inventories does not result in a
dose to the receptor exceeding the 10 mrem/yr performance objective. Similarly, the
contributions of waste from multiple sources can be determined by adding the sums of the
fractions for those sources.

The threshold inventories for 14C, tritium and 1291 will be calculated for five distances from the
source, 0.1, 1, 5.6, 12 and 24 km, which are distances that PNNL-6415 reports % factors for.

3.4 CALCULATIONPROCEDURE

For eachradionuclide (*4C, tritium and 12°1), the DOE O 435.1 performance objective of
10 mrem/yr is divided by the product of the radionuclide-specific dose conversion factor (DCF),
inhalation parameters and %faetor, resulting in a radionuclide-specific emission rate (in Ci/s) at

the distance from the source represented by the %factor. These emission rates are calculated for

0.1, 1, 5.6, 12 and 24 km. Each of the resulting emission rates is multiplied by the number of
seconds in one year (31,557,600) to obtain the threshold inventory (in Ci) of a radionuclide
needed to provide an inhalation dose of 10 mrem/yr as a specified distance from the source.
Current inventories of the key radionuclides are then divided by the resulting threshold
inventories for each exposure distance for eachtank. Results over one will exceed the
performance objective under the applied assumptions in this calculation. The results are then
summed to produce a sum of the fractions. The sum of the fractions is calculated at the tank and
tank farm level atall calculated exposure distances. Sums of the fractions over one will exceed
the performance objective under the applied assumptions in this calculation.
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4.0 ASSUMPTIONS AND INPUTS

4.1 KEY ASSUMPTIONS
Assumption

All inventory is released over a
year

Constant emission rate

Receptor exposure is over a year

Constant exposure rate

Full inventory in sludge phases
within each source

Full inventory is placed on the
surface
The prevailing wind direction is

fixed for the analysis

The prevailing wind direction is
East South East (ESE)

Inventory associated with liquids
and saltcake in the tank is
retrieved

4.2 INPUTS

Basis
Most conservative assumption without complicating the

model.
Simplifying assumption.

Most conservative assumption without complicating the
model.

Simplifying assumption.

Using the Best-Basis Inventory estimate without further
radionuclide decay is the most conservative assumption.

This creates the most conservative situation by
eliminating time delay and concentration dilution caused
by upward diffusion of gas through the soil over the tank.

Simplifying assumption.

Most conservative assumption; for the majority of
distances, this wind direction has the highest %factors

(PNNL-6415).

Simplifying assumption for screening analysis. Tanks
that have a total inventory that is greater than the
threshold inventory when no further retrieval is performed
will be identified.

Table 4-1 contains the inputs used in this analysis and Table 4-2 contains the best-basis
inventories of 14C, tritium and 1] contained in the sludge of the SSTs at Hanford as downloaded
from TWINS. The decay date for the inventory is July 1, 2015.
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Table 4-1. Inputs Used in the Screening Calculations.

Variable Value Units
e 3.8E-4 s/m?
b 6.0E-6 s/m?
e 3.9E-7 s/m?
= 1.3E-7 s/m?
e 5.0E-8 s/m?
Inhin f 7,300 m/yr
tin f 0.4 unitless

INhoutf 12,775 mlyr
Touf 0.486 unitless
4“C DCF ¢ 2.48E-8 mrenVpCi
Tritium DCF 9 7.14E-8 mrem/pCi
1291 DCF ¢ 4,00E-4 mrenVpCi

8P NNL-6415, Hanford Site National Environmental Policy Act (NEPA) Characterization, Table A11, 0.1 km
away from Waste Management Area (WMA) A-AX; prevailing wind direction is to the east southeast.

bPNNL-6415, Table A11. 1km away from WMA A-AX; prevailingwind direction is to the east southeast.

CPNNL-6415, Table A11. 5.6 km away from WMA A-AX; prevailingwind direction is to the east southeast.
dPNNL-6415, Table A11. 12 km away from WMA A-AX; prevailingwind direction is to the east southeast.
€PNNL-6415, Table A11. 24 km away from WMA A-AX; prevailingwind direction is to the east southeast.
fRPP-ENV-58813, Exposure Scenarios for Risk and Performance Assessments in Tank Farmsat the Hanford

Site, Washington, Rev. 1, Table Q-1.

9DOE-STD-1196-2011, DOE Standard Derived Concentration Technical Standard, Table A-2.

DCF = dose conversion factor
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Table 4-2. Source Sludge Inventories Used in the Screening Calculation (Curies). (sheet1 of2)

RPP-CALC-64515, Rev. 0

Tank Name | Tritium | Carbon-14 | lodine-129 | Tank Name | Tritium | Carbon-14 | lodine-129 | Tank Name | Tritium | Carbon-14 | lodine-129 | Tank Name Tritium | Carbon-14 | lodine-129
241-A-101 4.01E-02 2.28E-02 7.83E-05 | 241-BY-104 1.67E-01 1.46E-02 2.96E-04 | 241-SX-105 | 4.73E+00 2.86E-01 1.18E-02 | 241-TY-101 4.03E-02 2.94E-01 5.70E-04
241-A-102 1.83E-02 1.04E-02 3.58E-05 | 241-BY-105 7.43E-01 1.69E-01 5.07E-03 | 241-SX-107 | 9.83E+00 4.41E-01 2.21E-02 | 241-TY-103 2.86E-01 3.05E-01 8.65E-04
241-A-103 2.92E-02 1.66E-02 5.69E-05 | 241-BY-106 | 1.06E-01 9.30E-03 1.88E-04 | 241-SX-108 | 8.63E+00 | 3.79E-01 192E-02 | 241-TY-104 7.38E-02 7.27E-01 347E-04
241-A-104 4.03E-01 2.29E-01 7.87E-04 | 241-BY-107 5.79E-02 5.07E-03 1.03E-04 | 241-SX-109 | 6.69E+00 3.03E-01 151E-02 | 241-TY-105 9.49E-01 8.29E-02 3.72E-02
241-A-105 4.09E-02 1.66E-02 8.02E-01 | 241-BY-108 1.56E-01 1.36E-02 1.00E-02 | 241-SX-110 | 1.08E+01 1.53E-01 1.91E-02 | 241-TY-106 7.46E-02 6.51E-03 1.32E-04
241-A-106 8.38E-01 2.69E-01 2.28E-02 | 241-BY-109 | 3.14E-01 1.46E-01 2.40E-02 | 241-SX-111 | 1.40E+01 | 3.98E-01 2.77E-02 | 241-U-101 8.09E-01 9.97E-02 2.81E-03
241-AX-101 | 1.85E-02 3.80E-03 138E-05 | 241-BY-110 | 1.93E-01 1.69E-02 2.62E-02 | 241-SX-112 | 9.33E+00 | 3.01E-01 191E-02 | 241-U-102 1.84E+00 | 2.27E-01 6.38E-03
241-AX-102 | 8.74E-02 1.24E-02 544E-05 | 241-BY-112 1.33E-02 6.12E-03 1.52E-05 | 241-SX-113 | 7.25E-01 8.95E-02 251E-03 | 241-U-103 3.79E-01 4.67E-02 1.31E-03
241-AX-103 | 1.09E-01 6.22E-02 2.13E-04 | 241-C-101 4.01E-02 3.50E-03 2.72E-03 | 241-SX-114 | 1.40E+01 | 5.63E-01 3.04E-02 | 241-U-104 4.82E-02 4.63E-02 1.82E-02
241-AX-104 | 1.21E-01 6.86E-02 2.36E-04 | 241-C-102 1.07E-01 8.23E-03 1.60E-03 | 241-SX-115 | 1.03E+00 1.45E-02 1.81E-03 | 241-U-105 6.85E+00 5.28E-02 4.40E-05
241-B-101 1.24E-01 1.80E-02 7.85E-05 | 241-C-103 5.13E-03 6.99E-03 2.99E-03 | 241-T-101 1.30E+01 | 2.00E-01 6.44E-05 | 241-U-107 3.44E+00 | 2.65E-02 2.21E-05
241-B-103 5.54E-03 5.92E-04 3.28E-06 | 241-C-104 1.20E-02 3.08E-03 212E-04 | 241-T-102 1.86E-01 3.88E+00 1.60E-02 | 241-U-108 1.02E+01 1.57E-01 5.06E-05
241-B-104 1.72E-01 2.03E-01 4.48E-04 | 241-C-105 1.08E-02 7.93E-04 2.33E-03 | 241-T-103 1.28E+00 | 8.71E-02 124E-02 | 241-U-109 5.45E+00 | 4.20E-02 3.50E-05
241-B-105 1.27E-02 1.49E-02 3.30E-05 | 241-C-106 4.73E-03 7.24E-03 5.56E-04 | 241-T-104 1.92E-01 6.75E-02 5.00E-04 | 241-U-110 4.56E-01 3.10E-01 1.21E-02
241-B-106 2.63E-01 6.32E-02 4.92E-04 | 241-C-107 1.81E-02 3.15E-02 2.98E-03 | 241-T-105 4.66E-01 1.72E-01 2.07E-05 | 241-U-111 5.67E-01 8.42E-02 1.96E-03
241-B-107 2.18E-01 1.80E-01 8.40E-03 | 241-C-108 2.51E-02 3.98E-03 3.81E-05 | 241-T-106 2.81E+00 4.12E-02 445E-05 | 241-U-112 3.84E+00 1.26E-01 2.46E-03
241-B-108 3.38E-01 1.57E-01 2.58E-02 | 241-C-109 4.52E-03 7.65E-04 2.66E-05 | 241-T-107 2.73E-01 1.69E-01 5.75E-04 | 241-U-201 7.64E-01 7.45E-03 4.91E-06
241-B-109 5.70E-01 2.65E-01 4.34E-02 | 241-C-110 2.32E-03 151E-03 2.82E-04 | 241-T-108 7.62E-03 8.86E-03 198E-05 | 241-U-202 6.55E-01 5.04E-03 4.20E-06
241-B-110 6.42E-01 1.48E+00 5.39E-04 | 241-C-111 6.00E-03 3.90E-03 156E-05 | 241-T-110 1.63E-04 2.14E-03 2.42E-07 | 241-U-203 3.67E-01 2.83E-03 2.36E-06
241-B-111 8.14E-01 1.65E+00 1.10E-04 | 241-C-112 7.19E-02 1.75E-02 5.70E-05 | 241-T-111 1.04E-04 1.56E-03 151E-07 | 241-U-204 3.26E-01 2.51E-03 2.09E-06
241-B-112 9.33E-06 1.22E-04 1.38E-08 | 241-C-201 2.02E-04 7.64E-04 457E-07 | 241-T-112 1.73E-05 2.47E-04 2.54E-08 | Total 2.95E+02 2.57E+01 1.67E+00
241-B-201 1.05E+00 1.82E-05 7.31E-10 | 241-C-202 2.07E-04 2.03E-04 7.35E-06 | 241-T-201 3.48E-09 1.75E-05 7.03E-10

241-B-202 2.67E-07 2.49E-05 0.00E+00 | 241-C-203 1.69E-04 1.66E-04 147E-05 | 241-T-202 1.85E-07 1.72E-05 0.00E+00

241-B-203 4.65E-07 4.33E-05 0.00E+00 | 241-C-204 1.45E-04 1.87E-04 3.57E-07 | 241-T-203 3.45E-07 3.22E-05 0.00E+00

241-B-204 4.27E-07 3.98E-05 0.00E+00 | 241-S-101 1.99E+01 1.41E+00 6.17E-02 | 241-T-204 3.50E-07 3.27E-05 0.00E+00

241-BX-101 | 3.49E-01 9.93E-02 1.33E-02 | 241-S-102 8.56E-01 1.06E-01 297E-03 | 241-TX-101 | 3.01E+00 | 3.76E-01 1.04E-02

