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ACRONYMS/ABBREVIATIONS
ALARA
CA
CC
CERCLA
CFR
CPT
CZ
DCF
DOD
DOE
EIS
EPA
FEP
FFA
FTF
GA DNR
GCL
GSA
GSAD
GSD
HDPE
HELP
HLW
HRR
HTF
INL
LAW
LFRG
LLW
MEP
MOP
NDAA
NRC
PA
PGA
PNNL
POE
QA/QC
RAI

As Low As Reasonably Achievable
Composite Analysis
Clarifying Comments
Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations
Cone Penetrometer Test
Contamination Zone
Dose Conversion Factor
United States Department of Defense
United States Department of Energy
Environmental Impact Statement
United States Environmental Protection Agency
Features, Events and Process
Federal Facility Agreement
F-Tank Farm
Georgia Department of Natural Resources
Geosynthetic Clay Liner
General Separations Area
General Separations Area Database
Geometric Standard Deviation
High Density Polyethylene
Hydrologic Evaluation of Landfill Performance
High-Level Waste
Highly Radioactive Radionuclide
H-Tank Farm
Idaho National Laboratory
Low-Activity Waste
Low-Level Waste Disposal Facility Federal Review Group
Low-Level Waste
Maximum Extent Practical
Member of the Public
Ronald W. Reagan National Defense Authorization Act for Fiscal Year 2005
United States Nuclear Regulatory Commission
Performance Assessment
Peak Ground Acceleration
Pacific Northwest National Laboratory
Probability of Exceedance
Quality Assurance/Quality Control
Request for Additional Information
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RCRA
SA
SCDHEC
SDF
SPF
SPT
SRNL
SRS
SZ
TER
TCCZ
UA
USACE
UTR
UTR-LZ
UTR-UZ
UZ
WCS
WMC
ZPA

Resource Conservation and Recovery Act
Sensitivity Analysis
South Carolina Department of Health and Environmental Control
Saltstone Disposal Facility
Saltstone Production Facility
Standard Penetration Test
Savannah River National Laboratory
Savannah River Site
Saturated Zone
Technical Evaluation Report
Tan Clay Confining Zone
Uncertainty Analysis
United States Army Corps of Engineers
Upper Three Runs
Upper Three Runs - Lower Zone
Upper Three Runs - Upper Zone
Unsaturated Zone
Waste Characterization System
Waste Mixing Chamber
Zero Period Acceleration
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EXECUTIVE SUMMARY
In accordance with the Ronald W. Reagan National Defense Authorization Act for Fiscal Year
2005 (NDAA), Section 3116, certain waste from reprocessing of spent nuclear fuel is not highlevel waste (HLW) if the Secretary of Energy, in consultation with the Nuclear Regulatory
Commission (NRC), determines that the criteria in NDAA Section 3116(a) are met. On
September 30, 2010, the Department of Energy (DOE) submitted the Draft Basis for Section
3116 Determination for Closure of F-Tank Farm at the Savannah River Site, DOE/SRS-WD2010-001, Revision 0 (hereinafter referred to as the Draft FTF 3116 Basis Document) to support
the consultation process for the stabilized residuals in waste tanks and ancillary structures,
those waste tanks, and the ancillary structures (including integral equipment) at the Savannah
River Site (SRS) F-Tank Farm (FTF) at the time of closure. Prior to this submittal, DOE also
had provided the Performance Assessment for the F-Tank Farm at the Savannah River Site,
SRS-REG-2007-00002, Revision 1, for the FTF (hereinafter referred to as the FTF PA). NRC
provided staff comments on both the Draft FTF 3116 Basis Document and the FTF Performance
Assessment (PA) in the form of Requests for Additional Information (RAI) or clarifying
comments (CC) on December 3, 2010. [ML1032001240, ML103190402] The DOE responses
to the NRC Staff comments are provided in this package. DOE understands NRC’s
identification of previous RAI responses as “inadequate” to mean the identified question remains
open and all open issues were incorporated into the December 3, 2010 RAI and CC, as
appropriate based on risk. DOE submits these additional RAI responses toward resolving the
remaining open questions to facilitate NRC’s completion of a Technical Evaluation Report
(TER).
The DOE has worked closely with the NRC beginning in 2007 in development of both the FTF
PA and the Draft FTF 3116 Basis Document. This four-year process has culminated in the
development and issuance of this RAI response package. A timeline of this process is shown in
Figure EX.1. The process included extensive discussion between DOE and NRC on the
fundamental technical bases and approaches prior to the development of both the FTF PA and
the Draft FTF 3116 Basis Document. These discussions involved ten multi-day scoping
meetings spanning the period from February 2007 to June 2008 and two additional scoping
meetings in July 2010 to support the development of key parameter values in the FTF PA and
Draft FTF 3116 Basis Document, respectively. The scoping meetings included discussions of
both the hybrid modeling approach and the FTF modeling strategy (e.g., the integrated site
conceptual model and individual sub-models) that would be used to simulate stabilized
contaminant release from the grouted tanks and ancillary equipment. In addition to DOE and
the NRC, South Carolina Department of Health and Environmental Control (SCDHEC) and the
United States Environmental Protection Agency (EPA) also participated in these scoping
meetings. An extensive NRC review of the FTF PA, Revision 0, resulted in the issuance of
NRC comments in January 2009. Following incorporation of the responses to those comments
into FTF PA, Revision 1, a separate extensive review of the FTF PA, Revision 1, was conducted
in conjunction with the NRC review of the Draft FTF 3116 Basis Document resulting in the
issuance of the NRC staff comments in December 2010. Unless otherwise noted, any
reference to the FTF PA refers to Revision 1 of this PA. All references to Revision 0 of this PA
will be specifically noted as referring to Revision 0.
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Figure EX.1, FTF Draft Basis Document and PA Development
DOE issued FTF PA,
Rev. 1 and RAI
Comment Responses

DOE issued
FTF PA, Rev. 0

2008

2010

2009

2011
9/2010

7/2010

3/2010

8/2008

Eight “Generic Technical Issues” Meetings
held between DOE & NRC

12/2010

2007

FTF Waste
Determination Public
Scoping Meeting

1/2009

Ten FTF PA Scoping Meetings
held between DOE & Stakeholders
(i.e., NRC, SCDHEC, EPA)

DOE issued Draft
Basis Document

NRC issued FTF PA,
Rev. 1 and Draft
Basis Document RAI
Comments

NRC issued
FTF PA, Rev. 0
RAI Comments

Six public teleconferences between
DOE & NRC on the RAI
package and proposed
response approaches

Since initial submittal of the Draft FTF 3116 Basis Document in September 2010, additional
activities in the FTF have occurred and have been documented. These activities include the
final characterization of the residuals in Tanks 18 and 19, the remaining two Type IV tanks in
FTF, and completion of cleaning activities in Tanks 5 and 6, two of the eight Type I tanks in
FTF. New reference documents have been generated and included as part of this submittal to
further inform the Secretary of Energy’s decision related to the NDAA Section 3116 criteria
associated with removal of highly radioactive radionuclides (HRRs) to the maximum extent
practical.
As noted in the NRC RAI package, the FTF PA serves as the primary risk assessment tool to
determine that there is reasonable assurance that the 10 Code of Federal Regulation (CFR) 61,
Subpart C performance objectives will be met following closure of the FTF. The FTF PA is a
performance-based, risk-informed analysis of the fate and transport of FTF residuals following
final closure of FTF. The DOE used what is referred to as a “hybrid approach” involving a
combination of deterministic and probabilistic models to develop this level of assurance. The
foundation of the FTF assessment is the “Base Case” model, a deterministic analysis of postFTF closure that utilizes the best-available, best-estimate values for the parameters within the
FTF PORFLOW model. This deterministic analysis produces a single discrete value at each
point of assessment that can, in turn, be compared directly to the 10 CFR 61.41 performance
objective of 25 mrem per year peak dose and the 10 CFR 61.42 inadvertent intruder dose. The
understanding of the results of the FTF PA is further enhanced through an extensive series of
uncertainty analyses (UA) and sensitivity analyses (SA).
The deterministic Base Case of the FTF PA was developed using reasonably conservative,
best-estimate assumptions (i.e., most probable configurations) whenever possible. As a hybrid
approach, the deterministic Base Case model is accompanied by the probabilistic model and
deterministic alternative configuration models which are provided as tools to inform on
uncertainty associated with the Base Case as a whole. These additional models employed
assumptions that were possible on an individual assumption basis (although less probable than
the Base Case and often non-mechanistic when coupled with other assumptions) to assess the
effects of deviations from the best-estimate Base Case assumptions. The fact that Base Case
values have uncertainty associated with them does not a priori make them incorrect or any less
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probable. Substituting only pessimistic values for every assumption to account for uncertainty
would undercut the intent of the Base Case in supporting risk-based decision making and would
likely result, in little, if any, real risk reduction, in needless expenditures, exposure to workers,
and delays in waste tank closure activities. The application of the hybrid approach to PA
development (i.e., including a probabilistic model and deterministic alternative configuration
models) was to allow for the less probable, but still possible, assumptions to be modeled,
improving overall understanding of the FTF system.
For the FTF system, a performance period of 10,000 years was considered reasonable when
assessing compliance with the 10 CFR 61, Subpart C performance objectives related to future
hypothetical members of the public and inadvertent intruders and is consistent with NRC
guidance (NUREG-1854, page 4-3). Because of the timing of certain barrier failures, DOE
provided extensive discussion on doses for periods up to 20,000 years following closure of the
FTF, and performed analyses up to 100,000 years to gain a better understanding of the closed
system performance and radionuclide transport. DOE Manual 435.1-1 requires PAs to “include
calculations for a 1,000-year period after closure…” [DOE M 435.1-1, page IV-11]
As described above, in developing the deterministic Base Case assumptions, DOE sought to
develop a conceptual model of the FTF system and surrounding General Separations Area
(GSA) that reflects the best available or best estimate values, and includes reasonably
conservative waste release assumptions including inventory assignments. In developing these
values, DOE did not seek to artificially create pessimistic assumptions that bound possible, but
not probable, scenarios. Instead, DOE sought a risk-informed analysis that provides information
to feed critical closure decisions associated with the waste tanks and ancillary structures in the
FTF.
In support of the development of the FTF PA, DOE has made a significant investment in
research and conceptual model development, utilizing nationally recognized experts in their
respective fields including cementitious materials, geochemistry, hydrogeology and modeling of
environmental transport. The fate and transport modeling in the FTF PA reflects approximately
sixty years of study of the subsurface of the GSA. It is this strong foundation of research and
study that provides DOE reasonable assurance that the 10 CFR 61.41 and 10 CFR 61.42
performance objectives will be met during the 10,000-year performance period.
To put into perspective the 25 mrem per year dose objective used to demonstrate compliance
with the performance objective for the protection of the general population from releases of
radioactivity (10 CFR 61.41), it should be noted that the average annual dose to a United States
citizen in 2007 was 620 mrem, approximately 25 times higher than the 10 CFR 61.41
performance objective. Figure EX.2 provides a breakdown of the sources of exposure that
make up this average dose of 620 mrem. If an individual moves from the area surrounding SRS
to Denver, Colorado, their annual dose from just cosmic and terrestrial background radiation
alone will increase by more than 100 mrem, a value four times the performance objective.
[NCRP-160] Further, as noted in the NRC: Fact Sheet on Biological Effects on Radiation,
“Those people living in areas having high levels of background radiation – above 1,000 mrem
(10 mSv) per year – such as Denver, Colorado, have shown no adverse biological effects.”
[NRC_01-01-2011] A background dose of 1,000 mrem per year represents a dose 40 times
greater than the 10 CFR 61 performance objective.
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Figure EX.2: Major Sources of Radiation Exposure to the Average US Citizen
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(24%)
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(3%)
(background)
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(background)
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Nuclear Medicine
(medical)
(12%)

Interventional
Fluoroscopy
(medical)
(7%)

Radon & Thoron
(background)
(37%)

Conventional
Radiography/ Consumer
(2%)
Fluoroscopy
(medical)
(5%)

Industrial
(<0.1%)
Occupational
(<0.1%)

[NCRP -160]
The DOE response to RAI-PA-1 provides additional discussion on the FTF PA approach and
describes additional UA/SA runs that were performed to provide additional potential system
performance information. The DOE uses the results of both the deterministic Base Case
(PORFLOW model) and the probabilistic alternative cases (GoldSim model) evaluated through
the UA/SA to demonstrate that there is reasonable assurance that the performance objectives
will be met. This response also contains three tables that provide in-depth analysis regarding
the individual engineered and natural barriers for the three key radionuclides (i.e., neptunium237, plutonium-239 and technecium-99) with the greatest potential to impact dose. The barrier
analysis tables make use of the full 20,000 years of simulated data to provide insights into the
performance of each barrier with respect to specific radionuclides. Only results pertaining to
Type I and Type IV tanks are presented in the response to RAI-PA-1, as these two waste tank
types represent the greatest risk-significance. Table RAI-PA-1.1 provides the analyses for Np237; Table RAI-PA-1.2 provides the analyses for Pu-239; and Table RAI-PA-1.3 provides the
analyses for Tc-99.
The DOE Manual 435.1-1, Radioactive Waste Management, outlines a comprehensive program
to maintain PAs. [DOE M 435.1-1] The program is in place to evaluate changes (e.g., new
information, changing facility conditions) that could impact the inputs, results or conclusions of a
DOE PA such as the FTF PA. The program requires that PAs be formally reviewed on an
annual basis and revised when changes in radionuclide inventories or facility design are
identified or new information on key parameters becomes available through continued research
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and study. On an annual basis, the adequacy of the FTF PA will be assessed and, when
warranted, will be revised and shared with the NRC through the NDAA Section 3116(b)
monitoring protocols.
DOE acknowledges the NRC recommendations for adding information in the final FTF 3116
Basis Document which consists of both the expected (i.e., probable) results (reflected in the
Base Case analyses) and the alternative cases (reflected in the SA). DOE expects to describe
the FTF system as having defense in depth through multiple barriers that provide reasonable
assurance that compliance with the performance objectives will be achieved based on
evaluations of how the facility is expected (i.e., most likely) to perform (Base Case,
Configuration A) as well as alternative system performance (i.e., less likely) encompassing
uncertainty and variability (UA/SA, All Cases peak of the mean dose results). Pertaining to the
recommendation for reporting peak doses over longer simulation times beyond the 10,000-year
compliance period in the final FTF 3116 Basis Document, DOE notes that this information is
presented in the FTF PA; that PA is a published document which has undergone public, State
and EPA review and comment as well as consultation with NRC, and part of the basis for the
Secretary’s ultimate decision. Additional information related to peak doses beyond the
compliance period is presented in response to RAI-UA-3 within this document. Additional
information related to Configurations E and F is provided in the RAI-UA-4 response. Additional
information related to the probabilities assigned for the alternate scenarios in the probabilistic
modeling is provided in the RAI-UA-1 response.
The final FTF 3116 Basis Document will reflect this information as appropriate, as well as
consideration of NRC’s published TER and public comments received on the Draft FTF 3116
Basis Document.
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RAI-MEP-1

Information on removal of highly radioactive radionuclides (HRRs) to the
maximum extent practical (MEP) for Type I and III/IIIA tanks could be enhanced.
Basis
On page 5-18 of DOE’s waste determination with respect to cleaning Type I
tanks, the waste determination states that “Experience in Tank 5 and 6
demonstrates DOE’s successful deployment of innovative technologies capable
of removing HRRs even under the most challenging conditions.” Yet, no
additional details regarding the effectiveness of the “innovative” technologies
deployed in the cleaning of Type I tanks are provided. Because Type I tanks
may provide the greatest configuration challenges due to the complex
infrastructure and limited number of penetrations for access, information
regarding the effectiveness of cleaning technologies in removing waste from
these tanks is necessary for NRC staff to fully evaluate process effectiveness.
With regard to waste, Type I Tank 7 also contains zeolite that may present
additional challenges with respect to waste removal.
Likewise, information on cleaning technologies selected for Type III and IIIA
tanks is lacking in the waste determination. DOE should provide an assessment
of likely waste removal strategies and applications expected to be used for Type
III and IIIA tanks given the challenges these tank types (and associated waste)
pose compared to Type I and IV tanks (and waste).
Path Forward
Provide additional details regarding the technologies selected for Type I tanks
(and waste), as well as data on the effectiveness of technologies used to remove
waste from Type I tanks to date (including technologies that may have been
used in H-Area Tanks Farm (HTF) and are planned for use in F-Area Tank Farm
(FTF)).
While NRC understands that plans are subject to change, DOE should provide
as detailed a description as possible at this time, information on waste retrieval
technologies expected to be deployed for Type I, III, and IIIA tank types (and
associated waste) and the expected effectiveness of these technologies based
on technology demonstrations and removal campaigns that have occurred to
date (e.g., oxalic acid and feed and bleed campaigns discussed in the DOE
Waste Processing Technical Exchange) including any sampling results that have
been performed after tank cleaning (e.g., Tank 5). Discussion should include
details regarding the specific challenges expected in cleaning the various tank
(and waste) types, technologies or strategies that are expected to be used to
overcome these challenges, and their expected level of success.
Reference
US DOE Office of Environmental Management Waste Processing Technical
Exchange, Atlanta, Georgia, November 16-18, 2010.
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RESPONSE RAI-MEP-1:
As discussed in the Draft FTF 3116 Basis Document, two of the eight Type I tanks in FTF,
Tanks 5 and 6, have undergone extensive heel removal campaigns at this time. Details of the
waste removal campaigns to date are provided in Tank 5 History of Waste Removal 1959
through 2010, SRR-CWDA-2011-00033, and Tank 6 History of Waste Removal 1964 through
2010, SRR-CWDA-2011-00005, which are being provided as part of this response submittal.
The referenced documents describe the history and waste types for Tanks 5 and 6 and provide
a detailed history of waste removal for each of these waste tanks along with the decisions
made at the close of each phase of waste removal activities. Information regarding technology
selection for each of the waste removal phases is also provided in the referenced documents.
Additional information on the process for evaluating and selecting available waste removal
technologies for Type I and III/IIIA, as well as Type IV tanks, is provided in Waste Removal
Technology Baseline: Technology Development Description, V-ESR-G-00003, which is being
provided as part of this response submittal. The referenced document provides a more
thorough look at the waste removal technology selection process, the current baseline
technologies anticipated to the deployed in the Type I and III/IIIA tanks, anticipated
effectiveness based on waste removal activities to date, and consideration of future
technologies.
Since issuance of the Draft FTF 3116 Basis Document, DOE, SCDHEC, and EPA, based on
information provided by DOE, have reached concurrence that DOE should suspend waste
removal activities and proceed with final sampling and analysis for Tanks 5 and 6. [SRRCWDA-2010-00157, DHEC_11-22-2010, EPA_12-08-2010] The DOE is currently in the
process of performing final volume determinations, residual sampling, and sample analysis for
these two waste tanks in order to complete final characterization. When final characterization
information is available for Tanks 5 and 6, DOE will document the results utilizing the approach
described in the response to Clarifying Comment CC-MEP-2.
A report similar to
Documentation of Removal of Highly Radioactive Radionuclides in Waste Tanks 18 and 19,
SRR-CWDA-2011-00091 (See response to RAI-MEP-2), will be developed to support DOE’s
Tier 2 Closure Authorization.
The experiences and associated successes in waste removal in Tanks 5 and 6 will be
representative of expected success for the Tanks 1, 2, 3, 4, 7 and 8, the FTF Type I tanks still
undergoing waste removal activities. As described in the Draft FTF 3116 Basis Document,
Tanks 5 and 6 were sludge tanks. Tanks 4, 7 and 8 contain similar sludge waste material and,
given the similar characteristics of the waste tank designs, it is reasonable to project similar
successes in waste removal campaigns. With respect to Tanks 1, 2 and 3, since the majority
of the waste remaining in these waste tanks is saltcake, similar or superior waste removal is
expected. In fact, since Tanks 5 and 6 were the first Type I tanks that have undergone
residual heel removal, the application of the lessons learned from this early work provide
additional confidence that similar end states can and will be achieved in all of the remaining
waste tanks.
A Type I tank, such as Tank 5 and 6, represents the most challenging tank for waste removal
activities due, in part, to a limited number of access points, horizontal cooling coil runs at the
bottom of the waste tank including stacked horizontal runs (often referred to as “fences”) that
were “field to fit” during the time of waste tank construction and the presence of roof support
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columns. As such, it is anticipated that waste removal success in Tanks 5 and 6 will be
representative of expected results in Type III/IIIA tanks.
Tank 7 is unique among the FTF Type I tanks since it has been used to consolidate sludge
heels. Sludge has been transferred in and transferred out of Tank 7 since the mid-1980s.
Included in these transfers into Tank 7 are zeolite-laden solids that originated in Tank 19. This
zeolite material was initially transferred into Tank 7 via sludge removal campaigns from Tank
18. The zeolite was resident in Tank 18 as a result of all Tank 19 transfers passing into Tank
18. Obviously, the zeolite in Tank 7 from these campaigns had associated particle sizes that
enabled it to not only be slurried and transferred out of Tank 19 but also later slurried and
transferred from Tank 18 into Tank 7. During the final waste removal campaign from both
Tanks 18 and 19, a vacuum technology was used. [SRR-CWDA-2011-00091] The material
was lifted from the respective waste tank and transferred to the Waste Mixing Chamber (WMC)
located in a Tank 7 riser. The WMC included particle size reduction equipment (i.e., a grinder)
that was designed to reduce particles to less than 38 microns. The WMC was specifically
included in the project to ensure successful future waste removal activities from Tank 7.
Therefore, future transfer of zeolite solids from Tank 7 should not pose uniquely difficult
challenges.
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RAI-MEP-2

Additional information regarding removal of HRRs to the maximum extent
practical is needed for Type IV Tanks 18 and 19 that have already been cleaned.
Basis
Insufficient detail to support DOE’s conclusion that HRRs have been removed to
the maximum extent practical for Tanks 18 and 19 was provided in the waste
determination. The scale of the y-axis on Figures 5.3-1 and 5.3-2 in the waste
determination prevents meaningful evaluation of the effectiveness of volume
reductions following bulk removal with more advanced cleaning technologies
(e.g., ADMP and Mantis). Although Mantis was effective at removing waste from
Tanks 18 and 19, the residual volume of waste remaining in the Type IV tanks is,
nonetheless, risk-significant. Tank 18 contributes to the peak dose from Pu in
DOE’s base case scenario leading to doses around 300 mrem/yr (3 mSv/yr) at
later times beyond the period of compliance. The 0.2 to 0.3 volume percent of
waste indicated on Figures 5.3-1 and 5.3-2 to remain in Tanks 19 and 18,
respectively, is equivalent to around 2500 to 4000 gallons or 0.8 to 1.2 inches of
waste remaining at the bottom of the tanks. As a basis of comparison, the initial
Revision 0 PA estimate of residual inventory is based on an estimate that 1/16 of
an inch or 0.06 inches of waste will remain in the tanks for those tanks that have
yet to be cleaned. Revision 1 to the PA generally provides a more “conservative”
value of 10 times the Revision 0 value or around 0.6 inches of residual waste
expected to remain in most of the tanks yet to be cleaned1. Thus, information
regarding the estimated residual volumes remaining in Type IV tanks that have
been cleaned (and Type I tanks that have also been cleaned) is informative with
respect to both (i) the expected performance of waste retrieval activities that will
occur in the future, as well as (ii) the expected degree of conservatism of the
inventory estimates provided in the revised PA.
Insufficient information is provided regarding the consideration of alternative
technologies for HRR removal for Type IV tanks following the 1998, 2001, and
2002 campaigns that ultimately led to the selection of the Mantis technology.
The technology selection process is important as indicated in WIR guidance,
NUREG-1854 (NRC, 2007).
A number of factors that contributed to DOE’s decision to discontinue Mantis
operations are listed in the waste determination (page 5-17) with no
corroborating evidence provided. Additional information is needed to allow NRC
to independently evaluate the merits of DOE’s decision to terminate removal
operations using its selected technology.
A presentation by Savannah River Remediation (SRR) to DOE Savannah River
and SC DHEC (SRR-CWDA-2009-00030) indicates that qualitative evaluations
were conducted to reach conclusions regarding the practicality of additional
removal and ability of Tanks 18 and 19 to meet 10 CFR Part 61, Subpart C
performance objectives. SRR indicated that a more formal practicality basis
would be provided in the Tanks 18 and 19 closure module. However, no details
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regarding the qualitative evaluation or plans for submitting a formal basis in the
closure module were provided.
Path Forward:
Provide the following information:
1. Provide revised figures and a table of data pertaining to the information
presented in Figures 5.3-1 and 5.3-2 to show the effectiveness of various
cleaning technology deployments and campaigns at removing HRRs to
the maximum extent practical, particularly those activities that occurred
following bulk waste removal. DOE should provide sampling data or
indicate when sampling data will be available to determine the relative
volumes of various waste types remaining in the tanks (e.g., PUREX,
zeolite, and coating waste) and effectiveness of the Mantis technology at
removing residual wastes in Tanks 18 and 19. For example, data from
Tanks 18 and 19 sampling and characterization was presented at DOE’s
Environmental Management Waste Processing Technology Exchange in
November 2010.
2. Provide the formal systems engineering evaluation that led to the
selection of the Mantis technology following the 2002 mechanical removal
campaign, if one exists. Alternatively, DOE should elaborate on the
process by which technologies are selected for implementation.
3. Provide the following data used to determine that the Mantis was no
longer effective at removing waste:
a. Video and photographic evidence of remaining tank residuals over
time (if available)
b. Transfer line radiation readings
c. Ratios of water to solids removed
d. Additional details on equipment degradation
Note: Some of this information appears to be provided in the
presentation: SRR-CWDA-2009-00030. DOE should indicate if this
presentation material should be relied on to support the Criterion 2
evaluation.
4. Explain the distribution of contamination remaining in Tanks 18 and 19 as
depicted on Figures on Slides 34 and 37 of SRR-CWDA-2009-00030.
DOE should indicate why the residual waste distribution differs between
the two tanks, including information on the challenges encountered while
retrieving waste from these tanks (e.g., especially recalcitrant waste
remaining in specific areas of the tank), and why further efforts to remove
residual contamination from these areas of the tanks is impractical.
5. Provide additional detail regarding its conclusion regarding the
impracticality of additional removal of waste from Tanks 18 and 19, and
provide a description of the process and timing for development of Tank
closure modules for Tanks 18 and 19, as well as other tank sets.
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References
NRC, 2007. “NRC Staff Guidance for Activities Related to U.S. Department of
Energy Waste Determinations, Draft Final Report for Interim Use” NUREG-1854,
US Nuclear Regulatory Commission, Washington, DC. August 2007.
SRR-CWDA-2009-00030, 2009. “Proposal to Cease Waste Removal Activities
in Tanks 18 and 19 and Enter Sampling and Analysis Phase.” Presentation by
Ginger Dickert, Manager, Closure and Waste Disposal Authority, Meeting with
DOE-SR and SC DHEC, October 1, 2009.
US DOE Office of Environmental Management Waste Processing Technical
Exchange, Atlanta, Georgia, November 16-18, 2010.
RESPONSE RAI-MEP-2:
The DOE’s demonstration of HRR removal for Tanks 18 and 19 has been documented in detail
in Documentation of Removal of Highly Radioactive Radionuclides in Waste Tanks 18 and 19,
SRR-CWDA-2011-00091, which is being provided as part of this response submittal. The
majority of the information requested in RAI-MEP-2 Path Forward Items 1 through 5 is
provided in SRR-CWDA-2011-00091. Detailed data used to create the information presented
in Figures 5.3-1 and 5.3-2 is provided in the document. The referenced document describes
the history and waste types of Tanks 18 and 19 and why each presented different challenges
in waste removal. This document provides a detailed history of waste removal for each of
these waste tanks and the decisions made at the close of each phase of waste removal
activities, including Mantis operation, based on information such as photographic evidence,
equipment degradation and transfer line radiation readings. Information regarding technology
selection for each of the waste removal phases is provided. This document also provides the
percentage removal of each of the HRRs. Demonstration that HRRs have been removed to
the maximum extent practical, including a cost/benefit analysis for additional waste removal, is
provided within the document. The cost/benefit analysis provided in the referenced document
relies on the results of a Special Analysis that was performed to evaluate and document the
impact of the final residual inventory remaining in both Tanks 18 and 19. The Special Analysis,
Tank 18/Tank 19 Special Analysis for the Performance Assessment for the F-Area Tank Farm
at the Savannah River Site, SRR-CWDA-2010-00124, is being provided as part of this
response submittal. It should be noted that the referenced document, SRR-CWDA-201000124, is a predecisional draft document subject to DOE approval. In addition, Waste
Removal Technology Baseline: Technology Development Description, V-ESR-G-00003, is
being provided as part of this response submittal and provides anticipated effectiveness based
on waste removal activities to date, and consideration of future technologies.
The final characterization reports for Tanks 18 and 19, discussed in RAI-MEP-2 Path Forward
Item 1, were previously provided as reference documents to the Draft FTF 3116 Basis
Document and are listed below.



SRR-CWDA-2010-00117, Dean, W.B., Tank 18 Residual Characterization Report,
Savannah River Site, Aiken, SC, Revision 0, September 21, 2010.
SRR-CWDA-2010-00118, Dean, W.B., Tank 19 Residual Characterization Report,
Savannah River Site, Aiken, SC, Revision 0, September 21, 2010.
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Final volume estimates for Tanks 18 and 19 are provided in the following documents which
were also provided as reference documents to the Draft FTF 3116 Basis Document.



U-ESR-F-00041, Tank 18 Volume Estimation Following Mantis Cleaning Operations,
Savannah River Site, Aiken, SC, Revision 1, December 15, 2009.
U-ESR-F-00042, Tank 19 Volume Estimation Following Mantis Cleaning Operations,
Savannah River Site, Aiken, SC, Revision 0, December 15, 2009.

In regards to the information requested in RAI-MEP-2 Path Forward Item 5 concerning a
description of the process and timing for development of Closure Modules for Tanks 18 and
19 and other tank sets, similar documentation to that outlined above will be developed for each
of the waste tanks and ancillary structures. Additional information regarding the phases of
waste retrieval activities is provided in Approach to Documenting Removal of Radionuclides to
Support DOE Closure Authorization, DOE/SRS-WD-2011-001, which is being provided as part
of this response submittal. The referenced document outlines and describes the approach that
will be used for each of the SRS waste tanks or ancillary structures.
The Federal Facility Agreement for the Savannah River Site and Liquid Waste System Plan,
Revision 15 were previously provided as references to Section 1 of the Draft FTF 3116 Basis
Document. [WSRC-OS-94-42, SRR-LWP-2009-00001] These documents provide information
regarding the expected schedules for waste removal activities and subsequent stabilization.
Since issuance of the Draft FTF 3116 Basis Document DOE has issued an updated Liquid
Waste System Plan, Revision 16, which is being provided as part of this response submittal.
1)

This is not true for the Type III tanks that are assumed to be cleaned to 1/16 of an inch or 0.06 inches.
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RAI-MEP-3

Insufficient information is provided in the waste determination regarding DOE’s
process for identification, evaluation, and selection of cleaning technologies for
FTF tanks yet to be cleaned.
Basis
While DOE (2003) provides a comprehensive evaluation of available
technologies considering factors important to tank closure at the time of the
report (e.g., cost and schedule), no recent information is provided regarding the
technology selection process used to support DOE’s demonstration of
compliance with objectives embodied in Criterion 2 of Section 3116 of the
National Defense Authorization Act (NDAA) for fiscal year 2005. If the current
technology selection process is similar to that used in the 2003 report, DOE
should explain how its technology selection process is consistent with NDAA
criteria. DOE should also indicate how more recent information is considered in
the technology selection process (e.g., technologies that have matured or been
developed since issuance of the 2003 report). If the current technology selection
process is different than that used in the 2003 report, then DOE should indicate
the criteria by which technologies are identified and evaluated, and the process
by which technologies are eventually implemented for a particular tank/waste
configuration.
Path Forward
Provide a comprehensive description of its current process for selection,
evaluation and implementation of waste retrieval technologies to increase
confidence that Criterion 2, removal of HRRs to the maximum extent practical will
be met for tanks yet to be cleaned.
Reference
DOE, 2003. “Waste Removal, Balance of Program, Systems Engineering
Evaluation Report,” G-ESR-G-00051, Westinghouse Savannah River Company,
Aiken, SC. September, 2003.

RESPONSE RAI-MEP-3:
Additional information on the process for evaluating and selecting available waste removal
technologies for each waste tank in the closure process is provided in Waste Removal
Technology Baseline: Technology Development Description, V-ESR-G-00003, which is being
provided as part of this response submittal. The referenced document provides a more
thorough description of the waste removal technology selection process, the current baseline
technologies, and consideration of future technologies.
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RAI-MEP-4

It is not clear that the technologies implemented to retrieve waste from Type IV
tanks and that are under consideration for Type I and Type III/IIIA tanks will
remove HRRs to the maximum extent practical. There is no clear linkage
between the Criterion 2 demonstration and the revised PA results.
Basis
While a comprehensive list of HRRs was developed for the purpose of
developing a waste determination in 2010, it is not clear how HRRs were
specifically considered when selecting cleaning technologies for tanks that have
already been cleaned or how they will be considered in selecting technologies for
future use. Furthermore, it is not clear how HRRs are considered when
evaluating the practicality of additional removal. Footnote 39 of the waste
determination indicates that no removal goals are set, yet cleaning
methodologies are expected to collectively remove 99 percent of HRRs, based
on a starting point of the maximum historical radionuclide inventory in the overall
FTF, although individual tanks or ancillary structures may not achieve this level
of HRR removal on an individual basis. NRC finds this approach conceptually
acceptable. Yet, no information is provided to support the statement that 99
percent of HRRs are expected to be removed from the FTF. No information is
provided on the starting point of the maximum historical radionuclide inventory in
the overall FTF nor is it clear if this pertains to any single point in time, the total
inventory processed over time, or how 1 percent of this maximum historical
radionuclide inventory relates to facility risk.
Certain radionuclides may arguably present a significantly greater risk than other
radionuclides to future human health (e.g., Tc, Pu). The PA results indicate that
Tc will be co-precipitated with iron hydroxide/oxide phases yet no information
specific to the FTF waste is provided to evaluate the percent Tc that is expected
to remain in more soluble form and that portion of the Tc that is expected to be in
more insoluble form (and in what phases) following mechanical and chemical
cleaning (and limited support is provided for assumptions regarding how
radionuclide retention will change over time due to the chemical evolution of the
tank system). As explained in near-field comment RAI-NF-8, even a small
percentage of readily soluble Tc remaining in the tanks following cleaning may
lead to an exceedance of the performance objectives (e.g., if nearly 100 percent
of the Tc is released, the PA predicts that a peak dose of 600 mrem/yr (6 mSv/yr)
would result from its release). Tc-99 is expected to be present in significantly
higher concentrations in Type I tanks.
Base case PA results also indicate that at longer time periods (around 40,000
years), Pu is expected to contribute significantly to the public dose (e.g., base
case results show a peak dose of greater than 300 mrem/yr [3 mSv/yr]), with
uncertainty analysis indicating that the dose from either Tc or Pu could approach
much higher levels (>10,000 mrem/yr or >100 mSv/yr) within the compliance
period albeit under what is considered by DOE to be very unlikely conditions.
Oxalic acid may be relatively ineffective at removing Pu (West, 1980); however,

E

Page 21 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

no information is provided on how technologies are specifically considered with
respect to their ability to remove key radionuclides such as Pu. The highest
inventory of Pu is found in Type IV Tank 18 and is also present in significant
quantities in other tanks that are subject to inventory uncertainty.
Considering uncertainty in the timing and magnitude of the peak dose, some
radionuclides, tanks/components, and waste forms appear to pose a much
greater risk than other radionuclides, tanks/components, and waste forms. Yet, it
is not clear how this information was considered in developing a clean-up
strategy to remove highly radioactive radionuclides to the maximum extent
practical.
Path Forward
Provide information regarding how HRRs have been or will be removed to the
maximum extent practical. One approach would be to list the starting and final
inventory for each HRR by tank/component and waste type for those
tanks/components that have been cleaned including Tanks 17 and 20 to provide
baseline information. DOE should list the starting and estimated final inventory
for those tanks/components that have not been cleaned, and detail how specific
technologies selected for implementation might reduce the risks associated with
these HRRs. The starting inventory could be the maximum inventory for that
tank/component; however, information on the expected starting inventory
following bulk removal could also be provided (e.g., 10,000 gallons liquid waste
remaining following bulk removal). As tanks will likely be cleaned in sequence
with waste removed from one tank transferred to another tank, the information
can be provided for tank/component groups to demonstrate removal of HRRs to
the maximum extent practical for that group. Some effort should also be made to
consider the cumulative effect of multiple tanks/components contributing to
facility risk.
While NRC recognizes that HRRs may be removed to the maximum extent
practical through cleaning technologies that accomplish bulk waste rather than
selective radionuclide removal, DOE should make an effort to determine if
technologies exist that are especially effective at removing HRRs from its waste
tanks and determine if it is cost effective to implement these technologies. In
some cases, factors such as expected solubility control may limit the potential
benefit of additional waste removal. At a minimum, DOE should attempt to
evaluate how its selected technologies perform with respect to its identified
HRRs (e.g., ability of oxalic acid to remove Pu), particularly those HRRs that may
pose significantly greater risk.
The Criterion 2 demonstration should have a clear linkage to the updated PA.
DOE should also indicate how it optimized risk reduction for the overall tank
system. Part of this optimization process could entail consideration of the
potential benefits associated with removal of additional waste from certain
tanks/components or waste types that are risk significant considering updated
PA results.
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Reference
West, W. L., 1980. “Tank 16 Demonstration: Water Wash and Chemical
Cleaning Results,” Memorandum to O.M. Morris, DPSP: 80-17-23, December
16, 1980.
RESPONSE RAI-MEP-4:
The DOE’s demonstration of HRR removal for Type IV Tanks 18 and 19 has been documented
in detail in Documentation of Removal of Highly Radioactive Radionuclides in Waste Tanks 18
and 19, SRR-CWDA-2011-00091, which is being provided as part of this response submittal.
The referenced document describes the history and waste types of Tanks 18 and 19 and why
each waste tank presented different challenges in waste removal. This document provides a
detailed history of waste removal for each of these waste tanks and the decisions made at the
close of each phase of waste removal activities based on information such as photographic
evidence, equipment degradation and transfer line radiation readings, and how available,
proven waste removal technologies were tailored to the waste and waste tank characteristics.
Information regarding technology selection for each of the waste removal phases is provided.
Similar documentation will be developed for each of the waste tanks and ancillary structures as
FTF closure activities continue. Additional information regarding the phases of waste retrieval
activities is provided in Approach to Documenting Removal of Radionuclides to Support DOE
Closure Authorization, DOE/SRS-WD-2011-001, which is being provided as part of this
response submittal. The referenced document outlines and describes the approach used by
DOE for each of the SRS waste tanks or ancillary structures. In addition, the referenced
document provides information on how the DOE 435.1 PA process will be utilized to compare
final inventory values for each waste tank or ancillary structure against those assumed in the
FTF PA. Specifically, a Special Analysis will be prepared to compare actual final radionuclide
inventories against assumed inventories used in the FTF PA in order to determine impacts, if
any, to dose results calculated in the FTF PA. For additional information, a cost-benefit
analysis will be developed which will be informed by the Special Analysis.
Additional information on the process for evaluating and selecting available waste removal
technologies for Type I and III/IIIA, as well as Type IV tanks, is provided in Waste Removal
Technology Baseline: Technology Development Description, V-ESR-G-00003 , which is being
provided as part of this response submittal. The referenced document provides a more
thorough look at the waste removal technology selection process, the current baseline
technologies anticipated to be deployed in the Type I and III/IIIA tanks, anticipated
effectiveness based on waste removal activities to date, and consideration of future
technologies.
As noted in Footnote 39 of the Draft FTF 3116 Basis Document, DOE anticipates that waste
removal activities in FTF will result in collective removal of approximately 99% of HRRs from
FTF. The purpose of this statement was to put in perspective the approximate level of HRR
removal that DOE anticipates achieving through the planned waste removal activities and was
not intended to imply a correlation between 1% of the historical maximum and facility risk. As
stated in the footnote, DOE does not consider this value to be a numerical objective which if
reached, is a demonstration of removal of HRRs to the maximum extent practical, or
conversely, must be reached to demonstrate HRR removal to the maximum extent practical.
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As discussed above, final documentation for each waste tank or ancillary structure will include
the final radionuclide inventory and associated impact of that inventory, if any, on the results
and associated conclusions of the FTF PA to quantify the risk associated with the residual
HRR inventory. In addition, the final documentation will include information on the final
effectiveness of HRR removal for informational purposes.
Experience to date with waste removal for Tanks 18 and 19 has resulted in collective removal
of approximately 99% of the HRRs from those waste tanks. [SRR-CWDA-2011-00091]
Experience in Tanks 5 and 6 waste removal has demonstrated over 99% of waste volume has
been removed. [SRR-CWDA-2011-00005, SRR-CWDA-2011-00033] Final radionuclide
inventories for these waste tanks have not yet been determined, therefore, final HRR removal
results are not available at this time. The statement that DOE anticipates removing
approximately 99% of the HRRs overall within FTF is based on the fact that Cs-137 and Sr-90
by themselves account for approximately 99% of the HRR inventory in FTF and, along with
their short-lived daughters, Ba-137m and Y-90, approximately 98% of the overall FTF
radionuclide inventory. [SRR-LWP-2010-00058] Cesium-137 is almost all in a soluble form
and Sr-90 is essentially all contained in insoluble solids. It is anticipated, based on the quantity
of water added to the tanks during waste removal, that cleaning technologies will essentially
remove all of the soluble Cs-137 and, based on waste removal activities to date, it is
anticipated that approximately 99% or more of the total waste volume will be removed.
Therefore, on this information alone, it is anticipated that approximately 99% of the HRRs will
be removed.
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RAI-MEP-5

The DOE process or strategy for considering developments in waste tank
cleaning technologies that occur after the waste determination process has been
completed is not apparent.
Basis
In Section 2.3.7, it is stated that DOE will continue to review and consider
technological developments relevant to waste tank cleaning and will evaluate
technologies of comparable, or greater, effectiveness than those discussed in
the waste determination.
Several technologies were listed for potential
evaluation including sluicing, mixing, chemical cleaning, vacuum retrieval
techniques, mechanical manipulators, robotic devices, and processes that
chemically extract radionuclides from residual material in the tank. However, the
process or strategy for evaluating these technologies is not described. For
example, what Savannah River Site (SRS) program or office monitors
technological developments in waste tank cleaning, participates in DOE-system
wide technology evaluation, and recommends new technologies for testing at
SRS? What is the set of criteria used to determine whether a new technology
should be tested or implemented at SRS? Without a process or strategy, there
may be organizational resistance to the use of new technology that could
significantly improve waste removal from the tanks.
For example, text on Page 2-61 of the waste determination indicates that as a
result of the March 2006 DOE-sponsored Tank Cleaning Technical Exchange, a
new waste tank tethered mechanical crawler-based cleaning technology was
identified. DOE has adapted and successfully used this new technology in the
unobstructed Type IV tanks. While this represents a success from the
perspective that a new technology was identified and deployed to address
closure of a subset of FTF tanks, it is not clear if these types of technology
demonstrations are part of the overall DOE strategy used to identify new
technologies and what other programs may be available to identify promising
new technologies.
Path Forward
Describe the DOE process or strategy that will allow for identification, evaluation,
testing, and implementation of new waste tank cleaning technologies at SRS.

RESPONSE RAI-MEP-5:
Additional information on the process for evaluating and selecting available waste removal
technologies for each waste tank in the closure process is provided in Waste Removal
Technology Baseline: Technology Development Description, V-ESR-G-00003, which is being
provided as part of this response submittal. The referenced document provides a more
thorough description of the waste removal technology selection process, the current baseline
technologies, and consideration of future technologies.
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RAI-MEP-6

No information on the relative costs and benefits of waste retrieval was provided.
Basis
Section 5.4 of the waste determination indicates that waste retrieval continues
until “removal of HRRs is not sensible or useful in light of the overall benefit to
human health, safety and the environment.” However, no detailed information
was provided regarding the actual criteria to be used in determining when highly
radioactive radionuclides have been removed to the maximum extent practical.
For example, no information regarding the relative costs and benefits of various
cleaning technologies or additional waste retrieval was provided. As detailed in
NUREG-1854 costs can include worker risks, financial costs, transportation
costs, downstream waste impacts, schedule impacts, or environmental impacts.
Potential benefits include averted long-term dose to members of the public,
decreased worker risks in the future, decreased costs associated with clean-up
of environmental resources, improvements in esthetics, etc. NUREG-1854 also
recommends comparison of the relative costs and benefits associated with
similar DOE activities.
For Tanks 18 and 19, DOE should provide information regarding the relative
costs and benefits associated with current (completed) waste retrieval activities,
alternative (additional) waste retrieval activities that might be implemented in the
future, and complete tank exhumation. Although somewhat dated, DOE (2003)
and DOE (2002) could be used to establish baseline technologies and costs from
which these comparisons can be made.
Because some auxiliary components are located above ground surface, DOE
should also evaluate the relative costs and benefits associated with complete
removal versus cleaning of auxiliary components.
Path Forward
Using already available (e.g., (DOE, 2003) or (DOE, 2002)) or supplemental
information, DOE should provide a more quantitative evaluation to demonstrate
that removal of HRRs has or will proceed to the maximum extent practical based
on the relative costs and benefits associated with current waste retrieval
strategies, additional waste retrieval technologies that could be employed in the
future, tank or component exhumation, and other similar DOE activities.
References
NRC, 2007. “NRC Staff Guidance for Activities Related to U.S. Department of
Energy Waste Determinations, Draft Final Report for Interim Use,” NUREG-1854,
US Nuclear Regulatory Commission, Washington, DC. August 2007.
DOE, 2002. “High-Level Waste Tank Closure, Final Environmental Impact
Statement,” DOE-EIS-0303. May 2002.
DOE, 2003. “Waste Removal, Balance of Program, Systems Engineering
Evaluation Report,” G-ESR-G-00051, Westinghouse Savannah River Company,
Aiken, SC. September, 2003.
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RESPONSE RAI-MEP-6:
The DOE’s demonstration of HRR removal for Tanks 18 and 19 has been documented in detail
in Section 7.0 of Documentation of Removal of Highly Radioactive Radionuclides in Waste
Tanks 18 and 19, SRR-CWDA-2011-00091, which is being provided as part of this response
submittal. The referenced document describes the history and waste types of Tanks 18 and
19 and why each presented different challenges in waste removal. This document provides a
detailed history of waste removal for each of these waste tanks and the decisions made at the
close of each phase of waste removal activities based on information such as photographic
evidence, equipment degradation and transfer line radiation readings. Information regarding
technology selection for each of the waste removal phases is provided. This document also
provides the percentage removal of each of the HRRs. A cost/benefit analysis is provided
within the document. Information regarding estimated costs for exhuming the waste tanks is
contained in the Savannah River Site High-Level Waste Tank Closure Final Environmental
Impact Statement, DOE/EIS-0303, which was provided as a reference to the Draft FTF 3116
Basis Document and which DOE considers to remain valid.
Similar documentation will be developed for each of the waste tanks and ancillary structures.
Additional information regarding the phases of waste retrieval activities is provided in Approach
to Documenting Removal of Radionuclides to Support DOE Closure Authorization, DOE/SRSWD-2011-001, which is being provided as part of this response submittal. The referenced
document outlines and describes the approach that will be used for each of the SRS waste
tanks or ancillary structures.
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CC-MEP-1

Provide a figure similar to Figures 2.1-34, 2.1-42, and 2.1-43 of the waste
determination for Type IV tanks.

RESPONSE CC-MEP-1:
Provided below in Figure CC-MEP-1.1 is a diagram showing riser access locations for a typical
Type IV tank. Similar diagrams for Type I, Type III/IIIA tanks were provided in Figures 2.1-34,
2.1-42 and 2.1-43 of the Draft FTF 3116 Basis Document respectively.
Figure CC-MEP-1.1: Typical Type IV Tank Access Area for Waste Removal Equipment
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CC-MEP-2

On page 5-16, Section 5.3 of the waste determination, DOE lists the following
phases associated with waste retrieval activities: (i) initial technology selection,
(ii) technology implementation, (iii) technology execution, (iv) technology
effectiveness evaluations, and (v) additional technology evaluation. It is not clear
when or how these phases are implemented (e.g., on a tank-by-tank or tank-type
basis according to a pre-determined sequencing of tank closures). Additionally,
there is no reference or detail regarding the characteristics or methodologies
used in each of these phases. Provide additional detail on the schedule,
methodology, and approaches used for each of these phases.
Similarly, it is not apparent that tank and waste types that may undergo a
common sequence of bulk, salt, heel, and zeolite removal in the future were
binned to facilitate the closure process. While a systematic and comprehensive
approach to evaluating available cleaning technologies to target these
tank/waste bins may be available, this type of information is not provided in the
waste determination. Planning and process information is important to DOE’s
demonstration of compliance with Criterion 2 of the NDAA given the large
amount of work remaining on tank cleaning and closure. DOE should provide a
more complete description of its comprehensive strategy for tank closure
including information on the expected schedule and binning of tank sets for
cleaning technology selection, implementation and closure (e.g., grouting).

RESPONSE CC-MEP-2:
Additional information regarding the phases of waste retrieval activities listed on page 5-16,
Section 5.3 of the Draft FTF 3116 Basis Document is provided in Approach to Documenting
Removal of Radionuclides to Support DOE Closure Authorization, DOE/SRS-WD-2011-001,
which is being provided as part of this response submittal. The referenced document outlines
and describes the approach used by DOE for each of the SRS waste tanks or ancillary
structures. DOE is considering adding the information contained in the cited reference,
DOE/SRS-WD-2011-001, as an appendix to the final FTF 3116 Basis Document.
Additional information on the process for evaluating and selecting available waste removal
technologies for each waste tank in the closure process is provided in High Level Waste
Removal Technology Baseline: Technology Development Description, V-ESR-G-00003, which
is being provided as part of this response submittal. The referenced document provides a
more thorough look at the waste removal technology selection process, the current baseline
technologies, and consideration of future technologies.
The Federal Facility Agreement for the Savannah River Site and Liquid Waste System
Plan, Revision 15 were previously provided as references to Section 1.3 of the Draft FTF
3116 Basis Document. [WSRC-OS-94-42, SRR-LWP-2009-00001] These documents
provide information regarding the expected schedules for waste removal activities and
subsequent stabilization. Since issuance of the Draft FTF 3116 Basis Document DOE has
issued an updated Liquid Waste System Plan, Revision 16, which is being provided as
part of this response submittal.
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CC-MEP-3

Section 2.3.6 of the waste determination includes information on known leak
sites in Tanks 1, 5 and 6 that may have led to contamination of the annular
regions of these tanks. DOE (2003) indicates that annular regions should be
sampled and if closure requirements can be met, no additional requirements
should be pursued. Closure requirements in effect in 2003 are not necessarily
consistent with MEP objectives.
Page 2-63 of the waste determination indicates that a magnetically mounted wall
crawler was used to clean the external walls in Tanks 5 and 6; however, it is not
clear that the vault floors of Tanks 5 and 6 were or will be cleaned. DOE should
clarify its plans to clean the annular regions of the tanks at FTF to ensure that
removal proceeds to the maximum extent practical. The annular regions
represent areas of the tanks that are at a greater risk for early release.
Furthermore, the relative costs versus benefits to remove what is expected to be
readily soluble contamination from these regions of the tank system are not
clear.
DOE (2003) also indicates leakage into secondary containment during waste
removal will be acceptable to the regulators and the public. Mitigative actions to
be taken included increased surveillance and procedural controls, increased
readiness for annulus transfers within 24 hours, if needed, operation of the
annulus ventilation system under negative pressure and recovery plans and
procedures. It is also not clear if these procedures still apply or if DOE will
consider removal of waste from annular regions contaminated due to leakage
into secondary contaminant during waste removal operations as part of the
demonstration of compliance with removal to the maximum extent practical
criteria.
Reference
DOE, 2003. “Waste Removal, Balance of Program, Systems Engineering
Evaluation Report,”
G-ESR-G-00051, Westinghouse
September, 2003.

Savannah

River

Company,

Aiken,

SC.

RESPONSE CC-MEP-3:
As discussed in Section 2.3.6 of the Draft FTF 3116 Basis Document, FTF Tanks 1, 5 and 6
are known to have previously leaked small quantities of waste into their annuli from the primary
waste tank. To date in FTF, in addition to the cleaning of the waste tank walls on Tanks 5 and
6, waste removal activities on Tank 6 have included steps to remove material from the floor of
the waste tank annulus. For all FTF waste tanks, the annular regions of the waste tank will be
inspected prior to ceasing waste removal activities to verify previously documented annulus
conditions and determine if any additional leakage from the primary waste tank has occurred
during the waste removal process. The annulus of applicable FTF waste tanks will be cleaned
by spraying water, either by simple spray wand or robotic crawler, to wash deposits from the
exterior wall of the primary waste tank allowing the water to gather on the annulus floor. After
this spot cleaning, water will be added to the annulus pan, allowed to soak and the resulting
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solution will be transferred to the primary waste tank or to another waste tank. Depending on
the quantity of waste in the annulus, this step may need to be repeated. As applicable, DOE
will clean the annulus of each waste tank to remove waste to the maximum extent practical
from the annulus.
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CC-MEP-4

Page 2-64 of the waste determination indicates that flushing of transfer lines is
routinely practiced to prevent build-up of waste and that specific design features
are favorable with respect to waste accumulation. Additional details regarding
the frequency and occurrence of routine transfer line flushing would be helpful.
Furthermore, it is not clear from the waste determination if additional flushing to
remove waste from the transfer lines will occur following decommissioning of
transfer lines or if DOE is relying solely on its routine flushing practices to
demonstrate removal to the maximum extent practical for transfer lines.

RESPONSE CC-MEP-4:
The Tank Farm Transfer Control Program requires transfer line flushing based on two factors:
1) the radioactivity of the potential residual waste in the core pipe as indicated by the inhalation
dose potential and 2) the potential for salt solids formation to cause pluggage in the core pipe.
The inhalation dose potential criteria for flushing have recently been reduced from 9.8E+07
rem/gallon to 3.5E+07 rem/gallon. [WSRC-TR-2002-00403] Typically2, transfer line core pipe
flushing based on potential residual material radioactivity is required within thirty days after
completing a waste transfer. At least three line volumes of water are required to be flushed
through the core pipe following a transfer identified to be a “sludge slurry transfer.” Sludge
slurry transfers are those transfers that may result in a 1 wt%, or greater, concentration of
sludge during the transfer. Three line volumes at a normal flush water system rate is expected
to dilute the sludge slurry by 99%. At least one line volume of water is required following other
types of transfers and for flushes required by potential salt solids formation. In addition to
transfer line flushing based on the potential residual waste radioactivity and salt solids
formation potential, transfer lines are also typically2 flushed if there is a section of the transfer
line that may not be self-draining (low point). [WSRC-TR-2002-00403]
Transfer lines may be cut and capped during the isolation and closure process for an
associated waste tank. Typically2, the transfer lines will be flushed to remove contamination
prior to cutting and capping as an as low as reasonably achievable (ALARA) practice to reduce
the potential for worker dose. In summary, transfer line flushing is always performed when the
transferred material meets the criteria for residual radioactivity or the criteria for salt solids
formation. Additionally, transfer lines are typically2 flushed if there is a low point in the transfer
route and at other times to reduce potential worker dose. These normal operating practices for
flushing demonstrate removal of HRRs to the maximum extent practical for transfer lines.
2)

Flushing will normally be carried out as described, however, there may be some instances in which flushing
does not, or cannot, be performed. For example, if the time between multiple transfers is less than thirty days
flushing may not be performed until after the last transfer. Also, equipment issues could impact the ability to
perform routine flushing following transfers. Similarly, although transfer lines would normally be flushed prior to
cutting and capping, there may be instances where lines cannot be flushed due to such things as the condition
of the transfer line or the transfer line configuration (e.g., no route for flushing liquid, no access to transfer line).
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CC-MEP-5

No specific cleaning technologies to address zeolite found in Tanks 7, 25, and 27
were presented in the waste determination. DOE (2003) states that zeolite
present in Tanks 18, 19, and 27 at FTF could be removed either with slurry
pumps or a high pressure spray device. The zeolite in Tank 19 was found in a
mound that was not disturbed by a slurry pump or Flygt mixer—the zeolite was
broken up with a high pressure vendor supplied hydrolance. It is not clear if a
similar approach will be used in other tanks. Tanks 18 and 19, which both
contain significant quantities of zeolite, were recently cleaned with the Mantis
technology; however, this technology is likely not viable for Type I and III/IIIA
tanks due to tank obstructions that prevent its use. An oxalic acid dissolution
demonstration conducted in Tank 24 (HTF) which dissolved about one-third of
the zeolite in the tank was used to illustrate the problems that arise with using
oxalic acid in tanks where significant quantities of zeolite are present (SRRCWDA-2009-00030), although no specific information is provided regarding
whether this technology could be used for tanks with smaller quantities of zeolite.
DOE should clarify its plans with respect to cleaning tanks that contain zeolite.
Reference
DOE, 2003. “Waste Removal, Balance of Program, Systems Engineering
Evaluation Report,” G-ESR-G-00051, Westinghouse Savannah River Company,
Aiken, SC. September, 2003.
SRR-CWDA-2009-00030, “Proposal to Cease Waste Removal Activities in Tanks
18 and 19 and Enter Sampling and Analysis Phase.” October 1, 2009.
Presentation by Ginger Dickert, Manager, Closure and Waste Disposal Authority,
Meeting with DOE-SR and SC DHEC.

RESPONSE CC-MEP-5:
The SRS uses evaporators to concentrate liquid waste by driving off excess water. In an effort
to reduce the activity level of the water stream released to the seepage basins, a polishing step
using zeolite was developed to remove the incidental cesium from the water stream. This was
done by adding a zeolite packed column, known as a cesium removal column, to the
overheads treatment system. Once loaded with cesium, the columns discharged the zeolite to
a waste tank. In FTF, Tanks 19, 25 and 27 received discharged zeolite. Cesium removal
columns utilized for this purpose are no longer in use in the SRS waste tank farms. Waste
removal efforts in Tank 19 resulted in Tanks 18 and 7 also receiving zeolite as material
transferred out of Tank 19 was transferred to these waste tanks. Tanks 25 and 27 are
estimated to contain approximately 1,050 and 5,000 gallons of zeolite respectively. [CBU-PIT2005-00099] Prior to waste removal efforts utilizing the Mantis in Tanks 18 and 19, Tank 7
was estimated to contain approximately 130 gallons of zeolite and Tanks 18 and 19 were
estimated to contain approximately 2,050 and 10,000 gallons of zeolite respectively. [CBUPIT-2005-00099] During Tanks 18 and 19 waste removals, the solids, including zeolite,
removed from these tanks were transferred to Tank 7. [SRR-CWDA-2011-00091]
See
discussion in the response to RAI-MEP-1 for further information on Tank 7 zeolite removal.
Although the zeolite material itself is not the concern relative to removal of HRRs to the
maximum extent practical, removal of Cs-137 which may be contained within the zeolite is a
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target of waste removal activities. The technologies being deployed (e.g., submersible mixer
pumps, hydrolance) for removal of solids from the waste tanks are expected to be effective at
removing zeolite, and therefore, any Cs-137 contained in the zeolite. As discussed in
Comment CC-MEP-5, a hydrolance was deployed in Tank 19 to break-up a mound that
previously had not been disturbed. It is anticipated that this technology, if necessary, will also
be able to be deployed in Tanks 25 and 27. During waste removal activities in Tank 6, a Type
I tank, a hydrolance was successfully deployed to disperse a sludge mound within the waste
tank. [SRR-CWDA-2011-00005]
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CC-WC-1

The text on page 6-5 of the waste determination summarizes the approach to
modeling inadvertent intrusion in the PA. The text indicates that if a tank was
encountered during drilling, the significant resistance afforded by the concrete
and steel would result in termination of drilling operations.
The waste
determination indicates that this argument is presented as a basis for lack of
consideration of a potential chronic drilling scenario for tanks at FTF in the PA.
However, the text on page 6-8 of the waste determination indicates that the FTF
probabilistic model was utilized to determine the dose to the chronic intruder
assuming the 1-meter well contaminated source and one of three drill cuttings
sources including a 3 inch-diameter transfer line, a 4-inch diameter transfer line,
or a waste tank in calculating the site-specific factors for use in FTF averaging
expressions.
1. Since chronic exposure from inadvertent intrusion into an FTF tank was
not evaluated in the PA, NRC staff seeks confirmation that chronic
exposures from inadvertent intrusion into a waste tank was in fact
considered for the waste classification calculations as indicated on page
6-8 of the waste determination.
2. Since probabilistic results for chronic intrusion into a tank were not
presented in the PA, additional details regarding execution and results of
this scenario is needed to support NRC’s review of the waste
classification calculations (e.g., time v dose history plots for key
radionuclides for waste classification and listing of important pathways
and associated parameters). If chronic exposure to contaminated drill
cuttings from inadvertent intrusion into FTF tanks was not considered,
DOE should perform additional calculations for this scenario to inform
waste classification.

RESPONSE CC-WC-1:
Please note that the reference to the FTF PA probabilistic model on page 6-8 of the Draft FTF
3116 Basis Document was inadvertent. Development of the site-specific factors utilized the
FTF PA deterministic model and its associated dose calculation methodology to determine the
dose to the chronic intruder from the one-meter well contaminated source and one of three drill
cutting sources: 3-inch transfer line, a 4-inch transfer line, or a waste tank. The FTF PA
probabilistic analysis does not consider, as a credible source, the drill cuttings from a waste
tank.
Although the FTF PA does not consider the tank drilling scenario as a credible scenario, the
PA does present the dose consequences from drilling into a waste tank to the acute intruder,
the actual driller, as a SA (FTF PA Section 6.5.2.2). However, for purposes of calculating sitespecific factors for determining whether 10 CFR 61.55 Class C concentration limits are met for
a closed waste tank, the tank drilling scenario is considered as a source of contaminants to the
chronic intruder. The same dose equations and parameters used to support the FTF PA are
also used in calculating the site-specific factors. [SRR-CWDA-2010-00122] Thus, for the
determination of site-specific factors for drilling into a closed waste tank, the inventory of Tank
18 presented in the FTF PA is used to determine the concentration of radionuclides present in
the drill cuttings that would be a source of contamination to the chronic intruder. In addition to
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the drill cuttings (from one of the three sources: 3-inch transfer line, 4-inch transfer line, or
Tank 18), the chronic intruder is exposed via the various pathways described in the FTF PA by
the use of water from a contaminated well located one meter from the FTF boundary and from
the seepline for fish ingestion and water recreation. The well and the seepline are
contaminated from all the waste tank and ancillary sources as described in the FTF PA.
Tank 18 was selected because the inventory of Tank 18 is bounding with respect to the
radionuclides of most concern to the intruder. The radionuclide inventories for each waste tank
are provided in Table 3.3-2 of the FTF PA. The table indicates that Tank 18 has the highest
inventory for 12 of the 54 radionuclides contained in the waste tank closure inventories
estimated in the FTF PA, and shares the highest inventory with each of the other waste tanks
for another 21 of the 54 radionuclides. Tank 18 also has the highest Cs-137/Ba-137m
inventory, which is a radionuclide of concern for external exposure pathways associated with
the drill cuttings.
Figure CC-WC-1.1 illustrates the dose to the chronic intruder at the four 1-meter sectors
described in the FTF PA. As shown in Figure CC-WC-1.1, the intruder receives the highest
dose at Sector 1C, which is dominated, at later time periods, by the 1-meter well water in that
sector, as shown in Figure CC-WC-1.2. Not presented separately in Figure CC-WC-1.2 is the
contribution from the seepline well water, which is an insignificant contributor to the dose.
Figures CC-WC-1.1 and CC-WC-1.2, as well as Table CC-WC-1.1 and Figure CC-WC-1.3,
were generated based on data results obtained from the GoldSim Dose Calculator model
saved in the GoldSim model file: FTF Dose v1.4e IHI.gsm.
Figure CC-WC-1.1: Chronic Intruder Dose with Tank 18 Drill Cuttings
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Figure CC-WC-1.2: Source Contributions to the Chronic Intruder Dose in Sector 1C
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Table CC-WC-1.1 presents the contribution to the chronic intruder peak dose for those
pathways which contribute approximately 0.5% or more of the total dose within the 10,000-year
and 20,000-year time periods after FTF closure.
Table CC-WC-1.1: Pathway Contribution to the Chronic Intruder Dose with Tank 18 Drill
Cuttings in Sector 1C

Exposure Pathway
Vegetable Consumption
Water Consumption
Soil Consumption
External Exposure
Dust Inhalation
Others
Total
Year of Peak

Peak Dose within
10,000 Years
Dose
Percent
(mrem/yr)
of Total
23.1
40.3
21.1
36.8
12.0
20.9
0.46
0.8
0.36
0.6
< 0.4
< 0.5
57.4
10,000
-

Peak Dose within
20,000 Years
Dose
Percent
(mrem/yr)
of Total
39.2
42.4
40.3
43.5
11.6
12.6
0.46
0.5
0.35
0.4
< 0.6
< 0.6
92.5
10,858
-

The dose profile for those radionuclides listed in the 10 CFR 61.55 Class C tables that have a
peak dose within the 20,000-year period of one mrem/yr or greater are presented in Figure
CC-WC-1.3.
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Figure CC-WC-1.3: Profile for Those Radionuclides that Provide a Peak Dose to the
Chronic Intruder of One mrem/yr or Greater in Sector 1C with Tank 18 Drill Cuttings
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CC-WC-2

DOE indicates that Tank 18 results were provided as this tank is the primary
contributor to the peak dose in the FTF. The basis for this statement is not clear
(i.e., does Tank 18 result in the largest peak dose due to groundwater-dependent
pathways or due to direct pathways from contaminated drill cuttings). Peak dose
for a groundwater pathway scenario under 10 CFR 61.41, for example, is not
necessarily bounding for a well drilling intrusion scenario. Incomplete waste
classification calculations were provided for auxiliary equipment (i.e., only
transfer lines appear to be classified).
1. Waste classification is needed for all FTF tanks or a stronger basis
provided for why the results presented for Tank 18 are bounding for all
tanks.
2. DOE should also perform waste classification calculations for the
Concentrate Transfer System (CTS), evaporators, pump pits, and
auxiliary equipment. Only transfer lines were evaluated for waste
classification purposes. Other equipment may be significantly more
concentrated than residual contamination present in the transfer lines.
Alternatively, an argument could be provided that the transfer line
intrusion event bounds the impacts associated with other auxiliary
equipment.

