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 i  

EXECUTIVE SUMMARY 
 
This environmental model calculation file documents a screening-level evaluation of potential 
radon releases using current (pre-retrieval) inventories and waste volumes in each single-shell 
tank in 12 tank farms at the Hanford Site.  The analysis determines whether current, unretrieved 
tank waste concentrations of key radionuclides associated with radon production are sufficient to 
cause a radon flux at the surface of a closed waste tank equal to or greater than the 20 pCi/m2/s 
of radon at the surface performance objective required by DOE M 435.1-1, Radioactive Waste 
Management Manual.  This analysis uses the method described in the U.S. Nuclear Regulatory 
Commission’s Regulatory Guide 3.64, Calculation of Radon Flux Attenuation by Earthen 
Uranium Mill Tailings Covers.  The calculations use 226Ra concentrations projected at 
10,000 years based on current, unretrieved inventories of 226Ra and other radon precursors in the 
sludge of Hanford’s single-shell tanks and current sludge volumes.  This analysis also calculates 
the threshold concentration of 226Ra needed to yield 20 pCi/m2/s of radon flux at the surface for 
comparison with the projected concentrations.  Using pre-retrieval sludge inventories and 
volumes to calculate 226Ra concentrations and the resulting radon flux at 10,000 years after 
closure yields the highest possible surface radon flux and shows that anticipated post-retrieval 
inventories of key radionuclides associated with radon flux production will not be sufficient to 
exceed the flux limit required by the DOE O 435.1, Radioactive Waste Management 
performance objective under the applied assumptions. 
 
The projected 226Ra concentrations based on current waste inventories are 18 or more orders of 
magnitude below the corresponding threshold inventories and concentrations for each tank.  
Tank 241-BX-104 has the highest ratio of projected to threshold 226Ra concentration with 
4.48 × 10-18. 
 
Even using several conservative assumptions about inventories, the radon emanation coefficient 
and a lack of downward migration of parent radionuclides in the calculations, the projected 
inventories and concentrations of 226Ra based on current, unretrieved inventories in each of the 
single-shell tanks are significantly below the concentrations that result in attaining the 
performance objective radon flux of 20 pCi/m2/s.  The results indicate that evaluations of radon 
flux to DOE’s performance objectives for residual waste left in the single-shell tanks at Hanford 
can be screened out of further analysis in future performance assessments. 
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1.0 PURPOSE 1 
 2 
This environmental model calculation file (EMCF) summarizes a radon flux screening 3 
evaluation based on existing waste in each single-shell tank (SST) in 12 tank farms at the 4 
Hanford Site1.  The analysis first calculates the inventories and concentrations of 226Ra needed in 5 
each SST to generate a radon flux equal to the U.S. Department of Energy (DOE) performance 6 
objective of 20 pCi/m2/s.  This evaluation then compares the resulting threshold 226Ra inventories 7 
and concentrations to 226Ra inventories and concentrations projected at 10,000 years post-closure 8 
based on current (unretrieved) sludge volumes and best-basis inventories of 226Ra and the radon 9 
precursors 242Cm, 242Pu, 238U, 238Pu, 234U, and 230Th in the sludge of all SSTs at Hanford.  The 10 
comparison of projected 226Ra concentrations with threshold concentrations uses only sludge 11 
inventories and volumes, assuming that the liquid and saltcake phases currently in the SSTs, as 12 
well as the radionuclides they contain, will be removed during retrieval.  The comparisons use 13 
projected 226Ra inventories that are developed based on current, unretrieved sludge inventories to 14 
show that if current inventories are insufficient to reach the threshold to exceed the performance 15 
objective flux limit, then the post-retrieval inventories will not either since retrieval will likely 16 
remove some of the existing inventories. 17 
 18 
The performance objective for radon flux at the surface is 20 pCi/m2/s as set in DOE O 435.1, 19 
Radioactive Waste Management, and its accompanying manual, DOE M 435.1-1, Radioactive 20 
Waste Management Manual.  This analysis uses the radon flux method described in the 21 
U.S. Nuclear Regulatory Commission (NRC)’s Regulatory Guide 3.64, Calculation of Radon 22 
Flux Attenuation by Earthen Uranium Mill Tailings Covers. 23 
 24 
This EMCF documents the assumptions and methodology for determining whether current, 25 
unretrieved inventories of key radionuclides associated with radon production are sufficient to 26 
cause a radon flux at the land surface equal to or greater than the performance objective.  The 27 
calculations use projected 226Ra concentrations at 10,000 years based on current, unretrieved 28 
inventories of 226Ra and parent radionuclides that decay to 226Ra.  Radium-226 inventories 29 
projected at 10,000 years after closure yield the highest possible surface radon flux for 30 
comparison against the performance objective. 31 
 32 
 33 
1.1 OBJECTIVE 34 
 35 
This calculation’s goal is to estimate the inventory of 226Ra in each SST which will result in a 36 
radon flux of 20 pCi/m2/s at the surface, and to compare that threshold to an inventory at 37 
10,000 years after closure projected from current inventories of 226Ra and other radon precursors.  38 
The results are being used to determine whether evaluations of a radon flux can be screened out 39 
in future performance assessments (PAs). 40 
 41 
This evaluation uses current (unretrieved) sludge inventories to show that even without retrieval, 42 
the inventories of radionuclides are insufficient to exceed the DOE performance objective for the 43 
                                              
1 This screening analysis is focused on evaluating radon releases from sludge wastes in tanks and does not address 

radon releases from ungrouted residual wastes that may likely be left in some ancillary equipment including waste 
transfer lines found at shallow depths. 

RPP-CALC-64554 Rev.00 5/19/2021 - 4:10 PM 16 of 69



RPP-CALC-64554, Rev. 0 

 1-2  

radon flux at the surface.  The analysis uses only sludge inventory under the assumption that 1 
retrieval will remove the entirety of the liquid and saltcake phases and corresponding inventories. 2 
 3 
 4 
1.2 SUPPORTING DOCUMENTS 5 
 6 
The calculations use conceptual models and mathematical models that are appropriate for the 7 
intended use as documented in a series of data package reports, model package reports, other 8 
environmental calculation reports, and/or other technical literature. 9 
 10 
1.2.1 Data Package Reports 11 
 12 
Data package reports are reports that are developed for use in the environmental calculation.  13 
Data package reports used by this calculation support key assumptions and parameterization. 14 
 15 
The data package report(s) and other data sources that support this calculation are: 16 
 17 
RPP-ENV-58813 Exposure Scenarios for Risk and Performance Assessments in Tank 

Farms at the Hanford Site, Washington 
 

RPP-RPT-60885 Model Package Report System Model for the WMA A-AX Performance 
Assessment 

 18 
1.2.2 Model Package Reports 19 
 20 
Model package reports are reports that describe the conceptual and mathematical models used in 21 
the calculation.  No model package reports were needed for this calculation.  The conceptual and 22 
mathematical model is from a technical report listed in Section 1.2.4. 23 
 24 
1.2.3 Other Environmental Model Calculation Files 25 
 26 
Environmental model calculation files are reports that describe the conceptual and mathematical 27 
models used in the calculation and their results, which are potentially used in subsequent 28 
calculations or to support a PA conclusion.  No other EMCFs were needed to support this 29 
calculation. 30 
 31 
1.2.4 Other Technical Reports 32 
 33 
Other technical reports are reports that describe the conceptual and mathematical models, or 34 
supply parameters used in the calculation.  Other technical reports supporting this calculation 35 
support conceptual model selection, mathematical model selection, and parameterization. 36 
 37 
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Other technical reports that support this calculation are: 1 
 2 
DOE/ORP-2005-01 Initial Single-Shell Tank System Performance Assessment for the 

Hanford Site 

HNF-EP-0182 Waste Tank Summary Report for Month Ending August 31, 2020 
 

Regulatory Guide 3.64 Calculation of Radon Flux Attenuation by Earthen Uranium Mill 
Tailings Covers 
 

RPP-7625, Rev. 14 Guidelines for Updating Best-Basis Inventory 
 

RPP-7884 Field Investigation Report for Waste Management Area S-SX 
 

RPP-10098 Field Investigation Report for Waste Management Area B-BX-BY 
 

RPP-23752 Field Investigation Report for Waste Management Areas T and 
TX-TY 
 

RPP-35485 Field Investigation Report for Waste Management Area U 
 

RPP-ENV-58782 Performance Assessment of Waste Management Area C 
 

RPP-ENV-61497 Preliminary Performance Assessment of Waste Management 
Area A-AX, Hanford Site, Washington 

 3 
 4 
1.3 DOCUMENT STRUCTURE 5 
 6 
This environmental calculation report’s structure follows the required EMCF structure: 7 
 8 

• Section 2.0 provides supplemental background for the calculation 9 
• Section 3.0 describes calculation methodology 10 
• Section 4.0 describes the assumptions and inputs 11 
• Section 5.0 describes the computational software 12 
• Section 6.0 describes the output(s) from the environmental model 13 
• Section 7.0 provides the calculation results and conclusions 14 
• Section 8.0 is a list of references cited in this calculation report. 15 

 16 
 17 
Attachment 1 contains the checker’s notes. 18 
  19 
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[THIS PAGE INTENTIONALLY LEFT BLANK] 2 
 3 

RPP-CALC-64554 Rev.00 5/19/2021 - 4:10 PM 19 of 69



RPP-CALC-64554, Rev. 0 

 2-1  

2.0 BACKGROUND 1 
 2 
This section provides background on SST closure, and justifies the methodology used in the 3 
calculation. 4 
 5 
 6 
2.1 PREVIOUS WORK 7 
 8 
The U.S. Department of Energy, Office of River Protection (DOE-ORP) is pursuing closure on 9 
the SST Waste Management Areas (WMAs) at the Hanford Site under Federal requirements and 10 
forthcoming State-approved closure plans and permits in accordance with the Hanford Federal 11 
Facility Agreement and Consent Order (HFFACO) (Ecology et al. 1989), Action Plan, 12 
Appendix I.  There are a total of 149 SSTs, built between 1943 and 1964, grouped into 12 sets of 13 
tanks and ancillary equipment called tank farms.  These tank farms are located in the 200 East 14 
and 200 West Areas of the Hanford Site and are further aggregated into 7 WMAs (A-AX, 15 
B-BX-BY, C, S-SX, T, TX-TY, and U) to support compliance with hazardous waste regulations.  16 
All of the tanks contain a mixture of radioactive and hazardous wastes (i.e., mixed radioactive 17 
waste).  Upon closure, tanks and ancillary equipment within the WMAs will contain residual 18 
levels of these wastes.  The maximum allowable residual volume for 100-series SSTs specified 19 
in the HFFACO is 10 kL (360 ft3) (0.85 kL [30 ft3] for 200-series SSTs) or the limit of 20 
technology, whichever is lower.  Figure 2-1 shows the Hanford Site and its location in 21 
Washington State. 22 
 23 
Figure 2-2 illustrates the closure concept for SST farms following tank waste retrieval.  DOE 24 
will remove surface facilities and will fill retrieved SSTs and accessible ancillary equipment with 25 
significant void spaces with grout.  DOE also expects to leave waste transfer pipelines in place.  26 
DOE will place an engineered surface cover system over the tank farm and monitor contaminant 27 
migration from the closed WMA using groundwater wells. 28 
 29 
Gases or vapors that are released from the residual waste can potentially diffuse upward through 30 
the infill grout, the tank shell or ancillary equipment structure, and the closure barrier to the 31 
ground surface.  Vapor phase diffusion from the underground waste sources to the atmosphere 32 
will be controlled by the depth to disposal, the volatility of the radionuclides left in the residual 33 
waste after retrievals, tank or ancillary equipment structure integrity, and the impedance to 34 
transport by the engineered features used to close the tanks and WMA. 35 
 36 
Radon releases are subject to a prescribed 20 pCi/m2/s radon flux limit at the ground surface 37 
(specified in Title 40, Code of Federal Regulations [CFR], Part 61, “National Emission 38 
Standards for Radon Emissions From Department of Energy Facilities” [40 CFR 61], 39 
Subpart Q—National Emission Standards for Radon Emissions From Department of Energy 40 
Facilities).  DOE M 435.1-1 requires a comparison of PA results to the radon flux performance 41 
objective. 42 
 43 
So far, two WMA-specific PAs have been published:  RPP-ENV-58782, Performance 44 
Assessment of Waste Management Area C, Hanford Site, Washington (WMA C PA), and 45 
RPP-ENV-61497, Preliminary Performance Assessment of Waste Management Area A-AX, 46 
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Hanford Site, Washington (WMA A-AX PA).  Both PAs modeled radon flux at the surface over 1 
time from the closed WMA using WMA-specific system models.  Analyses for radon releases 2 
from WMA C (RPP-ENV-58782) and from WMA A-AX (RPP-ENV-61497) indicate that while 3 
226Ra ingrowth from decay of radionuclides in the 238U decay chain results in increasing radon 4 
flux over time, the flux remains orders of magnitude below the performance objective at all times 5 
throughout the 10,000-year analysis time-frame. 6 
 7 
In February 2020, the DOE Low-Level Waste Federal Review Group (LFRG) reviewed the 8 
WMA A-AX PA and pointed out that a simple screening calculation would be more defensible 9 
than attempting to model 222Rn transport in a system model, noting difficulties in validating 10 
222Rn transport results using a similar system model at the Nevada test site (RPP-ENV-61497).  11 
The LFRG review team went on to recommend using the NRC’s Regulatory Guide 3.64, which 12 
contains an established method in use since 1989. 13 
 14 
The WMA A-AX PA authors used the analytical solution described by the NRC in Regulatory 15 
Guide 3.64 to corroborate that the system model’s base case result may provide a pessimistic 16 
emission rate (RPP-ENV-61497).  That analysis demonstrated that the system model greatly 17 
overestimates the radon flux from a closed waste tank. 18 
 19 
 20 
2.2 JUSTIFICATION FOR THE EXISTING INVENTORIES USED IN THIS 21 