241-BX-102 | 1.08E+01 2.47E-01 3.96E-02 | 241-S-103 3.83E-01 4.73E-02 1.336-03 | 241-TX-102 | 1.33E-02 6.12E-03 1.52E-05

241-BX-103 441E-01 1.96E-01 3.18E-02 | 241-S-104 8.25E-01 7.69E-01 1.38E-02 | 241-TX-104 | 1.07E+00 1.32E-01 3.71E-03

241-BX-104 | 4.86E+00 1.14E-01 2.77E-02 | 241-S-105 9.02E-02 1.11E-02 3.13E-04 | 241-TX-105 | 5.15E-02 2.37E-02 5.91E-05

241-BX-105 2.47E-01 8.84E-02 493E-03 | 241-S-107 7.85E+01 2.08E+00 2.03E-02 | 241-TX-106 | 1.76E-01 2.40E-02 5.95E-04

4-3/4-4
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Table 4-3. Source Sludge Inventories Used in the Screening Calculation (Curies). (sheet2 of2)
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Tank Name | Tritium | Carbon-14 | lodine-129 | Tank Name | Tritium | Carbon-14 | lodine-129 | Tank Name | Tritium | Carbon-14 | lodine-129 | Tank Name Tritium | Carbon-14 | lodine-129
241-BX-106 | 5.89E-02 1.97E-02 2.98E-03 | 241-S-108 2.14E-01 2.64E-02 7.43E-04 | 241-TX-108 | 2.91E-02 7.50E-03 4.30E-05
241-BX-107 2.95E-01 5.05E-01 1.02E-03 | 241-S-109 5.53E-01 6.81E-02 1.92E-03 | 241-TX-109 | 3.86E-01 4.49E-01 1.00E-03
241-BX-108 | 1.51E-01 3.40E-02 2.82E-04 | 241-S-110 6.59E+00 | 3.66E-01 9.48E-03 | 241-TX-110 | 3.95E-02 4.60E-02 1.03E-04
241-BX-109 7.76E-01 6.78E-02 1.36E-03 | 241-S-111 4.18E+00 2.83E-01 752E-03 | 241-TX-111 | 4.60E-02 5.35E-02 1.20E-04
241-BX-110 8.85E-02 1.03E-01 2.30E-04 | 241-S-112 9.88E-04 1.23E-03 3.77E-04 | 241-TX-113 | 9.42E-02 1.10E-01 2.45E-04
241-BX-111 3.22E-02 3.74E-02 8.36E-05 | 241-SX-101 | 5.53E+00 6.82E-01 1.92E-02 | 241-TX-114 | 4.23E-03 4.92E-03 1.10E-05
241-BX-112 1.23E-01 1.43E-01 3.21E-04 | 241-SX-102 | 4.15E+00 5.12E-01 1.44E-02 | 241-TX-115 | 3.16E-02 2.76E-03 5.56E-05
241-BY-101 1.40E-01 1.23E-02 249E-04 | 241-SX-103 | 3.65E+00 451E-01 1.27E-02 | 241-TX-116 | 1.17E-01 1.22E-01 5.14E-02
241-BY-103 | 8.62E-02 4.01E-02 6.57E-03 | 241-SX-104 | 2.93E+00 | 3.62E-01 1.02E-02 | 241-TX-117 | 5.18E-02 5.39E-02 2.28E-02

4-5/4-6
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1 5.0 SOFTWARE APPLICATIONS
2
3  The inhalation dose calculations are straightforward arithmetic operations and are
4 hand-calculated.
5
6
7 51 SOFTWARE IDENTIFICATION
8
9  Since these are hand calculations this section is not applicable.
10
11
12 52 SOFTWARE QUALITY ASSURANCE
13
14 Since these are hand calculations this section is not applicable.
15
16
17 5.3 SOFTWARE INSTALLATION AND CHECKOUT
18
19  Since these are hand calculations this section is not applicable.
20
21
22 54 STATEMENT OF VALID SOFTWARE APPLICATION
23
24 Since these are hand calculations this section is not applicable.
25

5-1
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6.0 CALCULATION

6.1 DESCRIPTION OF MODEL CHANGES

There are no changes to describe as this is a newly created calculation.

6.1.1 Model Configuration Control

Since this is a hand calculation, any necessary revisions will be recorded by revising this EMCF.

6.1.2 Model Checking

The hand calculations are checked using the procedure found in Section 4.2.2 of
TFC-ESHQ-ENV_FS-C-05, “Preparation and Issuance of Model Package Reports and
Environmental Model Calculation Files.” The model checker was provided with a draft copy of
this EMCF.

The checker made comments and all comments were resolved as indicated by a signed checker’s
log.

6.2 DESCRIPTION OF CALCULATED OUTPUT

The calculated output is displayed in tables in Section 7.1. Anexample of the calculation and its
output follows. The emission rate needed to produce 10 mrem/yr from 14C in air 24 km away
from a source is (Equation 3-2):

mrem

10 -1 8t

_gmrem m3 y:n3 _g.s 12PCi =884 x 10 (6-1)
(2.48x10 W)X(BOOy—TX0.4+12,775y—r><0.486)><(5><10 — )X (1x10 El)
This emission rate is then converted to an inventory using Equation 3-3:

(8.84 x 10-1%') x (1yr) x (31,557,600 %) = 2.79 x 107 Ci (6-2)

Current inventory source data for 14C, tritium and 1291 in sludge in all SSTs at Hanford were
obtained from TWINS in spreadsheet format. The fractions of threshold inventory are calculated
by dividing the inventory for a radionuclide by the appropriate threshold inventory for each
distance from the source equation (3-3). Then, the sum of the fractions is calculated for each
tank (Equation 3-4). These sums are then added together at the tank farm level to determine if
any tank farms with current tank inventories would exceedthe DOE O 435.1 performance
objective.

For example, both the inventories in tank 241-B-101 (B-101) sludge and threshold inventories
for a 100-m distance from the source are shown in Table 6-1.

6-1
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Table 6-1. Inventories of Atmospheric Pathway Radionuclides in
Tank 241-B-101 Sludge and Corresponding Threshold
Inventories for 100-meter Distance from the Source.

Radionuclide | Tank 241-B-101Sludge Inventory (Curies) | Threshold Inventory* (Curies)
Tritium 1.24 x 10 1.27 x 10°
1“C 1.8 x 102 3.67 x 10°
129] 7.85 x 10° 2.28 x 10"

*Inventoryneededto provide 10 mrem/yrto areceptor 100 m east-southeast fromtank241-B-101.

Using these values, the sum of the fractions for tank B-101 is (Equation 3-4):

1.8 X 1072Ci 4 1.24 x 1071Ci 4 7.85 x 107°Ci
3.67 x 103Ci  1.27 x 103Ci ~ 2.28 x 10~'Ci
=(4.90 Xx 1076+ 9.76 X 107> + 3.44 X 107%) = 4.47 x 10~*

(6-3)

The result in Equation 6-3 is below 1, meaning that the mixture of these three radionuclides in
tank B-101’s current sludge inventory would not approach the performance objective at 100 m
away from the tank.
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7.0 RESULTS AND CONCLUSIONS

7.1  RESULTS

Table 7-1 shows the threshold inventories needed to reach the 10 mrem/yr performance objective
for each of the distances in this analysis. Carbon-14 and tritium have similar threshold
inventories; however, 1291 threshold inventories are significantly lower. This means that, at all
distances from the source, 12°I inventories three to four orders of magnitude lower than those of
14C and tritium will result in a dose that is about the same from each radionuclide. At a distance
of 0.1 km (100 m), the inventories of 14C and tritium needed to produce a 10 mrem/yr dose are
fairly large—on the order of 1,300 to 3,700 Ci. However, in the sludge of all the SSTs
combined, the cumulative inventories of tritium and 14C are 295 Ci and 26 Ci, respectively, so
the threshold inventories for these radionuclides at 0.1 km cannot be reached, even at the WMA
level. In addition, current inventory estimates used in this comparison do not account for
radionuclide decay. lodine-129’s threshold inventory for producing 10 mrem/yr at 0.1 km is
much lower at 0.23 Ci and since the cumulative inventory of 1291 in the sludge of all the SSTs is
1.7 Ci, the threshold could potentially be reached at a farm or WMA level after the tanks are
retrieved to remove all the saltcake and supernate.

Table 7-1. Threshold Radionuclide Inventories Needed
to Equal 10 mrem/yr Dose by Distance (Curies).

Distance (kilometers) | Carbon-14 Tritium lodine-129
0.1 3.67E+03 1.27E+03 2.28E-01
1 2.32E+05 8.07E+04 1.44E+01
5.6 3.58E+06 1.24E+06 2.22E+02
12 1.07E+07 3.72E+06 6.65E+02
24 2.79e+07 9.68E+06 1.73E+03

Since administrative controls are assumed to be in place at closure, receptors will only be able to
get as close as the site boundary. The closest point from the site boundary to any tank in the
prevailing wind direction is about 24 km. The closest point from the site boundary to any tank in
any wind direction is about 12.5 km. The 14C inventory needed to produce 10 mrem/yr at either
of those distances is greater than 10 million Ci and the tritium inventory needed is greater than

3 million Ci. The 1291 inventory needed to reach 10 mrem/yr at that distance is between 665 and
1,730 Ci. Even using the cumulative sludge inventories in all the SSTs for these radionuclides,
these thresholds cannot be reached.

Table 7-2 shows the ratio of assumed tank inventories to threshold inventories by tank, distance
and radionuclide as calculated by dividing the assumed inventory for each radionuclide in
Table 4-2 by the appropriate threshold inventory in Table 7-1. Only 129] in tank 241-A-105
(A-105) exceeds its threshold inventory and only atthe 0.1 km point of calculation.

Tank A-105’s 129] inventory is 3.5 times higher than the threshold for 0.1 km and would provide
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a dose 3.5 times higher than the performance objective under the assumptions applied in the
calculation.

Table 7-3 shows the sum of the fractions by tank for each distance from the source as calculated
using Equation 3-4. Because the inventory of 12°] in tank A-105 exceeds its threshold for 0.1 km,
the sum of the fractions for tank A-105 also exceeds the limit, under the assumptions applied in
the calculation. No other tank’s sum of the fractions exceeds the limit atany distance.

In order to determine whether the emissions from the aggregated inventory in a farm would
exceed the performance objective, the sums of the fractions from the tanks in each farm were
added together. The sums of the fractions are only additive if the receptor is the same distance
from the tanks; however, because the tanks in a farm are in rows, they will be different distances
from the receptor. This analysis makes the simplifying assumption that the distance to the
receptor is the same for all tanks when aggregating the inventory. The assumed distance is the
distance between the receptor and the closest tanks, which conservatively increases the dose
contribution of the farther tanks. Table 7-4 shows the sum of the fractions by farm. Because of
the exceedance of the 1291 inventory in tank A-105, A Farm exceeds the limit at 0.1 km when all
of the volatile inventory in the A Farm tanks is lost in a single year. Also, the tanks in the
241-SX Tank Farm (SX Farm), whose sums of the fractions are each below the limit,
collectively exceedthe limit at 0.1 km when all of the volatile inventory in the SX Farm tanks is
lost in asingle year.