RESPONSE CC-WC-2:
The Draft FTF 3116 Basis Document provides the methodology that DOE is utilizing for making
comparisons to the concentration limits for Class C low-level waste (LLW) as set out in 10 CFR
61.55. At the time the Draft FTF 3116 Basis Document was prepared, only Tanks 18 and 19
final residual characterizations had been completed. This is still the case as of the time this
response document was prepared. The statement noted in this comment concerning Tank 18
was referring to Tank 18 being the primary contributor to the all-pathways peak dose in the
performance period based on the FTF PA. Calculations for each of the FTF waste tanks and
ancillary structures will be performed based on final residual characterization, when available,
as part of the DOE Tier 2 closure authorization for that specific tank or ancillary structure.
As described in the Draft FTF 3116 Basis Document, regardless of whether the waste exceeds
or does not exceed the concentration limits in 10 CFR 61.55, DOE is requesting that the NRC,
pursuant to the consultation process in NDAA Section 3116(a)(3)(B)(iii), identify what changes,
if any, NRC would recommend to DOE’s disposal plans as described in the Draft FTF 3116
Basis Document.
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CC-WD-1

DOE should indicate whether it considered other design features that might be
consistent with ALARA objectives in 10 CFR Part 61, Subpart C to mitigate
potential disposal facility risks other than removal of HRRs to the maximum
extent practical which only addresses inventory reduction.

RESPONSE CC-WD-1:
As discussed in the Draft FTF 3116 Basis Document, the FTF PA provides the information to
demonstrate compliance with the 25 mrem all-pathways dose performance objective contained
in 10 CFR 61.41. Section 5.2 of the Draft FTF 3116 Basis Document provides the information
to show that HRRs will be removed to the maximum extent practical. As discussed in Section
7.1.4 of the Draft FTF 3116 Basis Document, removal of HRRs to the maximum extent
practical is consistent with the ALARA objective in 10 CFR 61.41 to maintain releases of
radioactivity in effluents to the general environment ALARA.
In addition to removal of HRRs to the maximum extent practical, other FTF closure design
features also serve to support the ALARA objective set forth in 10 CFR 61.41. The closure
design of the FTF stabilizes3 the residual waste, minimizes infiltration of water through the
waste tanks and ancillary structures, and provides long-term stability. These features of the
FTF closure design serve to impede release of stabilized contaminants into the general
environment.
The residual material remaining in the waste tanks after HRRs have been removed to the
maximum extent practical will be stabilized with reducing grout, which minimizes the mobility of
the contaminants after closure. The waste tank fill grout will also have low permeability, which
enhances its ability to limit the migration of contaminants after closure.
There are multiple elements of the FTF design that will serve to minimize infiltration of water
through the waste tanks and ancillary structures. The waste tank concrete vaults and primary
and secondary steel liners serve to significantly retard water flow through the waste tanks. In
addition, the waste tank liners and annular space, if applicable, are filled with cementitious
material, which will further serve to limit the amount of water infiltration into the waste tanks.
The concrete structures, steel wall liners, if applicable, and transfer line encasements or outer
jackets will serve to significantly retard water flow into ancillary structures. In addition, the
waste tanks and ancillary structures are expected to be covered with a closure cap4, which
further limits the water infiltration.
Final FTF closure will also support long-term stability consistent with the ALARA objective set
forth in 10 CFR 61.41. Because the waste tanks will be filled with grout at closure, significant
structural failure (i.e., collapse) is not likely. Ancillary structures such as diversion boxes,
pump pits, and pump tanks may be filled with appropriate fill materials, as necessary, to
prevent subsidence. Additionally, the engineered closure cap will also provide physical
stabilization of the closed site.
The design features described above serve to impede the release of stabilized contaminants
into the general environment. These features, along with the removal of HRRs to the
maximum extent practical, are consistent with the ALARA objective in 10 CFR Part 61.41 to
maintain releases of radioactivity in effluents to the general environment ALARA.
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Sections 7.1.6.11, page 7-15, and 7.1.6.12, page 7-16, of the Draft FTF 3116 Basis Document
provides discussion relative to compliance with the ALARA objective set forth in 10 CFR Part
61.43.
3)

Stabilization of the FTF waste tanks will be carried out by filling the waste tanks with grout after completion of
waste removal activities. Ancillary structures will be filled, as necessary, to prevent subsidence of the structure
or final closure cap. The DOE currently does not plan to grout the FTF transfer lines.

4)

The closure cap design described in the FTF PA is based on the best information available at the time the FTF
PA was developed. [SRS-REG-2007-00002] The design information utilized is for planning purposes sufficient
to support evaluation of the closure cap as part of the integrated site conceptual model evaluated in the FTF PA.
Any actual closure cap design will be finalized closer to the time of FTF closure in accordance to the Federal
Facility Agreement (FFA) for SRS (e.g., Section IX.E.(2).) [WSRC-OS-94-42], to take advantage of possible
advances in materials and closure cap technology that could be used to improve the design. The final closure
cap design will minimize water infiltration into the waste tanks and ancillary structures, and the likelihood of
intrusion into the waste.
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CC-WD-2

On page 2-71 of the waste determination, DOE indicates that various pieces of
equipment in both the primary tanks and the annulus will be grouted to the extent
practical. The criteria to be used to determine the practicality of component
grouting is not clear. DOE should
1. Indicate what equipment or components are not likely to be grouted and
indicate why it is not practical to grout these components.
2. Indicate if any ungrouted equipment or components remaining in the
tanks at closure would impact the PA assumptions and compliance
demonstration (i.e., would lack of equipment or component grouting lead
to potential conduits for fluid flow or lead to faster times to failure for
engineered barriers due to the presence of steel and/or a potentially more
aggressive service environment compared to what is considered in the
base case).

RESPONSE CC-WD-2:
The intent of the in-tank equipment grouting process using highly flowable grout is to eliminate
fast flow paths that would potentially be present due to void spaces in equipment that extend
vertically from the waste tank top down through the grouted waste tank. The configuration of
the grouted waste tank, annulus and equipment is intended to eliminate fast flow paths (i.e.,
significant vertical voids that provide a pathway for infiltrating water to bypass the grout layer
and impact the contaminant zone) and be consistent with the Base Case (Configuration A)
presented in the FTF PA. During grout planning, equipment to be entombed in the grouted
waste tank will be identified and documented. This identification will take into consideration the
location of the equipment in the tank, the state of the equipment in question (e.g., is the
equipment failed) and the practicality of removing the equipment (e.g., potential worker dose
considerations). Waste tank top modifications to equipment will be performed to provide
access to deliver grout to the void spaces of equipment that will be entombed in the grouted
waste tank. For example, the motor at the top of abandoned standard slurry pumps
(DOE/SRS-WD-2010-001, Figure 2.3-1) will be removed to provide access to deliver grout into
the pump column. Efforts will be made to assess the completeness of filling equipment void
spaces. For example, as practical, grout may continue to be pumped into the supply pipe of a
transfer jet until grout is observed exiting the discharge pipe of the jet to demonstrate the void
space has been filled with grout. Small equipment such as sample crawlers have minimal void
spaces and grout will generally flow into horizontal spaces.
The DOE has successfully developed and tested highly flowable grout in preparation for filling
void space in equipment that will be entombed inside of waste tanks at closure. In full scale
tests, simulated horizontal and vertical cooling coils were filled with a grout formulation
consisting of slag and cable grout. Examination of grouted simulated cooling coil test samples
indicated that air entrainment and resulting void space was minimal (much less than 4%). The
use of this grout formulation, or a similar highly flowable grout, will maximize the ability to fill
voids in equipment in the waste tanks at closure. [WSRC-STI-2008-00172, WSRC-STI-200800298]
In general, equipment that extends to the tank top will have its void spaces filled with grout
directly, while equipment that does not extend to the tank top will have its voids grouted
indirectly through encapsulation. The void space of some equipment inside the waste tanks,
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that do not extend to the top of the waste tank, cannot be fully grouted. For example, the void
space in transfer pumps located at various elevations within Tanks 18 and 19 may not be fully
grouted because of limited or inadequate grout delivery access. However, void spaces of
equipment, such as these transfer pumps, entombed inside the waste tanks do not extend to
the top of the waste tank and therefore do not provide a vertical void space of significant length
to create a fast flow path through the grouted tank. For example, the Pitbull pump in Tank 19
is approximately 25 feet below the northeast riser; and the transfer pump in Tank 18 (used for
Tank 18 to Tank 19 transfers) is approximately 29 feet below the west riser. The other transfer
pumps and dewatering pumps in the northeast risers of both Tanks 18 and 19 are positioned in
very close approximation to the waste tank floor. As described above, because this equipment
does not extend to the top of the waste tank and does not provide a vertical void space of
significant length, these void spaces would not provide a fast flow path to the residual inventory
and would not invalidate the use of Configuration A as the Base Case in the FTF PA.
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RAI-PA-1

DOE should evaluate the conservatism of the base case scenario in the
revision 1 PA in the presence of large uncertainty.
Basis
In addition to the many RAIs and clarifying comments on the Revision 1 PA that
speak to the lack of consideration of important features, events, and processes
in the base case analysis that may lead to significant under-predictions of the
peak dose within the compliance period or beyond, NRC staff does not agree
that the following items represent conservatisms in the base case modeling as
indicated in Section 7.2 of the Revision 1 PA.
1. DOE indicates that the inventory developed for the PA is conservative
based on the following:
a. Use of the waste characterization system (WCS) that tends to
overestimate the inventory due to assumptions regarding burn-up
levels and over-estimation of the presence of PUREX low-heat waste
rather than cladding waste. While the WCS may provide what is
considered conservative estimates of inventory in some cases for the
reasons cited, NRC noted in previous comment on the Revision 0 PA
that WCS also appears to underestimate the concentrations of key
radionuclides (e.g., Cs-137, Tc-99, Np-237) by orders of magnitude in
some cases. Thus, the conservatism of the WCS concentrations has
not been clearly demonstrated.
b. Potential over-estimation of concentrations following treatment with
oxalic acid. NRC notes in previous comment on the Revision 0 PA
that oxalic acid has also been found in DOE studies to potentially
concentrate key radionuclides Pu and Sr in the waste.
c. Use of concentrations a factor of 10 higher than assumed in the
Revision 0 PA. As noted in previous NRC comment on the Revision 0
PA, DOE did not provide support for its initial assumption that residual
waste could be removed down to 1/16 of inch or around 0.0625
inches for all tank and waste types. For example, Type IV tanks 18
and 19 are estimated by DOE to have a residual volume greater than
10 times or greater than 0.6 inches of residual waste remaining in the
tanks. Therefore, while the factor of 10 increase in the assumed
inventory in the Revision 1 PA may be adequate, in some cases, as
illustrated above, the assumption is not clearly conservative.
2. DOE indicates that the Revision 1 PA is conservative in a number of
areas with respect to the cover performance and degradation modeling.
NRC does not agree that the cover performance and degradation
modeling is demonstrably conservative.
The simplified modeling
approach may not account for a significant number of factors that may
override stated conservatisms due to the tendency of the model to
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average processes and/or be overly optimistic with respect to as-emplaced
conditions. NRC staff also note the lack of experience and support for the
long time periods relied on for performance of the engineered barrier in the
literature.
3. With respect to the integrated site conceptual model,
a. DOE notes that the assumption that the steel liner corrodes from
both sides is conservative but as indicated in RAI-NF-4, it is not clear
that this is the case.
b. DOE notes that the transfer line release modeling is conservative as
the transfer lines are assumed to be failed after the first pit
penetrates. As indicated in NRC comment RAI-NF-5, it appears that
the assumption is that 25 percent of the area must be breached prior
to transfer line failure.
c. DOE notes that solubility treatment is conservative with respect to
the selection of solubility limiting phase. DOE also notes that the
selection of a discrete radionuclide phase rather than iron coprecipitation is conservative. These statements appear misleading;
as DOE does, in fact, use the iron co-precipitation model that is the
subject of several NRC comments (e.g., RAI-NF-8 and RAI-NF-9).
d. DOE notes that the waste release model does not credit any
additional potential contaminant retardation mechanisms, such as
retardation associated with iron oxides/hydroxides from the corroded
waste tank liner. NRC would also note that the inventory associated
with several key radionuclides is assumed to be co-precipitated with
iron so the conservatism of this assumption is not clear.
Furthermore, the affect of corrosion products on colloidal transport
was not considered as indicated in CC-PA-1 below.
Path Forward
DOE should consider NRC RAIs and clarifying comments presented in this
document and in this RAI and revise Section 7.2 as appropriate.
DOE should consider updating its base case scenario considering the totality of
NRC comments presented in this RAI package to ensure that its compliance
demonstration is sufficiently robust considering the level of uncertainty inherent
the PA calculations over the long-time periods relied on for performance. For
those technical issues that DOE is not able to address during the comment
resolution period, DOE should indicate those areas of its PA that may require
additional support and provide recommendations on how this additional support
will be obtained in the future in Section 8.2 of the PA on future work.
RESPONSE RAI-PA-1:
NRC Comment RAI-PA-1 recommends that DOE should reevaluate the conservatism of the
Base Case scenario of the FTF PA. In support of the response to this comprehensive
comment, information is provided related to general topical areas that cross-cut comments on
FTF PA, Revision 1 contained in multiple individual RAIs and CCs. These topics include:
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1. The fundamental PA concepts that guided the FTF PA development
2. A focused analysis of the engineered and natural barriers with respect to the
radionuclides with the greatest dose potential (Pu-239, Tc-99, and Np-237)
3. An additional non-mechanistic SA (referred to as “Configuration G”)
Following these topics, a discussion is provided explicitly addressing a number of the
comments and questions provided by the NRC. Nothing in the issues discussed challenge the
overall reasonableness of using Configuration A as the current Base Case. There are no
impacts on uncertainty or to the Base Case configuration, other than potential changes
resulting from future work activities and corrections of minor modeling irregularities which are
evaluated and dispositioned through sensitivity runs, as documented within various responses
to the NRC comments.
In summary, DOE maintains that the current approach and design of the PA as informed by the
Base Case and associated myriad UA/SA, provide reasonable assurance that closure of FTF
waste tanks and ancillary equipment will be consistent with the performance objectives
described in 10 CFR 61, Subpart C.
FTF PA Development
Development of the FTF PA was predicated on several fundamental PA precepts that guided
the approaches used and the results presented. Three such precepts - development of a
“Base Case” using best-estimate deterministic assumptions, evaluation of impacts for a
10,000-year “performance period”, and use of a risk-informed approach - are discussed below.
Base Case
The deterministic Base Case of the FTF PA was developed using reasonably conservative,
best-estimate assumptions (i.e., most probable configurations) whenever possible. As a hybrid
approach, the deterministic Base Case model is accompanied by the probabilistic model and
deterministic alternative configuration models which are provided as tools to inform on
uncertainty associated with the Base Case as a whole. These additional models employed
assumptions that were possible on an individual assumption basis (although less probable
than the Base Case and often non-mechanistic when coupled with other assumptions) to
assess the effects of deviations from the best-estimate Base Case assumptions. The fact that
Base Case values have uncertainty associated with them does not a priori make them
incorrect or any less probable. Substituting only pessimistic values for every assumption to
account for uncertainty would undercut the intent of the Base Case in supporting risk-based
decision making and would likely result, in little, if any, real risk reduction, in needless
expenditures, exposure to workers, and delays in waste tank closure activities. The application
of the hybrid approach to PA development (i.e., including a probabilistic model and alternative
configuration models) was to allow for the less probable, but still possible, assumptions to be
modeled, improving overall understanding of the FTF system. DOE demonstrations pertaining
to system performance and reasonable assurance of compliance with performance objectives
are based on both the Base Case and UA/SA results.
DOE maintains that UA/SA are the most appropriate mechanisms for assessing uncertainty
and variability inherent in the Base Case assumptions. Basing compliance considerations
solely on the results of UA, regardless of the best-estimate assumptions reflected in the Base
Case, creates the perception that the Base Case results do not necessarily reflect the most
probable configuration. The fact that using a more pessimistic modeling value can cause the
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Base Case peak dose results to increase does not make that modeling value more valid or
more appropriate for use in the Base Case. A true risk-informed PA will utilize this fact to
determine where uncertainty is most significant and where additional modeling emphasis
should be placed. Alternatively, basing compliance decisions solely on the Base Case
analysis does not appropriately consider potential variability in system performance.
Application of modeling assumptions and/or specifications that do not reflect a one-to-one
match to real-world physical conditions does not invalidate the model. Assumptions are often
restricted or limited by the model design conventions, or the simulation code or software. With
the Base Case, approaches or parameters were often selected because they represented a
reasonable modeling simplification for the highly complex FTF system, not because they
explicitly reflected a perceived future outcome. In addition, multiple competing assumptions
make decisions regarding implementation of perceived “conservative” assumptions
challenging. For example, when considering transient releases of mass into the saturated
zone (SZ), an increase in longitudinal dispersion and associated spreading of the release
would be expected to decrease the maximum contribution to dose for a specific radionuclide.
This is often true, but for a decaying species the amount of mass that reaches the point of
assessment also depends on a combination of the retarded seepage velocity and the half-life
of the species. The dispersion of the decaying mass ahead of the front may increase the mass
that actually reaches the assessment point. In addition, there are numerous inputs with
uncertainty (such as solubility limits), and it is unreasonable to impose a perceived
“conservative” bias upon the individual inputs without considering how this bias can adversely
impact a competing input or set of inputs. For example: 1) assuming that some percentage of
Tc-99 in a waste tank is very soluble will allow that percentage of the inventory to bleed off
early, reducing the amount of Tc-99 available for release later when the Tc-99 peak release is
occurring; and 2) assuming early transition from Oxidized Region II to Oxidized Region III can
cause some radionuclides (e.g., uranium) to be released at a higher rate earlier, since they
have lower solubility values in Oxidized Region II than in Oxidized Region III, while others such
as Sr-90 would be released at a lower rate earlier. The existence of decay chains provides
additional complexity in trying to predict dose-based conservatism.
Since different
radionuclides have very different fate and transport behaviors, making modeling decisions
based on individual radionuclides’ “conservatisms” is complicated by the presence of
uncertainty regarding contaminant inventory. Therefore, a “conservative” bias was not
exclusively the default condition when developing the PA Base Case model. Rather,
parameters were selected in an attempt to closely reflect best available information and realworld physical conditions wherever possible, but when parameters could not specifically reflect
such conditions appropriate modeling simplifications were selected based upon modeling
conventions and expert judgment. Conservatisms were applied when uncertainty or modeling
complexity precluded confidence in the selection of a nominal approach.
The above should not be taken as an assertion that enhancements to the Base Case will not
be made as more knowledge is acquired. If new information regarding modeling assumptions
show a different approach or value is more probable or appropriate (e.g., new moisture
characteristic curves) or instances where testing provides new information (i.e., Kd testing),
updates to the Base Case will be considered and applied as appropriate. Note that this can
have implications that are both conservative and non-conservative with respect to dose. There
are modeling approaches and assumptions that have been identified that potentially reduce the
peak doses that are not currently incorporated within the FTF model. For example, the
following approaches have been applied in the more recent HTF model: 1) technetium
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solubility in Oxidized Region III was not considered to be infinite, 2) neptunium has iron coprecipitation potential that slows waste release, and 3) leachate effects on soil Kd values
increase adsorption for some radionuclides.
As required by DOE Manual 435.1-1,
maintenance of the FTF PA will include future updates to incorporate new information, update
model codes, analysis of actual residual inventories, etc., as appropriate.
Performance Period
The purpose of the PA is to provide a tool that informs DOE on the risks of closing waste tanks
and ancillary equipment with associated residuals. For the FTF system, a performance period
of 10,000 years was considered reasonable when assessing compliance with the 10 CFR 61,
Subpart C performance objectives related to future hypothetical members of the public and
inadvertent intruders. [NUREG-1854, pages 4-9] Because of the timing of certain barrier
failures, DOE provided extensive discussion on doses for periods up to 20,000 years following
closure of the FTF, and performed analyses up to 100,000 years to gain a better
understanding of the closed system performance and radionuclide transport. To put this time
period in perspective, it is generally agreed in the scientific community that humans first
domesticated crops and livestock about 10,000 years ago.
In order to ensure uncertainty associated with the selected performance period was
considered, FTF PA emphasis was placed on refining the Base Case results as far out as
10,000 years beyond the performance period. However, some simplifying assumptions were
made in consideration of the performance period. For example, Tc-99 was pessimistically
assumed to have no solubility control when the contamination zone (CZ) transitioned to the
Oxidized Region III condition. Technetium-99 was therefore modeled as being released
instantaneously. Since this instantaneous release did not impact the FTF PA Base Case
results until well after the performance period, the risk-informed decision was made at the time
to not further research Tc-99 waste release with the CZ being in an Oxidized Region III state
(peak dose occurred about 17,000 years after the performance period and was approximately
equal to the average dose received by a United States citizen in 2006 [NCRP-160]). The fact
that the performance period factored into modeling decisions must be considered when
evaluating results well past the performance period.
When incorporating various assumptions and/or specifications into the FTF model, the primary
goal in the decision making was to maximize the magnitude of the peak doses as opposed to
achieving the earliest peak dose. It was recognized that a maximized peak dose could be
hypothetically shifted in time, but the effect on dose of making the peak dose timing “worse” is
not as transparent (for example see Tc-99 discussion above). This is particularly evident in the
modeling of the waste tank liner failure, where the approach of modeling the entire liner as
failing instantaneously (for an entire tank-type) moved the timing of the peak dose out, but
resulted in a build-up of inventory which released as a single “pulse” that maximized the effect
on dose. Additionally, although the timing of liner failures for each tank-type differs based on
the waste tank construction, all waste tanks of the same tank-type are considered to fail at
same time, which is a very conservative, incredible assumption. To account for the uncertainty
in failure time for the Base Case, care was taken to show the “maximized” peaks in 20,000
years to show what happens when the accumulated inventory is eventually released after the
liner failure of the Type I and Type III/IIIA tanks.

E

Page 48 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

Risk-Informed Approach
As described above, in developing the deterministic Base Case assumptions, DOE sought to
develop a conceptual model of the FTF system and surrounding GSA that reflects the best
available or best estimate values, and includes reasonably conservative waste release
assumptions including inventory assignments. In developing these values, DOE did not seek
to artificially create pessimistic assumptions that bound possible, but not probable, scenarios.
Instead, DOE sought a risk-informed analysis (through both expected and variable system
performance) that provides information to feed critical closure decisions associated with the
waste tanks and ancillary structures in the FTF.
In support of the development of the FTF PA, DOE has utilized nationally recognized experts in
their respective fields including cementitious materials, geochemistry, hydrogeology and
modeling of environmental transport. The fate and transport modeling in the FTF PA reflect
approximately sixty years of study of subsurface of the GSA. It is this strong foundation of
research and study that provides DOE reasonable assurance that the 10 CFR 61.41 and 10
CFR 61.42 performance objectives will be met during the 10,000-year performance period.
The Base Case analysis, extensive UA/SA, and the responses to these NRC comments,
further inform this assessment.
To put the 10 CFR 61 25 mrem per year performance objective into perspective:






The average annual dose to a United States citizen in 2007 was 620 mrem,
approximately 25 times higher than the 10 CFR 61.41 performance objective. If an
individual moves from the area surrounding SRS to Denver, CO, their annual dose from
just cosmic and terrestrial background radiation alone will increase by more than 100
mrem, a value four times the performance objective. [NCRP 160] Further, as noted in
the NRC: Fact Sheet on Biological Effects on Radiation, “Those people living in areas
having high levels of background radiation – above 1,000 mrem (10 mSv) per year –
such as Denver, Colorado, have shown no adverse biological effects.” [NRC_01-012011] A background dose of 1,000 mrem per year represents a dose 40 times greater
than the 10 CFR 61 performance objective.
Today a MOP living on the site boundary can receive 100 mrem each year and nonoccupational worker including a MOP visiting the site is limited to no more than 100
mrem dose – either chronic or acute. This value is also four times higher than 10 CFR
61.41 performance objective.
An occupational worker at a DOE site, such as SRS, or a commercial nuclear facility
regulated by the NRC can receive 5,000 mrem per year, a value 200 times greater than
the 10 CFR 61.41 performance objective. [10 CFR 835, 10 CFR 20]

To support this reasonably conservative, risk-informed FTF PA assessment, DOE used many
possible, though not likely, assumptions to describe this future individual who serves as a
hypothetical dose receptor. First, the individual is permitted to homestead unabated in the
former location of the FTF. It is assumed that all knowledge of the SRS is lost including both
public records and any indicators of the previous activities, either designed markers of the
closed facilities or large, above grade concrete monoliths such a closed and grouted F-Canyon
structure in close proximity to FTF. It is then assumed that the individual drills a well just 100
meters from the outermost waste tank from FTF. The depth of the well does not reflect the
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optimal depth consistent with local drilling practices but rather selects a depth that would
maximize the resultant doses. Further, as a conservative modeling assumption, DOE selected
maximum concentrations of contaminants across relatively large “sectors” and assumed these
were concentrations at a single “well” location. The scenarios developed for evaluating the
groundwater dose also have the benefit of inherent conservatisms. For example, the doses
calculated using water from a well for domestic purposes tend to maximize the number of
functions for which a single well (with the maximum source of contamination) is utilized. The
individual is assumed to use this well as the principle source of drinking water (approximately
75% of all fluid intake) and also use the well to supply an unspecified irrigation system for both
a garden (from which individual is supplied vegetables) and for livestock water and fodder
(from which the individual is subsequently exposed to contaminated milk and meat).
Given these designed conservatisms in the FTF PA modeling approach, DOE believes that the
use of best-estimate values based on sound science and engineering principles for both
engineered and natural barriers, as described in the FTF PA, is appropriate to understand the
risk of closure activities on future human health and the environment.
Barriers to Release for the Dose Drivers
Section 5.6.7.3 of the FTF PA Revision 1 provided a comprehensive barrier analysis. Section
5.6.7.3.4 provided a summary analysis of the results organized by barrier and Section 5.6.7.3.3
provided a summary analysis of the results organized by radionuclide. The barrier analysis
results were generally presented in context of the 10,000-year performance period. Based
upon RAIs and CCs received from the NRC, DOE also has conducted a more detailed
assessment to enhance the quality of understanding of the barrier-to-radionuclide
relationships. The following analysis makes use of 20,000 years of simulated data to provide
insights into the performance of each barrier with respect to specific radionuclides. The scope
of this analysis is limited to the three radionuclides with the greatest potential to impact dose
results: Np-237, Pu-239, and Tc-99. Further, only results pertaining to Type I and Type IV
tanks are presented, as these two waste tank types represent the greatest risk-significance.
The risk significance of the radionuclides (Np-237, Pu-239, Tc-99) and tank types (Type I and
Type IV) chosen is evidenced by the results of analyses presented in Section 5 of the FTF PA.
Table RAI-PA-1.1 provides the analyses of Np-237 in Type I and in Type IV tanks. Table RAIPA-1.2 provides the analyses of Pu-239 in Type I and in Type IV tanks. Finally, Table RAI-PA1.3 provides the analyses of Tc-99 in Type I and in Type IV tanks.
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component
Infiltration
into Waste
Tank Top

Closure Cap

Waste Tank
Top

Hydraulic
Properties

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

PA Section 4.4.3.1 – A time-dependent flow rate
for water leaving the closure cap is determined in
the closure cap sub-model. The infiltration rate
entering the closure cap is based on the rainfall
rates and the closure cap material properties
(which are discussed in detail in Section 4.2.3.2.1).
The flow rate from the cap is calculated using the
HELP code, with the closure cap modeled as
degrading over time. The flow rate through the
closure cap reaches a steady state value at
approximately year 2500. Table 3.2-10 provides
the time-variant infiltration rates based on the
closure cap analysis presented in Section 3.2.4.

The Base Case liner failure dates all occur
after year 2500, so changes in the
infiltration rate and corresponding changes
in flow near the waste tanks do not
significantly affect the transport model in
the early years. Because the closure cap
reaches the steady state flow values
relatively quickly (i.e., less than a 2%
increase in infiltration rate after year 2600),
the cap has a minimal effect on the Np-237
doses. However, barrier analyses indicate
that, in the absence of an effective steel
liner, the closure cap acts as a significant
barrier to infiltration/flow that directly
impacts the timing of peak releases. The
barrier analyses also indicate that the
closure cap has no significant impact on
the magnitude of the peak releases.

The infiltration modeling is based on a sitespecific sub-model which uses the HELP code
to simulate the projected closure cap design.
[WSRC-STI-2007-00184]
The closure cap barrier analyses (Section
5.6.7.3) demonstrated that the closure cap has
a minimal effect on the peak flux in 10,000
years.
The infiltration rate for the closure cap (11.5
in/yr) reaches approximate steady state
infiltration rate at year 2625 in both
Configurations A and D.
Configuration F looked at no Cap (Soil Only)
with a maximum infiltration rate entering the
waste tank top of 16.45 in/yr.

PA Section 4.4.3.2 - The flow leaving the closure
cap travels to the waste tank, with the flow rate
being affected by the concrete waste tank top.
Based on the relative hydraulic properties of the
two materials (soil versus concrete), the majority of
flow is directed around the waste tank into the
surrounding soil, while some flow travels
downward through the concrete. The concrete
material properties (which are discussed in detail
in Section 4.2.3.2.3) are modeled as changing
over time. The only waste tank top material
properties of concern are the hydraulic properties
as the waste tank top impacts flow, but little mass
migrates into it (i.e., in Type IV tanks, mass may
reach the roof prior to liner failure, but infiltration
from the roof versus upward diffusion from the top
of the waste tank grout will tend to offset each
other). The waste tank top hydraulic properties
are defined initially and in the fully degraded state
with a cementitious materials degradation analysis

The timing of waste tank top concrete
degradation affects the flow rate into the
waste tank. Early concrete degradation, as
modeled in some alternate configurations,
allows the steady state flow values to be
reached earlier, but does not appear to
have as pronounced an impact on flow as
other processes (e.g., liner failure, basemat
bypass).

The concrete hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism. [WSRC-STI-200700607 and SRS-REG-2007-00027]
In the Base Case, the Type I tank roof
concrete transitions from Oxidized Region II to
Oxidized Region III at years 3,010 and 893, for
Type I tanks and Type IV tanks, respectively.
In Configuration D, the waste tank roof
concrete transitions from Oxidized Region II to
Oxidized Region III at years 1,669 (Table 4.42) and 1,049 (Table 4.4-5), for Type I tanks
and Type IV tanks, respectively.
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

The grout material properties of principal
concern are the hydraulic properties. The
grout hydraulic properties influence the
water flow rate through the waste tank.
The earlier the grout degrades, the earlier
the flow rate through the waste tank
reaches a steady state maximum flow. In
addition, the faster the water flows through
the grout, the sooner the water in the grout
(and leaving the grout) changes chemical
states which control the Kd values within
the grout and solubility limits within the CZ
(in the base case).

The grout hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism [WSRC-STI-200700607] with the degradation timing greatly
impacted by the presence of steel.
In the alternate configurations, including
Configuration D, cementitious material is
simulated as fully degraded hydraulically at
year 501.
In some configurations such as C and D,
which are described in Section 4.4.2, fast flow
paths through the grout are modeled resulting
in a higher flow rate through the grout.

performed to determine the time it would take to
reach the fully degraded state (Table 4.2-32).
The expected degradation rate and timing for the
waste tank cementitious materials are based on
WSRC-STI-2007-00607 and SRS-REG-200700027 and will vary depending on waste tank type.
Once the initial and end-state times are set, the
model assumes linear degradation of the hydraulic
properties over time. Type I tank concrete begins
degrading at year 1,300, and is fully degraded
after 2,600 years. Type IV tank concrete begins
degrading at year 400, and is fully degraded after
800 years.
The degraded concrete hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607] The effective diffusion coefficient is also
considered to be dependent on the degradation
state of the concrete. The effective diffusion
coefficient for concrete is assumed to increase
linearly by a factor of seven as the concrete
degrades, which is approximately the same ratio
as the difference between undegraded concrete
2
(diffusion coefficient of 8.0E-07 cm /sec) and
2
backfill (diffusion coefficient of 5.3E-06 cm /sec).
Waste Tank
Grout

Grout
Hydraulic
Properties

PA Section 4.4.3.4 - Water enters the top of the
waste tank grout and travels downward to the CZ
at the bottom of the waste tank. Note that
because the Type IV tanks do not have liners
across the top, a circulation cell occurs in the grout
prior to liner failure. The waste tank grout material
properties (e.g., hydraulic conductivity, Kd values,
which are discussed in detail in Section 4.2.3.2.3)
are modeled as changing over time. The hydraulic
properties are defined initially and in the fully
degraded state, and a cementitious materials
degradation analysis was performed to determine
the time it would take to reach the fully degraded
state (Table 4.2-32). Once the initial and end-state
times are set, the model assumes linear
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

Grout
Chemistry

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

degradation of the grout hydraulic properties over
time.
The expected degradation rate and timing for the
waste tank cementitious materials are based on
WSRC-STI-2007-00607 and SRS-REG-200700027 and will vary depending on waste tank type.
Type I tank grout begins degrading at year 2,600
and is fully degraded at 13,000 years. Type IV
tank grout begins degrading at year 800 and is not
fully degraded till after 20,000 years. The Type IV
tank grout does not fully degrade for a long time
because there are no cooling coils that help
accelerate the degradation process.
The degraded grout hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607] The effective diffusion coefficient for grout,
which is also modeled as a function of degradation
state, is assumed to increase linearly by a factor of
seven as degradation proceeds. The factor of
seven is approximately the same ratio as the
difference between undegraded grout (diffusion
2
coefficient of 8.0E-07 cm /sec) and backfill
2
(diffusion coefficient of 5.3E-06 cm /sec).

There is no appreciable impact on Np-237
release, except peripherally, as flow
through the waste tank grout penetrates
the CZ grout and drives CZ chemical
transitions (see CZ discussion of chemistry
timing)

Table 4.2-33, provides Kd values for cementitious
materials as a function of aging, with the grout
“age” dependent on the pH of the concrete pore
water, which in turn is dependent upon the amount
of water (number of pore volumes) that has
passed through the concrete over time.
A
description of pore water chemistry modeling is
provided in the Section 4.4.3.5. The Kd values for
cementitious materials used for the grout are as
follows:
Kd in mL/g (PA, Revision 1, Table 4.2-33)
Reducing Region II -3000 mL/g
Oxidizing Region II – 1,600 mL/g
Oxidizing Region III - 250 mL/g

The only time frames in which the Kd
values are a factor in the model are when
contaminants move upward from the CZ
into the grout.
Significant upward
migration of some species can occur in
Type IV tanks until the steel liner fails.
Some of the mass is released outwards
through the wall, and some migrates back
to the CZ. Upward migration through the
grout is not a concern for Np-237 because
of its high Kd value along with the high Kd
values of its ingrowth contributors. The
high Kd values minimize the upward
migration of mass within the grout.
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What other information is available to
evaluate this component?

Np-237 grout Kd values are based on sitespecific test results. [WSRC-RP-2007-01122]
Newer Kd values are used in HTF PA
modeling (in mL/g)
Reducing Region II – 10,000 mL/g
Oxidizing Region II – 10,000 mL/g
Oxidizing Region III – 5,000 mL/g
The effect of replacing the FTF neptunium Kd
values with the HTF Kd values is to lower the
peak dose (see the response to RAI-NF-7).
In Configuration D, the Type I tank grout
transitions from Reduced Region II to Oxidized
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

CZ

Inventory

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

In the Base Case, the Type I tank grout transitions
from Reduced Region II to Oxidized Region II at
year 15,286. The Type IV tank grout transitions at
year 10,456.
In the Base Case, the Type I and Type IV tank
grout transitions from Oxidized Region II to
Oxidized Region III at year 26,868 and 31,222
years respectively.

There is no appreciable impact on Np-237
releases for Type I or Type IV tanks.

Region II at year 4,022. The type IV tank
grout transitions at year 5,957.

PA Section 4.4.3.5 - In the model, the waste tank
residual inventory is assumed to be contained
within a thin layer (i.e., the CZ) at the bottom of the
waste tank.
Note: Np-237 is a daughter product of other
radionuclides.
Therefore, to address the
inventory of Np-237, the inventory of the modeled
decay chain is presented. Half-lives are also
provided. Radionuclides with half-lives less than
5 years are excluded.

As discussed in Section 3.3.2 of the FTF
PA, the process used to estimate the waste
tanks’ residual material at operational
closure created estimates that were both
bounding and reasonable.
For those
contributors projected to have significant
impact on dose, the estimates were
developed with considerable conservatism.
For Am-241 and Np-237, the waste release
flux varies linearly with inventory, since the
Np-237 is not solubility limited. Changes in
Am-241 and Np-237 inventory directly
impact the doses associated with Np-237.

Radionuclide

Type I
Tanks
(Ci)

Tank 18
(Ci)

Tank 19
(Ci)

Cf-249
Cm-245
Pu-241
Am-241
Np-237

1.0E+00
1.0E+00
3.2E+01
6.0E+02
2.3E-01

1.0E+00
1.0E+00
1.3E+02
8.2E+01
2.4E-01

1.0E+00
1.0E+00
4.6E+00
2.3E+00
2.2E-03

In Configuration D, the Type I tank grout
transitions from Oxidized Region II to Oxidized
Region III at year 16,180. The type IV tank
grout transitions at year 28,218.

Source: Inventories from: FTF PA SRS-REG2007-00002, Revision 1, Table 3.3-2, Half-lives
from: FTF Dose v1.3c Configuration A 100m
Oct15 - BD 11-3.gsm
Radionuclide
Cf-249
Cm-245
Pu-241
Am-241
Np-237

Section 3.3.2 discusses that the waste tank
inventory is reasonably conservative.
Section 5.6.3.2 provided inventory uncertainty
for analysis in the UA (Section 5.6.4) and SA
(Section 5.6.6).
Section 5.6.7.1 describes a PORFLOW
deterministic inventory SA.
The Tank 18 and 19 waste tank inventories at
closure (SRR-CWDA-2010-00117 and SRRCWDA-2010-00118) are as follows:
Neptunium Series Decay Chain Inventory:
Radionuclide

Tank 18
(Ci)

Tank 19
(Ci)

Cf-249
Cm-245
Pu-241
Am-241
Np-237

2.3E-03
1.2E-02
2.7E+02
1.6E+02
1.9E-01

5.2E-04
1.6E-03
3.9E+00
2.6E+00
1.5E-03

Source: Inventories from: SRR-CWDA-201000124, Table 5.0-1.

Half-Life (yrs)
3.5E+02
8.5E+03
1.4E+01
4.3E+02
2.2E+06
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component
CZ
Chemistry –
Solubility
Limits and
Percent CZ
Impacted

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

For some species (including Np-237), the release
rate of contaminants from the CZ is solubility
controlled and is tied to the chemical properties
(e.g., Eh, pH) of the waste tank pore water. The
release rate from the CZ is independent of Kd
values.
The assumed solubility limit varies
depending on waste tank pore water chemistry
and the controlling phase of the radionuclide being
released. Different solubility limits for different
waste tank chemistries were derived for the
radionuclides in the CZ (as discussed in Section
4.2.2).
Np-237 Solubility Limits in mol/L (From: FTF PA
Table 4.2-10)
Reducing Region II -1.6E-09
Oxidizing Region II – 2.2E-05
Oxidizing Region III – 1.1E-04

The Np-237 solubility limit in Reduced
Region II is 1.6E-09 moles/L, then in
Oxidized Region II the solubility limit is
2.2E-05 moles/L (Table 4.2-10). When the
environment transitions to Oxidized Region
III, the solubility limit for Np-237 increases
again to 1.1E-04 moles/L. Therefore, when
CZ grout transitions, the release rate of Np237 increases.

Additional emphasis and analysis was placed
on those radionuclides shown during initial
modeling to have the most impact on peak
dose (Pu, Np, U, Tc), including an uncertainty
study and development of stochastic
distributions for alternative controlling phases
(Section 4.2.2.3).
Updated solubility limits are used in the HTF
model. The updated solubility limits are as
follows:
Np-237 (From: WSRC-STI-2007-00544 Rev
2, Table 12)
Reducing Region II – 2.0E-14
Oxidizing Region II – 2.0E-15
Oxidizing Region III – 5.0E-17
Section 5.6.3.3 provided solubility limit
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6)
Reduced Region II
80% Np(OH)4 (1.6E-09 moles/L)
20% NpO2 (4.0E-18 moles/L)
Oxidized Region II
70% NpO2(OH) (2.2E-05 moles/L)
20% Np2O5 (7.1E-05 moles/L)
10% NpO2 (1.1E-07 moles/L)
The barrier analyses (Section 5.6.7.3)
demonstrated that the CZ “barrier” can have a
significant impact as an independent barrier if
the Oxidized Region III conditions are
assumed, independent of the waste tank type
involved. If the Oxidized Region III conditions
are assumed for the CZ, the waste release
rates for most radionuclides are increased
(because most radionuclides have solubility
limits higher in Region II than in Region III).
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
The UA (Section 5.6.4.2) and the SA (Section
5.6.6) results indicate that the relative
significance of the Np-237 solubility controls is
not as important as the Kd values (i.e., the CZ
chemistry is not as important as other
barriers).
Note that Fe co-precipitation is assumed in the
HTF Base Case, 100% of the CZ is impacted
at time of transition.
More recent updated probability uncertainty
data is available as follows (From: WSRC-STI2007-00544 Rev 2, Tables 7 and 12):
Reduced Region II
50% Fe-copr (2.0E-14 moles/L)
35% Np(OH)4 (4.8E-09 moles/L)
10% NpO(am) (5.1E-09 moles/L)
5% NpO2 (2.6E-20 moles/L)
Oxidized Region II
50% Fe-copr (2.0E-15 moles/L)
35% NpO2OH(am) (6.8E-07 moles/L)
10% Np2O5 (9.6E-10 moles/L)
5% NpO2 (1.2E-10 moles/L)

CZ
Chemistry
Timing

As pore volumes pass through the waste tank, the
pH and reducing capability of the grout is affected.
The number of pore water volumes passing
through the waste tank and the corresponding
transitions to different waste tank chemistry
conditions are included in the FTF modeling. As
part of the waste release modeling (discussed in
detail in Section 4.2.2), the estimated transition
times between various chemical phases were
calculated for the waste tank pore water. The
waste tank pore water chemistry was calculated to
change from Region II Reduced conditions (Middle
Age Reducing) to Region II Oxidized conditions

In the case of the CZ, the pore water
chemistry of the overlying waste tank grout
is assumed to be imparted on the very thin
CZ in intimate contact with grout, and the
chemical transition times are identical for
the two materials. This assumption holds
for all configurations, including the fast-flow
cases (e.g., Configuration D). Based on
the flow field data observed for all
configurations (Figure 4.4-33), the infiltrate
reaching the CZ does not bypass the waste
tank grout (via the fast-flow path) after
cementitious materials have degraded.
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The transition timing for the CZ is based on a
site-specific sub-model.
[WSRC-STI-200700544]
Section 5.6.3.8 provided transition timing
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). A triangular
distribution using these calculated values
(which are used as the most likely values in
the baseline) as a peak is utilized in the
stochastic analysis for analyzing the
“Transition Times between Chemical States”.
The maximum and minimum values chosen
for the distribution for the first transition were
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

(Middle Age Oxidizing) after 371 pore volumes
have passed through the reducing grout. The
change from Region II conditions (Middle Age) to
Region III conditions (Old Age) was calculated to
occur after 2,063 pore volumes (a summary of the
chemical phases can be found in Table 4.2-1).
[ISSN 1019-0643, WSRC-STI-2007-00544]

Instead downward flow through the grout
and basemat remains relatively uniform
and significant across the plane of the CZ
surface; such that pore water chemistry
and transition times remain linked.
Chemical degradation is indirectly coupled
to hydraulic degradation through infiltrate
pore volumes. Hydraulic degradation does
not affect chemical transitions as a function
of infiltrate pore volumes.
However,
hydraulic degradation that alters the flow
field may affect the infiltrate pore volume
count, and thus when Eh and pH transitions
occur in time.
This assumption can be significant
because faster transitions can result in the
CZ material being released much more
rapidly because the solubility limits
associated with Np-237 under oxidized
conditions are much higher than under
reduced conditions. Faster transitions can
be due to the grout being depleted of
reducing capacity quicker (e.g., due to
faster flow).

“482” and “260”. The maximum and minimum
values chosen for distribution of the second
transition were “3,095” and “1,032”. The 30%
and 50% variation provided by these values
was judged reasonable to provide a
distribution that showed the effects of
uncertainty without overwhelming the SA.
Reasonably conservative values were chosen
for use in the stochastic modeling to ensure
that parameters of interest were not masked.
Varying the transition time allowed the
probabilistic
model
to
simulate
nonmechanistically the multiple factors that could
cause early or late transition (e.g., flow
differences, chemistry changes).
The
transition times can have a significant impact
on results, as documented in sections 5.6.4
and 5.6.6.
In the Base Case, the Type I tank CZ
transitions from Reduced Region II to Oxidized
Region II at year 15,286. The Type IV tank
CZ transitions from Reduced Region II to
Oxidized Region II at year 10,456.
In the Base Case, the Type I and Type IV
waste tank CZs transition from Oxidized
Region II to Oxidized Region III at the years
26,868 and 31,222, respectively.
In Configuration D, the Type I tank CZ
transitions from Reduced Region II to Oxidized
Region II at year 4,022. The Type IV CZ
transitions at year 5,957.
In Configuration D, the Type I tank CZ
transitions from Oxidized Region II to Oxidized
Region III at year 16,180. The Type IV CZ
transitions at year 28,218.
In the Supplemental Configuration G (see the
discussion below) the water going through a
fast pathway around the grout was
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
conservatively assumed to not pick up the
reducing capacity of the grout.

Liner

Failure
Timing

PA Section 4.4.3.6 - After leaving the CZ and
entering the waste tank pore water, most of the
radionuclide inventory does not leave the waste
tank until the waste tank liner fails. Note that a
very small amount of mass can seep through the
liners because the liners are simulated with a very
small, but non-zero, hydraulic conductivity prior to
failure. In addition, in the Type IV tanks, because
there is no liner on top, a convection cell forms in
the waste tank grout and mass can migrate around
the liner at the top of the waste tank and escape
outward through the waste tank top and the wall.
The liner failure time was determined by analysis
for each waste tank type, with both the primary
and secondary liner (where applicable) failing at
the same time. While it utilizes many of the same
assumptions, the waste tank liner analyses
calculate failure times independent of the flow and
transport model. As discussed in Section 4.4.3.3,
when the liner fails, it is assumed to fail
completely, with the modeled failed liner layer
having little further impact in the model. Note that
the failed liner does have a much smaller diffusion
coefficient than the surrounding media.
Predictions for failure of the carbon steel waste
tank liners are based on the results of a recent
study. [WSRC-STI-2007-00061] The time of liner
failure is calculated based on steel corrosion rates
under different conditions (e.g., differing diffusion
coefficients). These failure times vary with waste
tank design, owing to differences in construction.
The failure analysis considers general and
localized corrosion mechanisms of the waste tank
steel exposed to the CZ, grout, and SRS soil
conditions. Consumption of the waste tank steel
encased in grouted conditions is estimated due to
carbonation of the concrete leading to low pH

Liner failure has a direct impact on the
timing of the release, but no appreciable
impact on the magnitude.
Waste tank inventory being released at the
same time allows the entire Np-237 Type I
tank inventory to reach the 100 meter point
at
approximately
the
same
time,
magnifying conservatism.
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The liner modeling is based on a site-specific
sub-model. [WSRC-STI-2007-00061]
Configurations C though E looked at early liner
failure (year 1,140 for Type I tanks and year
75 for Type IV tanks).
The barrier analyses (Section 5.6.7.3)
demonstrated that the impact of the liner
barrier can be variable, with the impact of the
liner as a barrier depending upon the waste
tank type and radionuclide involved.
In
general the liner does not have a significant
impact on the peak fluxes in 10,000 years.
Early liner failure increases some peak fluxes
in 20,000 years (especially for fast transport
time radionuclides such as Tc-99) because
contributors that were outside the 20,000
years can move forward in time and contribute
after year 10,000 but before 20,000 years.
Significance of liner failure timing with respect
to Np-237 releases is dependent on the Np237 inventory and/or Np-237 waste release
model.
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

The simultaneous liner failure model was
used instead of using a patch model.
Though not an exact simulation of the
expected liner failure mechanism, the
conceptual model liner failure approach is
expected to maximize peak doses.

The year used to represent failure in the
conceptual
model
is
a
reasonable
simplification, utilizing a “simultaneous” liner
failure model which assumes the entire liner
fails in a given year. The simultaneous liner
failure model was used instead of using a
patch model, which would add percentages of
each waste tank failing each year (i.e., leak
sites in the liner appearing at different waste
tank locations, percent of through wall leakage
increasing, and the waste tank gradually
failing over time).
Though not an exact
simulation of the expected liner failure
mechanism, the conceptual model liner failure
approach is reasonable for the following
reasons:
1) The CZ of concern is located essentially
across the waste tank bottoms, making failure
of most waste tank liner sections unimportant,
because they would not result in flow through
or contaminant release from the CZ.
2) Modeling the entire liner to fail concurrently
would maximize the flow path into and away
from the CZ, which would maximize peak
doses. Allowing the entire liner to fail early (as
detailed in the Section 5.6.7 comprehensive
SA discussion) or allowing small flow paths
through the CZ as the patch model approach
would simulate, can decrease the resulting
peak doses.
3) Though not addressed independently in the
carbon steel failure analysis, in addition to the

conditions, and the chloride-induced depassivation of the steel leading to accelerated
corrosion.
In the Base Case, Type I liner failure occurs at
year 12,747 and Type IV liner failure occurs at
year 3,638.
Percent
Liner
Impacted

The liner failure analysis considered the current
condition of the FTF waste tanks, with the relevant
parameters being known leak sites, their location,
and whether they led to accumulation on the
annulus floor.
A few Type I tanks have
experienced stress corrosion cracking. None of
the waste tanks are believed to have experienced
general corrosion based on the results of
ultrasonic inspections. [WSRC-STI-2007-00061,
Section 2.2.2] The liner failure study considered
the condition of the FTF waste tanks to be closed
when determining the liner failure times. Because
the transport model is most concerned with waste
tank failures that could allow significant flow
through and away from the CZ, the failure
mechanisms of primary concern are those near or
at the bottom of the waste tanks that cause
significant through-wall flow.
Isolated failure of the waste tank top liner was not
studied because the entire liner was modeled as
failing simultaneously.
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
primary liner, there is a full secondary steel
liner for the Type III/IIIA tanks, and a five foot
high secondary liner near the CZ for the Type I
tanks. In the analysis, these secondary liners
are assumed to fail at the same time as the
primary steel liner. If the patch model were
used, failure of a single patch near the CZ
might not result in contaminant release, if the
nearby secondary liner patches were still
intact.

Concrete
Basemat

Hydraulic
Properties

PA Section 4.4.3.7 - After contaminants exit the
waste tank liner, they enter the concrete waste
tank basemat located directly below the liner. The
waste tank grout material properties (which are
discussed in detail in Section 4.2.3.2.3) are
modeled as changing over time. The material
properties of the concrete impact both the flow rate
through the basemat and the Kd value. The
hydraulic properties are defined initially and in the
fully degraded state, and a cementitious materials
degradation analysis was performed to determine
the time it would take to reach the fully degraded
state (Table 4.2-32). Once the initial and endstate times are set, the model assumes linear
degradation of the basemat hydraulic properties
over time.

The basemat hydraulic properties influence
the water flow rate leaving the waste tank.
The earlier the basemat degrades, the
earlier the flow rate leaving the waste tank
reaches a steady state maximum flow.
No appreciable impact on Np-237 release,
because the concrete fully degrades
hydraulically relatively early (year 2,600 for
Type I and year 800 for Type IV tanks).

The expected degradation rate and timing for the
waste tank cementitious materials are based on
WSRC-STI-2007-00607 and SRS-REG-200700027 and will vary depending on waste tank type.
Type I tank concrete begins degrading at year
1,300, and is full degraded after 2,600 years.
Type IV tank concrete begins degrading at year
400, and is full degraded at 800 years.
The degraded basemat hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607]
The effective diffusion coefficient for
concrete is assumed to increase by a factor of
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In some sensitivity configurations (i.e.,
Configuration D), fast flow paths through the
basemat are modeled resulting in a higher
flow rate through the basemat.
The concrete hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism. [WSRC-STI-200700607]
Section 5.6.3.5 provided basemat thickness
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). The basemat
thickness in the GoldSim FTF model retards
contaminant transport, with its effectiveness
related to the basemat Kd values and the
basemat thickness. Section 4.4.1 shows the
design dimensions used in baseline modeling
for the various waste tank types, including
concrete basemat thickness. Section 3.2.1
provides design details for the various waste
tank types, including details regarding the
concrete basemat designs.
The basemat
thickness specified on construction drawings
is used as the most likely basemat thickness,
with other design details used to determine a
probable maximum and minimum thickness of
basemat concrete.
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

seven, which is approximately the same ratio as
the difference between undegraded concrete
2
(diffusion coefficient of 8.0E-07 cm /sec) and
2
backfill (diffusion coefficient of 5.3E-06 cm /sec).

Section 5.6.3.6 provided basemat bypass
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). In order to
reflect the possibility that fast flow paths might
form in the basemat, a “Bypass Fraction” was
simulated in the GoldSim FTF model. The
bypass fraction allowed a percentage of the
basemat to have no retardation (Kd = 0 for all
elements).
The
bypass
fraction
was
represented by a triangular distribution based
on engineering judgment, with 0% being set
as the most likely value and the upper bound
set at 10%. This judgment is based on the
fact that cracking in the basemat might
possibly lead to some void spaces penetrating
through the basemat. It is more likely that the
cracking would be self-sealing and would not
create full channels. Assuming a full 10% of
the basemat was replaced by a void space
that had no retardation effect was
conservative.

No direct basemat bypass was assumed in the
Base Case.

Chemical
Properties

Contaminant transport is retarded by the basemat
concrete, with some radionuclides being slowed
greatly, depending on their Kd values. Table 4.233 provides Kd values for cementitious materials
as a function of aging, with the grout “age”
dependent on the pH of the concrete pore water,
which in turn is dependent upon the amount of
water (number of pore water volumes) that has
passed through the concrete over time.
A
description of pore water chemistry modeling is
provided in the Section 4.4.3.5. As the waste tank
chemistry changes, the concrete transitions from
young (Region I) to middle (Region II) to old
(Region III), and the associated material properties
are modeled as changing. Note that the basemat
Kd values start with the Oxidized Region II values.
Kd in mL/g (PA, Revision 1, Table 4.2-33)

What other information is available to
evaluate this component?

Material properties can change in the
PORFLOW model over time.
In
PORFLOW modeling, infiltrate pore volume
as a function of time is calculated outside
of PORFLOW after flow simulations have
been completed. Chemical transitions in
subsequent transport modeling are based
on these calculations and Eh and pH
transitions as a function of pore volumes
from WSRC-STI-2007-00544. In general,
chemical transitions for a material zone are
based on infiltrate pore volumes for the
same zone. For example, the volume of
flow through the “basemat” zone is
calculated, and at the year when the
calculated pore water volume equals
transition volume (i.e., 2,063 volumes for
transition
to
Oxidized
Region
III)
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Np-237 concrete Kd values are based on sitespecific test results. [WSRC-TR-2006-00004,
WSRC-RP-2007-01122]
Newer Kd values are used in HTF PA
modeling (in mL/g)
Oxidizing Region II – 10,000 mL/g
Oxidizing Region III – 5,000 mL/g
These much higher Kd values should
significantly retard transport of Np-237 through
the basemat (see the response to RAI-NF-7).
Section 5.6.3.4 provided Kd value uncertainty
for analysis in the UA (Section 5.6.4) and SA
(Section 5.6.6). Distributions for the Kd values
used in the FTF GoldSim modeling are based
on the approach described in SRNL-STI-200900150. This report recommends lognormal
distribution with maximum and minimum
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

Soil

Vadose Soil

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

Oxidizing Region II – 1,600 mL/g
Oxidizing Region III - 250 mL/g

documented in WSRC-STI-2007-00544,
the materials in the “basemat” zone are
modeled as having the properties
associated with Oxidized Region III from
that time forward.
The changes to the Kd values, as the
chemical transitions occur, reduce the
retardation of the transport of Np-237,
impacting the timing of the releases
(Oxidizing Region II Kd = 1,600 mL/g,
Oxidizing Region III Kd = 250 mL/g).
Barrier analyses indicate that, in the
absence of all other barriers, an intact
concrete basemat can delay the timing of
the peak flux by approximately 900 years
for Type I tanks and 300 years for Type IV
tanks. The presence of other barriers
works synergistically to further delay
transport. There is no significant impact on
the magnitude of the peaks.

values based on the material under
consideration. The shape of the lognormal
distribution is based on the Geometric
Standard Deviation (GSD) which differs by the
material under consideration and the
magnitude of the baseline value for the Kd.
Table 5.6-4 provides the parameters for the
lognormal distributions used in the FTF model.

PA Section 4.4.3.8 - After contaminants exit the
basemat, they enter the vadose zone (e.g., soil)
beneath the waste tank, which is discussed in
detail in Section 4.2.3.2.2. The vadose zone
material properties impact both the flow rate
through the soil and the associated Kd values, with
both being important to the model. The vadose
zone depth below each waste tank can vary
depending on the waste tank involved, as shown
in Table 4.2-23.
The vadose zone material
properties are not modeled as changing over time.
The working slabs under waste tank basemats
were not explicitly modeled and instead were
simply assumed to be soil. Given the thinness of
the working slabs relative to the waste tank
basemats, as well as the possibility of cracks in
the working slabs, it is appropriate to disregard the
working slabs in modeling contaminant transport
through the waste tank bottom and basemat into

The Kd in sandy soil for Np is so low (0.6
ml/g) that the soil provides no appreciable
impact.

Np-237 Soil Kd values are based on sitespecific test results. [WSRC-TR-2006-00004]
In the probabilistic model, however, the
vadose zone thickness was allowed to vary,
which did impact transport time through the
soil. Section 5.6.3.9 provided lower vadose
zone depth uncertainty for analysis in the UA
(Section 5.6.4) and SA (Section 5.6.6). The
lower vadose zone in the GoldSim FTF model
retards contaminant transport, with its
effectiveness related to the soil Kd values and
the vadose zone thickness. Table 4.2-23
shows the values used in the baseline
analysis for thickness of the lower vadose
zone beneath each of the waste tanks. The
depth of the vadose zone beneath each waste
tank varies in the stochastic model based on
the thickness of the SZ – as the thickness of
the SZ increases, the depth of the vadose
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

zone decreases; and as the thickness of the
SZ decreases the depth of the vadose zone
increases. The GoldSim model restricts the
minimum thickness of the vadose zone to 0.1
foot. A vadose thickness of less than 0.1 foot
is essentially having the water table at the
same elevation as the bottom of the waste
tank which is Configuration E described in
Section 4.4.2.
Newer neptunium Kd values for sandy soil (3
ml/g) and clayey soil (9 ml/g) have been
implemented in the HTF model. These new
values would be expected to decrease the
peak dose associated with Np-237 (see the
response to CC-FF-8).

the vadose zone.
Np-237 Soil Kd values (Table 4.2-29, WSRC-TR2006-00004)
Kd in sandy soil 0.6 ml/g.
Kd in clayey soil 35 ml/g.

SZ Soil

Np-237 Soil Kd values (Table 4.2-29, WSRC-TR2006-00004)
Kd in sandy soil 0.6 ml/g.
Kd in clayey soil 35 ml/g.

What other information is available to
evaluate this component?

The Kd in sandy soil for Np is so low (0.6
ml/g) that the soil provides no appreciable
impact.
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Np-237 Soil Kd values are based on sitespecific test results. [WSRC-TR-2006-00004]
Section 5.6.3.12.1 provided SZ depth
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). In the GoldSim
model, water leaving the unsaturated zone
(UZ) enters the SZ (i.e., the aquifer) as
recharge, and this infiltrating water is mixed
into the volume of aquifer water. The volume
is determined by the flow rate and mixing
volume in the aquifer. The aquifer thickness is
important to the model because the volume of
water directly affects the concentration.
In the GoldSim HTF stochastic model, the
aquifer thickness is assigned a Base Case
value of 5m, conservatively controlling the
degree of vertical spreading allowed in the
model. For the stochastic modeling, the Base
Case “most likely” value of 5m was assumed
as the mean aquifer thickness.
The
distribution was set as a normal distribution
with a standard deviation of 2.3 feet. The
thickness of the SZ and supporting distribution
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Table RAI-PA-1.1: Barrier Analysis of Np-237 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
were based on the hydrogeology referenced
above and informed by the benchmarking
process results (Section 5.6.2).
Newer neptunium Kd values for sandy soil (3
ml/g) and clayey soil (9 ml/g) have been
implemented in the HTF model. These new
values would be expected to decrease the
peak dose associated with Np-237 (see the
response to CC-FF-8).
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Table RAI-PA-1.2: Barrier Analysis of Pu-239 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

Infiltration
into Waste
Tank Top

Closure Cap

PA Section 4.4.3.1 - A time-dependent flow rate
for water leaving the closure cap is determined in
the closure cap sub-model. The infiltration rate
entering the closure cap is based on the rainfall
rates and the closure cap material properties
(which are discussed in detail in Section
4.2.3.2.1). The flow rate out of the cap is
calculated using the HELP code, with the closure
cap modeled as degrading over time. The flow
rate through the closure cap reaches a steady
state value at approximately year 2500. Table
3.2-10 provides the time-variant infiltration rates
based on the closure cap analysis presented in
Section 3.2.4.

The Base Case liner failure dates all occur
after year 2500, so changes in the infiltration
rate and corresponding changes in flow
near the waste tanks do not significantly
affect the transport model in the early years.
Because the closure cap reaches the steady
state flow values relatively quickly (i.e., less
than a 2% increase in infiltration rate after
year 2600), the cap has a minimal effect on
the Pu-239 doses.
Barrier analyses indicate that, in the
absence of all other barriers, the closure
cap reduces infiltration/flow at early times,
effectively delaying the timing of peak fluxes
by about 1,000 to 15,000 years.
The
significance of the closure cap is muted by
the presence of other effective barriers.
The barrier analyses also indicated that the
closure cap has no significant impact on the
magnitude of the peak releases.

The Pu-239 release modeling is based on a
site-specific sub-model which uses the HELP
code to simulate the projected closure cap
design. [WSRC-STI-2007-00184]
The closure cap barrier analyses (Section
5.6.7.3) demonstrated that the closure cap has
a minimal effect on the peak flux in 10,000
years.
The infiltration rate for the closure cap (11.5
in/yr) reaches approximate steady state at
year 2625 in both Configurations A and D.
Configuration F looked at no Cap (Soil Only)
with a maximum infiltration rate entering the
waste tank top of 16.45 in/yr.

Waste Tank
Top

Hydraulic
Properties

PA Section 4.4.3.2 - The flow leaving the closure
cap travels to the waste tank, with the flow rate
being affected by the concrete waste tank top.
Based on the relative hydraulic properties of the
two materials (soil versus. concrete), the majority
of flow is directed around the waste tank into the
surrounding soil, while some flow travels
downward through the concrete. The concrete
material properties (which are discussed in detail
in Section 4.2.3.2.3) are modeled as changing
over time. The only waste tank top material
properties of concern are the hydraulic
properties, because the waste tank top impacts
flow but little mass migrates into it (in Type IV
tanks, mass may reach the roof prior to liner
failure, but infiltration from the roof versus upward
diffusion from the top of the waste tank grout will
tend to offset each other). The waste tank top
hydraulic properties are defined initially and in the

The timing of waste tank top concrete
degradation affects the flow rate into the
waste tank. Early concrete degradation, as
modeled in some alternate configurations,
allows the steady state flow values to be
reached earlier, but does not appear to have
as pronounced an impact on flow as other
processes (e.g., liner failure, basemat
bypass).

