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EXECUTIVE SUMMARY 
 

This environmental model calculation file presents calculation details of the analyses performed 
to evaluate the groundwater impact from past leaks and potential waste losses during retrieval at 
Waste Management Area A-AX.  This analysis builds upon the modeling completed in July 2021 
for RPP-CALC-64793, Estimated Groundwater Impacts from Past Leaks and Potential Waste 
Losses during Retrieval at WMA A-AX, Rev. 0. 
 
The analysis of impacts of past leaks on the aquifer (uppermost 5 m) at the 241-A Tank Farm 
fence line from tanks 241-A-104 and 241-A-105 remain unchanged from the previous revisions 
of this document.  This document lists the leak dates, leak volumes, inventory estimates, and 
results from the previous revisions.  Results include peak concentration times, peak 
concentrations, risk scaling factors, and calculated risk for each of the five chemicals and 
radionuclides (nitrate, nitrite, chromium, 99Tc, and 129I). 
 
This document analyzes the impact of potential retrieval losses on the aquifer (uppermost 5 m) 
from 241-A Tank Farm and 241-AX Tank Farm sources using the modeling results from revision 
0 of this document.  Potential retrieval losses were modeled as unit inventory releases for each 
tank with leak volumes of 4,000 gallons.  For the 241-AX Farm tanks, retrieval year was 
modeled as 2023, and for the 241-A Farm tanks, it was modeled as 2024.  This current analysis 
scales the existing potential retrieval loss model results for tanks 241-A-103 and 241-A-106 by 
multiplying them with updated retrieval loss inventories.  All other potential retrieval loss results 
remain unchanged from the previous revisions of this document.  This revision also removes 
potential retrieval loss estimates for tank 241-AX-103 since the waste from this tank was 
retrieved on 1/18/2023. 
 
In addition to the new tank 241-A-103 and tank 241-A-106 inventory estimates, this document 
provides the estimated inventories for the other 241-A and 241-AX tanks used in the previous 
revisions to scale the unit mass/activity peak concentrations for the aquifer.  Potential retrieval 
loss analysis results are provided in Section 7.2.  Results include peak concentration times, peak 
concentrations, risk scaling factors, and calculated risk for each of the five chemicals and 
radionuclides (nitrate, nitrite, chromium, 99Tc, and 129I).  Tank concentrations were also 
combined at the point of calculation, or “superimposed,” to calculate the total peak 
concentrations of 241-A Tank Farm and 241-AX Tank Farm.   
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1.0 PURPOSE 
 
This environmental model calculation file (EMCF) presents calculation details of the analyses 
performed to evaluate the groundwater impact from past leaks and potential waste losses during 
retrieval at Waste Management Area (WMA) A-AX.  The model used in this analysis is based on 
the existing model described in RPP-CALC-63164, WMA A-AX Performance Assessment 
Contaminant Fate and Transport Process Model to Evaluate Impacts to Groundwater, and the 
modeling completed in July 2021 for RPP-CALC-64793, Estimated Groundwater Impacts from 
Past Leaks and Potential Waste Losses during Retrieval at WMA A-AX, Rev. 0.  The WMA 
A-AX area is shown in Figure 1-1.  The model domain is rotated to align with the groundwater 
flow direction (see Figure 1-2).  Detailed views of the 241-A Tank Farm (A Farm) and the 
241-AX Tank Farm (AX Farm) are shown in Figure 1-3. 
 
Revision 2 of this document provides a second update to the evaluation of the impacts of 
potential retrieval leaks and past leaks that was included in RPP-RPT-64273, Tanks 241-A-103 
and 241-A-106 Groundwater Risk Constituent Concentration Estimate, Rev 0.  Revision 1 of this 
document included updated inventory estimates associated with potential retrieval losses at tank 
241-A-102 (A-102).  This current revision updates the inventory estimates associated with 
potential retrieval losses at tank 241-A-103 (A-103) and tank 241-A-106 (A-106).  This revision 
also removes potential retrieval loss estimates for tank 241-AX-103 (AX-103) since the waste 
from this tank was retrieved on 1/18/2023. 
 
1.1 OBJECTIVE 
 
The objective of this calculation is to evaluate the groundwater impacts of the past tank leaks at 
WMA-A-AX and potential waste losses during tank retrieval.  The chemicals and radionuclides 
simulated in this effort are nitrate, nitrite, chromium, 99Tc, and 129I.  These five chemicals and 
radionuclides were chosen because they have been shown to dominate or drive the human health 
risk metrics used in this document (RPP-ENV-61497, Preliminary Performance Assessment of 
Waste Management Area A-AX, Hanford Site, Washington).  The calculations were performed 
using the vadose zone and saturated zone flow and transport model described in 
RPP-CALC-64793, Rev. 0.   
 
The past leak analysis simulates the estimated losses for tanks 241-A-104 (A-104) and 241-A-105 
(A-105).  The volumes, compositions, and timing of the leaks are based on RPP-RPT-58291, 
Hanford Waste Management Area A-AX Soil Contamination Inventory Estimates.  Based on 
Table 4-1 in RPP-RPT-58291, the tank A-104 leak is estimated at 2,000 gallons occurring in 1975, 
and the tank A-105 leak is estimated at 40,000 gallons (the larger of the two estimates provided) in 
1965.  Table 4-1 and Appendix A in RPP-RPT-58291 provide concentration estimates for the leaks. 
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Figure 1-1.  Waste Management Area A-AX Tanks and Associated Infrastructure and 
Nearby Liquid Discharge Facilities. 

 

 
NAIP = National Agriculture Imagery Program.   PUREX = Plutonium Uranium Extraction Plant. 
 
Source:  RPP-RPT-60101, Model Package Report Flow and Contaminant Transport Numerical Model Used in 
WMA A-AX Performance Assessment and RCRA Closure Analysis, Figure 1-1.
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Figure 1-2.  Plan View of Waste Management Area A-AX Performance Assessment Model Domain.   
 

 
PA = performance assessment. WMA = Waste Management Area 
 
Source:  RPP-RPT-60101, Figure 3-1.

Direction of Modeled Groundwater Flow 
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Figure 1-3.  241-A and 241-AX Tank Farms. 
 

 
Source: RPP-ENV-61497 
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Potential waste losses during retrieval include tanks for both A Farm and AX Farm.  The leak 
volume assumed is 4,000 gallons per tank1.  A Farm tanks evaluated were tanks 241-A-101 
(A-101), A-102, A-103, and A-1062, with retrieval losses assumed to occur between 2023 and 
2026.  An average year of 2024 was used for all the A Farm tanks.  The AX Farm tank evaluated 
was 241-AX-101 (AX-101), with retrieval occurring in 2023.  The compositions of the waste 
were derived from a few studies using the most recent data available for each tank: 
 

• RPP-RPT-63078, 241-A-101 Groundwater Risk Constituent Concentration Estimate 
(tank A-101) 

 
• DOE/EIS-0391, Final Tank Closure and Waste Management Environmental Impact 

Statement for the Hanford Site, Richland, Washington, Appendix D, Tables D-32 and 
D-33 (tanks A-102, A-103, and A-106) 

 
• RPP-RPT-58867, AX Farm Groundwater Risk Constituent Concentration Determination 

(tanks AX-101 and AX-103) 
 
This analysis calculates human health impacts from the predicted groundwater concentrations at 
the WMA A-AX fence line using unit risk factors (URFs) and unit hazard quotients (UHQs), 
which were calculated using the equations from the U.S. Environmental Protection Agency 
(EPA)’s tap water scenario.  Groundwater concentrations can be multiplied by these 
contaminant-specific URFs and UHQs to obtain the incremental lifetime cancer risk (ILCR) or 
hazard quotient (HQ) anticipated from a given contaminant in groundwater.  Appendix A 
contains all the URFs and UHQs used in this analysis and fully describes how they were 
calculated. 
 