SCREENING EVALUATION 22 
 23 
This analysis uses current best-basis inventories for 226Ra and the radon precursors 242Cm, 242Pu, 24 
238U, 238Pu, 234U, and 230Th in the sludge phase of the SSTs downloaded from the Tank Waste 25 
Information Network System (TWINS), Queried 2/2/2021, [Best-Basis Inventory, Best-Basis 26 
Calculation Detail, All Tanks, 226Ra, 234U, 238Pu, 238U, 242Cm, 242Pu], [Best-Basis 27 
Inventory, Best-Basis Calculation Detail Supplemental Analytes, All Tanks, 230Th].  Only 28 
sludge inventories are used under the assumption that all liquid and saltcake will be removed 29 
from the SSTs during tank waste retrievals.  Using pre-retrieval sludge inventories for 30 
comparison shows that anticipated post-retrieval inventories of these key radionuclides will not 31 
be sufficient to exceed the performance objective for the radon pathway at the land surface.  The 32 
key radionuclides are those that contribute to 222Rn generation.  The current inventories that are 33 
used have not been adjusted in any way. 34 
 35 
 36 
2.3 JUSTIFICATION OF METHODOLOGY USED TO CALCULATE 37 

SCREENING-LEVEL THRESHOLD INVENTORIES 38 
 39 
This screening analysis evaluates radon fluxes that may be released from closed tanks or tank 40 
farms and estimates screening-level threshold inventories that would result in the prescribed 41 
20 pCi/m2/s performance objective for surface radon flux identified in DOE M 435.1-1.  This 42 
screening evaluation is based on a simplified radon flux analysis from an established method for 43 
such calculations in NRC’s Regulatory Guide 3.64. 44 
 45 
  46 
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Figure 2-1.  Hanford Site and its Location in Washington State. 1 
 2 

 3 
ENW =  Energy Northwest Columbia Generating Station LIGO =  Laser Interferometer Gravitational Wave Observatory 4 
ERDF =  Environmental Restoration Disposal Facility WMA =  Waste Management Area 5 
HAMMER  =  Volpentest Hazardous Materials Management and Emergency Response (HAMMER) Federal Training Center 6 
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Figure 2-2.  Waste Management Area Closure Conceptual Model. 1 
 2 

 3 
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3.0 METHODOLOGY 1 
 2 
This screening level evaluation uses the radon flux calculation methods described in the NRC’s 3 
Regulatory Guide 3.64 which are detailed in Section 3.2.  Assumptions and inputs used in these 4 
calculations are further described in Section 4.0. 5 
 6 
 7 
3.1 SELECTION OF TECHNICAL STAFF 8 
 9 
The responsible manager or a selected delegate is responsible for selecting the technical staff that 10 
develops the conceptual and mathematical approach, performs and documents the calculations, 11 
checks the work, and reviews the calculation for technical accuracy and completeness. 12 
 13 
For the calculations described in this EMCF, the Washington River Protection Solutions, LLC 14 
(WRPS) technical lead, as delegated by the responsible manager, has selected the technical staff. 15 
 16 
3.1.1 Originator 17 
 18 
The originator or preparer of the environmental model calculation develops the methodology; 19 
gains early concurrence with the senior reviewer; identifies project conditions, assumptions, and 20 
inputs; and prepares the calculation and associated calculation report. 21 
 22 
David J. (DJ) Watson (Washington River Protection Solutions), Scientist 23 
M.S., Environmental Science, Washington State University 24 
B.S., Geology, Washington State University 25 
 26 
Mr. Watson has over 17 years of human health risk assessment and PA experience.  He has over 27 
14 years of environmental modeling experience, including:  subsurface contaminant transport 28 
using STOMP2, pflotran3, and TOUGH24; air dispersion with AERMOD5; internal and external 29 

                                              
2 Subsurface Transport Over Multiple Phases (STOMP) has been developed and distributed by Battelle Memorial 

Institute, 1996. 
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 TOUGH2 software was developed by Lawrence Berkeley National Laboratory, University of California, Berkeley, 

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

5 AERMOD atmospheric dispersion modeling system was developed by the AERMIC (American Meteorological 
Society [AMS]/U.S. Environmental Protection Agency [EPA] Regulatory Model Improvement Committee), a 
collaborative working group of scientists from the AMS and the EPA. 
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radiological dosimetry using IMBA® 6, DCAL7, OLINDA8, and RESRAD9; and system 1 
modeling using GoldSim© 10.  He has worked in the areas of underground tank waste retrieval 2 
and tank closure, radiation dosimetry from both internally-deposited radionuclides and external 3 
exposure, nuclear fuel fabrication and transport, and geologic carbon dioxide sequestration.  His 4 
work has supported DOE, NRC, International Atomic Energy Agency, Joint Global Change 5 
Research Institute and other industrial and research organizations. 6 
 7 
3.1.2 Checker 8 
 9 
The checker reviews the environmental model calculation to verify that it is clearly developed 10 
and that the calculation was performed as described and without error.  Checking includes 11 
ensuring that all the inputs are consistent with the original referenced material.  The checker 12 
documents the review of the calculation on an appropriate Checker Log. 13 
 14 
Kearn P. “Pat” Lee, ORANO Federal Services, LLC 15 
M.CE, Civil and Environmental Engineering, University of Delaware 16 
B.ChE., Chemical Engineering, University of Delaware 17 
 18 
Mr. Lee has more than 13 years of PA development and analysis experience and has been 19 
supporting DOE nuclear waste programs for 18 years.  He supported the development of the 20 
post-closure PA for the license application to dispose high-level waste at Yucca Mountain in 21 
Nevada.  Following completion of the license application, Mr. Lee transitioned into developing 22 
and testing different technologies to retrieve radioactive waste from underground tanks on the 23 
Hanford Site in Washington.  Combining experience from both endeavors, Mr. Lee brings 24 
experience in model development and analysis and project management to the Technical Lead 25 
role for the DOE O 435.1 PAs for the Hanford Integrated Disposal Facility and WMA A-AX. 26 
 27 
3.1.3 Senior Reviewer 28 
 29 
The senior reviewer reviews the calculation methodology, assumptions, and criteria and verifies 30 
that they are appropriate for the intended use and that the calculation was developed correctly. 31 
 32 

                                              
6 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 U.K. Health Protection Agency, Oxfordshire, United Kingdom. 

7 DCAL (Dose and Risk Calculation) 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 the U.S. Environmental Protection Agency. 

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 developed at Argonne National Laboratory, Lemont, 
Illinois, managed by UChicago Argonne, LLC, for the U.S. Department of Energy's Office of Science. 

10 GoldSim© simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see 
http://www.goldsim.com). 
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Marcel P. Bergeron, WRPS 1 
M.A., Geology, Indiana University 2 
B.A., Geology, University of Vermont 3 
 4 
Mr. Bergeron has more than 35 years of experience in a wide variety of subsurface investigations 5 
and studies at radioactive and hazardous waste facilities and contaminated sites.  He is 6 
experienced in planning and implementation of environmental characterization and risk 7 
assessment investigations in a variety of roles including as a technical contributor, a project and 8 
task manager, and a line manager.  He has performed quantitative analysis of subsurface systems 9 
using analytical and numerical models and visualization tools.  He has significant technical 10 
project experience in managing technical teams, schedules, and budgets for multi-disciplinary 11 
projects and communication of project results with clients, regulators, and stakeholders. 12 
 13 
 14 
3.2 CONCEPTUAL MODEL 15 
 16 
Radon releases from low-level wastes are subject to a prescribed performance objective for 17 
radon flux of 20 pCi/m2/s at the ground surface (40 CFR 61).  Therefore, the radon release 18 
pathway evaluation needs to address only the radon gas production in the waste and its 19 
subsequent transport to the ground surface. 20 
 21 
Radon-222 (half-life 3.82 days) is produced from the alpha decay of 226Ra (half-life 1,600 years) 22 
in the waste.  Radium-226 may be present in some residual wastes, and is also produced from 23 
decay of 230Th, which means it is part of the decay chains including 238U (half-life of 24 
4.47 × 109 years), 234U (half-life of 2.45 × 105 years), 238Pu (half-life of 87.7 years), and 230Th 25 
(half-life of 7.54 × 104 years).  The amount of 226Ra associated with the waste is therefore the 26 
sum of the initial inventory, and the ingrowth from 230Th. 27 
 28 
During the decay by alpha recoil, the produced 222Rn atom (initially in the solid phase) has the 29 
potential to end up in either the solid, liquid, or gas phase, with the amount in gas available for 30 
further diffusion to the ground surface.  The 222Rn fraction in the gas phase over the total 222Rn 31 
produced at any time is called the emanation coefficient, which is typically determined 32 
empirically for a given material.  The emanation coefficient is highly variable from one material 33 
to another and depends on a variety of specific features of the contaminated material, including 34 
the radium distribution within the material particles, grain size and pore size distributions, and 35 
the contaminated material’s moisture content (“A comprehensive review of radon emanation 36 
measurements for mineral, rock, soil, mill tailing and fly ash” [Sakoda et al. 2011]). 37 
 38 
Since emanation coefficients have not been measured for residual waste forms, this analysis uses 39 
1 for all materials’ emanation coefficients, thereby providing the highest surface radon flux. 40 
 41 
Once the radon is produced and released from the waste form, it is assumed to be transported by 42 
diffusion upward through the backfill and surface barrier layers to the surface. 43 
 44 
The mathematical models used in these radon flux calculations are detailed in Section 3.3. 45 
 46 
 47 
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3.3 MATHEMATICAL MODEL 1 
 2 
The analytical solution described by the NRC in Regulatory Guide 3.64 is for a mill tailings pile 3 
covered by one or two layers of earthen material.  This method was used to calculate the radon 4 
fluxes from tank sources in the WMA A-AX PA (RPP-ENV-61497) to corroborate the system 5 
model results.  There, 10 m of infill grout was assumed for the first cover layer and the second 6 
cover layer was 6 m of soil overburden.  This analysis uses a similar approach, substituting tank- 7 
and farm-specific values for the infill grout and the soil overburden parameters.  With these 8 
values, the 226Ra concentration resulting in a radon flux at the 20 pCi/m2/s performance objective 9 
can be back-calculated and then compared to concentrations based on current inventories in the 10 
tanks. 11 
 12 
3.3.1 Calculating Threshold Radium-226 Concentrations Resulting in a Radon Flux at 13 

the Performance Objective 14 
 15 
Calculating the radon flux originating from the residual waste in a closed tank and emanating 16 
from the ground surface above it requires sequentially calculating the radon flux from the 17 
residual waste, the infill grout, and the soil at the ground surface (Regulatory Guide 3.64).  18 
Unless noted, all parameter values in this section can be found in Section 4.2. 19 
 20 
Radon flux from residual waste is calculated using the following equation (Regulatory 21 
Guide 3.64 Equation 9): 22 
 23 