The concrete hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism. [WSRC-STI-200700607 and SRS-REG-2007-00027]
In the Base Case, the waste tank roof
concrete transitions from Oxidized Region II to
Oxidized Region III at year 3,010 for Type I
tanks and year 893 for Type IV tanks.
In Configuration D, the waste tank roof
concrete transitions from Oxidized Region II to
Oxidized Region III at year 1,669 (Table 4.4-2)
for Type I tanks and year 1,049 (Table 4.4-5)
for Type IV tanks.
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Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

The grout material properties of principal
concern are the hydraulic properties. The
grout hydraulic properties influence the
water flow rate through the waste tank. The
earlier the grout degrades, the earlier the
flow rate through the waste tank reaches a
steady state maximum flow. In addition, the
faster the water flows through the grout, the
sooner the water in the grout (and leaving
the grout) changes chemical states which
control the Kd values within the grout and
solubility limits within the CZ (in the base
case).

The grout hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism [WSRC-STI-200700607] with the degradation timing greatly
impacted by the presence of steel.
In the Base Case, the Type I tank grout is fully
hydraulically degraded by year 13,000,
whereas the Type IV grout does not fully
degrade until the year 63,800.
In the alternate configurations, including
Configuration D, cementitious material is
considered to be fully hydraulically degraded
at year 501.

fully degraded state, with a cementitious material
degradation analysis performed to determine the
time it would take to reach the fully degraded
state (Table 4.2-32).
The expected degradation rate and timing for the
waste tank cementitious materials are based on
WSRC-STI-2007-00607 and SRS-REG-200700027 and will vary depending on waste tank
type. Once the initial and end-state times are
set, the model assumes linear degradation of the
hydraulic properties over time. Type I tank
concrete begins degrading at year 1,300, and is
fully degraded after 2,600 years. Type IV tank
concrete begins degrading at year 400, and is
fully degraded after 800 years.
The degraded concrete hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607] The effective diffusion coefficient is also
considered to be dependent on the degradation
state of the concrete. The effective diffusion
coefficient for concrete is assumed to increase by
a factor of seven as the concrete degrades,
which is approximately the same ratio as the
difference between undegraded (intact) concrete
2
(diffusion coefficient of 8.0E-07 cm /sec) and
2
backfill (diffusion coefficient of 5.3E-06 cm /sec).
Waste Tank
Grout

Grout
Hydraulic
properties

PA Section 4.4.3.4 - Water enters the top of the
waste tank grout and travels downward to the CZ
at the bottom of the waste tank. Note that
because the Type IV tanks do not have liners
across the top, a circulation cell occurs in the
grout prior to liner failure. The waste tank grout
material properties (e.g., hydraulic conductivity,
Kd values, which are discussed in detail in
Section 4.2.3.2.3) are modeled as changing over
time. In some configurations used in the SA
(Section 4.4.2), fast flow paths through the grout
are modeled resulting in a higher flow rate
through the grout. The hydraulic properties are
defined initially and in the fully degraded state,
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Model
Component

Grout
Chemistry

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

and a cementitious materials degradation
analysis was performed to determine the time it
would take to reach the fully degraded state
(Table 4.2-32). Once the initial and end-state
times are set, the model assumes linear
degradation of the grout hydraulic properties over
time.
The expected degradation rate and timing for the
waste tank cementitious materials are based on
WSRC-STI-2007-00607 and SRS-REG-200700027 and will vary depending on waste tank
type. Type I tank grout begins degrading at year
2,600, and is fully degraded by 13,000 years.
Type IV tanks begin degrading at year 800 and
does not fully degrade until after 20,000 years.
The degraded grout hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607] The effective diffusion coefficient for
grout is assumed to increase by a factor of
seven, which is approximately the same ratio as
the difference between undegraded (intact) grout
2
(diffusion coefficient of 8.0E-07 cm /sec) and
2
backfill (diffusion coefficient of 5.3E-06 cm /sec).

The barrier analyses indicated that the
waste tank grout has a large impact on the
magnitude of the Pu-239 releases. In the
absence of all other barriers, intact waste
tank grout reduces the magnitude of peak
fluxes by three to four orders of magnitude
for Type IV tanks for an equivalent
configuration except for the occurrence of a
fast-flow zone through the grout; and the
magnitude difference for the Type I tanks is
even greater. The significance of the waste
tank grout is muted by the presence of other
effective barriers.
The barrier analysis also indicated that the
waste tank grout appears to appreciably
delay the timing of flux releases. For the
Type I and IV tanks, the delay is about
4,000 years.

In some configurations such as C and D,
which are described in Section 4.4.2, fast flow
paths through the grout are modeled resulting
in a higher flow rate through the grout.

Table 4.2-33, provides Kd values for cementitious
materials as a function of aging, with the grout
“age” dependent on the pH of the concrete pore
water, which in turn is dependent upon the
amount of water (number of pore volumes) that
has passed through the concrete over time. A
description of pore water chemistry modeling is
provided in the Section 4.4.3.5.

The grout Kd values are mainly a factor in
Type IV tanks, where contaminants move
upward from the CZ into the grout.
Significant upward migration of some
species can occur in Type IV tanks until the
steel liner fails. Some of the mass is
released outwards through the wall and
some migrates back to the CZ. Upward
migration through the grout is not a concern
for Pu-239 because of its high Kd value
along with the high Kd values of its ingrowth
contributors. The high Kd values minimize
the upward migration of mass within the
grout.

Pu-239 grout Kd values are based on sitespecific test results. [SRNL-TR-2009-00019]
Newer Kd values have been used in HTF PA
modeling (in mL/g)
Oxidizing Region II – 10,000 mL/g
Oxidizing Region III – 2,000 mL/g
See the response to RAI-NF-7.
In Configuration D, the grout transitions from
Reduced Region II to Oxidized Region II at
year 4,022 for Type I tanks and at year 5,957
for Type IV tanks.
In Configuration D, the grout transitions from
Oxidized Region II to Oxidized Region III at
year 16,180 for Type I tanks and at year
28,218 for Type IV tanks.

Kd in mL/g (PA, Revision 1, TBD.)
Reducing Region II -10,000 mL/g
Oxidizing Region II – 10,000 mL/g
Oxidizing Region III – 1,000 mL/g
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Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

Pu-239 inventory does not impact the base
case peak dose in 10,000 years. The Type
IV tank Pu-239 inventories are large enough
that the peak doses could exceed the
performance objectives if the Pu-239
release and transport was not affected by
the solubility limits and by soil and concrete
retardation.

Section 3.3.2 discusses that the waste tank
inventory is reasonably conservative.
Section 5.6.3.2 provided inventory uncertainty
for analysis in the UA (Section 5.6.4) and SA
(Section 5.6.6).
Deterministic SA of inventory in Section
5.6.7.1.
The Tank 18 and 19 waste tank inventories at
closure (SRR-CWDA-2010-00117, Table 4.0-1
and SRR-CWDA-2010-00118, Table 4.0-1)
are as follows:

In the Base Case, the grout transitions from
Reduced Region II to Oxidized Region II at year
15,286 for Type I tanks and year 10,456 for Type
IV tanks.
In the Base Case, the grout transitions from
Oxidized Region II to Oxidized Region III at the
year 26,868 and 31,222, respectively, for both
waste tank types considered.
CZ

Inventory

PA Section 4.4.3.5 - In the model, the waste tank
residual inventory is assumed to be contained
within a thin layer (i.e., the CZ) at the bottom of
the waste tank.
Curies (PA, Revision 1, Table 3.3-2.)
Waste Tank Inventories (Ci)
Radionuclide
Pu-239
Am-243
Cm-243
Cm-247

Type I
Tanks
(Ci)
3.2E+01
1.4E+00
1.0E+00
1.0E-03

Radionuclide
Am-243
Cm-243
Cm-247
Pu-239

Tank 18
(Ci)

Tank 19
(Ci)

1.6E+02
1.0E-01
1.0E+00
1.0E-03

6.4E+00
1.0E-01
1.0E+00
1.0E-03

Half-Life
(yrs)
7,370
28.5
1.56E+07
2.41E+04

Note: Pu-239 is a daughter product of Cm-243
and Am-243, which is the daughter product of
Cm-247. Therefore, to address the inventory of
Pu-239, the inventory of the modeled decay
chain is presented (Half-lives are also provided).
The Pu-239 parents are not present in significant
enough quantities to contribute to the total Pu239 inventory. Radionuclides with half-lives less
than 5 years are excluded.
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Radionuclide

Tank 18
(Ci)

Tank 19
(Ci)

Am-243

2.3E+00

6.8E-03

Cm-243

1.8E-02

1.7E-03

Cm-247

2.1E-06

1.3E-06

Pu-239

2.8E+02

4.0E+00
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Table RAI-PA-1.2: Barrier Analysis of Pu-239 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

CZ Chemistry
– Solubility
Limits and
Percent CZ
Impacted

The release rate of contaminants from the CZ is
solubility controlled and is tied to the chemical
properties (e.g., Eh, pH) of the waste tank pore
water.
The release rate from the CZ is
independent of the grout or CZ Kd values. The
assumed solubility limit varies depending on
waste tank pore water chemistry and the
controlling phase of the radionuclide being
released. Different solubility limits for different
waste tank chemistries were derived for the
radionuclides in the CZ (as discussed in Section
4.2.2). Additional emphasis and analysis was
placed on those radionuclides shown during
initial modeling to have the most impact on peak
dose (Pu, Np, U, Tc), including an uncertainty
study and development of stochastic distributions
for alternative controlling phases (Section
4.2.2.3).
Plutonium Solubility Limits in mol/L (From: FTF
PA Table 4.2-10)
Reducing Region II - 4.1E-12
Oxidizing Region II - 4.0E-14
Oxidizing Region III - 5.7E-05
Fe co-precipitation assumed in Base Case, 100%
CZ impacted at time of transition

The magnitude of the Pu-239 peak is
artificially amplified by the deterministic
modeling approach and the effects of the
solubility controls in the CZ. The Pu-239
solubility limit in Reduced Region II is 4.1E12 moles/L, then in Oxidized Region II the
solubility limit is 4.0E-14 moles/L (Table 4.210). Therefore, when CZ grout transitions
between Reduced Region II and Oxidized
Region II, the release rate of Pu-239
generally reduces, however the magnitude
of this reduction is typically overwhelmed by
the effects of other barriers. When the CZ
transitions to Oxidized Region III, the Pu239 solubility limit jumps up to 5.7E-05
moles/L, allowing the flux to increase by
three to six orders of magnitude. When this
final CZ transition occurs, more Pu-239
mass becomes available for release,
assuming that the liner had already failed.
The difference between the solubility
controls for Pu-239 under Oxidizing Region
II versus Oxidizing Region III conditions is
roughly nine orders of magnitude. This can
have a pronounced impact when other
barriers are not performing as expected.

The Pu-239 release modeling is based on a
site-specific sub-model which has Fe coprecipitation as the primary material form for
plutonium in Region II. The solubility limits for
Oxidized Region III was about 9 orders of
magnitude higher than Oxidized Region II.
[WSRC-STI-2007-00544]
Updated solubility limits are used in the HTF
model. The updated solubility limits are as
follows:
Plutonium Solubility Limits in mol/L (From:
WSRC-STI-2007-00544 Rev 2, Table 12)
Reducing Region II – 7.0E-14
Oxidizing Region II – 9.0E-15
Oxidizing Region III – 2.0E-16
Note that Fe co-precipitation is assumed in the
HTF Base Case, 100% CZ impacted at time of
transition.
Section 5.6.3.3 (see also Tables 4.2-13 and
4.2-14) provided solubility limit uncertainty for
analysis in the UA (Section 5.6.4) and SA
(Section 5.6.6)
Reduced Region II
50% Fe co-prec (4.1E-12 moles/L)
40% Pu(OH)4 (1.7E-09 moles/L)
10% PuO2 (1.3E-17 moles/L)
Oxidized Region II
50% Fe co-prec (4.0E-14 moles/L)
35% Pu(OH)4 (1.4E-07 moles/L)
10% PuO2 (1.2E-15 moles/L)
5% PuO2(OH)2 (3.4E-11 moles/L)
More recent updated probability uncertainty
data is available as follows (From: WSRC-STI2007-00544 Rev 2, Tables 7 and 12):
Reduced Region II
50% Fe co-prec (7.0E-14 moles/L)
35% Pu(OH)4 (1.7E-09 moles/L)
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Table RAI-PA-1.2: Barrier Analysis of Pu-239 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
15% PuO2 (1.3E-17 moles/L)
Oxidized Region II
50% Fe co-prec (9.0E-15 moles/L)
35% Pu(OH)4 (3.0E-07 moles/L)
10% PuO2 (2.3E-15 moles/L)
5% PuO2(OH)2 (1.9E-11 moles/L)
The barrier analyses (Section 5.6.7.3)
demonstrated that the CZ “barrier” can have a
significant impact as an independent barrier if
the Oxidized Region III conditions are
assumed, independent of the waste tank type
involved. If the Oxidized Region III conditions
are assumed for the CZ, the waste release
rates for most radionuclides are increased
(because most radionuclides have solubility
limits higher in Region II than in Region III).
The SA (Section 5.6.6) showed that the Pu239 solubility limits can be important to peak
concentrations and doses.
The investigation of UA realizations (Section
5.6.4.2) identified chemical transition times,
which can directly impact the CZ, as a
parameter generally of dose significance.

CZ Chemistry
Timing

As pore volumes pass through the waste tank,
the pH and reducing capability of the grout is
affected. The number of pore water volumes
passing through the waste tank and the
corresponding transitions to different waste tank
chemistry conditions is included in the FTF
modeling. As part of the waste release modeling
(discussed in detail in Section 4.2.2), the
estimated transition times between various
chemical phases was calculated for the waste
tank pore water. The waste tank pore water
chemistry was calculated to change from Region
II Reduced conditions (Middle Age Reducing) to
Region II Oxidized conditions (Middle Age
Oxidizing) after 371 pore volumes have passed
through the reducing grout. The change from

In the case of the CZ, the pore water
chemistry of the overlying waste tank grout
is assumed to be imparted on the very thin
CZ in intimate contact with grout, and the
chemical transition times are identical for
the two materials. This assumption holds
for all configurations, including the fast-flow
configurations (e.g., Configuration D).
Based on the flow field data observed for all
configurations (Figure 4.4-33), the infiltrate
reaching the CZ does not bypass the waste
tank grout (via the fast-flow path) after
cementitious materials have degraded.
Instead downward flow through the grout
and basemat remains relatively uniform and
significant across the plane of the CZ

E

Page 70 of 388

The transition timing for the CZ is based on a
site-specific sub-model.
[WSRC-STI-200700544]
Section 5.6.3.8 provided transition timing
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). A triangular
distribution using these calculated values
(which are used as the most likely values in
the baseline) as a peak is utilized in the
stochastic analysis for analyzing the
“Transition Times between Chemical States”.
The maximum and minimum values chosen
for the distribution for the first transition were
“482” and “260”. The maximum and minimum
values chosen for distribution of the second
transition were “3,095” and “1,032”. The 30%
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Table RAI-PA-1.2: Barrier Analysis of Pu-239 in Type I and Type IV Tanks
Model
Component

Liner

Failure
Timing

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

Region II conditions (Middle Age) to Region III
conditions (Old Age) was calculated to occur
after 2,063 pore volumes (a summary of the
chemical phases can be found in Table 4.2-1).
[ISSN 1019-0643, WSRC-STI-2007-00544]

surface; such that pore water chemistry and
transition times remain linked. Chemical
degradation is indirectly coupled to hydraulic
degradation through infiltrate pore volumes.
Hydraulic degradation does not affect
chemical transitions as a function of infiltrate
pore volumes.
However, hydraulic
degradation that alters the flow field may
affect the infiltrate pore volume count, and
thus when Eh and pH transitions occur in
time.
This assumption can be significant because
faster transition can result in the CZ material
being released much more rapidly because
the solubility limits associated with Pu-239
under Oxidized Region III conditions are
much higher than under Oxidized Region II
conditions. Faster transition can be due to
the grout being depleted of reducing
capacity quicker (e.g., due to faster flow) or
due to the grout not imparting its reducing
capacity onto the CZ.

and 50% variation provided by these values
was judged reasonable to provide a
distribution that showed the effects of
uncertainty without overwhelming the SA.
Reasonably conservative values were chosen
for use in the stochastic modeling to ensure
that parameters of interest were not masked.
Varying the transition time allowed the
probabilistic
model
to
simulate
nonmechanistically the multiple factors that could
cause early or late transition (e.g., flow
differences, chemistry changes).
The
transition times can have a significant impact
on results, as documented in Sections 5.6.4
and 5.6.6.
In the Base Case, the CZ transitions from
Reduced Region II to Oxidized Region II at
year 15,286 for Type I tanks and year 10,456
for Type IV tanks.
In the Base Case, the CZ transitions from
Oxidized Region II to Oxidized Region III at
the years 26,868 and 31,222, respectively.
In Configuration D, the CZ transitions from
Reduced Region II to Oxidized Region II at
year 4,022 for Type I tanks and at year 5,957
for Type IV tanks.
In Configuration D, the CZ transitions from
Oxidized Region II to Oxidized Region III at
year 16,180 for Type I tanks and at year
28,218 for Type IV tanks.
In the Supplemental Configuration G (see the
discussion below) the water going through a
fast pathway around the grout was
conservatively assumed to not pick up the
reducing capacity of the grout.

PA Section 4.4.3.6 - After leaving the CZ and
entering the waste tank pore water, most of the
waste tank radionuclide inventory does not leave
the waste tank until the waste tank liner fails.

Liner failure has a direct impact on the
timing of the release, but no appreciable
impact on the magnitude. The waste tank
inventories all being released at the same

The liner modeling is based on a site-specific
sub-model. [WSRC-STI-2007-00061]
Configurations C though E looked at early liner
failure (year 1,140 for Type I tanks and year
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evaluate this component?

Note that a very small amount of mass can seep
through the liners because the liners are
simulated with a very small, but non-zero,
hydraulic conductivity prior to failure. In addition,
in the Type IV tanks, because there is no liner on
top, a convection cell forms in the waste tank
grout and mass can migrate around the liner at
the top of the waste tank and escape outward
through the waste tank top and the wall. The
liner failure time was determined by analysis for
each waste tank type, with both the primary and
secondary liner (where applicable) failing at the
same time. While it utilizes many of the same
assumptions, the waste tank liner analyses
calculate failure times independent of the flow
and transport model. As discussed in Section
4.4.3.3, when the liner fails, it is assumed to fail
completely, with the modeled failed liner layer
having little further impact in the model. . Note
that the failed liner does have a much smaller
diffusion coefficient than the surrounding media.
Predictions for failure of the carbon steel waste
tank liners are based on the results of a recent
study. [WSRC-STI-2007-00061] The time of
liner failure is calculated based on steel corrosion
rates under different conditions (e.g., differing
diffusion coefficients). These failure times vary
with waste tank design, owing to differences in
construction.
The failure analysis considers
general and localized corrosion mechanisms of
the waste tank steel exposed to the CZ, grout,
and SRS soil conditions. Consumption of the
waste tank steel encased in grouted conditions is
estimated due to carbonation of the concrete
leading to low pH conditions, and the chlorideinduced de-passivation of the steel leading to
accelerated corrosion.
Liner failure occurs at year 12,747 for Type I
tanks and at year 3,638 for Type IV tanks in the
Base Case.

time can magnify the impact of the Pu-239
release.

75 for Type IV tanks).
The barrier analyses (Section 5.6.7.3)
demonstrated that the impact of the liner
barrier can be variable, with the impact of the
liner as a barrier depending upon the waste
tank type and radionuclide involved.
In
general the liner does not have a significant
impact on the peak fluxes in 10,000 years.
The SA (Section 5.6.6) identified the closure
configuration assumed (e.g., Configuration A
versus Configuration D) as an important
parameter to dose (and this parameter directly
impacts the timing of the liner failure).
The investigation of UA realizations (Section
5.6.4.2) identified liner failure as potentially
significant to peak doses within 20,000 years.
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Percent Liner
Impacted

The liner failure analysis considered the current
condition of the FTF waste tanks, with the
relevant parameters being known leak-sites, their
location, and whether they led to accumulation on
the annulus floor. Tanks 1, 5 and 6, Type I tanks,
have known leak-sites that were discovered
through tank inspections. None of the waste
tanks are believed to have experienced general
corrosion based on the results of ultrasonic
inspections. [WSRC-STI-2007-00061, Section
2.2.2] The liner failure study considered the
condition of the FTF waste tanks to be closed
when determining the liner failure times.
Because the transport model is most concerned
with waste tank failures that could allow
significant flow through and away from the CZ,
the failure mechanisms of primary concern are
those near or at the bottom of the waste tanks
that cause significant through-wall flow.
Isolated failure of the waste tank top liner was not
studied because the entire liner was modeled as
failing simultaneously.

The simultaneous liner failure model was
used instead of using a patch model.
Though not an exact simulation of the
expected liner failure mechanism, the
conceptual model liner failure approach is
expected to maximize peak doses.

The year used to represent failure in the
conceptual
model
is
a
reasonable
simplification, utilizing a “simultaneous” liner
failure model which assumes the entire liner
fails in a given year. The simultaneous liner
failure model was used instead of using a
patch model, which would add percentages of
each waste tank failing each year (i.e., leak
sites in the liner appearing at different waste
tank locations, percent of through wall leakage
increasing, and the waste tank gradually
failing over time).
Though not an exact
simulation of the expected liner failure
mechanism, the conceptual model liner failure
approach is reasonable for the following
reasons:
1) The CZ of concern is located essentially
across the waste tank bottoms, making failure
of most waste tank liner sections unimportant,
because they would not result in flow through
or contaminant release from the CZ.
2) Modeling the entire liner to fail concurrently
would simultaneously maximize the flow path
into and away from the CZ, which would
maximize peak doses. Allowing the entire
liner to fail early (as detailed in the Section
5.6.7 comprehensive SA discussion) or
allowing small flow paths through the CZ as
the patch model approach would simulate, can
decrease the resulting peak doses.
3) Though not addressed independently in the
carbon steel failure analysis, in addition to the
primary liner, there is a full secondary steel
liner for the Type III/IIIA tanks, and a five foot
high secondary liner near the CZ for the Type I
tanks. In the analysis, these secondary liners
are assumed to fail at the same time as the
primary steel liner. If the patch model were
used, failure of a single patch near the CZ
might not result in contaminant release if the
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Component
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Base Case?
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Base Case Results?

What other information is available to
evaluate this component?
nearby secondary liner patches were still
intact.

Concrete
Basemat

Hydraulic
Properties

PA Section 4.4.3.7 - After contaminants exit the
waste tank liner, they enter the concrete waste
tank basemat located directly below the liner.
The waste tank grout material properties (which
are discussed in detail in Section 4.2.3.2.3) are
modeled as changing over time. The material
properties of the concrete impact both the flow
rate through the basemat and the Kd value. The
hydraulic properties are defined initially and in the
fully degraded state, and a cementitious
materials degradation analysis was performed to
determine the time it would take to reach the fully
degraded state (Table 4.2-32). Once the initial
and end-state times are set, the model assumes
linear degradation of the basemat hydraulic
properties over time.
The expected degradation rate and timing for the
waste tank cementitious materials are based on
WSRC-STI-2007-00607 and SRS-REG-200700027 and will vary depending on waste tank
type. Type I tank concrete begins degrading at
year 1,300, and is full degraded after 2,600
years. Type IV tank concrete begins degrading
at year 400, and is full degraded at 800 years.
The degraded basemat hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607] The effective diffusion coefficient for
concrete is assumed to increase by a factor of
seven, which is approximately the same ratio as
the difference between undegraded (intact)
concrete (diffusion coefficient of 8.0E-07
2
cm /sec) and backfill (diffusion coefficient of
2
5.3E-06 cm /sec).
No direct basemat bypass was assumed in the
Base Case.

The basemat hydraulic properties influence
the water flow rate leaving the waste tank.
The earlier the basemat degrades, the
earlier the flow rate leaving the waste tank
reaches a steady state maximum flow.
The barrier analyses indicated that the
concrete degradation has a small impact on
the magnitude of the Pu-239 peak fluxes
(Figures 5.6-87 and 5.6-88). In the absence
of all other barriers, an intact concrete
basemat reduces the magnitude of peak
fluxes by about 1%. Barrier analyses also
indicate that an intact concrete basemat can
delay the timing of the peak flux by
approximately 1,300 years for Type I tanks
and about 350 years for Type IV tanks. The
presence
of
other
barriers
works
synergistically to further delay transport.
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In some sensitivity configurations (i.e.,
Configuration D), fast flow paths through the
basemat are modeled resulting in a higher
flow rate through the basemat.
The concrete hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism. [WSRC-STI-200700607]
Section 5.6.3.5 provided basemat thickness
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). The basemat
thickness in the GoldSim FTF model retards
contaminant transport, with its effectiveness
related to the basemat Kd values and the
basemat thickness. Section 4.4.1 shows the
design dimensions used in baseline modeling
for the various waste tank types, including
concrete basemat thickness. Section 3.2.1
provides design details for the various waste
tank types, including details regarding the
concrete basemat designs.
The basemat
thickness specified on construction drawings
is used as the most likely basemat thickness,
with other design details used to determine a
probable maximum and minimum thickness of
basemat concrete.
Section 5.6.3.6 provided basemat bypass
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). In order to
reflect the possibility that fast flow paths might
form in the basemat, a “Bypass Fraction” was
simulated in the GoldSim FTF model. The
bypass fraction allows a percentage of the
basemat to have no retardation (Kd = 0 for all
elements).
The bypass fraction was
represented by a triangular distribution based
on engineering judgment, with 0% being set

Comment Response Matrix
for NRC Staff Comments on the Draft Basis for Section 3116
Determination and Associated Performance Assessment for the
F-Tank Farm at the Savannah River Site

SRR-CWDA-2011-00054
Revision 1
June 2011

Table RAI-PA-1.2: Barrier Analysis of Pu-239 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
as the most likely value and the upper bound
set at 10%. This judgment is based on the
fact that cracking in the basemat might
possibly lead to some void spaces forming all
the way through the basemat. It is much more
likely that the cracking would be self-sealing
and would not create full channels. Assuming
a full 10% of the basemat was replaced by a
void space that had no retardation effect was
conservative.

Chemical
Properties

Contaminant transport is retarded by the
basemat concrete, with some radionuclides being
slowed greatly depending on their Kd values.
Table 4.2-33, provides Kd values for cementitious
materials as a function of aging, with the grout
“age” dependent on the pH of the concrete pore
water, which in turn is dependent upon the
amount of water (number of pore water volumes)
that has passed through the concrete over time.
A description of pore water chemistry modeling is
provided in the Section 4.4.3.5. As the waste
tank chemistry changes, the concrete transitions
from young (Region I) to middle (Region II) to old
(Region III), and the associated material
properties are modeled as changing. Note that
the basemat Kd values start with the Oxidized
Region II values.
Pu-239 Basemat Kd values (Table 4.2-33)
Oxidizing Region II - 10,000 ml/g
Oxidizing Region III - 1,000 ml/g

Material properties can change in the
PORFLOW model over time. In PORFLOW
modeling, infiltrate pore volumes as a
function of time is calculated outside of
PORFLOW after flow simulations have been
completed.
Chemical transitions in
subsequent transport modeling are based
on these calculations and Eh and pH
transitions as a function of pore volumes
from WSRC-STI-2007-00544. In general,
chemical transitions for a material zone are
based on infiltrate pore volumes for the
same zone. For example, the volume of
flow through the “basemat” zone is
calculated and at the year when the
calculated pore water volume equals
transition volume (i.e., 2063 volumes for
transition
to
Oxidized
Region
III)
documented in WSRC-STI-2007-00544, the
materials in the “basemat” zone are
modeled
as
having
the
properties
associated with Oxidized Region III from
that time forward.
The difference in the Pu-239 Kd values,
when the basemat transitions from Oxidized
Region II to Oxidized Region III cements,
can have a significant impact on flux and
dose results for Pu-239. However, in the
Base Case, this transition occurs more than
1,000 years before waste tank liner failure
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Pu-239 concrete Kd values are based on sitespecific test results. [WSRC-TR-2006-00004,
WSRC-RP-2007-01122]
The Section 5.6.7.2 SA results show that the
Pu-239 flux is significantly impacted by Kd
changes, although this is less pronounced in
Tank 18, relative to the other waste tanks.
Newer Kd values used in HTF PA modeling (in
mL/g)
Oxidizing Region II – 10,000 mL/g
Oxidizing Region III – 2,000 mL/g
Pu-239 Kd values in concrete were identified
as parameters of possible interest in the
investigation of UA realizations (Section
5.6.4.2).
Section 5.6.3.4 provided Kd value uncertainty
for analysis in the UA (Section 5.6.4) and SA
(Section 5.6.6). Distributions for the Kd values
used in the FTF GoldSim modeling are based
on the approach described in SRNL-STI-200900150. This report recommends lognormal
distribution with maximum and minimum
values based on the material under
consideration. The shape of the lognormal
distribution is based on the GSD which differs
by the material under consideration and the
magnitude of the baseline value for the Kd.
Table 5.6-4 provides the parameters for the
lognormal distributions used in the FTF model.
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(for Type I tanks) and less than 1,000 years
after liner failure (for Type IV tanks) so the
impact is muted by the impact of the liner
failure.
Because plutonium is strongly sorbed in the
basemat, and the base case Oxidizing
Region II Kd value is 10,000 mL/g and the
Oxidizing Region II Kd value is 1,000 mL/g,
the basemat can significantly delay the Pu239 release if not bypassed. The impact on
Type I tanks is heightened by the fact that
the basemat is relatively thick (30 inches).
For Type IV tanks, the basemat is only 7
inches thick.
Soil

Vadose Soil

PA Section 4.4.3.8 - After contaminants exit the
basemat, they enter the vadose zone (e.g., soil)
beneath the waste tank, which is discussed in
detail in Section 4.2.3.2.2. The vadose zone
material properties impact both the flow rate
through the soil and the associated Kd values,
with both being important to the model. The
vadose zone depth below each waste tank can
vary depending on the waste tank involved, as
shown in Table 4.2-23.
The vadose zone
material properties are not modeled as changing
over time. In the probabilistic model however,
the vadose zone thickness was allowed to vary,
which did impact transport time through the soil.
The working slabs under waste tank basemats
were not explicitly modeled and instead were
simply assumed to be soil. Given the thinness of
the working slabs relative to the waste tank
basemats, as well as the possibility of cracks in
the working slabs, it is appropriate to disregard
the working slabs in modeling contaminant
transport through the waste tank bottom and
basemat into the vadose zone.
Pu-239 Soil Kd values (Table 4.2-29, WSRC-TR2006-00004)

Plutonium’s Kd in sandy soil is high enough
(270 ml/g) to provide an impact on the
magnitude of the dose results. For the Type
IV tanks the impact is mitigated by the
relatively short distance (approximately two
feet) to the water table, as opposed to
between 9 and 13.5 ft for Type I tanks.
Note that the ancillary equipment releases
are initially released into backfill which is
modeled as a clayey soil.
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Pu-239 soil Kd values are based on sitespecific test results. [WSRC-TR-2006-00004]
Section 5.6.3.9 provided lower vadose zone
depth uncertainty for analysis in the UA
(Section 5.6.4) and SA (Section 5.6.6). The
lower vadose zone in the GoldSim FTF model
retards contaminant transport, with its
effectiveness related to the soil Kd values and
the vadose zone thickness. Table 4.2-23
shows the values used in the baseline
analysis for thickness of the lower vadose
zone beneath each of the waste tanks. The
depth of the vadose zone beneath each waste
tank varies in the stochastic model based on
the thickness of the SZ – as the thickness of
the SZ increases, the depth of the vadose
zone decreases; and as the thickness of the
SZ decreases the depth of the vadose zone
increases. The GoldSim model restricts the
minimum thickness of the vadose zone to 0.1
foot. A vadose thickness of less than 0.1 foot
is essentially having the water table at the
same elevation as the bottom of the waste
tank which is Configuration E described in
Section 4.4.2.
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Given the transport distance to the 100m
boundary, plutonium’s Kd in sandy soil is
high enough (270 ml/g) to provide a
significant impact on the magnitude of the
dose results. Modifying the soil Kd has no
appreciable impact on the timing of the peak
contribution of Pu-239 as the other barriers
limit the inventory available for transport.
If the soil Kd values were much smaller, the
Pu-239 peak doses would still not exceed
the performance objectives in 10,000 years
unless other base case barriers to Pu-239
release (e.g., CZ solubility limits, basemat
Kd values) were also changed nonconservatively.

Pu-239 soil Kd values are based on sitespecific test results. [WSRC-TR-2006-00004]
Section 5.6.3.12.1 provided SZ depth
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). In the GoldSim
model, water leaving the UZ enters the SZ
(i.e., the aquifer) as recharge, and this
infiltrating water is mixed into the volume of
aquifer water. The volume is determined by
the flow rate and mixing volume in the aquifer.
The aquifer thickness is important to the
model because the volume of water directly
affects the concentration. In the GoldSim HTF
stochastic model, the aquifer thickness is
assigned a Base Case value of 5m,
conservatively controlling the degree of
vertical spreading allowed in the model. For
the stochastic modeling, the Base Case “most
likely” value of 5m was assumed as the mean
aquifer thickness. The distribution was set as
a normal distribution with a standard deviation
of 2.3 feet. The thickness of the SZ and
supporting distribution were based on the
hydrogeology referenced above and informed
by the benchmarking process results (Section
5.6.2).

Kd in sandy soil 270 ml/g.
Kd in clayey soil 5,900 ml/g.
SZ Soil

Pu-239 Soil Kd values (Table 4.2-29, WSRC-TR2006-00004)
Kd in sandy soil 270 ml/g.
Kd in clayey soil 5,900 ml/g.

E

Page 77 of 388

Comment Response Matrix
for NRC Staff Comments on the Draft Basis for Section 3116
Determination and Associated Performance Assessment for the
F-Tank Farm at the Savannah River Site

SRR-CWDA-2011-00054
Revision 1
June 2011

Table RAI-PA-1.3: Barrier Analysis of Tc-99 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

Infiltration
into Waste
Tank Top

Closure Cap

PA Section 4.4.3.1 - A time-dependent flow
rate for water leaving the closure is determined
in the closure cap sub-model. The infiltration
rate into the closure cap top is based on the
rainfall rates and the closure cap material
properties (which are discussed in detail in
Section 4.2.3.2.1). The flow rate out of the cap
is calculated using the HELP code, with the
closure cap modeled as degrading over time.
The flow rate through the closure cap reaches
a steady state value at approximately year
2500. Table 3.2-10 provides the time-variant
infiltration rates based on the closure cap
analysis presented in Section 3.2.4.

The Base Case liner failure dates all occur
after year 2500, so changes in the infiltration
rate and corresponding changes in flow near
the waste tanks does not significantly affect
the transport model in the early years.
Because the closure cap reaches the steady
state flow values relatively quickly (i.e., less
than a 2% increase in infiltration rate after year
2600), the cap has a minimal effect on the Tc99 doses. However, barrier analyses indicate
that, in the absence of an effective steel liner,
the closure cap acts as a significant barrier to
infiltration/flow that directly impacts the timing
of peak releases. The barrier analyses also
indicate that the closure cap has no significant
impact on the magnitude of the peak releases.

The infiltration modeling is based on a sitespecific sub-model which uses the HELP code
to simulate the projected closure cap design.
[WSRC-STI-2007-00184]
The closure cap barrier analyses (Section
5.6.7.3) demonstrated that the closure cap has
a minimal effect on the peak flux in 10,000
years.
The infiltration rate for the closure cap (11.5
in/yr) reaches approximate steady state
infiltration rate at year 2625 in both
Configuration A and D.
Configuration F looked at no Cap (Soil Only)
with an infiltration rate entering the waste tank
top of 16.45 in/yr.

Waste Tank
Top

Hydraulic
Properties

PA Section 4.4.3.2 - The flow leaving the
closure cap travels to the waste tank, with the
flow rate being affected by the concrete waste
tank top. Based on the relative hydraulic
properties of the two materials (soil versus
concrete), the majority of flow is directed
around the waste tank into the surrounding
soil, while some flow travels downward through
the concrete. The concrete material properties
(which are discussed in detail in Section
4.2.3.2.3) are modeled as changing over time.
The only waste tank top material properties of
concern are the hydraulic properties, because
the waste tank top impacts flow but little mass
migrates into it (in Type IV tanks, mass may
reach the roof prior to liner failure, but
infiltration from the roof versus upward
diffusion from the top of the waste tank grout
will tend to offset each other). The waste tank
top hydraulic properties are defined initially and
in the fully degraded state with a cementitious
materials degradation analysis performed to

The timing of waste tank top concrete
degradation affects the flow rate into the waste
tank. Early concrete degradation, as modeled
in some alternate configurations, allows the
steady state flow values to be reached earlier,
but does not appear to have as pronounced
an impact on flow as other processes (e.g.,
liner failure, basemat bypass).

The concrete hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism. [WSRC-STI-200700607 and SRS-REG-2007-00027]
In the Base Case, the waste tank roof
concrete transitions from Oxidized Region II to
Oxidized Region III at year 3,010 for Type I
tanks and year 893 for Type IV tanks.
In Configuration D, the waste tank roof
concrete transitions from Oxidized Region II to
Oxidized Region III at year 1,669 (Table 4.4-2)
for Type I tanks and year 1,049 (Table 4.4-5)
for Type IV tanks.
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How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

The grout material properties of principal
concern are the hydraulic properties. The
grout hydraulic properties influence the water
flow rate through the waste tank. The earlier
the grout degrades, the earlier the flow rate
through the waste tank reaches a steady state
maximum flow. In addition, the faster the
water flows through the grout, the sooner the
water in the grout (and leaving the grout)
changes chemical states which control the Kd
values within the grout and solubility limits
within the CZ (in the base case).
There is no appreciable impact on Tc-99
release, except peripherally, as flow through

The grout hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism [WSRC-STI-200700607] with the degradation timing greatly
impacted by the presence of steel.
In the Base Case, the waste tank grout is fully
degraded hydraulically after year 13,000 for
Type I tanks and after year 20,000 for Type IV
tanks.
In the alternate configurations, including
Configuration D, all cementitious material
including waste tank grout is fully degraded

determine the time it would take to reach the
fully degraded state (Table 4.2-32).
The expected degradation rate and timing for
the waste tank cementitious materials are
based on WSRC-STI-2007-00607 and SRSREG-2007-00027 and will vary depending on
waste tank type. Once the initial and end-state
times are set, the model assumes linear
degradation of the hydraulic properties over
time. Type I tank concrete begins degrading at
year 1,300, and is full degraded after 2,600
years. Type IV tank concrete begins degrading
at year 400, and is full degraded after 800
years.
The degraded concrete hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607] The effective diffusion coefficient is
also considered to be dependent on the
degradation state of the concrete.
The
effective diffusion coefficient for concrete is
assumed to increase linearly by a factor of
seven as the concrete degrades, which is
approximately the same ratio as the difference
between undegraded concrete (diffusion
2
coefficient of 8.0E-07 cm /sec) and backfill
2
(diffusion coefficient of 5.3E-06 cm /sec).
Waste Tank
Grout

Grout
Hydraulic
Properties

PA Section 4.4.3.4 - Water enters the top of
the waste tank grout and travels downward to
the CZ at the bottom of the waste tank. Note
that because the Type IV tanks do not have
liners across the top, a circulation cell occurs in
the grout prior to liner failure. The waste tank
grout material properties (e.g., hydraulic
conductivity, Kd values, which are discussed in
detail in Section 4.2.3.2.3) are modeled as
changing over time. The hydraulic properties
are defined initially and in the fully degraded
state,
and
a
cementitious
materials
degradation analysis was performed to
determine the time it would take to reach the
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Grout
Chemistry
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How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

fully degraded state (Table 4.2-32). Once the
initial and end-state times are set, the model
assumes linear degradation of the grout
hydraulic properties over time.
The expected degradation rate and timing for
the waste tank cementitious materials are
based on WSRC-STI-2007-00607 and SRSREG-2007-00027 and will vary depending on
waste tank type. Type I tank grout begins
degrading at year 2,600, and is not full
degraded till after 13,000 years. For Type IV
tanks, the grout begins to degrade at year 800
and is not fully degraded until after 20,000
years. The Type IV tank grout does not fully
degrade for a long time because there are no
cooling coils that help accelerate the
degradation process.
The degraded grout hydraulic conductivities
increase by a factor of 100. [WSRC-STI-200700607] The effective diffusion coefficient for
grout, which is also modeled as a function of
degradation state, is assumed to increase
linearly by a factor of seven as degradation
proceeds.
The factor of seven is
approximately the same ratio as the difference
between
undegraded
grout
(diffusion
2
coefficient of 8.0E-07 cm /sec) and backfill
2
(diffusion coefficient of 5.3E-06 cm /sec).

the waste tank grout penetrates the CZ grout
and drives CZ chemical transitions (see CZ
discussion of chemistry timing).

hydraulically at year 501 for both waste tank
types considered.
In some configurations such as C and D,
which are described in Section 4.4.2, fast flow
paths through the grout are modeled resulting
in a higher flow rate through the grout.

Table 4.2-33, provides Kd values for
cementitious materials as a function of aging,
with the grout “age” dependent on the pH of
the concrete pore water, which in turn is
dependent upon the amount of water (number
of pore volumes) that has passed through the
concrete over time. A description of pore water
chemistry modeling is provided in the Section
4.4.3.5.
The Kd values for cementitious
materials used for the grout are as follows:

The only times the Kd values are a factor in the
model are when contaminants move upward
from the CZ into the grout Significant upward
migration of some species can occur in Type
IV tanks until the steel liner fails. Some of the
mass is released outwards through the wall
and some migrates back to the CZ. In Type IV
tanks upward migration through the grout has
minimal influence on Tc-99 because of its high
Kd value in the Reducing Region II state, which
occurs until long after the liner failure. In
addition the technetium solubility limit in the

Tc-99 grout Kd values are based on sitespecific test results. [WSRC-RP-2007-01122]
In Configuration D, the Type I tank grout
transitions from Reduced Region II to Oxidized
Region II at year 4,022. For Type IV tanks,
this transition occurs at year 5,957.
In Configuration D, the Type I tank grout
transitions from Oxidized Region II to Oxidized
Region III at year 16,180. For Type IV tanks,
this transition does not occur until 28,218
years.
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evaluate this component?

Base Case also limits the upward migration of
Tc-99.
No appreciable impact on Tc-99 releases,
even for Type I or Type IV tanks.

Kd in mL/g (PA, Revision 1, Table 4.2-33)
Reducing Region II -5,000 mL/g
Oxidizing Region II - 0.8 mL/g
Oxidizing Region III - 0.5 mL/g
In the Base Case, the Type I tank grout
transitions from Reduced Region II to Oxidized
Region II at year 15,286. The Type IV tank
grout transitions at year 10,456.
In the Base Case, the Type I and Type IV tank
grout transitions from Oxidized Region II to
Oxidized Region III at year 26,868 and 31,222
years respectively.
CZ

Inventory

PA Section 4.4.3.5 - In the model, the waste
tank residual inventory is assumed to be
contained within a thin layer (i.e., the CZ) at the
bottom of the waste tank.
Curies (PA, Revision 1, Table 3.3-2.)
Type I tanks = 79 Ci per waste tank.
Tank 18 = 1.0 Ci
Tank 19 = 1.4 Ci

As discussed in Section 3.3.2 of the FTF PA,
the process used to estimate the waste tanks’
residual material at operational closure
created estimates that were both bounding
and reasonable.
For those contributors
projected to have insignificant impact on dose,
the
estimates
were
developed
with
considerable conservatism. For example, the
inventory for the Tc-99 inventory in the Type I
tanks was increased by one order of
magnitude to ensure the values used were
reasonably conservative.
The impact of
increasing the Tc-99 inventory is amplified in
the deterministic model due to the waste tanks
(for each waste tank type) all being modeled
as failing simultaneously. For a radionuclide
that travels relatively fast like Tc-99, all of the
Type I tank inventory being released at the
same time allows the entire Tc-99 Type I tank
inventory to reach the 100 meter point at
approximately the same time, magnifying this
conservatism.
The peak Base Case dose at any time is
approximately 620 mrem at year 26,940
(Figure 5.5-9), and is associated with Tc-99
(99% of the dose). The magnitude of this
peak is artificially amplified by the
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Section 3.3.2 discusses that the waste tank
inventory is reasonably conservative.
Section 5.6.3.2 provided inventory uncertainty
for analysis in the UA (Section 5.6.4) and SA
(Section 5.6.6).
Section 5.6.7.1 describes a PORFLOW
deterministic inventory SA.
The Tank 18 and 19 waste tank inventories for
Tc-99 at closure are 0.9 Ci and 0.38 Ci,
respectively. [SRR-CWDA-2010-00117 and
SRR-CWDA-2010-00118]
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Table RAI-PA-1.3: Barrier Analysis of Tc-99 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

deterministic modeling approach and the fact
that Tc-99 was conservatively modeled as
being released instantaneously once the CZ
reached Oxidized Region III conditions. The
deterministic model utilizes a single set of
parameters for a given waste tank type,
resulting in all of the Type I tanks failing in a
single year in the deterministic model.
CZ chemistry
– Solubility
Limits and
Percent CZ
Impacted

For some species (including Tc-99), the
release rate of contaminants from the CZ is
solubility controlled and is tied to the chemical
properties (e.g., Eh, pH) of the waste tank pore
water. The assumed solubility limit varies
depending on waste tank pore water chemistry
and the controlling phase of the radionuclide
being released. Different solubility limits for
different waste tank chemistries were derived
for the radionuclides in the CZ (as discussed in
Section 4.2.2).
Additional emphasis and
analysis was placed on those radionuclides
shown during initial modeling to have the most
impact on peak dose (Pu, Np, U, Tc), including
an uncertainty study and development of
stochastic
distributions
for
alternative
controlling phases (Section 4.2.2.3).
Tc-99 Solubility Limits in mol/L (From: FTF PA
Table 4.2-10)
Reducing Region II -3.1E-11
Oxidizing Region II - 3.0E-13
Oxidizing Region III - No solubility controls
Fe co-precipitation is assumed in Base Case
for Reducing Region II and Oxidizing Region II,
with100% CZ impacted at time of transition

The magnitude of the Tc-99 peak is artificially
amplified by the deterministic modeling
approach and the effects of the solubility
controls in the CZ. The Tc-99 solubility limit in
Reduced Region II is 3.1E-11 moles/L, then in
Oxidized Region II the solubility limit is 3.0E13 moles/L (Table 4.2-10). Therefore, when
CZ grout transitions between Reduced Region
II and Oxidized Region II, the release rate of
Tc-99 generally reduces by up to two orders of
magnitude. However, in Oxidized Region III,
Tc-99 is conservatively modeled as having no
solubility controls.
When this final CZ
transition occurs, any remaining Tc-99 mass
becomes available for instantaneous release,
once the liner fails.
This can have a
pronounced impact, especially given a
significant Tc-99 inventory.

E

Page 82 of 388

The Tc-99 release modeling is based on a
site-specific sub-model which has Fe coprecipitation as the primary material form for
technetium in Region II. No solubility limits
were assumed for Region III, which can drive
the peak dose results. [WSRC-STI-200700544]
Updated solubility limits are used in the HTF
model. The updated solubility limits are as
follows:
Tc-99 Solubility Limits in mol/L (From: WSRCSTI-2007-00544 Rev 2, Table 12)
Reducing Region II – 6.0E-13
Oxidizing Region II – 7.0E-14
Oxidizing Region III – 2.0E-15
Note that Fe co-precipitation is assumed in the
HTF Base Case, 100% CZ impacted at time of
transition.
Section 5.6.3.3 (Tables 4.2-13 and 4.2-14)
provided solubility limit uncertainty for analysis
in the UA (Section 5.6.4) and SA (Section
5.6.6)
Reduced Region II
50% Fe co-prec (3.1E-11 moles/L)
40%Tc2S7 (9.9E-38 moles/L)
10%TcO2.H2O (3.3E-08 moles/L)
Oxidized Region II
50% Fe co-prec (3.0E-13 moles/L)
50% Faster release (2.95E-6 moles/L)
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Table RAI-PA-1.3: Barrier Analysis of Tc-99 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
More recent updated probability uncertainty
data is available as follows (From: WSRC-STI2007-00544 Rev 2, Tables 7 and 12):
Reduced Region II
50% Fe co-prec (6.0E-13 moles/L)
40%Tc2S7 (1.2E-32 moles/L)
10%TcO2.H2O (3.3E-08 moles/L)
Oxidized Region II
50% Fe co-prec (7.0E-14 moles/L)
50% Faster release (No Solubility Control)
The barrier analyses (Section 5.6.7.3)
demonstrated that the CZ “barrier” can have a
significant impact as an independent barrier if
the Oxidized Region III conditions are
assumed, independent of the waste tank type
involved. If the Oxidized Region III conditions
are assumed for the CZ, the waste release
rates for most radionuclides are increased (as
most radionuclides have solubility limits higher
in Region II than in Region III).
The SA (Section 5.6.6) showed that the Tc-99
solubility limits can be important to peak
concentrations and doses. The importance is
due primarily to Tc-99 releases from Type I
tanks with the Type I tank Tc-99 inventories
being relatively large.
The investigation of UA realizations (Section
5.6.4.2) identified chemical transition times,
which can directly impact the CZ, as a
parameter generally of dose significance,
specifically with respect to Tc-99 releases
from Type I tanks.

CZ Chemistry
Timing

As pore volumes pass through the waste tank,
the pH and reducing capability of the grout is
affected. The number of pore water volumes
passing through the waste tank and the
corresponding transitions to different waste
tank chemistry conditions is included in the

In the case of the CZ, the pore water
chemistry of the overlying waste tank grout is
assumed to be imparted on the very thin CZ in
intimate contact with grout, and the chemical
transition times are identical for the two
materials.
This assumption holds for all
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The transition timing for the CZ is based on a
site-specific sub-model.
[WSRC-STI-200700544]
Section 5.6.3.8 provided transition timing
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). A triangular
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Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

FTF modeling. As part of the waste release
modeling (discussed in detail in Section 4.2.2),
the estimated transition times between various
chemical phases was calculated for the waste
tank pore water. The waste tank pore water
chemistry was calculated to change from
Region II Reduced conditions (Middle Age
Reducing) to Region II Oxidized conditions
(Middle Age Oxidizing) after 371 pore volumes
have passed through the reducing grout. The
change from Region II conditions (Middle Age)
to Region III conditions (Old Age) was
calculated to occur after 2,063 pore volumes (a
summary of the chemical phases can be found
in Table 4.2-1).
[ISSN 1019-0643, WSRC-STI-2007-00544]

configurations,
including
the
fast-flow
configurations (e.g., Configuration D). Based
on the flow field data observed for all
configurations (Figure 4.4-33), the infiltrate
reaching the CZ does not bypass the waste
tank grout (via the fast-flow path) after
cementitious materials have degraded.
Instead downward flow through the grout and
basemat remains relatively uniform and
significant across the plane of the CZ surface;
such that pore water chemistry and transition
times remain linked. Chemical degradation is
indirectly coupled to hydraulic degradation
through infiltrate pore volumes. Hydraulic
degradation does not affect chemical
transitions as a function of infiltrate pore
volumes. However, hydraulic degradation that
alters the flow field may affect the infiltrate
pore volume count, and thus when Eh and pH
transitions occur in time.
This assumption can be significant because
faster transition can result in the CZ material
being released much more rapidly because
the solubility limits associated with Tc-99
under oxidized conditions are much higher
than under reduced conditions.
Faster
transition can be due to the grout being
depleted of reducing capacity quicker (e.g.,
due to faster flow.

distribution using these calculated values
(which are used as the most likely values in
the baseline) as a peak is utilized in the
stochastic analysis for analyzing the
“Transition Times between Chemical States”.
The maximum and minimum values chosen
for the distribution for the first transition were
“482” and “260”. The maximum and minimum
values chosen for distribution of the second
transition were “3,095” and “1,032”. The 30%
and 50% variation provided by these values
was judged reasonable to provide a
distribution that showed the effects of
uncertainty without overwhelming the SA.
Reasonably conservative values were chosen
for use in the stochastic modeling to ensure
that parameters of interest were not masked.
Varying the transition time allowed the
probabilistic
model
to
simulate
nonmechanistically the multiple factors that could
cause early or late transition (e.g., flow
differences, chemistry changes).
The
transition times can have a significant impact
on results, as documented in Sections 5.6.4
and 5.6.6.
In the Base Case, the Type I tank CZ
transitions from Reduced Region II to Oxidized
Region II at year 15,286. For Type IV tanks,
this transition occurs at year 10,456.
In the Base Case, the waste tank CZ
transitions from Oxidized Region II to Oxidized
Region III at the years 26,868 and 31,222,
respectively.
In Configuration D, the Type I tank CZ
transitions from Reduced Region II to Oxidized
Region II at year 4,022. For Type IV tanks,
this transition occurs at year 5,957.
In Configuration D, the Type I tank CZ
transitions from Oxidized Region II to Oxidized
Region III at year 16,180. For Type IV tanks,
this transition occurs at 28,218 years.
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In the Supplemental Configuration G (see the
discussion below) the water going through a
fast pathway around the grout was
conservatively assumed to not pick up the
reducing capacity of the grout.

Liner

Failure
Timing

PA Section 4.4.3.6 - After leaving the CZ and
entering the waste tank pore water, most of the
radionuclide inventory does not leave the
waste tank until the waste tank liner fails. Note
that a very small amount of mass can seep
through the liners because the liners are
simulated with a very small, but non-zero,
hydraulic conductivity prior to failure.
In
addition, in the Type IV tanks, because there is
no liner on top, a convection cell forms in the
waste tank grout and mass can migrate around
the liner at the top of the waste tank and
escape outward through the waste tank top
and the wall. The liner failure time was
determined by analysis for each waste tank
type, with both the primary and secondary liner
(where applicable) failing at the same time.
While it utilizes many of the same
assumptions, the waste tank liner analyses
calculate failure times independent of the flow
and transport model. As discussed in Section
4.4.3.3, when the liner fails, it is assumed to fail
completely, with the modeled failed liner layer
having little further impact in the model. Note
that the failed liner does have a much smaller
diffusion coefficient than the surrounding
media.
Predictions for failure of the carbon steel waste
tank liners are based on the results of a recent
study. [WSRC-STI-2007-00061] The time of
liner failure is calculated based on steel
corrosion rates under different conditions (e.g.,
differing diffusion coefficients). These failure
times vary with waste tank design, owing to
differences in construction.
The failure

Liner failure has a direct impact on the timing
of the release, but no appreciable impact on
the magnitude.
Waste tank inventory being released at the
same time allows the entire Tc-99 Type IV
tank inventory to reach the 100 meter point at
approximately the same time, magnifying
conservatism.
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The liner modeling is based on a site-specific
sub-model. [WSRC-STI-2007-00061]
Configurations C though E looked at early liner
failure (year 1,140 for Type I tanks and year
75 for Type IV tanks)
The barrier analyses (Section 5.6.7.3)
demonstrated that the impact of the liner
barrier can be variable, with the impact of the
liner as a barrier depending upon the waste
tank type and radionuclide involved.
In
general the liner does not have a significant
impact on the peak fluxes in 10,000 years.
Early liner failure increases some peak fluxes
in 20,000 years (especially for fast transport
time radionuclides such as Tc-99) because
contributors that were outside the 20,000
years can move forward in time and contribute
after year 10,000 but just before 20,000 years.
Significance of liner failure timing with respect
to Tc-99 releases from Type I tanks is
dependent on the Tc-99 inventory and/or Tc99 waste release model.
The SA (Section 5.6.6) identified the closure
configuration assumed (e.g., Configuration A
versus Configuration D) as an important
parameter to dose (and this parameter directly
impacts the timing of the liner failure),
specifically with respect to Tc-99 releases
from Type I or Type IV tanks.
The investigation of UA realizations (Section
5.6.4.2) identified liner failure as potentially
significant to peak doses within 20,000 years,
specifically with respect to Tc-99 releases
from Type I or Type IV tanks.
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How was model component captured in the
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Base Case Results?

What other information is available to
evaluate this component?

The simultaneous liner failure model was used
instead of using a patch model. Though not
an exact simulation of the expected liner
failure mechanism, the conceptual model liner
failure approach is expected to maximize peak
doses.

The year used to represent failure in the
conceptual
model
is
a
reasonable
simplification, utilizing a “simultaneous” liner
failure model which assumes the entire liner
fails in a given year. The simultaneous liner
failure model was used instead of using a
patch model, which would add percentages of
each waste tank failing each year (i.e., leak
sites in the liner appearing at different waste
tank locations, percent of through wall leakage
increasing, and the waste tank gradually
failing over time).
Though not an exact
simulation of the expected liner failure
mechanism, the conceptual model liner failure
approach is reasonable for the following
reasons:
1) The CZ of concern is located essentially
across the waste tank bottoms, making failure
of most waste tank liner sections unimportant,
because they would not result in flow through
or contaminant release from the CZ.
2) Modeling the entire liner to fail concurrently
would simultaneously maximize the flow path
into and away from the CZ, which would
maximize peak doses. Allowing the entire
liner to fail early (as detailed in the Section
5.6.7 comprehensive SA discussion) or
allowing small flow paths through the CZ as

analysis considers general and localized
corrosion mechanisms of the waste tank steel
exposed to the CZ, grout, and SRS soil
conditions. Consumption of the waste tank
steel encased in grouted conditions is
estimated due to carbonation of the concrete
leading to low pH conditions, and the chlorideinduced de-passivation of the steel leading to
accelerated corrosion.
In the Base Case, liner failure occurs at year
12,747 for Type I tanks and at year 3,638 for
Type IV tanks.
Percent Liner
Impacted

The liner failure analysis considered the
current condition of the FTF waste tanks, with
the relevant parameters being known leak
sites, their location, and whether they led to
accumulation on the annulus floor. A few Type
I tanks have experienced stress corrosion
cracking.
None of the waste tanks are
believed to have experienced general
corrosion based on the results of ultrasonic
inspections. [WSRC-STI-2007-00061, Section
2.2.2] The liner failure study considered the
condition of the FTF waste tanks to be closed
when determining the liner failure times.
Because the transport model is most
concerned with waste tank failures that could
allow significant flow through and away from
the CZ, the failure mechanisms of primary
concern are those near or at the bottom of the
waste tanks that cause significant through-wall
flow.
Isolated failure of the waste tank top liner was
not studied because the entire liner was
modeled as failing simultaneously.
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Table RAI-PA-1.3: Barrier Analysis of Tc-99 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?
the patch model approach would simulate, can
decrease the resulting peak doses.
3) Though not addressed independently in the
carbon steel failure analysis, in addition to the
primary liner, there is a full secondary steel
liner for the Type III/IIIA tanks, and a five foot
high secondary liner near the CZ for the Type I
tanks. In the analysis, these secondary liners
are assumed to fail at the same time as the
primary steel liner. If the patch model were
used, failure of a single patch near the CZ
might not result in contaminant release if the
nearby secondary liner patches were still
intact.

Concrete
Basemat

Hydraulic
Properties

PA Section 4.4.3.7 - After contaminants exit
the waste tank liner, they enter the concrete
waste tank basemat located directly below the
liner. The waste tank grout material properties
(which are discussed in detail in Section
4.2.3.2.3) are modeled as changing over time.
The material properties of the concrete impact
both the flow rate through the basemat and the
Kd value. The hydraulic properties are defined
initially and in the fully degraded state, and a
cementitious materials degradation analysis
was performed to determine the time it would
take to reach the fully degraded state (Table
4.2-32). Once the initial and end-state times
are set, the model assumes linear degradation
of the basemat hydraulic properties over time.
The expected degradation rate and timing for
the waste tank cementitious materials are
based on WSRC-STI-2007-00607 and SRSREG-2007-00027 and will vary depending on
waste tank type. Type I tank concrete begins
degrading at year 1,300, and is full degraded at
2,600 years. Type IV tank concrete begins
degrading at year 400, and is full degraded at
800 years.

The basemat hydraulic properties influence
the water flow rate leaving the waste tank.
The earlier the basemat degrades, the earlier
the flow rate leaving the waste tank reaches a
steady state maximum flow.
The hydraulic properties have no appreciable
impact on Tc-99 release, because the
concrete fully degrades hydraulically relatively
early (year 2,600 for Type I and year 800 for
Type IV).
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In some sensitivity configurations, (i.e.,
Configuration D), fast flow paths through the
basemat are modeled resulting in a higher
flow rate through the basemat.
The concrete hydraulic modeling is based on a
site-specific sub-model which has movement
of the carbonation front as the bounding
degradation mechanism. [WSRC-STI-200700607]
Section 5.6.3.5 provided basemat thickness
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). The basemat
thickness in the GoldSim FTF model retards
contaminant transport, with its effectiveness
related to the basemat Kd values and the
basemat thickness. Section 4.4.1 shows the
design dimensions used in baseline modeling
for the various waste tank types, including
concrete basemat thickness. Section 3.2.1
provides design details for the various waste
tank types, including details regarding the
concrete basemat designs.
The basemat
thickness specified on construction drawings
is used as the most likely basemat thickness,
with other design details used to determine a
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Table RAI-PA-1.3: Barrier Analysis of Tc-99 in Type I and Type IV Tanks
Model
Component

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

probable maximum and minimum thickness of
basemat concrete.

The degraded basemat conductivities increase
by a factor of 100. [WSRC-STI-2007-00607]
The effective diffusion coefficient for concrete
is assumed to increase by a factor of seven,
which is approximately the same ratio as the
difference between undegraded concrete
2
(diffusion coefficient of 8.0E-07 cm /sec) and
backfill (diffusion coefficient of 5.3E-06
2
cm /sec).
No direct basemat bypass was assumed in the
Base Case.

Chemical
Properties

Contaminant transport is retarded by the
basemat concrete, with some radionuclides
being slowed greatly, depending on their Kd
values. Table 4.2-33, provides Kd values for
cementitious materials as a function of aging,
with the grout “age” dependent on the pH of
the concrete pore water, which in turn is
dependent upon the amount of water (number
of pore water volumes) that has passed
through the concrete over time. A description
of pore water chemistry modeling is provided in
the Section 4.4.3.5.
As the waste tank
chemistry changes, the concrete transitions
from young (Region I) to middle (Region II) to
old (Region III), and the associated material
properties are modeled as changing. Note that

What other information is available to
evaluate this component?

Section 5.6.3.5 provided basemat bypass
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). In order to
reflect the possibility that fast flow paths might
form in the basemat, a “Bypass Fraction” was
simulated in the GoldSim FTF model. The
bypass fraction allowed a percentage of the
basemat to have no retardation (Kd = 0 for all
elements).
The bypass fraction was
represented by a triangular distribution based
on engineering judgment, with 0% being set
as the most likely value and the upper bound
set at 10%. This judgment is based on the
fact that cracking in the basemat might
possibly lead to some void spaces forming all
the way through the basemat; however this
cracking would likely be self-sealing and would
not create full channels. Assuming a full 10%
of the basemat was replaced by a void space
that had no retardation effect was
conservative.
Material properties can change in the
PORFLOW model over time. In PORFLOW
modeling, infiltrate pore volumes as a function
of time are calculated outside of PORFLOW
after flow simulations have been completed.
Chemical transitions in subsequent transport
modeling are based on these calculations and
Eh and pH transitions as a function of pore
volumes from WSRC-STI-2007-00544.
In
general, chemical transitions for a material
zone are based on infiltrate pore volumes for
the same zone. For example, the volume of
flow through the “basemat” zone is calculated
and at the year when the calculated pore
water volume equals transition volume (i.e.,
2063 volumes for transition to Oxidized
Region III) documented in WSRC-STI-2007-

E

Page 88 of 388

Tc-99 concrete Kd values are based on sitespecific test results. [WSRC-TR-2006-00004,
WSRC-RP-2007-01122]
The Section 5.6.7.2 SA results show that the
Tc-99 flux is relatively unaffected by Kd
changes.
Tc-99 Kd in concrete was not identified as
important in The SA (Section 5.6.6) nor in the
investigation of UA realizations (Section
5.6.4.2), but identified radionuclide-specific
cementitious material Kd values as important,
in particular the plutonium and neptunium Kd
values.
Section 5.6.3.4 provided Kd value uncertainty
for analysis in the UA (Section 5.6.4) and SA
(Section 5.6.6). Distributions for the Kd values
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Table RAI-PA-1.3: Barrier Analysis of Tc-99 in Type I and Type IV Tanks
Model
Component

Soil

Vadose Soil

How was model component captured in the
Base Case?

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

the basemat Kd values start with the Oxidized
Region II values.
Tc-99 Basemat Kd Values (Table 4.2-33)
Oxidized Region II 0.8 ml/g
Oxidized Region III 0.5 ml/g.

00544, the materials in the “basemat” zone
are modeled as having the properties
associated with Oxidized Region III from that
time forward.
The Tc-99 Kd values in Oxidized Region II and
Oxidized Region III cements are so low that
there is no appreciable impact, even though
the Type I basemats are relatively thick (30
inches). The Type IV basemats are only 7
inches thick.

used in the FTF GoldSim modeling are based
on the approach described in SRNL-STI-200900150. This report recommends lognormal
distribution with maximum and minimum
values based on the material under
consideration. The shape of the lognormal
distribution is based on the GSD which differs
by the material under consideration and the
magnitude of the baseline value for the Kd.
Table 5.6-4 provides the parameters for the
lognormal distributions used in the FTF model.