1.2 SUPPORTING DOCUMENTS 
 
The calculation described in this EMCF uses 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 model calculation reports, and other technical literature. 
 
1.2.1 Model Package Report 
 
Model package reports are reports that describe the conceptual and mathematical models used in 
the calculation.  Model package reports for this calculation support the conceptual model 
selection, the mathematical model selection, the software selection, the model implementation, 
the key assumptions, the model limitations, and the parameter values.   

 
1 This analysis assumes a 4,000-gallon retrieval leak volume, the same volume assumed in DOE/EIS-0391.  This quantity is used 
only as a point of reference; the choice of the reference volume is arbitrary and does not affect how the risk values would be used 
in the event of a retrieval leak.  The 4,000 gallons is a hypothetical volume that represents neither an anticipated leak volume nor 
a leak detection limit.  Tank 241-A-101 is classified as sound and is not anticipated to leak during waste retrieval.  If a leak is 
detected, however, the risk graphs for tank 241-A-101 provided in Appendix B of RPP-PLAN-64889, 241-A-101 Tank Waste 
Retrieval Work Plan, will allow the leak impacts to be evaluated regardless of leak volume. 
2 Tanks A-104 and A-105 are suspected or confirmed leakers.  The integrity of the tank bottom is compromised; consequently, 
waste retrieval in these tanks using traditional sluicing methods may exacerbate the releases to the environment.  Therefore, this 
analysis assumes no further retrieval in tanks A-104 and A-105, and the waste inventory remains the same as current estimates. 
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The model package report for RPP-CALC-63164 and the modeling completed in July 2021 for 
the RPP-CALC-64793, Rev. 0, calculation is: 
 
RPP-RPT-60101 Model Package Report Flow and Contaminant Transport Numerical 

Model Used in WMA A-AX Performance Assessment and RCRA 
Closure Analysis 

 
1.2.2 Other Supporting Documentation 
 
In addition to the model package reports, other reports supported this analysis.  These include: 
 

• RPP-CALC-63248, WMA A-AX Performance Assessment Flow and Transport Process 
Model Support of the Sensitivity Analysis 

 
• RPP-RPT-58867, AX Farm Groundwater Risk Constituent Concentration Determination 

 
• RPP-RPT-63078, 241-A-101 Groundwater Risk Constituent Concentration Estimate 

 
• DOE/EIS-0391, Final Tank Closure and Waste Management Environmental Impact 

Statement for the Hanford Site, Richland, Washington, Appendix D 
 

• RPP-RPT-58291, Hanford Waste Management Area A-AX Soil Contamination Inventory 
Estimates 

 
• RPP-CALC-60497, Peak Groundwater Concentrations for Tank Farm 241-AX TWRWP 

Risk Assessment 
 

• RPP-CALC-63164, WMA A-AX Performance Assessment Contaminant Fate and 
Transport Process Model to Evaluate Impacts to Groundwater 

 
• RPP-CALC-64793, Estimated Groundwater Impacts from Past Leaks and Potential 

Waste Losses during Retrieval at WMA A-AX, Rev. 0 
 
 
1.3 DOCUMENT STRUCTURE 
 
This calculation presents analyses that evaluate the impact of new information on the predicted 
fate and transport of radionuclides released from the WMA A-AX waste sources and on the 
resulting groundwater concentration at the point of assessment. 
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This EMCF follows the required structure as provided in TFC-ESHQ-ENV_FS-C-05, 
“Preparation and Issuance of Model Package Reports and Environmental Model Calculation 
Files.” 
 

• Section 2.0 provides supplemental background for the calculation. 
• Section 3.0 describes the calculation methodology. 
• Section 4.0 describes the assumptions and inputs. 
• Section 5.0 describes the computational software. 
• Section 6.0 describes the output from the environmental model. 
• Section 7.0 provides the calculation results and conclusions. 
• Section 8.0 is a list of references cited in this calculation report. 
  



RPP CALC-64793, Rev. 2 

 1-8  

 
 
 
 
 

This page intentionally left blank. 
 



RPP CALC-64793, Rev. 2 

 2-1  

2.0 SUPPLEMENTAL BACKGROUND FOR THE CALCULATION 
 
The following list of Supplemental Information is used for the Past Leak and Retrieval Loss 
simulations included in RPP-CALC-64793, Rev. 0: 
 

• Tank farms nodes for defining source nodes for each tank: 
 

o E-mail from W. J. McMahon (co-author of RPP-ENV-61497) to M. D. Williams, 
“Tank node files.,” (McMahon, W. J., 2021-05-06), with separate files attached 
for the node locations for each tank.  Note that the K indices (Z direction) are for 
the top of Subsurface Transport Over Multiple Phases (STOMP)3 surfaces.  
Uppermost active node locations are one less. 

 
• Inventory of A Farm past leaks (Tanks A-104 and A-105): 

 
o RPP-RPT-58291.  Used method in RPP-CALC-60497 to estimate nitrite and 129I 

concentrations from Appendix A of that report. 
 

• Inventory for retrieval losses: 
 

o RPP-RPT-63078 
 
o DOE/EIS-0391, Tables D-32 and D-33 
 
o RPP-CALC-60497 
 
o RPP-RPT-58867 

 
• Aquifer concentration risk factors (see Appendix A) 

 
  

 
3 STOMP is developed and distributed by Battelle Memorial Institute, Richland, Washington. 
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3.0 METHODOLOGY 
 
3.1 SELECTION OF TECHNICAL STAFF 
 

3.1.1 Project Management 
 
Marcel P. Bergeron, Washington River Protection Solutions, LLC (WRPS) 
 
M.A., Geology, Indiana University 
B.A., Geology, University of Vermont 
 
Mr. Bergeron is a Principal Scientist in the Closure and Interim Measures Group within WRPS 
in Richland, Washington.  He has 40 years of experience in a wide variety of hydrogeologic 
studies and investigations at radioactive and hazardous waste sites.  Mr. Bergeron has significant 
experience applying subsurface flow and transport modeling, with emphasis on risk and 
performance assessments supporting closure of hazardous chemical and radioactive waste 
facilities.  At WRPS, he uses his experience and expertise in hydrogeologic 
characterization/interpretation, risk, and performance assessment for tank-related waste 
management, remediation, and closure issues and decisions. 
 
3.1.2 Originator 
 
Mark D. Williams, Principal Hydrogeologist, INTERA, Inc. 
 
M.S., Geological Sciences, Indiana University 
B.S., Geosciences, Pennsylvania State University 
 
Mr. Williams brings specialized expertise in the areas of groundwater flow and contaminant 
transport modeling, site investigations for groundwater quality, data assimilation for developing 
conceptual site models, and innovative groundwater remediation technologies.  He has applied 
this expertise to environmental restoration projects at U.S. Department of Energy (DOE), U.S. 
Department of Defense, and Superfund sites, where contaminants include hexavalent chromium, 
90Sr, uranium, and trichloroethylene.  Mr. Williams has developed and applied numerical models 
using a wide range of simulators (e.g., STOMP, CFEST4, TOUGHREACT5, PORFLOW6, 
FEHM7, PFLOTRAN8) to support the design and optimization of remediation systems, guide 
future investigation efforts, predict impacts at regulatory boundaries, support facility 

 
4 Coupled Flow, Energy & Solute Transport (CFEST) software was developed by Battelle Memorial Institute, 

Columbus, Ohio. 
5 Transport of Unsaturated Groundwater and Heat (TOUGHREACT) software was developed by Lawrence 

Berkeley National Laboratory, University of California, Berkeley, California, with support from the Office of 
Science and the Geothermal Technologies Office of DOE. 