Tank A-105’s exceedance prompted an investigation of how much doses are overpredicted
compared to a fully-developed system model, such asthe one used for the Performance
Assessment of Waste Management Area C, Hanford Site, Washington (RPP-ENV-58782). The
investigation focused on the degree to which the highly conservative simplifying assumptions—
particularly the rate of inventory depletion—affect the dose estimates. This screening analysis
assumes the entire inventory depletes in one year; however, the WMA C PA modeling showed
that emissions of these radionuclides occurred over thousands of years. Initially tritium was the
dominant radionuclide emitted from the surface over the closed tank, but its dose rate dropped
off quickly until it was effectively zero atabout 120 years post-closure implying that the tritium
source had been depleted. The WMA C PA goes on to state:

“Around 100 years, 129] takes over as the primary dose contributor as3H dose
declines due to its short half-life. lodine-129 persists within the tank due to its
long half-life and retention in the grout (from sorption), leading to a slow
continuous diffusive flux. By about 300 years the 12°I dose reaches a steady value
of 2 x 10> mrem/yr, indicating that the concentration gradient in the air phase
from the tank to the surface has reached a steady state.”

At the end of the 10,000-year simulation, the 12°I dose rate is just starting to decline, indicating
that the 12| source is not yet depleted. This screening analysis not only assumes depletion within
a year, but does not take into account sorption onto grout, nor the effects of diffusion through
both grout and overlying soil. Similarly, the 14C dose rate is declining at the end of the
10,000-year model time frame, which indicates that it takes multiple thousands of years to
deplete the source in the tank rather than the one year assumed for this analysis.
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Table 7-2. Ratio of the Assumed Tank Inventories to Threshold Inventories by Tank, Distance, and Radionuclide. (sheet 1 of4)!

Tritium “c 129]
Tank Name? Distance fromSource (kilometers) Distance fromSource (kilometers) Distance from Source (kilometers)
0.1 1 5.6 12 24 0.1 1 5.6 12 24 0.1 1 5.6 12 24
241-A-101 3.15E-05 4.97E-07 3.23E-08 1.08E-08 4.14E-09 6.21E-06 9.81E-08 6.38E-09 2.13E-09 8.17E-10 3.44E-04 5.43E-06 3.53E-07 1.18E-07 4.53E-08
241-A-102 1.44E-05 2.27E-07 1.47E-08 4.91E-09 1.89E-09 2.83E-06 4.47E-08 2.91E-09 9.70E-10 3.73E-10 1.57E-04 2.48E-06 1.61E-07 5.38E-08 2.07E-08
241-A-103 2.29E-05 3.62E-07 2.35E-08 7.84E-09 3.02E-09 4.52E-06 7.14E-08 4.64E-09 1.55E-09 5.95E-10 2.50E-04 3.95E-06 2.57E-07 8.55E-08 3.29E-08
241-A-104 3.17E-04 5.00E-06 3.25E-07 1.08E-07 4.17E-08 6.23E-05 9.84E-07 6.40E-08 2.13E-08 8.20E-09 3.46E-03 5.46E-05 3.55E-06 1.18E-06 4.55E-07
241-A-105 3.21E-05 5.07E-07 3.29E-08 1.10E-08 4.22E-09 4.52E-06 7.14E-08 4.64E-09 1.55E-09 5.95E-10 3.52E+00 5.56E-02 3.62E-03 1.21E-03 4.64E-04
241-A-106 6.58E-04 1.04E-05 6.75E-07 2.25E-07 8.66E-08 7.34E-05 1.16E-06 7.53E-08 2.51E-08 9.66E-09 1.00E-01 1.58E-03 1.03E-04 3.42E-05 1.32E-05
241-AX-101 1.45E-05 2.29E-07 1.49E-08 4.97E-09 1.91E-09 1.04E-06 1.63E-08 1.06E-09 3.54E-10 1.36E-10 6.06E-05 9.57E-07 6.22E-08 2.07E-08 7.98E-09
241-AX-102 6.86E-05 1.08E-06 7.04E-08 2.35E-08 9.03E-09 3.38E-06 5.34E-08 3.47E-09 1.16E-09 4.45E-10 2.39E-04 3.77E-06 2.45E-07 8.17E-08 3.14E-08
241-AX-103 8.56E-05 1.35E-06 8.78E-08 2.93E-08 1.13E-08 1.69E-05 2.68E-07 1.74E-08 5.80E-09 2.23E-09 9.36E-04 1.48E-05 9.60E-07 3.20E-07 1.23E-07
241-AX-104 9.50E-05 1.50E-06 9.75E-08 3.25E-08 1.25E-08 1.87E-05 2.95E-07 1.92E-08 6.40E-09 2.46E-09 1.04E-03 1.64E-05 1.06E-06 3.55E-07 1.36E-07
241-B-101 9.73E-05 1.54E-06 9.99E-08 3.33E-08 1.28E-08 4.91E-06 7.75E-08 5.04E-09 1.68E-09 6.46E-10 3.45E-04 5.45E-06 3.54E-07 1.18E-07 4.54E-08
241-B-103 4.35E-06 6.87E-08 4.46E-09 1.49E-09 5.72E-10 1.61E-07 2.55E-09 1.66E-10 5.52E-11 2.12F-11 1.44E-05 2.27E-07 1.48E-08 4.93E-09 1.90E-09
241-B-104 1.35E-04 2.13E-06 1.39E-07 4.63E-08 1.78E-08 5.54E-05 8.74E-07 5.68E-08 1.89E-08 7.29E-09 1.97E-03 3.11E-05 2.02E-06 6.74E-07 2.59E-07
241-B-105 9.98E-06 1.58E-07 1.02E-08 3.41E-09 1.31E-09 4.07E-06 6.43E-08 4.18E-09 1.39E-09 5.36E-10 1.45E-04 2.29E-06 1.49E-07 4.96E-08 1.91E-08
241-B-106 2.06E-04 3.25E-06 2.11E-07 7.05E-08 2.71E-08 1.72E-05 2.72E-07 1.77E-08 5.89E-09 2.27E-09 2.16E-03 3.42E-05 2.22E-06 7.40E-07 2.85E-07
241-B-107 1.71E-04 2.70E-06 1.76E-07 5.85E-08 2.25E-08 4.89E-05 7.72E-07 5.02E-08 1.67E-08 6.44E-09 3.69E-02 5.83E-04 3.79E-05 1.26E-05 4.86E-06
241-B-108 2.65E-04 4.19E-06 2.72E-07 9.08E-08 3.49E-08 4.28E-05 6.76E-07 4.39E-08 1.46E-08 5.63E-09 1.13E-01 1.79E-03 1.16E-04 3.88E-05 1.49E-05
241-B-109 4.47E-04 7.06E-06 4.59E-07 1.53E-07 5.89E-08 7.22E-05 1.14E-06 7.41E-08 2.47E-08 9.50E-09 191E-01 3.01E-03 1.96E-04 6.52E-05 2.51E-05
241-B-110 5.04E-04 7.96E-06 5.17E-07 1.72E-07 6.63E-08 4.03E-04 6.36E-06 4.13E-07 1.38E-07 5.30E-08 2.37E-03 3.74E-05 2.43E-06 8.10E-07 3.12E-07
241-B-111 6.39E-04 1.01E-05 6.56E-07 2.19E-07 8.41E-08 4.50E-04 7.11E-06 4.62E-07 1.54E-07 5.93E-08 4.84E-04 7.64E-06 4.97E-07 1.66E-07 6.37E-08
241-B-112 7.32E-09 1.16E-10 7.52E-12 2.51E-12 9.64E-13 3.32E-08 5.25E-10 341E-11 1.14E-11 4.37E-12 6.06E-08 9.57E-10 6.22E-11 2.07E-11 7.98E-12
241-B-201 8.24E-04 1.30E-05 8.46E-07 2.82E-07 1.08E-07 4.96E-09 7.83E-11 5.09E-12 1.70E-12 6.53E-13 3.21E-09 5.07E-11 3.30E-12 1.10E-12 4.22E-13
241-B-202 2.10E-10 3.31E-12 2.15E-13 7.17E-14 2.76E-14 6.79E-09 1.07E-10 6.96E-12 2.32E-12 8.93E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
241-B-203 3.65E-10 5.76E-12 3.75E-13 1.25E-13 4.80E-14 1.18E-08 1.86E-10 1.21E-11 4.04E-12 1.55E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
241-B-204 3.35E-10 5.29E-12 3.44E-13 1.15E-13 4.41E-14 1.08E-08 1.71E-10 1.11E-11 3.71E-12 1.43E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
241-BX-101 2.74E-04 4.32E-06 2.81E-07 9.36E-08 3.60E-08 2.70E-05 4.27E-07 2.78E-08 9.25E-09 3.56E-09 5.82E-02 9.19E-04 5.97E-05 1.99E-05 7.66E-06
241-BX-102 8.45E-03 1.33E-04 8.68E-06 2.89E-06 1.11E-06 6.74E-05 1.06E-06 6.91E-08 2.30E-08 8.86E-09 1.74E-01 2.75E-03 1.79e-04 5.96E-05 2.29E-05
241-BX-103 3.46E-04 5.47E-06 3.55E-07 1.18E-07 4.56E-08 5.34E-05 8.43E-07 5.48E-08 1.83E-08 7.03E-09 1.40E-01 2.21E-03 1.44E-04 4.78E-05 1.84E-05
241-BX-104 3.82E-03 6.03E-05 3.92E-06 1.31E-06 5.02E-07 3.11E-05 4.92E-07 3.20E-08 1.07E-08 4.10E-09 1.22E-01 1.92E-03 1.25E-04 4.16E-05 1.60E-05
241-BX-105 1.94E-04 3.06E-06 1.99E-07 6.64E-08 2.55E-08 2.41E-05 3.80E-07 2.47E-08 8.24E-09 3.17E-09 2.17E-02 3.42E-04 2.22E-05 7.41E-06 2.85E-06
241-BX-106 4.62E-05 7.30E-07 4.75E-08 1.58E-08 6.08E-09 5.37E-06 8.47E-08 5.51E-09 1.84E-09 7.06E-10 1.31E-02 2.06E-04 1.34E-05 4.47E-06 1.72E-06
241-BX-107 2.32E-04 3.66E-06 2.38E-07 7.92E-08 3.05E-08 1.38E-04 2.17E-06 1.41E-07 4.71E-08 1.81E-08 4.48E-03 7.07E-05 4.60E-06 1.53E-06 5.90E-07
241-BX-108 1.19E-04 1.88E-06 1.22E-07 4.06E-08 1.56E-08 9.26E-06 1.46E-07 9.51E-09 3.17E-09 1.22E-09 1.24E-03 1.96E-05 1.27E-06 4.24E-07 1.63E-07
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Table 7-2. Threshold Inventory Fractions by Tank, Distance and Radionuclide. (sheet 2 of4)!