𝐽𝐽𝑡𝑡 = 104𝑅𝑅𝑡𝑡𝜌𝜌𝑡𝑡𝐸𝐸�𝜆𝜆𝐷𝐷𝑡𝑡tanh (𝑥𝑥𝑡𝑡�𝜆𝜆/𝐷𝐷𝑡𝑡) (3-1) 
 24 
Where: 25 
 26 

Jt = Radon flux from the residual waste (pCi m-2s-1)  
Rt = Radium-226 concentration in residual waste (pCi g-1) 
𝜌𝜌𝑡𝑡  = Dry bulk mass density of residual waste (g cm-3) 
E = Radon emanation coefficient (dimensionless) 
𝜆𝜆 = Radon-222 decay constant (s-1) 

Dt = Diffusion coefficient for radon in the total pore space of the residual waste  
(cm2s-1) – (Equation 3-10) 

xt = Residual waste thickness (cm) – Section 4.2 
104 = Unit conversion factor cm2/m2. 

 27 
Regulatory Guide 3.64 Equations 12 and 13 provide two equations for calculating radon flux 28 
from grout; the following equation is used: 29 
 30 

𝐽𝐽𝑐𝑐1 =
2𝐽𝐽𝑡𝑡 exp(−𝑏𝑏𝑐𝑐1𝑥𝑥𝑐𝑐1)

1 +� 𝑎𝑎𝑡𝑡
𝑎𝑎𝑐𝑐1

tanh(𝑏𝑏𝑡𝑡𝑥𝑥𝑡𝑡) + �1−� 𝑎𝑎𝑡𝑡
𝑎𝑎𝑐𝑐1

tanh(𝑏𝑏𝑡𝑡𝑥𝑥𝑡𝑡)�exp (−2𝑏𝑏𝑐𝑐1𝑥𝑥𝑐𝑐1)
 (3-2) 

 31 
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Where: 1 
 2 

Jc1 = Radon flux from the grout into the soil (pCi m-2s-1) 
Jt = Radon flux from the residual waste (pCi m-2s-1) – (Equation 3-1) 
bc1 = Inverse relaxation length for stabilizing grout (cm-1) – (Equation 3-9) 
xc1 = Stabilizing grout thickness (cm) – Section 4.2 
at = Residual waste interface constant (cm2s-1) – (Equation 3-6) 
ac1 = Stabilizing grout interface constant (cm2s-1) – (Equation 3-6) 
bt = Inverse relaxation length for residual waste (cm-1) – (Equation 3-9) 
xt = Thickness of residual waste (cm). 

 3 
Calculating radon flux from soil overlying the tank uses the following equation: 4 
 5 

𝐽𝐽𝑐𝑐2 =
2𝐽𝐽𝑐𝑐1 exp(−𝑏𝑏𝑐𝑐2𝑥𝑥𝑐𝑐2)

1 + �
𝑎𝑎𝑡𝑡1
𝑎𝑎𝑐𝑐2

tanh(𝑏𝑏𝑡𝑡1𝑥𝑥𝑡𝑡1) + �1−�
𝑎𝑎𝑡𝑡1
𝑎𝑎𝑐𝑐2

tanh(𝑏𝑏𝑡𝑡1𝑥𝑥𝑡𝑡1)� exp(−2𝑏𝑏𝑐𝑐2𝑥𝑥𝑐𝑐2)
 (3-3) 

 6 
Where: 7 
 8 

Jc2 = Radon flux from the soil into the atmosphere (pCi m-2s-1) 
Jc1 = Radon flux from grout into the soil (pCi m-2s-1) – (Equation 3-2) 
bc2 = Inverse relaxation length for soil (cm-1) – (Equation 3-9) 
xc2 = Soil thickness (cm) – Section 4.2 
at1 = Interface constant for a grout cover with waste below (cm2s-1) – (Equation 3-7) 
ac2 = Soil interface constant (cm2s-1) – (Equation 3-6) 
bt1 = Inverse relaxation length for grout cover with waste below (cm-1) – (Equation 3-9) 
xt1 = Thickness of grout cover with waste below (cm) – Section 4.2 

 9 
Combining these three equations leads to the following equation: 10 
 11 

𝐽𝐽𝑐𝑐2 =
4 × 104𝑅𝑅𝑡𝑡𝜌𝜌𝑡𝑡𝐸𝐸�𝜆𝜆𝐷𝐷𝑡𝑡 tanh �𝑥𝑥𝑡𝑡�

𝜆𝜆
𝐷𝐷𝑡𝑡
�exp(𝛼𝛼) exp(𝛽𝛽)

1 + 𝛾𝛾 + [1 − 𝛾𝛾] exp(2𝛼𝛼) (1 + 𝛿𝛿 + [1 − 𝛿𝛿] exp(2𝛽𝛽)) 
(3-4) 

 12 
Where: 13 
 14 
𝛼𝛼 ≡ −𝑏𝑏𝑐𝑐1𝑥𝑥𝑐𝑐1 15 
𝛽𝛽 ≡ −𝑏𝑏𝑐𝑐2𝑥𝑥𝑐𝑐2 16 

𝛾𝛾 ≡ �
𝑎𝑎𝑡𝑡
𝑎𝑎𝑐𝑐1

tanh��
𝜆𝜆
𝐷𝐷𝑡𝑡
𝑥𝑥𝑡𝑡� 17 

𝛿𝛿 ≡ �
𝑎𝑎𝑡𝑡1
𝑎𝑎𝑐𝑐2

tanh��
𝜆𝜆
𝐷𝐷𝑡𝑡1

𝑥𝑥𝑡𝑡1� 18 

 19 
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Since the goal of this analysis is determining the threshold 226Ra concentration in residual tank 1 
waste leading to a 20 pCi/m2/s radon flux at the ground surface, 20 pCi/m2/s is used for the 2 
term Jc2 in Equation 3-4 and it is solved for Rt: 3 
 4 

𝑅𝑅𝑡𝑡 =
5 × 10−4�1 + 𝛾𝛾 + [1 − 𝛾𝛾]exp(2𝛼𝛼)�(1 + 𝛿𝛿 + [1 −𝛿𝛿] exp(2𝛽𝛽))

𝜌𝜌𝑡𝑡𝐸𝐸�𝜆𝜆𝐷𝐷𝑡𝑡 tanh �𝑥𝑥𝑡𝑡�
𝜆𝜆
𝐷𝐷𝑡𝑡
�exp(𝛼𝛼) exp(𝛽𝛽)

 
(3-5) 

 5 
Where: 6 
 7 
𝛼𝛼 ≡ −𝑏𝑏𝑐𝑐1𝑥𝑥𝑐𝑐1 8 
𝛽𝛽 ≡ −𝑏𝑏𝑐𝑐2𝑥𝑥𝑐𝑐2 9 

𝛾𝛾 ≡ �
𝑎𝑎𝑡𝑡
𝑎𝑎𝑐𝑐1

tanh��
𝜆𝜆
𝐷𝐷𝑡𝑡
𝑥𝑥𝑡𝑡� 10 

𝛿𝛿 ≡ �
𝑎𝑎𝑡𝑡1
𝑎𝑎𝑐𝑐2

tanh��
𝜆𝜆
𝐷𝐷𝑡𝑡1

𝑥𝑥𝑡𝑡1� 11 

 12 
Equation 3-5, with tank- and farm-specific parameters in the units listed under Equation 3-3, is 13 
used in this analysis to calculate the 226Ra concentration in each SST yielding a radon flux at the 14 
performance objective.  The projected 226Ra concentration in a tank can then be compared to the 15 
result to determine if that tank can be screened out of further radon emission modeling. 16 
 17 
The following equations support Equations 3-1 through 3-5 by calculating various parameters 18 
used by those equations. 19 
 20 
The following equation is used to calculate the 222Ra interface constant for either the residual 21 
waste, the grout or soil (from Regulatory Guide 3.64 Equation 11): 22 
 23 

𝑎𝑎𝑡𝑡 = 𝑛𝑛𝑡𝑡2𝐷𝐷𝑡𝑡[1− (1 −𝑘𝑘)𝑚𝑚𝑡𝑡]2 
or 

𝑎𝑎𝑐𝑐 = 𝑛𝑛𝑐𝑐2𝐷𝐷𝑐𝑐[1− (1 −𝑘𝑘)𝑚𝑚𝑐𝑐]2 
(3-6) 

 24 
Where: 25 
 26 

at = Residual waste interface constant (cm2s-1) 
nt = Residual waste porosity (dimensionless) 
Dt = Diffusion coefficient for radon in the total pore space of the residual waste  

(cm2s-1) – (Equation 3-10) 
k = Equilibrium diffusion coefficient for radon in water and air (pCi cm-3 water per 

pCi cm-3 air) 
mt = Moisture saturation fraction in residual waste at 10,000 years post-closure 

(dimensionless) 
ac = Stabilizing grout or cover soil interface constant (cm2s-1) 
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nc = Stabilizing grout or cover soil porosity (dimensionless) – Section 4.2 
Dc = Diffusion coefficient for radon in the total pore space of the cover (cm2s-1) –  

(Equation 3-11) 
mc = Moisture saturation fraction in stabilizing grout or cover soil at 10,000 years 

post-closure (dimensionless) – Section 4.2. 
 1 
Calculating the interface constant for the source below the soil cover (i.e., a layer of grout and 2 
waste below it), must account for both the grout and the residual waste as a source to the soil 3 
cover: 4 
 5 

𝑎𝑎𝑡𝑡1 = 𝑛𝑛𝑐𝑐12 𝐷𝐷𝑡𝑡1[1− (1 −𝑘𝑘)𝑚𝑚𝑐𝑐1]2 (3-7) 
 6 
Where: 7 
 8 

at1 = Interface constant for grout cover with waste below (cm2s-1) 
nc1 = Porosity of soil (dimensionless) 
Dt1 = Diffusion coefficient for radon in the total pore space of the residual waste and grout 

cover (cm2s-1) – (Equation 3-8) 
k = Equilibrium diffusion coefficient for radon in water and air (pCi cm-3 water per 

pCi cm-3 air) 
mc1 = Moisture saturation fraction in cover at 10,000 years post-closure (dimensionless). 