6 PORFLOW is a product of Analytic & Computational Research, Inc., Los Angeles, California. 
7 Finite Element Heat and Mass Transfer (FEHM) code is open-source software from Los Alamos National 

Laboratory, Los Alamos, New Mexico. 
8 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. 
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licensing/permitting, and predict long-term contaminant fate.  For the recent update in the 
Hanford Site Composite Analysis, Mr. Williams served as the vadose zone facet lead from start 
of the Scoping Phase through most of the Analysis Phase.  He designed the technical approach 
for the vadose zone fate and transport models, serving as lead author of the vadose zone 
technical description document, CP-60405, Hanford Site Composite Analysis Technical 
Approach Description: Vadose Zone, and he was a contributing author of CP-63515, Model 
Package Report: Central Plateau Vadose Zone Models. 
 
 
David J. (DJ) Watson, WRPS 
 
M.S., Environmental Science, Washington State University 
B.S., Geology, Washington State University 
 
Mr. Watson has over 19 years of human health risk assessment and performance assessment 
experience.  He has over 16 years of environmental modeling experience, including subsurface 
contaminant transport using STOMP, PFLOTRAN, and TOUGH29; air dispersion using 
AERMOD10; internal and external radiological dosimetry using IMBA®11, DCAL12, OLINDA13, 
and RESRAD14; and system modeling using GoldSim©15.  He has worked in underground tank 
waste retrieval and tank closure, radiation dosimetry of both internally-deposited radionuclides 
and external exposure, nuclear fuel fabrication and transport, and geologic carbon dioxide 
sequestration.  His work has supported DOE, the U.S. Nuclear Regulatory Commission, 
International Atomic Energy Agency, Joint Global Change Research Institute, and other 
industrial and research organizations.  For this analysis, Mr. Watson provided URFs and UHQs 
and was responsible for the residual waste risk assessment. 
  

 
9 TOUGH2 software was developed by Lawrence Berkeley National Laboratory, University of California, Berkeley, 

California, with support from the Office of Science, Basic Energy Sciences, Materials Sciences and Engineering 
Division of DOE. 

10 The American Meteorological Society/EPA Regulatory Model (AERMOD) atmospheric dispersion modeling 
system was developed by the American Meteorological Society/EPA Regulatory Model Improvement Committee, 
a collaborative working group of scientists from the American Meteorological Society and the EPA. 

11 Integrated Modules for Bioassay Assessment (IMBA)® is a registered trademark of Public Health England, 
London, United Kingdom. IMBA Expert™ DOE-Edition is a trademark of ACJ & Associates, Richland, 
Washington, and UK Health Security Agency, Oxfordshire, United Kingdom. 

12 Dose and Risk Calculation (DCAL) software was developed by the Dosimetry Research Group (now the 
Biosystems Modeling Team in the Advanced Biomedical Science and Technology Group) at Oak Ridge National 
Laboratory under the sponsorship of EPA. 

13 Organ Level INternal Dose Assessment (OLINDA) code was written by Michael Stabin, Ph.D., Certified Health 
Physicist, Department of Radiology and Radiological Sciences, Vanderbilt University, Nashville, Tennessee. 

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

15 GoldSim© simulation software a registered trademark of GoldSim Technology Group LLC, Issaquah, Washington 
(see https://www.goldsim.com). 
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3.1.3 Checkers 
 
Caroline Masek, INTERA, Inc. 
 
M.S., Civil Engineering, University of South Florida  
B.S., Civil Engineering, University of South Florida  
  
Ms. Masek is a civil engineer with nearly two decades of experience in water resources 
engineering, with an emphasis on data analysis, geographic information systems, and hydrologic 
and hydraulic modeling of surface water and groundwater systems.  This experience includes 
using state-of-the-art modeling software to assess water quantity and quality to help with project 
design and to prepare and submit permit applications for various developments and 
environmental restoration and mitigation activities.  For the Hanford Site, she has been 
performing STOMP modeling and reviewing model package reports and calculations for various 
groundwater protection studies.  She has also conducted stormwater modeling for proposed 
development at the site.   
 
Kristin M. Singleton, WRPS 
 
B.S., Cellular and Molecular Biology, University of Nevada, Reno 
 
Ms. Singleton has nine years of experience performing extensive risk assessments across the 
Hanford Site Tank Farms and River Corridor.  She has experience developing risk-based 
remediation goals in compliance with State and Federal regulations and interpreting modeling 
results for hazardous waste facilities and contaminated sites. 
 
Guzel Tartakovsky, INTERA, Inc. 
 
M.S., Hydrology, University of Arizona 
B.S., Mathematics, Kazan State University 
 
Ms. Tartakovsky has well over a decade of experience in numerical modeling of flow and 
transport in groundwater and the vadose zone.  She has applied the STOMP simulator to a 
variety of multiphase problems during her employment at Pacific Northwest National Laboratory 
(PNNL) and before that at Columbia Environmental Sciences, Inc.  She has co-authored several 
peer-reviewed papers related to vadose zone flow and transport, remediation of nonaqueous 
phase liquids, and geologic carbon dioxide sequestration.  As a graduate research assistant at the 
University of Arizona, she developed an analytical solution for the delayed aquifer response 
process characterizing flow to a pumping well.  The solution was implemented in the aquifer test 
analysis software AQTESOLV©16. 
  

 
16 AQTESOLV© is a registered trademark of HydroSOLVE, Inc., Reston, Virginia. 
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3.1.4 Senior Reviewer 
 
Matthew W. Kozak, INTERA, Inc. 
 
Ph.D., Chemical Engineering, University of Washington 
B.S., Chemical Engineering, Cleveland State University 
 
Dr. Kozak has more than 30 years of experience in the areas of performance assessment of 
near-surface and geological radioactive waste repositories, regulatory development, dose 
assessment for residual contamination of soils and buildings, toxic materials risk assessment, and 
mixed waste issues.  He is the author of over 100 publications on these topics.  He has supported 
national programs in the U.S. and countries in Europe, Asia, and Africa to site, develop, 
construct, and analyze facilities for disposal of radioactive waste. 
 
He has participated in a number of international research programs, including the International 
Atomic Energy Agency’s coordinated research program on Improvement of Safety Assessment 
Methodologies for Near-Surface Disposal Facilities and its successor programs:  Application of 
Safety Assessment Methodologies, Practical Illustration and Use of the Safety Case Concept in 
the Management of Near-Surface Disposal, and most recently, Modelling and Data for 
Radiological Impact Assessments. 
 
3.2 CALCULATION METHODOLOGY 
 
This document only analyzes the impacts to groundwater from potential retrieval losses from 
tanks A-103 and A-106.  All other results are obtained from analyses conducted in Revision 1 of 
this document. 
 
Analyzing the impacts of potential retrieval losses from tanks A-103 and A-106 consists of the 
following steps. 
 

• Retrieve the spreadsheet used for RPP-CALC-64793, Rev. 1, to calculate the peak 
groundwater concentrations at the WMA A-AX fence line from potential retrieval leaks 
from the Environmental Management Modeling Archive (EMMA). 
 

• Input new potential retrieval leak concentrations for tanks A-103 and A-106 for the five 
indicator contaminants into the spreadsheet. 
 

• Determine peak groundwater concentration, HQ, and ILCR for each indicator 
contaminant in tanks A-103 and A-106. 
 

• Superimpose scaled fence line aquifer concentrations for all tanks with retrieval losses 
separately for A Farm and AX Farm.  Determine peak value for each farm, and calculate 
risk using factors for the suite of chemicals and radionuclides from groundwater URFs. 
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This analysis uses STOMP model results from a previous revision of this document 
(RPP-CALC-64793, Rev. 0).  The modeling in that revision consisted of the following steps. 
 

• Retrieve the base case vadose zone/saturated zone flow and transport model input file 
used for the most recent WMA A-AX PA (RPP-ENV-61497) from EMMA.  See 
Table 3-1 and Table 3-2. 

 
Table 3-1.  Past Leak Simulations (Tanks 241-A-104 and 241-A-105). 