RPP-CALC-64515, Rev. 0

Tritium “c 129]
Tank Name? Distance fromSource (kilometers) Distance fromSource (kilometers) Distance from Source (kilometers)

0.1 1 5.6 12 24 0.1 1 5.6 12 24 0.1 1 5.6 12 24
241-BX-109 6.09E-04 9.62E-06 6.25E-07 2.08E-07 8.01E-08 1.85E-05 2.92E-07 1.90E-08 6.32E-09 2.43E-09 5.97E-03 9.43E-05 6.13E-06 2.04E-06 7.86E-07
241-BX-110 6.95E-05 1.10E-06 7.13E-08 2.38E-08 9.14E-09 2.81E-05 4.43E-07 2.88E-08 9.60E-09 3.69E-09 1.01E-03 1.60E-05 1.04E-06 3.46E-07 1.33E-07
241-BX-111 2.53E-05 3.99E-07 2.59E-08 8.65E-09 3.33E-09 1.02E-05 1.61E-07 1.05E-08 3.49E-09 1.34E-09 3.67E-04 5.80E-06 3.77E-07 1.26E-07 4.83E-08
241-BX-112 9.65E-05 1.52E-06 9.91E-08 3.30E-08 1.27E-08 3.90E-05 6.15E-07 4.00E-08 1.33E-08 5.13E-09 1.41E-03 2.23E-05 1.45E-06 4.82E-07 1.86E-07
241-BY-101 1.10E-04 1.74E-06 1.13E-07 3.76E-08 1.45E-08 3.35E-06 5.29E-08 3.44E-09 1.15E-09 4.41E-10 1.09E-03 1.73E-05 1.12E-06 3.74E-07 1.44E-07
241-BY-103 6.77E-05 1.07E-06 6.94E-08 2.31E-08 8.90E-09 1.09E-05 1.73E-07 1.12E-08 3.74E-09 1.44E-09 2.89E-02 4.56E-04 2.96E-05 9.87E-06 3.80E-06
241-BY-104 1.31E-04 2.07E-06 1.35E-07 4.48E-08 1.72E-08 3.98E-06 6.28E-08 4.08E-09 1.36E-09 5.23E-10 1.30E-03 2.05E-05 1.33E-06 4.45E-07 1.71E-07
241-BY-105 5.83E-04 9.21E-06 5.99E-07 2.00E-07 7.67E-08 4.60E-05 7.26E-07 4.72E-08 157E-08 6.05E-09 2.23E-02 3.52E-04 2.29E-05 7.62E-06 2.93E-06
241-BY-106 8.32E-05 1.31E-06 8.54E-08 2.85E-08 1.09E-08 2.53E-06 4.00E-08 2.60E-09 8.67E-10 3.33E-10 8.26E-04 1.30E-05 8.48E-07 2.83E-07 1.09E-07
241-BY-107 4.54E-05 7.18E-07 4.66E-08 1.55E-08 5.98E-09 1.38E-06 2.18E-08 1.42E-09 4.73E-10 1.82E-10 4.52E-04 7.14E-06 4.64E-07 1.55E-07 5.95E-08
241-BY-108 1.22E-04 1.93E-06 1.26E-07 4.19E-08 1.61E-08 3.71E-06 5.85E-08 3.80E-09 1.27E-09 4.88E-10 4.39E-02 6.94E-04 4.51E-05 1.50E-05 5.78E-06
241-BY-109 2.46E-04 3.89E-06 2.53E-07 8.43E-08 3.24E-08 3.98E-05 6.28E-07 4.08E-08 1.36E-08 5.23E-09 1.05E-01 1.66E-03 1.08E-04 3.61E-05 1.39E-05
241-BY-110 151E-04 2.39E-06 1.55E-07 5.18E-08 1.99E-08 4.61E-06 7.27E-08 4.73E-09 1.58E-09 6.06E-10 1.15E-01 1.82E-03 1.18E-04 3.94E-05 1.51E-05
241-BY-112 1.04E-05 1.65E-07 1.07E-08 3.57E-09 1.37E-09 1.67E-06 2.63E-08 1.71E-09 5.71E-10 2.19E-10 6.68E-05 1.05E-06 6.85E-08 2.28E-08 8.78E-09

241-C-101 3.15E-05 4.97E-07 3.23E-08 1.08E-08 4.14E-09 9.54E-07 1.51E-08 9.79E-10 3.26E-10 1.25E-10 1.19E-02 1.89E-04 1.23E-05 4.09E-06 1.57E-06
241-C-102 8.38E-05 1.32E-06 8.60E-08 2.87E-08 1.10E-08 2.24E-06 3.54E-08 2.30E-09 7.67E-10 2.95E-10 7.01E-03 1.11E-04 7.19E-06 2.40E-06 9.22E-07
241-C-103 4.03E-06 6.36E-08 4.13E-09 1.38E-09 5.30E-10 1.90E-06 3.01E-08 1.95E-09 6.52E-10 2.51E-10 1.31E-02 2.07E-04 1.35E-05 4.49E-06 1.73E-06
241-C-104 9.42E-06 1.49€-07 9.67E-09 3.22E-09 1.24E-09 8.39E-07 1.33E-08 8.61E-10 2.87E-10 1.10E-10 9.31E-04 1.47E-05 9.56E-07 3.19E-07 1.23E-07
241-C-105 8.48E-06 1.34E-07 8.70E-09 2.90E-09 1.12E-09 2.16E-07 3.41E-09 2.22E-10 7.39E-11 2.84E-11 1.02E-02 1.62E-04 1.05E-05 3.50E-06 1.35E-06
241-C-106 3.71E-06 5.86E-08 3.81E-09 1.27E-09 4.89E-10 1.97E-06 3.12E-08 2.02E-09 6.75E-10 2.60E-10 2.44E-03 3.86E-05 2.51E-06 8.35E-07 3.21E-07
241-C-107 1.42E-05 2.24E-07 1.46E-08 4.86E-09 1.87E-09 8.58E-06 1.36E-07 8.81E-09 2.94E-09 1.13E-09 1.31E-02 2.07E-04 1.34E-05 4.48E-06 1.72E-06
241-C-108 1.97E-05 3.11E-07 2.02E-08 6.74E-09 2.59E-09 1.08E-06 1.71E-08 1.11E-09 3.71E-10 1.43E-10 1.67E-04 2.64E-06 1.72E-07 5.73E-08 2.20E-08
241-C-109 3.55E-06 5.60E-08 3.64E-09 1.21E-09 4.67E-10 2.08E-07 3.29E-09 2.14E-10 7.13E-11 2.74E-11 1.17E-04 1.84E-06 1.20E-07 4.00E-08 1.54E-08
241-C-110 1.82E-06 2.88E-08 1.87E-09 6.23E-10 2.40E-10 4.11E-07 6.50E-09 4.22E-10 1.41E-10 541E-11 1.24E-03 1.96E-05 1.27E-06 4.24E-07 1.63E-07
241-C-111 4.71E-06 7.44E-08 4.83E-09 1.61E-09 6.20E-10 1.06E-06 1.68E-08 1.09E-09 3.64E-10 1.40E-10 6.85E-05 1.08E-06 7.03E-08 2.34E-08 9.02E-09
241-C-112 5.64E-05 8.91E-07 5.79E-08 1.93E-08 7.43E-09 4.77E-06 7.53E-08 4.89E-09 1.63E-09 6.27E-10 2.50E-04 3.95E-06 2.57E-07 8.57E-08 3.29E-08
241-C-201 1.59E-07 2.50E-09 1.63E-10 5.42E-11 2.09E-11 2.08E-07 3.29E-09 2.14E-10 7.12E-11 2.74E-11 2.01E-06 3.17E-08 2.06E-09 6.87E-10 2.64E-10
241-C-202 1.62E-07 2.57E-09 1.67E-10 5.56E-11 2.14E-11 5.53E-08 8.73E-10 5.68E-11 1.89E-11 7.28E-12 3.23E-05 5.10E-07 3.31E-08 1.10E-08 4.25E-09
241-C-203 1.33E-07 2.09E-09 1.36E-10 4.54E-11 1.75E-11 4.52E-08 7.14E-10 4.64E-11 1.55E-11 5.95E-12 6.46E-05 1.02E-06 6.63E-08 2.21E-08 8.50E-09
241-C-204 1.14E-07 1.80E-09 1.17E-10 3.89E-11 1.50E-11 5.10E-08 8.05E-10 5.23E-11 1.74E-11 6.70E-12 1.57E-06 2.48E-08 1.61E-09 5.36E-10 2.06E-10
241-s-101 1.56E-02 2.47E-04 1.60E-05 5.34E-06 2.06E-06 3.84E-04 6.07E-06 3.94E-07 1.31E-07 5.06E-08 2.71E-01 4.28E-03 2.78E-04 9.27E-05 3.57E-05
241-S-102 6.72E-04 1.06E-05 6.90E-07 2.30E-07 8.84E-08 2.89E-05 4.56E-07 2.96E-08 9.88E-09 3.80E-09 1.30E-02 2.06E-04 1.34E-05 4.46E-06 1.72E-06
241-S-103 3.01E-04 4.75E-06 3.09E-07 1.03E-07 3.96E-08 1.29E-05 2.04E-07 1.32E-08 4.41E-09 1.70E-09 5.84E-03 9.22E-05 6.00E-06 2.00E-06 7.69E-07
241-S-104 6.48E-04 1.02E-05 6.65E-07 2.22E-07 8.52E-08 2.10E-04 3.31E-06 2.15E-07 7.17E-08 2.76E-08 6.07E-02 9.59E-04 6.23E-05 2.08E-05 7.99E-06
241-S-105 7.08E-05 1.12E-06 7.27E-08 2.42E-08 9.32E-09 3.02E-06 4.78E-08 3.10E-09 1.03E-09 3.98E-10 1.37E-03 2.17E-05 1.41E-06 4.70E-07 1.81E-07
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Table 7-2. Threshold Inventory Fractions by Tank, Distance and Radionuclide. (sheet 3 of4)!