 9 
The equivalent source diffusion coefficient accounting for both the residual waste and infill grout 10 
is calculated by (Regulatory Guide 3.64 Equation 16): 11 
 12 

𝐷𝐷𝑡𝑡1 = 𝐷𝐷𝑡𝑡exp(−𝑏𝑏𝑐𝑐1𝑥𝑥𝑐𝑐1) +𝐷𝐷𝑐𝑐1[1− exp(−𝑏𝑏𝑐𝑐1𝑥𝑥𝑐𝑐1)] (3-8) 
 13 
Where: 14 
 15 

Dt1 = Equivalent diffusion coefficient for radon in the pore space of the grout and residual 
waste (cm2s-1) 

Dt = Diffusion coefficient for radon in residual waste (cm2s-1) – (Equation 3-10) 
bc1 = Inverse relaxation length for the grout (cm-1) – (Equation 3-9) 
xc1 = Infill grout thickness (cm) – Section 4.2 
Dc1 = Diffusion coefficient for radon in the total pore space of the grout or soil (cm2s-1) – 

(Equation 3-11). 
 16 
The inverse relaxation length for residual waste, grout or soil is calculated by (Regulatory 17 
Guide 3.64 Equation 10): 18 
 19 

𝑏𝑏𝑡𝑡 = �
𝜆𝜆
𝐷𝐷𝑡𝑡

, 𝑏𝑏𝑐𝑐 = �
𝜆𝜆
𝐷𝐷𝑐𝑐

 (3-9) 

 20 
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Where: 1 
 2 

bt = Inverse relaxation length for residual waste (cm-1) 
𝜆𝜆 = Radon-222 decay constant (s-1) 

Dt = Diffusion coefficient for radon in the total pore space of the residual waste  
(cm2s-1) – (Equation 3-10) 

bc = Inverse relaxation length for grout or soil (cm-1) 
Dc = Diffusion coefficient for radon in the total pore space of the grout or soil (cm2s-1) – 

(Equation 3-11). 
 3 
The diffusion coefficient for the residual waste is calculated by (Regulatory Guide 3.64 4 
Equation 7): 5 
 6 

𝐷𝐷𝑡𝑡 = 0.07exp  [−4(𝑚𝑚𝑡𝑡 − 𝑚𝑚𝑡𝑡𝑛𝑛𝑡𝑡2 +𝑚𝑚𝑡𝑡
5)] (3-10) 

 7 
Where: 8 
 9 

Dt = Diffusion coefficient for radon in the total pore space of the waste (cm2s-1) 
mt = Moisture saturation fraction in media at 10,000 years post-closure (dimensionless) 
nt = Media porosity (dimensionless). 

 10 
The diffusion coefficient for media overlying the waste is calculated by: 11 
 12 

𝐷𝐷𝑐𝑐 = 𝐷𝐷0𝜏𝜏𝑐𝑐 (3-11) 
 13 
Where: 14 
 15 
Dc = Diffusion coefficient for radon in the total pore space of the cover (either grout [Dc1] 

or soil [Dc2])(cm2s-1) 
D0 = Radon free air diffusivity (cm2s-1) 
𝜏𝜏𝑐𝑐 = Media tortuosity (either grout [𝜏𝜏𝑐𝑐1] or soil [𝜏𝜏𝑐𝑐2]) (dimensionless) – (Equation 3-12). 

 16 
The tortuosity of the media overlying the waste is calculated by: 17 
 18 

𝜏𝜏𝑐𝑐1 =
𝜃𝜃𝑎𝑎2

Φ
2
3
 

or: 

𝜏𝜏𝑐𝑐2 =
(𝑛𝑛𝑐𝑐2− 𝑚𝑚𝑐𝑐2)2

Φ
2
3

 

(3-12) 

 19 
Where: 20 
 21 
𝜏𝜏 = Tortuosity of the media at 10,000 years post-closure (dimensionless) 
𝜃𝜃𝑎𝑎 = Porous medium air content (or air-filled porosity); fixed value of 6% 

(RPP-RPT-60885) 
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Φ = Fitted total porosity; set equal to 0.8 for best fit (Liu et al. 2006, “Simulating the Gas 
Diffusion Coefficient in Macropore Network Images: Influence of Soil Pore 
Morphology”). 

nc2 = Soil porosity (dimensionless) – Section 4.2 
mc2 = Soil moisture content at 10,000 years post-closure (dimensionless) – Section 4.2. 

 1 
3.3.2 Comparing Projected Radium-226 Inventory and Concentrations in Single-Shell 2 

Tanks with Threshold Concentration of Radium-226 3 
 4 
This screening evaluation was performed by calculating the projected 226Ra inventories and 5 
concentrations at 10,000 years post-closure and comparing the resultant concentrations to the 6 
corresponding threshold concentrations for each SST.  Projected 226Ra concentrations at 7 
10,000 years after closure are calculated using the current, unretrieved 226Ra (and parent 8 
radionuclide) sludge inventories and volumes, and accounting for 226Ra decay and ingrowth from 9 
parent radionuclides.  Radionuclide inventories in the supernatant and saltcake phases are not 10 
considered because these phases will be removed during retrieval.  If the projected 226Ra 11 
concentration is below the threshold, then it can be screened from further analysis because any 12 
sludge removal will further reduce the projected 226Ra concentration. 13 
 14 
Threshold concentrations for 226Ra were calculated for each SST using the equations in 15 
Section 3.3.1. 16 
 17 
The first step in calculating the projected 226Ra inventories and concentrations in a tank is 18 
calculating expected 226Ra ingrowth from parent radionuclides.  While 226Ra’s half-life is 19 
1,600 years, 226Ra ingrowth from parent radionuclides actually increases total 226Ra inventory 20 
over the 10,000-year timeframe used in PAs.  Therefore, obtaining the highest radon flux at the 21 
surface requires calculating the 226Ra inventory at the end of the PA timeframe.  A GoldSim© 22 
model was developed to provide 226Ra generation factors by inputting a unit curie for each 23 
radioisotope that decays to 226Ra.  Determining the amount of 226Ra that has grown in over 24 
10,000 years requires multiplying the resulting factors by the corresponding radioisotope’s 25 
current inventory.  Therefore, the total 226Ra inventory is calculated using this equation: 26 
 27 

𝐼𝐼𝑅𝑅𝑅𝑅,𝑇𝑇𝑇𝑇𝑇𝑇 = (𝐼𝐼𝑅𝑅𝑅𝑅,0𝑒𝑒−𝜆𝜆𝜆𝜆) +∑�𝐼𝐼𝑛𝑛,0 × 𝑓𝑓𝑛𝑛� (3-13) 
 28 
Where: 29 
 30 

IRa,Tot = Total inventory of 226Ra at 10,000 years post-closure (Ci) 
IRa,0 = Initial 226Ra inventory (Ci) – Section 4.2 
𝜆𝜆 = Radium-226 decay constant (s-1) – Section 4.2 
t = Time (s) – 3.16 × 1011 seconds in 10,000 years 

In,0 = Initial inventory of parent radionuclide n (Ci) – Section 4.2 
fn = Radium-226 generation factor for radionuclide n (dimensionless) – Section 4.2. 

 31 
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Radium-226’s concentration in the waste can then be calculated by: 1 
 2 

𝑅𝑅𝑡𝑡 =
𝐼𝐼𝑅𝑅𝑅𝑅,𝑇𝑇𝑇𝑇𝑇𝑇

𝑉𝑉𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 × 𝜌𝜌𝑡𝑡
× �1 × 1012 𝑝𝑝𝑝𝑝𝑝𝑝

1 𝐶𝐶𝐶𝐶
�× � 1 𝐿𝐿

1000 𝑐𝑐𝑚𝑚3� (3-14) 

 3 
Where: 4 
 5 

Rt = Projected 226Ra concentration in residual waste at 10,000 years post-closure 
(pCi g-1) 

IRa,Tot = Projected total 226Ra inventory at 10,000 years post-closure (Ci) – (Equation 3-13) 
Vwaste = Residual waste volume (L) – Section 4.2 
𝜌𝜌𝑡𝑡  = Residual waste dry bulk mass density (g cm-3). 

 6 
 7 
3.4 CALCULATION PROCEDURE 8 
 9 
Current inventories and volumes for all the SSTs were obtained from TWINS and entered into an 10 
Excel® 11 workbook.  The values for the various parameters in the analysis were compiled and 11 
entered into the Excel® workbook.  Finally, all of the equations were entered into the Excel® 12 
workbook and it was set up to calculate threshold and projected concentrations for each SST. 13 
 14 

                                              
11 Excel® is a registered trademark of Microsoft Corporation in the U.S. and other countries. 
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4.0 ASSUMPTIONS AND INPUTS 1 
 2 
 3 
4.1 KEY ASSUMPTIONS 4 
 5 
Key assumptions for this screening are as follows. 6 
 7 
Assumption Basis 

Current inventory is used Most conservative assumption without complicating the model. 

Only best-basis inventory 
sludge inventory is used 

Supernate and saltcake are expected to be removed by retrieval. 

Tanks are grouted Expected end state of tank after closure. 

Radon emanation 
coefficient is 1 

Most conservative assumption; assumption used in WMA C 
and WMA A-AX PAs. 

Grout porosity is 0.269 Grout porosity determined for the Savannah River Site for a 
strong grout; assumption used in WMA A-AX PA. 

Waste porosity is 0.4 This porosity is based on evaluation of only sludge waste phase 
from the retrieved tanks. 

Bulk density of residual 
waste is 2.052 g/cm3 

Used in WMA C and WMA A-AX PAs. 

Grout remains intact 
through the 10,000 year PA 
timeframe 

Once the grout is cured, limited physical damage is expected 
since the tank structure is below ground and will be protected 
by lithostatic (overburden) pressure.  Degradation due to 
freezing and thawing is not likely to be significant, due to depth 
of the tanks and ancillary equipment being below the freeze 
zone (deeper than 0.61 m [24 in.]).  The geochemical 
conditions in the Hanford vadose zone are favorable for 
preventing concrete degradation.  The Hanford soil pore waters 
are alkaline and are at or near saturation with calcite; therefore, 
any meaningful decalcification (acid attack) is unlikely. 

No downward migration of 
the parent radionuclides 

This assumption keeps the parent radionuclides fixed in the 
residual waste, with a constant diffusion path for the analysis. 

 8 
 9 
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4.2 INPUTS 1 
 2 
Key inputs for this screening are as follows in Tables 4-1 through 4-6. 3 
 4 

Table 4-1.  Global Values Used in Sitewide Radon Screening. 

Term Value Units Description Source 
D0 0.11 cm2/s Free air diffusivity ANL/EAD-4 page C-8. 
E 1 unitless Radon emanation coefficient Bounding Assumption. 
k 0.224 unitless Radon distribution coefficient in 

water and air 
Sander 1999. 

λ 2.1E-06 1/s Radon decay constant Calculated by ln(2)/222Rn half-life. 
ϴc1 0.209 unitless Cover layer 1 (infill grout) water 

content  
Calculated assuming air content is 6% 
(RPP-RPT-60885)*. 

nc1 0.269 unitless Cover layer 1 (infill grout) porosity WSRC-STI-2007-00369, Table 29. 
ϴt 0.340 unitless Residual waste water content Calculated assuming air content is 6% 

(RPP-RPT-60885)*. 
nt 0.4 unitless Residual waste porosity RPP-ENV-58782 Section 6.3.1.6.  

Assumed; based on evaluation of sludge 
waste phase from the retrieved tanks for 
WMA C. 

ρt 2.052 g/cm3 Residual waste bulk density RPP-ENV-58813, Rev. 1, Table R-2.  
Residual waste bulk density. 

*WSRC-TR-2005-00195, Summary of Grout Development and Testing for Single Shell Tank Closure at Hanford has a range 
of 4 to 6.5%.  6% was chosen to match the value used in the Waste Management Area (WMA) C and WMA A-AX 
performance assessments. 

 
References: 
ANL/EAD-4, User’s Manual for RESRAD Version 6. 
Compilation of Henry’s Law Constants for Inorganic and Organic Species of Potential Importance in Environmental 

Chemistry, Version 3 (Sander 1999). 
RPP-ENV-58782, Performance Assessment of Waste Management Area C, Hanford Site, Washington. 
RPP-ENV-58813, Exposure Scenarios for Risk and Performance Assessments in Tank Farms at the Hanford Site, 

Washington. 
RPP-RPT-60885, Model Package Report System Model for the WMA A-AX Performance Assessment. 
WSRC-STI-2007-00369, Hydraulic and Physical Properties of Tank Grouts and Base Mat Surrogate Concrete for FTF 

Closure. 
 5 
 6 

Table 4-2.  Radium Generation Factors at 10,000 years Post-Closure. 