Run Name 
Location:\\olive\backups\CAVE\ 
a-ax-mdw\pastleak-retrieval 

WMA A-AX PA Model Base Case Run Name (from 
EMMA) and Changes 

restart1 input_ss_tct_03_rch_02_sat_03_bcs090_estomp_petsc_tol 
 
None. 

restart2 input_ss_tct_03_rch_02_sat_03_bcs091_estomp_petsc_tol 
 
None. 
 
Use Restart File generated at the end of restart1. 

pastleak-2050 
Operational Period 1943 to 2050. 

input_op_tct_03_rch_02_sat_03_bcs091_estomp_petsc_tol 
 
Rearranged input file for transport, added solute and 
solute/rock properties, added sources for tank leaks, added 
surface flux cards for solutes at fence line 
 
Use Restart File generated at the end of restart2. 

pastleak-10050 
Post Operational/Closure Period. 

input_pc_tct_03_rch_02_sat_03_bcs091_i129_ax101_ 
inv_06_ccu_18_aqc25_e_p_t_z 
 
Same as above except no additional sources needed. 
 
Use Restart File generated at end of pastleak-2050. 

 
• For all cases, the Sections in the STOMP input file needed to be rearranged for Transport 

simulations.  The solute, solute/rock, and other properties need to be defined before the 
boundary condition cards when there is more than one solute.  The solution was also 
moved to near the beginning of the model.  The base case PA model only had one solute 
per run. 

 
• Modifications to the PA Base Case Model input files for these simulations are 

summarized in the simulation title cards and in Table 3-1 and Table 3-2. 
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Table 3-2.  Retrieval Loss Simulations (Tanks 241-A-101, 241-A-102, 241-A-103, 
241-A-106, 241-AX-101, and 241-AX-103).  (2 sheets) 

Run Name 
Location:\\olive\backups\CAVE\ 
a-ax-mdw\pastleak-retrieval 

WMA A-AX PA Model Base Case Run Name (from EMMA) 
and Changes 

restart1 input_ss_tct_03_rch_02_sat_03_bcs090_estomp_petsc_tol 
 
None. 

restart2 input_ss_tct_03_rch_02_sat_03_bcs091_estomp_petsc_tol 
 
None. 
 
Use Restart File generated at the end of restart1. 

op-2020 
Flow only from 1943 to 2020.   

input_op_tct_03_rch_02_sat_03_bcs091_estomp_petsc_tol 
 
Changed end time of solution control card from 2050 to 2020. 
 
Use Restart File generated at the end of restart2. 

retloss-2050 
Operational Period 
 
Transport simulation for conservative 
species (Kd = 0 mL/g) that covers retrieval 
losses from 2020 to 2050.  Specific years 
for retrieval losses are 2023 for AX Farm 
tanks and 2024 for A Farm tanks. 

input_op_tct_03_rch_02_sat_03_bcs091_estomp_petsc_tol 
 
Rearranged STOMP input file for transport, added solute and 
solute/rock properties for each tank, added additional solute 
boundary conditions (default), added sources for tank leaks, added 
surface flux cards for solutes at fence line, solution time period. 
 
Use Restart File generated at the end of op-2020. 

retloss-10050 
Post Operational/Closure Period 
 
Drift period for conservative species 
(Kd = 0 mL/g).  2050 to 10050. 

input_pc_tct_03_rch_02_sat_03_bcs091_i129_ax101 
_inv_06_ccu_18_aqc25_e_p_t_z 
 
Same as above except no sources needed and changed solution 
period. 
 
Use Restart File generated at the end of retloss-2050. 

retloss-kd.2-2050 
Operational Period 
 
Transport simulation for I-129 
(Kd = 0.2 mL/g) that covers retrieval 
losses from 2020 to 2050.  Specific years 
for retrieval losses are 2023 for AX Farm 
tanks and 2024 for A Farm tanks. 

input_op_tct_03_rch_02_sat_03_bcs091_estomp_petsc_tol 
 
Rearranged STOMP input file for transport, added solute and 
solute/rock properties for each tank with Kd = 0.2 mL/g, added 
additional solute boundary conditions (default), added sources for 
tank leaks, added surface flux cards for solutes at fence line. 
 
Use Restart File generated at the end of op-2020. 

retloss-kd.2-10050 
Post Operational/Closure Period 
 
Drift period for I-129 (Kd = 0.2 mL/g).  
2050 to 10050. 

input_pc_tct_03_rch_02_sat_03_bcs091_i129_ax101 
_inv_06_ccu_18_aqc25_e_p_t_z 
 
Same as above except no sources needed and changed solution 
period. 
 
Use Restart File generated at the end of retloss-kd.2-2050. 



RPP CALC-64793, Rev. 2 

 3-7  

Table 3-2.  Retrieval Loss Simulations (Tanks 241-A-101, 241-A-102, 241-A-103, 
241-A-106, 241-AX-101, and 241-AX-103).  (2 sheets) 

retloss-kd.2-12050 
Post Operational/Closure Period 
 
Drift period for I-129 (Kd = 0.2 mL/g).  
10050 to 12050.  Needed additional time 
for some tank peaks to arrive. 

input_pc_tct_03_rch_02_sat_03_bcs091_i129_ax101 
_inv_06_ccu_18_aqc25_e_p_t_z 
 
Same changes as above except changed solution period. 
 
Use Restart File generated at the end of retloss-kd.2-10050. 

 
• Revise base case for Past Leak simulations. 

 
o A Farm tanks:  A-104 and A-105 

o Leak times, volumes, and concentrations were estimated from RPP-RPT-58291, 
Rev. 1 (see Section 7.0 below for details). 

o Add Solutes and properties from WMA A-AX PA Transport simulations 
(RPP-ENV-61497). 

o Add Solute/Rock Interaction properties (for each unit): 
 129I Kd = 0.2 mL/g.  Gravel-correct Kd for each Hydrostratigraphic Unit 
 Nitrate, nitrite, chromium, and 99Tc have Kd = 0 mL/g 

 
o Create Source Cards for each tank node (time, volume, and composition of waste) 

for the two tanks using tank coordinates specified in list Tank node files_.msg.  
Each tank footprint includes 32 nodes. 

o Create surface flux card inputs for the fence line based on templates in base PA 
model. 

o Run simulations as outlined in Table 3-1. 

o Extract fence line upper 5 m aquifer concentrations for A Farm.  
A post-processing script was developed for this extraction from the surface flux 
file “runsurf.sh”, which invokes the Perl script “aax-fence-surfs.pl”. 

o Calculate risks based on peak fence line concentrations for A Farm using factors 
for the suite of chemicals and radionuclides from Appendix A. 

 
• Revise base case for Potential Retrieval Loss simulations. 

 
o A Farm tanks:  A-101, A-102, A-103, and A-106 

o AX Farm tanks:  AX-101 and AX-103 

o Unit inventory releases for each tank and 4,000-gallon aqueous volume spread 
over retrieval year.  Outputs are scaled based on inventories for each tank (see 
details in Section 7.0). 
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o A Farm tank sources:  Assume 2024 retrieval loss (2023 to 2026). 

o AX Farm tank sources:  Assume 2023 retrieval loss. 

o Add Solutes and properties. 

o Add Solute/Rock Interaction properties (for each unit). 

o Two sets of Transport simulations: 

 Mobile (Kd = 0 mL/g) for scaling results for nitrate, nitrite, chromium, 
and 99Tc 

 
 129I (Kd = 0.2 mL/g):  Gravel-corrected Kd for each Hydrostratigraphic 

Unit 
 

o Create STOMP Source Cards for each tank node (time, volume, and composition 
of waste) for the two tanks using tank coordinates specified in list Tank node 
files_.msg.  Each Tank covers 32 nodes. 

 
o Create STOMP surface flux card inputs for the fence line based on templates in 

base PA model. 
 

o Run simulations as outlined in Table 3-2. 
 

o Extract fence line upper 5 m aquifer concentrations from unit inventory releases 
for each tank.  A post-processing script was developed for this extraction from the 
surface flux file “runsurf.sh”, which invokes the Perl script “aax-fence-surfs.pl”. 

 
o Scale concentrations from unit releases based on inventory in the 4,000-gallon 

release volume. 
 

o Calculate risks based on peak concentrations at the fence line for each tank using 
factors for the suite of chemicals and radionuclides from groundwater URFs (see 
Appendix A). 

 
o Superimpose scaled fence line aquifer concentrations for all tanks with retrieval 

losses separately for A Farm and AX Farm.  Determine peak value for each farm, 
and calculate risk using factors for the suite of chemicals and radionuclides from 
groundwater URFs. 