RPP-CALC-64515, Rev. 0

Tritium “c 129]
Tank Name? Distance fromSource (kilometers) Distance fromSource (kilometers) Distance from Source (kilometers)
0.1 1 5.6 12 24 0.1 1 5.6 12 24 0.1 1 5.6 12 24
241-S-107 6.16E-02 9.73E-04 6.32E-05 2.11E-05 8.11E-06 5.65E-04 8.93E-06 5.80E-07 1.93E-07 7.44E-08 8.90E-02 1.41E-03 9.14E-05 3.05E-05 1.17E-05
241-S-108 1.68E-04 2.65E-06 1.72E-07 5.75E-08 2.21E-08 7.19E-06 1.14E-07 7.38E-09 2.46E-09 9.47E-10 3.26E-03 5.15E-05 3.35E-06 1.12E-06 4.29E-07
241-S-109 4.34E-04 6.85E-06 4.46E-07 1.49€-07 5.71E-08 1.86E-05 2.93E-07 1.90E-08 6.35E-09 2.44E-09 8.43E-03 1.33E-04 8.66E-06 2.89E-06 1.11E-06
241-S-110 5.17E-03 8.17E-05 5.31E-06 1.77E-06 6.81E-07 9.97E-05 1.57E-06 1.02E-07 3.41E-08 1.31E-08 4.17E-02 6.58E-04 4.28E-05 1.43E-05 5.48E-06
241-S-111 3.28E-03 5.18E-05 3.37E-06 1.12E-06 4.32E-07 7.70E-05 1.22E-06 7.90E-08 2.63E-08 1.01E-08 3.30E-02 5.22E-04 3.39E-05 1.13E-05 4.35E-06
241-S-112 7.76E-07 1.22E-08 7.96E-10 2.65E-10 1.02E-10 3.35E-07 5.29E-09 3.44E-10 1.15E-10 441E-11 1.66E-03 2.61E-05 1.70E-06 5.67E-07 2.18E-07
241-SX-101 4.34E-03 6.85E-05 4.46E-06 1.49E-06 5.71E-07 1.86E-04 2.93E-06 1.91E-07 6.36E-08 2.45E-08 8.43E-02 1.33E-03 8.66E-05 2.89E-05 1.11E-05
241-SX-102 3.26E-03 5.14E-05 3.34E-06 1.11E-06 4.29E-07 1.40E-04 2.20E-06 1.43E-07 4.77E-08 1.84E-08 6.33E-02 9.99E-04 6.49E-05 2.16E-05 8.32E-06
241-SX-103 2.87E-03 4.52E-05 2.94E-06 9.80E-07 3.77E-07 1.23E-04 1.94E-06 1.26E-07 4.20E-08 1.62E-08 5.58E-02 8.81E-04 5.73E-05 1.91E-05 7.34E-06
241-SX-104 2.30E-03 3.63E-05 2.36E-06 7.87E-07 3.03E-07 9.86E-05 1.56E-06 1.01E-07 3.37E-08 1.30E-08 4.48E-02 7.07E-04 4.60E-05 1.53E-05 5.90E-06
241-SX-105 3.71E-03 5.86E-05 3.81E-06 1.27E-06 4.89E-07 7.80E-05 1.23E-06 8.01E-08 2.67E-08 1.03E-08 5.17E-02 8.17E-04 5.31E-05 1.77E-05 6.81E-06
241-SX-107 7.72E-03 1.22E-04 7.92E-06 2.64E-06 1.02E-06 1.20E-04 1.90E-06 1.23E-07 4.11E-08 1.58E-08 9.70E-02 1.53E-03 9.95E-05 3.32E-05 1.28E-05
241-SX-108 6.77E-03 1.07E-04 6.95E-06 2.32E-06 8.91E-07 1.03E-04 1.63E-06 1.06E-07 3.54E-08 1.36E-08 8.42E-02 1.33E-03 8.65E-05 2.88E-05 1.11E-05
241-SX-109 5.25E-03 8.29E-05 5.39E-06 1.80E-06 6.91E-07 8.26E-05 1.30E-06 8.48E-08 2.83E-08 1.09E-08 6.62E-02 1.04E-03 6.79E-05 2.26E-05 8.70E-06
241-SX-110 8.48E-03 1.34E-04 8.70E-06 2.90E-06 1.12E-06 4.17E-05 6.58E-07 4.28E-08 1.43E-08 5.49E-09 8.39E-02 1.32E-03 8.61E-05 2.87E-05 1.10E-05
241-SX-111 1.10E-02 1.73E-04 1.12E-05 3.75E-06 1.44E-06 1.08E-04 1.71E-06 1.11E-07 3.71E-08 1.43E-08 1.22E-01 1.92E-03 1.25E-04 4.17E-05 1.60E-05
241-SX-112 7.32E-03 1.16E-04 7.52E-06 2.51E-06 9.64E-07 8.20E-05 1.30E-06 8.42E-08 2.81E-08 1.08E-08 8.39E-02 1.32E-03 8.61E-05 2.87E-05 1.10E-05
241-SX-113 5.69E-04 8.99E-06 5.84E-07 1.95E-07 7.49E-08 2.44E-05 3.85E-07 2.50E-08 8.34E-09 3.21E-09 1.10E-02 1.74E-04 1.13E-05 3.78E-06 1.45E-06
241-SX-114 1.10E-02 1.73E-04 1.12E-05 3.75E-06 1.44E-06 1.53E-04 2.42E-06 1.57E-07 5.25E-08 2.02E-08 1.34E-01 2.11E-03 1.37E-04 4.57E-05 1.76E-05
241-SX-115 8.09E-04 1.28E-05 8.30E-07 2.77E-07 1.06E-07 3.95E-06 6.24E-08 4.06E-09 1.35E-09 5.20E-10 7.95E-03 1.26E-04 8.16E-06 2.72E-06 1.05E-06
241-T-101 1.02E-02 1.61E-04 1.05E-05 3.49E-06 1.34E-06 5.45E-05 8.61E-07 5.59E-08 1.86E-08 7.17E-09 2.83E-04 4.47E-06 2.90E-07 9.68E-08 3.72E-08
241-T-102 1.46E-04 2.31E-06 1.50E-07 5.00E-08 1.92E-08 1.06E-03 1.67E-05 1.08E-06 3.61E-07 1.39E-07 7.03E-02 1.11E-03 7.22E-05 2.41E-05 9.26E-06
241-T-103 1.00E-03 1.58E-05 1.03E-06 3.43E-07 1.32E-07 2.37E-05 3.75E-07 2.44E-08 8.12E-09 3.12E-09 5.45E-02 8.61E-04 5.60E-05 1.87E-05 7.18E-06
241-T-104 1.51E-04 2.38E-06 1.55E-07 5.16E-08 1.98E-08 1.84E-05 2.90E-07 1.89E-08 6.29E-09 2.42E-09 2.20E-03 3.47E-05 2.25E-06 7.51E-07 2.89E-07
241-T-105 3.65E-04 5.77E-06 3.75E-07 1.25E-07 4.81E-08 4.70E-05 7.42E-07 4.82E-08 1.61E-08 6.18E-09 9.10E-05 1.44E-06 9.33E-08 3.11E-08 1.20E-08
241-T-106 2.21E-03 3.48E-05 2.26E-06 7.55E-07 2.90E-07 1.12E-05 1.77E-07 1.15E-08 3.84E-09 1.48E-09 1.95E-04 3.09E-06 2.01E-07 6.69E-08 2.57E-08
241-T-107 2.14E-04 3.38E-06 2.20E-07 7.33E-08 2.82E-08 4.61E-05 7.27E-07 4.73E-08 1.58E-08 6.06E-09 2.53E-03 3.99E-05 2.59E-06 8.64E-07 3.32E-07
241-T-108 5.98E-06 9.44E-08 6.14E-09 2.05E-09 7.87E-10 2.41E-06 3.81E-08 2.48E-09 8.26E-10 3.18E-10 8.70E-05 1.37E-06 8.93E-08 2.98E-08 1.14E-08
241-T-110 1.28E-07 2.02E-09 1.31E-10 4.38E-11 1.68E-11 5.83E-07 9.20E-09 5.98E-10 1.99E-10 7.67E-11 1.06E-06 1.68E-08 1.09E-09 3.64E-10 1.40E-10
241-T-111 8.20E-08 1.29E-09 8.42E-11 2.81E-11 1.08E-11 4.25E-07 6.72E-09 4.37E-10 1.46E-10 5.60E-11 6.63E-07 1.05E-08 6.81E-10 2.27E-10 8.73E-11
241-T-112 1.36E-08 2.15E-10 1.40E-11 4.66E-12 1.79E-12 6.73E-08 1.06E-09 6.91F-11 2.30E-11 8.86E-12 1.12E-07 1.76E-09 1.15E-10 3.82E-11 1.47E-11
241-T-201 2.73E-12 4.31E-14 2.80E-15 9.35E-16 3.59E-16 4.77E-09 7.53E-11 4.89E-12 1.63E-12 6.27E-13 3.09E-09 4.88E-11 3.17E-12 1.06E-12 4.06E-13
241-T-202 1.45E-10 2.29E-12 1.49E-13 4.97E-14 191E-14 4.69E-09 7.40E-11 4.81E-12 1.60E-12 6.17E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
241-T-203 2.71E-10 4.28E-12 2.78E-13 9.26E-14 3.56E-14 8.77E-09 1.39E-10 9.01E-12 3.00E-12 1.15E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
241-T-204 2.75E-10 4.34E-12 2.82E-13 9.40E-14 3.61E-14 8.91E-09 1.41E-10 9.15E-12 3.05E-12 1.17E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 7-2. Threshold Inventory Fractions by Tank, Distance and Radionuclide. (sheet4 of4)!

RPP-CALC-64515, Rev. 0

Tritium 1“C 1291
Tank Name? Distance fromSource (kilometers) Distance fromSource (kilometers) Distance from Source (kilometers)

0.1 1 5.6 12 24 0.1 1 5.6 12 24 0.1 1 5.6 12 24
241-TX-101 2.36E-03 3.73E-05 2.42E-06 8.08E-07 3.11E-07 1.03E-04 1.62E-06 1.05E-07 3.51E-08 1.35E-08 4.58E-02 7.23E-04 4.70E-05 1.57E-05 6.02E-06
241-TX-102 1.04E-05 1.65E-07 1.07E-08 3.57E-09 1.37E-09 1.67E-06 2.63E-08 1.71E-09 5.71E-10 2.19E-10 6.68E-05 1.05E-06 6.85E-08 2.28E-08 8.78E-09
241-TX-104 8.40E-04 1.33E-05 8.62E-07 2.87E-07 1.11E-07 3.60E-05 5.68E-07 3.69E-08 1.23E-08 4.73E-09 1.63E-02 2.57E-04 1.67E-05 5.58E-06 2.14E-06
241-TX-105 4.04E-05 6.38E-07 4.15E-08 1.38E-08 5.32E-09 6.46E-06 1.02E-07 6.63E-09 2.21E-09 8.50E-10 2.60E-04 4.10E-06 2.66E-07 8.88E-08 3.42E-08
241-TX-106 1.38E-04 2.18E-06 1.42E-07 4.72E-08 1.81E-08 6.53E-06 1.03E-07 6.70E-09 2.23E-09 8.59E-10 2.61E-03 4.12E-05 2.68E-06 8.94E-07 3.44E-07
241-TX-108 2.28E-05 3.61E-07 2.34E-08 7.81E-09 3.01E-09 2.04E-06 3.23E-08 2.10E-09 6.99E-10 2.69E-10 1.89E-04 2.98E-06 1.94E-07 6.46E-08 2.49E-08
241-TX-109 3.03E-04 4.78E-06 3.11E-07 1.04E-07 3.99E-08 1.22E-04 1.93E-06 1.26E-07 4.19E-08 1.61E-08 4.39E-03 6.94E-05 4.51E-06 1.50E-06 5.78E-07
241-TX-110 3.10E-05 4.90E-07 3.18E-08 1.06E-08 4.08E-09 1.25E-05 1.98E-07 1.29E-08 4.29E-09 1.65E-09 4.52E-04 7.14E-06 4.64E-07 1.55E-07 5.95E-08
241-TX-111 3.61E-05 5.70E-07 3.71E-08 1.24E-08 4.75E-09 1.46E-05 2.30E-07 1.50E-08 4.99E-09 1.92E-09 5.27E-04 8.32E-06 5.41E-07 1.80E-07 6.94E-08
241-TX-113 7.39E-05 1.17E-06 7.59E-08 2.53E-08 9.73E-09 3.00E-05 4.73E-07 3.08E-08 1.03E-08 3.94E-09 1.08E-03 1.70E-05 1.10E-06 3.68E-07 1.42E-07
241-TX-114 3.32E-06 5.24E-08 3.41E-09 1.14E-09 4.37E-10 1.34E-06 2.12E-08 1.38E-09 4.59E-10 1.76E-10 4.83E-05 7.63E-07 4.96E-08 1.65E-08 6.36E-09
241-TX-115 2.48E-05 3.92E-07 2.55E-08 8.49E-09 3.26E-09 7.52E-07 1.19E-08 7.72E-10 2.57E-10 9.90E-11 2.44E-04 3.86E-06 2.51E-07 8.35E-08 3.21E-08
241-TX-116 9.18E-05 1.45E-06 9.43E-08 3.14E-08 1.21E-08 3.32E-05 5.25E-07 3.41E-08 1.14E-08 4.37E-09 2.26E-01 3.56E-03 2.32E-04 7.72E-05 2.97E-05
241-TX-117 4.07E-05 6.42E-07 4.17E-08 1.39E-08 5.35E-09 1.47E-05 2.32E-07 151E-08 5.02E-09 1.93E-09 1.00E-01 1.58E-03 1.03E-04 3.43E-05 1.32E-05
241-TY-101 3.16E-05 4.99E-07 3.25E-08 1.08E-08 4.16E-09 8.01E-05 1.26E-06 8.22E-08 2.74E-08 1.05E-08 2.50E-03 3.95E-05 2.57E-06 8.57E-07 3.29E-07
241-TY-103 2.25E-04 3.55E-06 2.31E-07 7.69E-08 2.96E-08 8.32E-05 1.31E-06 8.54E-08 2.85E-08 1.10E-08 3.80E-03 6.00E-05 3.90E-06 1.30E-06 5.00E-07
241-TY-104 5.79E-05 9.15E-07 5.95E-08 1.98E-08 7.62E-09 1.98E-04 3.13E-06 2.03E-07 6.78E-08 2.61E-08 1.52E-03 2.41E-05 1.56E-06 5.21E-07 2.01E-07
241-TY-105 7.45E-04 1.18E-05 7.65E-07 2.55E-07 9.80E-08 2.26E-05 3.57E-07 2.32E-08 7.73E-09 2.97E-09 1.63E-01 2.58E-03 1.68E-04 5.59E-05 2.15E-05
241-TY-106 5.86E-05 9.25E-07 6.01E-08 2.00E-08 7.70E-09 1.77E-06 2.80E-08 1.82E-09 6.07E-10 2.33E-10 5.78E-04 9.13E-06 5.94E-07 1.98E-07 7.61E-08