Parent Radionuclide Generation Factor (Ci Ra per Ci parent) 
230Th 9.18E-01 
234U 6.75E-02 

238Pu 2.38E-05 
238U 8.07E-04 

242Cm 1.21E-07 
242Pu 3.65E-10 

 7 

RPP-CALC-64554 Rev.00 5/19/2021 - 4:10 PM 35 of 69



RPP-CALC-64554, Rev. 0 
   

 4-3  

Table 4-3 shows the thickness of cover layers over the residual tank waste and the values used to 1 
calculate those thicknesses. 2 
 3 

Table 4-3.  Values Used to Calculate Thickness of Cover Layers Over Tank Waste 
(centimeters). 

Farm (241-) 
Operational 

Capacity1 
(gallons) 

Nominal 
Inside 

Diameter2 
(feet) 

Base 
Area3 
(ft2) 

Operating 
Depth4 
(feet) 

Depth 
to 

bottom5 
(feet) 

Soil/Backfill 
Depth [xc2]6 

(centimeters) 

Grout Depth 
[Xc1]7 

(centimeters) 

A 1,000,000 75 4,418 30.25 50.00 602 922 

AX 1,000,000 75 4,418 30.25 50.00 602 922 

B (100-Series) 530,000 75 4,418 16.00 37.00 639 489 

B (200-Series) 55,000 20 314 23.42 37.25 422 713 

BX 530,000 75 4,418 16.00 37.00 639 489 

BY 758,000 75 4,418 22.92 45.33 683 699 

C (100-Series) 530,000 75 4,418 16.00 37.00 639 489 

C (200-Series) 55,000 20 314 23.42 37.25 422 713 

S 758,000 75 4,418 22.92 45.33 683 699 

SX 1,000,000 75 4,418 30.25 50.00 602 922 

T (100-Series) 530,000 75 4,418 16.00 37.00 639 489 

T (200-Series) 55,000 20 314 23.42 37.25 422 713 

TX 758,000 75 4,418 22.92 45.33 683 699 

TY 758,000 75 4,418 22.92 45.33 683 699 

U (100-Series) 530,000 75 4,418 16.00 37.00 639 489 

U (200-Series) 55,000 20 314 23.42 37.25 422 713 

Note:  the calculations assume a cylindrical tank, which ignores that some tanks have a dished bottom. 
 
1HNF-EP-0182, Rev 392, Waste Tank Summary Report for Month Ending August 31, 2020. 
2DOE/ORP-2005-01, Initial Single-Shell Tank System Performance Assessment for the Hanford Site. 
3Calculated:  𝜋𝜋 × �𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

2
�
2

. 
4Calculated:  ((operational capacity) × (0.134 ft3/gal)) / base area. 
5DOE/ORP-2005-01. 
6Calculated:  (depth to bottom – operating depth) × (30.48 cm / ft). 
7Calculated:  (depth to bottom  × (30.48 cm / ft)) – soil/backfill depth. 

 4 
  5 
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Table 4-4.  Waste Depths Used in Sitewide Radon Screening (centimeters). 

Tank 
241- 

Waste 
Depth 

Tank 
241- 

Waste 
Depth 

Tank 
241- 

Waste 
Depth 

Tank 
241- 

Waste 
Depth 

Tank 
241- 

Waste 
Depth 

A-101 2.68E+00 BX-104 8.58E+01 C-110 1.95E+00 SX-112 6.58E+01 TX-113 8.14E+01 

A-102 1.22E+00 BX-105 3.90E+01 C-111 4.51E+00 SX-113 1.78E+01 TX-114 3.65E+00 

A-103 1.95E+00 BX-106 9.26E+00 C-112 9.14E+00 SX-114 1.16E+02 TX-115 7.31E+00 

A-104 2.56E+01 BX-107 3.11E+02 C-201 1.84E+00 SX-115 3.65E+00 TX-116 6.04E+01 

A-105 1.83E+01 BX-108 2.75E+01 C-202 1.88E+00 T-101 3.41E+01 TX-117 2.68E+01 

A-106 4.60E+01 BX-109 1.74E+02 C-203 1.63E+00 T-102 1.75E+01 TY-101 5.02E+01 

AX-101 1.71E+00 BX-110 5.97E+01 C-204 1.74E+00 T-103 2.12E+01 TY-103 9.38E+01 

AX-102 5.60E+00 BX-111 2.78E+01 S-101 2.17E+02 T-104 2.86E+02 TY-104 3.73E+01 

AX-103 7.31E+00 BX-112 1.45E+02 S-102 1.73E+01 T-105 8.45E+01 TY-105 1.72E+02 

AX-104 4.39E+00 BY-101 3.41E+01 S-103 8.28E+00 T-106 1.95E+01 TY-106 1.17E+01 

B-101 2.75E+01 BY-103 8.28E+00 S-104 1.22E+02 T-107 1.48E+02 U-101 1.92E+01 

B-103 9.75E-01 BY-104 3.95E+01 S-105 1.95E+00 T-108 6.58E+00 U-102 3.97E+01 

B-104 2.85E+02 BY-105 4.41E+01 S-107 3.03E+02 T-110 3.24E+02 U-103 1.12E+01 

B-105 2.58E+01 BY-106 2.78E+01 S-108 4.63E+00 T-111 3.91E+02 U-104 4.14E+01 

B-106 1.07E+02 BY-107 1.44E+01 S-109 1.19E+01 T-112 5.12E+01 U-105 2.95E+01 

B-107 7.75E+01 BY-108 4.07E+01 S-110 8.43E+01 T-201 3.70E+02 U-107 1.44E+01 

B-108 2.46E+01 BY-109 2.10E+01 S-111 5.60E+01 T-202 2.54E+02 U-108 2.68E+01 

B-109 4.60E+01 BY-110 4.09E+01 S-112 2.35E+00 T-203 4.66E+02 U-109 2.34E+01 

B-110 2.18E+02 BY-112 1.95E+00 SX-101 1.30E+02 T-204 4.66E+02 U-110 1.49E+02 

B-111 1.98E+02 C-101 5.04E+00 SX-102 5.07E+01 TX-101 6.75E+01 U-111 2.39E+01 

B-112 1.29E+01 C-102 1.44E+01 SX-103 7.36E+01 TX-102 1.95E+00 U-112 4.02E+01 

B-201 3.63E+02 C-103 2.11E+00 SX-104 6.33E+01 TX-104 3.02E+01 U-201 5.14E+01 

B-202 3.56E+02 C-104 1.75E+00 SX-105 5.80E+01 TX-105 1.02E+01 U-202 4.80E+01 

B-203 6.30E+02 C-105 1.34E+00 SX-107 8.89E+01 TX-106 4.63E+00 U-203 3.08E+01 

B-204 6.20E+02 C-106 2.18E+00 SX-108 6.07E+01 TX-108 5.60E+00 U-204 2.40E+01 

BX-101 3.95E+01 C-107 9.50E+00 SX-109 6.12E+01 TX-109 3.38E+02   

BX-102 8.19E+01 C-108 3.14E+00 SX-110 4.48E+01 TX-110 3.41E+01   

BX-103 5.73E+01 C-109 1.85E+00 SX-111 8.99E+01 TX-111 3.97E+01   

Source:  Calculated from Sludge volumes from Best-basis inventory, Accessed 11/17/2020. 
 
Note:  Tanks without sludge are not shown. 

 1 
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Table 4-5.  Waste Volumes (Liters) Used in Sitewide Radon Screening. 

Tank 
241- 

Waste 
Volume 

Tank 
241- 

Waste 
Volume 

Tank 
241- 

Waste 
Volume 

Tank 
241- 

Waste 
Volume 

Tank 
241- 

Waste 
Volume 

A-101 11,000 BX-104 352,000 C-110 8,000 SX-112 270,000 TX-113 334,000 

A-102 5,000 BX-105 160,000 C-111 18,500 SX-113 73,000 TX-114 15,000 

A-103 8,000 BX-106 38,000 C-112 37,500 SX-114 478,000 TX-115 30,000 

A-104 105,000 BX-107 1,277,000 C-201 537 SX-115 15,000 TX-116 248,000 

A-105 75,000 BX-108 113,000 C-202 548 T-101 140,000 TX-117 110,000 

A-106 189,000 BX-109 714,000 C-203 476 T-102 72,000 TY-101 206,000 

AX-101 7,000 BX-110 245,000 C-204 507 T-103 87,000 TY-103 385,000 

AX-102 23,000 BX-111 114,000 S-101 890,000 T-104 1,174,000 TY-104 153,000 

AX-103 30,000 BX-112 597,000 S-102 71,000 T-105 347,000 TY-105 707,000 

AX-104 18,000 BY-101 140,000 S-103 34,000 T-106 80,000 TY-106 48,000 

B-101 113,000 BY-103 34,000 S-104 500,000 T-107 607,000 U-101 79,000 

B-103 4,000 BY-104 162,000 S-105 8,000 T-108 27,000 U-102 163,000 

B-104 1,170,000 BY-105 181,000 S-107 1,243,000 T-110 1,329,000 U-103 46,000 

B-105 106,000 BY-106 114,000 S-108 19,000 T-111 1,605,000 U-104 170,000 

B-106 439,000 BY-107 59,000 S-109 49,000 T-112 210,000 U-105 121,000 

B-107 318,000 BY-108 167,000 S-110 346,000 T-201 108,000 U-107 59,000 

B-108 101,000 BY-109 86,000 S-111 230,000 T-202 74,000 U-108 110,000 

B-109 189,000 BY-110 168,000 S-112 9,625 T-203 136,000 U-109 96,000 

B-110 896,000 BY-112 8,000 SX-101 534,000 T-204 136,000 U-110 613,000 

B-111 812,000 C-101 20,700 SX-102 208,000 TX-101 277,000 U-111 98,000 

B-112 53,000 C-102 59,000 SX-103 302,000 TX-102 8,000 U-112 165,000 

B-201 106,000 C-103 8,640 SX-104 260,000 TX-104 124,000 U-201 15,000 

B-202 104,000 C-104 7,200 SX-105 238,000 TX-105 42,000 U-202 14,000 

B-203 184,000 C-105 5,500 SX-107 365,000 TX-106 19,000 U-203 9,000 

B-204 181,000 C-106 8,963 SX-108 249,000 TX-108 23,000 U-204 7,000 

BX-101 162,000 C-107 39,000 SX-109 251,000 TX-109 1,387,000   

BX-102 336,000 C-108 12,900 SX-110 184,000 TX-110 140,000   

BX-103 235,000 C-109 7,600 SX-111 369,000 TX-111 163,000   

Source:  Best-basis inventory, Accessed 11/17/2020. 
 
Note:  Tanks without sludge are not shown. 
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Table 4-6.  Moisture Content and Porosity Values Used for Each Tank Farm. 