 
• The checking of the process model calculations in Revision 0 of this document is 

documented in Attachment 3.
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4.0 ASSUMPTIONS AND INPUTS 
 
The assumptions and inputs used in the previous revisions of this document (RPP-CALC-64793, 
Rev. 0 and Rev. 1) are the same as those used in RPP-CALC-63164, except for the changes 
required for these specific Past Leak and Retrieval Loss simulations, as described in Section 3.0. 
 
 
4.1 KEY ASSUMPTIONS 
 
The key assumptions used in this calculation are the same as those used in RPP-CALC-63164.  
Assumptions for these specific simulations are runs, as follows: 
 

• Not correcting reported activities for 99Tc and 129I to the release date.  This should 
have a minimal impact on results due to their long half-lives. 

 
• No radioactive decay for 99Tc in Retrieval Loss simulations (scaling non-sorbing, 

conservative tracer) 
 
 
4.2 INPUTS 
 
The inputs used in this calculation are the same as those used in RPP-CALC-64793, Rev. 1, 
except for tanks A-103 and A-106 retrieval leak inventories (see Table 7-3). 
 
The Courant numbers for transport of the tracers and other non-sorbing chemicals/radionuclides 
were relatively high.  STOMP uses a Courant limiter, with a user-defined maximum Courant 
number, to reduce the time steps if the specified value is exceeded.  Table 7-19 of 
RPP-CALC-63164 shows that there were no differences in the peak concentration to the number 
of significant figures shown and only a few minor differences in the time of the peak.  Courant 
values of 1, 10, and 25 were tested.  These simulations use a Courant value of 25 (same as the 
WMA A-AX PA values). 
 
Appendix A describes and calculates the risk factors used in processing the results of these 
simulations.  Peak aquifer concentrations (uppermost 5 m) at the fence line for each 
chemical/radionuclide are multiplied by these factors to estimate risk.  These are applied to both 
the Past Leak simulation results and the Retrieval Loss simulation results. 
 
 
4.3 PAST LEAKS 
 
Revision 0 of this document evaluated the potential impacts of past leaks to groundwater at the 
WMA A-AX fence line.  Past leak inventory estimates for tanks A-104 and A-105 were derived 
from RPP-RPT-58291.  These data included leak time estimates, volumes, and mass/activities of 
the leaks.  Solutes simulated for each tank were nitrate, nitrite, chromium, 99Tc, and 129I.  While 
most of these data are listed in Table 4-1 of RPP-RPT-58291, estimates for nitrite and 129I were 



RPP CALC-64793, Rev. 2 

 4-2  

made from data in Appendix A of that report.  The methods used for these estimates are the same 
as described in RPP-CALC-60497.  Details are provided in Section 7.1. 

4.4 RETRIEVAL LOSS 
 
Potential waste losses during retrieval at WMA A-AX were evaluated with the WMA A-AX PA 
model, modified as described in Revision 0 of this document.  Revision 0 evaluated A Farm 
tanks A-101, A-103, and A-106 using an average retrieval year of 2024.  Revision 0 also 
evaluated AX Farm tanks AX-101 and AX-103 for the year 2023.  Revision 1 evaluated 
tank A-102 using updated potential release inventories.  Retrieval losses of 4,000 gallons for 
each tank was assumed.  This revision (Revision 2) evaluates potential retrieval losses for tanks 
A-103 and A-106 using the same parameters and updated inventories. 
 
Mass/activity for each leak was compiled from several sources, as shown in Section 7.2.  Solutes 
simulated for each tank were nitrate, nitrite, chromium, 99Tc, and 129I.  Nitrite was not reported 
for tanks A-103 and A-106 using the DOE/EIS-0391 estimates.  DOE/EIS-0391 assumed all 
nitrogen was in the form of nitrate.  Separate nitrate and nitrate mass was estimated using the 
approach described in RPP-CALC-60497. 
 
The general approach used for simulating the retrieval losses was to simulate a unit release of 
mass (1 kg) or activity (1 Ci) along with the 4,000-gallon leak.  Each tank had a separate tracer 
for the mass/activity.  The resulting predicted groundwater concentrations at the fence line were 
then scaled based on the estimated inventory of each solute for each tank, as shown in 
Section 7.2.  An additional set of simulations was needed for 129I tracer, having a Kd = 0.2 mL/g 
(gravel-corrected for each unit). 
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5.0 COMPUTATIONAL SOFTWARE 
 
This analysis uses STOMP modeling results obtained from RPP-CALC-64793, Rev. 0.  No 
further process modeling was performed for this analysis.  The STOMP modeling performed in 
July 2021 for Revision 0 of this document conformed to the software quality assurance plans and 
procedures in effect at the time, as described below. 
 
Both STOMP and exascale Subsurface Transport Over Multiple Phases (eSTOMP)©17 software 
are licensed by Central Plateau Cleanup Company (CPCCo)18 for use under the terms of a 
limited government license from PNNL, which developed the code to meet the software 
requirements from American National Standards Institute (ANSI)/American Society of 
Mechanical Engineers (ASME) NQA-1-2000, Quality Assurance Requirements for Nuclear 
Facility Applications, and DOE O 414.1C, Quality Assurance, when those were applicable 
orders and standards. 
 
Currently, PNNL manages STOMP and eSTOMP© under Configuration Management Plans 
(PNNL-SA-92584, Subsurface Transport Over Multiple Phases [STOMP] Software 
Configuration Management Plan, and PNNL-24121, eSTOMP Configuration Management Plan) 
and Software Test Plans (PNNL-SA-92579, STOMP Software Test Plan, and PNNL-24120, 
eSTOMP Software Test Plan) that detail the procedures used to test, document, and archive 
modifications to the source code.  PNNL maintains specific operational modes of STOMP and 
eSTOMP© as qualified Safety Software, Level C, per the DOE O 414.1D, Quality Assurance, 
definition for safety software, and in compliance with ANSI/ASME NQA-1-2008, Quality 
Assurance Requirements for Nuclear Facility Applications, with NQA-1a-2009 addenda (see 
PNNL-24118, STOMP/eSTOMP Software Quality Assurance Plan). 
 
STOMP and eSTOMP© are used to solve the Richards’ equation (the water mass conservation 
equation in PNNL-12030, STOMP Subsurface Transport Over Multiple Phases Version 2.0 
Theory Guide), which governs water flow, and the advection-dispersion equation (the solute 
mass conservation equation in PNNL-12030), which governs solute transport, under variably 
saturated conditions in the vadose zone and groundwater.  Formal procedures for software 
problem reporting and corrective actions for software errors and updates are maintained and 
implemented (see PNNL-24118). 
 
STOMP is also supported by a Software Requirement Specification (PNNL-24122, Software 
Requirements Document for STOMP and eSTOMP) and a Software Design Document 
(PNNL-SA-92585, Software Design Document [SDD] For Subsurface Transport Over Multiple 
Phases [STOMP]).  STOMP and eSTOMP© are supported by an online User Guide 
(https://stomp-userguide.pnnl.gov/ and https://stomp-userguide.pnnl.gov/estomp_guide/ 
eSTOMP_guide.stm) and a Theory Guide (PNNL-12030). 
 