PA Section 4.4.3.8 - After contaminants exit
the basemat, they enter the vadose zone (e.g.,
soil) beneath the waste tank, which is
discussed in detail in Section 4.2.3.2.2. The
vadose zone material properties impact both
the flow rate through the soil and the
associated Kd values, with both being
important to the model. The vadose zone
depth below each waste tank can vary
depending on the waste tank involved, as
shown in Table 4.2-23. The vadose zone
material properties are not modeled as
changing over time. In the probabilistic model
however, the vadose zone thickness was
allowed to vary, which did impact transport
time through the soil. The working slabs under
waste tank basemats were not explicitly
modeled and instead were simply assumed to
be soil. Given the thinness of the working
slabs relative to the waste tank basemats, as
well as the possibility of cracks in the working
slabs, it is appropriate to disregard the working
slabs in modeling contaminant transport
through the waste tank bottom and basemat
into the vadose zone.
Tc-99 soil Kd values (Table 4.2-29)
Kd in sandy soil 0.6 ml/g.
Kd in clayey soil 1.8 ml/g.

The Tc-99 Kd in sandy soil is so low (0.6 ml/g)
that there is no appreciable impact.
Note that the ancillary equipment releases are
initially released into backfill which is modeled
as a clayey soil.

Tc-99 Soil Kd values are based on site-specific
test results. [WSRC-TR-2006-00004]
Section 5.6.3.9 provided lower vadose zone
depth uncertainty for analysis in the UA
(Section 5.6.4) and SA (Section 5.6.6). The
lower vadose zone in the GoldSim FTF model
retards contaminant transport, with its
effectiveness related to the soil Kd values and
the vadose zone thickness. Table 4.2-23
shows the values used in the baseline
analysis for thickness of the lower vadose
zone beneath each of the waste tanks. The
depth of the vadose zone beneath each waste
tank varies in the stochastic model based on
the thickness of the SZ – as the thickness of
the SZ increases, the depth of the vadose
zone decreases; and as the thickness of the
SZ decreases the depth of the vadose zone
increases. The GoldSim model restricts the
minimum thickness of the vadose zone to 0.1
foot. A vadose thickness of less than 0.1 foot
is essentially having the water table at the
same elevation as the bottom of the waste
tank which is Configuration E described in
Section 4.4.2.
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Table RAI-PA-1.3: Barrier Analysis of Tc-99 in Type I and Type IV Tanks
Model
Component
SZ Soil

How was model component captured in the
Base Case?
Tc-99 soil Kd values (Table 4.2-29)
Kd in sandy soil 0.6 ml/g.
Kd in clayey soil 1.8 ml/g.

How is model component important to
Base Case Results?

What other information is available to
evaluate this component?

Kd in sandy soil is so low (0.6 ml/g) that there
is no appreciable impact.

Tc-99 soil Kd values are based on site-specific
test results. [WSRC-TR-2006-00004]
Section 5.6.3.12.1 provided SZ depth
uncertainty for analysis in the UA (Section
5.6.4) and SA (Section 5.6.6). In the GoldSim
model, water leaving the UZ enters the SZ
(i.e., the aquifer) as recharge, and this
infiltrating water is mixed into the volume of
aquifer water. The volume is determined by
the flow rate and mixing volume in the aquifer.
The aquifer thickness is important to the
model because the volume of water directly
affects the concentration. In the GoldSim HTF
stochastic model, the aquifer thickness is
assigned a Base Case value of 5m,
conservatively controlling the degree of
vertical spreading allowed in the model. For
the stochastic modeling, the Base Case “most
likely” value of 5m was assumed as the mean
aquifer thickness. The distribution was set as
a normal distribution with a standard deviation
of 2.3 feet.
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Additional Non-Mechanistic Configuration Sensitivity Analysis
As explained in the Base Case discussion (above), uncertainty around the Base Case is
addressed in the FTF PA via additional, supporting assessments (i.e., alternate configurations,
barrier analyses, probabilistic analyses). These additional analyses provide insights into the
Base Case results and overall system performance. Several RAI responses provide additional
information in these areas, such as RAI-UA-2 (the use of SA with respect to timing of peak
dose) and RAI-UA-4 (additional probabilistic results for Configurations E and F). The response
to RAI-UA-1 includes a table (Table RAI-UA-1.3) which provides a summary of the
deterministic PORFLOW dose results from each of the deterministic alternate configurations in
the FTF PA. These results clearly show that none of these configurations resulted in doses
exceeding 25 mrem/yr within 10,000 years.
Section 4.4.2 of the PA explains that the alternative configurations represent conditions that
may be present, without regard to the mechanism that led to those conditions. There are a
variety of mechanisms that can lead to early degradation times, relative to the Base Case. In
closed FTF conditions these mechanisms may be possible, although not likely. In other words,
the alternate configurations should not be interpreted as representing a specific mechanism for
liner/grout/concrete degradation or taken as belief that a given or set of conditions would
actually be present in a closed waste tank system at some point in the future. The failure times
modeled in Configurations C, D, and E encompass various mechanisms and provide
information on the risk-significance of early failure, relative to the Base Case, as well as
providing understanding of system performance while considering uncertainty and variability.
Configuration G Development
To further evaluate the impact on dose due to deviations from the Base Case, an additional
non-mechanistic configuration (Configuration G) has been developed as a supplement to the
Probabilistic Analysis (which also considers multiple assumptions and non-mechanistic
configurations, but in addition assigns probabilities). Configuration G is not considered a
credible alternate scenario, but was developed to provide additional information regarding the
impacts when select barriers of concern were modified simultaneously, without regard for
physical relationships between modeling components (e.g., infiltrating water is assumed to
impact all of the CZ while being unaffected by the reducing capacity of the overlying grout).
Configuration G should not be construed as representing an actual physical reality, but instead
reflects a tool for evaluating the final effect of various elements of the conceptual model and for
investigating uncertainty. Configuration G is constructed in such a way as to virtually disregard
the engineered barriers and features that mitigate contaminant releases.
Configuration G uses Tank Configuration D (described in Section 4.4.2.4 of the PA) as a
foundation, with a few select differences. In Configuration D the closure cap was in place, and
it was assumed that a fast flow path exists through the entire closed system (e.g., through a
waste tank riser, through a cooling coil, through the waste tank fill grout, through pitting in the
steel liner, and through the basemat). A description of each modeling configuration setting,
along with an evaluation of the conservatisms built into this approach, is provided in Table RAIPA-1.4.
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Table RAI-PA-1.4: Configuration G Settings
Parameter,
Setting, or Input

Description of
Configuration G Approach

Evaluation
As described in FTF PA Section 4.2.3.2.5, the
Base Case liner failure times are based upon a
carbonation diffusion coefficient of 1.0E-06
cm2/sec. The Base Case liner failure times are
considered pessimistic because, under conditions
similar to the FTF system, these diffusion rates
are typically calculated and/or measured to be
approximately 1.0E-08 cm2/sec. Even assuming a
more pessimistic carbonation diffusion coefficient
of 1.0E-04 cm2/sec, the median liner failure times
for Type I and Type III tanks fall well after 500
years (WSRC-STI-2007-00061, Section 6).
Unlike the Base Case, this approach ignores the
relationship between the CZ and the chemistry of
the water flowing through the bulk of overlying
waste tank grout.
Neglecting the reducing
capacity of this water results in unrealistic
transition times. These very early transition times
significantly impact the performance of the CZ,
which was identified as an important barrier,
relative to the other barriers.
Plutonium and technetium are two of the most
risk-significant radionuclides. Ignoring the effects
of iron co-precipitation represents an unrealistic
physical condition and results in solubility limits
that are orders of magnitude higher than the
respective iron co-precipitated values.
This
modification results is significantly greater mass
release under solubility-controlled conditions.

Timing of Liner
Failure

Type I and Type III/IIIA tanks
all set to fail at year 500. Type
IV tanks unchanged from
Configuration D (set to fail at
year 75).

Contamination
Zone (CZ)
Transition
Timings

Timing is based on CZ pore
volumes. There is no reducing
capacity imparted from the
overlying waste tank grout.

Radionuclide
Solubilities

Plutonium, uranium, and
technetium solubilities were
modified to ignore the effects of
iron co-precipitation. The
updated values are provided in
Table RAI-PA-1.5 (below).

Moisture
Characteristic
Curves

Moisture characteristic curves
for the high performance
concrete material (Mix BH) was
applied to the cementitious
materials (developed from data
in WSRC-STI-2006-00198,
Table 6-8; see the response to
CC-NF-9).

As discussed in the response to CC-NF-9, the
updated moisture characteristic curve does not
reflect the site-specific data that were used to
develop the Base Case curve.

The cementitious materials
degrade as assumed in the
Base Case.

This is a modification relative to Configuration D;
this change was made in companion with the
assumptions that there is a fast flow path through
the waste tank grout and that no reducing capacity
is imparted from the overlying waste tank grout.
This configuration assumption was made to allow
the intact grout to direct more flow to the fast flow
path and downward to the CZ.

Cementitious
Material
Degradation

(

Page 92 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site
Parameter,
Description of Configuration
Setting, or Input
G Approach

Fast Flow Path
through the
Basemat

Same as PORFLOW
(deterministic) fast flow
configuration (Configuration D).

Evaluation
As with Configuration D, the fast flow path is
represented as a channel without flow impedance.
Fast flow paths through the basemat are modeled as
an area of the waste tank footprint with no Kd values
and accelerated flow. Preferential flow paths might
form along grout seams and edges or along cracks in
the grout; however it is more likely that the cracking
would be self-sealing and not create full channels.
Therefore, the modeling approach for simulating the
fast flow paths as void spaces that have no
retardation is a pessimistic approach.

Table RAI-PA-1.5: Solubility Inputs for Configuration G Sensitivity Run
Reduced Region II
Solubility (moles/L)
4.1E-12
(Fe co-precipitation)
1.7E-09
(Pu(OH)4)

Oxidized Region II
Solubility (moles/L)
4.0E-14
(Fe co-precipitation)
1.4E-07
(Pu(OH)4)

Base Case

3.1E-11
(Fe co-precipitation)

3.0E-13
(Fe co-precipitation)

Configuration
G

3.3E-08
(TcO2.H2O)

Configuration
Base Case
Pu

Configuration
G

Tc

Base Case
U

Configuration
G

1.7E-09
(Fe co-precipitation)
3.5E-05
(UO2)

No solubility control modeled as
instantaneous
release
1.60E-11
(Fe co-precipitation)
1.5E-05
(Becquerelite)

Oxidized Region III
Solubility (moles/L)
5.70E-05
(Pu(OH)4)
5.70E-05
(Pu(OH)4)
No solubility control modeled as instantaneous
release
No solubility control modeled as instantaneous
release
3.40E-05
(Becquerelite)
3.40E-05
(Becquerelite)

Source: Iron co-precipitated solubility values from WSRC-STI-2007-00544.

Application of these model settings was performed within PORFLOW, using the same
inventories as used in the FTF PA, Revision 1 (Table 3.3-2). Concentration results from the
Configuration G PORFLOW run were then input into the GoldSim Dose Calculator model (see
Section 4.4.4.2.2) to calculate dose. The Configuration G Dose Calculator Model results have
been saved in the GoldSim model file: FTF Dose_v1.3c_CaseG_100m_sph_03015011.gsm.
Configuration G effectively results in early failure of multiple barriers (e.g., the carbon steel
waste tank liners, the concrete barriers (roof and basemat), tank grout, and the CZ). As
represented by the barrier analyses, these represent the most risk-significant barriers and the
nearly simultaneous failure of these barriers exaggerates total impacts. Not only are these
barriers failed, but a fast flow path is implemented that channels flow more quickly through the
cementitious structures, thus accelerating chemical transition times and transport as a whole.
A summary of the waste tank configurations provided in the FTF PA (Table 4.4-1) has been
recreated to include a summary description of Configuration G (Table RAI-PA-1.6).
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Table RAI-PA-1.6: Waste Tank Configuration Summary
Case

Closure Cap

Assumed Fast Flow
Paths

A

Engineered
Closure Cap

None

Overlying waste tank grout
Later failure date (based on
Degradation curve based on Table 4.2-32 imparts reducing capacity onto Grouted Diff coefficient of E-6
CZ.
Ca)

No change

B

Engineered
Closure Cap

None

Degradation assumed to be a step
change at year 501

Overlying waste tank grout
Later failure date (based on
imparts reducing capacity onto Grouted Diff coefficient of E-6
CZ.
Ca)

No change

C

Engineered
Closure Cap

Channel with no flow
impedance through grout

Degradation assumed to be a step
change at year 501

Overlying waste tank grout
Early failure date (based on
imparts reducing capacity onto Grouted Diff coefficient of E-4
CZ.
Ca)

No change

D

Engineered
Closure Cap

Channel with no flow
impedance through grout
and basemat

Degradation assumed to be a step
change at year 501

Overlying waste tank grout
Early failure date (based on
imparts reducing capacity onto Grouted Diff coefficient of E-4
CZ.
Ca)

No change

E

Engineered
Closure Cap

N/A

Degradation assumed to be a step
change at year 501

Overlying waste tank grout
Early failure date (based on
imparts reducing capacity onto Grouted Diff coefficient of E-4
CZ.
Ca)

Above CZ

F

Soil Only (16.45
in/yr infiltration)

None

Degradation assumed to be a step
change at year 501

Overlying waste tank grout
Later failure date (based on
imparts reducing capacity onto Grouted Diff coefficient of E-6
CZ.
Ca)

No change

Degradation curve based on Table 4.2-32
(as with the Base Case) in order to
maximize flow to the CZ; CZ chemical
transitions are based on CZ pore
volumes, with no reducing capacity
imparted by the overlying grout and
solubilities apply modified values from
Table RAI-PA-1.5; Moisture characteristic
curves for the high performance concrete
material (Mix BH) was applied to the
cementitious materials (developed from
data in WSRC-STI-2006-00198, Table 68).

CZ chemical transitions are
based on CZ pore volumes,
with no reducing capacity
imparted by the overlying grout
and solubilities apply modified
values from Table RAI-PA-1.5.

No change

G

Engineered
Closure Cap

Channel with no flow
impedance through grout
and basemat.

Degradation of Cementitious Materials

CZ Waste Release Model

(
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Liner Failure Time

Early failure date (based on
Grouted Diff coefficient of E-4
Ca) for Type IV tanks; all other
waste tanks artificially assumed
to fail at year 500.

Water Table
Level
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Configuration G Results
Consistent with the configuration settings described above, and with the model process flow
description provided in FTF PA Section 4.4.3, Tables RAI-PA-1.7 through RAI-PA-1.10 provide
timelines associated with the various model segments for the Base Case, the fast flow
configuration (Configuration D), and Configuration G. The following discussion of the dose
results from Configuration G reflects the transition and degradation times provided by these
tables.
Table RAI-PA-1.7: Type I Tank Process Change Timeline
Change in Model Parameters
Concrete (waste tank top, sides,
basemat, etc.) starts to degrade
hydraulically
Waste tank roof concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank grout starts to degrade
hydraulically
Concrete fully degraded hydraulically
Closure Cap reaches approximate
steady state infiltration rate (11.5 in/yr)
Waste tank wall concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank annulus concrete transitions
from Reducing Region II to Oxidized
Region II
Waste tank annulus concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank basemat concrete
transitions from Oxidized Region II to
Oxidized Region III
Waste tank steel liner fails hydraulically
Waste tank grout fully degraded
hydraulically
Waste tank grout transitions from
Reducing Region II to Oxidized Region
II
CZ transitions from Reducing Region II
to Oxidized Region II
Waste tank grout transitions from
Oxidized Region II to Oxidized Region
III
CZ transitions from Oxidized Region II
to Oxidized Region III

Configuration
A

Year of Occurrence
Configuration
Configuration
D
G

1,300

500

1,300

3,010

1,669

2,360

2,600

500

2,600

2,600

501

2,600

2,625

2,625

2,625

3,615

17,926

3,449

4,977

2,152

3,774

9,181

19,237

7,459

11,102

2,275

2,089

12,747

1,140

500

13,000

501

13,250

15,286

4,022

5,237

15,286

4,022

524

26,868

16,180

13,322

26,868

16,180

626
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Table RAI-PA-1.8: Type III Tank Process Change Timeline
Change in Model Parameters
Concrete (waste tank top, sides,
basemat, etc.) starts to degrade
hydraulically
Closure Cap reaches approximate
steady state infiltration rate (11.5
in/yr)
Waste tank roof concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank grout starts to degrade
hydraulically
Concrete fully degraded hydraulically
Waste tank wall concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank steel liner fails
hydraulically
Waste tank annulus concrete
transitions from Reducing Region II to
Oxidized Region II
Waste tank basemat concrete
transitions from Oxidized Region II to
Oxidized Region III
Waste tank grout transitions from
Reducing Region II to Oxidized
Region II
CZ transitions from Reducing Region
II to Oxidized Region II
Waste tank grout fully degraded
hydraulically
Waste tank annulus concrete
transitions from Oxidized Region II to
Oxidized Region III
Waste tank grout transitions from
Oxidized Region II to Oxidized Region
III
CZ transitions from Oxidized Region II
to Oxidized Region III

Year of Occurrence
Configuration A Configuration D Configuration G
2,500

500

2,400

2,625

2,625

2,625

5,352

2,285

4,280

5,000

500

4,605

5,000

501

5,500

6,401

17,057

5,523

12,751

2,077

500

13,941

5,273

4,605

14,149

3,394

3,270

16,080

5,765

8,392

16,080

5,765

525

18,900

501

19,103

24,774

26,749

10,556

31,284

22,362

19,103

31,284

22,362

630
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Table RAI-PA-1.9: Type IIIA Tank Process Change Timeline
Change in Model Parameters
Concrete (waste tank top, sides,
basemat, etc.) starts to degrade
hydraulically
Closure Cap reaches approximate
steady state infiltration rate (11.5
in/yr)
Waste tank roof concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank grout starts to degrade
hydraulically
Concrete fully degraded hydraulically
Waste tank wall concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank steel liner fails
hydraulically
Waste tank annulus concrete
transitions from Reducing Region II to
Oxidized Region II
Waste tank basemat concrete
transitions from Oxidized Region II to
Oxidized Region III
Waste tank grout transitions from
Reducing Region II to Oxidized
Region II
CZ transitions from Reducing Region
II to Oxidized Region II
Waste tank grout fully degraded
hydraulically
Waste tank annulus concrete
transitions from Oxidized Region II to
Oxidized Region III
Waste tank grout transitions from
Oxidized Region II to Oxidized Region
III
CZ transitions from Oxidized Region II
to Oxidized Region III

Year of Occurrence
Configuration D
Configuration A
Configuration G
2,400

500

2,400

2,625

2,625

2,625

3,455

2,290

4,150

4,800

500

4,800

4,800

501

5,413

3,815

17,078

5,413

12,751

2,077

500

13,885

5,269

4,674

14,113

3,364

3,161

16,079

5,645

8,141

16,079

5,645

525

18,700

501

18,890

24,709

26,646

10,367

31,278

21,710

18,890

31,278

21,710

629
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Table RAI-PA-1.10: Type IV Waste Tank Process Change Timeline
Change in Model Parameters
Concrete (waste tank top, sides,
basemat, etc.) starts to degrade
hydraulically
Waste tank roof concrete transitions
from Oxidized Region II to Oxidized
Region III
Waste tank grout starts to degrade
hydraulically
Concrete fully degraded hydraulically
Waste tank wall concrete transitions
from Oxidized Region II to Oxidized
Region III
Closure Cap reaches approximate
steady state infiltration rate (11.5
in/yr)
Waste tank steel liner fails
hydraulically
Waste tank basemat concrete
transitions from Oxidized Region II to
Oxidized Region III
Waste tank grout transitions from
Reducing Region II to Oxidized
Region II
CZ transitions from Reducing Region
II to Oxidized Region II
Waste tank grout transitions from
Oxidized Region II to Oxidized Region
III
CZ transitions from Oxidized Region II
to Oxidized Region III
Waste tank grout fully degraded
hydraulically

Year of Occurrence
Configuration A
Configuration D
Configuration G
400

500

400

893

1,049

859

800

500

800

800

501

800

2,973

5,228

2,230

2,625

2,625

2,625

3,638

75

75

4,526

1,013

1,091

10,456

5,957

9,391

10,456

5,957

344

31,222

28,218

24,411

31,222

28,218

600

63,800

501

63,800

Six figures depict the results of this analysis. Figures RAI-PA-1.1 and RAI-PA-1.2 show the
dose results from all of the deterministic modeling configurations (Configuration A through
Configuration G) within the 10,000-year period of performance (on linear and logarithmic Yaxes, respectively). Figures RAI-PA-1.3 and RAI-PA-1.4 show the dose results all of the
deterministic modeling configurations (Configuration A through Configuration G) within the
20,000 year period of simulation (on linear and logarithmic Y-axes, respectively). Finally,
Figures RAI-PA-1.5 and RAI-PA-1.6 show the individual radionuclide dose contributions for
Configuration G (Sector E) within the 10,000-year period of performance and within the 20,000
year period of simulation, respectively. The first two figures (Figures RAI-PA-1.1 and RAI-PA1.2) show that the peak dose within the 10,000-year period of performance is 125 mrem/yr at
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year 10,000. This is less than an order of magnitude greater than the 25 mrem/yr Performance
Objective (10 CFR 61.41). Throughout the period of performance, Configuration G is generally
one to two orders of magnitude greater than the other configurations.
The next two figures (Figures RAI-PA-1.3 and RAI-PA-1.4) show that, when considering the full
20,000 years of simulation, the peak dose from Configuration G is slightly less than the peak
doses from other early liner failure configurations (i.e., Configurations C, D, and E). The peak
doses between these configurations differ by about 10% to 15% (549 mrem/yr from
Configuration G versus about 630 mrem/yr from the other model configurations). The fact that
the peak dose associated with Configuration G is less than the peak doses associated with
some other configurations (i.e., Configurations D and E) demonstrates that the removal of
barriers can have competing impacts on peak doses For example, while the Configuration G
barriers fail earlier, the magnitude of the peak doses are reduced, relative to other modeling
configurations.
The last two figures (Figures RAI-PA-1.5 and RAI-PA-1.6) show that, as expected, the dose at
early times (the first 4,000 years after FTF closure) is dominated by Tc-99 and Np-237. The
later peaks (more than 4,000 years after FTF closure) are dominated by Pu-239 and Pu-240.
Comparison of the radionuclide-specific dose results from Configuration G, relative to the Base
Case, and considering the implications of the barrier discussions in Tables RAI-PA-1.2 and
RAI-PA-1.3 provides insights into the complexities of the modeling approaches.
The technetium-to-barriers discussion in Table RAI-PA-1.3 indicates that Tc-99 dose is not
strongly impacted by the retardation capabilities of the cementitious and soil barriers. Instead,
Tc-99 doses are primarily controlled by liner failure times, solubility limits in the CZ, and initially
by inventory. The Configuration G results reflect this assessment as the peak Tc-99 dose
(about 78 mrem/yr at year 668) closely coincides with the accelerated timing of the liner
failures for the Type I and Type III/IIIA tanks (at 500 years) and subsequent CZ transition (from
Oxidized Region II to Oxidized Region III at year 626). However, this modeling approach did
not maximize the potential Tc-99 dose. Extending the simulated duration of the Base Case
modeling configuration to 100,000 years (see Section 5.5.1.5) reveals that a significantly
higher maximum Tc-99 peak dose (about 620 mrem/yr at year 26,940) coincides with the
transition of the CZ in the Type I tanks (from Oxidized Region II to Oxidized Region III at year
26,868). Similarly, Configurations C, D, and E all show peak doses with a similar magnitude to
the Base Case (around 630 mrem/yr) but with timing that coincides with the relative CZ
transitions in the Type I tanks. In Configuration G, however, the magnitude of the early Tc-99
dose (prior to 2,600 years) is diminished as the closure cap has not yet fully degraded, limiting
infiltration of water into the system, thus limiting the transport of radionuclides.
The plutonium-to-barriers discussion provided in Table RAI-PA-1.2 indicates that plutonium is
significantly impacted by the performance of each barrier. Configuration G simultaneously
eliminates most of the barriers and increases the plutonium solubility limits. This has a
profound impact on plutonium, creating conditions that reflect almost no engineered barriers,
with respect to plutonium, whatsoever. In other words, the plutonium contribution to the
Configuration G dose is similar to what may be expected from releasing the plutonium from
beneath the waste tank liner at the time of liner failure. It should be noted that, as described in
Section 5.6.2.1.2, PORFLOW does not implement solubility controls for multiple isotopes of the
same element. Each isotope of an element is treated independently so that they are not
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collectively added to reach an elemental solubility limit. This modeling simplification amplifies
the dose results from elements that have multiple isotopes (such as plutonium). Therefore, the
peak contributions from Pu-239 and Pu-240 are not expected to be as high as depicted.
Finally, Configuration G does not represent a Base Case modeling configuration, but a
combination of unlikely occurrences. All of the barriers are expected to perform better at
limiting waste release and transport of contaminants than as depicted in these figures.
Figure RAI-PA-1.1: FTF PA Alternate Configurations, MOP at 100m Peak Groundwater
Pathway Dose Results within 10,000 Years
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Figure RAI-PA-1.2: FTF PA Alternate Configurations, MOP at 100m Peak Groundwater
Pathway Dose Results within 10,000 Years (Log Y-Axis Scale)
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Figure RAI-PA-1.3: FTF PA Alternate Configurations, MOP at 100m Peak Groundwater
Pathway Dose Results within 20,000 Years
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Figure RAI-PA-1.4: FTF PA Alternate Configurations, MOP at 100m Peak Groundwater
Pathway Dose Results within 20,000 Years (Log Y-Axis Scale)
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Figure RAI-PA-1.5: Configuration G, Individual Radionuclide Contributors to the Sector
E 100m Peak Groundwater Pathway Dose, 10,000 years
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Figure RAI-PA-1.6: Configuration G, Individual Radionuclide Contributors to the Sector
E 100m Peak Groundwater Pathway Dose, 20,000 years
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Explicit Concerns Raised by the NRC within RAI-PA-1
Within RAI-PA-1, the NRC recommends that DOE should reevaluate the conservatism of the
Base Case scenario of the FTF PA. In addition to the many RAIs and CCs from the NRC, RAIPA-1 also identified a number of specific concerns related to uncertainty. First, the NRC
questions the conservatism of the assumed contaminant inventories. Second, the NRC
believes that the simplified approach for modeling degradation may not account for factors that
may override assumed conservatisms. Finally, the NRC questions some of the assumptions
with respect to the integrated site conceptual model (ISCM). These issues are specifically
addressed below.
Section 8.2 of the FTF PA states that as “additional data becomes available … additional
modeling will be required.” Each time additional modeling is performed, DOE shall consider
updating the Base Case scenario and revising the PA. Additional future work includes
expanding upon the current UA/SA to refine and improve stochastic distributions, with
emphasis on those stochastic parameters with the greatest influence on the model results.
Further, Section 8.2 explicitly identified inventory as an area with opportunities to reduce
uncertainty by stating that future work includes “additional sampling and analysis of existing
waste and refinement of potential waste estimates … Sampling of the waste tanks after
cleaning and before grouting will be necessary to evaluate the inventory to ensure that the
groundwater protection performance objectives are met.”
As the model is revised with updated and refined data, RAIs and CCs shall be considered and
incorporated, as appropriate. Changes to assumptions shall be identified and documented in
updates to Section 7.2.
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Item 1: Overview of Conservatism in Estimates of the FTF Inventory
In general, the totality of the steps used to develop the residual inventory estimates are what
provide the conservatism in the final residual inventory estimate, while each individual step
does not necessarily provide conservatism for every waste tank and every constituent. In
building the estimates with each of the steps, any non-conservatism within a particular step is
offset by a previous or subsequent step. Based on this method the whole inventory estimate is
believed to be a conservative inventory. An attempt was made to not overestimate the residual
inventory and approach a bounding type estimate, especially for individual radionuclides. If
this was done, the risk was exaggerating the dose potential associated with a specific
radionuclide and diluting real risk with unreal risk was thought to be a concern. For these
reasons, inventory development involved a balance between overestimating and
underestimating individual radionuclide inventories.
Item 1a: Application of Waste Characterization System Concentration Data
As stated in Section 3.3.2.3, the waste characterization system (WCS) generated values are
generally over-estimated due to the assumptions used to develop the WCS and as
demonstrated by Figure 3.3-2. The comparisons of sample results in Figure 3.3-2 to WCS
predicted values consist of a limited data set. Samples from three waste tanks did not provide
enough comparisons for individual radionuclides determinations. Instead only generalities can
be gathered from this comparison. Any non-conservatism in this step is offset by the additional
steps used to develop the residual inventory estimates. For example, the step of grouping
waste tanks with similar waste tanks and using the maximum concentration from that group
adds conservatism.
Item 1b: Potential Inventory Over-Estimates Following Oxalic Acid Treatment
The contention of potential over-estimate of concentrations is based on a comparison of the
before and after concentrations from the Tank 5 sample results (Table RAI-PA-1.11). [WSRCSTI-2007-00192, SRNL-STI-2009-00492] While the 2009 report shows estimates of removal
efficiencies, the comparison of before and after solids concentrations was considered more
applicable. The basis for the over-estimation assertion is based on the significant decreases in
concentrations from certain constituents (Cs, Sr, Tc, and U).
Table RAI-PA-1.11: Tank 5 Sample Concentrations Before and After Chemical Cleaning
Cs-137 (mCi/kg)
Pu-238 (mCi/kg)
Pu-239/240 (mCi/kg)
Sr-90 (mCi/kg)
Tc-99 (mCi/kg)
U (mg/kg)

Tank 5 2006 Sample

Tank 5 2009 Sample

1,090
1.95
8.48
37,000
0.0131
100,000

48.6, 35.1
2.68, 2.88
10.4, 10.7
5818, 5455
<0.002
<8,000

While the constituents mentioned previously showed significant decreases in concentrations,
some constituents showed an increase in concentration. This potential concentrating falls well
within the sampling uncertainty that would be associated with single solids samples (one
sample before chemical cleaning and one sample after chemical cleaning). Any non-

(

Page 104 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site
conservatism in this step is offset by the additional steps used to develop the residual inventory
estimates. For example the step of grouping waste tanks with similar waste tanks and using
the maximum concentration from that group adds conservatism.
Item 1c: Application of a Factor of Ten Increase to Concentration Estimates
While the residual volumes from Tank 18 and 19 are generally applicable, these waste tanks
did not undergo chemical cleaning, which is a significant difference from future waste tanks,
which have assumed chemical cleaning as one of the material removal steps. Chemical
cleaning is expected to improve the material removal capability for future waste tanks as
compared to Tanks 18 and 19. The conservatism lies in the expectation that chemical
cleaning will allow future cleaning to surpass this assumption and instead approach the
cleaning levels seen in Tank 16, which was also chemical cleaned in the early 1980’s. Any
non-conservatism in this step is offset by the additional steps used to develop the residual
inventory estimates. For example the step of grouping waste tanks with similar waste tanks
and using the maximum concentration from that group adds conservatism.
The
characterization reports for individual waste tanks (i.e., final residual characterization after
cleaning) will be used to develop waste tank-specific inventories. These waste tank-specific
characterization reports will account for the uncertainties associated with sampling, volume,
and analytical measurement in inventory development, and will be used to evaluate inventory
projections.
Item 2: Conservatism of Cover Performance and Degradation Modeling
The performance of the closure cap and the modeling of the degradation mechanisms, as
modeled in the deterministic Base Case model of the PA, are based upon best estimate
values. In general, these values were determined from the most appropriate data available at
the time of the development of the model. The presence of uncertainty in the modeling inputs
does not necessarily indicate that the values are not conservative; however the known
conservatisms, as identified within the PA and the associated RAI responses, likely offset the
effects of non-conservatisms that may exist as an artifact of uncertainty in the model. The
responses to RAI-IE-1, RAI-IE-2, and RAI-IE-3 discuss conservatisms modeled in the closure
cap performance.
With respect to degradation modeling, the simplified modeling approach is consistent with the
scope of the PA. DOE disagrees with the NRC assessment that the PA’s simplified modeling
approach may be “overly optimistic with respect to as-emplaced conditions.”
DOE
acknowledges that this approach does not account for every factor that may or may not impact
results; however, the PA approach does apply best estimate values wherever possible and
appropriate, risk-informed assumptions wherever best estimate values were not available. The
responses to RAI-SS-1, RAI-SS-2, and RAI-SS-3 provide additional discussion into what
informed decisions regarding long-term stability of the waste tanks. RAI-SS-1 specifically
addresses the NRC’s concern regarding the lack of experience and support for the long time
periods relied upon in the PA.
The Configuration G modeling configuration (described above) simultaneously failed multiple
barriers. By ignoring the affects of a number of the most risk-significant assumptions in the
Base Case, Configuration G informs the degree to which highly pessimistic assumptions may
impact the results. Hypothetically, if the most risk-significant assumptions incorrectly assess
the performance of the barriers (an unrealistic, “worst-case” scenario), the peak dose within the
10,000-year period of performance exceeds the performance objectives by less than one order
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of magnitude. Even if some of the simplified modeling approaches were optimistic in isolation
or did not explicitly address the affects of potentially existent factors, these affects can be
offset by those conservatisms that were modeled and will not result in doses that exceed the
performance objectives.
Item 3a: Assumption that the Steel Liner Corrodes from both Sides
The response to RAI-NF-4 clarifies the NRC’s concern regarding the steel liner corrosion. In
summary, the PA does implement corrosion on both the interior and exterior surfaces of the
carbon steel liner for the deterministic (Base Case) PA model; whereas the probabilistic
(UA/SA) PA model applied corrosion only to the exterior surface, as discussed in the response
to RAI-NF-4.
Item 3b: Conservatism of Transfer Line Failure
The response to RAI-NF-5 provides clarification of the conservative assumptions applied with
respect to the failure of transfer lines and the subsequent release of the transfer line
inventories, and justifies the application of the 25% breaching criteria to define failure of the
transfer line.
Item 3c: Selection of Solubility Limiting Phases
The responses to RAI-NF-8 and RAI-NF-9 provide additional information with respect to the
dissolved radionuclide concentrations constrained by iron co-precipitation under oxidizing and
reducing environments, respectively.
These RAI responses provide clarification and
justification for the modeling approaches applied.
Item 3d: Additional Potential Contaminant Retardation Mechanisms
The NRC acknowledges that the waste release model does not give credit to additional
potential contaminant retardation mechanisms.
Ignoring these potential retardation
mechanisms is a modeling simplification that generally overestimates doses and provides for
greater conservatism.
Colloidal transport facilitated by the presence of corrosion or
cementitious material degradation products is discussed in the response to CC-PA-1.
Section 4.2.2.4 of the FTF PA, along with the responses to RAI-NF-8 and RAI-NF-9, discusses
the appropriateness and application of iron co-precipitation in the waste release model for the
CZ.
Conclusion
The DOE acknowledges the NRC’s concerns regarding uncertainty and conservatisms and
agrees that additional future work may improve confidence in the Base Case configuration and
reduce uncertainty in the modeled results; however, based upon the evaluation documented in
the discussions provided above and within the various responses to NRC RAIs and CCs, DOE
has not identified new information that would require an immediate need to update the Base
Case configuration.
As required by DOE Manual 435.1-1, maintenance of the FTF PA will include future updates to
incorporate new information, update model codes, analysis of actual residual inventories, etc.,
as appropriate. Section 8.2 of the FTF PA states that as “additional data becomes available
…additional modeling will be required.” Each time additional modeling is performed, DOE will
consider updating the Base Case scenario and revising the PA. Additional future work
includes expanding upon the current UA/SA to refine and improve stochastic distributions, with
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emphasis on those stochastic parameters with the greatest influence on the model results.
Further, Section 8.2 explicitly identified inventory as an area with opportunities to reduce
uncertainty by stating that future work includes “additional sampling and analysis of existing
waste and refinement of potential waste estimates…Sampling of the waste tanks after cleaning
and before grouting will be necessary to evaluate the inventory to ensure that the groundwater
protection performance objectives are met.” As the model is revised with updated and refined
data, RAIs and CCs shall be considered and incorporated, as appropriate. Changes to
assumptions shall be identified and documented in updates to Section 7.2.
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RAI-PA-2

DOE should clarify its process for identification and evaluation of features, events
and processes that affect disposal facility performance and provide results of its
evaluation process including a listing of features, events, and processes that
DOE SRS has considered but excluded from the FTF PA documentation and the
basis for the exclusion.
Basis
The Calcareous Zones that have undergone extensive dissolution and grouting
underneath significant portions of the FTF footprint are considered by NRC staff
to be a potentially very risk-significant feature of the disposal facility. However,
the presence of the significant and variably grouted void areas in the subsurface
at FTF was not discussed during FTF scoping, nor was it discussed in the
Revision 0 and Revision 1 FTF PAs.
Path Forward
Indicate DOE’s process for identifying and evaluating FEPs and indicate if there
are other potentially risk-significant FEPs that were not discussed in the PA.
DOE should indicate if these FEPs were evaluated and eliminated from
consideration in the PA or if future work is planned to address the FEPs.

RESPONSE RAI-PA-2:
The development of the FTF PA considered the relevant and appropriate features and
processes described in NUREG 1854 Section 4.1.1.3 (i.e., human activities at the site, with
emphasis on local practices; features of the site that affect potential exposure pathways;
frequency and magnitude of disruptive processes, such as seismic events and severe rain
events; location of surface water bodies; site meteorology; features of the site that may
influence the degradation of the engineered systems and the release of radionuclides from
those systems; features and properties of the waste inventory, waste form, and the facility
design that define the release rate of radionuclides; features of the facility that may influence
the release of radionuclides from the system; processes that influence the partitioning and
mobility of the waste inventory; processes that influence the ability of the wasteform to retain
radionuclides, such as fracturing of cementitious waste forms; features of local flora and fauna;
physical and chemical properties surface soils; and physical and chemical properties of the
saturated and unsaturated zones). [NUREG-1854]
DOE developed an inclusive approach in which multiple model configurations were designed to
represent the bounding configurations for a wide variety of credible, potential future conditions
that could result from internal and external events. The Base Case model was designed to
simulate expected or nominal future conditions while the alternative configuration models were
designed to represent other potential conditions of lower probability. The response to RAI-PA1 provides further discussion on the bases used to develop the FTF PA.
Six distinct waste tank configurations were explicitly considered in the FTF PA. Each
configuration begins with the system closed as planned: with the waste tanks filled with grout
and the closure cap in place, but proceeds to non-mechanistically incorporate alternate
degradation assumptions. For example, Configuration D assumes that a fast flow path exists
though the entire closed system (e.g., through the waste tank top, through the waste tank fill
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grout, through pitting in the steel liner, and through the basemat). While alternative
configurations are not explicitly linked to specific features, events and processes (FEPs), the
collective effects of FEPs are assumed to be addressed within this range of modeling
configurations. For example, one such configuration, Configuration D, postulated a significant
fast flow path through the tank roof, through the grout matrix, through the contamination zone,
through the tank bottom, and through the tank basemat. Although such a pessimistic scenario
is not considered likely, the configuration did inform the PA on the potential consequences
from events such as a significant seismic event or an airliner crash directly into the closed FTF
system.
The UA/SA contained in the PA provide a breadth of information as to how different FEPs
could affect the modeling results. For example, Section 5.6.7.3 includes a comprehensive
Barrier Analysis that clearly identifies barriers to waste migration and evaluates the capabilities
of each barrier as understood from the results of the FTF PA. The insights from the UA/SA
results, deterministic one-off analyses, and deterministic barrier analyses are discussed in
Section 7 of the FTF PA. By more discretely evaluating the impact that various segments of
the integrated conceptual model have on the dose results, the FTF PA allows the impact of
postulated features, events, or processes to be assessed independently, using the Base Case
combined with the range of UA/SA contained in the FTF PA.
In summary, the scenarios evaluated in the FTF PA incorporate considerations of relevant
disruptive processes such as erosion (closure cap evaluation), seismic events (no anticipated
impact, but impact bounded by Configuration D evaluation), severe storms such as hurricanes
and tornados (minimum impact due to underground closure design) through increased variable
rainwater evaluation and closure cap design, fires (no impact due to underground closure
design), and floods (not credible). DOE has no knowledge of any relevant, potentially risksignificant consequences of features and events that were not evaluated by the FTF PA.
Note: In the basis of RAI-PA-2, the NRC asserts that the Calcareous Zones beneath portions
of the FTF footprint are risk-significant. DOE responses to RAI-FF-1 and RAI-FF-4 address
this specific feature of concern.
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CC-PA-1

In response to PA-4, no basis for the likelihood or consequences of corrosion
products or cementitious material degradation products was provided. Provide a
basis for lack of consideration of colloidal transport facilitated by the presence of
corrosion or cementitious material degradation products.

RESPONSE CC-PA-1:
There are three steps to consider in colloid-facilitated transport: genesis, stabilization, and
transport. This comment suggests that the genesis step is completed and asks whether the
colloids can remain stabilized in suspension long enough to then be transported through the
porous media. A series of colloid dispersion experiments were conducted using SRS
sediments as a function of ionic strength (the amount of salts in solution), pH, and soil type.
[WSRC-STI-2006-00196] The results of the analyses showed that pH values had a significant
effect on the dispersion of SRS sediments. At background sediment pH values (pH 4.2 to 5.9),
there was minimal tendency for clays to disperse. Iron oxides generated from corrosion would
not be any more dispersive than the nanoparticles in soils, and as such, would not tend to be
dispersive under ambient groundwater conditions.
The results also showed that as the pH was increased there was generally a critical pH above
which clay dispersion occurred. [WSRC-STI-2006-00196] This critical pH was between 5.7
and 6.2. These findings also have implications to waste disposal facilities where cementitious
materials are present. Cementitious materials will likely generate leachate that will elevate pH,
calcium, and ionic strength levels; an increase in pH will promote dispersion, whereas an
increase in the latter two parameters promotes colloid settling. These offsetting factors
between SRS groundwater and cement leachate make it difficult to predict a priori whether
colloids would remain in suspension. Based on the SRS conditions (e.g., SRS soil types), and
the site-specific studies performed to date, colloidal transport is not postulated to have a
significant impact on FTF fate and transport and was not incorporated into the FTF integrated
site conceptual model.
As discussed in Section 8.2 of the FTF PA, studies are ongoing to assist in gaining a better
understanding of the factors affecting FTF radionuclide transport. For example, the Savannah
River National Laboratory (SRNL) and Woods Hole Oceanographic Institution are collaborating
on a DOE-funded proposal to study colloid-facilitated transport at SRS. It is expected that
further study may lead to a mixing model between cement leachate and SRS groundwater,
which will permit predicting colloid dispersion for a wide range of SRS cementitious plume
conditions.
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CC-PA-2

The barrier analysis did not evaluate the capabilities of the natural system. DOE
should consider updating its barrier analysis to address by-passing of the natural
system due to chemical effects or due to the presence of Calcareous Zones in
the subsurface, for example.

RESPONSE CC-PA-2:
As stated in Section 5.6.7.3 of the FTF PA, the purpose of the barrier analyses was to use
PORFLOW to identify barriers to waste migration and to evaluate the capabilities of each
barrier. The barrier analyses assessed the contribution of individual barriers (e.g., closure cap,
grout, CZ, waste tank liner, and waste tank concrete) by comparing contaminant fluxes at the
water table for each barrier case to the peak flux within the first 10,000 years after closure for
the barrier analyses points of reference - Case 1 (the Base Case) and Case 2 (the Degraded
Case). The barrier analyses assessed how the arrival time as well as the magnitude of the
peak flux changes with an individual barrier either intact or degraded, assuming the
contribution of the other barriers has been minimized to the extent possible.
The barrier analyses did not explicitly evaluate the natural system (the vadose and SZs). The
vadose zone beneath the waste tanks has a very similar effect on radionuclide transport to that
of the concrete basemat, which was included in the barrier analyses (FTF PA Section 7.1.1.8).
The vadose zone provides an important zone of retardation for highly sorptive species. Similar
to the basemat and vadose zone, the SZ provides an important zone of retardation for highly
sorptive species. In addition, decreases in peak doses due to dilution associated with
mechanical dispersion occur in the SZ.
The importance of the vadose zone as a barrier can be seen in the UA/SA described in Section
5.6 of the FTF PA. The investigation of UA realizations (Section 5.6.4.2) and the SA (Section
5.6.6) both identified the natural system Kd values in soil as significant. For example, when the
sandy soil Kd for plutonium is at the low end of its distribution (i.e., near 75 mL/g), rather than
the median (270 mL/g), any plutonium that enters the soil below the waste tanks early will be
able to reach the 100m well within the 10,000-year performance period. However, the
plutonium will only enter the soil below the waste tanks early if other conditions significantly
differ from their expected values (e.g., low concrete Kd, early liner failure). For a species with a
low Kd in the vadose zone, such as Tc-99, the vadose zone would be expected to slightly delay
the releases from the basemat, but have little effect on peak dose.
An understanding of the importance of the SZ as a barrier to radionuclide migration, can be
gained from the Resource Conservation and Recovery Act (RCRA) / Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) Risk Analysis presented
in Section 5.7 of the FTF PA. Sections 5.7.2.1 through 5.7.2.13 provide comparisons of peak
concentrations (from 0 to 10,000 years) along the 1-meter and 100-meter boundaries for select
radionuclides. The peak concentrations at 1 meter and 100 meters from these tables are
presented below for convenience along with the peak concentrations at Upper Three Runs
(UTR) Seepline. The influence of soil sorption on transport within the SZ would be similar to
that within the vadose zone, since the soils are modeled in the same manner in the SZ and
vadose zone.
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Table CC-PA-2.1: Peak Concentrations within 10,000 years for Select Radionuclides at
1 meter, 100 meters, and the Seepline
Peak Concentration
at 1m (pCi/L)

Peak Concentration
at 100m (pCi/L)

Peak Concentration at
the Seepline (pCi/L)

I-129

2.0E+00

5.5E-01

1.3E-02

K-40

2.1E+00

4.7E-01

0.0E+00

Np-237

1.3E+01

2.7E+00

7.8E-02

Pa-231

3.1E-01

6.5E-02

6.1E-03

Pu-239

1.6E+00

5.2E-03

3.7E-15

Pu-240

4.0E+00

1.0E-02

3.4E-15

Ra-226 +Ra-228

8.1E+00

1.7E+00

N/A

Tc-99

1.1E+03

2.7E+02

6.6E-03

Th-229

5.4E+00

8.6E-02

1.1E-06

U-233

1.1E+02

3.6E+00

7.7E-06

U-234

5.1E+01

2.7E+00

6.7E-10

U-236

1.8E+00

8.6E-02

8.9E-12

Radionuclide

The effect of the presence of calcareous zones on contaminant fate and transport is addressed
in the response to RAI-FF-1.
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CC-PA-3

The barrier analysis does not evaluate the capabilities of the tank system against
inadvertent intrusion. DOE should consider expanding its barrier analysis to
evaluate the importance of various barriers to human intrusion.

RESPONSE CC-PA-3:
As stated in Section 5.6.7.3 of the FTF PA, the purpose of the barrier analyses was to identify
barriers to waste migration and to evaluate the capabilities of each barrier as understood from
the results of the analyses. The barrier analysis was not explicitly used to evaluate the
importance of inadvertent human intrusion. Evaluation of the sensitivities surrounding the
inadvertent intruder scenarios was performed through SA separate from the barrier analyses.
The SA performed in Sections 6.5.2.1 and 6.5.2.2 of the FTF PA assessed the impact of
varying the inadvertent intruder drill scenarios presented in Section 4.2.4.2 of the FTF PA. The
inventory at risk for each particular scenario was modified to see the impact this parameter had
on the Chronic and Acute Intruder scenarios.
For the Base Case intruder analyses, the intruder was assumed to drill into a 3-inch transfer
line. As discussed in Section 4.2.4.2 of the FTF PA (Intruder Exposure Pathways),
“the stabilized contaminant materials after FTF closure will be primarily located in
areas protected by significant materials (e.g., grouted waste tanks, DB cell covers and
valve box shielding) which are clearly distinguishable from the surrounding soil and
make drilling not a practical scenario based on regional drilling practices. Regional
drilling conditions are such that a barrier such as the closure cap erosion barrier, tank
top, or grout fill are situations that would cause drillers to stop operations and move
drilling location. The most vulnerable location for stabilized contaminants is in a
transfer line, which may be near grade-level prior to closure and are of a small size
(typically 3-inch diameter or less) which makes them the most credible stabilized
contaminants hit during any intruder drilling operations even though the probability of
hitting a transfer line is small due to the small surface area of transfer lines versus the
large FTF footprint. Because 82% of the transfer line length is 3-inch diameter, and
only 0.24% is 4-inch diameter and the remainder less than 3-inch diameter, the
analysis is performed on 3 inch lines.”
To investigate the effect on the chronic intruder drilling into 4-inch transfer line versus a 3-inch
transfer line, (which is not considered likely, since so few of the FTF transfer lines are 4-inch
lines), a SA was performed where the transfer line inventory for a 4-inch line was substituted
for the 3-inch transfer line inventory used in the Base Case modeling. To investigate the effect
on the acute intruder drilling into a waste tank (which is not considered a credible scenario),
the Tank 18 drilling inventory was substituted for the transfer line drilling inventory. These two
SA are presented in Sections 6.5.2.1 and 6.5.2.2 of the FTF PA, respectively.
In addition, to support the response to NRC Comment CC-IT-3, an analysis was performed to
quantify the impact of inadvertent intrusion into other auxiliary equipment components such as
pump tanks, catch tanks, concentrate transfer systems, and evaporators. The analysis which
shows the sensitivity of human intruder doses to the type of auxiliary equipment penetrated by
the well also describes the sensitivity of the results to the time of intrusion. A detailed
discussion of this analysis is provided in the response to NRC comment CC-IT-3.
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CC-PA-4

The barrier analysis should consistently consider impacts to both the magnitude
of the changes in peak indicator (i.e., flux, dose, etc.) and changes in the timing
of that indicator in evaluating the capabilities of a particular barrier, as
appropriate.
Some barriers have capabilities that delay the release of
radionuclides while others limit the magnitude of the release. This analysis
confuses the significance of each distinct barrier capability in some insights. For
instance, Section 5.6.7.3.4.2 indicates that the liner has minimal impact as a
barrier. This appears to be an erroneous conclusion because the analysis
focuses on the change in magnitude of the indicator rather than the effect on
timing. The liner’s main capability is to delay all releases, which is intuitive since
fluxes cannot occur until after the liner fails.

RESPONSE CC-PA-4:
The DOE concurs that barrier impacts to both the magnitude of the changes in peak indicator
and changes in the timing of that indicator are important. The FTF PA Tables 5.6-24 through
5.6-44 illustrate that the degradation of the barriers impact both the magnitude and the timing
of the peak flux. The importance of the barrier within the performance period is determined by
noting the timing of the peak flux and the ratios of the peak fluxes to the Base Case (Barrier
Analysis Case 1) flux and the Degraded Case (Barrier Analysis Case 2) flux. Appendix K of
the FTF PA contains the data curves showing the flux at the water table for the fifteen different
barrier analyses cases.
As stated in Section 5.6.7.3 of the FTF PA, the purpose of the barrier analyses was to use
PORFLOW to identify barriers to waste migration and to evaluate the capabilities of each
barrier. The barrier analyses assessed the contribution of individual barriers (e.g., closure cap,
grout, CZ, waste tank liner, and waste tank concrete) by comparing contaminant fluxes at the
water table for each barrier case to the peak flux for the Base Case (Case 1) and the
Degraded Case (Case 2). There are also specific cases associated with each material zone to
evaluate the capabilities of each barrier by holding other material zones conditions constant
while varying the condition of the zone being assessed.
The comparison to the 10,000-year peak flux illustrates whether the barrier analyzed may have
an impact on the magnitude of the peak flux as well as the arrival time for each radionuclide.
Some barriers impact both the magnitude and the timing of the peak flux (e.g., waste tank
grout degradation, technetium and plutonium solubility limits). Some barriers primarily impact
the timing of radionuclide release (closure cap and liner failure). The barrier analyses look at
the presence or absence of specific barriers and were not intended to analyze the degradation
of individual waste tank configurations. The summary of results for each barrier discussed
below more explicitly addresses both the timing as well as the magnitude changes for each
case. The case numbers below refer to the fifteen cases considered in the barrier analyses
and detailed in Tables 5.6-22 and 5.6-23 of the FTF PA.
Closure Cap (Cases 3 and 4)
Cases 3 and 4 compare the impact of an intact closure cap (Case 3) with the closure cap
partially degraded (Case 4) and fully degraded (Case 2). The liner, concrete, and grout
barriers are failed. A nominal contaminated zone is represented by Base Case solubility limits.
The closure cap has a minimal effect on the magnitude of the peak flux in 10,000 years. The
closure cap’s primary capability is to delay the timing of release of radionuclides. Comparing
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Case 3 (only closure cap intact) to Case 4 (closure cap partially degraded) to Case 2 (fully
degraded), the timing of the closure cap degradation is important as the peak flux moves
forward in time due to more flow being allowed as the failed closure cap degrades. For the
Type I tanks (Tank 5) and Type III tanks (Tank 33), Cases 3 and 4 have peak Tc-99 and Pu239 fluxes which occur earlier, but not before year 10,000 as shown in the FTF PA Figures 5.679, 5.6-80, 5.6-82, and 5.6-83. If the closure cap does not degrade fully, the Tc-99 peak
releases are much lower in the first 10,000 years (Figure 5.6-79) than if the cap is degraded
fully (i.e., a greater than five orders of magnitude increase in flux).
Liner (Cases 7, 8 and 9)
The impact of the liner as a barrier varies depending upon the waste tank type and
radionuclide involved. In some cases, the liner delays the release of radionuclides, while in
other cases, the liner has more impact on the magnitude of the release. In general, the failed
liner does not have a significant impact on the magnitude of peak fluxes in 10,000 years,
however, the peak flux moves forward in time.
The liner barrier analyses looked at three different cases:
a. The liner is the only intact barrier initially, with the later liner failure assumed as in the
Base Case (Case 7),
b. The liner fails early with the other barriers degraded (Case 8), and
c. The liner fails early with the other barriers intact (Case 9).
As seen in the FTF PA Figures 5.6-84 and 5.6-87, the Type IV tanks (Tank 18) liner failing
early with other barriers intact (Case 9) has minimal impact on peak flux, as exhibited by the
timing and magnitude of the peak Tank 18 fluxes (e.g., Tc-99, Pu-239) being essentially the
same for both the Base Case and Case 9. The liner also has minimal impact on the magnitude
of the peak flux (Case 7 and Case 8), as shown in the FTF PA Figures 5.6-84 and 5.6-87, with
the primary impact being the peak flux in 20,000 years moves forward in time as the liner fails
early.
For the Type I tanks (FTF PA, Figures 5.6-85 and 5.6-88 for Tank 5) and Type III tanks (FTF
PA, Figures 5.6-86 and 5.6-89 for Tank 33), the waste tanks’ liner being the only intact barrier
initially (Case 7) has minimal impact on peak flux for Tc-99 and a greater peak flux and slightly
earlier arrival time for Pu-239 in 20,000 years, as exhibited by the timing and magnitude of the
peak fluxes for both the Base Case and Case 7. Later waste tank liner failure (Case 7)
decreases the magnitude of the peak flux for U-234 by orders of magnitude compared to the
no waste tank liner (Case 2) (FTF PA, Tables 5.6-40 and 5.6-41); in addition, the timing of the
peak flux is delayed by more than 4,000 years versus Case 2 or 2,000 years versus Case 8
(FTF PA, Table 5.6-41). The Degraded Case (Case 2) was modeled with no liner present
starting at year 0.
For Tc-99 in Type I tanks (FTF PA, Figure 5.6-85), with early liner failure and with the other
barriers degraded (Case 8), the peak flux within 20,000 years is orders of magnitude higher
than the Base Case and timing of the peak flux is earlier. With early liner failure and other
barriers intact (Case 9), the peak flux of Tc-99 within 20,000 years is orders of magnitude
higher than the Base Case; however, timing is thousands of years later relative to the Base
Case. For Pu-239 in Type I and Type III tanks (FTF PA, Figures 5.6-88 and 5.6-89), with early
liner failure (Case 8 and Case 9), the primary impact is that the peak flux in 20,000 years can
move forward in time compared to the Base Case. For Tc-99 and Pu-239, the peak fluxes
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associated with the other barriers degraded (Case 8) are similar in magnitude to the degraded
case (Case 2), but slightly delayed in time.
In some instances, the liner degrading early (Cases 8 and 9) can diminish the magnitude of the
peak flux radionuclides with significant parent contributions. This trait is exhibited by the peak
Tank 18 Ra-226 flux for the Base Case being slightly higher than the peak flux in Case 8 and
Cases 9 (FTF PA, Table 5.6-33). This is due to the fact that the intact liner delays any
releases, allowing time for daughter products to build up the inventory available for release
before liner failure.
Waste Tank Concrete (Basemat, Wall, and Roof) (Cases 5 and 6)
The concrete barrier analyses looked at the concrete being the only barrier intact initially
(Case 5) and the concrete being partially degraded (Case 6). The intact concrete has initial
hydraulic properties (e.g., failure date) and initial chemical properties unchanged per the Base
Case. The partially degraded concrete has initial hydraulic properties (e.g., failure date) and
initial chemical properties unchanged per Base Case, but a channel with no flow impedance
exists through the waste tank roof and basemat. The concrete barrier as an independent
barrier does not independently impact the magnitude of the peak flux in 10,000 years, but can
have a significant impact on the timing of the peak fluxes in 20,000 years, independent of the
waste tank type or radionuclide involved (FTF PA, Figures 5.6-84 through 5.6-89). The
concrete (basemat, wall, roof) as the only barrier intact initially (Case 5) can delay the timing of
the peak flux, as seen by comparing Case 5 to the concrete partially degraded (Case 6) and
the degraded case (Case 2) in the FTF PA Figures 5.6-84 through 5.6-89. Comparing the
concrete fast flow case (Case 6) and the fully degraded case (Case 2) demonstrates that a fast
flow path through the concrete can allow more oxidizing flow to reach the CZ and has an
earlier impact than fully degraded concrete.
Grout (Cases 10 and 11)
Cases 10 and 11 measure the impact of an intact and partially failed grout, respectively,
against the fully degraded grout in Case 2. Partially failed grout includes a channel with no
flow impedance through the grout, such that grout does not impart any reducing capacity onto
the CZ. Fully degraded grout allows high flow throughout the grout allowing the grout to impart
reducing capacity onto the CZ. The closure cap, concrete, and liner barriers are failed. A
nominal contaminated zone is represented by Base Case solubility limits. The grout as an
independent barrier can have a significant impact on the timing and magnitude of peak fluxes
in 10,000 years, independent of the waste tank type or radionuclide involved. The importance
of the grout is due to the fact that in partially degraded grout case the grout does not impart
any reducing capacity to the CZ and the fully degraded grout can greatly increase the flow
reaching the CZ.
Even with grout as the only barrier intact initially (case 10), the peak flux can be delayed in
time for both fairly conservative (Tc-99) and more strongly sorbed (Pu-239) radionuclides (FTF
PA, Figures 5.6-90 thru 5.6-95). For all waste tank types, the grout alone can reduce the
magnitude of the peak flux and delay the timing of the peak flux, as seen by comparing Case
10 to the grout partially degraded case (Case 11) and the degraded case (Case 2).
Comparing the grout partially degraded case (Case 11) and the degraded case (Case 2)
demonstrates that a fast flow path through the grout can increase the magnitude of peak flux
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and reduce the timing because the fully degraded grout would impart reducing capacity onto
the CZ.
Contamination Zone (Cases 12 through 15)
The CZ barrier analyses looked at cases where the CZ initial solubility limits are those
associated with Oxidized Region II and transitions to Region III per Base Case (2,063 pore
volumes) (Cases 13 and 14) and where the CZ initial solubility limits are those associated with
Oxidized Region III (Cases 12 and 15). In Cases 12 and 13, all of the barriers besides the CZ
are assumed to be fully degraded. In Cases 14 and 15, all of the barriers besides the CZ are
assumed to behave per the Base Case. As seen in the FTF PA Figures 5.6-90 thru 5.6-95, the
CZ can have a significant effect on the peak flux, when the CZ initial solubility limits are set to
those limits associated with Oxidized Region III (Cases 12 and 15). If the Oxidized Region III
conditions are assumed for the CZ, the waste release rates are earlier and for most
radionuclides magnitude is increased (since most radionuclides have solubility limits higher in
Region III than in Region II).
In summary, the barrier analyses compared contaminant fluxes at the water table for each
barrier case (e.g., closure cap, waste tank liner, waste tank concrete, grout, and CZ) against
the peak flux for the Base Case (Case 1) and the Degraded Case (Case 2). The barrier
analyses assessed how the timing as well as the magnitude of the peak flux changes with an
individual barrier, either intact or degraded, assuming the contribution of the other barriers has
been minimized to the extent possible. The significance of each distinct barrier on the timing
and magnitude of peak flux depends upon the waste tank type and radionuclide involved.
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CC-PA-5

The analysis appears to analyze cases which are inconsistent. For instance, 7 of
15 cases (i.e., Cases 1, 3, 4, 5, 6, 7, and 8) involve failed grout and nominal
contaminated zone capabilities. Failed grout is represented by high flow
throughout the grout causing it to impart reducing conditions onto the
contaminated zone. Whereas, a nominal contaminated zone is represented by
base case solubility limits. Clarify how the failed grout condition impacts
contaminated zone capabilities.
Also, there are cases in which the grout is failed and the contaminated zone is
failed (i.e., Case 12) or partially failed (i.e., Case 13). In Case 12, a failed
contaminated zone is represented by solubility limits associated with oxidized
region III while the failed grout imparts reducing conditions to the contaminated
zone. Similarly, in Case 13, a partially failed contaminated zone is represented
initially by solubility limits for oxidized region II while the failed grout imparts
reducing conditions on the contaminated zone. Clarify the evolution of chemical
conditions for these cases.
Provide a concise description of each case to improve clarity of actual conditions
being represented and reveal potential physical inconsistencies.
Identify
correlated barriers and where appropriate ensure all pertinent combinations of
hydraulic (with and without fast flow) and chemical performance are evaluated.

RESPONSE CC-PA-5:
As stated in Section 5.6.7.3 of the PA, the purpose of the barrier analyses was to use
PORFLOW to evaluate the capabilities of each barrier (e.g., closure cap, waste tank concrete,
waste tank liner, grout, CZ) by comparing contaminant fluxes. While the analysis appears to
analyze cases which are inconsistent, in order to evaluate the capabilities of each barrier, it
was necessary to hold other material zones’ conditions constant (nominal values associated
with the Base Case “expected” assumptions) while varying the condition of the barrier being
assessed. Any degradation (i.e., failure) in these other barriers could mask the impact on the
peak flux of the barrier being analyzed. The barrier analyses was not intended to assess the
degradation of specific waste tank configurations described in Section 4.2.2 of the PA and
does not include all possible combinations of hydraulic and chemical performance. The
material configurations modeled in the barrier analyses are as described below.
The waste tank grout material properties (e.g., hydraulic conductivity, Kd values) are described
in Section 4.2.3.2.3 of the PA as changing over time. In some configurations used in the SA
(Section 4.4.2), fast flow paths through the grout are modeled resulting in a higher flow rate
through the grout. As water (measured in pore volumes) passes through the waste tank, the
pH and reducing capability of the grout are affected. The hydraulic properties are defined
initially and in the fully degraded state, and a cementitious materials degradation analysis was
performed to determine the time it would take to reach the fully degraded state (FTF PA, Table
4.2-32). Once the time it would take to reach the fully degraded state is determined, the model
assumes linear degradation of hydraulic properties over time. Note that in addition to hydraulic
properties such as hydraulic conductivity, effective molecular diffusion coefficients are also
based on linear degradation.
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The release of contaminants from the CZ is controlled by solubility which is affected by the
chemistry of the pore fluid that travels through the CZ as described in Section 4.2.3.2.3
(Cementitious Material Properties) of the FTF PA. The pore fluid enters the CZ from fast flow
paths through the partially degraded grout, or from throughout the fully degraded grout above
the CZ. In the barrier analyses, the fast flow condition of the grout is assumed to not allow the
grout to impart reducing capacity nor pH buffering onto the CZ because the pore water is
artificially assumed to completely bypass the grout, whereas the fully degraded condition of the
grout is assumed to allow the grout to impart reducing capacity and pH buffering onto the CZ
since the degraded grout allows a significant amount of flow through the grout.
The reducing conditions that the degraded grout imparts to the CZ will result in changes to the
solubility and adsorption controls on stabilized contaminant release. The waste tank pore
water chemistry was calculated to change from Region II Reduced conditions (Middle Age
Reducing) to Region II Oxidized conditions (Middle Age Oxidizing) after 371 pore volumes
pass through the reducing grout. The change from Region II Oxidizing conditions (Middle Age)
to Oxidizing Region III conditions (Old Age) was calculated to occur after 2,063 pore volumes
(FTF PA, Table 4.2-1). [WSRC-STI-2007-00544] This aging process is directly related to flow
through the grout, and is therefore accelerated when liner failure allows more liquid to come in
contact with the cementitious materials inside the waste tank liner.
The release rate of contaminants contained within the CZ is solubility controlled, and is tied to
the chemical properties (e.g., Eh, pH) of the waste tank pore water. The assumed solubility
limit varies depending on waste tank pore water chemistry and the controlling phase of the
radionuclide being released. Therefore, the various barrier cases will influence the times that
the cementitious barriers (waste tank basemat, grout, and CZ) transition from one chemical
state to another. The FTF PA Figures 5.6-69 through 5.6-77 illustrate the chemical transition
times for the cementitious barriers and CZ for the three waste tank types analyzed.
Provided below in Table CC-PA-5.1 is a concise description of each case by barrier to improve
clarity of conditions being represented and reveal potential physical inconsistencies. The DOE
feels that the barrier analysis evaluates pertinent combinations of hydraulic (with and without
fast flow) and chemical performance to inform the interpretation of the modeling and provide
increased understanding of the system’s potential performance. Case 1 is the same as the
PORFLOW Base Case, which uses the nominal barrier properties. Case 2 is designated as
the PORFLOW Degraded Case where every barrier other than the CZ is modeled as fully
degraded. CZ initial solubility limits are those associated with the Base Case. Case 1 (the
Base Case) and Case 2 (the Degraded Case) are intended to serve as modeling extremes,
thereby providing points of reference for the barrier analyses.
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Table CC-PA-5.1: FTF Conceptual Model – Barrier Analyses Cases
BC

DC

Cap

Waste
Tank
Concrete
5
6

Liner

Grout

CZ

Case
1
2
3
4
7
8
9
10
11 12 13 14 15
Material Zone
Closure Cap
N
F
N
P
F
F
F
F
N
F
F
F
F
N
N
Grout
N
F
F
F
F
F
F
F
N
N
P
F
F
N
N
CZ
N
N
N N
N
N
N
N
N
N
N
F
P
P
F
Liner
N
F
F
F
F
F
N
P
P
F
F
F
F
N
N
Concrete
F
N
F
F
F
F
N
N
(basemat, wall,
N
F
F
F
N
P
F
roof)
BC = Base Case, DC=Degraded Case, N=Nominal, P=Partially Degraded/Fast Flow, F=Failed/Fully Degraded.