Tank Farm (241-) ϴr Porosity Source 

A 0.063 0.174 Porosity:  RPP-ENV-61497, Table 4-2, 
Moisture content: obtained from STOMP simulations, 
10,000 years post closure (RPP-CALC-63164)  

AX 0.071 0.384 Porosity:  RPP-ENV-61497, Table 4-2, 
Moisture content: obtained from STOMP simulations, 
10,000 years post closure (RPP-CALC-63164)  

B 0.095 0.330 RPP-10098, Table D.22 (backfill and Hanford formation) 

BX 0.095 0.330 RPP-10098, Table D.22 (backfill and Hanford formation) 

BY 0.095 0.330 RPP-10098, Table D.22 (backfill and Hanford formation) 

C (100-series tanks) 0.047 0.138 Porosity:  RPP-ENV-58782, Table 6-7, 
Moisture content: obtained from STOMP simulations, 
10,000 years post closure (RPP-CALC-60448) 

C (200-series tanks) 0.052 0.138 Porosity:  RPP-ENV-58782, Table 6-7, 
Moisture content: obtained from STOMP simulations, 
10,000 years post closure (RPP-CALC-60448) 

S 0.077 0.258 RPP-7884, Table D.3.7.3 (backfill) 

SX 0.077 0.258 RPP-7884, Table D.3.7.3 (backfill) 

T 0.010 0.138 RPP-23752, Table E-2 (backfill) 

TX 0.010 0.138 RPP-23752, Table E-2 (backfill) 

TY 0.010 0.138 RPP-23752, Table E-2 (backfill) 

U 0.010 0.138 RPP-35485*, RPP-17209, Table 4-2 

Sources: 
RPP-7884, Field Investigation Report for Waste Management Area S-SX. 
RPP-10098, Field Investigation Report for Waste Management Area B-BX-BY. 
RPP-23752, Field Investigation Report for Waste Management Areas T and TX-TY. 
RPP-35485, Field Investigation Report for Waste Management Area U. 
RPP-CALC-63164, WMA A-AX Performance Assessment Contaminant Fate and Transport Process Model to Evaluate 

Impacts to Groundwater. 
RPP-CALC-60448, WMA C Performance Assessment Contaminant Fate and Transport Model to Evaluate Impacts to 

Groundwater. 
RPP-ENV-58782, Performance Assessment of Waste Management Area C, Hanford Site, Washington. 
RPP-ENV-61497, Preliminary Performance Assessment of Waste Management Area A-AX, Hanford Site, Washington. 
 
*Modeling in RPP-35485 used porosity and moisture content values for Waste Management Area S-SX (RPP-17209, 
Modeling Data Package for an Initial Assessment of Closure of the S and SX Tank Farms). 

 
Subsurface Transport Over Multiple Phases (STOMP) has been developed and distributed by Battelle Memorial 
Institute, Richland, Washington. 
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Table 4-7.  Sludge Inventories Used in Analysis (Curies).  (sheet 1 of 3) 

Tank 241- 226Ra 230Th 234U 238Pu 238U 242Cm 242Pu Tank 241- 226Ra 230Th 234U 238Pu 238U 242Cm 242Pu 

A-101 1.83E-07 0.00E+00 1.54E-02 2.01E+00 1.51E-02 2.18E-01 8.31E-04 S-108 6.98E-08 0.00E+00 5.25E-02 2.82E-01 5.38E-02 2.36E-04 9.82E-05 

A-102 8.37E-08 0.00E+00 7.05E-03 9.17E-01 6.89E-03 9.95E-02 3.80E-04 S-109 1.80E-07 0.00E+00 1.35E-01 7.27E-01 1.39E-01 6.08E-04 2.53E-04 

A-103 1.33E-07 0.00E+00 1.12E-02 1.83E+00 1.10E-02 1.58E-01 7.59E-04 S-110 9.59E-07 0.00E+00 1.79E+00 4.04E+00 1.81E+00 3.34E-03 1.44E-03 

A-104 1.84E-06 0.00E+00 1.55E-01 2.83E+01 1.52E-01 2.18E+00 1.17E-02 S-111 7.42E-07 0.00E+00 2.47E-02 9.02E-02 2.51E-02 7.50E-05 3.19E-05 

A-105 1.47E-06 0.00E+00 7.95E-01 3.45E+01 7.77E-01 3.47E+00 1.34E-02 S-112 3.79E-08 0.00E+00 7.10E-05 4.28E-04 7.28E-05 4.00E-07 1.49E-07 

A-106 2.14E-06 0.00E+00 1.20E-01 5.40E+01 1.18E-01 3.94E+00 2.28E-02 SX-101 1.80E-06 0.00E+00 4.74E-01 3.70E+00 4.87E-01 3.09E-03 1.29E-03 

AX-101 3.94E-08 0.00E+00 1.15E-01 2.00E+00 1.12E-01 1.36E-01 8.53E-04 SX-102 1.35E-06 0.00E+00 6.68E-02 7.43E-01 6.85E-02 6.21E-04 2.59E-04 

AX-102 1.66E-07 0.00E+00 1.59E-02 1.14E+01 1.19E-02 2.80E+00 6.78E-03 SX-103 1.19E-06 0.00E+00 1.95E-01 2.32E+00 2.00E-01 1.94E-03 8.09E-04 

AX-103 4.99E-07 0.00E+00 4.21E-02 3.82E+00 4.11E-02 5.94E-01 1.58E-03 SX-104 9.56E-07 0.00E+00 7.18E-01 3.86E+00 7.36E-01 3.23E-03 1.34E-03 

AX-104 5.51E-07 0.00E+00 3.63E-02 7.43E+00 3.55E-02 5.10E-01 3.08E-03 SX-105 1.16E-06 0.00E+00 3.13E-01 1.30E+01 2.93E-01 2.89E-01 4.12E-03 

B-101 3.91E-06 0.00E+00 2.26E+00 2.54E+01 2.20E+00 2.69E+00 1.45E-02 SX-107 2.21E-06 0.00E+00 1.16E+00 1.10E+01 1.03E+00 6.79E-01 2.91E-03 

B-103 1.35E-06 0.00E+00 6.14E-01 1.34E-05 6.25E-01 6.40E-08 1.33E-09 SX-108 1.93E-06 0.00E+00 8.55E-01 1.52E+01 7.57E-01 5.34E-01 4.57E-03 

B-104 6.30E-06 0.00E+00 1.23E+00 5.22E-01 1.26E+00 8.69E-04 1.20E-04 SX-109 1.51E-06 0.00E+00 7.96E-01 7.51E+00 7.09E-01 4.58E-01 1.98E-03 

B-105 4.41E-07 0.00E+00 7.27E-02 4.21E-02 7.41E-02 1.45E-04 9.84E-06 SX-110 2.01E-06 0.00E+00 7.44E-01 1.13E+01 5.18E-01 1.04E+00 2.51E-03 

B-106 5.41E-06 0.00E+00 2.10E+00 1.10E-01 2.14E+00 1.30E-03 2.58E-05 SX-111 2.84E-06 0.00E+00 1.28E+00 1.50E+01 1.04E+00 1.15E+00 3.65E-03 

B-107 3.70E-06 0.00E+00 2.70E-01 2.08E-01 2.74E-01 6.71E-04 6.46E-05 SX-112 1.95E-06 0.00E+00 9.15E-01 1.02E+01 7.63E-01 7.45E-01 2.51E-03 

B-108 3.37E-07 0.00E+00 9.98E-02 1.13E-02 8.99E-02 2.29E-06 6.31E-06 SX-113 2.36E-07 0.00E+00 2.53E-02 1.78E-01 2.59E-02 3.18E-04 6.17E-05 

B-109 5.67E-07 0.00E+00 2.88E+00 8.10E-02 2.60E+00 1.63E-05 4.51E-05 SX-114 3.07E-06 0.00E+00 1.55E+00 1.55E+01 1.35E+00 1.01E+00 4.00E-03 

B-110 7.03E-07 0.00E+00 8.34E-02 3.49E+00 8.45E-02 1.99E-02 2.50E-04 SX-115 1.91E-07 0.00E+00 7.05E-02 2.60E+01 4.91E-02 5.40E-01 5.77E-03 

B-111 7.76E-07 0.00E+00 6.92E-02 2.64E+00 6.78E-02 9.25E-02 6.02E-04 T-101 1.25E-07 0.00E+00 1.95E+00 4.17E+00 1.36E+00 3.27E-05 1.71E-03 

B-112 2.95E-08 0.00E+00 2.91E-02 6.65E-03 2.96E-02 2.68E-07 1.50E-06 T-102 1.70E-06 0.00E+00 1.25E+00 8.11E-02 1.28E+00 1.04E-03 4.49E-05 

B-201 5.95E-09 0.00E+00 6.90E-03 7.67E-01 6.96E-03 2.73E-04 3.45E-04 T-103 9.24E-07 0.00E+00 7.88E-01 7.74E-02 7.86E-01 1.70E-05 4.27E-05 

B-202 4.06E-09 0.00E+00 1.79E-02 2.35E-01 1.37E-02 2.09E-03 5.38E-04 T-104 6.16E-06 0.00E+00 6.15E-01 2.25E+00 4.54E-01 4.34E-03 1.13E-03 

B-203 7.06E-09 0.00E+00 5.94E-04 4.04E-01 6.08E-04 1.87E-03 1.03E-04 T-105 3.26E-07 0.00E+00 4.05E-01 9.56E-01 3.80E-01 1.74E-03 7.66E-04 

B-204 6.49E-09 0.00E+00 4.26E-07 3.39E-01 4.36E-07 2.05E-03 8.67E-05 T-106 3.87E-07 0.00E+00 2.05E-01 3.30E-01 1.63E-01 1.26E-04 1.30E-04 

BX-101 2.55E-06 0.00E+00 3.78E+00 4.73E+00 3.61E+00 3.49E-01 2.30E-03 T-107 7.09E-06 0.00E+00 2.41E+00 1.90E+00 2.46E+00 8.02E-03 4.48E-04 

BX-102 1.93E-06 0.00E+00 1.54E+00 1.94E-01 1.55E+00 2.76E-03 7.92E-05 T-108 2.44E-07 0.00E+00 2.35E-02 2.07E-02 2.40E-02 8.70E-05 4.86E-06 

BX-103 8.49E-07 0.00E+00 8.10E-01 1.55E+01 7.79E-01 3.95E-03 8.63E-03 T-110 5.16E-07 0.00E+00 1.16E-02 5.69E-01 1.19E-02 1.15E-03 1.29E-04 

BX-104 6.48E-05 0.00E+00 1.21E+01 1.80E+00 1.19E+01 2.63E-02 6.84E-04 T-111 3.60E-07 0.00E+00 2.47E+00 1.87E+00 2.52E+00 2.23E-02 4.55E-04 

BX-105 3.99E-06 0.00E+00 1.63E+00 6.04E-01 1.63E+00 1.68E-03 3.11E-04 T-112 5.79E-08 0.00E+00 5.35E-02 3.87E-01 5.45E-02 1.01E-03 9.23E-05 
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Table 4-7.  Sludge Inventories Used in Analysis (Curies).  (sheet 1 of 3) 

Tank 241- 226Ra 230Th 234U 238Pu 238U 242Cm 242Pu Tank 241- 226Ra 230Th 234U 238Pu 238U 242Cm 242Pu 

BX-106 4.22E-07 0.00E+00 4.05E-01 2.94E-01 4.09E-01 2.16E-03 1.41E-04 T-201 5.72E-09 0.00E+00 3.03E-07 2.93E-01 3.08E-07 3.96E-04 2.89E-05 

BX-107 1.26E-05 0.00E+00 1.26E+00 6.09E-01 1.29E+00 3.92E-03 1.43E-04 T-202 2.80E-09 0.00E+00 3.04E-03 1.15E-01 3.11E-03 6.98E-04 2.95E-05 

BX-108 3.09E-06 0.00E+00 7.66E-01 5.04E-02 7.80E-01 6.51E-04 1.18E-05 T-203 5.24E-09 0.00E+00 1.75E-04 2.93E-01 1.79E-04 1.54E-03 7.48E-05 

BX-109 1.45E-05 0.00E+00 5.29E+00 6.72E-02 5.38E+00 1.29E-03 1.53E-05 T-204 5.32E-09 0.00E+00 5.89E-05 2.40E-01 6.03E-05 9.00E-04 6.15E-05 

BX-110 2.84E-06 0.00E+00 2.73E-01 1.21E-01 2.78E-01 5.09E-04 2.84E-05 TX-101 3.01E-06 0.00E+00 2.42E+00 5.56E+00 2.48E+00 3.29E-03 2.08E-03 

BX-111 1.03E-06 0.00E+00 9.93E-02 8.72E-02 1.01E-01 3.67E-04 2.05E-05 TX-102 1.49E-06 0.00E+00 1.23E+00 6.63E-04 1.26E+00 1.34E-06 1.70E-07 