 
17 eSTOMP© is a registered trademark of Battelle Memorial Institute, Columbus, Ohio. 
18 The current central plateau remediation contractor is CPCCo.  All software configuration and control functions 

and responsibilities previously executed by CHPRC have been transitioned to CPCCo effective February 1, 2021. 
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STOMP was selected to simulate the transport of contaminants from past leaks and retrieval 
losses in this EMCF because STOMP fulfills the following specifications. 
 

• The STOMP simulator operational modes needed for implementation of this model are 
available for government use under a limited government-use agreement. 

 
• The STOMP-W simulator solves the necessary governing equations (i.e., Richards’ 

equation and solute conservation of mass). 
 

• STOMP is capable of directly simulating the principal features, events, and processes that 
are relevant. 

 
• The STOMP simulator is well documented. 

 
• The STOMP simulator development meets the software requirements of ANSI/ASME 

NQA-1-2008 with 2009 addenda, and it is compliant with DOE O 414.1D requirements 
for Safety Software (see PNNL-SA-92579, PNNL-SA-92584, PNNL-24122). 

 
• The STOMP simulator is distributed with source code, enhancing transparency. 

 
• The modeling team implementing this model has expertise in use of this simulator. 

 
• There is an extensive history of application of STOMP at Hanford and elsewhere, 

including verification, validation, and benchmarking (DOE/RL-2011-50, Regulatory 
Basis and Implementation of a Graded Approach to Evaluation of Groundwater 
Protection). 

 
• Use of STOMP is in keeping with DOE direction for simulation of vadose zone flow and 

transport at the Hanford Site (Letter 06-AMCP-0133, “Contract No. 
DE-AC06-05RL14655—Hanford Groundwater Modeling Integration”). 

 
 
5.1 SOFTWARE IDENTIFICATION 
 
The following describes the STOMP and eSTOMP© controlled calculation software and its 
computational platform: 
 

• Software Title:  STOMP-W and eSTOMP-W (a scientific tool for analyzing single- and 
multiple-phase subsurface flow and transport using the integrated finite volume 
discretization technique with Newton-Raphson iteration) 

 
• Software Version:  STOMP-W was provided by PNNL on January 30, 2013, and was 

tested and approved for use by CH2M HILL Plateau Remediation Company (CHPRC) as 
“CHPRC Build 4.” eSTOMP-W was provided by PNNL on May 30, 2017, and was 
tested and approved for use by CHPRC as “CHPRC Build 6.” For STOMP-W, CHPRC 
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Build 4 is identical to CHPRC Build 5 and CHPRC Build 6; the latter were issued in 
response to the development of eSTOMP©. 

 
• Hanford Information System Inventory Identification Number:  2471 (Safety 

Software S3, graded Level C) 
 

• STOMP was executed on the Green Linux®19 cluster and on the Austin cluster (owned 
and operated by INTERA, Inc., at its Richland, Washington, and Austin, Texas, offices; 
under contract with CHPRC). 

 
• Workstation type and property number (from which software is run):  eSTOMP© was 

executed on the INTERA Richland Olive Linux® Cluster, a subcontractor to CPCCo and 
WRPS.  The computer property tag for the front-end node is #00825 at INTERA’s office 
in Richland, Washington. 

 
• Details of the Richland Olive Linux® Cluster: 

o Server chassis:  Dell PowerEdgeTM20 R530 Server 

o Compute nodes:  48 processors 

o Intel XeonTM21 E5-2680 v3 CPU (×2), 12 cores/CPU, 2.5 GHz, 30MB cache 

o 128 GB RAM; RDIMM, 2133 MT/s Dual Rank 

o 1 Gbps Ethernet 

o Storage:  26 TB RAID-5 disk array (eight 4 TB drives) 

o Approved user:  M. Williams 
 
 
5.2 SOFTWARE QUALITY ASSURANCE 
 
The use of STOMP and eSTOMP© to implement the modeling completed in July 2021 for 
RPP-CALC-64793, Rev. 0, was performed in a manner that satisfies and complies with 
environmental quality assurance requirements indicated by Title 10, Code of Federal 
Regulations (CFR), Part 830, “Nuclear Safety Management” (10 CFR 830) and 10 CFR 830 
Subpart A—Quality Assurance Requirements; DOE O 414.1D; and State and Federal 
environmental regulations.  EM-QA-001, EM Quality Assurance Program (QAP), 
Attachment G, “Software Quality Requirements,” and Attachment H, “Model Development, 
Use, and Validation,” list DOE management expectations for compliance, including 
configuration control, evaluation, implementation, verification and validation, and operation and 
maintenance. 

 
19 Linux® is a registered trademark of Linus Torvalds in the U.S. and other countries. 
20 Dell Technologies, Dell, and other trademarks are trademarks of Dell Inc. or its subsidiaries. 
21 Xeon is a trademark of Intel Corporation 
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Quality assurance project planning for STOMP and eSTOMP© modeling follows the guidance in 
EPA/240/R-02/007, Guide for Quality Assurance Project Plans for Modeling.  Model project 
planning includes documenting specific model development efforts and applications.  It 
addresses as relevant and important all nine “Group A” elements presented in 
EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans.  These elements 
include problem definition and background, quality objectives and criteria for measurements and 
data acquisition leading to model inputs and outputs, data validation and usability, references, 
documentation and records management, special training requirements and certifications for 
modelers, and assessments and reports to management. 
 
 
5.3 SOFTWARE INSTALLATION AND CHECKOUT 
 
After receiving the eSTOMP© source code from PNNL, CPCCo commits the code to the MKS 
Integrity™22 configuration management system, which ensures traceability and precludes loss of 
information.  CPCCo confirms that the software is operating correctly by benchmarking results 
from the local computer system to those presented for selected problems, as described in 
CHPRC-00211, STOMP Software Test Plan.  The CPCCo software owner maintains the 
configuration-managed copies in MKS Integrity™ and grants users access to the executable files 
upon request, in accordance with the approved software installation and checkout forms. 
 
CPCCo received the current eSTOMP© source code in September 2017 and successfully 
concluded testing of CHPRC Build 6 on Olive in April 2019.  Installation and testing of the code 
on all the nodes of the INTERA Austin Linux® Cluster was performed in August 2017. 
 
The software installation and checkout forms are provided in Attachment 2. 
 
 
5.4 STATEMENT OF VALID SOFTWARE APPLICATION 
 
The modeling completed in July 2021 for RPP-CALC-64793, Rev. 0, provides calculations of 
the potential long-term impact on groundwater at the fence line boundary.  STOMP and 
eSTOMP© were developed for these types of applications, among others, and are used to solve 
the Richards’ equation, which governs water flow, and the advection-dispersion equation, which 
governs solute transport, under variably saturated conditions in the vadose zone and 
groundwater.  The RPP-CALC-64793, Rev. 0, implementation of STOMP to perform 
calculations satisfies and complies with environmental quality assurance requirements indicated 
by 10 CFR 830 Subpart A, DOE O 414.1D, and State and Federal environmental regulations. 
 
The quality assurance project planning for STOMP/eSTOMP© modeling follows the guidance in 
EPA/240/R-02/007, and the conduct of implementation complies with DOE management 
expectations.  Therefore, for this application, STOMP is an appropriate software code to use:  
using it to implement the WMA A-AX PA model described in this report is consistent with 

 
22 MKS Integrity® (now PTC Integrity Lifecycle Manager™) is a registered trademark of the Parametric Technology 
Corporation, Needham, Massachusetts. 
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STOMP’s intended use, and its use is shown to comply with applicable quality assurance 
requirements. 
 