241-U-101 6.35E-04 1.00E-05 6.52E-07 2.17E-07 8.36E-08 2.72E-05 4.29E-07 2.79E-08 9.29E-09 3.57E-09 1.23E-02 1.95E-04 1.27E-05 4.22E-06 1.62E-06
241-U-102 1.44E-03 2.28E-05 1.48E-06 4.94E-07 1.90E-07 6.19E-05 9.77E-07 6.35E-08 2.12E-08 8.14E-09 2.80E-02 4.42E-04 2.88E-05 9.59E-06 3.69E-06
241-U-103 2.97E-04 4.70E-06 3.05E-07 1.02E-07 3.91E-08 1.27E-05 2.01E-07 1.31E-08 4.35E-09 1.67E-09 5.75E-03 9.09E-05 5.91E-06 1.97E-06 7.57E-07
241-U-104 3.78E-05 5.97E-07 3.88E-08 1.29E-08 4.97E-09 1.26E-05 1.99E-07 1.29E-08 4.31E-09 1.66E-09 8.00E-02 1.26E-03 8.21E-05 2.74E-05 1.05E-05
241-U-105 5.38E-03 8.49E-05 5.52E-06 1.84E-06 7.07E-07 1.44E-05 2.27E-07 1.48E-08 4.92E-09 1.89E-09 1.93E-04 3.05E-06 1.98E-07 6.61E-08 2.54E-08
241-U-107 2.70E-03 4.26E-05 2.77E-06 9.24E-07 3.55E-07 7.22E-06 1.14E-07 7.41E-09 2.47E-09 9.50E-10 9.71E-05 1.53E-06 9.96E-08 3.32E-08 1.28E-08
241-U-108 8.01E-03 1.26E-04 8.22E-06 2.74E-06 1.05E-06 4.28E-05 6.76E-07 4.39E-08 1.46E-08 5.63E-09 2.22E-04 3.51E-06 2.28E-07 7.60E-08 2.92E-08
241-U-109 4.28E-03 6.75E-05 4.39E-06 1.46E-06 5.63E-07 1.14E-05 1.81E-07 1.17E-08 3.92E-09 1.51E-09 1.54E-04 2.43E-06 1.58E-07 5.26E-08 2.02E-08
241-U-110 3.58E-04 5.66E-06 3.68E-07 1.23E-07 4.71E-08 8.44E-05 1.33E-06 8.67E-08 2.89E-08 1.11E-08 5.30E-02 8.37E-04 5.44E-05 1.81E-05 6.97E-06
241-U-111 4.45E-04 7.02E-06 4.57E-07 1.52E-07 5.85E-08 2.29E-05 3.62E-07 2.35E-08 7.85E-09 3.02E-09 8.59E-03 1.36E-04 8.82E-06 2.94E-06 1.13E-06
241-U-112 3.01E-03 4.75E-05 3.09E-06 1.03E-06 3.96E-07 3.44E-05 5.43E-07 3.53E-08 1.18E-08 4.52E-09 1.08E-02 1.70E-04 1.11E-05 3.69E-06 1.42E-06
241-U-201 6.00E-04 9.47E-06 6.15E-07 2.05E-07 7.89E-08 2.03E-06 3.21E-08 2.08E-09 6.95E-10 2.67E-10 2.16E-05 3.41E-07 2.21E-08 7.38E-09 2.84E-09
241-U-202 5.14E-04 8.12E-06 5.28E-07 1.76E-07 6.77E-08 1.37E-06 2.17E-08 1.41E-09 4.70E-10 1.81E-10 1.84E-05 2.91E-07 1.89E-08 6.31E-09 2.43E-09
241-U-203 2.88E-04 4.55E-06 2.96E-07 9.86E-08 3.79E-08 7.71E-07 1.22E-08 7.91E-10 2.64E-10 1.01E-10 1.04E-05 1.64E-07 1.06E-08 3.55E-09 1.36E-09
241-U-204 2.56E-04 4.04E-06 2.63E-07 8.75E-08 3.37E-08 6.84E-07 1.08E-08 7.02E-10 2.34E-10 9.00E-11 9.18E-06 1.45E-07 9.42E-09 3.14E-09 1.21E-09

1 Itemsin bold italics exceed the threshold inventory for that distance/radionuclide combination.

2 Only tankswith inventories greater than zero for the listed radionuclides are shown.
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RPP-CALC-64515, Rev. 0

Table 7-3. Sum of the Fractions Per Tank. (4 sheets)!

Distance fromsource (kilometers)

Tank Name® = 1 56 12 24

241-A-101 | 382E-04 | 603E-06 | 392607 | 131E-07 | 5026-08
241-A-102 | L74E-04 | 2756-06 | 179E-07 | 597E-08 | 2.30E-08
241A-103 | 277604 | 438E-06 | 285E-07 | 9.49E08 | B3.65E-08

241-A-104 3.84E-03 6.06E-05 3.94E-06 1.31E-06 5.05E-07
241-A-105 3.52E+00 | 5.56E-02 3.62E-03 1.21E-03 4.64E-04
241-A-106 1.01E-01 1.59E-03 1.03E-04 3.45E-05 1.33E-05
241-AX-101 7.62E-05 1.20E-06 7.82E-08 2.61E-08 1.00E-08
241-AX-102 3.11E-04 4.91E-06 3.19E-07 1.06E-07 4.09E-08
241-AX-103 1.04E-03 1.64E-05 1.07E-06 3.55E-07 1.37E-07
241-AX-104 1.15E-03 1.82E-05 1.18E-06 3.94E-07 1.51E-07

241-B-101 4.47E-04 7.06E-06 4.59E-07 1.53E-07 5.88E-08
241-B-103 1.89E-05 2.99E-07 1.94E-08 6.47E-09 2.49E-09
241-B-104 2.16E-03 3.41E-05 2.22E-06 7.39E-07 2.84E-07
241-B-105 1.59E-04 2.51E-06 1.63E-07 5.44E-08 2.09E-08
241-B-106 2.39E-03 3.77E-05 2.45E-06 8.16E-07 3.14E-07
241-B-107 3.71E-02 5.86E-04 3.81E-05 1.27E-05 4.88E-06
241-B-108 1.14E-01 1.79E-03 117E-04 3.89E-05 1.50E-05
241-B-109 1.91E-01 3.02E-03 1.96E-04 6.54E-05 2.52E-05
241-B-110 3.28E-03 5.17E-05 3.36E-06 1.12E-06 4.31E-07
241-B-111 1.57E-03 2.48E-05 1.62E-06 5.38E-07 2.07E-07
241-B-112 1.01E-07 1.60E-09 1.04E-10 3.46E-11 1.33E-11
241-B-201 8.24E-04 1.30E-05 8.46E-07 2.82E-07 1.08E-07
241-B-202 6.99E-09 1.10E-10 7.18E-12 2.39E-12 9.20E-13
241-B-203 1.22E-08 1.92E-10 1.25E-11 4.16E-12 1.60E-12
241-B-204 1.12E-08 1.77E-10 1.15E-11 3.82E-12 147E-12

241-BX-101 5.85E-02 9.24E-04 6.00E-05 2.00E-05 7.70E-06
241-BX-102 1.83E-01 2.88E-03 1.87E-04 6.25E-05 2.40E-05
241-BX-103 1.40E-01 2.21E-03 1.44E-04 4.80E-05 1.85E-05
241-BX-104 1.26E-01 1.98E-03 1.29E-04 4.29E-05 1.65E-05
241-BX-105 2.19E-02 3.45E-04 2.25E-05 7.49E-06 2.88E-06
241-BX-106 1.31E-02 2.07E-04 1.35E-05 4.49E-06 1.73E-06
241-BX-107 4.85E-03 7.66E-05 4.98E-06 1.66E-06 6.38E-07
241-BX-108 1.37E-03 2.16E-05 1.40E-06 4.68E-07 1.80E-07
241-BX-109 6.60E-03 1.04E-04 6.78E-06 2.26E-06 8.69E-07
241-BX-110 1.11E-03 1.75E-05 1.14E-06 3.79E-07 1.46E-07
241-BX-111 4.03E-04 6.36E-06 4.13E-07 1.38E-07 5.30E-08

7-11



RPP-CALC-64515 Rev.00 3/29/2021 - 1:36 PM 45 of 59

RPP-CALC-64515, Rev. 0

Table 7-3. Sum of the Fractions Per Tank. (4 sheets)!