Cases 3 and 4 compare the impact of an intact closure cap (Case 3) with the closure cap
partially degraded (Case 4) and fully degraded (Case 2). The liner, concrete, and grout
barriers are failed. A nominal CZ is represented by Base Case solubility limits. Any change in
the CZ would mask the impact of the degradation of the closure cap on the peak flux. An intact
closure cap with the other barriers failed is a potential physical inconsistency. The failure of
the closure cap and other barriers with a nominal CZ is also a potential physical inconsistency.
Cases 5 and 6 measure the impact of an intact concrete (basemat, wall, roof) with a partially
failed concrete. The closure cap, liner, and grout barriers are failed. A nominal CZ is
represented by Base Case solubility limits. Any change in the CZ would mask the impact of
the degradation of the concrete on the peak flux. An intact or partially failed (fast flow)
concrete with the liner and grout failed and a nominal CZ, is potentially a physical
inconsistency.
Cases 7 and 8 measure the impact of an intact liner with later liner failure (Case 7) against
Case 8 where the liner fails early. The closure cap, concrete, and grout barriers are failed. A
nominal CZ is represented by base case solubility limits. Any change in the CZ would mask
the impact of the degradation of the liner on the peak flux. Case 5 and Case 8 deliver similar
results (FTF PA, Figures 5.6-84 through 5.6-89) since nominal concrete conditions and partial
liner failure impact the timing of release. Cases 7 and 8 are potentially physically inconsistent
because the grout fails prior to liner failure.
Case 9 measures the impact of a partially failed liner with all other barriers intact against the
Base Case and Degraded Case. Case 9 is also compared to Case 8 early liner failure where
the other barriers (not including the CZ) are degraded. Case 9 is potentially physically
inconsistent because the liner fails prior to closure cap and concrete degradation.
Cases 10 and 11 measure the impact of an intact and partially failed grout against the
Degraded Case. The Closure Cap, Concrete, and Liner barriers are failed. A nominal CZ is
represented by Base Case solubility limits. Any change in the CZ would mask the impact of
the degradation of the grout on the peak flux. These cases are not inconsistent having a
degradation sequence that should occur prior to grout failure.
Cases 12 and 13 measure the impact of failed and partially failed CZ with solubility limits
associated with Oxidized Region III and Oxidized Region II, respectively, and all other barriers
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failed. These cases represent similar conditions to the Case 2 Degraded Case. Cases 14 and
15 measure the impact of failed and partially failed CZ with solubility limits associated with
Oxidized Region II and Oxidized Region III, respectively, and all other barriers intact. Any
change in the other barriers would contribute to the impact of the degradation of the CZ on the
peak flux. Comparing Case 12 with Case 15 measures the aggregate impact that the other
barriers contribute. Cases 14 and 15 are physically inconsistent with all barriers intact and the
CZ degraded.
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CC-PA-6

Representation of the tank concrete as a single barrier limits an understanding of
the distinct capabilities and performance of the various tank concrete
components. For instance, the tank vault roof concrete is generally expected to
be a barrier to flow through the system while the basemat is more significant as a
barrier to radionuclide transport. The analysis should develop an understanding
of the various components capabilities to limit water flow (e.g., hydraulic) and
radionuclide migration (e.g., chemical). This should include an evaluation of
bypass of the attenuating (sorption) properties of the basemat.

RESPONSE CC-PA-6:
As noted in the above comment, the concrete barrier analysis did not evaluate independently
the impact of the concrete roof and basemat on the peak flux. As stated in Section 5.6.7.3 of
the FTF PA, the purpose of the barrier analyses was to use PORFLOW to identify barriers to
waste migration and to evaluate the capabilities of each barrier by holding some material zone
conditions constant while varying the condition of the zone being assessed.
The concrete barrier analysis, as simulated, was aimed at evaluating what would happen if the
concrete itself was not as structurally competent as our testing showed. The concrete barrier
analysis fully examined the capabilities of the waste tank concrete components, as a whole, as
a barrier to water flow and radionuclide migration (Case 5), and the impact that partial failure
(inclusion of a fast flow zone where sorption is not considered) (Case 6) or complete failure of
the concrete (Case 2) would have on the peak flux at the water table.
As discussed in Section 5.6.7.3 of the FTF PA, the concrete barrier can have significant impact
as an independent barrier (like the grout barrier, but somewhat lesser), independent of the
waste tank type or radionuclide involved. Like the grout cases, the concrete barrier
degradation case can allow more flow to reach the CZ, which can have an impact on many
other variables.
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CC-PA-7

Clarify the following results or correct the following errors in the revision 1 PA
barrier analysis and indicate if any identified errors affect the results of the
analysis:
1. The last bullet for Tank 5 (Pu-239) insights on Page 708 regarding Cases
5 and 6 is not clear. Provide a description of why Case 6 (i.e., fast flow
path through concrete) would result in a lower flux than Case 5 (i.e., intact
concrete).
2. The characteristics of failed “grout” are that reducing capacity is imparted
on the contamination zone. If chemical barrier affects are being
simulated, then the “grout” barrier description should have more precisely
indicated that the grout imposes high pH conditions, as well as reducing
capacity to the contamination zone. Similarly, partially failed grout should
not lead to high pH buffering of the contaminated zone. Clarify if these
omissions were inadvertent (i.e., confirm that DOE considered partially
failed grout as imparting no chemical benefit to radionuclide retention
including buffering the contaminated zone to high pH).
3. Figure 5.6-76 appears inaccurate for Case 14 which represents the
nominal case for each barrier except the contaminated zone which is
represented as partially failed. According to Table 5.6-22, partially failed
contaminated zone would transition to Region III after 2,063 pore
volumes, whereas Figure 5.6-76 displays that the contaminated zone is
Region III initially.
4. The text on page 739 incorrectly states that partially failed “grout” has the
same chemical properties as in the base case. Partially failed grout has a
fast flow pathway with no flow impedance and leads to a situation where
the contamination zone is not conditioned by the reducing grout.
5. The last sentence on page 739 is incorrect. It should state that the
partially failed grout in Case 11 leads to higher doses than Case 2 which
represents completely failed grout.
6. Table 5.6-25 indicates that Case 3 is 1E-06 lower than Case 2 but Figure
5.6-79 illustrating the same results does not indicate this. Indicate
whether the figure or table is correct.

RESPONSE CC-PA-7:
CC-PA-7 has six numbered comments related to the FTF PA barrier analyses (responses to
CC-PA-3, CC-PA-4 and CC-PA-5 also address barrier analysis comments). The following
responses correspond to each of the numbered comments.
Response to Item 1:
The last bullet on page 708 of the FTF PA explains that Case 6 (i.e., fast flow path through the
concrete) results in a lower peak flux than Case 5 (intact concrete). As seen in Table 5.6-28,
the peak flux for these two cases, within 10,000 years, differ by less than an order of
magnitude. However, the timing of the peaks is very different: 3,445 years for Case 6 and
9,625 for Case 5.
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Figure 5.6-88 of the FTF PA presents the Pu-239 flux from Tank 5 for Cases 5 and 6. The
figure shows that although Case 5 has a slightly higher peak within the first 10,000 years, the
total area under the curve is less than that of Case 6. This Tank 5 analysis indicates that,
despite the higher peak flux for Case 5, the cumulative release of Pu-239 is much greater for
Case 6 than it is for Case 5.
The earlier flux for Case 6 results in less Pu-239 inventory being available for release in later
years, thus the peak flux for Case 6 does not get as high as the peak flux for Case 5. In other
words, in Case 5 the intact concrete barrier retains more of the Pu-239 inventory, leading to a
higher peak when that concrete transitions from Reducing Region II to Oxidizing Region II.
Response to Item 2:
The descriptions in Table 5.6-22 of the FTF PA for the failed conditions of the grout focuses on
reducing capacity, but pH buffering would also play a role. For example, as indicated in Figure
5.6-70 of the FTF PA, Case 2 (grout hydraulically failed) reduces the duration of Reduced
Region II and Oxidized Region II in the CZ as compared to Case 10 (normal grout conditions).
Figure 5.6-70 also indicates that Case 11 (fast flow channel through the grout) causes the CZ
to be at Oxidized Region III condition for the duration of the simulation. The fast flow condition
of the grout (Case 11) impacts the grout’s ability to impart reducing capacity/pH buffering onto
the CZ, while the fully degraded condition (Case 2) of the grout allows for the grout to impart
reducing capacity and pH buffering onto the CZ. In the barrier analyses, the fast flow condition
of the grout is assumed to not allow the grout to impart reducing capacity nor pH buffering onto
the CZ because the pore water is artificially assumed to completely bypass the grout, whereas
the fully degraded condition of the grout is assumed to allow the grout to impart reducing
capacity and pH buffering onto the CZ since the degraded grout allows a significant amount of
flow through the grout.
Response to Item 3:
Figure 5.6-76 of the FTF PA erroneously shows Case 14 as having Oxidized Region III grout in
the CZ (blue bar). This figure should show Case 14 as having Oxidized Region II grout in the
CZ (green bar). This coloring error does not affect the results nor the associated conclusions
of the analysis.
Response to Item 4:
The descriptions provided in Section 5.6.7.3.4.4 of the FTF PA for Cases 2, 10, and 11 are
intended to indicate initial conditions of the closure grout. For all three cases the closure grout
is initially in Reduced Region II but the transitioning from Reduced Region II to Oxidized
Region II, and then to Oxidized Region III occurs based on the flow rate through the closure
grout region which varies between the three cases.
Response to Item 5:
The last sentence on page 739 of the FTF PA should have been written as:
“Comparing the grout fast flow case (Case 11) and the degraded case (Case 2)
demonstrate that a fast flow path through the waste tank grout (Case 11) has more of
an impact than fully degraded grout (Case 2).”
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Response to Item 6:
Within the FTF PA, Figure 5.6-79 and Table 5.6-25 are both correct. The table presents peaks
within 10,000 years of closure to support assessment of compliance; whereas the figure
presents data within 20,000 years of closure (the full duration of the simulated period). The
extended time scale is presented to provide enhanced understanding of the behavior of the
barriers. Figure 5.6-79 shows a peak flux (6.16E+00 Ci/yr) for Case 2 just prior to 10,000
years. The equivalent peak flux for Case 3 does not occur until more than 15,000 years after
closure and is therefore, not captured by Table 5.6-25. For the first 10,000 years, the Case 3
flux peaks at 5.86E-06 Ci/yr as shown in both the table and the figure.
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CC-PA-8

While the barrier analysis represents a significant improvement to the
performance assessment, some cases and results are either ambiguous or not
intuitive making it difficult to understand and interpret the results of the analysis.
For example, the following confound understanding of the implementation and/or
interpretation of the results of the barrier analysis:
Solubility limits do not always increase following a chemical transition making it
difficult to interpret the impact of the barrier “contamination zone”. If the primary
attribute of the barrier “contamination zone” is a limit on aqueous phase
concentrations due to the imposition of solubility limit constraints, then a partially
failed or failed contaminated zone should result in a corresponding increase in
the solubility limit compared to the base case. In contrast, the barrier analysis
implements a partially failed contaminated zone case where the solubility of key
radionuclides contributing to peak dose dominated by iron co-precipitation
actually decreases from the base case. Consider implementing the partially
failed and failed contaminated zone as having progressively increased solubility
or clarifying how the approach taken leads to non-intuitive results due to the
decrease in solubility following the first chemical transition for certain
radionuclides.

RESPONSE CC-PA-8:
As described in Section 5.6.7.3 of the FTF PA, the purpose of the barrier analyses was to use
PORFLOW to identify and better understand the impact of key barriers to waste migration, and
to evaluate the capabilities of each barrier by holding some material zone conditions constant
while varying the condition of the zone being assessed. For the CZ barrier analysis,
radionuclide-specific solubilities may get larger or smaller as the CZ transitions from Oxidized
Region II to Oxidized Region III. Table 4.2-10 of the FTF PA presents the solubilities of
radionuclides and shows that the solubilities of actinium, barium, cobalt, praseodymium,
ruthenium, antimony, samarium, and strontium solubilities all decrease as the CZ transitions
from Oxidized Region II to Oxidized Region III. Conversely, the solubilities of americium,
cerium, curium, europium, nickel, neptunium, promethium, plutonium, technetium, uranium,
and yttrium all increase as the CZ transitions from Oxidized Region II to Oxidized Region III.
The solubilities of the remaining radionuclides do not change between Oxidized Region II to
Oxidized Region III or are modeled as instantaneous release. Using this information, intuitive
conclusions can be drawn for the dose resulting from each radionuclide. However, the total
dose at any given time is dependent on the collective behavior of all of the radionuclides.
Intuitive conclusions about the total dose cannot be drawn for the CZ based on the analysis
presented, nor was it the intent of these analyses to permit such conclusions.
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RAI-IN-1

Inconsistencies between the saltstone and FTF PAs with regard to the presence
of Th waste should be resolved.
Basis
Section 3.3.2 of Revision 1 to the FTF PA lists the screening process by which
the FTF inventory was developed. Step 10 explains that the Ra-226 and Th-230
inventory was revised based on consideration of the age of the waste. Th-232
and Ra-228 were eliminated from the list of radionuclides assumed to be initially
present based on special analysis. Based on the low inventory assigned to Th230 and Ra-226 and the lack of inclusion of Th-232 and Ra-228, it is assumed
that Th is not expected to be present in any significant quantities in FTF waste
and that Th-230 is only included based on potential in-growth during the
evaluation period (owing to its shorter half-life as compared to Th-232 which is
not included in the initial inventory list). Yet, the saltstone PA indicates that Ra226 (from Th-230 in-growth) is a primary risk-driver for the facility. As saltstone
contaminants are derived from tank farm waste, and Th is not expected to be
present initially in significant quantities for F-Area or H-Area tank farms based on
the most recent documentation of inventories provided by DOE, the genesis of
the Th waste in the saltstone disposal facility is not clear.
Path Forward
Clarify if Th fuel was processed at the site or if Th waste was otherwise
generated on-site. If Th fuel was processed at the site, clarify why Th-232 and
Ra-228 were eliminated from the FTF inventory list. In general, additional details
regarding the types of activities that took place on site and that generated waste
that was subsequently stored in the FTF is needed to provide confidence that all
potentially risk-significant radionuclides are considered in the PA.

RESPONSE RAI-IN-1:
The types of processing that took place on site in different locations resulted in differences
between the FTF, H-Tank Farm (HTF), and Saltstone Disposal Facility (SDF) PA inventories.
The type of waste produced in F-Canyon and H-Canyon, which fed waste to FTF and HTF
respectively, was affected by the different types of reactor fuel or reactor targets processed.
Thorium fuel processing was exclusively performed in H-Canyon. For this reason, the
inventory of Th-232 waste in FTF is expected to be negligible. The waste removed from
individual waste tanks will travel different paths to the SDF and Defense Waste Processing
Facility (DWPF) dependent on the originating waste tank farm. Material originating in HTF will
be sent to SDF and DWPF from HTF; whereas the waste removed from waste tanks in FTF
will pass through a waste tank, or waste tanks, within HTF. Since the two tank farms were fed
from different processing facilities and the SDF receives material, originating from both the FTF
and HTF, differences between the SDF, FTF, and HTF inventories is to be expected.
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CC-IN-1

It is not clear that inventory uncertainty was appropriately accounted for when
estimating inventories for Tanks 17-20 (e.g., volume estimates and
concentrations). Provide additional information regarding the expected breakdown in uncertainty due to the following components: (i) uncertainty in
measurements of the residual heel volumes, and (ii) uncertainty in the measured
or estimated concentrations, and (iii) sampling uncertainty (i.e., uncertainty in the
representativeness of samples due to variability). Because sampling data
following Mantis waste retrieval operations in Tanks 18 and 19 were not used to
develop the final inventory for these tanks and the concentrations of key
radionuclides may be significantly different following Mantis technology
deployment, it is not clear that a factor of 2 uncertainty range is sufficiently
bounding for these tanks. Provide additional information to support the inventory
estimates used in the base case and bounding inventory used in the probabilistic
analysis for Tanks 17-20. For example, recent sampling data available for Tanks
18 and 19 following Mantis technology deployment could be provided and
compared to the inventory estimates used in the PA for these tanks to show that
key radionuclide inventories were not underestimated.

RESPONSE CC-IN-1:
A methodical approach was used to construct estimates of FTF waste tank closure inventories
used in FTF PA modeling, as outlined in Section 3.3.2 of the PA. Independent steps were
developed to systematically construct the FTF waste tank inventories, with each step
accounting for uncertainties by adjusting inventory either by waste tank or by radionuclide. As
noted in the PA, additional details regarding the rationale behind the individual steps and their
precise effect on the resulting FTF waste tank inventory is provided in SRR-CWDA-200900045. As tank closures proceed, the characterization reports for individual waste tanks (i.e.,
final residual characterization after cleaning) will be used to develop waste tank specific
inventories.
These waste tank specific characterization reports will account for the
uncertainties associated with sampling, volume, and analytical measurement in inventory
development.
Final residual characterization documents for each of the Type IV tanks describe the process
and resulting uncertainties associated with inventory determinations. [SRR-CWDA-201000117, SRR-CWDA-2010-00118, WSRC-TR-96-0267, WSRC-TR-97-0066]
It should be noted that at the time the inventories for use in FTF PA Revision 1 were
developed, the final characterization reports and corresponding inventories for Tanks 18 and
19 were not developed. The process sample results following Mantis operations were not
considered representative for use in developing waste tank-wide inventories for Tanks 18 and
19 because these results had potentially been rendered non-representative by the sampling
technique. Based on the expectation that Mantis operation would not substantially change the
concentrations for constituents in Tanks 18 or 19, results from previous sampling efforts were
used as a basis in estimating these two waste tanks’ inventories for the Revision 1 of the FTF
PA. [SRR-CWDA-2009-00045]
In developing the FTF PA Revision 1 inventory estimates for Tanks 18 and 19, the 95%
confidence limit from previous sample results was used to estimate each concentration. The
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volume estimate was not determined from an analytical calculation, rather a subjective
estimate based on preliminary estimates of the residual volume. With respect to the expected
breakdown of uncertainties in the final inventories, the greatest uncertainty is expected to be
from the sampling uncertainty. The volume uncertainty is expected to be the next significant
contributor, while the concentration measurement uncertainty is expected to be relatively
negligible.
In the FTF probabilistic analyses, the inventory for each radionuclide in the postulated
inventory was adjusted based on the confidence in the waste tank closure inventory estimates,
as described in Section 5.6.3.2 of the FTF PA. Inventory multipliers were developed to
address the uncertainty surrounding the baseline inventory. Specific values (FTF PA, Table
5.6-3) will be multiplied by the baseline inventories (FTF PA, Table 3.3-2) to determine the
radiological inventory uncertainty. The bases for the inventory distributions used are discussed
further in SRR-CWDA-2009-00045.
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CC-IN-2

To account for uncertainty in the Revision 1 PA inventory estimates, a factor of
10 increase in the inventory was applied to most tanks yet to be cleaned.
However, this adjustment does not appear to have been made for Type III tanks.
Confirm that no adjustment was made for the Type III tanks. If no adjustment
was made, provide a basis for the inequitable treatment between tank types.

RESPONSE CC-IN-2:
A methodical approach was used to construct estimates of FTF waste tank closure inventories
used in FTF PA modeling. Independent steps were developed to systematically construct the
FTF waste tank inventories, with each step adjusting inventory either by waste tank or
radionuclide. The steps used in inventory development (and the associated adjustments) were
listed in Section 3.3.2 of Revision 1 of the FTF PA. Although some adjustments were made for
the inventory in the FTF Type III tanks (Tanks 33 and 34) between Revision 0 and Revision 1
of the FTF PA, the adjustments for the Type III/Type IIIA tanks differed. These adjustments
were made, in part, based on recent waste removal experience in Tank 5 and Tank 6, two
Type I tanks with integrally installed arrays of both vertical and horizontal cooling coils.
Experience in these Type I tanks demonstrated the impact of these integral cooling coil arrays
on the effective cleaning radii of the mixing pumps, i.e., the ability to fully mobilize the waste
solids in the waste tank and maintain them suspended in the slurry while pumping the liquid
from the waste tank. The Type III tank design did not include integral cooling coils. Instead,
these waste tanks utilize deployable cooling coils that were inserted through the waste tank
risers after final construction of the waste tanks. The Type I and Type IIIA tank designs have
permanently installed cooling coils which form a dense array of piping at the bottom of the
respective waste tank. This dense array of permanently installed piping is expected to have
more of an impact on waste removal efforts than the deployable cooling coils installed in the
Type III tanks. The deployable cooling coils are fairly localized within the waste tanks and do
not provide significant impediments at the bottom of Tank 33 and Tank 34. For this reason, it
is believed that remaining inventories in these waste tanks will be significantly less than the
FTF Type I and Type IIIA tanks.
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RAI-IE-1

The PA should evaluate the potential implications of saturated conditions above
the lateral drainage layer for the recommended closure cap Configuration #1a.
Basis
Response IE-1 indicates that the performance of the lateral drainage layer
dictates the moisture content of the above layers. Furthermore, table 80 within
the report “FTF Closure Cap Concept and Infiltration Estimates” (WSRC-STI2007-00184, Rev. 2) appears to indicate that at greater than 1,000 years the
lateral drainage layer is unable to remove a large portion of the infiltrating water,
the system saturates above the filter fabric layer, and runoff increases. If
saturation occurs, pore pressure build-up in the overlying closure cap layers
could directly affect cover stability, vegetation, hydraulic performance of cover
materials, erosion, etc.
Path Forward
Due to the potential risk significance of the closure cap and the ramifications of
saturated cover conditions on cap performance, the PA should (i) provide the
saturation for individual cover layers with respect to time, (ii) provide the average
head on top of each layer for all time periods, and (iii) consider the effects of
closure cap saturation on stability, vegetation, erosion, and the performance of
cover materials under hydrostatic pressure.
Reference
Phifer, M.A., 2007. “FTF Closure Cap Concept and Infiltration Estimates,”
WSRC-STI-2007-00184, Revision 2, Savannah River National Laboratory,
Washington Savannah River Company, Aiken, SC. October 2007.

RESPONSE RAI-IE-1:
WSRC-STI-2007-00184 Revision 2 provides the following in association with the FTF future
closure cap:



An FTF closure cap scoping level concept with sufficient information to evaluate the
closure cap configuration relative to its constructability and functionality, and
Utilization of the Hydrologic Evaluation of Landfill Performance (HELP) model to
provide conservative, infiltration estimates over time, as the upper boundary condition
for a 2-dimensional PORFLOW FTF vadose zone flow and transport modeling.

The HELP model considers precipitation, runoff, evapotranspiration, and lateral drainage in
estimating infiltration through the composite barrier layer - high density polyethylene (HDPE)
geomembrane overlaying a geosynthetic clay liner (GCL) - of the FTF closure cap at each time
step modeled.
Several assumptions were made to produce the conservative infiltration estimates, including:


An evaporative zone depth of 22 inches was utilized within the closure cap modeling,
based upon HELP model guidance, which lists this depth as a “fair” depth for Augusta,
Georgia. [WSRC-STI-2007-00184, Revision 2 (Section 5.2)] This is a conservative
maximum zone depth for evapotranspiration due to the anticipated capillarity
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associated with the surficial soil types (i.e., topsoil and upper backfill) and the
anticipated root depths.
Silting-in of the sand drainage layer was assumed to occur due to a percolating water
flux of about 16 in/yr containing 63 mg/L colloidal clay. [WSRC-STI-2007-00184,
Revision 2 (Sections 7.5.1 and 8.3 and Appendix I)] This is a conservative approach
since it assumes all colloids entering the drainage layer are deposited and accumulated
within the sand drainage layer resulting in a decrease in saturated hydraulic
conductivity and lateral drainage over time. It takes no credit for colloid mobilization
and flushing from the drainage layer.

With the above qualifications in mind, HELP model output associated with saturation and head
on the composite barrier have been extracted and are presented. Table RAI-IE-1.1 provides
the average water balance of the modeled time steps for Configuration #1a. [WSRC-STI2007-00184, Table 80] Table RAI-IE-1.2 provides the predicted HELP model nominal
saturation for individual closure cap layers associated with each of the Table RAI-IE-1.1 time
steps. None of the individual FTF closure cap layers are at the saturated state, except for the
GCL, which the HELP model assigns the saturated state based upon its model designation as
a barrier soil liner.
The conservative assumptions utilized within the HELP modeling tend to restrict modeled
evapotranspiration and lateral drainage from the closure cap and increase infiltration through
the composite barrier layer. Therefore, the HELP model saturation assumption should be
greater than what would actually occur in the field. Since these saturations are typical
conditions for many SRS surficial soils and do not represent saturated conditions, concerns
relative to the potential impact of the closure cap saturation state on stability, vegetation,
erosion, and the performance of cover materials under hydrostatic pressure should be minimal.
A brief discussion is provided below to address potential implications of saturated conditions
above the lateral drainage layer for the recommended closure cap Configuration #1a.
Stability
Within the conceptualized FTF closure cap it is possible for head to build-up above the
composite barrier layer, if the sand drainage layer does not adequately laterally drain.
However, as conceptualized, the top slope of the closure cap is at a maximum 2% slope and
therefore slope stability should not be an issue even with a build-up of head above the
composite barrier layer. A significant build-up of head should not be possible within the side
slopes due to their slope (i.e., maximum 33.3% slope). [WSRC-STI-2007-00184, Revision 2
(Section 4.4.14)]
As outlined within WSRC-STI-2007-00184, Revision 2 (Section 4.2 and Appendix A), the
erosion barrier, side slope, and toe of the side slope have been conceptually designed for
physical stability per NUREG-1623. These closure cap components have been conceptually
designed to prevent any riprap movement during a Probable Maximum Precipitation (PMP)
event (i.e., precipitation of 74.4 inches/hour). This means that these closure cap components
will remain physically stable when subject to the much lower typical historic range of SRS
precipitation (i.e., 28.8 to 73.1 ins/yr) and associated possible head build-up.
As outlined within WSRC-STI-2007-00184, Revision 2 (Section 7.7.1) fully hydrated (i.e.,
saturated) GCLs can be placed on 10% slopes without the need for internal reinforcement or
slope stability analysis. The GCL within the FTF closure cap will be placed on a maximum 2%
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slope; therefore the FTF closure cap GCL is considered physically stable.
Table RAI-IE-1.2 saturations should not negatively impact the physical stability of the closure
cap erosion barrier, side slope, toe of the side slope, and GCL.
Vegetation
As outlined within WSRC-STI-2007-00184, Revision 2 (Section 7.2), most plant roots (i.e.,
grass, herbaceous, vine, scrubs, suppressed mixed hardwood, and loblolly pine) will be
located within the top 24 inches of the ground surface (i.e., most plant roots will be within the
topsoil and upper backfill layers). Deeper roots will be associated with the suppressed mixed
hardwoods and loblolly pine. Some of the deeper hardwood and pine roots may reach the
HDPE geomembrane (i.e., 6-feet deep). Only the pines have roots that could potentially
extend deeper than the geomembrane, however, in reality, deeper roots could only penetrate
below the geomembrane in locations of existing geomembrane cracks or holes.
None of the nominal saturations listed in Table RAI-IE-1.2 pose a problem to plant health either
in terms of fully saturated conditions (i.e., root drowning) or in terms of wilting point (i.e.,
inability of plants to extract water). However, the anticipated root distribution does mean that
the actual zone of evapotranspiration will likely extend deeper within the closure cap profile
than the 22-inch depth assumed in the HELP modeling as discussed above. It is possible that
the evapotranspiration zone depth will actually extend to the HDPE geomembrane (i.e., 6-feet
deep), which would further reduce waste tank infiltration.
Erosion
As outlined within WSRC-STI-2007-00184, Revision 2 (Section 4.2 and Appendix A), the soil
above the erosion barrier has been conceptually designed for physical stability per NUREG1623. This means that the slope (maximum 2%) and slope-length (maximum 585 feet) of
these soil layers has been conceptually designed to prevent the initiation of gully erosion
during a PMP event (i.e., precipitation of 74.4 inches/hour). This conceptual design per
NUREG-1623 means that sheet erosion is the only type of soil erosion applicable to the FTF
closure cap. This further demonstrates that the soil above the erosion barrier will not be
subject to undo erosion due to the much lower typical historic range of SRS precipitation (i.e.,
28.8 to 73.1 in/yr) and associated possible head build-up.
Eight background water balance studies conducted in and around SRS were evaluated within
WSRC-STI-2007-00184, Revision 2 (Section 3.2). They included both field and modeling
studies and ranged in scale from 55-gallon drum lysimeters to entire watersheds. Runoff was
seen to range from 0.1 to 4 in/yr, with a median of 1.6 in/yr and a mode of 2 in/yr for the eight
studies. The estimated runoffs, shown in Table RAI-IE-1.1 for Configuration #1a of the
proposed closure cap, fall within this range of background values. Therefore, the closure cap
runoff should result in no more erosion than is typical for SRS background conditions.
Excessive closure cap erosion should be precluded, since the Table RAI-IE-1.2 saturations are
typical of SRS surficial soils, the closure cap has been conceptually designed to resist extreme
precipitation events, and the closure cap runoff is typical of background condition.
Performance of Cover Materials under Hydrostatic Pressure
Table RAI-IE-1.3 provides the predicted HELP model average annual head on the HDPE
geomembrane associated with each of the Table RAI-IE-1.1 time steps. The predicted HELP
model HDPE geomembrane head increases with time through year 2,623, due to the assumed
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FTF closure cap degradation, particularly that of the sand drainage layer. After year 2,623, the
head begins to decrease because complete degradation of the sand drainage layer has
occurred while degradation of the HDPE geomembrane continues. At its greatest, the
predicted HELP model HDPE geomembrane head extends partially into the erosion barrier.
Table RAI-IE-1.1: Configuration #1a Comparison of Modeled Average Water Balance
Year

Precipitation
(inch)

Runoff
(inch)

Evapotranspiration
(inch)

Lateral
Drainage
(inch)

0
100
180
290
300
340
380
560
1,000
1,800
2,623
3,200
5,600
10,000

49.14
49.14
49.14
49.14
49.14
49.14
49.14
49.14
49.14
49.14
49.14
49.14
49.14
49.14

0.43
0.50
0.56
0.68
0.71
0.69
0.68
0.79
1.29
2.08
2.49
2.47
2.46
2.53

32.57
32.59
32.58
32.58
32.59
32.58
32.58
32.59
32.69
32.99
33.16
33.14
33.10
33.03

16.07
15.98
15.76
15.44
15.28
14.81
14.36
12.46
8.07
3.35
1.96
1.93
1.88
1.84

Infiltration
through
GCL
(inch)
0.00088
0.010
0.17
0.37
0.50
1.00
1.46
3.23
7.01
10.65
11.47
11.53
11.63
11.67

Change in
Water
Storage
(inch)
0.06
0.07
0.09
0.10
0.10
0.10
0.11
0.12
0.14
0.15
0.15
0.15
0.15
0.15

WSRC-STI-2007-00184, Revision 2 Table 80

Table RAI-IE-1.2: FTF Closure Cap Layer Nominal Saturation with Time
Year

Topsoil
(6”)

Upper
Backfill
(30”)

Erosion
Barrier
(12”)

Middle
Backfill
(12”)

Lateral
Drainage
Layer
(12”)

HDPE
GM
(60
mil)

GCL
(0.2”)

Upper
Foundation
Layer
(12”)

Lower
Foundation
Layer
(72” min.)

0

0.527

0.911

0.860

0.959

0.612

NA

1.000

0.720

0.286

100

0.529

0.907

0.860

0.936

0.664

NA

1.000

0.738

0.283

180

0.532

0.907

0.856

0.931

0.693

NA

1.000

0.795

0.338

290

0.534

0.911

0.857

0.927

0.723

NA

1.000

0.804

0.356

300

0.534

0.911

0.857

0.927

0.725

NA

1.000

0.835

0.363

340

0.534

0.912

0.856

0.924

0.736

NA

1.000

0.856

0.374

380

0.534

0.913

0.855

0.920

0.748

NA

1.000

0.869

0.382

560

0.529

0.913

0.850

0.943

0.781

NA

1.000

0.903

0.411

1,000

0.531

0.907

0.851

0.841

0.967

NA

1.000

0.947

0.448

1,800

0.535

0.905

0.855

0.820

0.976

NA

1.000

0.978

0.472

2,623

0.538

0.931

0.845

0.848

0.848

NA

1.000

0.991

0.483

3,200

0.541

0.904

0.857

0.860

0.860

NA

1.000

0.993

0.484

5,600

0.549

0.900

0.852

0.838

0.838

NA

1.000

0.993

0.491

10,000

0.558

0.900

0.838

0.828

0.828

NA

1.000

0.994

0.495

Note to Table RAI-IE-1.2: Initial layer thicknesses shown in parenthesis.

(

Page 134 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

Table RAI-IE-1.3: Average Annual Head on HDPE Geomembrane
Year
0
100
180
290
300
340
380
560
1,000
1,800
2,623
3,200
5,600
10,000

Average Annual Head on HDPE
Geomembrane
(inch)
6.14
7.54
8.63
10.51
10.67
10.80
11.04
12.78
17.83
26.06
30.35
30.00
29.18
28.52
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RAI-IE-2

The PA should include a technical basis for the long-term performance of the
geotextile filter fabric and the lateral drainage layers.
Basis
The geotextile filter fabric and the lateral drainage layers appear to reduce
infiltration through the closure cap by shedding water prior to contacting the GCL
and limit runoff (as indicated in RAI-IE-1). Consequently, these layers affect the
timing and magnitude of the infiltration through the closure cap.
The performance of these layers is subject to degradation of the filter fabric layer
and the subsequent infilling of the porosity within the lateral drainage layer. As
stated in the report “FTF Closure Cap Concept and Infiltration Estimates”
(WSRC-STI-2007-00184, Rev 2), “sufficient data is not currently available to
estimate the service life of the filter fabric” but that “it will degrade due to
oxidation and root penetration”. Calculations were presented in Appendix I that
account for the reduction in hydraulic conductivity of the lateral drainage layer
due to the migration of colloidal clay into the lateral drainage layer. However, no
justification for lack of consideration of conveyance of larger particles from the
middle backfill into the lateral drainage layer as degradation of the filter fabric
progresses is provided. If the hydraulic conductivity of the lateral drainage layer
decreases more rapidly than anticipated, infiltration through the closure cap
could increase at earlier time periods.
The magnitude of infiltration also appears to be dependent on the performance
of the geotextile filter fabric and the lateral drainage layer. Due to infilling from
the overlying middle backfill, the hydraulic conductivity of the lateral drainage
layer is decreased linearly with time to the midpoint between the middle backfill
and lateral drainage layer. The physical basis for averaging the hydraulic
conductivity of the two layers is unclear. If the hydraulic conductivity of the
lateral drainage layer is less than what is predicted, infiltration may be greater
than predicted by the HELP model.
Path Forward
Provide a basis for (i) lack of consideration of filter fabric degradation that may
lead to the migration of particles larger than colloids from the overlying middle
backfill to the lateral drainage layer and earlier lateral drainage layer failure times
and (ii) the averaging of the hydraulic conductivities of middle backfill and the
lateral drainage layers.
Reference
Phifer, M.A., 2007. “FTF Closure Cap Concept and Infiltration Estimates,”
WSRC-STI-2007-00184, Revision 2, Savannah River National Laboratory,
Washington Savannah River Company, Aiken, SC. October 2007.

RESPONSE RAI-IE-2:
As outlined within WSRC-STI-2007-00184, Revision 2 (Section 7.5.1) eluviation of colloidsized clays from the overlying backfill and illuviation of the same clays within the underlying
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sand drainage layer was assumed to occur, resulting in a decrease in saturated hydraulic
conductivity and lateral drainage over time.
Migration of larger silt-size soil particles into the sand drainage layer, as an additional
degradation process beyond that of colloidal clay, was not considered for the following
reasons:



The conservative nature of the colloidal clay degradation was assumed to also
encompass any degradation that might occur due to silt migration
SRS backfill typically consists of only 10% silt versus a typical 26% clay

“Silting-in” of the sand drainage layer is assumed to occur due to a percolating water flux of
about 16 in/yr, containing 63 mg/L colloidal clay. A percolation rate of 16 in/yr into the
drainage layer represents an upper end of the background infiltration as outlined in WSRCSTI-2007-00184, (Section 3.2, Table 9). A colloidal clay content of 63 mg/L represents an
upper end colloidal clay concentration (Section 7.5.1). As a further conservative measure, it
was assumed that the entire colloidal clay flux from the backfill was deposited within the sand
drainage layer, and no credit was taken for colloid mobilization and flushing from the drainage
layer. Finally, for modeling purposes, the presence of the filter fabric was ignored and no
credit was taken for the ability to reduce the migration of colloidal clay to the lateral drainage
layer. [WSRC-STI-2007-00184]
As outlined in Sections 4.4.7, 5.4.2, and 7.3.2 of WSRC-STI-2007-00184, the backfill above
the sand drainage layer will consist of SRS soils classified as clayey sands (SC) under the
Unified Soil Classification System (USCS), or as sandy clay loam (SCL) in the United States
Department of Agriculture (USDA) soil textural classification (i.e., textural triangle). On
average, typical SRS backfill consists of 3% gravel, 61% sand, 10% silt, and 26% clay (Table
35). [WSRC-STI-2007-00184]
The SRS surficial soils, from which SRS backfill is typically obtained, are highly leached and
consist predominately of quartz and kaolinite, with a low organic and iron oxide content. Table
36 of WSRC-STI-2007-00184 presents a summary of the surficial SRS soil
mineralogy/composition. Soil mineralogy is dominated by quartz at an average of 93 wt%; the
clay fraction is dominated by kaolinite at an average of 84 wt%; and the organic content of the
soil is very low at an average of 0.22 wt%. Iron oxide minerals are also present in many of the
SRS soils and give them their distinctive red coloration; however, the iron oxide levels were
below the X-ray diffraction (XRD) detection limits.
The filter fabric layer, located between the sand drainage layer and the overlying backfill,
precludes silt-size particles from moving downward into the drainage layer. It is assumed that
the filter fabric will disintegrate at some point, many years after placement. This would result in
some amount of silt along the bottom of the fill layer migrating into the drainage layer for some
distance before being ‘strained’ by small pore throats. It is believed that the conservative
nature of estimating clay accumulation in the sand drainage layer (migration into the sand
drainage layer without any flushing out of the sand drainage layer) compensates for any
potential silt migration.
As stated in WSRC-STI-2007-00184, it was assumed that half of the colloidal clay content
migrates from the 1-foot thick middle backfill to the underlying 1-foot thick lateral drainage
layer. This causes the middle backfill vertical saturated hydraulic conductivity of 4.1E-05 cm/s
to increase log linearly with time and the saturated hydraulic conductivity for the lateral
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drainage layer of 5.0E-02 cm/s to decrease log linearly with time until the point that the two
layers essentially become the same material and saturated hydraulic conductivity changes
cease. Based upon this, the endpoint saturated hydraulic conductivity of the layers (1.4E-03
cm/s) becomes that of the log mid-point between the initial middle backfill and lateral drainage
layer conditions (Appendix I). [WSRC-STI-2007-00184]
Averaging the hydraulic properties of the backfill layer and the sand drainage layer is
considered a reasonable simplification considering that there are many FTF closure cap
conditions which make it highly unlikely that colloidal clay entering the sand drainage layer will
be deposited and accumulate within the drainage layer without any remobilization and flushing
from the drainage layer. The log mid-point averaging of the hydraulic conductivities of the
middle backfill and the lateral drainage layers is more realistic than using arithmetic averaging,
which would result in a higher hydraulic conductivity given the significant difference in hydraulic
conductivities between the layers.
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RAI-IE-3

The maximum infiltration through the GCL from 1,800 to 10,000 years appears to
be constrained to 12.45 in/yr in the HELP simulations.
Basis
Even-numbered Figures 62-70 in the report “FTF Closure Cap Concept and
Infiltration Estimates” (WSRC-STI-2007-00184, Rev 2) indicate an upper limit to
the infiltration through the GCL at 12.45 in/yr. It is not clear what closure cap
layer(s) provide this constraint. If the limit of 12.45 in/yr is a numerical constraint
imposed by the HELP code, then the average infiltration may be greater.
Path Forward
Provide a technical basis discussing the closure cap layer(s) that provide the
apparent 12.45 in/yr cap on net infiltration in the HELP simulations.
Reference
Phifer, M.A., 2007. “FTF Closure Cap Concept and Infiltration Estimates,”
WSRC-STI-2007-00184, Revision 2, Savannah River National Laboratory,
Washington Savannah River Company, Aiken, SC. October 2007.

RESPONSE RAI-IE-3:
The 12.45 in/yr maximum infiltration through the GCL from 1,800 to 10,000 years is not a
numerical constraint imposed by the HELP code. It is, however, a maximum infiltration
estimated from the HELP model based upon the assumed state of degradation and associated
input hydraulic properties. The two primary closure cap components which influence infiltration
through the GCL, are 1) the vegetation and top 22 inches of topsoil and upper backfill, which
promote evapotranspiration, and 2) the combination of the sand lateral drainage layer
underlain by the composite barrier layer, GCL and high density polyethylene (HDPE)
geomembrane, which promote lateral drainage.
SRS-specific monthly precipitation and average monthly temperature data were used in the
closure cap water budget calculations. Evapotranspiration remains fairly consistent over time
at approximately two-thirds precipitation. [WSRC-STI-2007-00184, Section 5.2] Lateral
drainage, however, decreases over time as the sand lateral drainage layer, HDPE
geomembrane, and GCL are assumed to pessimistically degrade.
As outlined within WSRC-STI-2007-00184 (Sections 7.5, 7.6, and 7.7), very aggressive
assumptions associated with the degradation of the sand lateral drainage layer, HDPE
geomembrane, and GCL have been made, including: [WSRC-STI-2007-00184]




Silting-in of the sand drainage layer was assumed to occur due to a percolating water
flux of about 16 in/yr containing 63 mg/L colloidal clay (Section 7.5.1 and Appendix I).
The approach is considered conservative, since it assumes all colloids entering the
drainage layer are deposited and accumulate and takes no credit for colloid
mobilization and flushing from the drainage layer.
The production of HDPE geomembrane holes has been assumed during the 275-year
antioxidant depletion period, even though no significant reduction in geomembrane
strength properties will occur until the antioxidants have been depleted and oxidation
has commenced (Section 7.6.2 and Appendix I).
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The production of holes in the HDPE geomembrane over time has been conservatively
estimated (Section 7.6.7, Section 8.5, and Appendix I). Since installation of the closure
cap over the FTF will undergo a high level of QA/QC and the HDPE geomembrane will
be under relatively low stress conditions (i.e., emplaced on a 2% slope), the assumed
generation rate of holes or cracks over time is considered very conservative.
It has been assumed that every HDPE geomembrane hole generated over time is
penetrated by a pine root that subsequently penetrates the GCL (Section 7.7.7).
However the results of the probability based root penetration model demonstrate that
this is not the case and that most of the HDPE geomembrane holes are not penetrated
by roots over 10,000 years Section 8.7.1 and Appendix L).
The estimated average infiltration, for Configuration #1a (the recommended closure cap
configuration described in WSRC-STI-2007-00184 and the basis for the infiltration
estimates used in the FTF PA modeling) for the years in question (i.e.. 1,800 to 10,000
years), is seen to increase from 10.65 to 11.67 in/yr during that period (Table 80)
These infiltration rates computed by the HELP code fall within the range of SRS
background infiltrations seen in earlier studies at SRS and surrounding areas (Section
3.2.2, Table 9).

The degradation of the sand lateral drainage layer, GCL, and HDPE geomembrane have been
modeled to proceed to a significantly degraded state (approximately 1,800 to 2,623 years).
The upper foundation layer then becomes more important relative to infiltration. The upper
foundation layer will be a soil-bentonite blend with an assumed saturated hydraulic conductivity
of 1.0E-06 cm/s, even though significantly lower conductivities are typical of soil-bentonite
blends. For the period 2,623 to 10,000 years, infiltration is controlled by the combined
saturated hydraulic conductivity of all four layers (i.e., sand lateral drainage layer, GCL, HDPE
geomembrane, and upper foundation layer). Table RAI-IE-3.1 presents the maximum and
average infiltration rate through the GCL (data obtained from Appendix K of WSRC-STI-200700184). The maximum value for infiltration for simulations at year 1,800 (and beyond) shown
in Table RAI-IE-3.1 is indicative of the hydraulic conditions of the various layers comprising the
closure cap and not a numerical constraint imposed by the HELP code.
Table RAI-IE-3.1: Maximum and Average Infiltration Rate through the GCL
Year
0
100
180
290
300
340
380
560
1,000
1,800
2,623
3,200
5,600
10,000

Infiltration Rate (in/yr)
Maximum

Average

0.005
0.05
0.8
1.8
1.8
3.4
4.9
8.2
11.2
12.4
12.4
12.4
12.4
12.4

0.0009
0.01
0.2
0.4
0.5
1.0
1.5
3.2
7.0
10.7
11.5
11.5
11.6
11.7
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CC-IE-1

WSRC-STI-2007-00184, Rev. 2 discussed the installation quality of the
geomembrane as “Good”; however, the HELP model also requires the
specification for the placement quality of the geomembrane. The Help model
input data in Appendix J of WSRC-STI-2007-00184, Rev. 2, listed the
geomembrane placement quality as a “2”. According to the “HELP User’s Guide
for Version 3” (Schroeder et al., 1994), an entry of 2, “assumes exceptional
contact between geomembrane and adjacent soil that limits drainage rate
(typically achievable only in the lab or small field lysimeters).” Provide the
technical basis for selecting the placement quality of the geomembrane.
References
Phifer, M.A., 2007. “FTF Closure Cap Concept and Infiltration Estimates,”
WSRC-STI-2007-00184, Revision 2, Savannah River National Laboratory,
Washington Savannah River Company, Aiken, SC. October 2007.
Schroeder, P. R., Lloyd, C. M., Zappi, P. A., and Aziz, N. M. 1994. The
Hydrologic Evaluation of Landfill Performance (HELP) Model User’s Guide for
Version 3. EPA/600/R-94/168a. Office of Research and Development, United
States Environmental Protection Agency (EPA), Cincinnati, Ohio. September
1994.

RESPONSE CC-IE-1:
It appears that there is some confusion related to installation quality of the geomembrane
versus placement quality of the geomembrane. Two HELP model geomembrane input
parameters, both of which are associated with some aspect of the quality of geomembrane
installation (EPA-600-R-94-168a; EPA-600-R-94-168b) are:



Geomembrane Installation Defects (#/acre)
Geomembrane Placement Quality

Geomembrane installation defects are defined as geomembrane damage resulting from
seaming errors, abrasion, and punctures occurring during installation that result in the
generation of holes. The number of installation defects is related to the level of geomembrane
installation QA/QC program employed.
The HELP model documentation provides a
recommended number of installation defects based upon categorization of the QA/QC program
employed as excellent, good, fair, or poor. [EPA-600-R-94-168a; EPA-600-R-94-168b]
For the current FTF closure cap design, a high-density polyethylene (HDPE) geomembrane
quality assurance plan will be developed and implemented that incorporates visual inspection
during installation, wrinkle control, seam field testing, and defect repair, which will be
performed in accordance with the approved drawings, plans, and specifications of the final
design, which will be produced near the end of the operational period. These FTF closure cap
QA/QC requirements represent “good” quality assurance according to EPA-600-R-94-168a
and EPA-600-R-94-168b, therefore in conformance with HELP model guidance, four
installation defects per acre were assumed.
Geomembrane placement quality is related to the degree of contact between the
geomembrane and the underlying soil and the potential for lateral flow along the boundary
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between the two layers. Within the HELP model there are six geomembrane placement quality
designations (i.e., perfect, excellent, good, poor, worst case, geotextile separating
geomembrane liner and drainage limiting soil). The cited reference to the HELP User’s Guide
(EPA-600-R-94-168a) is further elaborated upon in the HELP Engineering Documentation
(EPA-600-R-94-168b), which states the following regarding an “excellent” geomembrane
placement quality:
“Excellent liner contact is achieved under three circumstances. Medium permeability
soils and materials are typically cohesionless and therefore generally are able to
conform to the geomembrane, providing excellent contact. The second circumstance
is for very well prepared low permeability soil layer with exceptional geomembrane
placement typically achievable in the laboratory, small lysimeters or small test plots.
The third circumstance is by the use of a geosynthetic clay liner (GCL) adjacent to the
geomembrane with a good foundation. The GCL, upon wetting, will swell to fill the gap
between the geomembrane and the foundation, providing excellent contact.”
Consistent with this HELP model guidance and the use of a HDPE geomembrane within FTF
closure cap underlain by a GCL over a bentonite/soil blended upper foundation layer, an
“excellent” (HELP model numerical designation 2) geomembrane placement quality
designation was utilized for the recommended FTF Closure Cap configurations #1 and #1a.
The information provided above associated with both geomembrane installation defects and
geomembrane placement quality is also cited in WSRC-STI-2007-00184, Revision 2 (Section
5.4.5).
In summary, consistent with HELP model guidance, the assigned number of FTF closure cap
geomembrane installation defects was based upon having a good QA/QC program; whereas
the selection of the geomembrane placement quality as excellent is based upon having the
HDPE underlain by a GCL and specially prepared foundation layer. These two HELP model
geomembrane input parameters, while both related to geomembrane installation quality, are
distinctly different, and both are implemented within the FTF closure cap HELP modeling
consistent with the appropriate HELP model guidance.
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RAI-NF-1

The technical basis in the PA should be enhanced for the assumed Eh values for
Reducing Regions II and III and the estimated longevity of reducing conditions
that is important to the retention of redox-sensitive radionuclides in the waste
tanks.
Basis
(i) In Section 4.2.2.1 of the PA and on page 5 of the cited reference WSRC-STI2007-00544, Revision 1, (Denham, 2009) it was stated that for the reduced
states, the system was equilibrated with the mineral pyrrhotite (Fe1-xS) to
account for the reducing capacity of the blast furnace slag in the grout. It
was stated that pyrrhotite typically occurs at high temperatures and has been
identified in various smelting slags. Denham (2009) also stated the grout Eh
rapidly rises from 0.68 to −0.60 V, maintains this Eh for 39 pore volumes,
then rapidly rises to −0.48 V and stays at this value for 371 pore volumes. At
371 pore volumes, the grout reducing capacity is exhausted and the Eh rises
to about +0.55 V. The Eh evolution was stated to be due to mineral
transformations and dissolution involving pyrrhotite and pyrite. Geochemical
modeling indicated that pyrrhotite controlled the Eh during the first 40 pore
volumes, and then pyrite buffered the Eh to −0.48 V through 371 pore
volumes. When all pyrite was dissolved at 371 pore volumes, the Eh jumped
to an oxidized value.
Experimental data is lacking to support the assumption that pyrrhotite and
pyrite would buffer the Eh at low values in slag-bearing grout. Table NF-2
lists measured Eh values reported in the literature on fluids reacted with blast
furnace slag and slag–cement mixtures. With the exception of the –553 mV
Eh for the saltstone simulant, the measured values reported in the literature
are higher than the Eh values derived based on assumed buffering by
pyrrhotite and pyrite. Higher Eh values than those assumed in the PA could
result in higher solubilities, lower Kds, and higher releases of redox sensitive
radioelements: technetium, plutonium, and neptunium.
(ii) Geochemical modeling described in Denham (2009), was used to calculate
the number of pore volumes needed to transition from reducing to oxidizing
chemical states. The modeling assumed all the reducing components in the
grout (represented by pyrrhotite and pyrite) are available for reaction with the
infiltrate. The calculated number of pore volumes, hence the longevity of
reducing chemical state used in the PA, is likely overestimated. First, in
actual field conditions, only a fraction of the reducing component will be
accessible for reaction with the infiltrate particularly if flow occurs through
fractures. Second, the amount of pyrrhotite used in Denham (2009), was
based on the slag reducing capacity (0.82 meq/g) measured by Kaplan, et al.
(2005). However, because the slag is nonporous, Kaplan, et al. (2005)
measured the reduction capacity using finely ground samples to increase the
reactive surface area. The reactive surface area and reducing capacity of
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reducing grout emplaced in the field are likely to be much smaller than that of
laboratory samples. Thus, the longevity of reducing chemical states are
likely to be shorter than assumed in the PA, which would affect the release
rates of redox sensitive radioelements such as technetium, plutonium, and
neptunium.
Path Forward
Within the PA, provide additional information supporting the (i) assumed Eh
buffering by pyrrhotite and pyrite and (ii) calculated longevity of reducing
chemical states based on an assumed 100 percent reactivity of the reducing
component in the grout. Alternatively, supporting calculations can be provide to
demonstrate that the dose from redox sensitive radioelements will not be
significantly affected by assuming (i) a higher Eh consistent with values reported
in the literature and (ii) only a fraction of the reducing component in the grout will
react with the infiltrate.
Reference
Denham, M.E., 2009.
“Conceptual Model of Waste Release from the
Contaminated Zone of Closed Radioactive Waste Tanks,” WSRC-STI-200700544, Revision 1. October 2009.
Kaplan, D.I., T. Hang, S.E. Aleman, 2005. “Estimated Duration of the
Reduction Capacity Within a High-Level Waste Tank (U),” Westinghouse
Savannah River Company LLC, Aiken, SC. 2005.
RESPONSE RAI-NF-1:
The following text provides additional information supporting (i) assumed Eh buffering by
pyrrhotite and pyrite (ii) calculated longevity of reducing chemical states based on assumed
one hundred percent reactivity of the reducing component in the grout.
Response to Basis Item (i):
The calculations presented in WSRC-STI-2007-00544, Revision 1 are equilibrium calculations,
with the underlying assumption being that chemical equilibrium will be approached at timescales of hundreds to thousands of years. In particular, the initial equilibration is assumed to
occur under static conditions where there is no pore water flow until the steel waste tank liner
fails as early as year 75 (e.g., Configurations C, D and E). These conditions have never been
reproduced in the laboratory. This and the fact that measurement of Eh is technically difficult
suggest that literature values of Eh measured in pore fluids of reducing grouts are unlikely to
represent the true redox conditions of highly-aged reducing grout in a precise manner.
Many researchers have investigated the problems with Eh measurements of waters and this is
now standard discussion in geochemistry textbooks. [ISBN: 0-02-367412-1] Lindberg and
Runnells (DOI: 10.1126/science.225.4665.925) were among the first to study Eh
measurements of a large number of natural groundwater samples, concluding that Eh
measurements rarely agree with the “calculated Nernstian Eh values”. Their data compilation
shows that, for sulfur redox couples, Eh measurements almost always substantially
overestimate the value, are more positive, when compared to calculated Eh values based on
analyzed concentrations of individual sulfur species. Though not stated by Lindberg and
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Runnells (DOI: 10.1126/science.225.4665.925), one reason for this is that the Fe+2-Fe(OH)2(s)
couple seems to more strongly influence the Eh measurements than other redox couples.
Redox couples involving iron are often more electroactive than other redox couples, resulting
in Eh measurements dominated by the iron couple. [ISBN: 0-02-367412-1] This is important
for reducing grout systems because sulfur and iron will be the most abundant redox active
elements in this type of system.
The work of Angus and Glasser (DOI: 10.1016/S0956-053X(96)00073-6) demonstrates that Eh
measurements do not necessarily agree with those calculated from chemical analyses. The
work also demonstrates the slow kinetics of cement hydration reactions. They comment on the
slow hydration, stating that only 25% of slag in the samples used to generate Table VI of
Angus and Glasser had reacted after the 25-day hydration time. They suggest that hydration
rate is the cause of the sharp break in measured Eh values at the composition containing 75%
slag. Table VI also suggests that the measurement of Eh does not reflect the actual sulfur
species present. For cements containing 50% and 75% slag they report Eh values of 0.068 V
and 0.035 V, but S-2 concentrations of 12 and 6 ppm. At the S-2 concentrations and a pH near
12.5 the positive measured Eh values do not reflect the sulfur speciation.
Table VIII of Angus and Glasser (DOI: 10.1016/S0956-053X(96)00073-6) allows demonstration
of this quantitatively because the sulfur speciation is provided. Using this information, Angus
and Glasser calculated the equilibrium Eh with The Geochemist’s Workbench. This was
accomplished by assuming the initial fluid was in equilibrium with atmospheric oxygen, fixing
the pH at the reported value of 12.6, and adding the concentrations of S-2, S2O3-2, and SO4-2
listed in Table VIII. The equilibrium Eh was calculated to be -0.35 V compared to the measured
value of -0.23 V. If a small amount of hematite is assumed to be present initially and enough
ferrous iron is added to balance the reduced sulfur species, the calculated Eh is -0.6.
The reduced sulfur species observed by Angus and Glasser (DOI: 10.1016/S0956053X(96)00073-6) suggest that pyrite or pyrrhotite is poising the Eh of their slag cement
samples. For example, Moses et al. (DOI: 10.1016/0016-7037(87)90337-1) found that
thiosulfate (S2O3-2) was present during oxidation of pyrite by oxygen at elevated pH.
Nevertheless, the solubilities of technetium, plutonium, and neptunium can be examined over a
reasonable range of Eh values. Figure RAI NF-1.1 shows solubility versus Eh diagrams for
technetium, plutonium, and neptunium. The other parameters used to make the diagrams are
pH=11.2, [Stotal]=1.0E-05, and [Ctotal]=1.4E-05. For plutonium and neptunium over the range of
Eh from the stability of water to -0.2 V, the solubilities are constant. The solubility of plutonium
is 1.7E-09 mol/L and the solubility of neptunium is 1.6E-09 mol/L. Below an Eh of -0.415 V, the
solubility of technetium is below 1.0E-15 mol/L. In the Eh range -0.388 to -0.298, its solubility is
constant at 2.8E-08 mol/L. When Eh > -0.298 the solubility of technetium increases sharply
with increasing Eh.
Based on the preceding, assuming Eh buffering by pyrrhotite and pyrite for the equilibrium
calculations presented in WSRC-STI-2007-00544, Revision 1 is reasonable.
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Figure RAI-NF-1.1: Solubility vs. Eh of Tc, Pu, and Np; pH=11.2, [Stotal]=1.0E-05, and
[Ctotal]=1.4E-05
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Response to Basis Item (ii):
The calculations in WSRC-STI-2007-00544, Revision 1 assume a system at equilibrium, with
advective flow, and with all materials available to react with passing pore water. It is
acknowledged that some components may remain unavailable for reaction. However, in the
absence of a basis for quantifying the amount of a component that would react, sensitivity
studies were used to capture the effects of differing levels of reaction. Hence, sensitivity cases
that varied the time of the major redox transition were used to capture the effects of unreacted
slag. The most extreme cases were evaluated in the Barrier Analyses (Section 5.6.7.3 of the
FTF PA), in which slag was assumed to not affect the Eh of the pore water and the CZ was
modeled as having initial solubility limits associated with Oxidized Region II (Cases 13 and 14)
and Oxidized Region III (Cases 12 and 15). A more likely sensitivity scenario was the varying
of the redox transition time by ±30%, as discussed in Section 5.6.3.8 of the FTF PA.
Varying the redox transition time to 30% less than the Base Case reflects the possibility of a
different mineralogy and the possibility of unreacted slag. It is important to note that some
factors were not captured in the Base Case that would likely result in the redox transition time
to be longer (i.e., added additional pessimisms to the Base Case assumptions). For example,
the reducing grout formula contains iron. In the normative mineralogy calculations used for
WSRC-STI-2007-00544, Revision 1, the iron was assumed to be present as hematite, but for
simplicity, was left out of the Base Case calculations. Figure RAI-NF-1.2 shows the effects of
accounting for the iron in the reduced grout formula as hematite and as magnetite. The figure
shows a calculation of Eh versus pore volumes reacted for different iron assumptions. The
blue solid line represents the best estimate case, assuming no non-pyrrhotite iron in the
reducing grout formula. The magenta dot-dash line (hematite) and green dotted line
(magnetite) represent iron present as hematite and magnetite, respectively. It is reasonable to
assume that a significant portion of the iron not bound in pyrrhotite would be present as
magnetite, as magnetite is often observed in fly ash. [DOI: 10.1016/j.jhazmat.2010.04.096,
DOI: 10.1016/j.fuel.2004.11.021, DOI: 10.1016/S0048-9697(01)00893-2, DOI: 10.1016\S00162361(98)00132-X]
If the iron is accounted for by hematite in the grout degradation
calculations, the major redox transition occurs at 461 pore volumes of reacted fluid, rather than
371 for the base case. In the Base Case the only iron present is assumed to be in the form of
pyrhhotite, and hence reduced sulfur species are lost from the system by leaching. If hematite
is included, it is reduced to ferrous iron that, in turn, reacts to form additional pyrite which
provides increased redox poising capacity. If magnetite is used to account for the iron, the
major redox transition occurs at 593 pore volumes. Thus, accounting for the non-pyrrhotite
iron by assuming an initial mixture of hematite and magnetite would result in a redox transition
time significantly higher than that assumed in the Base Case assumptions.
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Figure RAI-NF-1.2: Calculation of Eh vs. Pore Volumes Reacted
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In addition, further SA modeling has been performed, as part of the response to NRC
comments, to evaluate the impact of solubility variability. As discussed in detail in the
response to RAI-PA-1, an additional non-mechanistic configuration (Configuration G) was
developed to further understand the impact on dose due to deviation from the Base Case.
Configuration G is not considered a credible alternate scenario, but was developed to analyze
the effects on dose when select barriers of concern were modified simultaneously, and without
regard for physical relationships between modeling components. As part of Configuration G,
alternative solubilities affecting Pu, U, and Tc were used. While the various SA have shown
that the transition time uncertainty can impact dose results, as documented in the FTF PA and
the response to RAI-PA-1, the impact on the peak dose results would not be significant. For
example, neither minor transition time variability (e.g., transition from Reduced Region II to
Oxidized Region II at 350 pore volumes versus 371 pore volumes) nor transition time
uncertainty alone (e.g., instantaneous transition from Reduced Region II to Oxidized Region II
with other barriers to release unaffected) would be expected to cause the Base Case peak
dose to exceed the performance objectives during the 10,000-year performance period.
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As discussed in Section 8.2 of the FTF PA, future work is also planned in the area of input
refinement and confirmation through the DOE Manual 435.1-1 PA Maintenance process. For
example, further information will be available to refine and confirm the actual radionuclide
inventories that will be present in FTF at site closure. Sampling of the waste tanks after
cleaning and before grouting will be performed to determine the final residual inventory to
ensure that the performance objectives will continue to be met. Future waste tank sampling
and analysis may also consider the waste release assumptions regarding iron co-precipitation
with sampling plans addressing the need to investigate not just total radionuclide inventories,
but, in some instances, chemical compositions as well. This information regarding chemical
compositions of the residuals can be used to better inform the likelihood of solubility controlling
phases.
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RAI-NF-2

The analysis of steel liner failure times for the PA base case excluded localized
corrosion as a degradation mechanism. No technical basis is provided why this
degradation mechanism was excluded. Localized corrosion could lead to higher
penetration rates and earlier failure of the steel liner.
Basis
The DOE analysis assumed that carbon steel liner degradation under grouted
condition primarily results from carbonation- or chloride-induced depassivation of
the steel, which leads to accelerated corrosion (Subramanian, 2008). The liner
failure time was calculated from the initiation time for carbonation- or chlorideinduced corrosion plus the propagation time for corrosion through the liner wall.
The steel liner degradation analysis for the base case, as reported in Table 4.235 of the PA, indicated that carbonation-induced depassivation time is much
longer than chloride-induced depassivation time. As a consequence, chlorideinduced corrosion was considered the controlling steel liner failure mechanism.
In modeling chloride-induced corrosion, the DOE assumed that the oxygen
needed to support the corrosion process is uniformly distributed as it diffuses
through the concrete and is uniformly consumed by a general corrosion process
along the entire liner surface. However, oxygen also can support localized
corrosion processes, e.g. pitting, in which case the corrosion damage will be
concentrated in a small area of the liner, result in a faster corrosion penetration
rate, and cause earlier steel liner failure. Published literature shows that
chloride-induced carbon steel depassivation often is accompanied by pitting
corrosion (ASM International, 2003; Bertolini et al., 2004). However, pitting
corrosion is neglected in the base case analysis, although both pitting and
general corrosion are likely to proceed at the same time.
Path Forward
Provide a technical basis for excluding localized corrosion as a degradation
mechanism in the steel liner degradation analysis for the base case.
References
Subramanian, K.H., 2008. “Life Estimation of High Level Waste Tank Steel for FTank Farm Closure Performance Assessment, Rev. 2,” WSRC-STI-2007-00061,
Rev. 2., Savannah River National Laboratory, Washington Savannah River
Company, Aiken, SC. June 2008.
ASM International.ASM Handbook: Volume 13B: Corrosion: Materials. 2003.
Bertolini, L., B. Elsener, P. Pedeferri, and R. Polder, eds., 2004. “Corrosion of
Steel in Concrete Prevention, Diagnosis, Repair,” Weinheim, Germany, WileyVCH Verlag GmbH & Co. 2004.