BX-112 3.96E-06 0.00E+00 2.66E-01 7.30E-01 2.72E-01 3.03E-03 1.70E-04 TX-104 3.49E-07 0.00E+00 2.09E-02 2.58E-01 2.14E-02 2.16E-04 9.00E-05 

BY-101 2.64E-06 0.00E+00 2.54E+00 1.66E-01 2.59E+00 5.06E-03 3.86E-05 TX-105 5.76E-06 0.00E+00 4.77E+00 1.80E+01 4.87E+00 5.18E-06 7.82E-03 

BY-103 8.57E-08 0.00E+00 8.11E-02 4.01E-02 7.31E-02 8.09E-06 2.23E-05 TX-106 7.98E-07 0.00E+00 6.57E-01 2.23E-01 6.72E-01 1.87E-04 7.76E-05 

BY-104 3.13E-06 0.00E+00 2.56E+00 1.42E-01 2.61E+00 4.31E-03 3.29E-05 TX-108 1.79E-06 0.00E+00 1.31E+00 2.23E-03 1.35E+00 3.21E-05 5.34E-07 

BY-105 4.02E-06 0.00E+00 2.44E+00 2.67E-01 2.48E+00 8.19E-03 6.20E-05 TX-109 1.24E-05 0.00E+00 1.19E+00 3.37E+01 1.21E+00 4.41E-03 1.44E-02 

BY-106 2.00E-06 0.00E+00 1.92E+00 1.10E-01 1.96E+00 5.68E-03 2.54E-05 TX-110 1.27E-06 0.00E+00 1.22E-01 1.07E-01 1.24E-01 4.51E-04 2.52E-05 

BY-107 1.09E-06 0.00E+00 1.12E+00 5.19E-02 1.14E+00 1.58E-03 1.21E-05 TX-111 1.48E-06 0.00E+00 1.42E-01 1.25E-01 1.45E-01 5.25E-04 2.94E-05 

BY-108 2.93E-06 0.00E+00 3.97E+00 1.32E-01 4.04E+00 4.03E-03 3.07E-05 TX-113 3.02E-06 0.00E+00 2.91E-01 2.56E-01 2.97E-01 1.08E-03 6.02E-05 

BY-109 3.13E-07 0.00E+00 1.90E-02 7.68E-02 1.71E-02 1.55E-05 4.28E-05 TX-114 1.36E-07 0.00E+00 1.31E-02 1.15E-02 1.33E-02 4.83E-05 2.70E-06 

BY-110 3.62E-06 0.00E+00 2.85E+00 1.62E-01 2.90E+00 4.35E-03 3.76E-05 TX-115 5.92E-07 0.00E+00 1.69E-01 3.14E-03 1.72E-01 6.16E-05 7.28E-07 

BY-112 1.49E-06 0.00E+00 1.23E+00 6.63E-04 1.26E+00 1.34E-06 1.70E-07 TX-116 1.19E-05 0.00E+00 1.66E-04 8.12E-04 1.51E-04 1.67E-03 3.48E-07 

C-101 7.51E-07 3.71E+01 1.70E+00 3.14E-01 1.73E+00 1.19E-02 2.83E-05 TX-117 5.29E-06 0.00E+00 7.37E-05 3.60E-04 6.69E-05 7.41E-04 1.54E-07 

C-102 1.10E-05 0.00E+00 1.95E-01 5.57E-01 2.01E-01 1.68E-04 2.00E-06 TY-101 4.20E-06 0.00E+00 2.58E-01 1.95E-01 2.63E-01 1.78E-04 1.51E-05 

C-103 1.54E-08 3.89E-04 1.36E-02 1.35E+00 1.64E-02 5.86E-05 3.24E-05 TY-103 7.85E-06 0.00E+00 3.80E+00 5.46E-01 3.87E+00 8.89E-04 1.02E-04 

C-104 3.25E-07 0.00E+00 4.16E-01 6.10E-01 4.39E-01 3.19E-02 1.97E-02 TY-104 2.87E-06 0.00E+00 1.69E+00 1.83E-01 1.72E+00 2.03E-03 2.75E-05 

C-105 2.55E-07 0.00E+00 1.14E-01 2.73E-01 1.20E-01 7.32E-03 1.60E-05 TY-105 1.78E-05 0.00E+00 1.91E+00 1.46E-01 1.95E+00 1.85E-03 3.38E-05 

C-106 4.53E-04 8.42E-04 8.29E-04 2.18E+00 7.96E-04 1.31E-01 3.67E-04 TY-106 1.40E-06 0.00E+00 1.31E-01 8.12E-03 1.33E-01 2.53E-04 1.88E-06 

C-107 8.70E-07 0.00E+00 1.42E-01 1.03E-01 1.44E-01 2.18E-03 2.42E-05 U-101 2.64E-07 0.00E+00 1.98E-01 9.62E-02 2.03E-01 8.04E-05 3.35E-05 

C-108 4.73E-07 0.00E+00 3.25E-02 4.54E-03 4.03E-02 1.63E-04 1.01E-06 U-102 5.99E-07 0.00E+00 4.50E-01 2.42E+00 4.62E-01 2.02E-03 8.42E-04 

C-109 3.28E-07 1.89E-02 9.35E-03 1.62E-02 9.53E-03 6.31E-05 6.07E-07 U-103 1.23E-07 0.00E+00 9.27E-02 5.50E-01 9.51E-02 4.60E-04 1.92E-04 

C-110 9.29E-08 0.00E+00 2.64E-03 1.62E-02 2.59E-03 8.94E-06 1.77E-06 U-104 4.98E-06 0.00E+00 6.16E-01 6.20E-04 6.29E-01 5.95E-04 2.09E-07 

C-111 1.93E-07 0.00E+00 6.55E-03 8.73E-02 6.68E-03 3.24E-02 1.15E-06 U-105 1.24E-07 0.00E+00 3.46E+00 1.81E+00 3.38E+00 1.42E-03 7.19E-04 

C-112 7.03E-07 9.71E+00 6.77E-02 3.79E-01 4.89E-01 3.74E-02 1.02E-02 U-107 6.25E-08 0.00E+00 6.02E-02 4.57E-03 5.88E-02 3.59E-06 1.82E-06 

C-201 1.01E-09 7.34E-02 3.65E-02 4.58E-01 3.69E-02 8.48E-02 1.60E-04 U-108 9.78E-08 0.00E+00 1.53E+00 3.28E+00 1.07E+00 2.57E-05 1.34E-03 
 1 

RPP-CALC-64554 Rev.00 5/19/2021 - 4:10 PM 41 of 69



 RPP-CALC-64554, Rev. 0 

 4-11/4-12 

Table 4-7.  Sludge Inventories Used in Analysis (Curies).  (sheet 1 of 3) 

Tank 241- 226Ra 230Th 234U 238Pu 238U 242Cm 242Pu Tank 241- 226Ra 230Th 234U 238Pu 238U 242Cm 242Pu 

C-202 1.03E-09 7.49E-02 3.52E-02 4.14E-01 3.28E-02 4.09E-02 1.45E-04 U-109 9.89E-08 0.00E+00 2.67E-02 3.45E-02 2.61E-02 2.71E-05 1.37E-05 

C-203 8.42E-10 0.00E+00 1.13E-01 1.41E-02 1.09E-01 1.06E-03 4.94E-06 U-110 2.63E-06 0.00E+00 4.64E+00 2.84E+00 4.73E+00 3.38E-03 9.53E-04 

C-204 7.88E-10 2.92E-02 8.27E-02 2.86E-04 8.13E-02 1.06E-04 9.98E-08 U-111 6.24E-07 0.00E+00 1.78E-01 7.65E-01 1.83E-01 7.66E-04 2.62E-04 

S-101 6.37E-06 0.00E+00 2.95E+00 5.39E+00 2.99E+00 1.80E-02 1.83E-03 U-112 7.45E-07 0.00E+00 7.78E-02 4.42E-02 7.79E-02 1.68E-04 1.11E-05 

S-102 2.79E-07 0.00E+00 1.40E+00 1.40E-01 1.43E+00 1.17E-04 4.87E-05 U-201 1.39E-08 0.00E+00 1.14E-04 6.45E-04 1.10E-04 6.56E-07 2.56E-07 

S-103 1.25E-07 0.00E+00 9.39E-02 5.04E-01 9.63E-02 4.22E-04 1.76E-04 U-202 1.19E-08 0.00E+00 1.04E-04 7.79E-04 1.01E-04 6.96E-07 3.09E-07 

S-104 1.38E-06 0.00E+00 1.83E+00 2.68E+00 1.86E+00 2.65E-03 9.55E-04 U-203 6.67E-09 0.00E+00 3.40E-05 3.08E-04 3.30E-05 3.83E-07 1.22E-07 

S-105 2.94E-08 0.00E+00 2.21E-02 1.19E-01 2.27E-02 9.93E-05 4.13E-05 U-204 5.92E-09 0.00E+00 3.69E-03 9.28E-03 3.60E-03 3.93E-06 3.68E-06 

S-107 2.60E-06 0.00E+00 6.15E+00 2.49E+01 5.56E+00 1.99E-02 1.22E-02                 
 1 
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5.0 SOFTWARE APPLICATIONS 1 
 2 
The radon flux calculations are straightforward arithmetic operations and are hand-calculated in 3 
a Microsoft Excel12 spreadsheet. 4 
 5 
 6 
5.1 SOFTWARE IDENTIFICATION 7 
 8 
Since these are hand calculations this section is not applicable. 9 
 10 
 11 
5.2 SOFTWARE QUALITY ASSURANCE 12 
 13 
Since these are hand calculations this section is not applicable. 14 
 15 
 16 
5.3 SOFTWARE INSTALLATION AND CHECKOUT 17 
 18 
Since these are hand calculations this section is not applicable. 19 
 20 
 21 
5.4 STATEMENT OF VALID SOFTWARE APPLICATION 22 
 23 
Since these are hand calculations this section is not applicable. 24 
 25 
  26 

                                              
12 Microsoft Excel is a registered trademark of the Microsoft Corporation, Redmond, Washington. 
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6.0 CALCULATION 1 
 2 
 3 
6.1 DESCRIPTION OF MODEL CHANGES 4 
 5 
There are no changes to describe as this is a newly created calculation. 6 
 7 
6.1.1 Model Configuration Control 8 
 9 
Since this is a hand calculation, any necessary revisions will be recorded by revising this EMCF. 10 
 11 
6.1.2 Model Checking 12 
 13 
The hand calculations were checked using the procedure found in Section 4.2.2 of 14 
TFC-ESHQ-ENV_FS-C-05, “Preparation and Issuance of Model Package Reports and 15 
Environmental Model Calculation Files.”  The model checker was provided with a draft copy of 16 
this EMCF and the calculation files. 17 
 18 
The checker made comments and all comments were resolved as indicated by a signed checker’s 19 
log. 20 
 21 
 22 
6.2 DESCRIPTION OF CALCULATED OUTPUT 23 
 24 
The calculated output is displayed in tables in Section 7.0. 25 
 26 
  27 
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7.0 RESULTS AND CONCLUSIONS 1 
 2 
 3 
7.1 RESULTS OF MAIN SCREENING EVALUATION 4 
 5 
Radium-226 concentrations resulting in a radon flux at the surface matching the 20 pCi/m2/s flux 6 
limit performance objective in DOE M 435.1-1 were calculated at 10,000 years post-closure for 7 
each SST at the Hanford Site.  The resulting concentration thresholds are independent of current 8 
tank inventory but are different for each farm because of subsurface condition differences 9 
affecting radon diffusion to the surface (e.g., depth to waste below the ground surface may be 10 
different for different tank farms and tank sizes and the porosity and moisture content in the 11 
overburden soils may vary by tank farm).  Current 226Ra (and radionuclides that decay to 226Ra) 12 
inventories in sludge and the current sludge volume were used to calculate projected 13 
concentrations of 226Ra at 10,000 years post-closure in each SST.  The resulting projected 14 
concentrations were compared to the threshold concentrations.  The analysis was performed for 15 
10,000 years post-closure because the radon flux at the surface increases with time resulting 16 
from ingrowth due to decay of 226Ra parent radionuclides.  The relative magnitude of the radon 17 
flux at the surface from each tank is the result of the initial residual inventory of 226Ra and the 18 
amount of uranium inventory that decays to form 226Ra and then to 222Rn. 19 
 20 
Projected 226Ra concentrations in the SSTs are several orders of magnitude below corresponding 21 
threshold concentrations needed to produce a radon flux equal to 20 pCi/m2/s at the surface 22 
10,000 years after closure.  Even accounting for possible enrichment of 226Ra during retrieval, 23 
the 226Ra concentrations in the SSTs are nowhere near the corresponding threshold 24 
concentrations.  Table 7-1 shows the ten SSTs with the highest ratios of projected to threshold 25 
226Ra concentration.  Tank 241-BX-104 has the highest ratio of all the SSTs with 4.50 × 10-18, 26 
meaning the projected 226Ra concentration at 10,000 years post-closure is 18 orders of magnitude 27 
lower than the threshold concentration.  All other SSTs have even lower ratios. 28 
 29 

Table 7-1.  The Ten Tanks with the Highest Ratio of Projected to Threshold 
Radium-226 Concentrations. 