Tank Name? Distance fromsource (kilometers)

0.1 1 5.6 12 24
241-BX-112 1.55E-03 2.44E-05 1.59E-06 5.29E-07 2.03E-07
241-BY-101 1.21E-03 1.91E-05 1.24E-06 4.13E-07 1.59E-07
241-BY-103 2.89E-02 4.57E-04 2.97E-05 9.90E-06 3.81E-06
241-BY-104 1.44E-03 2.27E-05 1.47E-06 4.91E-07 1.89E-07
241-BY-105 2.29E-02 3.62E-04 2.35E-05 7.84E-06 3.01E-06
241-BY-106 9.12E-04 1.44E-05 9.36E-07 3.12E-07 1.20E-07
241-BY-107 4.99E-04 7.88E-06 5.12E-07 1.71E-07 6.57E-08
241-BY-108 4.41E-02 6.96E-04 4.52E-05 1.51E-05 5.80E-06
241-BY-109 1.06E-01 1.67E-03 1.08E-04 3.62E-05 1.39E-05
241-BY-110 1.15E-01 1.82E-03 1.18E-04 3.94E-05 1.52E-05
241-BY-112 7.89E-05 1.25E-06 8.09E-08 2.70E-08 1.04E-08
241-C-101 1.20E-02 1.89E-04 1.23E-05 4.10E-06 1.58E-06
241-C-102 7.09E-03 1.12E-04 7.28E-06 2.43E-06 9.33E-07
241-C-103 1.31E-02 2.07E-04 1.35E-05 4.50E-06 1.73E-06
241-C-104 9.41E-04 1.49E-05 9.66E-07 3.22E-07 1.24E-07
241-C-105 1.02E-02 1.62E-04 1.05E-05 3.50E-06 1.35E-06
241-C-106 2.45E-03 3.87E-05 2.51E-06 8.37E-07 3.22E-07
241-C-107 1.31E-02 2.07E-04 1.35E-05 4.49E-06 1.73E-06
241-C-108 1.88E-04 2.97E-06 1.93E-07 6.44E-08 2.48E-08
241-C-109 1.21E-04 1.90E-06 1.24E-07 4.13E-08 1.59E-08
241-C-110 1.24E-03 1.96E-05 1.27E-06 4.25E-07 1.63E-07
241-C-111 7.43E-05 1.17E-06 7.63E-08 2.54E-08 9.78E-09
241-C-112 3.12E-04 4.92E-06 3.20E-07 1.07E-07 4.10E-08
241-C-201 2.37E-06 3.75E-08 2.44E-09 8.12E-10 3.12E-10
241-C-202 3.25E-05 5.13E-07 3.34E-08 1.11E-08 4.28E-09
241-C-203 6.47E-05 1.02E-06 6.65E-08 2.22E-08 8.52E-09
241-C-204 1.73E-06 2.74E-08 1.78E-09 5.93E-10 2.28E-10
241-s-101 2.87E-01 4.53E-03 2.95E-04 9.82E-05 3.78E-05
241-S-102 1.37E-02 2.17E-04 1.41E-05 4.70E-06 1.81E-06
241-S-103 6.16E-03 9.72E-05 6.32E-06 2.11E-06 8.10E-07
241-S-104 6.16E-02 9.73E-04 6.32E-05 2.11E-05 8.11E-06
241-S-105 1.45E-03 2.29E-05 1.49E-06 4.96E-07 1.91E-07
241-s-107 151E-01 2.39E-03 1.55E-04 5.17E-05 1.99E-05
241-S-108 3.44E-03 5.43E-05 3.53E-06 1.18E-06 4.52E-07
241-S-109 8.89E-03 1.40E-04 9.12E-06 3.04E-06 1.17E-06
241-S-110 4.69E-02 7.41E-04 4.82E-05 1.61E-05 6.18E-06
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Table 7-3. Sum of the Fractions Per Tank. (4 sheets)!

Tank Name? Distance fromsource (kilometers)
0.1 1 5.6 12 24

241-S-111 3.64E-02 5.75E-04 3.74E-05 1.25E-05 4.79E-06
241-S-112 1.66E-03 2.62E-05 1.70E-06 5.67E-07 2.18E-07
241-SX-101 8.89E-02 1.40E-03 9.12E-05 3.04E-05 1.17E-05
241-SX-102 6.66E-02 1.05E-03 6.84E-05 2.28E-05 8.77E-06
241-SX-103 5.88E-02 9.28E-04 6.03E-05 2.01E-05 7.73E-06
241-SX-104 4.72E-02 7.45E-04 4.84E-05 1.61E-05 6.21E-06
241-SX-105 5.55E-02 8.77E-04 5.70E-05 1.90E-05 7.31E-06
241-SX-107 1.05E-01 1.66E-03 1.08E-04 3.59E-05 1.38E-05
241-SX-108 9.11E-02 1.44E-03 9.35E-05 3.12E-05 1.20E-05
241-SX-109 7.15E-02 1.13E-03 7.34E-05 2.45E-05 9.41E-06
241-SX-110 9.24E-02 1.46E-03 9.48E-05 3.16E-05 1.22E-05
241-SX-111 1.33E-01 2.10E-03 1.36E-04 4.54E-05 1.75E-05
241-SX-112 9.13E-02 1.44E-03 9.37E-05 3.12E-05 1.20E-05
241-SX-113 1.16E-02 1.84E-04 1.19E-05 3.98E-06 1.53E-06
241-SX-114 1.45E-01 2.28E-03 1.48E-04 4.95E-05 1.90E-05
241-SX-115 8.76E-03 1.38E-04 8.99E-06 3.00E-06 1.15E-06
241-T-101 1.05E-02 1.66E-04 1.08E-05 3.61E-06 1.39E-06
241-T-102 7.15E-02 1.13E-03 7.34E-05 2.45E-05 9.41E-06
241-T-103 5.56E-02 8.77E-04 5.70E-05 1.90E-05 7.31E-06
241-T-104 2.37E-03 3.73E-05 2.43E-06 8.09E-07 3.11E-07
241-T-105 5.03E-04 7.95E-06 5.17E-07 1.72E-07 6.62E-08
241-T-106 2.41E-03 3.81E-05 2.48E-06 8.25E-07 3.17E-07
241-T-107 2.79E-03 4.40E-05 2.86E-06 9.53E-07 3.67E-07
241-T-108 9.54E-05 1.51E-06 9.79E-08 3.26E-08 1.25E-08
241-T-110 1.77E-06 2.80E-08 1.82E-09 6.07E-10 2.33E-10
241-T-111 1.17E-06 1.85E-08 1.20E-09 4.00E-10 154E-10
241-T-112 1.93E-07 3.04E-09 1.98E-10 6.59E-11 2.53E-11
241-T-201 7.86E-09 1.24E-10 8.07E-12 2.69E-12 1.03E-12
241-T-202 4.83E-09 7.63E-11 4.96E-12 1.65E-12 6.36E-13
241-T-203 9.05E-09 1.43E-10 9.28E-12 3.09E-12 1.19E-12
241-T-204 9.19E-09 1.45E-10 9.43E-12 3.14E-12 121E-12
241-TX-101 4.82E-02 7.62E-04 4.95E-05 1.65E-05 6.35E-06
241-TX-102 7.89E-05 1.25E-06 8.09E-08 2.70E-08 1.04E-08
241-TX-104 1.72E-02 2.71E-04 1.76E-05 5.87E-06 2.26E-06
241-TX-105 3.06E-04 4.84E-06 3.15E-07 1.05E-07 4.03E-08
241-TX-106 2.76E-03 4.35E-05 2.83E-06 9.43E-07 3.63E-07
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Table 7-3. Sum of the Fractions Per Tank. (4 sheets)!

Distance fromsource (kilometers)

Tank Name® = 1 56 12 24

241-TX-108 | 214E-04 | 338E-06 | 219E-07 | 7.31E-08 | 281E-08
241-TX-100 | 482E-03 | 761E-05 | 4.94E-06 | 165E-06 | 6.34E-07
241-TX110 | 4.96E-04 | 783E-06 | 500E-07 | L70E07 | 6.53E-08
241-TX-111 | 578604 | 912E-06 | 593E-07 | 198E07 | 7.60E-08
241-TX-113 | 118E-03 | 186E-05 | 121E-06 | 404E07 | 155607
241-TX-114 | 530E-05 | 837E-07 | 544E-08 | 181E-08 | 6.97E-09
241-TX115 | 270E-04 | 426E06 | 2.77E-07 | 9.23E08 | B3.55E-08
241-TX116 | 226601 | 357E-03 | 232E-04 | 7.73E05 | 2.97E-05
241-TX-117 | LOOE-OL | 158E-03 | L103E-04 | 34305 | 1.32E-05
241-TY-101 | 262E-03 | 413E-05 | 268E-06 | 89507 | 3.44E-07
241-TY-103 | 411E-03 | 6A49E-05 | 4.20E-06 | L41E-06 | 5.A40E-07
241-TY-104 | 178603 | 281E-05 | 183E-06 | 6.09E07 | 2.34E-07
241-TY-105 | 164E-01 | 259E-03 | 168E-04 | 5.62E05 | 2.16E-05
241-TY-106 | 639E-04 | LOIE-05 | 656E-07 | 219507 | B8.A41E-08
241-U-101 130E02 | 205604 | 13305 | 445606 | 1.71E-06
241-U-102 2O5E-02 | 466E-04 | 303E-05 | 101E-05 | 389E-06
241-U-103 6.06E-03 | 958E-05 | 6.20E06 | 207E-06 | 7.98E-07
241-U-104 8O0E-02 | 126603 | 821E-05 | 2.74E-05 | 105E-05
241-U-105 558E-03 | 882E-05 | 57306 | 191E-06 | 7.35E-07
241-U-107 280E-03 | 443E-05 | 288E-06 | 950E-07 | 369E-07
241-U-108 827E-03 | 131E-04 | 849E-06 | 283E-06 | L109E-06
241-U-100 | 444E-03 | 702605 | 456E-06 | 152E06 | 585607
241-U-110 534E-02 | 844E-04 | 548E05 | 183E-05 | 7.03E-06
241-U-111 006E-03 | 143E-04 | 9.30E-06 | 3.10E-06 | 119E-06
241-U-112 138E-02 | 219E04 | 142E05 | 473606 | 182E-06
241-U-201 623E04 | O84E06 | 640E-07 | 213E-07 | 8.20E-08
241-U-202 534E-04 | 843E-06 | 548E07 | 183E-07 | 7.03E-08
241-U-203 209E-04 | 472E-06 | 307E07 | 102E-07 | 394E-08
241-U-204 266E-04 | 420E-06 | 273E-07 | 900E-08 | 350E-08

1 1temsin bold italics exceed the threshold inventory for that distance/radionuclide combination.
2 Only tankswith inventories greater than zero for the listed radionuclides are shown.

7-14

Using the 7.2 x 102 Ci of 12 in WMA C (RPP-RPT-58782) in the equations in
RPP-CALC-63180 results in a dose of 3.15 mrem/yr instead of the 2 x 10> mrem/yr presented in
the WMA C PA. Even though there are slight differences in subsurface properties between
WMA C and WMA A-AX; it is evident that this screening method will overpredict dose from
129] by several orders of magnitude. This means that the threshold inventories needed to reach
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10 mrem/yr are several orders of magnitude higher than calculated, driving the threshold
inventories in the tanks down by the same magnitude.

Table 7-4. Sum of the Fractions by Farm.*

Distance fromsource (kilometers)
0.1 1 5.6 12 24
241-A 3.63E+00 5.73E-02 3.72E-03 1.24E-03 4.77E-04
241-AX 2.58E-03 4.07E-05 2.64E-06 8.81E-07 3.39E-07
241-B 3.53E-01 5.57E-03 3.62E-04 1.21E-04 4.64E-05
241-BX 5.58E-01 8.81E-03 5.72E-04 1.91E-04 7.34E-05
241-BY 3.21E-01 5.07E-03 3.29E-04 1.10E-04 4.22E-05

Farm

241-C 6.10E-02 9.63E-04 6.26E-05 2.09E-05 8.03E-06
241-S 6.19E-01 9.77E-03 6.35E-04 2.12E-04 8.14E-05
241-SX 1.07E+00 1.68E-02 1.09E-03 3.65E-04 1.40E-04
241-T 1.46E-01 2.30E-03 1.50E-04 4.99E-05 1.92E-05

241-TX 4.02E-01 6.35E-03 4.13E-04 1.38E-04 5.29E-05
241-TY 1.73E-01 2.74E-03 1.78E-04 5.93E-05 2.28E-05
241-U 2.28E-01 3.60E-03 2.34E-04 7.79E-05 3.00E-05

*Itemsin bold italicsexceed the threshold inventory for that distance/radionuclide combination.