RESPONSE RAI-NF-2:
Predicted years of occurrence for failure of the carbon steel waste tank liners were developed
for the different waste tank types under specified conditions. [WSRC-STI-2007-00061] As
discussed in Section 4.2.3.2.5 of the FTF PA, the Base Case and other modeled configurations
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are meant to represent conditions that may be present without regard to the mechanism that
led to those conditions. There are a variety of mechanisms that can lead to earlier degradation
times than those modeled in Configuration A (Base Case). In the closed FTF conditions, some
mechanisms may be possible although not likely. The configurations should not be interpreted
as representing a specific mechanism for liner degradation. The liner failure times modeled in
Configurations C, D, and E are meant to encompass various mechanisms and provide
information on the risk significance of earlier liner failure than that assumed in the Base Case.
This comprehensive stochastic model analysis showed that if differences between expected
waste tank modeling configurations are disregarded, and all liner failure mechanisms are
considered simultaneously, the liner life could be shortened. Utilizing different modeling
configurations to inform the Base Case is still preferred since independently moving the liner
failure date forward can decrease the peak dose within 20,000 years. The decrease in the
magnitude of the peak doses associated with earlier liner failure is related to the timing of the
closure cap degradation and associated gradual increase in water infiltration into the closed
waste tank over time as the closure cap’s barriers are assumed to degrade. Early liner failure
allows the closure cap to have influence in the early time periods (e.g., prior to year 2,500),
before the closure cap is assumed to have degraded to the point that it has no additional effect
on the infiltration rate (i.e., it has reached a steady state infiltration flow rate). The closure cap
is therefore able to restrain infiltration into the waste tank during this early time period and limit
the magnitude of release of radionuclides that would normally be most readily released at the
onset of liner failure. The radionuclides most affected are those that are not significantly
affected by either the waste release solubility limits and/or concrete/soil retardation (e.g., with
low soil/concrete Kd values). The early liner failure can, therefore, spread the releases out over
a longer time period, reducing the magnitude of the peak doses even though the timing of the
peaks are earlier.
The failure year associated with the median value for the Base Case configuration from
WSRC-STI-2007-00061 was used to represent “failure,” which was modeled as the date from
which the steel liner is absent or otherwise not a hindrance to advection and diffusion. The
conceptual model is a reasonable simplification, utilizing a “simultaneous” liner failure model
which assumes the entire liner fails in a given year. The simultaneous liner failure model was
used instead of using a patch model, which would add percentages of each waste tank failing
each year (i.e., leak sites in the liner appearing at different waste tank locations, percent of
through wall leakage increasing, and the waste tank gradually failing over time). Though not
an exact simulation of the expected liner failure mechanism, the conceptual model liner failure
approach utilized in the FTF PA is reasonable, especially when considering that the PA’s
purpose is to inform the understanding of risk associated with the overall FTF closure, for the
following reasons:





The CZ of concern is located essentially across the waste tank bottoms, making failure
of most waste tank liner sections unimportant, since they would not result in flow
through or contaminant release from the CZ.
Modeling the entire liner to fail concurrently would tend to simultaneously maximize the
flow path into and away from the CZ, which would in turn tend to maximize peak doses.
Allowing the entire liner to fail early or allowing small flow paths through the CZ as the
patch model approach would simulate, can tend to decrease the resulting peak doses.
Though not addressed independently in the carbon steel failure analysis, in addition to
the primary liner, there is a full secondary steel liner for the Type III/IIIA tanks, and a
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five-foot high secondary liner near the CZ for the Type I tanks. In the analysis, these
secondary liners are assumed to “disappear” at the same time as the primary steel
liner. If the patch model were used, failure of a single patch near the CZ might not
result in contaminant release if the nearby secondary liner was still intact.
The localized corrosion mechanism is accounted for in the comprehensive stochastic model
described in WSRC-STI-2007-00061 Revision 2 (Section 7) and in Section 4.2.3.2.5 of the FTF
PA. The analysis was performed to incorporate a diffusion coefficient distribution and a more
bounding corrosion rate distribution into a single waste tank liner life distribution. The
additional waste tank liner failure analysis considers the passive current density along with
other potential corrosion mechanisms. The parameters included taking into account, among
other things, a “spatially variant corrosion rate at different locations on the same tank”. [SRSREG-2007-000002 Rev 1 (Section 4.2.3.2.5)] To simulate potential conditions in the FTF
closure system over the 10,000-year evaluation period, six waste tank configurations were
identified for analysis. Pitting is only one of several localized corrosion mechanisms that could
lead to earlier degradation times than those modeled in the Base Case (Configuration A). [FTF
PA Section 4.4.2]
For comparison purposes, accelerated corrosion rates from the comprehensive stochastic
model were compared to pit growth rates measured on carbon steel exposed to soil similar to
that at SRS. In general, the pit depth increases as a function of time by the following empirical
relationship [WSRC-STI-2007-00061 (Section 3.4.2)] :
h = K tn

(1)

where h is the pit depth in mils, t is the time in years, and K and n are constants. This
relationship assumes that the properties of Cecil Clay Loam are representative of the SRS soil
conditions [WSRC-STI-2007-00061 Revision 2 (Section 3.4.2)]. Using regression analysis of
pitting data, the final form of the equation is:
h = 56.56 t 0.32

(2)

The instantaneous pit growth rate (h′) can then be approximated by the taking the derivative
with respect to time.
h′ = K*n t (n-1)

(3)

or,
h′ = 18.13 t -0.68

(4)

From this equation it can be seen that the pit growth rate decreases with time. This decrease
is typical for carbon steels and is associated with the build-up of corrosion products that inhibit
the availability of aggressive species at the surface and therefore slow the rate. Equation 4
can be utilized to obtain pitting rates as a function of time with the results shown in Table RAINF-2.1. The initial growth rates are quite high; however, the corrosion rate decays by nearly
two orders of magnitude after the first 50 years. Caution should be utilized with extrapolating
the data too far into the future as they are based on tests that were conducted over a 15-year
period. [SRNL-L4400-2011-00003]
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Table RAI-NF-2.1: Instantaneous Pit Growth Rate as a Function of Time for Carbon
Steel Exposed to Groundwater.
Time (yrs) Corrosion Rate (mils/yr)
0.05
139.0
0.1
86.7
0.25
46.5
0.5
29.0
0.75
22.0
1
18.1
2
11.3
3
8.58
4
7.06
5
6.07
10
3.79
20
2.36
50
1.27
100
0.791
200
0.494
500
0.265
10000
0.035
[SRNL-L4400-2011-00003]

For the comprehensive stochastic model, the corrosion rate (R) is variable, and is primarily
influenced by the diffusion coefficient of oxygen. Table RAI-NF-2.2 shows the value of R for
each waste tank type for various diffusion coefficients. The nominal concrete wall thickness for
each type was determined and the dissolved oxygen concentration was assumed to be 2.3E07 mole/cm3. The accelerated corrosion rates calculated by the stochastic model (over a
range of diffusion coefficients) in Table RAI-NF-2.2 are not significantly different from the rates
calculated from the empirical pit growth rate equation in Table RAI-NF-2.1. The liner
degradation rates expected to result from localized corrosion as a degradation mechanism are
included within the liner degradation analysis.
Table RAI-NF-2.2: Accelerated Corrosion Rate as a Function of the Diffusion Coefficient
for Various Waste Tanks
Accelerated Corrosion Rate by
Tank Type (mils/yr)
Diffusion
Coefficient (cm2/s) Type I
Type III
Type IV
1.00E-01
47.9
35.1
263.2
2.00E-02
9.6
7.0
52.6
3.5
1.00E-02
4.8
26.3
1.00E-04
0.048
0.035
0.263
1.47E-06
7.04E-04 5.16E-04
3.87E-03
3.06E-08
1.464E-05 1.074E-05 8.0544E-05
[SRNL-L4400-2011-00003]
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RAI-NF-3

Within the PA, justify the parameters and their values used in carbonation
equations to support cementitious material degradation and steel liner corrosion
for the base case and evaluate the realism or conservatism of concrete and steel
liner failure times.
Basis
The steel liner failure times in the FTF PA base case were derived from an
analysis that compared the initiation times for carbonation-induced depassivation
(Subramanian, 2008; page 23) versus chloride-induced depassivation
(Subramanian, 2008; page 25) and applied the appropriate corrosion rate after
initiation. The analysis assumed that (i) carbonation-induced depassivation and
chloride-induced depassivation of the steel liner are diffusion-limited processes,
(ii) carbon dioxide (in the case of carbonation) and oxygen (in the case of
chloride-induced depassivation) has to diffuse through a minimum thickness of
tank vault concrete, and (iii) the diffusion coefficient of carbon dioxide and
oxygen are time invariant and equal to 1  106 cm2/sec. The failure times
reported for the base case are 12,747, 12,751, and 3,638 years for Types I,
III/IIIA, and IV tanks, respectively (Table 4.2-35 of the PA).
On the other hand, the FTF PA base case abstraction of cementitious material
degradation was based on an analysis that indicated carbonation would be the
dominant degradation mode. The depth of penetration of the carbonation front
was derived using a diffusion equation (SRNL, 2007; page 59, equation 15].
Concrete degradation initiation was calculated to occur as early as 1,300, 2,500,
2,400, and 400 years for Types I, III, IIIA, and IV tanks, respectively, and full
degradation was calculated to occur in 2,600, 5,000, 4,800, and 800 years,
respectively (Table 4.2-32 of the PA).
The two carbonation equations in Subramanian (2008) and SRNL (2007) are
similar, but the parameter values are different. In addition, the concrete wall
thickness for Type IV tank in Subramanian (2008) is 4 inches, whereas it is 7
inches in SRNL (2007). Confirmatory calculations were done using these two
equations and the parameter values in Subramanian (2008) and SRNL (2007;
page 60, Table 5-3). The results, which are summarized in Table NF-3, indicate
that the two equations give completely different carbonation-induced concrete
degradation and corrosion initiation times. The carbonation equation used in
Subramanian (2008) results in a much longer carbonation-induced initiation time
compared to the equation used in SRNL (2007). As a consequence, the steel
tank liner corrosion modeling described in Subramanian (2008) indicated that the
steel tank liner corrosion is mostly controlled by chloride induced corrosion,
which results in much later tank liner failure time compared to that of the tank
vault concrete.
It is important to note that the relative timing of failure of individual engineered
barriers is risk-significant as it may dictate whether enhanced (i.e., no chemical
buffering) waste release can occur earlier in the compliance period through
preferential pathways or whether infiltrating water is conditioned during its
migration through degraded concrete following steel liner failure. The timing of
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engineered barrier failure is also significant to the compliance demonstration as it
also dictates whether failure and waste release occur prior to or following the
compliance period (e.g., Type I and III/IIIA tank liners are assumed to fail after
the 10,000 year compliance period).
Table NF-3. Calculated Concrete Lifetime Determined by Carbonation and Carbon Steel Tank
Liner Corrosion Initiation by Carbonation and Chloride Diffusion
Carbon steel tank liner corrosion
Tank
Concrete
Concrete
Type
wall
degradation
Corrosion initiation time, years
Steel tank corrosion
1
5
3
thickness
initiation time
initiation mechanism
Chloride
Carbonation
4
determined by
(in)
diffusion
2
carbonation
(yr)
Type I
22
1,800
98,000
4,156
Chloride diffusion
(Case 2)
Type
III/IIIA

30

3,350

182,000

6,068

Chloride diffusion
(Case 2)

Type IV

4

59.5

3,237

519

Chloride diffusion,
then carbonation
(Case 3)

1

From Table 18 in SRNL (2008, p. 44, corrosion modeling)

2

Calculated based on Equation 15 in SRNL (2007, p. 59, concrete degradation modeling). Concrete
degradation was assumed to start once the carbonation effect reached one-half the concrete
thickness.
3
Calculated based on Equation in SRNL (2008, p. 23, corrosion modeling)
4
Calculated based on Equation in SRNL (2008, p. 25, corrosion modeling)
5
Determined based on three cases of potential corrosion in SRNL (2008, p. 50-58, corrosion
modeling)

Path Forward
Within the PA:
1. Provide the technical basis for using different carbonation equations and
parameter values to model cementitious material degradation versus
steel liner corrosion.
2. Evaluate the consequence of the inconsistency in the equations and
parameter values on cementitious material degradation and carbon steel
liner failure times for the base case analysis. As part of this evaluation,
DOE should consider the impact of the assumed time invariant hydraulic
properties (e.g., the diffusion coefficient for cement is expected to
increase over time as the cement degrades).
Reference
SRNL, 2007. “Chemical Degradation Assessment of Cementitious Materials for
the HLW Tank Closure Project,” WSRC-STI-2007-00607, Rev. 0., Savannah
River National Laboratory, Washington Savannah River Company, Aiken, SC.
September 2007.
Subramanian, K.H., 2008. “Life Estimation of High Level Waste Tank Steel for FTank Farm Closure Performance Assessment,” WSRC-STI-2007-00061, Rev.
2., Savannah River National Laboratory, Washington Savannah River Company,
Aiken, SC. June 2008.
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RESPONSE RAI-NF-3:
As noted in Section 4.4.3 of the FTF PA, the integrated conceptual model consists of different
segments, some of which were represented by independent sub-models. For example, the
cementitious material degradation and steel liner corrosion analyses are independent. Since
the sub-models were developed independently and may have different levels of conservatism,
some shared input parameters use different values from sub-model to sub-model. For
example, the diffusion coefficient is different between the concrete degradation evaluation and
waste tank liner failure evaluation. While the coefficient in the Base Case waste tank liner
evaluation (FTF PA Section 4.2.3.2.5) is a more expected value, the concrete degradation
evaluation (FTF PA Section 4.2.3.2.3) chose a very high coefficient to conservatively estimate
degradation rates. Emphasis was placed on ensuring that individual sub-models are
defensible, and the fact that two model segments may assume different values for the same
parameter was not considered significant if the sub-models are valid and defensible. Because
the diffusion coefficient is only a sub-model input and not a variable input in the FTF models
(PORFLOW and GoldSim), analysis of the diffusion coefficient as an independent variability
over a ranged distribution was not performed.
Both the steel liner failure analysis (WSRC-STI-2007-00061) and the cementitious material
degradation analysis (WSRC-STI-2007-00607) use essentially the same equation to calculate
the carbonation rate. The different assumptions that are made for the calculations result in
different inputs to the equations and hence explain some of the differences in the results that
are highlighted in the Table NF-3 shown in Comment RAI-NF-3.
The primary reference on carbonation for the steel liner degradation analysis (WSRC-STI2007-00061) is NUREG/CR-5542. The reference report justifies the assumption that for
below-grade concrete structures, the concrete pores remain saturated. NUREG/CR-5542
states that, “typical subsurface environments approach 100% relative humidity. Under these
conditions, the concrete matrix remains water saturated because of the small pore sizes
relative to the surrounding soil materials. In most concrete vaults in the vadose zone, the
transport of CO2 is in the liquid phase, resulting in slow rates of carbonation.”
Carbonation is affected by the saturation level and permeability of the concrete. If the pores of
the concrete are completely filled with water (> 75% relative humidity), carbonation proceeds
as the dissolution of carbonate species diffuses through the liquid [WSRC-STI-2007-00061,
Section 3.3.1]. As shown in Figure RAI-NF-3.1 for an unsaturated soil, the relative humidity in
the soil is greater than 75% if the soil moisture content is greater than 6%. A majority of the
measurements were taken relatively close to the surface, where evaporation was more likely.
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Figure RAI-NF-3.1: Soil Moisture Content as a Function of Relative Humidity in an
Unsaturated Soil

[DOI: 10.1029/2006WR005197]

Soil moisture measurements were made on backfill utilized at SRS in the 1980’s. [WSRC-STI2006-00198]. The measurement depth was approximately 15 feet below grade, which is well
above the water table in the vadose zone. The soil moisture content ranged between 8.8%
and 18.2%. Additionally, as reported in WSRC-STI-2007-00460, the soil moisture content on
site in presumably undisturbed soils ranges between 9% and 38%. Given that the ground
temperature is nearly constant year round at approximately 15°C, based on Figure RAI-NF-3.1,
the relative humidity would range from 82% to greater than 92%. Thus, the pores of the
concrete that are exposed to the soil can be assumed to be saturated.
The interior of the concrete vaults has been exposed to different environments. The Type I
and Type III/IIIA tanks have a 30-inch annular space through which warm, dry air is passed in
order to minimize condensation and maintain the steel wall temperature above the nil ductility
transition temperature. For the Type I tanks, there is a five-foot high annular pan in which the
primary waste tank sits. However, the remainder of the vault has been exposed to the air. The
relative humidity in the annulus of a Type I tank that is ventilated was determined to be less
than 20%. [WSRC-TR-2003-00147] The carbonation mechanism is hindered at this level of
relative humidity, not by diffusion, but rather by the rate of dissolution of carbon dioxide or
calcium hydroxide into the available water in the pores. The Type III/IIIA tanks have a full
secondary containment, (i.e., the interior of the vault is essentially fully lined with carbon steel),
which limits the access of air to the concrete vault. Thus it is unlikely that prior to grouting
there has been any significant carbonation from the interior of the vault for the Type I and
III/IIIA tanks. Once the primary waste tank and associated waste tank annulus have been
grouted, direct exposure to air will continue to be limited for the waste tank walls, basemat, and
roof.
The Type IV concrete vertical walls (7 inches thick) and basemat (4 inches thick) are also lined
with carbon steel; however, Type IV tanks do not have an annulus to protect the steel liner.
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Thus, once the concrete vault has degraded, the active corrosion of the steel exposed to the
low pH solution at the carbonation front will then proceed due to the formation of non-protective
oxides. The carbonation front can reach the vault/steel interface at 1,700 years for the Type IV
tanks. [WSRC-STI-2007-00061, Section 3.3.1]
The NRC, in the Comment shown in Table NF-3, has also made the assumption that the
concrete is fully degraded once the carbonation depth has reached half way through the
thickness of the vault. This assumption assumes that carbonation is proceeding by the same
mechanism from both sides of the vault after the waste tank has been grouted and closed.
Given the hypothesized configuration, absent early liner failure or fast flow paths, carbonation
would likely proceed at a faster rate from the exterior of the waste tank vault. Therefore,
modeling the migration of the carbonation front from a single side is reasonable.
It was conservatively assumed that once carbonation reaches the concrete/waste tank-steel
interface through the minimum thickness of the concrete vault, the entire surface of the waste
tank is subject to the higher corrosion rate of ten mils/yr. Once it is assumed that carbonation
from the exterior of the waste tank is the primary controlling mechanism, the calculations in
Section 3.3.1 of WSRC-STI-2007-00061, Revision 2 are conservative for the carbonation
mechanism. An upper bound on the diffusion coefficient for carbonate, Di, in a liquid is 1.0E-06
cm2/sec. These diffusion rates are considered faster than the 1.0E-08 cm2/sec rates that are
typically reported. The solubility of the carbonate species in the groundwater was based on an
analysis of the inorganic carbon content in the groundwater at SRS. [WSRC-RP-92-450] The
bulk concentration of Ca(OH)2 in the concrete solid matrix was assumed to be 0.02 mole/cm3
and is consistent with the order of magnitude assumed for calculation performed by INEEL.
[NUREG/CR-5542]
Alternatively, the cementitious degradation analysis (WSRC-STI-2007-00607) assumes that
the rate-determining step for carbonation is diffusion of carbon dioxide through the vapor in the
concrete pores. Vapor phase diffusion is approximately four orders of magnitude more rapid
than aqueous diffusion. Consequently, carbonation rate is a function of saturation level and
was found to be highest when the concrete has a relative humidity of about 50%. This
approach is consistent with the INEEL PA Appendix E, Revision 1. [WSRC-STI-2007-00607
(Section 4.6.3)] Additionally it is assumed that the pores are only 50% saturated with water.
This also impacts the concentration of inorganic carbon that is input into the equation. In this
case, the solubility of carbon dioxide in air is utilized.
The liner-failure analyses are based upon the assumption that carbonation was the most
aggressive mechanism of corrosion of the waste tank liner due to the loss of the high pH
environment, and that chloride may induce depassivation on the steel surface, but is still
dependent upon the oxygen diffusion to drive the corrosion reaction. Chloride-induced
corrosion was not considered in this concrete degradation analysis because the concentration
of chloride ions in SRS ground water and soil pore water is very low. Thus, carbonation
analyses for concrete and steel liner failure times presented in the FTF PA (Sections 4.2.3.2.3
and 4.2.3.2.5) are conservative given the actual SRS environmental conditions and will
overestimate the rate of carbonation of the concrete vaults.
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RAI-NF-4

The PA should reevaluate the carbon steel tank liner failure times for the base
case using consistent equations and approaches for modeling liner failure.
Basis
Two approaches—a deterministic method and a probabilistic method— were
used to calculate carbon steel tank liner failure times for the PA base case
(Subramanian, 2008). In the deterministic approach, the tank steel is assumed
to corrode at an equivalent rate from both the interior and exterior surfaces
(Subramanian, 2008; page 32). The time it takes to penetrate the tank wall
(Subramanian, 2008; Figures 14 to 16, pages 32-34) was calculated using the
equation

(Equation 1)
In Equation 1, the passive corrosion rate was assumed to be 0.04 mils/yr, which
was multiplied by 2 to calculate the overall corrosion rate and account for
corrosion from both directions.
In the stochastic approach (Subramanian, 2008; Sections 5 and 6, pages 50-51
and 57-58), the following equation was used to calculate the liner failure time:

(Equation 2)
The corrosion rate used in Equation 2 was not multiplied by 2, which implies that
corrosion was assumed to proceed from only one side of the tank wall, in
contrast to the assumption used in the deterministic approach. Table NF-4
compares the tank liner failure times calculated using Equations 1 and 2 and
other relevant equations and median parameter values presented in
Subramanian (2008), pages 46-48 and 50, to those in Table 4.2-35 of the PA
document. Confirmatory calculation results from Equation 2 are consistent with
what reported in Table 4.2-35 of the PA document. However for Types I and
III/IIIA tanks under A, B, F configurations, the failure times calculated from
Equation 1 are about half of those calculated from Equation 2. Confirmatory
calculations (not shown here) also found that for these cases including the base
case in the PA the carbon steel liner corrosion is initiated by chloride
depassivation and the corrosion propagation rate is controlled by oxygen
diffusion. The shorter failure times calculated from Equation 1 suggests that the
carbon steel liner could fail earlier than that reported in Table 4.2-35 of the PA
document.
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Path Forward
Within the PA:
1. Provide a technical basis for assuming that corrosion propagates from
only one side of the tank wall.
2. Evaluate tank failure times using consistent equations and parameters.
Reference
Subramanian, K.H., 2008. “Life Estimation of High Level Waste Tank Steel for FTank Farm Closure Performance Assessment,” WSRC-STI-2007-00061, Rev.
2., Savannah River National Laboratory, Washington Savannah River Company,
Aiken, SC. June 2008.
Table NF-4. Comparison of Carbon Steel Tank Failure Times from Table 4.2-35 of
WSRC-STI-2007-00061 and Confirmatory Calculations Using Median Parameter
Values
Table 4.2-35 in PA document
Confirmatory calculation
Tank
Applicable
Condition
Failure
Failure time
Failure time
Type
conditions
time (yr)
from
from
Equation 1 (yr) Equation 2 (yr)
Type I

A, B, F
C, D, E

Type
III/IIIA

A, B, F
C, D, E

Type
IV

A, B, F
C, D, E

Grouted liner,
diffusion coefficient
1E-6
Grouted liner,
diffusion coefficient
1E-4
Grouted liner,
diffusion coefficient
1E-6
Grouted liner,
diffusion coefficient
1E-4
Grouted liner,
diffusion coefficient
1E-6
Grouted liner,
diffusion coefficient
1E-4

12,747

6,375

12,750

1,140

1,001

1,026

12,751

6,375

12,750

2,077

1,839

1,865

3,638

3,244

3,263

75

51

71

RESPONSE RAI-NF-4:
The deterministic liner-failure analysis documented in WSRC-STI-2007-00061 predated and
informed the probabilistic liner-failure analysis, which was also documented in WSRC-STI2007-00061. The initial liner-failure-time results from the deterministic liner-failure analysis
presented in the document were not used in the FTF PA modeling. Initially, a partial stochastic
approach was used in the probabilistic liner-failure analysis to estimate steel liner life for
discrete diffusion coefficients and corrosion rates. WSRC-TR-2007-00061 recommends the
“median values” from the partial stochastic liner-failure analysis be used as a “best estimate”
for initial liner-failure times. The Base Case liner deterministic failure times for the individual
waste tank types included in FTF PA Table 5.2.1 (years 3,638, 12,751, and 12,747 as
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presented in Figure 4.2-26) represent the “median values” from the partial stochastic linerfailure analysis documented in WSRC-STI-2007-00061.
The equations presented in Section 4.2.3.2.5 of the FTF PA accurately portray the calculations
that were performed for the deterministic and stochastic approaches in WSRC-STI-200700061. A different set of assumptions were utilized in each configuration. For the deterministic
approach, it was assumed that corrosion occurred on both the exterior and interior of the steel
once chloride has penetrated through the thinnest section of concrete. This assumption was
made in part to account for uncertainties in the input parameters (e.g., diffusion coefficients)
that would make the time to failure estimates non-conservative.
With the stochastic approach, the uncertainty was addressed by assuming distributions for the
diffusion coefficients of oxygen and carbon dioxide, distributions for the corrosion rates, and
performing a Monte Carlo simulation. [SRNL-SCS-2008-00065] The time to failure of the liner
can be due to (1) general corrosion in grouted conditions, (2) chloride induced depassivation,
followed by general corrosion, (3) carbonation induced loss of protective capacity of the
concrete, or (4) a combination. Given the low passive current densities, the amount of wall
loss due to corrosion was expected to be relatively minor during the initiation phase compared
to the accelerated attack due to carbonation or oxygen ingress. Therefore, most of the wall
loss is expected to occur during the time when the accelerated corrosion mechanisms are
active. The aggressive species are migrating primarily from the exterior side of the waste tank
steel. Once the accelerated attack initiates, the corrosion rates on the exterior side of the wall
will be very rapid relative to the interior. A wide distribution of diffusion coefficients was
assumed to account for the uncertainty in the condition of the concrete that could impact the
ingress of the aggressive species. Since the uncertainty was addressed in this fashion,
accelerated corrosion was considered to occur on the exterior surface only.
See also the DOE response to Comment RAI-NF-2.
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RAI-NF-5

Within the PA, justify the basis for using a 25% pitting penetration percentage as
the failure criterion for the ancillary equipment especially the stainless steel
transfer lines.
Basis
In the PA probabilistic analysis and its supporting document (Subramanian,
2007), the most probable time of ancillary equipment failure was calculated to be
510 years based on an assumed 25% pitting penetration as the failure criterion.
However, no technical basis is provided to justify 25% pitting penetration, rather
than a lower value, as a reasonable failure criterion for the ancillary equipment,
especially for the stainless steel transfer lines. Timing of ancillary equipment
failure could be risk-significant for relatively short-lived radionuclides that at
longer timeframes will decay to negligible levels prior to release.
Path Forward
Provide the basis for the 25% failure criterion for the ancillary equipment in the
context of the overall performance assessment.
Reference
Subramanian, 2007. “Life Estimation of Transfer Lines for Tank Farm Closure
Performance Assessment,” WSRC-STI-2007-00460, Savannah River National
Laboratory, Washington Savannah River Company, Aiken, SC. October, 2007.

RESPONSE RAI-NF-5:
The 25% criterion is based on a discussion contained in reference ML060810253. This paper
discusses how probabilistic simulations of multiple submodels fit into the overall PA process.
The discussion centers on the waste tanks; however, some of the risk and uncertainty
principles in theory could apply to any engineered barrier. The pertinent section of this paper
states:
“Engineered barrier degradation is represented using a GoldSim Source element.
Both the tank and grout failure have initiation times and rates of degradation, which are
uncertain. Because it is unlikely the grout will degrade prior to tank degradation, the
grout degradation cannot initiate until after tank failure. The grout may degrade via a
number of mechanisms, including sulfate and magnesium attack, calcium hydroxide
leaching, alkali-aggregate reaction, carbonation, acid attack, and reinforcement
corrosion [3]. Some of the grout degradation mechanisms depend on water flow rates
and ingress/egress of deleterious species. Therefore, the amount of infiltration
contacting the grout was proportional to the extent of tank failure up to a user defined
number (e.g., 20%), at which point the failed tank is considered to no longer be a
hydrologic barrier.”
The failure model of stainless steel transfer lines is dependent on the number of penetrating
pits per unit area. For estimation of breached area, the average pit depth for penetrating pits is
the relevant parameter. The maximum pitting rate of 1 mil/yr was used for the initial pitting.
Using the maximum pit depth for a one-meter square area, there are between 500 and 5,000
penetrating pits. [BNL-71537-2003] If a high value for the number of penetrating pits per unit
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area is selected, the average depth of each pit will be smaller than if a low value is selected.
The large pits represent the pits that will eventually penetrate the transfer line. The failure
model uses 500 penetrating pits as a conservative estimate of breached area. [WSRC-STI2007-00460 (Section 4.1)]
Infiltration of water begins as soon as a pit penetrates the transfer piping. The amount of
ingress and egress of liquid is proportional to the area breached, which is reported in WSRCSTI-2007-00460. The 25% breached area as the failure criterion was considered reasonable
for all ancillary equipment containment because, in actuality, the ancillary equipment
containments will not be directly in contact with soil (the pump tanks and evaporator pots are in
concrete cells that will be filled with grout and the transfer lines are typically contained within a
secondary jacket).
Previous failure analyses of underground piping at SRS indicate that pits are predominantly
located on the horizontally oriented portions of the pipe (i.e., the top and bottom), with the
majority located within ± 40° of top or bottom dead center of the pipe (Figure RAI-NF-5.1).
[WSRC-TR-2006-00328] These locations are particularly vulnerable because water tends to
accumulate in the crevice beneath the pipe. Due to gravity, egress of the remaining residual
waste is likely to proceed from the bottom of the pipe. This region represents approximately
25% of the pipe. Given that pitting and any waste residue are concentrated in the lower
quadrant, containment would be fully lost when the barrier was 25% breached.
Figure RAI-NF-5.1: Configuration of Pits and Waste Residue in Transfer Line Piping

High density pit
areas at ± 40 ° of
bottom and top
dead center

Waste residue

The timing of ancillary equipment failure would not be risk-significant for relatively short-lived
radionuclides. Table 4.2-36 of the FTF PA provides the corrosion induced failure times for
stainless steel transfer lines. The failure of the transfer lines was assumed to occur when the
earliest time that 25% pitting penetration was achieved; year 510 for the one-inch diameter
line. The first pit penetration occurs at year 116; also for the one-inch diameter line. The
difference in time for the first pit penetration and the assumed failure is approximately 400
years. Therefore, for the sake of this specific analysis, the relatively short-lived radionuclides
considered were those with a half-life approximately 400 years or less.
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Table 3.3-13 of the FTF PA provides an estimate of residual radioactivity in the FTF transfer
lines. Of the radionuclides listed in that table, the radionuclides with a half-life approximately
400 years or less are Ac-227, Am-241, Am-242m, Cf-249, Cm-243, Cm-244, Co-60, Cs-137,
Eu-152, Eu-154, H-3, Ni-63, Pu-238, Pu-241, Sm-151, Sr-90, and U-232.
In addition to release time, consideration must be given to the transport time of these
radionuclides. Figures 5.5-1 and 5.5-3 of the FTF PA give the 100-meter peak groundwater
pathway dose results and the individual radionuclide contributors in Sector E. The peak near
year 750 is associated with Tc-99 and Np-237 releases from the transfer lines. Table 4.2-29 of
the FTF PA provides the recommended Kd values for the vadose zone and the backfill, which
is the material surrounding the transfer lines. The Kd values for Tc-99 and Np-237 are 1.8
mg/L and 35 mg/L in the backfill, respectively, and each are 0.6 mg/L in the vadose zone.
These low Kd values account for the relatively quick transport time of 200 years to the
hypothetical 100-meter well.
The Kd values in the backfill for the radionuclides with a relatively short half-life range from 8
mg/L to 8,500 mg/L (FTF PA, Table 4.2-29). Similarly, the Kd values in the vadose zone for the
radionuclides with a relatively short half-life range from 5 mg/L to 1,100 mg/L. The short-lived
radionuclides with a low Kd values include Sr-90, Co-60, Ni-63, and Cs-137. For the vadose
zone, the difference in transport time for a radionuclide with a Kd value of 0.6 mg/L and 5 mg/L
is approximately a factor of 7. The short-lived radionuclides with low Kd values require
approximately 1,400 years to transport from the transfer lines after failure to the 100-meter
well, and the short-lived radionuclides with larger Kds would require even more transport time
to the 100-meter well. The transport time for each of the short-lived radionuclides represents
sufficient time for each to decay and would not be risk-significant even if the stainless steel
transfer lines failed early.
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RAI-NF-6

Provide a technical basis for excluding the effects of reinforcing and prestressing steel on cementitious material degradation and steel liner corrosion.
Basis
The PA states, on page 180, that the impact of carbonation, expected to be the
most extensive attack mechanism on cementitious materials, is dependent upon
the presence of steel and that Type IV tanks do not contain rebar or steel, thus
the overall effect of carbonation should be minimal regardless of the depth of
penetration. This assertion that steel is not present in the wall of Type IV tanks
appears to be contradicted in the PA on page 140 and by DP-478.
Additionally, consideration of the effects of steel reinforcement on cementitious
material degradation and steel liner corrosion was excluded for Type I and Type
III/IIIA tanks due to the planned grouting of the annular regions which would not
contain reinforcing steel (PA, page 180). However, the steel liner corrosion
analysis in WSRC-STI-2007-00061 (page 24) used a thickness of 22-inches for
the Type I tanks which corresponds to the minimum thickness of the concrete
vault dimension and presumably is based on the tank roof containing reinforcing
steel.
Corrosion of the reinforcement steel in the various tank types, particularly Type
IV, is likely to alter the properties (e.g., porosity, tortuosity) of the concrete walls
with time, potentially resulting in cracking or spalling of the walls and leading
potentially to fast pathways and increased degradation rates of the cementitious
material and steel liner compared to those estimated in the base case.
Path Forward
Provide an adequate technical basis to exclude the effects of reinforcing steel on
cementitious material degradation and steel liner corrosion in the various tank
types.
References
Daniel, A.N., 1960. “Underground Storage of Low-Level Radioactive Wastes at
the Savannah River Site (Engineering Considerations),” DP-478, Issued by E.I.
du Pont de Nemours & Co. Explosives Department—Atomic Energy Division,
Wilmington, Delaware. June 1960.
Subramanian, K.H., 2008. “Life Estimation of High Level Waste Tank Steel for FTank Farm Closure Performance Assessment,” WSRC-STI-2007-00061, Rev.
2., Savannah River National Laboratory, Washington Savannah River Company,
Aiken, SC. June 2008.

RESPONSE RAI-NF-6:
Text on page 140 of the FTF PA discusses construction of the concrete walls of the Type IV
tanks and acknowledges the use of steel straps and turnbuckles in the Type IV wall
construction. [DP-478] The text on page 180 of the FTF PA deals only with the grout to be
installed in the waste tanks or the annulus. The text on page 180 was only meant to indicate
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that the grout installed in the annulus of the waste tanks and interior of the Type IV tanks does
not contain rebar or steel, thus the overall effect of carbonation should be minimal regardless
of the depth of the penetration. [WSRC-STI-2007-00607] The text on page 180 was not
intended to cover all cementitious materials (e.g., concrete walls) within the Type IV tanks.
Section 4.2.3.2.5 of the FTF PA discusses carbon and stainless steel material properties,
including the PA modeling assumptions regarding liner degradation. WSRC-STI-2007-00061,
as referenced in Section 4.2.3.2.5 of the FTF PA, did consider the waste tank wall concrete
(cementitious material) to contain steel. The primary corrosion mechanisms considered were
exposure of the exterior of the walls to chloride attack and carbonation. Carbonation was only
considered as a degradation mechanism for the steel reinforced cementitious materials, i.e.,
basemat and concrete vault. It was conservatively assumed that once carbonation reaches
the concrete/tank-steel interface through the minimum thickness of the concrete vault, the
entire surface of the waste tank is subject to the higher corrosion rate. Section 4.2.3.2.3 of the
FTF PA discusses cementitious material properties, including the PA modeling assumptions
regarding cementitious material hydraulic conductivities. The effects of reinforcement steel on
cementitious material degradation and steel liner corrosion in the Type I, III, IIIA, and IV tanks
were included in the concrete degradation estimates and are presented in Table 4.2-32 of the
FTF PA.
See also responses to Comments RAI-NF-2, RAI-NF-3 and RAI-NF-4.
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RAI-NF-7

Provided stronger technical bases for Kd values of 10,000 and 1,000 mL/g for
transport of plutonium through Middle Age and Old Age cementitious materials,
respectively. Kd values for neptunium may also be affected by solubility.
Basis
A Kd of 10,000 mL/g is established in Table 4.2-33 for transport of Pu through
grout and the concrete basemat for Middle Age cementitious materials, and a
value of 1,000 mL/g applies to Old Age material. Most importantly, these values
provide significant retardation of plutonium in the basemat under oxidizing
conditions, particularly for Middle Age concrete. The original references for the
Kd values (WSRC-STI-2007-00640 and SRNS-STI-2008-00045) are the same as
were used to support the corresponding parameters in the Saltstone PA. A
comment during NRC staff review of the Saltstone PA raised the question of
whether the Pu Kd measurements on cementitious materials could have reflected
solubility, rather than sorption, potentially leading to overestimation of the
sorption coefficient (SP-10, quoted in SRR-CWDA-2010-00033, Revision 1, July
2010). The observations of plutonium solubility control arose in an SRNL
sorption study (SRNL-STI-2009-00636). The DOE response to the NRC
comment did not resolve the question, but instead argued for the relatively low
risk significance of the Pu Kd values (Response SP-10 in SRR-CWDA-201000033, Revision 1, July 2010). This argument does not necessarily apply to the
F Tank Farm PA, particularly with respect to transport through the basemat.
DOE needs to address the question of whether solubility effects in supporting
experiments could lead to overestimation of Pu retardation in cementitious
materials in the F-Tank Farm PA.
The question of possible solubility effects on Pu sorption measurements may
also apply to Np (SRNL-STI-2009-00636; SP-10 and Response SP-10 in SRRCWDA-2010-00033, Revision 1, July 2010).
Path Forward
The technical basis for the Pu Kd values for reducing and oxidizing Middle Age,
and oxidizing Old Age, cementitious materials should be re-addressed with
respect to whether laboratory measurements could have significantly
overestimated the sorption coefficients due to solubility effects.
The technical bases for Np Kd values for cementitious materials in Table 4.2-33
should also be re-addressed with respect to whether laboratory measurements
could have significantly overestimated the sorption coefficient due to solubility
effects.
References
Kaplan, D.I., and J.M. Coates, 2007. “Partitioning of Dissolved Radionuclides to
Concrete Under Scenarios Appropriate for Tank Closure Performance
Assessment,” WSRC-STI-2007-00640, Savannah River National Laboratory,
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Kaplan, D.I., K. Roberts, J. Coates, M. Siegfried, and S. Serkiz, 2008.
“Saltstone and Concrete Interactions With Radionuclides:
Sorption (Kd),
Desorption, and Reduction Capacity Measurements.” SRNS-STI-2008-00045,
Savannah River National Laboratory, Aiken, SC. 2008.
SRR, 2010. “Comment Response Matrix for Nuclear Regulatory Commission
(NRC) Requests for Additional Information (RAIs) on the Saltstone Disposal
Facility Performance Assessment,” SRR-CWDA-2010-00033, Revision 1,
Savannah River Remediation, Closure & Waste Disposal Authority, Aiken, SC.
July, 2010.
Lilley, M.S., B.A. Powell, D.I. Kaplan. 2009. “Iodine, Neptunium, Plutonium,
and Technetium Sorption to Saltstone and Cement Formulations Under Oxidizing
and Reducing Conditions,” SRNL-STI-2009-00636, Savannah River National
Laboratory, Aiken, SC. December 19, 2009.
RESPONSE RAI-NF-7:
Under SRS vadose conditions, plutonium behaves as Pu(IV). Plutonium, when it comes in
contact with SRS vadose zone sediment under oxidizing conditions, exists in the reduced
oxidation state. [WSRC-MS-2003-00889, DOI: 10.1021/es050073o, WSRC-TR-2003-00035]
This assumption is based on actual measurements (Figure RAI-NF-7.1), and not based on
thermodynamic calculations that do not take into consideration surface forces. As discussed in
WSRC-TR-2003-00035, Pu(V) was added to SRS sandy subsurface sediment (benchtop
experiment) at plutonium concentration below Pu(V) solubility, 1.0E-07 M, and analyzed after
both 24 hours and 33 days. After 33 days, the Pu(V) sorbed to the sandy subsurface
sediment, under oxidizing conditions, in a manner similar to the plutonium geochemical
behaving as Pu(IV). It was explained as a surface enhanced reduction process. For example,
at pH 5.2, Pu(V) Kd values were 9 and 3,700 ml/g at 1 and 33 days, respectively.
In the presences of cementitious materials, where much greater surface areas and higher pH
levels exist, the Kd values are expected to increase significantly compared to SRS subsurface
sand. Because it is impossible to directly measure Old Age cement Kd values, DOE assigns Kd
values that are between Middle age cement Kd values and background native sediment Kd
values. For this reason Old Age cement materials were assigned values greater than those of
native sediments.
SRNL-STI-2009-00636 clearly identifies that precipitation of plutonium occurred during the
experiments described above, even at 1 ppb, 4.0E-09 M. In document 0956-053X/92, the only
other known plutonium cement measurements, the plutonium solubility was measured to be in
the range of 1.0E-08 to 1.0E-09 M. Therefore, adding plutonium at 4.0E-09 M was reasonable,
given that, as described in SRNL-STI-2009-00636, it was anticipated that plutonium sorption
was going to occur and aqueous concentration would decrease immediately to well below
solubility. The results in SRNL-STI-2009-00636 (Figures 4.7 and 4.9) clearly demonstrated
precipitation with the no-solid controls that were included with the sorption experiment as part
of the QA/QC. In these controls the very low concentrations of plutonium (4.0E-09 M) strongly
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sorbed to the glassware when the cement was not present. When the cement was present,
the plutonium did not sorb to the glassware. It was demonstrated that plutonium likely
precipitated because strong acid washes did not promote desorption.
It is important to note that unlike most research that in past relied on alpha counting, SRNLSTI-2009-00636 used an inductively coupled plasma mass spectrometer (ICP-MS), which
provided lower detection limits. The ICP-MS detection limit for Pu-242 is 0.000044 ppb or
1.0E-15 M. [SRNL-STI-2009-00636, Table 3.2] A comparable alpha spectroscopy detection
limit would be in the order of 4 ppb or 1.0E-10 M (0.5 dpm/mL). Therefore, the lower Kd values
reported in SRNL-STI-2009-00636 are the result, in part, of the improved detection limits.
DOE believes that plutonium sorption is primarily controlled by solubility at the high pH levels
of cementitious environments. If below the solubility limit, Kd values are used in the FTF PA.
DOE also believes that due to the high surface area and the very low solubility of plutonium,
the Kd values for plutonium are also very high. This assumption stems from the experimental
evidence described in SRNL-STI-2009-00636 and the extremely high tendency for plutonium
to sorb even under very low plutonium concentrations to both SRS sediments and especially to
cementitious materials.
Figure RAI-NF-7.1: Pu(IV) and Pu(V) Sorption Edge at 24 Hours and Pu(V) at 33 Days on
an SRS Subsurface Sandy Sediment
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[WSRC-TR-2003-00035]

A report has been issued subsequent to the issuance of Revision 1 of the FTF PA entitled
Geochemical Data Package for Performance Assessment Calculations Related to the
Savannah River Site. This report provided revised Kd values for cementitious materials,
including plutonium and neptunium. [SRNL-STI-2009-00473, Table 14] For plutonium, the
oxidized and reduced old-age cementitious material Kd has changed from 1,000 to 2,000 mL/g.
For neptunium, the oxidized middle age cementitious material Kd has changed from 1,600 to
10,000 mL/g, oxidized old-age changed from 250 to 5,000 mL/g, reduced middle-age changed
from 3,000 to 10,000 mL/g, and the reduced old-age changed from 300 to 5,000 mL/g.
Revised Kd values will be incorporated into future modeling efforts.
In order to better quantify the impact that different neptunium and plutonium Kd values would
have on the FTF PA dose results, the FTF GoldSim model used in Revision 1 of the FTF PA
was modified to incorporate alternate neptunium and plutonium Kd values and run in
“deterministic” (versus probabilistic) mode to get a single peak dose result over time. The dose
results (Figures RAI-NF-7.2 and RAI-NF-7.3) show the change in the total dose results as
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compared to the dose results obtained using the previous plutonium Kd values. For the first
simulation, the neptunium Kd values were revised in the GoldSim model and the model was rerun with only those changes. For the second simulation, the plutonium oxidized old-age
cementitious Kd values were revised in the GoldSim model and the model was re-run with only
that change. The reduced old-age Kd for plutonium was not changed since reduced old-age Kd
values are not used in the model. Figure RAI-NF-7.2 shows a comparison between the base
case simulation and the simulation made with the updated neptunium Kd value. As can be
seen in Figure RAI-NF-7.2, the peak total dose values are generally lowered except at early
times. The peak dose over the first 10,000 years has decreased from 3.1 mrem/yr to 2.7
mrem/yr. The peak dose, over the full 20,000 years, has decreased from 14 mrem/yr to about
6 mrem/yr. As can be seen in Figure RAI-NF-7.3, the change to the plutonium Kd has a
negligible effect on the total dose calculations.
Figure RAI-NF-7.2: Comparison of Peak Total Doses for FTF PA Revision 1 Base Case
and Revised Neptunium Kd in Base Case
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Figure RAI-NF-7.3: Comparison of Peak Total Doses for FTF PA Revision 1 Base Case
and Revised Plutonium Kd in Base Case
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RAI-NF-8

Additional confidence is needed to provide reasonable expectation that coprecipitation with iron phases will constrain Pu and Tc to such low dissolved
concentrations under oxidizing conditions. Consideration should also be given to
modeling a certain percentage of Tc existing in a more soluble form.
Basis
The revised PA (Section 4.2.2.4) and the revised supporting report Denham
(2010; WSRC-STI-2007-00544, Rev. 2) provide more extensive discussions in
support of the iron co-precipitation model for constraining dissolved
concentrations of some elements under Region II conditions. For the risk
significant element Pu, this model predicts a concentration nine orders of
magnitude lower under Region II oxidizing conditions than under Region III
oxidizing conditions. For the risk significant element Tc, the model predicts a
very low concentration of 3 × 10-13 M under Region II oxidizing conditions,
contrasted with no concentration limit under Region III oxidizing conditions.
These marked differences, which lead to very low predicted release rates for
these elements until Region III is approached, call for strong technical bases.
The co-precipitation model relies on the assumption that all Pu or Tc remaining in
tank residue, assumed to be thoroughly cleaned, is in a relatively insoluble
form—specifically, co-precipitated in magnetite or hematite. The reports cited
appear to support the general observation. However, if only a very small fraction
of the element remained in the tank residue in some form other than iron oxide
co-precipitate, either in the pore fluid or in other solid phases, the predicted
concentrations could be in error by a large amount. It is not apparent that
sufficient empirical observations have been made that support the particular
concentration limits adopted in the PA for Region II. This is particularly true for
oxidizing conditions, under which both Pu and Tc are expected to be significantly
more mobile than under reducing conditions.
Further, PNNL-17593 reported significant fractions (~17%) of Tc released very
quickly (on the order of months) during extraction experiments. Based on SRS
PA Rev 1 results, it appears that only a small soluble fraction (possibly as low as
5%) would likely lead to an exceedance of the performance objectives. It is not
apparent that sufficient observations have been made to demonstrate that there
is an insignificant soluble fraction of Tc remaining in the tanks, particularly for
tanks in which the use of oxalic acid is or was not possible.
Path Forward
Provide additional technical support for the specific concentration limits adopted
for Region II for Pu and Tc, with emphasis on oxidizing conditions, and
considering the potential for relatively small masses of the elements not
sequestered in iron oxides to affect the predicted values. DOE could consider
modeling a separate fraction of more soluble Tc not assumed to be coprecipitated with iron.
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Reference
Krupka, K.M., et al., 2004. “Hanford Tanks 241-AY-102 and 241-BX-101: Sludge
Composition and Contaminant Release Data,” PNNL-17593, PNNL, Richland,
Washington. May, 2004.
RESPONSE RAI-NF-8:
As a modeling simplification, the CZ was assumed to behave uniformly in the FTF models
(e.g., the entire CZ inventory changed state from Reduced Region II to Oxidized Region II
simultaneously).
The “uniform behavior” model was used instead of using a model which would assign different
solubility limits to defined percentages of the CZ. Though not an exact simulation of the
expected CZ behavior, the “uniform behavior” approach is reasonable. Modeling the entire CZ
as reacting concurrently would tend to maximize the amount of inventory available for release,
which would in turn tend to maximize peak doses. While allowing a percentage of the CZ to
release independently can lead to earlier releases, the resulting peak doses tend to be smaller.
If small soluble fractions were allowed to “bleed off” before the bulk of the CZ transitioned, the
peak dose associated with the bulk release would be lessened.
The comment states that based on FTF PA Revision 1 results, it appears that only a small
soluble fraction (possibly as low as 5%) would likely lead to an exceedance of the performance
objectives. As discussed in the response to RAI-PA-1, the peak Tc-99 dose (at approximately
year 28,000) is not associated with a single waste tank and has inherent modeling
conservatisms and engineered barriers to release that will prevent it from exceeding
performance objectives in 10,000 years. If small soluble fractions of Tc-99 were allowed to
“bleed off” before the bulk of the CZ transitioned, the fraction released early would not behave
in proportion to the peak at year 28,000, since that peak assumed multiple simultaneous waste
tank releases of a very conservative inventory of Tc-99 with no associated solubility limits.
Sensitivity analysis modeling has been performed to evaluate the impact of solubility variability.
As discussed in detail in the response to RAI-PA-1, an additional non-mechanistic
configuration (Configuration G) was developed to further evaluate the impact on dose due to
deviation from the Base Case. Configuration G is not considered a credible alternate scenario,
but was developed to analyze the effects on dose when select barriers of concern were
modified simultaneously, and without regard for physical relationships between modeling
components. As part of Configuration G, alternative solubilities affecting plutonium, uranium,
and technetium were used. See RAI-PA-1 for further discussion of Configuration G.
As discussed in Section 8.2 of the FTF PA, future work is also planned in the area of input
refinement and confirmation. For example, further work will be conducted to refine and confirm
the existing radionuclide inventories that will be present in FTF at site closure. Sampling of the
waste tanks after cleaning and before grouting is necessary to determine the final residual
inventory present at time of FTF closure. Future waste tank sample analyses may also be
performed to further understanding on the waste release assumptions regarding iron coprecipitation and solubility controlling phases.
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In addition, the PNNL-17593 report referenced in the comment should not be considered
generally applicable to FTF wastes. The Hanford Tank S-112 referred to in PNNL-17593 is
somewhat different than the waste tanks at FTF. Quoting the document,
“This is the first report from this PNNL project to describe the composition and leach
test data for residual waste from a salt-cake tank. All previous PNNL reports (Cantrell
et al. 2008; Deutsch et al., 2006, 2007a, 2007b, 2007c) describing characterization
and testing results and contaminant release models for residual waste in SSTs were
based on samples from sludge tanks.”
The residual waste used in the PNNL-17593 report is 0.2 wt% Fe and no iron phases were
identified in x-ray diffraction analysis, though some individual particles of iron oxides were
identified by scanning electron microscopy/energy dispersive x-ray analysis. Greater than 95%
of the waste was identified as crystalline gibbsite [Al(OH)3]. Previous testing of Hanford waste
presented evidence that Tc-99 was co-precipitated with iron phases rather than with Al phases.
[DOI: 10.1021/es0511568] Hence, in these waste tanks very little of the Tc-99 would be
expected to be present as co-precipitation with iron. In fact, PNNL-17593 suggests that the
17% of the Tc-99 leached after one month comes from residual supernate in the samples.
This conclusion was reached because the concentration of Tc-99 in the leachate from a waterleached sample, when corrected for dilution, was similar to the measured concentration of Tc99 in supernate of another sample.
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RAI-NF-9

Provide information to clarify whether the iron oxide co-precipitation model
considers the effects on element mobility of the redox transition of the iron
phases.
Basis
The iron oxide co-precipitation model for constraining Pu, Tc, and U
concentrations in Region II assumes that magnetite sequesters these elements
under reducing conditions, and hematite is the host phase under oxidizing
conditions. The model is based on observations of association of these
elements with iron phases in tank residues. Implicit in the conceptual model is a
transition from magnetite to hematite as the system evolves from initially
reducing to later oxidizing. It should be considered that, during this transition,
sequestered Pu, Tc, and U could be released to pore water or to other solid
phases as the iron oxides are dissolved and precipitated, or otherwise modified.
It is possible, therefore, that those elements may not be co-precipitated with
hematite under oxidizing conditions and that subsequent release could be
controlled by other processes.
Path Forward
Consider the fate of Pu, Tc, and U as iron oxides transition from reducing to
oxidizing conditions and address the implications for element concentrations
predicted by the iron co-precipitation model under oxidizing Region II conditions.

RESPONSE RAI-NF-9:
The transition of the host mineral magnetite to hematite occurs prior to the transition from
“Reducing” to “Oxidizing” conditions. The transition of magnetite to hematite actually occurs at
an Eh of -0.49 volts (Figure RAI-NF-9.1) at a pH of 11.1. This transition is also seen in the
calculations of the degradation of the reducing grout. [WSRC-STI-2007-00544] Figure RAINF-9.2 shows a “magnified version” of the calculated Eh evolution curve as the grout
degrades. Between 41 and 50 pore volumes reacted, magnetite converts to hematite and this
is reflected in the Eh curve.

(

Page 175 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site
Figure RAI-NF-9.1: Eh-pH Diagram of the Iron System Showing the Transition of
Magnetite to Hematite (Calculated with The Geochemist’s Workbench®)
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Figure RAI-NF-9.2: The Grout Degradation Curves Used in the FTF PA Showing the
Conversion of Magnetite in the Grout to Hematite Occurring at an Eh of -0.49 Volts
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It is feasible that some contaminant that is co-precipitated with magnetite would be mobilized
during transition to hematite. The worst-case loss of plutonium, uranium, technetium, and
neptunium during the transition from magnetite to hematite in the waste layer can be estimated
from solubilities of these contaminants and the average molar contaminant to iron ratio
reported in Table 10 of WSRC-STI-2007-00544. Consider a cubic centimeter of magnetite in
the waste layer containing very fine grained particles of the contaminants of interest. As the
magnetite transforms to hematite, the solubility of the contaminants is controlled by the
solubility of their discrete mineral phase at an Eh of -0.49 and a pH of 11.1. If the porosity of
magnetite waste is 40% (note that 21.1% was used in Appendix A of WSRC-STI-2007-00544)
then each pore volume of fluid that passes through the one cm3 of magnetite as it transforms to
hematite will remove 0.0004 times the calculated solubility of contaminant. The magnetite to
hematite conversion reported in WSRC-STI-2007-00544 took nine pore volumes in the grout
degradation process. However, that was in the grout system with proportionately less
magnetite and an influxing solution containing significant dissolved oxygen. Using the pore
fluid composition expected in the waste layer during the hematite to magnetite conversion and
simulating the passage of that through one cm3 of magnetite, it takes 18,000 pore volumes to
convert the magnetite to hematite. Table RAI-NF-9.1 shows the concentration of contaminant
that would be released and the percentage of the total contaminant originally contained in the
magnetite that would be lost in the conversion.
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Table RAI-NF-9.1: Worst-case loss of contaminant during conversion of magnetite to
hematite
Contaminant
Pu
U
Tc
Np

Controlling
Phase
Pu(OH)4
UO2(am)
TcO2.2H2O
Np(OH)4

Solubility
(moles/liter)
1.7E-09
3.5E-05
3.3E-08
1.6E-09

Percentage
Lost
<1
49
2
12

This would be the worst case because it does not account for any sorption of the contaminants
onto the magnetite or hematite during conversion. These minerals are known to be strong
sorbents for plutonium, uranium, and neptunium. If substantial re-sorption of the contaminants
occurred during the conversion, then they would be re-incorporated into hematite as coprecipitates.
There are geologic analogues for the conversion of magnetite to hematite that suggest that the
actual amounts of contaminants lost during conversion could be less than suggested by Table
RAI-NF-9.1. Banded iron formations are composed, in part, of iron minerals that have
undergone transformations from iron hydroxide to hematite to magnetite and back to hematite.
[DOI: 10.1130/2006.1198(17)] Yet, the final hematite still maintains some of the chemical
characteristics of the original iron mineral precipitation. Rare earth elements, lead isotopes,
and oxygen isotopes all reflect, to some degree, original processes that formed banded iron
formations. [e.g., DOI: 10.1016/j.gca.2010.07.021, DOI: 10.1016/j.epsl.2006.10.033, DOI:
10.1130/2006.1198(15)] This is not to say that the trace element concentrations and isotopic
ratios are unaffected by mineralogic alterations, but rather that wholesale redistribution of
elements did not take place in hematite of many banded iron formations. This is despite
multiple mineral transformations and greater than a billion years of aging. These formations,
perhaps, give some insight into how waste tank contaminants might remain co-precipitated in
hematite produced from alteration of magnetite.
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RAI-NF-10

Provide a technical basis for the adequacy of the uncertainty in chemical state
transition times.
Basis
Section 5.6.3.8 of the FTF PA Rev. 1 indicates that the transition times for
chemical states are based on the estimated number of pore volumes passing
through the grout. The range of uncertainty in these transition times were
chosen as ±30% for the first transition time and ±50% for the second transition
time. These selections were based on professional judgment. However, the
documentation provides neither a transparent nor traceable basis for which
factors influenced the selections. Uncertainty ranges in the transition times could
be estimated through modeling that appropriately propagates uncertainties in
input parameters to the modeling supporting the estimation of the base case
values with appropriate treatment of conceptual model uncertainty (e.g., the
existence of fast flow paths with less reactive fractions – see RAI-NF-1). These
chemical state transition times have a significant impact on radionuclide solubility
and thus mobility from the contaminated zone as reported in the uncertainty,
sensitivity, and barrier analyses - Sections 5.6.4.2.1, 5.6.4.2.2, 5.6.6.3,
5.6.7.3.4.4, and 5.6.7.3.4.5. This RAI is closely related to RAI-NF-1.
Path Forward
Provide a transparent and traceable technical basis for the estimation of
chemical state transition time uncertainty.

RESPONSE RAI-NF-10:
A rigorous quantitative technical evaluation leading to selection of ±30% uncertainty for the
redox transition time and ±50% uncertainty for the carbonation time was not performed. The
uncertainty in this modeling is meant to provide a reasonable range for sensitivity studies, not
to provide a quantitative calculation of uncertainty of a particular dose. As discussed in the
response to RAI-NF-1, a 30% underestimation of the time to the major redox transition is
reasonable given that other sources of iron (i.e., fly ash and portland cement) were not
considered in the calculation. Likewise, it is reasonable that 30% of the sulfide in slag would
not react, resulting in a possible 30% overestimation of time to transition. If the transition from
Region II to Region III occurred at a time that was 50% less than used in the Base Case
assumptions, it would be similar to the time frame estimated by WSRC-STI-2007-00607 for
complete carbonation of the grout under the assumption the grout is only 50% water saturated.
Yet, it is expected that the grout will be >90% water saturated.
Sensitivity analyses were used to assess the effects on dose of variations in important
parameters. By selecting reasonable bounding values in the timing of the grout degradation
transitions, the effects on peak doses and timing of peak doses are bounded. As discussed in
Section 5.6.3.8 of the FTF PA, the 30% and 50% variation provided in the probabilistic model
was determined to be reasonable to provide a distribution that showed the effects of
uncertainty without overwhelming the SA. Reasonably conservative values were chosen for
use in the stochastic modeling to ensure that parameters of interest were not masked. Varying
the transition time allowed the probabilistic model to simulate non-mechanistically the multiple
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factors that could cause early or late transition (e.g., flow differences, chemistry changes). The
transition times can have a significant impact on results, as documented in sections 5.6.4 and
5.6.6 of the FTF PA. Extreme transition time variability was evaluated in the Barrier Analyses
(Section 5.6.7.3 of the FTF PA), in which the CZ was modeled as having initial solubility limits
associated with Oxidized Region II (Cases 13 and 14) and Oxidized Region III (Cases 12 and
15).
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RAI-NF-11

Provide a transparent and traceable technical basis for the adequacy of the
likelihood of solubility controlling phases.
Basis
Section 4.2.2.3.1 of the FTF PA Rev 1 indicates the likelihoods of the solubility
controlling phases were selected based on observations in the literature,
thermodynamic stability, etc. Sections 5.6.4.2.1, 5.6.4.2.2, and 5.6.6.3 of the
FTF PA indicate that the solubility-limiting phase is significant to the release of
key radionuclides from the contaminated zone. Given the significance of these
professional judgments, a transparent and traceable description of the selection
of the likelihood estimates from the observations in literature, thermodynamic
stability, etc. should be provided for each of the key radionuclides. Alternatively,
laboratory simulations of expected conditions for each of the abstracted chemical
states could be conducted to understand the uncertainty in the likelihood of the
solubility limiting phases.
Path Forward
Provide a transparent and traceable description of the selection of the likelihood
estimates for solubility controlling phases for key radionuclides.