Tank 
241- 

Threshold Radium-226 Concentration 
Resulting in 20 pCi/m2/s Radon at the 

Surface (pCi/g) 

Projected Radium-226 
Concentration in 
Sludge (pCi/g) 

Ratio 
Projected/Threshold 

BX-104 2.55E+20 1.15E+03 4.50E-18 
BX-101 2.57E+20 7.81E+02 3.03E-18 
B-103 2.00E+21 5.14E+03 2.57E-18 
B-101 2.65E+20 6.73E+02 2.54E-18 
B-109 2.56E+20 5.09E+02 1.99E-18 
BX-105 2.57E+20 3.41E+02 1.32E-18 
BX-106 3.66E+20 3.57E+02 9.75E-19 
BX-109 2.55E+20 2.48E+02 9.72E-19 
BX-108 2.65E+20 2.27E+02 8.57E-19 
B-106 2.55E+20 1.60E+02 6.29E-19 

 30 
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Table 7-2 shows the current best-basis inventory of 226Ra and its precursors in the ten tanks from 1 
Table 7-1. 2 
 3 

Table 7-2.  Current Best-Basis Inventory of Radium-226 and Radium Precursors 
(Curies). 

Tank 
241- Radium-226 Uranium-234 Uranium-238 Plutonium-238 Plutonium-242 Curium-242 

BX-104 6.48E-05 1.21E+01 1.19E+01 1.80E+00 6.84E-04 2.63E-02 
BX-101 2.55E-06 3.78E+00 3.61E+00 4.73E+00 2.30E-03 3.49E-01 

B-103 1.35E-06 6.14E-01 6.25E-01 1.34E-05 1.33E-09 6.40E-08 
B-101 3.91E-06 2.26E+00 2.20E+00 2.54E+01 1.45E-02 2.69E+00 

B-109 5.67E-07 2.88E+00 2.60E+00 8.10E-02 4.51E-05 1.63E-05 

BX-105 3.99E-06 1.63E+00 1.63E+00 6.04E-01 3.11E-04 1.68E-03 
BX-106 4.22E-07 4.05E-01 4.09E-01 2.94E-01 1.41E-04 2.16E-03 

BX-109 1.42E-05 5.18E+00 5.28E+00 6.59E-02 1.53E-05 1.29E-03 

BX-108 3.09E-06 7.66E-01 7.80E-01 5.04E-02 1.18E-05 6.51E-04 
B-106 5.41E-06 2.10E+00 2.14E+00 1.10E-01 2.58E-05 1.30E-03 

Note:  Thorium-230 is not included because these ten tanks have no Thorium-230 inventory. 

 4 
Table 7-3 shows the contributions of 226Ra and its precursors to the total 226Ra inventory at 5 
10,000 years post-closure in each of the ten tanks from Table 7-1 based on the inventories shown 6 
in Table 7-2.  Radium-226 has a 1,600 year half-life, so the initial 226Ra inventory in the tanks at 7 
closure decays over 10,000 years to only 1.3% of the original inventory.  The majority of the 8 
226Ra inventory is a result of ingrowth from 226Ra precursors, with 234U accounting for almost 9 
99% of the 226Ra inventory at 10,000 years post-closure.  Uranium-238 accounts for a little over 10 
1% of the 226Ra inventory and the remaining radium precursors have negligible contributions at 11 
10,000 years post-closure.  These results are not surprising, since they follow the 226Ra 12 
generation factors found in Table 4-2.  The 226Ra precursor with the highest generation factor is 13 
230Th, of which there is no inventory in these ten tanks.  Since radon is a product of 226Ra decay, 14 
then the current inventories of 230Th and 234U (and to some extent, 238U) in the SSTs drive the 15 
radon flux at the land surface at 10,000 years post-closure. 16 
 17 
Figure 7-1 through Figure 7-8 show the ratio of projected to threshold 226Ra concentrations for 18 
each SST at the Hanford site.  These charts show results from using both current best-basis 19 
inventory and HFFACO target volumes. 20 
 21 
 22 
7.2 RESULTS OF ADDITIONAL SUPPORTING ANALYSES 23 
 24 
An undocumented evaluation varying moisture content and porosity parameter values in the infill 25 
grout and overlying soil was conducted and confirmed that no reasonable parameters exist for 26 
estimated inventories that would yield a radon flux exceeding the DOE performance objective 27 
for a closed waste tank system with 33 feet of grout and 20 feet of soil overburden. 28 
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Table 7-3.  Contributions to Radium-226 Inventory at 10,000 years Post-Closure. 

Tank 241- 

Radium-226 Radium-226 from 
Uranium-234 

Radium-226 from 
Uranium-238 

Radium-226 from 
Plutonium-238 

Radium-226 from  
Plutonium-242 

Radium-226 from  
Curium-242 Sum of 

Radium-226 
Inventory 
(Curies) 

Inventory 
(Curies) 

Fraction 
of Total 
Radium 

Inventory 
(Curies) 

Fraction 
of Total 
Radium 

Inventory 
(Curies) 

Fraction 
of Total 
Radium 

Inventory 
(Curies) 

Fraction 
of Total 
Radium 

Inventory 
(Curies) 

Fraction 
of Total 
Radium 

Inventory 
(Curies) 

Fraction 
of Total 
Radium 

BX-104 8.38E-07 <0.001% 8.18E-01 98.8% 9.70E-03 1.2% 4.29E-05 0.0052% 2.50E-13 <0.001% 3.19E-09 <0.001% 8.28E-01 

BX-101 3.30E-08 <0.001% 2.56E-01 98.8% 2.94E-03 1.1% 1.13E-04 0.0435% 8.40E-13 <0.001% 4.23E-08 <0.001% 2.59E-01 

B-103 1.75E-08 <0.001% 4.17E-02 98.8% 5.09E-04 1.2% 3.20E-10 0.0000% 4.86E-19 <0.001% 7.76E-15 <0.001% 4.22E-02 

B-101 5.06E-08 <0.001% 1.54E-01 98.5% 1.79E-03 1.1% 6.06E-04 0.3885% 5.28E-12 <0.001% 3.26E-07 <0.001% 1.56E-01 

B-109 7.34E-09 <0.001% 1.95E-01 98.9% 2.12E-03 1.1% 1.93E-06 0.0010% 1.65E-14 <0.001% 1.98E-12 <0.001% 1.97E-01 

BX-105 5.16E-08 <0.001% 1.11E-01 98.8% 1.32E-03 1.2% 1.44E-05 0.0129% 1.13E-13 <0.001% 2.03E-10 <0.001% 1.12E-01 

BX-106 5.47E-09 <0.001% 2.75E-02 98.8% 3.33E-04 1.2% 7.02E-06 0.0252% 5.16E-14 <0.001% 2.61E-10 <0.001% 2.78E-02 

BX-109 1.84E-07 <0.001% 3.51E-01 98.8% 4.30E-03 1.2% 1.57E-06 0.0004% 5.59E-15 <0.001% 1.56E-10 <0.001% 3.56E-01 

BX-108 4.00E-08 <0.001% 5.19E-02 98.8% 6.35E-04 1.2% 1.20E-06 0.0023% 4.30E-15 <0.001% 7.89E-11 <0.001% 5.26E-02 

B-106 7.00E-08 <0.001% 1.43E-01 98.8% 1.74E-03 1.2% 2.63E-06 0.0018% 9.43E-15 <0.001% 1.57E-10 <0.001% 1.44E-01 

Note:  Thorium-230 is not included because these ten tanks have no Thorium-230 inventory. 

 1 
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Figure 7-1.  Ratio of Current to Threshold Radium-226 Concentration for Each Tank at 241-A and 241-AX Tank Farms. 1 
 2 
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Figure 7-2.  Ratio of Current to Threshold Radium-226 Concentration for Each Tank at 241-B Tank Farm. 1 
 2 

 3 
Note:  Tanks without a sludge phase are not shown. 4 
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Figure 7-3.  Ratio of Current to Threshold Radium-226 Concentration for Each Tank at 241-BX and 241-BY Tank Farms. 1 
 2 

 3 
Note:  Tanks without a sludge phase are not shown. 4 
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Figure 7-4.  Ratio of Current to Threshold Radium-226 Concentration for Each Tank at 241-C Tank Farm. 1 
 2 

 3 
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Figure 7-5.  Ratio of Projected to Threshold Radium-226 Concentration for Each Tank at 241-S and 241-SX Tank Farms. 1 
 2 

 3 
Note:  Tanks without a sludge phase are not shown. 4 
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Figure 7-6.  Ratio of Projected to Threshold Radium-226 Concentration for Each Tank at 241-T Tank Farm. 1 
 2 

 3 
Note:  Tanks without a sludge phase are not shown. 4 
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Figure 7-7.  Ratio of Projected to Threshold Radium-226 Concentration for Each Tank at 241-TX and 241-TY Tank Farms. 1 
 2 

 3 
Note:  Tanks without a sludge phase are not shown. 4 
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Figure 7-8.  Ratio of Projected to Threshold Radium-226 Concentration for Each Tank at 241-U Tank Farm. 1 
 2 

 3 
Note:  Tanks without a sludge phase are not shown. 4 
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8.0 CONCLUSIONS 1 
 2 
This analysis calculated the threshold 226Ra concentration needed to reach the 20 pCi/m2/s radon 3 
flux performance objective at the surface of a tank farm for each SST at the Hanford Site.  The 4 
concentration calculations included ingrowth from radium parent radionuclides.  The resulting 5 
threshold concentrations were then compared with projected 226Ra concentrations in each tank at 6 
10,000 years post-closure (the year of greatest radon flux).  The projected 226Ra concentrations 7 
are 18 or more orders of magnitude below the corresponding threshold concentration for each 8 
tank.  Tank 241-BX-104 has the highest ratio of projected to threshold 226Ra concentration with 9 
4.48 × 10-18. 10 
 11 
An undocumented evaluation varying moisture content and porosity parameter values in the infill 12 
grout and overlying soil was conducted and confirmed that no reasonable parameters exist for 13 
estimated inventories that would yield a radon flux exceeding the DOE performance objective 14 
for a closed waste tank system with 33 feet of grout and 20 feet of soil overburden. 15 
 16 
Even using several conservative assumptions about inventories, the radon emanation coefficient 17 
and a lack of downward migration of parent radionuclides in the calculations, the projected 18 
concentrations of 226Ra based on current, unretrieved inventories in each of the SSTs are 19 
significantly below the concentrations that result in the performance objective surface radon flux 20 
of 20 pCi/m2/s.  For this reason the SSTs at Hanford can be screened out of further analysis in 21 
future PAs. 22 
  23 
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