An additional investigation examined the effect of using the inventory of key radionuclides in all
phases (sludge, liquid and saltcake) on the results, essentially treating the tanks as unretrieved.
This calculation showed that 12 additional SSTs have enough 12°I to meet or exceed the
performance objective at 0.1 km from the source: 241-A-101, 241-AX-101, 241-BY-103,
241-BY-105, 241-S-105, 241-S-108, 241-S-109, 241-SX-103, 241-TX-112, 241-TX-113,
241-TX-115, and 241-U-108. The 129] fraction in these tanks does not exceed 1.6, and no tanks
exceed at distances further than 0.1 km. When considering the sum of the fractions, the same

12 tanks plus tank 241-S-110 have enough key radionuclides to meet or exceed the performance
objective at0.1 km from the source. No sum of the fractions exceeds at distances further than
0.1 km.

7.2  CONCLUSIONS

Calculating the inventories of 4C, tritium and 12°] needed for a 10 mrem/yr dose rate at various
distances from a source makes screening out tanks from future air pathway analyses possible
based on their current, pre-retrieval inventories, since post-retrieval inventories will be lower due

to retrieval and radionuclide decay.

Based on current best-basis inventory sludge inventories, only tank A-105 by itself has sufficient
129] to cause a more than 10 mrem/yr dose to a receptor 0.1 km (100 m) away when all of the

7-15
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sludge inventory is released to the atmosphere in asingle year, under the assumptions applied in
the calculation. Radionuclide decay will be insufficient to reduce 129l inventories in tank A-105
to a level that could be screened out using this conservative approach. At further distances, there
is insufficient inventory of any of the three radionuclides, separately or in combination, to exceed
the performance objective. While the 12 inventory in tank A-105 contributes a dose rate that is
about 3.5 times greater than the performance objective, the assumptions leading to this estimate
are very conservative: the analysis uses pre-retrieval inventory placed on the surface with an
emission rate that completely depletes the inventory within a year. These assumptions ignore the
effects of diffusion through between 5 and 10 m of infill grout above the waste, 4 to 6 m of soil
overburden above the tanks, and up to 5 m of differing material levels in the surface barrier, all
of which lower the emission rate. Furthermore, if transport rates from the waste to the surface
were sufficient to deplete the entire 12°1 inventory in a tank in one year, then the
passively-ventilated tanks would no longer contain any 1221, The presence of 1291 in the tank
waste today is confirmation that the annual release of all volatile radionuclides grossly
overestimates realistic emission rates from a closed SST.

If the current inventory of key radionuclides in all phases is used, 13 additional tanks would meet
or exceed the performance objective, but only at 0.1 km from the source. The maximum sum of
fractions of these 13 additional tanks is 1.6. Using the inventory in all phases effectively treats
the tanks as unretrieved.

Considering entire farms’ sludge inventories of 14C, tritium and 1291, A Farm has sufficient 12|
(3.6 times the threshold inventory) to exceedthe 10 mrem/yr performance objective at 0.1 km
away. At further distances there is insufficient inventory of any of the three radionuclides,
separately or in combination, to exceed the performance objective. SX Farm, too, has enough
inventory of the three radionuclides (sum of the fractions = 1.07) to exceed the performance
objective at0.1 km away from the farm. There is insufficient inventory of these radionuclides to
exceed the performance objective at further distances from the farm. Again, retrieval of these
tanks will decrease the inventory of these radionuclides and the analysis assumptions
conservatively ignore the effects of diffusion, which will also decrease emission of these
radionuclides.

Using annual sector-average atmospheric dispersion coefficients (/Q) (PNNL-6415) to
determine the inventories needed to equal an inhalation dose to a receptor meeting or exceeding
the performance objective is a straightforward set of arithmetic operations easily calculated by
hand. Comparing the resulting threshold inventories with current, pre-retrieval inventories in the
SSTs shows that the inventory in some SSTs is abundant enough to exceed the performance
objective if it were all released as a vapor from the SST and a member of the public was exposed
to the annual amount released 0.1 km from the source. Using highly-conservative input
parameters, these simple calculations show that all SSTs except for tank A-105 and those in

SX Farm can be screened out of future air pathway analyses. Tank A-105 and the SX Farm
tanks might be screened out in the future using the methods of this EMCF when post-retrieval
inventories become available. Otherwise, evaluations accounting for volatilization of the waste
coupled with gaseous diffusion through the closure materials and surface barrier must be
performed.
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Air_Screening_Calculation_All_WMAs.20201007.xIsx downloaded from Sharepoint on
12/30/2020

Worksheet: About

No technical comments.

Editorial: EMCF number in cell A3 needs to be added.
Editorial: EMCF number in cell D20 needs to be added.
Editorial: “Calculation” sheet name should be changed to “Threshold_Calculation” in cell D21.
Worksheet: Named_Ranges

Verified references are correct for the applied name.

No comments.

Worksheet: Input_Parameters

Verified inputs values against sources.

Verified unit conversions.

No technical comments. Extremely helpful to have copies of the source information pasted into
the worksheet.

Worksheet: Table All

Verified max formula in column B applied correctly in rows 2 to 20.

Verified values match cited source for direction, 0.1, 1, 5.6, 12, and 24 km distances.
Cited source is appropriate for the application.

No technical comments. Extremely helpful to have copies of the source information pasted into
the worksheet.

Worksheet: Threshold_Calculation
Verified by replication of full calculation.

Calculation uses X/Q for ESE direction even though a max was calculated. Using max is the
same as ESE direction except for 100-m distance, which has a max in SE direction. Limiting
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inventory is slightly lower (3.8 /3.9 = 2.5%) for SE direction @ 100-meters. Not necessarily
wrong, but need to ensure wind direction is described in report.

Worksheet: Current_BBI_Inventories

Checker downloaded BBI database on 12/30/2020 for comparison with the 10/7/2020 values
used in the calculation. Slight discrepancies between a limited number of values. In all cases
new values had change dates after 10/1/2020 and were lower than used in calculation. Maximum
difference was new values were 5.1% lower, but most were 1-2% lower.

Worksheet: Fractions_Calculation

Column A: Verified Farm letter(s) extracted from Tank Name in Column B correctly.

Column B: Verified 149 unique tank names and 3 entries in order for each tank.

Column C: Verified each radionuclide ID was listed 149 times in the same repeating sequence.
Column D: Verified each radionuclide 1D was listed 149 times in the same repeating sequence.

Column E: Verified each summation over tank name and waste phase was done correctly.
Verified by 100% replication in Column AR of the checker copy of the workbook.

Columns F through J: Verified each fraction of threshold value calculation was done correctly.
Verified by 100% replication in Columns AT to AX of the checker copy of the workbook.

Verified sum of fractions calculation by tank produced correct values. Verified by replication
using SUMIF function, not a full formula review (although formula in a cell that I reviewed
appears to be correct).

Verified sum of fractions calculation by farm produced correct values. Verified by replication
using SUMIF function, not a full formula review (although formula in a cell that I reviewed
appears to be correct).

Supplemental Review:

It was observed that some tanks had sludge concentrations with a sum of fractions that exceeded
1. This means that if all of the inventory was released in a single year that the dose to a receptor
at the distance with a sum of fractions greater than 1 would have an inhalation dose that is
greater than 10 mrem in a single year at the exposure conditions simulated. This calculation
assumes that all the inventory were released in a single year to the air phase without considering
partitioning between liquids and gases and without considering the slow diffusion from the
waste, through meters of grout and soil cover, and through layers of the engineered barrier
system. To demonstrate that this assumption is extremely conservative, the checker built a
one-dimensional transport model in GoldSim® to simulate gaseous diffusion of 12l from the
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waste layer through the grout and soil overburden to the surface. Sorption of 12°] onto solid
surfaces was neglected.

The constructed model was benchmarked using radon emanation from tank waste. The primary
purpose of benching marking was to ensure enough discretization was included in the model.
The model used 10 cell pathway elements to represent the waste layer and four cover layers each
containing 10 cell pathway elements over the waste. Each cover layer represented a different
material and thickness of that material. Two or more layers could be used to represent the same
material, if the properties of the material are setto the same values. The release from the
GoldSim® model was compared to the release using the analytical solution reported in NRC
Guidance document 3.6412,

12 Regulatory Guide 3.64, 1989, CalculationofRadon Flux Attenuation by Earthen Uranium Mill Tailings Covers,
U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, Washington, D.C.
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For the closed conditions in tank A-105 which would have 0.5361 kg of 1291 distributed in

33.9 inches of waste across the tank bottom, 10 m of grout (two layers) and 6 m of soil
overburden (two layers), it would take more than 100 years for the 1291 to diffuse to the surface.
This confirmed for the checker that the sum of fractions value greater than 1 is unrealistic and
only occurred because of extremely conservative assumptions about the release rate (all released
in a year).

I Total_|_Released_from_Layers O X

ol Chart DTable Display: Realization ~ % = |!5‘D

Total_|_Released_from_Layers

(9]

|_Release_from_Waste
(95

0 10 20 30 40 30 G0 70 80 90 100
Time (yr)

— |_Release_from_Waste
|_Release from_Cover_3

Release_from_Cover_1 — |_Release_from_Cover_2
Release from_Cover 4

The following tanks have enough 12 in all combined phases to exceed the threshold value for a
10 mrem/yr dose:

241-AP-101, 241-AP-105, 241-AN-103, 241-AW-104, 241-AN-106, 241-AN-101, 241-AP-108,
241-SY-103, 241-AW-106, 241-AN-105, 241-A-105, 241-AN-102, 241-AP-103, 241-AN-107,
241-AN-104, 241-AW-101, 241-AP-107, 241-AZ-101, 241-AY-101, 241-AW-102,
241-AZ-102, 241-S-109, 241-AW-105, 241-AP-102, 241-S-105, 241-BY-105, 241-S-108,
241-SX-103, 241-TX-112, 241-AW-103, 241-TX-113, 241-AX-101, 241-AP-104, 241-U-108,
241-TX-115, 241-BY-103, 241-A-101.

Att-1-5



RPP-CALC-64515 Rev.00 3/29/2021 - 1:36 PM 59 of 59

RPP-CALC-64515, Rev. 0

EMCF Comments:

Table 2-1: Verified values. The DCFinh values can be traced to a source in RPP-ENV-58813,
but are different than the values used in the screening calculation, which don’t use the values for
the same absorption types (in screening calc 3H and 12°] use vapor, 14C uses CO,).

Verified Equations 3-1 to 3-4 are appropriate and that Equations 3-2 through 3-4 are calculated
in the spreadsheet.

Table 4-1: Verified all inputs match cited sources and are the values used in the calculation file.

Table 4-2: Verified all inputs match cited sources and are the values used in the calculation file.
Negligible differences occurred because comparison files (Word table and database export) use
different number of sig figs.

Verified calculations in Section 6.2 match spreadsheet results for those conditions.
Table 6-1: Verified all tabulated values against sources and calculations.

Table 7-1: Verified all tabulated values match calculated results. Negligible differences
occurred because comparison files (Word table and calculated values in a spreadsheet) use
different number of sig figs.

Table 7-2: Verified all tabulated values match calculated results. Negligible differences
occurred because comparison files (Word table and calculated values in a spreadsheet) use
different number of sig figs.

Table 7-3: Verified all tabulated values match calculated results. Negligible differences
occurred because comparison files (Word table and calculated values in a spreadsheet) use
different number of sig figs.

Table 7-4: Verified all tabulated values match calculated results. Negligible differences

occurred because comparison files (Word table and calculated values in a spreadsheet) use
different number of sig figs.
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