RESPONSE RAI-NF-11:
The transparent and traceable description of the selection of the solubility controlling phases is
provided in WSRC-STI-2007-00544. WSRC-STI-2007-00544 explains that a fundamental part
of establishing solubility controlled waste release rates is selection of a solubility controlling
phase for each radionuclide. For some of the radionuclides of interest there are studies in the
literature that can guide selection of solubility controls, for others it is a professional judgment.
For this reason, selection of solubility controlling phases was generally very conservative,
meaning that where multiple phases of a radionuclide were possible, the one with the highest
solubility was selected. This selection process is consistent with the reasonably conservative
approach used to select the Base Case parameter values.
There are two factors that determine the solubility of a phase – the composition and the
structure. For phases with the same composition, amorphous forms usually have higher
solubilities than crystalline forms. Thus, where thermodynamic data existed, the amorphous
forms were selected for solubility controls. For most, hydroxides were chosen over oxides
because the hydroxide of an element usually has a higher solubility than the oxide. For many
radionuclides, carbonate phases were selected. This was particularly true for the Bradbury
and Sarott Region III states because of the higher partial pressures of CO2. Carbonate phases
normally precipitate easily from solution and their occurrence in the grouted waste tanks was
considered to be plausible.
Two special cases of mineral selection are becquerelite [Ca(UO2)6O4(OH)6·8H2O] for uranium
and Tc2S7 for technetium. These phases were selected because they have been identified
elsewhere in samples subject to conditions similar to those expected for the closed waste
tanks. Becquerelite is stable at cementitious conditions and has been identified in experiments
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at these conditions. Likewise, Tc2S7 has been identified in SRS reducing grout experiments at
conditions similar to those expected for closed waste tanks.
The professional judgment used in selecting solubility controlling phases is illustrated in Figure
5 of WSRC-STI-2007-00544. For each radionuclide the process began with an examination of
the literature for occurrence of a stable phase with reliable thermodynamic data at conditions
prevalent in the waste tanks or cementitious systems. If one was found, it was selected.
Examples are becquerelite for uranium and Tc2S7 for technetium in reduced grout. If none was
found, a list of other phases that contain components found in the waste tanks and having
reliable thermodynamic data was assembled. The stability fields of these phases were
examined and phases stable at conditions corresponding to those of the conceptual model
were retained. If there were appropriate geologic or industrial process analogues cited in the
literature they were selected. Examples are radium sulfate and strontium carbonate. If there
were no analogues cited in the literature, but the hydroxide was stable, it was retained. If
reliable thermodynamic data was available for the amorphous hydroxide then it was selected.
If not, the crystalline hydroxide was selected. If hydroxide was not stable, an appropriate nonhydroxide with the highest solubility was selected. An example is AmOHCO3. The process
attempted to balance scientific knowledge with the need to be cautious and biased toward
higher solubilities.
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RAI-NF-12

Provide a discussion of the rationale for the applicability of data using 40 yearold concrete in predicting very long-term sorption behavior of basemat concrete.
The response to original NF-18 (SRR-CWDA-2009-00054, Rev 0, March 2010,
pp 66-67) did not provide such a discussion.
Basis
The response to original NF-18 (SRR-CWDA-2009-00054, Rev 0, March 2010,
pp 66-67) clarified the bases for some of the cementitious materials Kd choices
made as a result of SRS experimental studies. The response did not, however,
address the request to provide a discussion of the rationale for the applicability of
data using 40 year-old concrete in predicting very long-term sorption behavior of
basemat concrete. As discussed in the original NF-18, the solid phases making
up the sampled concrete used in the Kaplan, et al. (2007) sorption experiments
will not necessarily correspond to the constituents of much older concrete
present in the basemat if radionuclides are released thousands of years after
tank closure.
Path Forward
The PA should provide the technical basis for using 40 year-old concrete (Kaplan
et al., 2007) as a surrogate for the sorption behavior of aged basemat concrete
throughout the modeled time period in the tank farm performance assessment.
Reference
SRR, 2010. “Comment Response Matrix for Nuclear Regulatory Commission
(NRC) Comments on the F-Tank Farm Performance Assessment,” Savannah
River Remediation (SRR) Closure & Waste Disposal Authority, Aiken, SC.
March 2010.
Kaplan, D.I., et al., 2007. “Concrete Kd Values Appropriate for the Tank Closure
Performance Assessment,” WSRC-RP-2007-01122, Savannah River Site, Aiken,
SC, 2007.

RESPONSE RAI-NF-12:
For the purposes of the FTF PA, cementitious materials (i.e., concrete, grout) are broadly
categorized as either reducing (i.e., slag containing cement) or oxidizing (i.e., non-slag
containing cement). Because the 40 year-old concrete did not contain any slag, the
experimental results of Kd testing with the concrete are applicable to “oxidizing Kd” values.
Literature concrete oxidizing and reducing Kd values for Stages 1, 2, and 3 from WSRC-TR2006-00004 are summarized in Table 3 of WSRC-RP-2007-01122 along with the measured
Stage 1, 2, and 3 results.
Freshly prepared cement commonly has aqueous chemistry that has much higher monovalent
cation chemistry than those that have been aged or have had a couple of pore water volumes
leached through them.
As explained in WSRC-RP-2007-01122, Concrete Kd Values
Appropriate for the Tank Closure Performance Assessment, because the concrete was
exposed to natural environmental conditions (e.g., precipitation) for 40 years, the early pore
volumes of rain water likely washed away a large fraction of the monovalent cations (e.g., Na+
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and K+). Because the cement was exposed, it provided a somewhat more “aged” cement than
would exist if freshly prepared cement had been used in the studies. As such, experiments
with the 40-year old concrete were selected to capture this aspect of aging. However, to
account for the other very important aspects of aged cement, such as mineralogical changes
that exist in 1,000 year-old concrete but not in 40 year-old concrete, Kd values were adjusted in
WSRC-RP-2007-01122, Table 4 to represent the general relationship of measured Stage 3 to
measured Stage 1 and 2. [WSRC-RP-2007-01122, Table 3]
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RAI-NF-13

Provide a basis for lack of consideration of known preferential pathways for water
ingress into Type I, Type III/IIIA, and Type IV tanks and the potential for ongoing
fluid flow along or in contact with the steel liners that could lead to enhanced
corrosion rates and early waste release from the tanks in the base case
scenario.
Basis
DOE’s corrosion modeling indicates that steel in the presence of soil or humid air
could lead to significantly reduced corrosion times (WSRC-STI-2007-00061, Rev.
2) Groundwater infiltrating through preferential pathways into the tank system is
less likely to be conditioned relative to water that migrates through a concrete
matrix. Therefore, groundwater in-leakage through preferential pathways could
lead to enhanced steel liner corrosion rates compared to the current base case.
In-leakage has been documented for Type I tanks (WSRC-STI-2009-00352);
Type III/IIIA tanks (WSRC-STI-2009-00352; SRR-STI-2010-00283); and Type IV
tanks (DPSPU-82-11-10; WSRC-STI-2009-00352; SRR-STI-2010-00283;
DOE/SRS-WD-2010-001; SRNS-STI-2008-00096). While the annular regions for
the Type I and Type III/IIIA tanks will be grouted during closure, the historical
performance of the cementitious materials indicates that a potential for future inleakage will, nonetheless, exist. Type IV tanks do not have an annular region
that can be grouted during closure. Therefore, pathways for fluid flow between
the steel liner and tank wall that currently exist are expected to continue to exist
following tank closure and likely to increase as pre-stressing bands (i.e.,
tendons) corrode and relieve the compressive stresses in the tank walls.
Transfer line piping that enters the tank wall and tank system components that
are not able to be grouted during closure may also corrode prior to steel liner
failure or otherwise present potential conduits for fluid flow into the vaults or
tanks. Considering the unsaturated conditions that may form (or that currently
exist) in gaps between the liner and tank grout; the liner and the vault grout or
vault; or the steel liner and basemat, corrosion rates consistent with steel in
contact with soil or humid air as documented in WSRC-STI-2007-00061, Rev. 2
may be more appropriate than assuming corrosion rates consistent with steel
liner in contact with cement.
Additionally, Type IV tanks are located near the water table and the bottom of
Type IV tanks (e.g., Tanks 19 and 20) are expected to be located within the zone
of water table fluctuation; therefore, there is an additional mechanism that should
specifically be evaluated for Type IV tanks in the base case configuration.
Groundwater in-leakage into the known imperfect seal between the basemat and
steel liner has occurred in the past. Cyclic wetting and drying of the Type IV tank
bottoms may lead to significantly more aggressive service conditions than
considered in the base case cement degradation and steel liner corrosion
modeling. In fact, DOE-EIS-0303 documents the presence of cracks in Tanks 19
and 20 thought to be attributable to corrosion of the tank wall from occasional
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groundwater inundation from the fluctuation in the water table above the tank
bottoms (2002).
Type IV tanks that have no liner top are predicted by DOE modeling to
experience a bathtub effect that may lead to the accumulation of unconditioned
water in the steel tanks prior to significant tank grout degradation. The potential
also exists for groundwater inleakage into the steel tanks and accumulation of
groundwater as currently experienced by FTF tanks. Pitting corrosion is known
to be more severe under dilute conditions in SRS tanks near the liquid/air
interface. It is not clear how water accumulation in the tanks might affect
corrosion.
Early tank vault degradation could also lead to enhanced transport rates of
corrosive agents into the tank vault but an increase in the diffusion coefficient
over time is not considered as part of DOE’s base case corrosion modeling. This
comment applies to all tank types as DOE assumes a time invariant diffusion
coefficient of 1E-06 cm2/s in its base case corrosion modeling that is not
expected to be reflective of degraded cement conditions. For example, diffusion
of oxygen through unsaturated cracks could lead to an increased potential for
localized corrosion. It is significant to note that the deterministic analysis in
WSRC-STI-2007-00061, Rev. 2 assumes a diffusion coefficient of 1E-04 cm2/s
and the comprehensive stochastic modeling also considers an effectively higher
diffusion coefficient than the partial stochastic methodology parameter
distribution ultimately selected for DOE’s compliance case reflective of relatively
intact concrete. Thus, the compliance case steel liner failure times in the PA are
prolonged compared to what they would have been if either (i) the deterministic
or (ii) fully stochastic methodology approaches presented in the supporting
technical reference (WSRC-STI-2007-00061, Revision 1) had been selected.
Results of the uncertainty analysis clearly show the importance of the steel liner
failure times with respect to potential peak dose (see for example Figures 5.6-58
and 5.6-60 that indicate doses approaching tens of thousands of mrem/yr or a
hundred mSv/yr within a 20,000 year simulation period and Figure 5.6-61 results
that show doses in excess of 50 mrem/yr (0.5 mSv/yr) within a 10,000 year
compliance period with peak doses clearly correlated to steel liner failure time for
Configuration D [configuration with by-passing pathways]).
Path Forward
Perform additional calculations (or use currently available results for alternative
failure mechanisms evaluated in WSRC-STI-2007-00061, Revision 2) to evaluate
potential mechanisms for early steel liner failure discussed in this comment in the
base case scenario including the following:
1. Preferential pathways for unconditioned groundwater or air to contact
the steel liner or degradation of transfer line piping or other tank system
components leading to the creation of open conduits for fluid flow into
the tanks/vaults (i.e., the system may be better represented by a steel
liner in contact with soil or humid air).
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2. Wet and dry cycling of the bottom of Type IV tank bottoms.
3. Potential accumulation of groundwater in all tank types.
4. Time variant diffusion coefficients that increase over time due to cement
degradation including consideration of gas phase transport of oxygen
through cement vault cracks.
Alternatively, DOE could indicate why these conditions are unlikely to exist or
lead to accelerated corrosion of the steel liners. Due to the high risk-significance
of the steel liner barrier to the compliance demonstration, NRC also recommends
DOE consider any potential closure design features that might be employed to
mitigate the risk of enhanced corrosion of its steel liners to prevent early waste
release from the grouted tank system.
References
Subramanian, K.H., 2008. “Life Estimation of High Level Waste Tank Steel for FTank Farm Closure Performance Assessment, Rev. 2,” WSRC-STI-2007-00061,
Rev. 2., Savannah River National Laboratory, Washington Savannah River
Company, Aiken, SC. June 2008.
Waltz, R.S., and W.R. West, 2009. “Annual Radioactive Waste Tank Inspection
Program – 2008.”
WSRC-STI-2009-00352, Washington Savannah River
Company, Aiken, SC. June 2009.
Waltz, R.S., and W.R. West, 2009, 2010. “Annual Radioactive Waste Tank
Inspection Program-2009,” SRR-STI-2010-00283, Savannah River Remediation,
Savannah River Site, Aiken, SC. June 2010.
McNatt, F.G., 1982. “History of Waste Tank 20 1959 Through 1974.” DPSPU82-11-10, E.I. du Pont de Nemours & Company, Savannah River Plant. July
1982.
DOE, 2010. “Draft Basis for Section 3116 Determination for Closure of F-Tank
Farm at the Savannah River Site,” DOE/SRS-WD-2010-001, Revision 0, US
DOE. September, 2010.
B.J. Wiersma, 2008. “An Assessment of the Service History and Corrosion
Suspectibility of Type IV Waste Tanks.” SRNS-STI-2008-00096. Savannah
River National Laboratory, Materials Science and Technology Directorate.
September 2008.
DOE, 2002. “High-Level Waste Tank Closure, Final Environmental Impact
Statement,” DOE-EIS-0303. May, 2002.
RESPONSE RAI-NF-13:
Predicted years of occurrence for failure of the carbon steel waste tank liners were developed
for the different waste tank types under specified conditions. [WSRC-STI-2007-00061] As
discussed in Section 4.2.3.2.5 of the FTF PA, the Base Case and other modeled configurations
are meant to provide information on conditions that may be present independent of the
mechanism that led to those conditions. There are a variety of mechanisms that can lead to

(

Page 187 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site
earlier degradation times than those modeled in Configuration A (Base Case). In the closed
FTF conditions, some mechanisms may be possible although not very probable. The
configurations should not be interpreted as representing a specific mechanism for liner
degradation. The liner failure times modeled in Configurations C, D, and E are meant to
encompass various mechanisms (including known preferential pathways and potentials for
early release) and provide information on the risk significance of earlier liner failure than that
modeled in the Base Case.
A failure analysis was performed to incorporate a diffusion coefficient distribution and a more
bounding corrosion rate distribution into a single waste tank life liner distribution. The waste
tank liner failure analysis considers the passive current density along with other potential
corrosion mechanisms with uncertainty included. The parameters included in the analysis take
into account: a) the fact that grout may provide less corrosion protection than high quality
concrete; b) the potential for galvanic corrosion with stainless steel; c) initial failures by stress
corrosion cracking; d) variability in the passive current density; e) potential rapid gaseous
transport pathways leading to small regions with carbonation reaching the waste tank liner at
early time periods; f) spatially variant corrosion rate at different locations on the same waste
tank; and g) the potential for more rapid corrosion of welds. This analysis incorporated a wider
range of outcomes into a single distribution, so that the possible liner failure dates and
probabilities across the entire spectrum of configurations could be observed at one time. The
results of this sensitivity study are shown in Table 4.2-34 of the FTF PA.
This comprehensive stochastic model analysis showed that if differences between expected
waste tank modeling configurations are disregarded, and all liner failure mechanisms are
considered simultaneously, the liner life could be shortened. Utilizing different modeling
configurations to inform the Base Case is still preferred since independently moving the liner
failure date forward can decrease the peak dose within 20,000 years.
The failure year associated with the median value for the Base Case configuration from
WSRC-STI-2007-00061 was used to represent failure, which was modeled as the date from
which the steel liner is absent or otherwise not a hindrance to advection and diffusion. The
conceptual model is a reasonable simplification, utilizing a “simultaneous” liner failure model
which assumes the entire liner fails in a given year. The simultaneous liner failure model was
used instead of using a patch model, which would add percentages of each waste tank failing
each year (i.e., leak sites in the liner appearing at different waste tank locations, percent of
through wall leakage increasing, and the waste tank gradually failing over time). Though not
an exact simulation of the expected liner failure mechanism, the conceptual model liner failure
approach is reasonable for the following reasons:





The CZ of concern is located essentially across the waste tank bottoms, making failure
of most waste tank liner sections unimportant, since they would not result in flow
through or contaminant release from the CZ.
Modeling the entire liner to fail concurrently would tend to simultaneously maximize the
flow path into and away from the CZ, which would in turn tend to maximize peak doses.
Allowing the entire liner to fail early or allowing small flow paths through the CZ as the
patch model approach would simulate, can tend to decrease the resulting peak doses.
Though not addressed independently in the carbon steel failure analysis, in addition to
the primary liner, there is a full secondary steel liner for the Type III/IIIA tanks, and a
five foot high secondary liner near the CZ for the Type I tanks. In the analysis, these
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secondary liners are assumed to fail at the same time as the primary steel liner. If the
patch model were used, failure of a single patch near the CZ might not result in
contaminant release if the nearby secondary liner was still intact.
In-leakage of liquid into the annulus space is typically by one of three pathways: 1) rainwater
leaks by annulus riser opening plugs, 2) rainwater past penetrations into the waste tank wall
(e.g., transfer line into waste tank), and 3) rainwater in-leakage past cover plates on the waste
tank top allowing water in between the concrete vault and secondary liner of the Type III tanks.
[WSRC-TR-2003-00147]
Thus, typically water in-leakage throughout the life of the SRR
Waste Tank Farms has been sporadic and linked to the ambient conditions. Due to the
annulus ventilation system, time of wetness for both the FTF Type I and III tanks have been
typically very short (i.e., less than a day). [WSRC-TR-2003-00147] Limited surface corrosion
of the exterior of the waste tank primary or secondary liner has been observed. [WSRC-TR95-0178]
The comprehensive stochastic analysis discussed previously was performed to incorporate a
diffusion coefficient distribution and a more bounding corrosion rate distribution into a single
waste tank life liner distribution. [WSRC-STI-2007-00061 (Section 5)] The additional waste
tank liner failure analysis considers the passive current density along with other potential
corrosion mechanisms.
RAI-NF-13 also commented that a “bathtub effect” is anticipated in the Type IV tanks. Prior to
closure, grouting the waste tank will likely contain a small heel of alkaline waste. [C-ESR-F00041] Thus, any rainwater that might leak into the waste tanks should be inhibited. The
presence of caustic should minimize the amount of corrosion that could occur in the interim
time period between waste removal and grouting, and thus maintain the assumption of near
nominal wall thickness for the waste tanks.
The comments by the NRC in RAI-NF-13 suggest that the leak sites in Tanks 19 and 20 were
attributable to occasional groundwater inundation due to the fluctuation of the water table
above the waste tank bottom. Leak sites were discovered in the liners for Tanks 19 and 20 in
the 1980’s. [SRNS-STI-2008-00096] The leak sites in Tank 19 are located at levels greater
than 317 inches above the waste tank bottom, while the leak sites in Tank 20 are located at
levels greater than 264 inches above the waste tank bottom. [C-ESR-G-00003] A report on
the historical water table at that time indicated that the water table fluctuated between 4 feet
below the tank bottom to 9 feet (108”) above the tank bottom. [Scaggs-McNatt_1984] Thus, it
is highly unlikely that the leaks sites are attributable to groundwater from the water table. The
likely mechanism was caustic stress corrosion cracking due to service conditions in the 1970’s.
[SRNS-STI-2008-00096]
It should be noted that water in-leakage during periods of rain have been observed (Figure
RAI-NF-13.1). [DPSPU-85-11-4] Wet spots due to in-leakage highlighted the leak sites in
these waste tanks. Thus, water seeping in between the liner and concrete does occasionally
occur when it rains. The amount of leakage into the waste tank via the leak sites is minimal
and has always been observed to be in a localized area. The tight, narrow cracks in the liner
at these locations likely are responsible for restricting the ingress of liquid.
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Figure RAI-NF-13.1: Leak-site in Tank 20, a Type IV Tank

The NRC comments in RAI-NF-13 also raise a question regarding cyclic wetting and drying of
the Type IV tank bottom due to fluctuations in the water table. The situation is analogous to
waterfront marine structures (docks, piers, etc.) that are exposed to the ebb and flow of tides.
In this situation, the structure is exposed to five different zones: sediment, immersion, intertidal,
splash/spray, and atmospheric. In the case of the waste tank, the waste tank bottom and the
location of the highest water table level would represent the intertidal zone. The extent of the
splash/spray zone would be severely limited in the case of the waste tank since the flow
velocity resulting from fluctuations in the water table is extremely low. Additionally, since the
water table dips below the waste tank bottom, there is no continuously immersed segment of
steel and or concrete as well.
Figure RAI-NF-13.2 shows the relative rates of corrosion of a continuous steel structure (i.e.,
exposed to three or more of the zones) for the various exposure zones. [ISBN: 0133599930]
The corrosion rate in the intertidal zone is reduced due to an oxygen concentration cell in
which the continuously immersed steel is anodic to the steel in the intertidal zone. Thus,
corrosion just below the interface or low water table level would be expected to be the
heaviest; however, the bottom of the waste tank is never continuously immersed. Tests were
conducted on electrically isolated coupons in the intertidal zone, a situation that might be more
analogous. From Figure RAI-NF-13.3 it can be seen that the corrosion rate increased by a
factor of 4 to 5 compared to the galvanically coupled continuous strip. [ISBN: 0-8031-2058-3]
There are at least four factors that must be considered when applying this data to the waste
tanks. First the periodicity of the fluctuations in the water table is much longer than that for
ocean tides. The fluctuations are also expected to be much more irregular as well. The slower
fluctuation is anticipated to result in lower corrosion rates than those observed for tidal
conditions. The only concern may be if the water table became stagnant for a significant time
and pitting attack would be exacerbated at a liquid-air interface. [WSRC-TR-90-292]
Secondly, the groundwater at SRS has extremely low levels of chloride (< 10 ppm) compared
to the seawater. Thirdly, the soil temperatures (mean of approximately 50 °F) are low. These
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two factors together would indicate that significant concentration of aggressive species in this
area, such as occurs in wet-dry cycle environments, would not be anticipated. Finally, the fact
that the groundwater must pass through concrete, will raise the pH of the liquid significantly,
and hence lowering the corrosion rate.
Figure RAI-NF-13.2: Variations in Corrosion Rate Due to Fluctuations in Liquid Level

[ISBN: 0133599930]

Figure RAI-NF-13.3: Variations in Corrosion Rate for Isolated and Continuous Samples
Exposed to Fluctuations in Liquid Level

[ISBN: 0-8031-2058-3]
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RAI-NF-14

Provide a basis for the likelihood of basemat bypass.
Basis
In response to comment NF-3, information regarding the basis for the selection
of the range of uncertainty in the likelihood of basemat bypass was not included
in the FTF PA Revision 1. Furthermore, it is not clear why basemat bypass in
not considered in the base case given the presence of known pathways for fluid
flow between the basemat and steel liner for at least Type IV tanks (see
comment RAI-NF-13 above) and given the presence of air channels or leak
collection channels in Type III/IIIA and Type IV tanks.
Path Forward
Justify lack of consideration or evaluate basemat bypass as part of the base
case scenario.

RESPONSE RAI-NF-14:
The basemat is expected to be intact and was modeled as intact in the deterministic Base Case
simulation. In the stochastic analyses, a fast flow zone was simulated to reflect the possibility that
fast flow paths might form in the basemat. The basemat fast flow path accounted for cracking in
the basemat that would tend to be self-sealing and would not create a full channel through the
basemat. The bypass fraction allowed a percentage of the basemat to have no retardation (i.e., Kd
= 0) for all radionuclides. The basemat fast flow and the basis for the selection of the range of
uncertainty are described in Section 5.6.3.6 of the PA. As stated in Section 5.6.3.6, the bypass
fraction was represented by a triangular distribution based on engineering judgment, with 0% being
set as the most likely value and the upper bound set at 10%. This judgment is based on the fact
that cracking in the basemat might possibly lead to some void spaces forming all the way through
the basemat, but it was judged much more likely that the cracking would tend to be self-sealing and
would not create full channels. Assuming a full 10% of the basemat was replaced by a void space
that had no retardation effect was pessimistic.
The examples provided in the basis to this RAI as “known pathways for fluid flow” are not bypass
pathways. The Type IV tank leak collection point (FTF PA, Figure 3.2-30) and the Type III/IIIA
tanks air channels (FTF PA, Figures 3.2-13 and 3.2-14) would not represent a path for basemat
bypass. The Type IV tanks have a leak collection point underneath the carbon steel liner with a
leak collection sump. A leak collection sump port is located outside the waste tank to sample the
leak collection sump. Upon closure, the leak collection sump port, leak collection sump, and leak
collection point will all be grouted. Once grouted, the thickness of the collection port and sump will
be greater than the thickness of the basemat, and would not represent a shorter path than the path
through the basemat. Therefore, the leak collection point of the Type IV tanks would not represent
a path for basemat bypass, and was not considered in the Base Case. The air channels in the
Type III/IIIA tanks are located between the primary waste tank liner and the secondary waste tank
liner. No path exists between these air channels and the basemat therefore the air channels would
not represent a path for basemat bypass and were not considered in the Base Case. Given the
lack of a basemat bypass pathway, the basemat is expected to be intact and was modeled as intact
in the Base Case.
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RAI-NF-15

Justify lack of consideration of a Condition 2 waste release scenario (as
characterized on page 263 of the revised PA) in the PA analyses.
Basis
In the Revision 0, PA, DOE attempted to implement a Condition 2 waste release
scenario (see Figure 4.2-1 in the Revision 1 PA) as requested by NRC staff in
FTF scoping5. Condition 2 is a waste release scenario where preferential
pathways exist through the tank system (e.g., due to the imperfect seal that
forms between tank components (e.g., steel liner, piping, and cooling coils) and
grout used to fill the void systems in the tank system during closure) prior to
significant grout degradation such that the infiltrating water is not conditioned
during its travel path through the contaminated zone. Considering the fact that
there are current known pathways for fluid flow through the Type I, III/IIIA, and IV
tank systems that may facilitate by-passing of infiltrating water through the tank
prior to significant degradation of the tank grout (see comment NF-13), this
scenario may be more likely than originally thought. In the Revision 1 PA, DOE
opted to change the implementation of the preferential pathway case embodied
in Configuration D into a scenario that is not consistent with Condition 2.
Instead, the preferential pathway case is implemented in a scenario where the
grout is significantly degraded upon steel liner failure, such that infiltrating water
undergoes advective transport through the reducing tank grout and thereby
conditions the infiltrating water such that chemical transitions leading to higher
solubilities are prolonged (see Tables 4.4.-2 through 4.4-5 showing the process
change timeline for the various tank types in the Revision 1 PA) and the
potentially large impact of preferential or by-passing pathways through the
system is muted. This scenario emphasizes the importance of (i) the relative
timing of steel liner failure versus cementitious material degradation and (ii) the
definition of “failure6” as it pertains to the steel liner (e.g., earlier failures due to
presence of existing leak sites or due to pitting corrosion and prior to significant
degradation of the tank grout may become important).
Implementation of a preferential pathway configuration is risk-significant as it
leads to a situation where groundwater intruding into the tank system is
unconditioned (does not interact with the reducing grout or the buffering capacity
of the intruding groundwater is rapidly depleted along the preferential pathway)
facilitating the release of radionuclides from the system at risk-significant rates.
DOE’s barrier analysis illustrates the importance of the Condition 2 scenario—
see for example Case 11 that most closely resembles a Condition 2 scenario
with a fast pathway existing through mostly intact grout. Case 11 represents one
of the most catastrophic failure configurations analyzed in the barrier analysis for
several tank and radionuclide combinations. Thus, the rationale for the change
in the implementation of Configuration D, which is inherently, a by-passing
pathway configuration, should be clearly communicated and appropriately
justified.
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Path Forward
Owing to its risk-significance and potential likelihood, NRC recommends that
DOE evaluate the consequences of a Condition 2 waste release scenario or
otherwise indicate why this scenario is not expected to occur considering the
factors listed above. Sensitivity analysis with regard to the timing and amount of
unconditioned groundwater that might contact the contaminated zone and/or bypass the basemat earlier in the compliance period prior to complete grout
degradation could be conducted and used to enhance the robustness of the
compliance case. DOE should bear in mind that early waste release through
preferential pathways may occur earlier in the simulation period, while the bulk of
radioactivity may be released later in the compliance period as predicted by the
base case scenario (i.e., DOE should consider that its base case and alternative
configurations are not mutually exclusive). As appropriate, and consistent with
removal to the maximum extent practical or ALARA criteria, DOE should
consider mitigative measures that may be taken to reduce the likelihood, or
mitigate the consequences of this potentially high-consequence event.
DOE should also demonstrate that sufficient flow occurs through the grout for
Type IV tanks upon steel liner failure to condition the incoming water at early
times (Type IV tanks undergo relatively early steel liner failure but relatively late
cementitious material degradation as these tanks do not contain any cooling
coils). For example, DOE could provide information regarding the relative flow
rates of infiltrating water through the matrix versus through simulated fractures
(with expected faster chemical transitions through fractures) following steel liner
failure.
RESPONSE RAI-NF-15:
The source term release discussion from WSRC-STI-2007-00544, Revision 1, was included in
the FTF PA for completeness and conceptually describes a set of potential physical conditions
for the CZ as the waste tanks age and the impact of these physical conditions on waste
release (see Section 4.2.2). Condition 2 of these potential physical conditions was defined as
follows:
“Commences when steel waste tank liner is breached, and infiltration flow is
predominantly along preferential flow paths. The assumption is that initially the tank
grout will be too impermeable to allow significant advective flow, so flow along
preferential paths will dominate. These paths could be at the interface of the grout and
the steel waste tank liner or the grout and tank infrastructure such as piping. It is
assumed that the reducing capacity of the grout along these preferential flow paths is
rapidly depleted, thus, conditions of fluid reaching the CZ are relatively oxidizing.”
(FTF PA, p. 263)
Consideration was given to these concepts associated with grout depletion, but this approach
was not explicitly modeled in the FTF PA. As discussed in Section 4.4.4.1.2 (General Vadose
Zone Tank Modeling in PORFLOW) of the FTF PA, the pore water chemistry of the overlying
waste tank grout was assumed to be imparted on the relatively thin CZ in intimate contact with
grout, and the chemical transition times are identical for the two materials. This assumption
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was consistent in all of the modeled waste tank configurations, including the configurations that
informed fast-flow concepts (e.g., Configuration D). Based on the flow field data observed in
the outputs for all configurations (FTF PA, Figure 4.4-33), the infiltrate reaching the CZ does
not bypass the waste tank grout (via the fast-flow path) after cementitious materials have
degraded. Instead, downward flow (i.e., gravity flow) through the grout and basemat remains
relatively uniform and significant across the plane of the CZ surface; such that pore water
chemistry and transition times remain linked. Therefore, application of the Condition 2
approach was deemed improbable and inconsistent with the applied modeling approach.
Configuration G (see the response to RAI-PA-1) was developed, in part in support of this
response submittal, to further evaluate a condition somewhat similar to a Condition 2 waste
release scenario. This extremely non-mechanistic scenario was modeled in PORFLOW by
modifying the Configuration D. These modifications are described in the response to RAI-PA-1
and include significantly earlier liner failure times for Type I and Type III/IIIA tanks, a
preferential flow path through the CZ, CZ hydraulic properties which do not reflect the reducing
capacity imparted from the overlying waste tank grout, alternative solubilities affecting
plutonium, uranium, and technetium (Table RAI-PA-1.9), alternative unsaturated flow
characteristic curves, and the cementitious materials degrade as assumed in the Base Case.
As discussed in the response to RAI-PA-1, DOE considers a Configuration G scenario to be
improbable because the scenario is predicated on the corresponding complete failure of
multiple barriers and assumes that a direct source of unbuffered water is available to interact
with the entirety of the CZ. However, Configuration results can be analyzed as a conservative
analogue to better understand the Condition 2 waste release scenario. The preferential
pathways through the CZs, coupled with the earlier liner failures, accelerates flow through the
CZs for all the FTF waste tanks and results in earlier chemical transitions (i.e., for all waste
tank types, the CZ chemistry reaches the Oxidized Region III chemical state by 525 years after
closure).
In addition to assuming unconditioned fast flow through the CZ (as postulated in Condition 2),
Configuration G also implements earlier liner failure and a fast flow path through the basemat.
Further, as with other PORFLOW runs, a reasonably conservative waste tank inventory
(especially for Tc-99) was used, all waste tanks of the same waste tank type are failed
simultaneously, and the solubility controls do not account for multiple isotopes of the same
element (see FTF PA Section 5.6.2.1.2), thus enhancing the conservatisms of this approach.
Despite these conservatisms, this model configuration only exceeded the regulatory limit by
less than an order of magnitude at its peak within the performance period. The results of
Configuration G are provided in RAI-PA-1. DOE maintains that each of the waste tank farm
barriers will perform better than as modeled in Configuration G, thereby reducing the
significance of these results. Considering the conservatisms and other barriers to release in
place, this configuration demonstrates that unconditioned flow through the grout is not
independently risk significant.
5)

The word “attempted” is used here as NRC questioned the actual execution of the fast flow case (otherwise known as Condition 2 or
Configuration D) in the Revision 0 PA (see comment NF-25, NF-26, and UA-4) due to numerous ambiguities that existed between the tables and
text.

6)

The term “failure” is used here to suggest that failure could mean any situation where waste could be released from the waste tank system in
significant quantities (e.g., the entire thickness of the steel liner does not need to be corroded via general corrosion or 100% of the steel liner
area does not need to be breached due to pitting corrosion to constitute failure of the barrier in mitigating the release of radionuclides from the
waste tank system)
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RAI-NF-16

DOE should evaluate the impact of early release (e.g., from existing leak sites or
leak sites that may form prior to depletion of the entire thickness of the steel liner
due to general corrosion) or justify why this mechanism for waste release should
not be evaluated in the PA.
Basis
Considering DOE’s continued reliance on the steel liner for Type I and III/IIIA
tanks as an effective barrier to waste release until times significantly beyond the
10,000 year compliance period, DOE should specifically evaluate the impact of
early releases from all tank systems from existing leak sites as well as from early
pits that may form prior to complete steel liner consumption from general
corrosion (see comment RAI-NF-13). Early steel liner failure could lead to
groundwater contacting the waste zone, a bathtub effect, and early release of
constituents into the environment through a leak site located at the bathtub level
or releases could occur through leak sites that form at or near the bottom of the
tanks. This scenario may be more likely for Type IV tanks that have no liner top
and already experience a bath-tub effect in DOE’s base case scenario. Type IV
Tank 19 also contains leak sites near the top and bottom of the tanks (SRR-STI2010-00283) that may serve as pathways for radionuclide release. Type IV
Tanks 19 and 20 contain cracks believed to be a result of occasional
groundwater inundation from fluctuations in the water table (DOE-EIS-0303,
2002). Type I tanks also contain a number of known leak sites (e.g., Tanks 1, 5
and 6).
As indicated in WSRC-STI-2007-00061, Rev. 2, the progressive breaching of the
tank steel is likely the most representative of the natural phenomena of corrosion of
the steel. The DOE report indicates that information provided as part of the
comprehensive stochastic methodology could be used as input for modeling the
outflow of contaminants from the tanks by using a figure of merit for percentage
breached for a “patch” type model which will progressively fail the tank and assume
that past a critical percentage breached, the tank no longer acts as a barrier to waste
releases.
While potentially challenging to implement, this approach seems
comparable with other technical complexities in the PA modeling that should be
considered and may represent a more realistic and technically defensible approach
for the compliance case.

Early release is risk-significant for relatively short-lived radionuclides or
radionuclides whose risk impact is very large but at longer simulation periods
beyond the period of performance (e.g., Pu and Tc releases that over longer
simulation timeframes approach hundreds to thousands of mrem/yr or up to tens
of mSv/yr) as even a small fraction of the potential peak dose (e.g., one to few
percent in the base case and less than one percent for the fast flow case,
Configuration D) for certain key radionuclides is similar to the 25 mrem/yr (0.25
mSv/yr) dose criterion and a greater number of radionuclides would contribute to
the peak dose earlier in the simulation time period.
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Path Forward
Evaluate the potential impact of early waste release from the tank system due to
existing leak sites or leak sites that may form (or progress) in the future or justify
lack of consideration of this scenario in its PA (i.e., base case and alternative
configurations).
References
Waltz, R.S., and W.R. West, 2010. “Annual Radioactive Waste Tank Inspection
Program-2009,” SRR-STI-2010-00283, Savannah River Remediation, Savannah
River Site, Aiken, SC. June 2010.
DOE, 2002. “High-Level Waste Tank Closure, Final Environmental Impact
Statement,” DOE-EIS-0303. May 2002.
Subramanian, K.H., 2008. “Life Estimation of High Level Waste Tank Steel for FTank Farm Closure Performance Assessment, Rev. 2,” WSRC-STI-2007-00061,
Rev. 2., Savannah River National Laboratory, Washington Savannah River
Company, Aiken, SC. June 2008.
RESPONSE RAI-NF-16:
Predicted years of occurrence for failure of the carbon steel waste tank liners were developed
for the different waste tank types under specified conditions. [WSRC-STI-2007-00061] As
discussed in Section 4.2.3.2.5 of the FTF PA, the Base Case and other modeled configurations
represent conditions that may be present without regard to the mechanism that led to those
conditions. There are a variety of mechanisms that can lead to early degradation times,
relative to those modeled in the Base Case. Under the closed FTF conditions, some
mechanisms may be possible, but are not probable. The alternate configurations modeled
should not be interpreted as representing a specific mechanism for liner degradation, but
rather further inform the FTF PA on the impacts of lower probability mechanisms. The liner
failure times modeled in Configurations C, D, and E are meant to encompass various
mechanisms and provide information on the risk-significance of early liner failure, relative to
the Base Case.
See responses to Comments RAI-PA-1, RAI-NF-2, RAI-NF-3, RAI-NF-4, and RAI-NF-6.
The comprehensive stochastic approach (WSRC-STI-2007-00061, Section 8) for analyzing
liner failure showed that, if differences between expected waste tank modeling configurations
are disregarded, and all liner failure mechanisms are considered simultaneously, the liner life
could be shortened. Utilizing the alternative configurations for modeling the effects of
mechanistic degradation is preferred, as opposed to modifying the Base Case, because
independently implementing earlier liner failure can decrease the peak dose within 20,000
years. Before the closure cap is fully degraded, it continues to limit infiltration; therefore, early
liner failure, prior to complete degradation of the closure cap, results in restricted infiltration into
the waste tank while allowing the release of radionuclides with low soil/concrete Kd values.
The early liner failure can, therefore, spread the releases out over a longer time period,
diminishing the magnitude of the peak dose.
The liner failure year associated with the median value from WSRC-STI-2007-00061 was used
to represent the failure time for the Base Case (See the response to RAI-NF-4). This failure
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year was modeled as the date when the steel liner is no longer a barrier to flow or otherwise
not a hindrance to advection and diffusion. The conceptual model is a reasonable
simplification, utilizing a “simultaneous” liner failure model which assumes that the entire liner
fails in the given year. The simultaneous liner failure model was used instead of using a patch
model, which applies failure percentages for each waste tank per year (i.e., leak sites in the
liner appearing at different waste tank locations, percent of through wall leakage increasing,
and the waste tank gradually failing over time). Though not meant to be a simulation of the
real-world liner failure mechanism, the conceptual model liner failure approach is reasonable
for the following reasons:





The CZ of concern is located essentially across the waste tank bottom, making failure
of most waste tank liner sections unimportant, since they would not result in flow
through or contaminant release from the CZ.
Modeling the entire liner to fail concurrently would simultaneously maximize the flow
path into and away from the CZ, which would maximize peak doses. Allowing the
entire liner to fail early, or simulating small flow paths through the CZ via the patch
model approach, can decrease the resulting peak doses.
Though not addressed independently in the carbon steel failure analysis, in addition to
the primary liner, there is a full secondary steel liner for the Type III/IIIA tanks, and a
five foot high secondary liner near the CZ for the Type I tanks. In the analysis, these
secondary liners are assumed to fail at the same time as the primary steel liner. If the
patch model were used, failure of a single patch near the CZ might not result in
contaminant release if the secondary liner is still intact.

Additional clarification is also warranted regarding potential Tank 19 leaksites discussed in the
Basis Section to RAI-NF-16. The RAI-NF-16 Basis states, in part:
“This scenario may be more likely for Type IV tanks that have no liner top and already
experience a bath-tub effect in DOE’s base case scenario. Type IV Tank 19 also
contains leak sites near the top and bottom of the tanks (SRR-STI-2010-00283) that
may serve as pathways for radionuclide release. Type IV Tanks 19 and 20 contain
cracks believed to be a result of occasional groundwater inundation from fluctuations in
the water table (DOE-EIS-0303, 2002).”
Reference SRR-STI-2010-00283 states: “Visual examinations through 2008 of the steel liner
have revealed two [Tank 19] failures; i.e. sites where inleakage had occurred. The failures are
in the wall of the steel liner at heights of 317 inches and 330 inches.” Given that the Type IV
tank liners are approximately thirty four and a half feet tall and open at the top, these Tank 19
leak sites identified well up the waste tank wall (and a significant distance from the CZ) would
not invalidate or adversely affect the liner model approach used in the FTF PA. While
reference SRR-STI-2010-00283 did identify two potential leaksites approximately 25 inches
above the waste tank bottom on the NE wall, these alleged “leaksites” were subsequently
identified to be zeolite deposits on the walls of the waste tank liner and not sites where inleakage has occurred. [SRR-STI-2010-00553]
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CC-NF-1

Verify the 967 g/m3 of pyrrhotite listed in Table 4.2-20 in Section 4.2.2.6 of the
PA. The basis for this value is discussed in WSRC-STI-2007-00544, Revision 1.
On page 34 of WSRC-STI-2007-00544, Revision 1, it is stated that there are 91
meq/g FeS and 0.82 meq/g slag. Therefore,

0.82 meq 91meq 0.00901 g FeS


 0.901 wt % FeS in slag
g slag
g FeS
g slag
The value of 0.901 wt% FeS in slag is different from the value of 0.84 wt% FeS
listed in Table 17 (Column 4) of WSRC-STI-2007-00544, Revision 1. Table 16 of
WSRC-STI-2007-00544, Revision 1 also stated there are 210 lb of slag per cubic
yd of reducing grout, or 124,588 g of slag per cubic meter of grout. Therefore,

124,588 g slag 0.00901 g Fes 1,123 g FeS


g slag
m 3 grout
m 3 grout
The calculated value of 1,123 g FeS/m3 grout is 16 percent higher than the value
of 967 g FeS/m3 grout listed in the WSRC-STI-2007-00544, Revision 1 and in
Table 4.2-20 in Section 4.2.2.6 of the PA. The higher value would increase the
time duration of reducing condition.
Reference
Denham, M.E., “Conceptual Model of Waste Release from the Contaminated
Zone of Closed Radioactive Waste Tanks,” WSRC-STI-2007-00544, Revision 1,
October 2009.
RESPONSE CC-NF-1:
There is a calculation error in the wt% of FeS in slag and in the mass of FeS per cubic meter
reported in WSRC-STI-2007-00544, Revision 1. DOE concurs with the calculations presented
in Comment CC-NF-1 and agrees the correct values are 0.901 wt% FeS in slag and 1,123 g
FeS/m3 reducing grout. This would result in a longer transition time from “Reducing” to
“Oxidizing” conditions. In response to this comment, the grout degradation model was reevaluated using 1,123 g FeS/m3 and the result was a transition from reducing to oxidizing at
429 pore volumes of fluid reacted (versus the 371 pore volumes used in FTF modeling as
documented in Section 4.2.2.6 of Revision 1 of the FTF PA).
This transition time from Reducing Region II to Oxidizing Region II is driven by the Eh. The
transition time from Oxidizing Region II to Oxidizing Region III is driven by pH and would not be
affected by this reducing to oxidizing pore volume change. The result of this transition time
change would be to drive out the Reducing Region II to Oxidizing Region II transition time into
the future by approximately 16%. The FTF PA 10,000-year peak dose is driven by the Type IV
tanks whose CZ transition time from Reducing Region II to Oxidizing Region II occurs at
10,456 years (FTF PA, Table 4.4-5) in the Base Case. As this change would move the date
out into the future, there would be no effect on the 10,000 year dose from this time change.
The dose after 10,000 years would be affected. Table 4.2-10 of the FTF PA provides the
solubilities of the radionuclides for Reducing Region II and Oxidizing Region II. The
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radionuclides with the greatest impact on the dose after 10,000 years are Pu-239, Np-237, Tc99, and Ra-226. The Ra-226 is a daughter product of U-234, so the solubility of U-234 is also
considered. The solubilities of plutonium, technetium, uranium, and radium are all very small,
but are up to two orders of magnitude higher in Reducing Region II compared to Oxidizing
Region II. Therefore, a longer transition time between Reducing Region II and Oxidizing
Region II would result in a 16% longer time period where the solubility, and therefore release of
Pu-239, Tc-99 and Ra-226, would be increased over the base case. Conversely, the solubility
for neptunium is four orders of magnitude lower in Reducing Region II compared to Oxidizing
Region II. A longer transition time between Reducing Region II and Oxidizing Region II would
result in a 16% longer time where the solubility, and therefore release of Np-237, would be
decreased over the Base Case.
As described above, the technetium release would be increased during the transition between
Reducing Region II and Oxidizing Region II when compared to the Base Case. This increased
release would result in a lower inventory present in the waste tanks when the transition from
Oxidizing Region II to Oxidizing Region III occurs. The technetium is not considered to be
solubility controlled in Oxidizing Region III, and therefore is modeled as an instantaneous
release. The peak dose after 10,000 years (at approximately year 27,000) would be
decreased since less Tc-99 would be available for release when the transition from Oxidizing
Region II to Oxidizing Region III occurs, with the decrease dependent on the extent that the
inventory is depleted during the earlier increased release. See response to Comment to RAIPA-1 for additional discussion on the implications of early Tc-99 release.
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CC-NF-2

Section 4.2.3.2.3 of the PA indicates that the transition from Reduced Region III
to Oxidized Region III occurs at 20,000 years for the Base Case. However, the
PORFLOW model files indicate that this transition occurs at 26,868 years.
Provide (i) clarification on the transition time from Reduced Region III to Oxidized
Region III and (ii) a technical basis for this transition occurring at 26,868 years.

RESPONSE CC-NF-2:
The waste tank pore water chemistry transitions from reduced to oxidized in Region II
conditions and remains oxidized during the transition to Region III conditions and throughout
Region III conditions. The transition from Oxidized Region II conditions to Oxidized Region III
conditions in Revision 1 of the FTF PA occurs at 26,868 years.
PORFLOW simulations supporting Revision 0 of the PA incorporated a chemical transition
from Oxidized Region II to Oxidized Region III at 20,000 years for the base case in question.
In this initial modeling revision, chemical transitions could occur only between flow simulation
time periods. Chemical transitions predicted to occur within the final flow simulation period of
20,000-100,000 years were implemented in PORFLOW modeling as occurring at 20,000
years. This implementation scheme proved problematic for consistency between the GoldSim
and PORFLOW models, because the GoldSim model implemented chemical transitions at the
exact time computed from pore volume counting. The PORFLOW model was subsequently
revised for Revision 1 to include transport subintervals within flow periods in order to
implement chemical transitions at the desired times. The text in Section 4.2.3.2.3 was
inadvertently not modified to reflect the modeling changes between Revision 0 and Revision 1
and should reflect that the Base Case transitions occurred after year 20,000 (not at year
20,000), as reflected in the process change timelines for the various waste tank types (FTF
PA, Tables 4.4-2 though Table 4.4-5).
The time for the Oxidized Region II to Oxidized Region III transition is based on a transition
when 2,063 pore volume flushes have occurred. [WSRC-STI-2007-00544] Cumulative pore
volume flushes were computed from flow rate data extracted from the PORFLOW files:
"FLUXP.out" for each flow time period and from pore volume data extracted from the
PORFLOW file: "FLUXC.out". Table CC-NF-2.1 presents an example of the calculation of the
cumulative pore volumes flushed for each simulate time interval for waste tank grout in Type I
tanks (GROUT_TANK_ALL zone). A similar calculation is performed for other waste tank
types.
After computing the cumulative pore volumes flushed at each time interval, the time needed to
reach the target 2,063 pore volumes flushed was calculated using linear interpolation of the
data from the last two time intervals (TI39 and TI40). The resulting transition time for Type I
tanks is 26,868 years. The transition times for the other waste tank types are 31,284 years for
Type III tanks, 31,278 years for Type IIIA tanks and 31,222 years for Type IV tanks. The
variance in transition times is due to differences in design between the waste tank types, which
results in different waste tank volumes and grout volumes.
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Table CC-NF-2.1: Calculation of Cumulative Pore Volumes Flushed for Type I Tanks
Cumulative
Flow Volume Pore Volumes
Pore Volumes
b
(cm3)
Flushed
Flushed
TI01
0
50
2.65E+00
1.32E+02
1.02E-06
0
TI02
50
100
5.04E+00
2.52E+02
1.94E-06
0
TI03
100
200
1.36E+01
1.36E+03
1.05E-05
0
TI04
200
300
1.60E+01
1.60E+03
1.24E-05
0
TI05
300
400
1.84E+01
1.84E+03
1.42E-05
0
TI06
400
500
1.85E+01
1.85E+03
1.43E-05
0
TI07
500
600
1.84E+01
1.84E+03
1.42E-05
0
TI08
600
800
1.82E+01
3.64E+03
2.81E-05
0
TI09
800
1,000
1.82E+01
3.65E+03
2.81E-05
0
TI10
1,000
1,200
1.81E+01
3.63E+03
2.80E-05
0
TI11
1,200
1,400
1.82E+01
3.64E+03
2.81E-05
0
TI12
1,400
1,600
1.83E+01
3.67E+03
2.83E-05
0
TI13
1,600
2,200
1.83E+01
1.10E+04
8.46E-05
0
TI14
2,200
2,400
1.83E+01
3.65E+03
2.81E-05
0
TI15
2,400
2,600
1.82E+01
3.65E+03
2.81E-05
0
TI16
2,600
3,000
1.82E+01
7.30E+03
5.63E-05
0
TI17
3,000
3,300
1.82E+01
5.47E+03
4.22E-05
0
TI18
3,300
3,638
1.82E+01
6.15E+03
4.74E-05
0
TI19
3,638
4,000
1.82E+01
6.59E+03
5.08E-05
0
TI20
4,000
4,500
1.81E+01
9.06E+03
6.99E-05
0
TI21
4,500
5,000
1.81E+01
9.05E+03
6.97E-05
0
TI22
5,000
6,000
1.80E+01
1.80E+04
1.39E-04
0
TI23
6,000
7,000
1.80E+01
1.80E+04
1.38E-04
0
TI24
7,000
7,700
1.79E+01
1.25E+04
9.67E-05
0
TI25
7,700
7,900
1.79E+01
3.58E+03
2.76E-05
0
TI26
7,900
8,100
1.79E+01
3.59E+03
2.77E-05
0
TI27
8,100
8,300
1.79E+01
3.58E+03
2.76E-05
0
TI28
8,300
8,500
1.79E+01
3.58E+03
2.76E-05
0
TI29
8,500
9,000
1.79E+01
8.94E+03
6.89E-05
0
TI30
9,000
9,500
1.79E+01
8.94E+03
6.89E-05
0
TI31
9,500
10,000
1.79E+01
8.94E+03
6.89E-05
0
TI32
10,000
12,747
1.79E+01
4.91E+04
3.79E-04
0
TI33
12,747
13,250
1.89E+07
9.53E+09
7.35E+01
73.5
TI34
13,250
13,750
1.89E+07
9.47E+09
7.30E+01
146.5
TI35
13,750
14,250
1.89E+07
9.47E+09
7.30E+01
219.6
TI36
14,250
14,750
1.89E+07
9.47E+09
7.30E+01
292.6
TI37
14,750
15,500
1.89E+07
1.42E+10
1.10E+02
402.2
TI38
15,500
17,500
1.89E+07
3.79E+10
2.92E+02
694.4
TI39
17,500
20,000
1.89E+07
4.74E+10
3.65E+02
1,059.6
TI40
20,000
100,000
1.89E+07
1.52E+12
1.17E+04
12,746.6
From PORFLOW output files: FLUXP.out, 5th column, for each PORFLOW period.
Based on pore volume of 1.30E+08 cm3 from PORFLOW output file: FLUXC.out, 3rd column.

Period

a
b

Starting
year

Ending
Year

Flow Rate
a
(cm3/yr)
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CC-NF-3

Section 5.6.2.1.2 of the PA discusses the use of solubility controls to model
contaminant release within PORFLOW. However, the PORFLOW model files
indicate that a Kd approach was utilized to model contaminant release. It
appears that an attempt was made to implement solubility control in the model
through use of a Kd specified for three different time periods corresponding to (i)
initial conditions, (ii) time period after the first chemical transition, and (iii) the
time period following the second chemical transition. Clarify why a Kd approach
was used to simulate solubility control in PORFLOW, a code which allows
specification of a solubility limit to limit dissolved phase concentrations without
use of a Kd. Documentation should provide a transparent description regarding
how solubility control is implemented in the PORFLOW model and point out any
limitations in the approach used and any corresponding impact on performance
assessment results (e.g., inability to simulate, or simulate a transition to, no
solubility control).

RESPONSE CC-NF-3:
The PORFLOW model for the FTF PA used a dual approach to model contaminant releases,
using both solubility controls and Kd values. In general, solubility controls are implemented in
PORFLOW modeling using the "DISTribution CONCentration" (or "DIST CONC") keyword and
modifier, and an associated table of liquid versus solid concentration points. However, for
species without solubility controls in the FTF vadose zone modeling (i.e., listed as “Modeled as
instantaneous release” in FTF PA Table 4.2-10, Calculated Solubilities of Radionuclides of
Interest), specific Kd values were applied using the "TRANsport" command and omitted any
"DIST CONC" commands. The "SOURce SOLUbility" keyword and modifier for imposing
solubility limits were considered but rejected for two reasons: 1) the command can only be
applied to the parent species of a chain in a source region, and 2) progeny ingrowth from
decay of undissolved parent species in the source zone is not considered.
The "DIST CONC" approach enables application of solubility limits to both parent and progeny,
accommodates progeny ingrowth in the source zone, and allows for the possibility of
precipitation. The conceptual model for solubility control in the PA is depicted in the left image
of Figure CC-NF-3.1. When contamination is exhausted in the solid phase, the liquid
concentration can vary between zero and the solubility limit. While physically acceptable, this
discontinuity cannot be implemented using the "DISTribution CONCentration" command and a
set of concentration pairs. PORFLOW uses linear interpolation to define liquid concentration
for a given solid concentration. The mathematical ideal is multi-valued at zero solid
concentration, which means that a unique liquid concentration cannot be determined using
interpolation.
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Figure CC-NF-3.1: Conceptual Model and Implementation Model for Solubility Controls

PORFLOW Implementation
liquid phase concentration

liquid phase concentration

Mathematical Ideal
solubility

solid phase concentration

solubility

solid phase concentration

To remedy this limitation while practically preserving the desired functionality, the variation
shown in the right image of Figure CC-NF-3.1 is adopted for PORFLOW simulations. The
right-hand function is single-valued for all solid concentrations, and amenable to linear
interpolation. The linear variation between the first two points may be expressed using the
following formula.

cLiquid  m  cSolid
where:
cLiquid = the liquid phase concentration
cSolid = the solid phase concentration and
m
= the slope
The value for the slope of the liquid-solid phase relationship (m) is closely related to the
definition of the soil-solute distribution coefficient.

Kd 

cSolid
cLiquid

Comparison of the two equations reveals that m is the inverse of the soil-solute distribution
coefficient.

m

1
Kd

For PORFLOW modeling, an adequately steep slope for approximating the conceptual model
is achieved by choosing a finite but negligibly small Kd value, specifically, 0.01 mL/g. The
corresponding slope is thus 100 g/mL, i.e., a 100:1 ratio (steep). The Kd concept introduced
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here is optional and used only as a mathematical aid for choosing a sufficiently steep slope;
the value has no connection to a conceptual model for geochemical behavior or physical
measurements. The three points used to define the liquid-solid concentration relationship are
provided in Table CC-NF-3.1, where cSolubility is the liquid solubility limit.
Table CC-NF-3.1: Liquid-Solid Concentration Relationship as Modeled in PORFLOW
cSolid

cLiquid

0

0

(0.01 mL/g)(cSolubility)

cSolubility

1.0E+20 (~

)

cSolubility

For species without a solubility limit, sorption controls could be implemented using the "DIST
CONC" approach by specifying a proportional relationship between cLiquid and cSolid such
that K d  cSolid cLiquid as noted above. However, in FTF vadose zone modeling, the Kd was
specified directly in the "TRANsport" command for those species without solubility controls and
omit any "DIST CONC" commands.
As an example, the geochemical controls in the CZ for the Pu-239 chain, Base Case A
(Configuration A), and Type I tanks are provided in Figure CC-NF-3.2.
Figure CC-NF-3.2: Example of PORFLOW Implementation of the Dual Approach for
Modeling Contaminant Releases
FOR material type 5:
!CONTAM_ZONE
…
TRANsport for C Kd=0.00 De=25.2 aL=0 aT=0
!Pu-239 TI01 …
DIST of C in ID=CONTAM_ZONE as CONCentration TABLe of values: with 3 sets:
(0,0) (4.1e+04,4.1e+06) (1E20, 4.1e+06)
!Pu-239
TRANsport for C2 Kd=0.00 De=25.2 aL=0 aT=0
!U-235 TI01 …
DIST of C2 in ID=CONTAM_ZONE as CONCentration TABLe of values: with 3 sets:
(0,0) (1.7e+07,1.7e+09) (1E20, 1.7e+09)
!U-235
TRANsport for C3 Kd=0.00 De=25.2 aL=0 aT=0

!Pa-231 TI01 …

TRANsport for C4 Kd=0.00 De=25.2 aL=0 aT=0
!Ac-227 TI01 …
DIST of C4 in ID=CONTAM_ZONE as CONCentration TABLe of values: with 3 sets:
(0,0) (5.1e+11,5.1e+13) (1E20, 5.1e+13)
!Ac-227

Pa-231 does not have a solubility limit and Kd is defined by the "TRANsport" command. The
other species have solubility limits and the Kd specification in the "TRANsport" line is
overwritten by the "DIST … CONCentration …" line that follows. The specified solubility limit
for Pu is 4.1E-12 mol/L. The working units in the simulation are zmol = 1.0E-21 mol and mL
(cm3) = 1.0E-03 L, so the limit appears in the input file as 4.1E+06 (zmol/mL).
One limitation of the "DIST CONC" command is that it applies to a single species. When more
than one isotope of the same chemical element are present (e.g., U-238 and U-234), the
combined concentration of the isotopes can exceed the solubility for the element (e.g., U).
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CC-NF-4

In the discussion of dose results on pages 544-545 of the PA report, there are
three apparent discrepancies between noted base case Kd values and the values
listed in tables. Specifically:
-

A Tc-99 soil Kd of 0.1 mL/g is mentioned, but the corresponding vadose
zone value in Table 4.2-29 is 0.6 mL/g.
An I-129 soil Kd of 0.6 mL/g is mentioned, but the corresponding vadose
zone value in Table 4.2-29 is 0 mL/g.
An initial Np-237 basemat Kd of 4,000 mL/g is mentioned, but the
corresponding Oxidizing Middle Age value in Table 4.2-33 is 1,600 mL/g.

Clarify whether the values used in the analysis corresponded to the values in
Tables 4.2-29 and 4.2-33. Note: The first two items discussed above apply to
far-field parameters and are not repeated in the far-field comments.
RESPONSE CC-NF-4:
Tc-99 in the vadose zone (sandy soil material in PORFLOW) used a Kd of 0.6 mL/g. The 0.1
mL/g value described on page 544 of the FTF PA is an error. Table 4.2-29 is correct.
I-129 in the vadose zone (sandy soil material in PORFLOW) used a Kd of 0.0 mL/g. The 0.6
mL/g value described on page 544 of the FTF PA is an error. Table 4.2-29 is correct.
Np-237 in the Oxidizing Middle Aged basemat (Oxidized Region II cement material in
PORFLOW) used a Kd of 1,600 mL/g. The 4,000 mL/g value described on page 545 of the
FTF PA is an error. Table 4.2-33 is correct.
The Kd values used in modeling correspond to those provided in Tables 4.2-29 and 4.2-33 of
the FTF PA.
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CC-NF-5

In explaining the different PORFLOW and GoldSim Pu-239 curves in Figure 5.625 of the PA, the text refers to a 5,000 mL/g Kd for Pu. Table 4.2-33 of the PA
indicates a value of 10,000 mL/g for Oxidizing Middle Age and a value of 1,000
mL/g for Oxidizing Old Age. Clarify what is the appropriate Pu-239 Kd value to
consider in explaining the model differences.

RESPONSE CC-NF-5:
The appropriate Pu-239 Kd values are 10,000 mL/g for the Oxidizing Middle Aged basemat
(Oxidized Region II cement material in PORFLOW) and 1,000 mL/g for Oxidizing Old Aged
concrete. The 10,000 mL/g Kd value should have been used when describing Figure 5.6-25 of
the FTF PA, not the 5,000 mL/g Kd value described on page 589. The remaining text is correct
as written. Table 4.2-33 of the FTF PA is correct and reflects the inputs actually used in the
modeling.
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CC-NF-6

The response to NF-19 noted that recommended Kd values were based not only
on the specific, originally-cited experimental studies, but also on consideration of
other data. The revised PA report noted the additional information. This
response illustrated how DOE-sponsored studies at SRS have produced a great
deal of valuable new information on the sorption and solubility behavior of
radionuclides important to demonstrating compliance with performance
objectives. It appears these laboratory studies are ongoing. NRC staff feels it
would be useful for DOE to sponsor preparation of a compilation of all original
sorption and solubility data produced at SRS in support of Waste Incidental to
Reprocessing performance demonstration efforts. These data have arisen from
both tank closure and salt waste disposal efforts. This data compilation would
make more transparent the efforts DOE has sponsored to obtain, evaluate, and
select data appropriate for use in performance assessment.

RESPONSE CC-NF-6:
Data available at the time of site specific PA preparation (e.g., FTF, SDF) is utilized in the
associated modeling efforts. The SRS sorption and solubility data has been compiled in
Geochemical Data Package for Performance Assessment Calculations Related to the
Savannah River Site, SRNL-STI-2009-00473. The cited reference document was previously
provided to the NRC.
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CC-NF-7

The response to NF-20 noted that the Tc Kd of 5,000 mL/g used for reducing
cementitious media is considered “base case,” rather than “conservative,” and
thus was chosen instead of the 1,000 mL/g “conservative” value of Bradbury and
Sarott (1995). The 5,000 mL/g value is based on a single 1991 study, cited by
Bradbury and Sarott that used a reductant not expected in reducing concrete or
grout. Can the DOE describe any other, more recent data that would shed light
on the appropriateness of this value? Alternatively, can the DOE demonstrate
that the selection of this value is not significant to prediction of risk?
Reference
Bradbury and Sarott, 1995. “Sorption Databases for the Cementitious Near-Field
of a L/ILW Repository for Performance Assessment,” Revision 0. Paul Scherrer
Institute, Labor für Entsorgung, Villigen PSI, Switzerland. March, 1995.

RESPONSE CC-NF-7:
A report issued subsequent to issuance of FTF PA, Revision 1 entitled Geochemical Data
Package for Performance Assessment Calculations Related to the Savannah River Site,
SRNL-STI-2009-00473, provides updated Kd values and proposes using 1,000 mL/g for Tc-99
in reducing cementitious media. Since the Kd values for reducing cementitious grout should
have an insignificant effect on transport times, changing the Tc-99 Kd value from 5,000 mL/g to
1,000 mL/g would have a negligible effect on peak dose results. The most current values
available will be utilized in future modeling efforts.
The influence of grout Kd values on FTF fate and transport is not expected to be significant to
prediction of risk because contaminant transport in FTF waste tanks is primarily downward into
and through the basemat after liner failure. Because the Type IV tanks do not have a steel
liner at the top of the waste tanks, there is more contaminant movement upward into the grout
than for the other waste tanks types.
The influence of Kd values for reducing cementitious grout on mass releases from the waste
tanks is not expected to be important for strongly sorbed radionuclides modeled using high Kd
values. For strongly sorbed radionuclides, in the range of 1,000 to 5,000 (as discussed in the
above comment), the mass will not diffuse, or in the case of Type IV tanks, advect upward very
far into the grout. This will limit the spreading of the mass, a process which can effectively
reduce the concentration levels in the water released from the waste tanks. In addition, for
strongly sorbed radionuclides, such as Tc-99, which are subject to solubility limits and have
inventory levels high enough to be strongly influenced by the solubility limits, the concentration
levels in water released from the CZ will be mainly controlled by the solubility limit. The Kd
values for reducing cementitious grout should have a negligible effect on their releases.
As discussed in Section 5.6.3.4 of the FTF PA, Kd variability is informed by the FTF GoldSim
probabilistic model, and the Kd distributions included in the probabilistic model account for Kd
values uncertainty. In addition, future work is anticipated related to the current UA/SA, as
discussed in Section 8.2 of the FTF PA. The stochastic distributions used in the probabilistic
modeling may be refined to improve the distributions as additional information is available, with
emphasis placed on those stochastics most influencing the model results.
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CC-NF-8

Revisions to the FTF PA to address the portion of comment NF-3 on the
Revision 0 PA regarding the use of expert judgment in estimating uncertainty in
the sorption coefficient provided a transparent rationale for the uncertainty in
sorption coefficients on sandy and clayey soils. However, the revisions did not
include a basis for inferring that the uncertainty in cementitious Kds can be
represented by the uncertainty in sandy soils.

RESPONSE CC-NF-8:
The DOE was not able to identify measurements in applicable literature that addressed the
range of uncertainty associated with cement Kd values. While it is recognized that using data
related to soil Kd values as a substitute for cement Kd values information is not optimal, the
existing uncertainty approach used for soil Kd values was judged to be the best available
approach given the lack of measured cement Kd uncertainty information. Given the relative
similarity in mineral properties between soils and cementitious materials and the fact that the
sandy soil ranges were the widest of the two soil ranges (i.e., wider than the clayey soil
ranges), DOE believes that the ranges of uncertainty of cement Kd values would be less than
the ranges of Kd values in sandy soil and therefore can be reasonably represented by the
sandy soil ranges for the purpose of probabilistic modeling.
As discussed in Section 8.2 of the FTF PA, future work is planned related to the current
UA/SA. The stochastic distributions used in the probabilistic modeling will be refined to
improve the distributions as additional information is available, with emphasis on those
stochastics most influencing the model results.
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CC-NF-9

The moisture characteristic curve utilized in the FTF PA for the grout, annulus,
and contaminated zone within the PORFLOW model appears to be inconsistent
with literature values for other cementitious materials (Rockhold et al., 1993;
Savage and Janssen, 1997; and Baroghel-Bouny, 1999). Moisture characteristic
curves are relied upon to determine the flow through unsaturated materials. The
use of inaccurate curves for cementitious materials can artificially constrain
infiltrating water, thereby delaying chemical transitions and reducing the flux of
contaminants out of the tanks. DOE should use a more appropriate curve and
indicate how the change in the curve impacts the dose results.
References
Baroghel-Bouny, V., Mainguy, M., Lassabatere, T., and Coussy, O., 1999.
“Characterization and Identification of Equilibrium and Transfer Moisture
Properties for Ordinary and High Performance Cementitious Materials,” Cement
and Concrete Research, Vol. 29, pp. 1225-1238. 1999.
Rockhold, M. L., Fayer, M. J., and Heller, P. R., 1993. “Physical and Hydraulic
Properties of Sediments and Engineered Materials Associated with Grouted
Double-Shell Tank Waste Disposal at Hanford,” PNL-8813, Pacific Northwest
Laboratory, Richland, Washington. September 1993.
Savage, B. M. and Janssen, D. J., 1997. “Soil Physics Principles Validated for
Use in Predicting Unsaturated Moisture Movement in Portland Cement
Concrete,” ACI Materials Journal, V. 94, No. 1, pp. 63-70. January-February,
1997.