CHPRC-00176, STOMP Software Management Plan, requires that a STOMP Options Analysis 
be prepared and reported. This options analysis identifies all invoked options in a STOMP input 
file and the ANSI/ASME NQA-1 testing status of options reported by the software vendor, 
PNNL, to ensure that only ANSI/ASME NQA-1 qualified options of the STOMP code are used 
in a quality-affecting calculation.  The STOMP Options Analysis of the input files used in this 
EMCF were provided in Appendix C of RPP-CALC-61032, Vadose Zone and Saturated Zone 
Flow and Transport Calculations for the Integrated Disposal Facility Performance Assessment, 
and indicated no unqualified options were used in this calculation. 
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6.0 OUTPUT FROM THE ENVIRONMENTAL MODEL 
 
The main output of these simulations, which were completed in July 2021 for 
RPP-CALC-64793, Rev. 0, is the surface flux files from the STOMP simulations for aquifer 
concentrations (uppermost 5 m) at the fence line.  Concentrations are calculated based on 
mass/activity flow rate divided by water flow rate.  Restart files are generated at the end of each 
simulation for use as initial conditions for each successive run in a series (see Table 3-1 and 
Table 3-2). 
 
STOMP output files were used to check the mass/activity balances (in vs. out) for the past leaks 
and retrieval losses.  Surface flux files were also used to check the mass balance at the water 
table for past leaks. 
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7.0 CALCULATION RESULTS AND CONCLUSIONS 
 
This section presents the results of the Past Leak and Retrieval Loss simulations and estimated 
groundwater risks at the WMA A-AX fence line. 
 
7.1 PAST LEAKS 
 
Simulation of the impact of past leaks on the aquifer (uppermost 5 m) at the A Farm fence line 
from tanks A-104 and A-105 was conducted based on the steps described in Table 3-1.  Leak 
dates, leak volumes, and inventory estimates for the leaks used in the simulation are shown in 
Table 7-1.  Results of these simulations are shown in Table 7-2.  These include peak 
concentration times, peak concentrations, risk scaling factors (from Appendix A), and calculated 
risk. Results are shown for each of the five chemicals and radionuclides.   
 
Breakthrough curves of simulated aquifer concentrations at the fence line are shown in 
Figure 7-1.  The increase of 129I shown in Figure 7-1 from about years 6620 to 6630 reflects the 
superposition of impacts from the tank A-104 and A-105 leaks.  Before this time, 129I 
concentrations at the fence line are driven by the tank A-105 leak, which occurs earlier and with 
a greater volume then the tank A-104 leak.  The tank A-104 129I leak concentrations reach the 
water table around the year 6600, adding to the tank A-105 concentrations in the aquifer and at 
the A Farm fence line and causing the sudden jump in the plot. 
 

Table 7-1.  Past Leak Inventory. 

Tank 
241-A Tank Farm Past Leaks Inventory1 Estimated2 

Release 
Date 

Leak Volume 
(gal) 

137Cs 
(Ci) 

99Tc 
(Ci) 

Cr  
(kg) 

NO3 
(kg) 

NO2  
(kg) 

129I  
(Ci) 

241-A-1043 3/1/1975 2,000 1,300 0.4 2 51 58.1 2.05E-05 

241-A-1054 1/1/1965 40,000 25,000 22 250 12,000 6.00E+03 1.28E-02 

1 From RPP-RPT-58291, Table 4-1. 
2 Estimated from Appendix A of RPP-RPT-58291. 
3 For tank 241-A-104, applied the same method as described in RPP-CALC-60497: Hanford Defined Waste composition for 

P1 supernate multiplied by ratio of measured vs. Hanford Defined Waste 137Cs concentration. 
4 For tank 241-A-105, Hanford Defined Waste composition for 221-B Plant ion exchange cesium recovery waste multiplied 

by leak volume.   
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Table 7-2.  Results of Past Leak Simulations at Fence Line. 

Past Leaks Simulation—Concentrations at 241-A Tank Farm Fence Line 

Solute 

Peak 
Time 
(year) 

Peak 
Concentration Units 

Unit 
Health 
Effects 
Factor 

Units Type Value 

NO3 2056 2.60E-05 kg/L 7.05E-03 HQ per mg/L HQ 1.84E-01 

NO2 2056 1.30E-05 kg/L 1.67E-01 HQ per mg/L HQ 2.18E+00 

Cr 2056 5.43E-07 kg/L 4.45E-02 HQ per mg/L HQ 2.42E-02 

Cr+6 2056 5.43E-07 kg/L 2.25E+01 HQ per mg/L HQ 1.22E+01 

99Tc 2056 4.80E-08 Ci/L 5.26E-08 Cancer risk per 
pCi/L  Cancer Risk 2.53E-03 

129I 8760 3.59E-13 Ci/L 2.89E-06 Cancer risk per 
pCi/L Cancer Risk 1.04E-06 

Cr+6 2056 5.43E-07 kg/L 9.28E-03 Cancer risk per 
mg/L Cancer Risk 5.04E-03 

 
Figure 7-1.  Past Leak Breakthrough Curves at Fence Line at Peak Concentration 

Calculation Point.  (1 of 3 sheets) 
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Figure 7-1.  Past Leak Breakthrough Curves at Fence Line at Peak Concentration 
Calculation Point.  (2 of 3 sheets) 
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Figure 7-1.  Past Leak Breakthrough Curves at Fence Line at Peak Concentration 
Calculation Point.  (3 of 3 sheets) 
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7.2 RETRIEVAL LOSSES 
 
Simulation of the impact of retrieval losses on the aquifer (uppermost 5 m) from A Farm and 
AX Farm was conducted based on the steps described in Table 3-2.  The leak volume used is 
4,000 gallons.  For the AX Farm tanks, retrieval year was modeled as 2023, and for the A Farm 
tanks, it was modeled as 2024.  Table 7-3 shows the peak concentration of the unit mass/activity 
tracers for each of the simulated tanks.  Additionally, Table 7-3 has the estimated inventory for 
each tank, which is used to scale the peak concentrations.  The table also shows the risk factors 
that were used for each chemical and radionuclide and their calculated values.  Tank 
concentrations were superimposed to calculate the total peak concentrations of A Farm and 
AX Farm.  For Revision 1, the tank A-102 concentrations were updated (see footnote “c” in 
Table 7-3).  For Revision 2, the concentrations for tanks A-103 and A-106 were updated (RPP-
RPT-64273), and tank AX-103 was removed (retrieved on 1/18/2023).  Breakthrough curves of 
simulated aquifer concentrations for the unit inventory releases at the fence line are shown in 
Figure 7-2. 
 

Table 7-3.  Retrieval Loss Simulation Results at Fence Line (Inventory, Simulation 
Results, and Scaling).  Revision 2 Update of Tank A-103 and A-106 Concentrations. 

(1 of 3 sheets) 

Nitrate 

Tank  
(241-) 

Peak 
Time 
(year) 

Unit Mass Peak 
Concentration 

(kg/L) 

Leak 
Concentration 

(mg/L) 

Leak Mass 
(4,000 gal) 

(kg) 

Scaled 
Peak 

(mg/L) 

UHQ (per 
mg/L)a HQ 

A-101b 3630 1.04E-10 2.41E+05 3,649 3.80E-01 7.05E-03 2.68E-03 

A-102c 3640 1.03E-10 2.41E+05 3,649 3.75E-01 7.05E-03 2.64E-03 

A-103c 3660 1.29E-10 2.41E+05 3,649 4.72E-01 7.05E-03 3.33E-03 

A-106c 3670 1.34E-10 2.41E+05 3,649 4.87E-01 7.05E-03 3.44E-03 
A Farm 3650 — — 14,595 1.71E+00 7.05E-03 1.21E-02 

AX-101d 3760 9.47E-11 2.47E+05 3,740 3.54E-01 7.05E-03 2.50E-03 
AX Farm 3760 — — 3,740 3.54E-01 7.05E-03 2.50E-03 

Nitrite 

Tank  
(241-) 

Peak 
Time 
(year) 

Unit Mass Peak 
Concentration 

(kg/L) 

Leak 
Concentration 

(mg/L) 

Leak Mass 
(4,000 gal) 

(kg) 

Scaled 
Peak 

(mg/L) 

HQ UDF 
(per mg/L)a HQ 

A-101b 3630 1.04E-10 1.39E+05 2,107 2.19E-01 1.67E-01 3.66E-02 

A-102c 3640 1.03E-10 1.73E+05 2,612 2.68E-01 1.67E-01 4.48E-02 

A-103c 3660 1.29E-10 1.73E+05 2,612 3.38E-01 1.67E-01 5.64E-02 

A-106c 3670 1.34E-10 1.73E+05 2,612 3.49E-01 1.67E-01 5.82E-02 
A Farm 3650 — — 9,942 1.17E+00 1.67E-01 1.96E-01 

AX-101d 3760 9.47E-11 1.21E+05 1,832 1.74E-01 1.67E-01 2.90E-02 
AX Farm 3760 — — 1,832 1.74E-01 1.67E-01 2.90E-02 
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Table 7-3. Retrieval Loss Simulation Results at Fence Line (Inventory, Simulation 
Results, and Scaling).  Revision 2 Update of Tank A-103 and A-106 Concentrations. 

(2 of 3 sheets) 
Chromium 

Tank  
(241-) 

Peak 
Time 
(year) 

Unit Mass Peak 
Concentration 

(kg/L) 

Leak 
Concentration 

(mg/L) 

Leak Mass 
(4,000 gal) 

(kg) 

Scaled 
Peak 

(mg/L) 

UHQ (per 
mg/L)a HQ 

A-101b 3630 1.04E-10 4.65E+03 70.4 7.33E-03 4.45E-02 3.26E-04 

A-102c 3640 1.03E-10 1.50E+04 227.1 2.33E-02 4.45E-02 1.04E-03 

A-103c 3660 1.29E-10 1.50E+04 227.1 2.94E-02 4.45E-02 1.31E-03 

A-106c 3670 1.34E-10 1.50E+04 227.1 3.03E-02 4.45E-02 1.35E-03 
A Farm 3660 — — 752 9.03E-02 4.45E-02 4.02E-03 

AX-101d 3760 9.47E-11 4.51E+03 68.3 6.47E-03 4.45E-02 2.88E-04 
AX Farm 3760 — — 68.3 6.47E-03 4.45E-02 2.88E-04 

Hexavalent Chromium 

Tank  
(241-) 

Peak 
Time 
(year) 

Unit Mass Peak 
Concentration 

(kg/L) 

Leak 
Concentration 

(mg/L) 

Leak Mass 
(4,000 gal) 

(kg) 

Scaled 
Peak 

(mg/L) 

UHQ (per 
mg/L)a HQ 

A-101b 3630 1.04E-10 4.65E+03 70.4 7.33E-03 2.25E+01 1.65E-01 

A-102c 3640 1.03E-10 1.50E+04 227.1 2.33E-02 2.25E+01 5.25E-01 

A-103c 3660 1.29E-10 1.50E+04 227.1 2.94E-02 2.25E+01 6.61E-01 

A-106c 3670 1.34E-10 1.50E+04 227.1 3.03E-02 2.25E+01 6.82E-01 
A Farm 3660 — — 752 9.03E-02 2.25E+01 2.03E+00 

AX-101d 3760 9.47E-11 4.51E+03 68.3 6.47E-03 2.25E+01 1.46E-01 
AX Farm 3760 — — 68.3 6.47E-03 2.25E+01 1.46E-01 

Technetium-99 

Tank  
(241-) 

Peak 
Time 
(year) 

Unit Activity 
Peak 

Concentration 
(Ci/L) 

Leak 
Concentration 

(pCi/L) 

Leak 
Activity 

(4,000 gal) 
(Ci) 

Scaled 
Peak 

(pCi/L) 

Cancer 
Risk UDF 

(per 
pCi/L)a 

Total 
Cancer 

Risk 

A-101b 3630 1.04E-10 2.14E+08 3.24 3.37E+02 5.26E-08 1.77E-05 

A-102c 3640 1.03E-10 3.69E+08 5.59 5.74E+02 5.26E-08 3.02E-05 

A-103c 3660 1.29E-10 3.69E+08 5.59 7.22E+02 5.26E-08 3.80E-05 

A-106c 3670 1.34E-10 3.69E+08 5.59 7.46E+02 5.26E-08 3.93E-05 
A Farm 3650 — — 20.00 2.38E+03 5.26E-08 1.25E-04 

AX-101d 3760 9.47E-11 2.13E+08 3.22 3.05E+02 5.26E-08 1.61E-05 
AX Farm 3760 — — 3.22 3.05E+02 5.26E-08 1.61E-05 
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Table 7-3. Retrieval Loss Simulation Results at Fence Line (Inventory, Simulation 
Results, and Scaling).  Revision 2 Update of Tank A-103 and A-106 Concentrations. 

(3 of 3 sheets) 
Iodine-129 (Kd = 0.2 mL/g) 

Tank  
(241-) 

Peak 
Time 
(year) 

Unit Activity 
Peak 

Concentration 
(Ci/L) 

Leak 
Concentration 

(pCi/L) 

Leak 
Activity 

(4,000 gal) 
(Ci) 

Scaled 
Peak 

(pCi/L) 

Cancer 
Risk UDF 

(per 
pCi/L)a 

Total 
Cancer 

Risk 

A-101b 9520 3.10E-11 3.26E+05 4.94E-03 1.53E-01 2.89E-06 4.42E-07 

A-102c 9690 3.14E-11 3.26E+05 4.94E-03 1.55E-01 2.89E-06 4.48E-07 

A-103c 9530 3.77E-11 3.26E+05 4.94E-03 1.86E-01 2.89E-06 5.37E-07 

A-106c 9540 4.02E-11 3.26E+05 4.94E-03 1.98E-01 2.89E-06 5.73E-07 
A Farm 9560 — — 1.97E-02 6.91E-01 2.89E-06 2.00E-06 

AX-101d 10340 3.18E-11 2.20E+05 3.33E-03 1.06E-01 2.89E-06 3.06E-07 
AX Farm 10340 — — 3.33E-03 1.06E-01 2.89E-06 3.06E-07 

Hexavalent Chromium 

Tank  
(241-) 

Peak 
Time 
(year) 

Unit Mass Peak 
Concentration 

(kg/L) 

Leak 
Concentration 

(mg/L) 

Leak Mass 
(4,000 gal) 

(kg) 

Scaled 
Peak 

(mg/L) 

Cancer 
Risk UDF 

(per mg/L)a 

Total 
Cancer 

Risk 

A-101b 3630 1.04E-10 4.65E+03 70.4 7.33E-03 9.28E-03 6.80E-05 

A-102c 3640 1.03E-10 1.50E+04 227.1 2.33E-02 9.28E-03 2.17E-04 

A-103c 3660 1.29E-10 1.50E+04 227.1 2.94E-02 9.28E-03 2.73E-04 

A-106c 3670 1.34E-10 1.50E+04 227.1 3.03E-02 9.28E-03 2.81E-04 
A Farm 3660 — — 752 9.03E-02 9.28E-03 8.38E-04 

AX-101d 3760 9.47E-11 4.51E+03 68.3 6.47E-03 9.28E-03 6.00E-05 

AX Farm 3760 — — 68.3 6.47E-03 9.28E-03 6.00E-05 

 
HQ = Hazard Quotient 
UDF = Unit dose factor 
Reported Value for Leak Mass/Activity or Concentration 

a See Appendix A. 
b RPP-RPT-63078, Table 3-1 
c RPP-RPT-64273, Table 2-3 
d RPP-RPT-58867, Tables 3-1 and 3-3 
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Figure 7-2.  Retrieval Loss Breakthrough Curves at Fence Line at Peak Concentration 
Calculation Point.  (1 of 2 sheets) 
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Figure 7-2.  Retrieval Loss Breakthrough Curves at Fence Line at Peak Concentration 
Calculation Point.  (2 of 2 sheets) 
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