RESPONSE CC-NF-9:
In the Base Case modeling configuration (Configuration A), the moisture characteristic curves
for the grouted materials (waste tank, annulus, and CZ) were analytically determined based
upon data from various site-specific grout samples (see Section 5.0 of Hydraulic and Physical
Properties of Tank Grouts and Base Mat Surrogate Concrete for FTF Closure, Revision 0).
[WSRC-STI-2007-00369] These values represent test data developed using ASTM standard
methods. The test samples come from materials specific to the SRS and the moisture
characteristic curves were calculated using the same formulas as used to determine the
moisture characteristic curves from the literature data referenced in clarifying comment CC-NF9. [WSRC-STI-2007-00369, WSRC-STI-2006-00198] These site-specific values, therefore,
reflect best estimate values and are appropriate for use in FTF PA modeling.
To evaluate the impact on dose due to the application of an alternative moisture characteristic
curve, an additional deterministic model configuration (Configuration H) has been developed.
Except for the modified moisture characteristic curve, Configuration H uses the same modeling
configuration as the Base Case. The cementitious material data package (WSRC-STI-200600198) was utilized in developing a modified moisture characteristic curve. WSRC-STI-200600198 contained a comparison of various cementitious characteristic curves produced by
Rockhold et al. 1993 (WSRC-STI-2006-00198, Figure 6-2), Savage and Janssen 1997
(WSRC-STI-2006-00198, Figure 6-3), and Baroghel-Bouny et al. 1999 (WSRC-STI-200600198, Figure 6-4) which showed the characteristic curves to be very similar. [PNL-8813,
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ACI_94-M08, DOI: 10.1016/S0008-8846(99)00102-7]
The modified curve used in
Configuration H was developed from the Baroghel-Bouny parameters for high performance
concrete material (Mix BH) as applied to the cementitious materials (WSRC-STI-2006-00198,
Table 6-8).
Figure CC-NF-9.1 shows the moisture characteristic curves from the Base Case and from
Configuration H. The Base Case curve is from FTF PA Figure 4.2-25; whereas the
Configuration H curve comes from the newly developed data supporting this response. Figure
CC-NF-9.1 shows that, when saturation is less than 87%, Configuration H is less effective at
retaining moisture, relative to the Base Case. Also, Configuration H shows higher relative
permeability than the Base Case, once the saturation is below one. These curves indicate
that, as saturation decreases, faster transport of radionuclides should be expected from
Configuration H because the cementitious material will have a higher relative permeability.
Figures CC-NF-9.2 through CC-NF-9.5 depict the results of the Configuration H analysis.
Figure CC-NF-9.2 shows that the peak dose within the 10,000-year period of performance is
about 3 mrem/yr at year 10,000. Figure CC-NF-9.3 compares the relative doses through
20,000 years following closure. As expected, the Configuration H yields a higher dose than
Configuration A. The increase, relative to the Base Case, is due to increased flow through the
CZ (i.e., faster transport) of radionuclides. Fast-moving radionuclides (e.g., Tc-99) that are not
significantly retarded by the waste tank grout and cementitious materials are not notably
impacted by this change in moisture characteristic curves.
The solubility controlled
radionuclide releases from the CZ will also be increased due to the increased flow from the CZ.
Figures CC-NF-9.4 and CC-NF-9.5 show that, as expected, the dose contributions from key
radionuclides in Configuration H were similar to that of the Base Case, except that the peaks
occurred earlier and with greater magnitude. These results demonstrate that the application of
the Baroghel-Bouny parameters for high performance concrete material (Mix BH) provides
more pessimistic dose estimates. Even given these more pessimistic assumptions, the peak
dose for this SA is within the performance objectives within the 10,000-year performance
period, providing greater confidence that the FTF system will meet performance objectives.
The response to RAI-UA-3 discusses additional modeling efforts performed to inform the Base
Case, including a Configuration G which includes the revised moisture characteristic curves.
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Figure CC-NF-9.1: Moisture Characteristic Curves for Reducing Fill Grout
(Configuration A and Configuration H)
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Figure CC-NF-9.2: FTF PA Configurations A and H, MOP at 100m Peak Groundwater
Pathway Dose Results within 10,000 Years
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Figure CC-NF-9.3: FTF PA Configurations A and H, MOP at 100m Peak Groundwater
Pathway Dose Results within 20,000 Years
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Figure CC-NF-9.4: Configuration H, Individual Radionuclide Contributors to the Sector E
100m Peak Groundwater Pathway Dose, 10,000 years
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Figure CC-NF-9.5: Configuration H, Individual Radionuclide Contributors to the Sector E
100m Peak Groundwater Pathway Dose, 20,000 years
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CC-NF-10

There is ambiguity in the Revision 1 PA regarding the implementation of the
“fast-flow” case or configuration D. For example, page 423 describes a fast flow
case where all water deflected from the roof is shed along a vertical leg
representing a fast flow case. The implementation of this case and presentation
of this case in the PA is unclear. Either delete the text or identify where the
results of this scenario are provided.
Page 439 of the Revision 1 PA indicates that the fast flow pathway is modeled in
PORFLOW as a region of the basemat with no Kds and in Goldsim with a portion
of the flow bypassing the basemat with no Kds with page 609 text indicating that
up to 10 percent of the basemat was assumed to have no attenuating properties
in the probabilistic assessment. On the other hand, page 587 states that
PORFLOW models the fast flow pathway through the basemat with no
retardation while Goldsim models the fast pathway with increased flow only. The
barrier analysis presented in Section 5.6.7.3 of the Revision 1 PA also
implements a partially failed basemat as having a channel with no flow
impedance although chemical properties are assumed to be consistent with the
base case (interpreted to mean that sorption occurs along the fast flow pathway).
The inconsistent descriptions and treatment of the fast flow pathway through the
basemat makes it difficult to determine how the basemat fast flow pathway is
actually modeled in the deterministic and probabilistic models.




DOE should clarify the treatment of the fast flow pathways through the
tank and basemat in the PORFLOW, deterministic, and GoldSim,
probabilistic models.
DOE should explain the rather large difference in the PORFLOW versus
Goldsim modeling results for Pu (see Figure 5.6-25 in the PA) which may
possibly be attributed to the difference in treatment of the basemat bypass fraction in the fast flow Configuration D.

RESPONSE CC-NF-10:
The “fast-flow” configuration is described differently in the PA dependent upon which FTF
model (e.g., PORFLOW vs. GoldSim) or type of analysis (e.g., Configuration D vs. barrier
analysis) the term “fast-flow” is applicable to. This response addresses the specific citations
from CC-NF-10 and clarifies the context in which the term “fast-flow” is used. An explanation
of the large difference between the plutonium fluxes shown in FTF PA Figure 5.6-25 is also
included. In general, the descriptions of the FTF fast-flow modeling approaches and the
associated results are correct as provided within the FTF PA; however this response provides
additional explanations to clarify the ambiguity identified by the NRC.
Clarifying Comment Text from First Paragraph:
“…page 423 describes a fast flow case where all water deflected from the roof is shed
along a vertical leg representing a fast flow case. The implementation of this case and
presentation of this case in the PA is unclear. Either delete the text or identify where
the results of this scenario are provided.”
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Response to First Paragraph:
This text is discussing the PORFLOW fast flow modeling configuration (Configuration D). The
FTF GoldSim model does not model the waste tank above the CZ and does not simulate flow.
It should be noted that this text overstates the amount of water that is deflected from the Type
IV tank roof and siphoned into the vertical flow path. While more than 95% of the water is
intercepted by the flow path, the text on page 423 should not have said that “all” of the water is
intercepted by the flow path.
Clarifying Comment Text from First Half of Second Paragraph:
“Page 439 of the Revision 1 PA indicates that the fast flow pathway is modeled in
PORFLOW as a region of the basemat with no Kds and in Goldsim with a portion of
the flow bypassing the basemat with no Kds with page 609 text indicating that up to 10
percent of the basemat was assumed to have no attenuating properties in the
probabilistic assessment. On the other hand, page 587 states that PORFLOW models
the fast flow pathway through the basemat with no retardation while Goldsim models
the fast pathway with increased flow only.”
Response to First Half of Second Paragraph:
To clarify, the deterministic GoldSim models imposed zero values for the basemat bypass
fraction; whereas the probabilistic GoldSim models imposed a variable bypass fraction (from 0
to 0.1). This bypass fraction defined an area of the waste tank basemat that would implement
no retardation (i.e., Kd values of zero). The bypass fraction was represented by a triangular
distribution based on engineering judgment, with 0% being set as the most likely value and the
upper bound set at 10%. As described on page 609, the basis for this judgment is the fact that
cracking in the basemat may “lead to some void spaces forming all the way through the
basemat, but it was judged much more likely that the cracking would tend to be self-sealing
and would not create full channels. Assuming a full 10% of the basemat was replaced by a
void space that had no retardation effect was conservative.”
The text on page 439 is comparing the PORFLOW fast flow model (which imposed the region
of no Kd values to simulate the fast flow path) to the probabilistic GoldSim fast flow model
(which implemented the bypass fraction). This is consistent with the text on page 609.
The text on page 587 is referring to the deterministic GoldSim modeling approach. As
described above, this approach imposed a zero value for the basemat bypass fraction;
therefore, the “fast flow” condition is only represented by increased flow.
Clarifying Comment Text from Last Half of Second Paragraph:
“The barrier analysis presented in Section 5.6.7.3 of the Revision 1 PA also
implements a partially failed basemat as having a channel with no flow impedance
although chemical properties are assumed to be consistent with the base case
(interpreted to mean that sorption occurs along the fast flow pathway).”
Response to Last Half of Second Paragraph:
This interpretation is inaccurate. To clarify, the partially failed basemat had a fast flow channel,
as in the PORFLOW deterministic Configuration D. Like Configuration D, this fast flow path is
simulated by imposing an area with zero Kd values. Inventory that is not within the fast flow
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path was still subjected to nominal conditions for the material properties (i.e., the Kd values
were the same as those in the Base Case). In other words, for these partially failed
configurations, sorption occurred for inventory outside the fast flow channel, but not within the
flow channel.
Clarifying Comment Text from Third Paragraph:
“DOE should clarify the treatment of the fast flow pathways through the tank and
basemat in the PORFLOW, deterministic, and GoldSim, probabilistic models.”
Response to Third Paragraph:
This is addressed by the previous responses.
Clarifying Comment Text from Fourth Paragraph:
“DOE should explain the rather large difference in the PORFLOW versus Goldsim
modeling results for Pu (FTF PA, Figure 5.6-25) which may possibly be attributed to
the difference in treatment of the basemat by-pass fraction in the fast flow
Configuration D.”
Response to Fourth Paragraph:
A difference between the Configuration D deterministic PORFLOW and the Configuration D
deterministic GoldSim modeling results for Pu-239 flux from Tank 34 was expected due to the
difference in the modeling approaches used. The PORFLOW model for Configuration D used
a fast flow path (with high flow rates within the flow path) that penetrated through an area of
the basemat and zero Kd values through the fast flow path; whereas the GoldSim deterministic
model used a geometrically averaged flow rate (based upon both the fast and slower zones
from the PORFLOW model) along the entire waste tank footprint. For the GoldSim
Configuration D, the high plutonium Kd significantly retarded transport relative to the
PORFLOW Configuration D deterministic model.
In addition, while investigating the response to this NRC comment, a problem was identified in
the Configuration D GoldSim deterministic model that affected the plutonium flux from Tank 34
more than the expected deviation due to different modeling approaches. In an earlier version
of this benchmarking model, the basemat was modeled as a single mixing cell, which led to
artificially high dispersion. Initially, the influence of this dispersion was offset by imposing
clayey soil Kd values (as opposed to sandy soil Kd values) on a fraction of the UZ soils. When
the basemat component of the benchmarking model was modified to use multiple mixing cells
(as described in FTF PA Section 5.6.2.2), the artificially high dispersion was resolved and the
mixing cells for each of the waste tanks were modified to use only the sandy soil Kd values;
however the implementation of Kd values for Tank 34 was not readjusted. As a relic of the
earlier modeling approach, Tank 34 imposed higher Kd values.
Figure CC-NF-10.1 shows the corrected Pu-239 flux curves, using only the sandy soil Kd
values for the UZ. As presented in the figure, the timing of the Pu-239 flux is still different.
However this flux delay was expected because the GoldSim modeling approach used Kd
values with the increased flow, while PORFLOW used no retardation along a fast flow
pathway. This figure corrects the information presented in Figure 5.6-25 of the FTF PA, and
shows that the differences between the PORFLOW modeling approach and the deterministic
GoldSim approach are not as significant as initially shown in the PA.
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Figure CC-NF-10.1: Corrected Tank 34 Flux to SZ – Pu-239
(Configuration D)
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CC-NF-11

DOE should explain the delay in Type IV cementitious material degradation and
chemical transitions compared to other tank types. For example, complete
hydraulic degradation for Type IV tanks in the base case takes 20,000+ years
(see Table 4.4-5) and final chemical transitions do not take place until close to
20,000 years. Late chemical transitions occur even in the case when the tank
grout is assumed to be completely degraded at time=0 years (Case 2) in the
barrier analysis (see Table 5.6-76) indicating that late chemical transitions of
Type IV tanks in comparison to other tank types is independent of cement
degradation (i.e., indicates that slower transitions are due to slower flow rates
through the Type IV tanks).
1. DOE should explain the longer times to cementitious material and
chemical degradation of the tank grout in Type IV tanks compared to
other tank types. It is expected that the long times to hydraulic
degradation are a result of the lack of presence of cooling coils in the
Type IV tank grout. However, it is less clear why the chemical transitions
are delayed relative to other tank types for the barrier analysis case
where the grout is assumed to be completely failed at time= 0 years.
2. If the delayed degradation times are due in part to the hydraulics of the
system—due to shedding of infiltrating water from the roof of the Type IV
tanks, then this phenomena should be more fully evaluated and
presented in the PA as it represents a barrier to waste release and should
have adequate support commensurate with its risk-significance. For
example, if after cementitious material degradation, the properties of the
cementitious materials (e.g., moisture characteristic curves) lead to flow
impedance into the degraded tank grout compared to the surrounding
soils, then the realism of the material property assignments of the
cementitious materials and impact of the assumptions should be fully
evaluated.

RESPONSE CC-NF-11:
Barrier Analysis Cases 2 and 10 illustrate the differences in the waste tank grout transition
timing between the various waste tank types (FTF PA, Tables 5.6-22 and 5.6-23). These two
cases were selected to support this response because the modeling approach for these two
cases was identical except that in Case 2, the waste tank grout was assumed to be failed at
time = 0 years whereas in Case 10 the waste tank grout was modeled the same as the Base
Case. Comparing these two cases directly illustrates the effects of the failed grout
configuration relative to the nominal (Base Case) grout configuration. Table CC-NF-11.1
presents the waste tank grout chemical transition times for each waste tank type for Case 2
and Case 10.
As indicated by the NRC, the lack of cooling coils in the Type IV tanks, as well as the shedding
of infiltrating water from the roof of the Type IV tanks, slows the process of hydraulic
degradation and chemical transitions; however, these features do not account for the full range
of differences between the waste tanks and do not account for the differences when the waste
tank grout is assumed to be completely degraded at time = 0 years.
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Table CC-NF-11.1: FTF Chemical Transition Timing, in Years, for the Waste Tank Grout
in Barrier Analysis Case 2 and Case 10
Reduced Region II to
Oxidized Region II
Case 2
Case 10

Oxidized Region II to
Oxidized Region III
Case 2
Case 10

Type I

1,780

5,644

9,902

13,774

Type III

2,347

8,753

13,054

19,462

Type IV

3,123

9,409

17,367

20,000+

Even when the waste tank grout is assumed to be completely degraded at time = 0 years, the
chemical transition times are controlled by pore volume flushing; as such, regardless of the
hydraulic degradation, the transitions are a function of the waste tank-specific flow rates and
the volume of grout within each waste tank. In other words, although “the hydraulics of the
system─due to shedding of infiltrating water from the roof of the Type IV tanks”─ contributes to
the delayed degradation times, it is not the primary cause of this phenomenon; the grouted
volume of the waste tank is of greater significance. At a capacity of 750,000 gallons, the Type
I tanks have less volume than the other waste tank types and therefore have the earliest
transition times relative to the other waste tank types. Type III/IIIA tanks and Type IV tanks
both have a nominal operating capacity of 1,300,000 gallons. In addition, the domed Type IV
tank roof (which is close to eleven feet tall at its apex) will be filled with grout, along with the
waste tank. When determining the number of pore volume flushes, this additional volume of
grout in the Type IV tanks is added to the total volume of the waste tank grout, thus creating
additional pore volume that requires flushing before chemical transitions may occur. Hence,
the Type IV tanks have the latest chemical transition times, as shown in Table CC-NF-11.1.
The PA results demonstrate that, within the 10,000 year period of performance, the peak dose
is primarily driven by Ra-226 and Np-237 releases from Type IV tanks (FTF PA, Figures 5.5-3
and 5.5-4). As evidenced by FTF PA Tables 5.6-30 and 5.6-33, the magnitudes of Np-237 and
Ra-226 fluxes from Tank 18 vary by less than two orders of magnitude, even when considering
failure of multiple barriers (including early grout failure and transitions times). The difference in
the magnitudes of the barrier case fluxes may be further diminished by considering the effects
of the soil as a barrier (i.e., transport through the vadose zone and UZ). Further insight into the
impact of various barriers (waste tank grout, CZ) with respect to specific radionuclides is
provided in the response to RAI-PA-1.
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CC-NF-12

DOE should discuss in greater detail in-tank hydraulics that may significantly
impact release rates from the tanks. For example, DOE discusses diffusion of
radioactive constituents from the waste zone into the overlying grout prior to liner
failure. It is not clear if this phenomena leads to a significant delay in the release
of certain key radionuclides from the tank grout due to retardation.
DOE should indicate if diffusion or advection dominates waste release over time
as the tank grout degrades over time for all tank types. Review of PORFLOW
files seems to indicate that diffusion is the dominant transport mechanism at
longer times after the tank grout is assumed to fail.
DOE should indicate the relative flow through the grout matrix versus through
simulated fractures in Configuration D following grout degradation for all tank
types. DOE should also indicate the relative amount of flow directly above the
tank vaults that is transmitted through the vaults versus that portion of flow that is
diverted around the tank vaults.
DOE should explain why the timing of the Pu peak dose changed from around
27,000 years in the Revision 0 PA to around 40,000 years in the Revision 1 PA.
Part of the delay may be attributable to the 6,000 year delay in the final chemical
transition as indicated in comment CC-NF-2.
NRC staff would like to meet with DOE to further discuss these and other
questions it may have related to its review of the PORFLOW modeling files.

RESPONSE CC-NF-12:
The discussions below provide additional information relative to the impacts of diffusion and flow
through the grout matrix, as well as discussion on the timing of the Pu peak. The figures discussed
herein were developed specifically to support this response. These figures were generated from
PORFLOW outputs from the FTF PA, Revision 1. Many of these figures use I-129 transport as an
illustrative example. Iodine-129 was selected as it is a relatively fast-moving radionuclide with
respect to mobility. It is more prone to the effects of diffusive and advective processes than the
slow-moving radionuclides (such as Pu-239), but not quite as mobile as Tc-99. Additionally, I-129
is not subject to the effects of in-growth from other radionuclides, which could complicate
interpretation of the data.

Significance of Upward Diffusion
Diffusion of contamination from the CZ into the overlying grout occurs while the primary steel liner
remains a barrier to infiltration. Figure CC-NF-12.1 presents an example mass balance plot for I129, Case A, Tank 33 (Type III tank). The liner fails after 10,000 years in Case A. The initial I-129
inventory in the PORFLOW simulation was 7.0E-03 moles per unit radian. The curve labeled
"storage" in Figure CC-NF-12.1 is the mass of I-129 remaining in the CZ, and "outDif" is the
cumulative diffusion out of the zone. Figures CC-NF-12.2 through CC-NF-12.4 indicate that the
diffusion is upward into the waste tank grout. The relatively thin CZ combined with the initial Kd
values of 0 and 10 mL/g in the CZ and grout, respectively, create a strong diffusive flux. As a
result, 90% of the initial inventory in the CZ diffuses into the grout by the first year, and nearly the
entire I-129 inventory diffuses upward within 10 years. When the primary liner fails, I-129 release is
retarded by sorption to the waste tank grout.
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Figure CC-NF-12.1: Mass Balance for I-129 in the CZ for Case A, Tank 33 (Type III)
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Key:
storage = inventory currently stored in zone
decay = cumulative loss through radioactive decay within zone
inAdv = cumulative advection into zone
inDif = cumulative diffusion into zone
inSrc = cumulative radioactive ingrowth
outAdv = cumulative advection out of zone
outDif = cumulative advection out of zone
balance = initial inventory+ inAdv + inDif + inSrc - storage - outAdv - outDif – decay

Figure CC-NF-12.2: I-129 Transport at 100 Years for Case A, Tank 33 (Type III) (c = pCi/L)
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Figure CC-NF-12.3: I-129 Transport at 1,000 Years for Case A, Tank 33 (Type III) (c =
pCi/L)
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Figure CC-NF-12.4: I-129 Transport at 10,000 Years for Case A, Tank 33 (Type III) (c =
pCi/L)
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Significance of Diffusion versus Advection
Advection is generally the more significant transport process compared to diffusion.
Exceptions include the interior of waste tanks when liners are intact and (potentially)
cementitious materials that are not significantly degraded. The ratio of diffusion and advection
time scales is termed the Peclet number (Pe) and is defined by

Pe 

vL
D

where v = pore velocity, L = characteristic length, and D = effective diffusion coefficient. A
Peclet number significantly greater than one implies advection dominated transport. For
Case A and a Type III tank, Figures CC-NF-12.5 and CC-NF-12.6 illustrate Pe in the vertical
direction (PeY) just before and after liner failure for a characteristic length of one centimeter.
In other words, the ratio v/D is plotted in each figure. The negative values merely designate
downward flow. Before liner failure the Peclet number is orders of magnitude below one,
implying diffusion-dominated transport inside the waste tank at any relevant transport scale.
After liner failure the Peclet number inside and outside the waste tank is on the order of one for
a characteristic length of one centimeter, implying advection-dominated transport for scales
greater than roughly 10 centimeter.
Note that the dominance of advection versus diffusion is strongly influenced by the timing of
liner failure and is not solely a function of grout degradation or failure.
Figure CC-NF-12.5: Peclet Number in the Vertical Direction for Case A, Tank 33 (Type III)
at 12,750 Years (Before Liner Failure)
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Figure CC-NF-12.6: Peclet Number in the Vertical Direction for Configuration A, Tank 33
(Type III) at 13,000 Years (After Liner Failure)
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Relative Flow Through the Grout, Through the Fast Flow Path and Around Waste Tank in
Configuration D:
Figures CC-NF-12.7 and CC-NF-12.8 illustrate the simulated Configuration D flow field for
Type IV tanks just prior to and after the degradation of the cementitious materials at 500 years,
respectively. The primary liner has already degraded (at 75 years) in these simulations.
Figure CC-NF-12.9 provides flow balances for the upper left quadrant of the model grid where
the lower boundary is at mid-tank height and the right boundary is aligned with the concrete
wall / backfill interface. In the 400-to-500 year flow period, just before the waste tank grout
degrades, approximately 57% of the infiltration approaching the waste tank top is directed
down the fast flow path while the remainder bypasses the waste tank. In the 500-600 period,
after full grout degradation, 61% of the infiltration passes through the grout, 30% through the
fast flow path, and the remainder bypasses the waste tank.
Liner degradation in Configuration D for Type I and III tanks allow much earlier releases than in
Configuration A. For these waste tank types, flow budgets are provided in Figures CC-NF12.10 and CC-NF-12.11 for the period immediately after complete liner degradation. The flow
distributions are similar to Type IV tanks after full degradation of cementitious materials with
approximately 60% of infiltration passing through grout and another 30% flowing through the
fast flow path (the remainder bypasses the waste tank).
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Figure CC-NF-12.7: Configuration D Flow Fields for Type IV Tanks from 400 to 500
Years
Type IV, Case D, TI07, 400‐500 years
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Figure CC-NF-12.8: Configuration D Flow Fields for Type IV Tanks from 500 to 600
Years
Type IV, Case D, TI08, 500‐600 years
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Figure CC-NF-12.9: Configuration D Flow Balance Data for Type IV Tanks from 400 to
600 Years
Type IV, Case D, Flow Balance
TypeIV, CaseD, TI07, 400-500 years
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4.71E+006
100.0%
1.71E+005
2.67E+006
1.75E-004
2.63E+002
1.87E+006
1.54E+003
2.28E+003
4.71E+006

3.6%
56.6%
0.0%
0.0%
39.7%
0.0%
0.0%
100.0%

TypeIV, CaseD, TI08, 500-600 years
In flows:
mtyp
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

Out flows:

boundary
upper
right
total
lower

right

material
backfill
concrete

id
8
9

grout
6
fast flow path 14
liner
20
concrete
9
backfill
8
concrete
9
dome ring
12

total

flow
percentage
6.84E+006
99.0%
6.77E+004
1.0%
6.91E+006
100.0%
4.24E+006
2.05E+006
1.72E-004
2.31E+004
5.67E+005
0.00E+000
3.20E+004
6.91E+006

61.3%
29.7%
0.0%
0.3%
8.2%
0.0%
0.5%
100.0%

Figure CC-NF-12.10: Configuration D Flow Balance Data for Type I Tanks from 1,140 to
1,300 Years
Type I, Case D, TI12, 1140‐1300 years
TypeI, CaseD, TI12, 1140-1300 years
In flows:

Out flows:

boundary
upper
total

material
backfill

id
8

flow
percentage
1.66E+007
100.0%
1.66E+007
100.0%

lower

grout
concrete (wall)
annulus
fast flow path
liner
concrete (roof)
backfill
concrete (wall)

6
9
10
14
20
7
8
9

9.45E+006
1.64E+005
3.83E+005
5.29E+006
2.07E-004
1.60E+005
1.04E+006
8.93E+004
1.66E+007

right

total
mtyp:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
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0.0%
1.0%
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Figure CC-NF-12.11: Configuration D Flow Balance Data for Type III Tanks from 2,077 to
2,200 Years
Type III, Case D, TI17, 2077‐2200 years
TypeIII, CaseD, TI17, 2077-2200 years
In flows:

boundary
upper
total

material
backfill

id
8

flow
percentage
2.93E+007
100.0%
2.93E+007
100.0%

lower

grout
concrete (wall)
annulus
fast flow path
secondary liner
primary liner
concrete (roof)
backfill
concrete (wall)

6
9
10
14
19
20
7
8
9

1.72E+007
2.99E+005
5.00E+005
8.88E+006
1.89E+000
2.37E-004
6.73E+005
1.62E+006
1.46E+005
2.93E+007

Out flows:

right

total

58.7%
1.0%
1.7%
30.3%
0.0%
0.0%
2.3%
5.5%
0.5%
100.0%

mtyp
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

Plutonium peak, PA Revision 1 versus Revision 0:
Revision 0 of the FTF PA modeled late time chemical transitions as occurring at 20,000 years
after closure. As described in the response to CC-NF-2, PORFLOW modeling was modified in
Revision 1 to implement chemical transitions at the exact times computed from pore volume
counting, rather than rounding to the nearest break between steady-state flow periods. This
revision primarily affected the Oxidized Region II to Oxidized Region III transitions, which
PORFLOW modeled as occurring at 20,000 years for all waste tank types in the Base Case for
Revision 0. In Revision 1, the Base Case transition times are 26,800 years, 31,300 years, and
31,200 years for Type I, III/IIIA, and IV tanks, respectively. These modeling refinements
delayed the Pu peak by more than 10,000 years in each instance.

(

Page 229 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

CC-NF-13

Text on page 581 of the PA indicates that DOE considered the drop panel in the
center of Type III/IIIA tanks in PORFLOW modeling. Inclusion of this feature is
inconsistent with Figures 4.4-2 and 4.4-3 and is stated to result in longer
transition and travel times through the basemat for these tanks. The drop panel
only exists below the center column and a small portion of the lined tank area.
Provide additional information on the impact of the representation of the drop
panel on the results of the analysis.

RESPONSE CC-NF-13:
Figures 4.4-2 and 4.4-3 of the FTF PA are simplified renditions of the physical waste tanks
intended to generically describe both the PORFLOW and GoldSim waste tank models. The
NRC is correct in observing that the PORFLOW model incorporates additional detail for Type
III/IIIA tanks, including the drop panel feature, and Figure 4.4-16 of the FTF PA shows this
difference from the generic model implementation figures. PORFLOW essentially uses an
average basemat thickness for computing chemical transitions consistent with inclusion of the
drop panel detail, whereas GoldSim uses the minimum basemat thickness consistent with
omission of two-dimensional details in that model.
The different representations of the drop panel would primarily impact the modeling results in
two different areas. First, since the timing of basemat chemical transitions is based on the
concrete volume in the basemat, including the additional volume of concrete in the drop panel
would slightly delay the transition between Oxidized Region II and Oxidized Region III. This
volume difference would lead to only a slight difference in timing between the two models since
the difference in volumes used to calculate the transition times would be less than 5%.
Second, contaminant transport through the basemat could be impacted in the basemat
portions where the presence of the drop panel would add an additional thickness of concrete
(versus soil). The impact on flux through the basemat would be small since although the drop
panel as implemented in the PORFLOW model does effectively increase the thickness of the
basemat by approximately 50% in some areas, which can affect highly sorptive species, the
drop panel is only found over an area of approximately 9% of the waste tank footprint. In
summary, the difference in the drop panel representation between the PORFLOW and
GoldSim waste tank models has an insignificant impact on the results of the analysis.
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CC-NF-14

DOE should provide detailed information regarding known differences between
the approach used to close Tanks 17 and 20 and current closure plans for
remaining F-Area tanks that might impact the performance demonstration. For
example, Tanks 17 and 20 were closed with a smaller volume of reducing grout
and potentially different grout formulations than what is planned for other FTF
tanks (DOE, 1997a; DOE, 1997b). DOE should also evaluate the impact of
deviations between closure design features of Tanks 17 and 20 versus closure
design features planned for remaining FTF tanks to ensure that PA assumptions
regarding tank system performance are appropriate or bounding for the closed
tanks.
References
DOE, 1997a. “Industrial Wastewater Closure Module for the High-Level Waste
Tank 20 System.” PIT-MISC-0002, Revision 1. 1997.
DOE, 1997b. “Industrial Wastewater Closure Module for the High-Level Waste
Tank 17 System,” PIT-MISC-0004, Revision 2. 1997.

RESPONSE CC-NF-14:
While Tanks 17 and 20 were closed with a smaller volume of reducing grout compared to plans
for other FTF waste tanks, the balance of the waste tank volume was filled with a controlled
low strength material (CLSM). This material is an inexpensive, self-leveling fill material
composed of sand and cement formers which is readily available from local concrete suppliers.
Although the CLSM is alkaline, it does not have the reducing capacity of the reducing grout.
As a modeling simplification, Tanks 17 and 20 were modeled in the same manner as the other
FTF waste tanks (e.g., Tanks 17 and 20 were modeled in the FTF PA as having the same
grout formulations as the other waste tanks). The Type IV tank conceptual model is discussed
in detail in Section 4.4.1.3 of the FTF PA. The differences between the closure approaches for
the different Type IV tanks (e.g., different grout formulations) were considered relatively
insignificant with respect to the overall integrated conceptual model and therefore did not
require explicit differentiation within the Base Case. The impact of this simplification is that the
peak dose for the Type IV tank group (Tanks 17, 18, 19, and 20) is expected to be maximized
within the 10,000-year performance period. The waste tanks within the Type IV tank group
have the same designs, the same radionuclides of concern, and similar histories. Modeling
Tanks 17 and 20 in the same manner as Tanks 18 and 19 would impose the same release
times for all four waste tanks in that waste tank group (e.g., same liner failure times), thereby
maximizing the dose originating from that waste tank group. This approach would result in
conservatively high peak doses, since Tank 18 inventory is the main contributor to the peak
dose and this approach would force the Tank 17 and 20 releases to more closely overlap the
Tank 18 releases. The impact of the smaller volume of reducing grout in Tanks 17 and 20
would be that the reducing capacity of the grout is lower, and those radionuclides with greater
mobility under oxidized conditions would tend to be released sooner, while those radionuclides
with greater mobility under reduced conditions would tend to be delayed and have an overall
smaller peak dose.
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RAI-FF-1

Explain and provide the technical basis for the hydrologic flow and transport
modeling treatment of the variably grouted, Calcareous Zone in the lower zone of
the UTR aquifer (i.e., UTR-LZ).
Basis
Tanks 1–8 are located above subsurface voids located in the Santee Formation
or lower zone of the UTR aquifer (WSRC-TR-2007-00283). Similar or more
severe voids and cavities are located below tanks 25–28 and 44–47 (WSRC-TR2007-00283). Voids were also found in the subsurface west of Tanks 17 and 19
within borehole DH-5, southeast of Tank 33 within borehole FSEPB6, and near
the F Canyon within borehole FB1 (WSRC-TR-2007-00283). Voids found within
exploratory boreholes beneath tank locations were filled with grout to provide for
waste tank foundation support, but it stands to reason that many voids remain
unidentified and open within the Calcareous Zone, which is expected to be
present along the entire length of flow from the FTF to the 100 m compliance
point in the lower zone of the UTR aquifer. In discussing this reference, the PA
did not mention this seemingly very important and risk-significant subsurface
feature (PA page 303).
Calcareous Zones that have undergone dissolution resulting in sinkholes and
significant voids require special flow modeling treatment because the aquifer
material has dual porosity and dual permeability characteristics due to the
presence of both: (i) porous matrix and (ii) open conduits. The presence of open
conduits may (i) potentially lead to preferential flow pathways through the
subsurface, (ii) influence the location of the point of maximum exposure or
compliance point, (iii) decrease transport times (leading to less decay of
relatively short-lived radionuclides or transport of more slowly moving
radionuclides to a receptor well within the 10,000 year compliance period), and
(iv) lead to decreased natural attenuation (sorption) to subsurface materials due
to a decreased solids to pore water ratio, complexation of key radionuclides (e.g.,
Pu) with elevated concentrations of carbonate, or non-equilibrium sorption due to
the fast transport rates.
As an example of the potential magnitude of the problem, transport rates in karst
aquifers can be rapid (as fast as several kilometers per day) and can cover large
distances in relatively short periods of time (in excess of ten kilometers in less
than a week) with little opportunity for dilution or attenuation of contaminants in
the effluent (Worthington, 2007). Further adding to the complexity of the
problem, variations in hydraulic head differences between matrix and saturated
void space may lead to a situation where contaminant transport pathways may
not be perpendicular to matrix head gradients—localized fluid piracy along
discrete flow paths frequently occurs.
Monitoring wells at the General
Separations Area (GSA) will more often intersect matrix within the Santee
Formation than UTR-LZ voids, and contaminant concentrations measured in the
matrix may be lower than concentrations of constituents measured in a fast flow
conduit. Thus, groundwater monitoring data near GSA source areas may be
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misleading and mask important flow and transport mechanisms operable at the
site.
Path Forward
1. Explain and provide a technical basis for the lack of consideration of
potential open flow conduits within the Calcareous Zone of the lower zone
of the UTR aquifer and justification for the treatment of the grouted
Calcareous Zones as unweathered sediments in the flow model.
2. Access the adequacy of characterization data along the flow path from
the FTF to the 100 m and surface water compliance points in evaluating
the potential impact of these zones on contaminant flow and transport.
3. Provide any tracer, contaminant migration, or characterization data that
may shed light on the potential connectivity of these zones and potential
impacts on contaminant flow and transport at FTF or the greater GSA
(e.g., effects on hydraulic gradients, unexpected flow directions, or early
break-through times of contaminant plumes). Monitoring data obtained
from seeps or springs for natural or induced tracer studies would provide
a better indication of the connectivity of these zones rather than
monitoring data obtained from locations along flow paths of constituents
in the aquifer that might hit or miss preferential pathways for fluid flow.
4. Provide support for the treatment of the Calcareous Zones as porous
media in transport modeling in light of the fact that decreased solids and
presence of high carbonate concentrations can lead to significantly higher
mobility for key risk drivers such as Pu.
5. Provide reports cited in WSRC-TR-2007-00283 or WSRC-TR-99-4083,
“Significance of Soft Zone Sediments at the SRS” that may contain
additional information to evaluate the scope and magnitude of Calcareous
Zone voids in the subsurface at FTF or along flow paths away from FTF
including the following:
 Mueser, Rutledge, Wentworth & Johnson Consulting Engineers,
“Foundation Grouting New High-Level Waste Storage Tanks Building
241-14F Savannah River Plant,” October 1975.
 US Army Corps of Engineers (COE), Charleston District, “Geologic
Engineering Investigations, Savannah River Plant” Waterways
Experiment Station, Vicksburg, MS, 1952.
 WSRC (1999), “F-Area Northeast Expansion Report (U),” Site
Geotechnical Services Department, Document No. K-TRT-F-00001,
Revision 0, May, 1999.
 WSRC (1998), “APSF Packaging and Storage Facility Soft Zone
Settlement Analysis (U),” Site Geotechnical Services Department,
Calculation No. K-CLC-F-00034.
 WSRC (1995) “In-Tank Precipitation Facility and H-Tank Farm (HTF)
Geotechnical Report,” Site Geotechnical Services Department,
WSRC-TR-95-0057, Revision 0, 1995.
 Raytheon Engineers and Constructors, Ebasco Division, (1994), “InTank Precipitation Facility, Phase 1 and II Cone Penetrometer
Studies,” Final Report, March 10, 1994.
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6. Explain the potential impact of discharge of acidic waste in the F-Area
and H-Area seepage basins on dissolution of subsurface materials and
potential creation of preferential pathways from the basins to surface
water as described in a DOE comment response to a Georgia
Department of Natural Resources (GA DNR) comment in DOE’s EIS for
tank closure, DOE-EIS-0303 Appendix D (comment L-15-1 and L-15-2).
Please provide Wike et al. reference WSRC-TR-1996-0279 from 1996
cited in the GA DNR comment. Note: The full citation for this reference
was not provided with the EIS comment.
References
Millings, M.R., and G.P. Flach, 2007. “Hydrogeologic Data Summary In Support
of the F-Area Tank Farm (FTF) Performance Assessment (PA),”WSRC-TR2007-00283, Washington Savannah River Company, Savannah River National
Laboratory, Aiken, SC. July 2007.
R.K., Aadland, et al., 1999. “Significance of Soft Zone Sediments at the SRS.”
WSRC-TR-99-4083. Westinghouse Savannah River Company, Savannah River
Site, Aiken, SC. September, 1999.
Worthington, S.R.H., 2007. “Ground-water Residence Times in Unconfined
Carbonate Aquifers,” Journal of Cave and Karst Studies, v. 69, no. 1, p. 94–
102. 2007.
DOE, 2002. “High-Level Waste Tank Closure, Final Environmental Impact
Statement,” DOE-EIS-0303. May 2002.
RESPONSE RAI-FF-1:
Responses to the items identified in the Path Forward of RAI-FF-1 have been prepared
individually and are provided below.
Response to Path Forward Item 1:
Although various early documents describe voids, drilling fluid losses, and grout takes
associated with the Santee Formation (Calcareous Zone, Lower Aquifer Zone, etc.), there is in
fact no evidence of actual subsurface voids, karst, or caves that would act as open flow
conduits. In historical and recent literature, no documentation was found of void spaces or
other phenomena that would influence contaminant migration in a manner not already captured
in the GSA Database (GSAD). As described in Section 3.1.5.2 of the FTF PA, the GSAD was
developed using field data and interpretations for the GSA and vicinity and is a subset of sitewide data sets of soil lithology and groundwater information. The GSAD is used as the basis
of hydrogeologic input values into the computational model for groundwater flow and
contaminant transport as described in Section 4.2.3.1.3 of the FTF PA.
Even early SRS literature ascribes rod drops and loss of drilling fluid – observed in F Area and
elsewhere at SRS – to zones of soft, underconsolidated sediment rather than actual voids:
“The 1951-52 boring and grouting work indicated that sudden dropping of drill rods
results primarily from displacement of soft material, rather than from the drill rods
entering a relatively unfilled cavity.” [MPMR_04-23-1963]
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“The void zones in the calcareous material at this location [F Tank Farm] are not open
caverns but consist of zones of sponge-like nature, with openings filled with soft or
semifluid material.” [MRWJ_05-19-1975]
Years of subsequent research, including most recent efforts, reached similar conclusions:
“It appears that the "soft zones" are sediment filled, most likely with fine-grained, wellsorted sand.” [WSRC-TR-94-0369]
“(T)he fact that low penetration resistance intervals exhibit P-wave velocities less than
water may indicate that these zones consist of saturated, very loose sands.” [WSRCTR-96-0041]
“Most of these "soft zone" are sediment filled with a fine-grained sand.” [WSRC-TR96-0069]
“(M)uch of the time, recovery of soil in the sampler precludes the [soft] zone from being
characterized as a void.” [K-TRT-F-00001]
Additionally, during the 20-year period spanned by investigations at more than 15 waste sites
near FTF, (as evidenced by the references noted throughout this RAI response) no open flow
conduits or other factors have been identified that would critically influence contaminant
transport.
Grouted calcareous zones are not treated separately in the flow model because the soft zones
and the resulting grout distribution are isolated and discontinuous in the GSA, representing
only a small fraction of the UTR-Lower Zone (LZ) aquifer. These features occur near the base
of the UTR-LZ in the GSA and do not extend through the entire thickness of the aquifer.
Confirmatory borings and careful study of previously grouted zones revealed no significant
thicknesses of grout. [WSRC-TR-99-4083]
As discussed in Section 8.2 of the FTF PA, future work is planned in the area of model
refinement through the DOE Manual 435.1-1 PA Maintenance process. Site studies are
ongoing that will assist in further understanding the factors effecting FTF radionuclide
transport, including a study of soft zones within calcareous zones at SRS. As future studies
regarding hydrologic flow and transport are conducted and completed, new information will be
evaluated for incorporation into the FTF conceptual models.
Response to Path Forward Item 2:
The areas that encompass the flow paths from FTF to discharge points along UTR and
Fourmile Branch are well characterized. Shown by the grey polygons on Figure RAI-FF-1.1,
these areas include ten surface water stations and more than 200 total cone penetrometer test
(CPTs) locations, soil borings, and active monitor wells that reach the Santee Formation.
The GSAD, which provides the foundation for FTF PA flow model [WSRC-TR-96-0399;
WSRC-TR-2004-00106], incorporates the results of approximately 85 pumping tests, 480 slug
tests, 285 laboratory permeability measurements, and 37,500 lithology data records from more
than 200 core locations. The FTF flow model includes core control for the Santee Formation at
more than 30 locations in the FTF flow field, as shown by the yellow star symbols on Figure
RAI-FF-1.1.
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Figure RAI-FF-1.1: Map of FTF Showing CPTs, Wells, Borings, and Surface Water
Stations Along the Flow Paths to Exposure Points Along UTR and Fourmile Branch

Response to Path Forward Item 3:
SRS soft zones have not been studied using tracer tests, and no unusual hydraulic gradients
or unexpected flow conditions have been documented in the FTF or GSA.
Soft zones have, however, been the subject of many general and facility-specific
investigations, the conclusions of which are summarized below and referenced (unless
otherwise noted) in a comprehensive review of soft zones (WSRC-TR-99-4083).




The existence of underconsolidated soft zones (in the Santee Formation) beneath SRS
was documented by the United States Army Corps of Engineers (USACE) during
characterization in the early 1950s. The USACE identified these zones as a potential
concern for foundation design, and recommended and carried out a program of
injection grouting to remediate foundation conditions in F, H, C, K, L, P, and R Areas.
Grouting prior to construction of sensitive facilities continued as a standard engineering
practice at SRS though the 1980s.
Historical field criteria for identification of soft zones in the Santee Formation included
loss of drilling fluid, low resistance to penetration by drilling/sampling rods, +/- presence
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of calcareous material in the borehole. Current field criteria invoke quantitative
delineation by CPT (tip stress < 15 tsf) and/or standard penetration test (SPT) (N-value
<5), along with a criterion for minimum vertical thickness (zone of low penetration
resistance must be >2 feet thick).
The compendium of literature on SRS soft zones describes them not as actual cavities
or caves but as zones of loose, weak, saturated sediments with a honeycomb or
sponge-like structure (vugular porosity or open pore spaces) and having substantial
structural competence. [WSRC-TR-99-4083, K-ESR-Z-00002]
The mechanisms of soft zone formation and preservation are subjects of debate, but
the association with mixed carbonate/clastic sediments of the Santee Formation is clear
and well documented. Frequently presented hypotheses for soft zone formation
include dissolution of carbonate material by meteoric water under shallow/vadose
conditions, and/or partial replacement of carbonate minerals with amorphous silica.
The existence of cemented "hard-pan" zones in shallow vadose and transitional
phreatic environments may offer a modern analog for the very hard, indurated strata
often encountered just above soft zones in the Santee Formation.
Zones of hard, cemented sediments are commonly encountered in conjunction with soft
zones, usually just above -- and sometimes above and below -- soft zones. The
physical properties and engineering behavior of these more competent layers has led
to their characterization as competent "bridges" that redistribute geostatic stresses
around the underlying soft zones; this "soil-arch" phenomenon appears to take place
even in semi- and non-indurated sands overlying soft zones.
Soft zones have been encountered beneath most of SRS, but are less common in the
northwest (updip) and more common in the southeastern (downdip) regions. This
distribution appears to correlate with the well documented pattern of increasing
carbonate content in the Santee Formation to the southeast. This lateral variation in
carbonate content reflects the original range of depositional environments – from
nearshore and inner shelf environments with primarily terrigenous input in the
northwest, to quiet water, outer shelf conditions of carbonate accumulation in the
southeast. In the GSA (F, E, H, S, J, and Z Areas), the Santee Formation is composed
of mixed clastic and carbonate materials, with clastic material being dominant; the
interpreted depositional scenario is a moderate energy, middle shelf environment, with
input of both clastic and carbonate sediments. Lithologic and petrographic studies
have divided the Santee Formation in the GSA into eight microfacies: quartz sand
(stone), terrigenous mud(stone); skeletal lime mudstone; skeletal wackestone; skeletal
packstone; skeletal grainstone; microsparite; and siliceous mudstone. [WSRC-RP-9454] In F Area, three facies have been interpreted in soft zone sediments: sandy
biomoldic chert; siliceous sandy mud; terrigenous sand. [SAIC_06-11-1999]
Soft zone geometries have been studied in great detail by CPT and SPT
characterization across the entire SRS. Apart from the observation that soft zones
cluster in two zones within the Santee Formation (approximately 140' msl and
approximately 170' msl in F Area), these efforts have otherwise shown soft zones to be
isolated, discrete, poorly connected, non-uniformly distributed, random features.
Although their sizes and shapes vary greatly, their average thickness is generally a few
feet, with a postulated maximum lateral dimension on the order of 10-20 feet or less.
[K-ESR-G-00013] In F Area, the average thickness of all known soft zones is less than
two feet. [K-ESR-G-00013]

(

Page 237 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site




Confirmatory borings and careful study of previously grouted zones (especially in K
Area) revealed no significant thicknesses of grout (contrary to what would be expected
if large volumes of grout had filled open cavities). Instead, grout was found to have
thoroughly mixed with the formation sediment. Grout was often distributed in thin
ribbons, leading some to conclude that the grouting program may have had the
unintentional effect of fracturing the target formation. In any case, soft zones that
existed before grouting were still present after grouting.
Efforts to detect soft zones with remote or minimally invasive techniques have proven
frustrating. They cannot be found with ground penetrating radar or with any other
surface electrical method (resistivity, magnetics, or gravity) that relies on detection of
physical property contrasts. Borehole P-wave tomography indicates promise, but relies
on some advance knowledge of soft zone distribution and requires installation or
existence of appropriately arrayed boreholes. [WSRC-TR-96-0041]

Response to Path Forward Item 4:
Soft zones and carbonates are generally represented by very small and infrequent pockets in
the UTR-LZ that do not continuously run the length of the flow path of the plume and are
located near the base of the UTR-LZ and appear to be filled in with fine sand from the
surrounding formation. [WSRC-TR-94-0369] As such, to assume the effects of the presence
of carbonate material and soft zones on mobility should be spread across the entire aquifer is
not realistic. The impact of potential Calcareous Zones in the UTR-LZ aquifer on far-field
radionuclide transport is discussed further in the response to RAI-FF-4.
Response to Path Forward Item 5:
The requested documents listed below are being provided with this response submittal:







Mueser, Rutledge, Wentworth & Johnson Consulting Engineers, “Foundation Grouting
New High-Level Waste Storage Tanks Building 241-14F Savannah River Plant,”
October 1975. [MRWJ_10-24-1975]
USACE, Charleston District, “Geologic Engineering Investigations, Savannah River
Plant” Waterways Experiment Station, Vicksburg, MS, 1952. [USACE_1952]
WSRC (1999), “F-Area Northeast Expansion Report (U),” Site Geotechnical Services
Department, Document No. K-TRT-F-00001, Revision 0, May, 1999. [K-TRT-F-00001]
WSRC (1998), “APSF Packaging and Storage Facility Soft Zone Settlement Analysis
(U),” Site Geotechnical Services Department, Calculation No. K-CLC-F-00034. [KCLC-F-00034]
WSRC (1995) “In-Tank Precipitation Facility and H-Tank Farm (HTF) Geotechnical
Report,” Site Geotechnical Services Department, WSRC-TR-95-0057, Revision 0,
1995. [WSRC-TR-95-0057]
Raytheon Engineers and Constructors, Ebasco Division, (1994), “In-Tank Precipitation
Facility, Phase I and II Cone Penetrometer Studies,” Final Report, March 10, 1994.
[ITP-Task176_1994a]

Response to Path Forward Item 6:
Environmental Impact Statement (EIS) Comment L-15-1 (by Mr. Blackman of Georgia
Department of Natural Resources (GA DNR)) refers to groundwater contaminant patterns
observed at F-Area and H-Area Seepage Basins in which higher contaminant concentrations
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appeared in finger-like lobes leading from the seepage basins to points of discharge along the
seepline of Fourmile Branch. The "high permeability channels" described in the report
(WSRC-RP-92-250) and referenced by GA DNR result from preferential groundwater flow
through the naturally permeable Irwinton Sand (upper aquifer zone) and along topographic
lows in the underlying Tan Clay Confining Zone (TCCZ). F-Area Seepage Basin contaminants
discharge largely through the upper aquifer zone; hydraulic conductivities are lower and
groundwater pH is higher in the lower aquifer zone. There is no realistically probable scenario
in which F-Area Seepage Basin groundwater plumes could dissolve a volume (mass, quantity)
of lower aquifer zone minerals sufficient to create high permeability zones with which FTF
plumes could later interact.
As requested, WSRC-TR-96-0279 is being provided with this response submittal.
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RAI-FF-2

Address apparent systematic deficiencies in the modeled representation of
hydraulic heads within the UTR-UZ in Figure 4.2-17.
Basis
The PA presents a comparison of the measured and simulated hydraulic heads
in the UTR aquifer in Figure 4.2-17. The modeled hydraulic heads do not
realistically capture the measured water table gradients. For example, the
modeled hydraulic heads suggest a very steep gradient at the margins of the
model domain where groundwater discharges to streams, and a very minor
gradient within the interior of the GSA, which is dominated by the groundwater
divide. The measured hydraulic heads, on the other hand, illustrate a much
more gradual gradient throughout the entirety of the model domain. Deficiencies
in capturing the behavior of the hydraulic gradient may affect the transport times
as a function of distance from the tanks.
DOE acknowledges that comparison of expected travel times of constituents
through the saturated zone in the area of interest was beyond the scope of the
PA; therefore, the adequacy of the PA model with respect to accurately
predicting contaminant flow and transport of constituents released from the FTF
is indeterminate.
Improper flow modeling of the dual porosity/dual permeability Calcareous Zone
may have contributed to relatively high residuals for the UTR-LZ (and UTR-UZ)
in the study area and apparent systematic deficiencies in the modeled
representation of hydraulic heads within the UTR-UZ in Figure 4.2-17.
Path Forward
Explain the apparent systematic deficiencies in the modeled representation of
hydraulic heads within the UTR-UZ in Figure 4.2-17, which DOE presented in its
PA to provide confidence in flow model fidelity.

RESPONSE RAI-FF-2:
Figure 4.2-17 of the FTF PA compares the GSA/PORFLOW model simulated water table
(upper image) to a hand-contoured map (lower image). Both maps are based on water table
measurements. The GSA/PORFLOW model was developed using field measurements, just as
field measurements guided development of the hand-contoured water table interpretations. As
the NRC observes, the primary differences between the interpreted (hand-contoured) and
simulated (GSA/PORFLOW) water levels in the UTR aquifer occur near streams. Little to no
data is available in these areas to validate model predictions (upper image) or guide
interpretations (lower image). For example, the locations of hydraulic head data used in
GSA/PORFLOW modeling are shown in Figures 3.3b and 3.4b of WSRC-TR-2004-00106.
The root cause of the larger differences near streams is believed to be simplistic contouring
utilized in developing the hand-contoured map. The GSA/PORFLOW model-simulated contour
intervals are constrained by mass conservation and Darcy's Law, and qualitatively consistent
with expected behavior. As the water table thins approaching UTR, for example, the gradient
must correspondingly increase in order to conserve mass, because flow rate is proportional to
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aquifer thickness and gradient. As expected, the steep hydraulic head gradients are a
subdued expression of the land surface (topographic contours), which falls steeply
approaching UTR.
The simulated hydraulic heads are consistent with field measurements as summarized in Table
4.2-21 of the FTF PA and a comparison of simulated heads to field measurements for the
water table is presented in FTF PA Figure 4.2-17. GSA/PORFLOW head residual maps for the
UTR-Upper Zone (UZ), the UTR-LZ, and the Gordon aquifer unit are provided by Figures 3.3
through 3.5 in WSRC-TR-2004-00106 and indicate adequate agreement between simulated
and measured well water levels as summarized in Table 4.2-21. As discussed in Section
4.4.4.1.4 of the FTF PA, additional PORFLOW calibration was performed beyond code
verification exercises and GSA/FTF model development.
Using characterization and
monitoring data, aspects of the PORFLOW vadose zone and aquifer models were validated
against independent field data.
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RAI-FF-3

DOE should provide a firm technical basis for the presumption that PORFLOW
and GoldSim hydrodynamic and numerical dispersion are at acceptable levels,
especially given the apparent importance of dissolutional features such as sink
holes, voids, and conduits in the UTR-LZ aquifer.
Basis
It is not clear that the amount of dispersion assumed in the FTF PORFLOW
modeling for porous modeling is appropriate. Page 401 of the PA states a value
of 10 m (10 percent of the 100 m length scale) and 1 m were selected for the
longitudinal and transverse dispersivities. While the 10 percent rule is a good
rule of thumb, given the great deal of information available on contaminant flow
and transport at the site, the value selected for the dispersivity should be
supported by site-specific observations of plume spread. Several groundwater
modeling studies for the site have used a grid resolution similar to that selected
for the FTF model but calibrated values of dispersivity are much more modest
(e.g., 1.5 m for longitudinal dispersivity and ratios of 0.1 and 0.01 for transverse
and vertical to longitudinal, respectively) even at much larger plume length
scales. Furthermore, hydrodynamic dispersion is an appropriate concept for
porous media modeling, but may not be appropriate for dual porosity/dual
permeability modeling of transport through systems with significant voids
resulting from carbonate dissolution.
As excessive hydrodynamic dispersion may have been simulated in the
PORFLOW model, excessive numerical dispersion may have also occurred
(smaller dispersivities necessitate finer grid resolution). Excessive hydrodynamic
or numerical dispersion in both the PORFLOW and abstracted GoldSim
modeling used to perform probabilistic analysis can lead to artificial dilution of
contaminant concentrations (see also related concerns in RAI-FF-6).
Hydrodynamic dispersion combined with numerical dispersion in the PA’s porous
media modeling, which assumes the Calcareous Zone is a competent
sedimentary geologic unit instead of a system with significant sink holes, void
space, and conduits, may lead to excessive dilution of contaminant
concentrations (e.g., transverse and vertical dispersion may be minimal).
Path Forward
Provide a firm technical basis for the presumption that PORFLOW hydrodynamic
and numerical dispersion are at acceptable levels, especially in light of the
apparent importance of dissolutional features such as sink holes, voids, and
conduits in the lower zone of the UTR aquifer. DOE should provide analyses of
any natural or induced tracer studies conducted at the seeplines surrounding
GSA or other information to support its modeling approach. If insufficient
information is available to adequately evaluate transport through the Calcareous
Zone of the UTR-LZ (Santee Formation), DOE should consider collecting
additional information to better understand potential complexities of contaminant
transport (e.g., travel times and concentrations) in the carbonate and calcareous
aquifers below the FTF.
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RESPONSE RAI-FF-3:
Plume spreading in model simulations is influenced by: A) physical dispersion (specified by two
or more longitudinal and transverse dispersivities), B) numerical dispersion (dependent on the
solution algorithm, and spatial and temporal step sizes), and C) heterogeneity in the
permeability field (potentially incorporating fast flow conduits). An assessment of each
influence on FTF PA PORFLOW aquifer transport simulations is provided below.
A) Physical Dispersion:
Gelhar et al. (DOI: 10.1029/92WR00607) assembled plume dispersion field data from 59
porous and fractured medium sites (ISBN: 0-442-01348-5, Section 9.3.2), with estimates of
dispersivity being derived from tracer tests, contamination events, and environmental tracers.
Figure RAI-FF-3.1 includes a reproduction of Figure 2 from Gelhar et al., which plots
longitudinal dispersivity (αL) against plume scale (L). Also shown in Figure RAI-FF-3.1 is a
correlation commonly used by modelers to specify longitudinal dispersivity in contaminant
transport models, specifically,

 L  10 1 L  0.1L  10%L

(1)

As shown by the solid line in Figure RAI-FF-3.1, Equation (1) plots as a straight-line on log-log
axes and approximates the trend indicated by the field data.
Gelhar et al. (DOI:
10.1029/92WR00607) note that more reliable dispersivity estimates are biased toward the
lower range of the scattered data. Taking into account the data reliability, the correlation from
equation (1) could possibly be revised as

 L  10 1.5 L  0.032L  3.2%L

(2)

which is indicated by the dashed line in Figure RAI-FF-3.1. Measured at the 100-meter
evaluation point, plume travel distances in the FTF range from approximately 100 to 300
meters depending on waste tank, or roughly 200 meters on average. A longitudinal
dispersivity of 10 meters was adopted for FTF PA PORFLOW modeling. The chosen
dispersivity value ranges from 3% to 10% of plume length, or roughly 5% on average. This
setting is bracketed by Equations (1) and (2) and consistent with Gelhar et al. (DOI:
10.1029/92WR00607) in a best-estimate sense.
Large-scale tracer tests have not been conducted at SRS.
However, groundwater
contamination events associated with three facilities can be reasonably used as de facto tracer
tests to estimate field-scale dispersion in the SRS geologic environment, namely, the F- and HArea Seepage Basins and the E-Area Old Burial Ground. These plume sites are distinguished
from many other SRS waste sites in that the source term (contaminant amount, location, and
timing) is adequately known, the transported species is tritium (nonreactive), and plume
discharges to surface water (Fourmile Branch) have been continuously monitored, thus
providing a contaminant mass breakthrough curve. Flach (WSRC-TR-2002-00291, Table 6;
DOI: 10.1111/j.1745.6584.2004.t01-1-x, Table 2) performed a parametric study using a
relatively fine-scale mesh (25-foot resolution) to determine optimal single-domain transport
parameters at the F- and H-Seepage Basins using the historic source and stream monitoring
data. The optimal longitudinal dispersivities were determined to be approximately 50 meters
(160 feet) and 15 meter (50 feet), respectively, for plume travel distances (L) of roughly 500
and 150 meters for the F- and H-Basins, respectively. These estimates are consistent with the
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correlation from Equation (1). Tritium releases from solid waste disposals at the E-Area Old
Burial Ground are less certain but have been estimated by Flach (WSRC-TR-96-0037)
nonetheless. The transport model calibration used a longitudinal dispersivity of 65 feet for a
plume travel distance averaging roughly 2600 feet, or αL = 2.5%L (WSRC-TR-96-0037, p. 31).
However, the mesh resolution was relatively coarse at 130 feet. The numerical dispersion
associated with this mesh size is approximately αnum = Dnum/v = ∆x/2 = 65 ft = 2.5%L (ISBN: 0442-01348-5, Equation 6-45). The effective dispersivity, combining specified and numerical
dispersion, is likely around 5%L. Thus the most reliable SRS field-scale transport studies
support the best-estimate longitudinal dispersivity used in FTF PA modeling (αL = 10 meters).
The NRC observes that longitudinal dispersivity values on the order of one meter have been
used in some SRS models. At the typical mesh resolution adopted for SRS studies, numerical
dispersion would be more significant than the specified dispersion, rendering the latter
relatively inconsequential to the plume simulation. In such cases, an estimate of the numerical
dispersivity in the calibrated transport model would provide a more reliable estimate of the
actual dispersion occurring at a waste site.
Figure RAI-FF-3.1: Figure 2 from Gelhar et al. (DOI: 10.1029/92WR00607) Annotated with
Modeling Guidelines for Specifying Longitudinal Dispersivity

[DOI: 10.1029/92WR00607]
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B) Numerical Dispersion:
For the chosen longitudinal dispersivity, αL = 10 meters, a mesh resolution of ∆x < 2αL = 20
meters = 65 feet is required to avoid excessive numerical dispersion (ISBN: 0-442-01348-5,
Equation 6-45; WSRC-STI-2007-00150, Figure 6.1.3). The FTF PA aquifer transport model for
100-meter simulations uses a mesh resolution of 50 feet. The transport mesh is created by
subdividing grid cells in the GSA/PORFLOW aquifer flow model. In the horizontal plane each
200 feet by 200 feet GSA/PORFLOW cell is divided four ways in each coordinate direction.
The vertical resolution is preserved. The aquifer transport grid can be summarized as a
"4x4x1" mesh refinement.
To confirm the adequacy of the FTF PA aquifer transport grid, simulations with finer mesh
resolutions have been generated. Figure RAI-FF-3.2 shows the peak 100-meter concentration
of a tracer species emanating from Tank 8 as a continuous or pulse source. The 100-meter
breakthrough curve generally reflects concentrations at multiple locations through time,
because the peak concentration does not necessarily reside in any single grid cell. For
example, the kinks in Figure RAI-FF-3.2b) at later times indicate the peak concentration
moving from one cell to another. Also shown in Figure RAI-FF-3.2 are the breakthrough
curves for mesh refinements of 8x8x1 (additional horizontal refinement), 4x4x2 (vertical
refinement), and 8x8x2 (horizontal and vertical refinement). The simulation results are about
the same for all four mesh resolutions, which indicates that numerical dispersion is significantly
smaller than the specified dispersion. Similar results are observed for a source placed at other
waste tank locations.
Additional simulation results are provided as sensitivity modeling runs. The version of
PORFLOW used for FTF PA simulations (6.10.3) does not incorporate separate transverse
horizontal and transverse vertical dispersivities. Recent PORFLOW version 6.30.2 includes a
"STRAtified" dispersion model that permits separate transverse dispersivities. Figure RAI-FF3.3 compares the nominal PA simulation to PORFLOW 6.30.2 simulations using αLH = 10%L,
αLV = 1%L, αTH = 1%L, and αTV = 0.1%L at four grid resolutions. A modest increase in peak
concentration is observed because of lower transverse vertical dispersion, and little effect from
grid resolution indicating low numerical dispersion. Figure RAI-FF-3.4 shows results using the
STRAtified dispersion model with lower than nominal dispersivities, namely, αLH = 3.2%L, αLV =
0.32%L, αTH = 0.32%L, and αTV = 0.032%L corresponding to Equation (2). At these lower
dispersivity settings numerical dispersion is becoming significant, as evidenced by different
results with different grid resolutions. Figure RAI-FF-3.5, provides results for the original
PORFLOW v6.10.3 dispersion model with αL = αT = 0. Here total dispersion comprises only
numerical dispersion.
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Figure RAI-FF-3.2: Breakthrough of a Conservative Tracer at 100 meters for
a) Continuous and b) Pulse Sources Placed Below Tank 8; Effect of Mesh Resolution
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Figure RAI-FF-3.3: Breakthrough of a Conservative Tracer at 100 meters for
a) Continuous and b) Pulse Sources Placed Below Tank 8; Effect of Lower Transverse
Vertical Dispersion
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Figure RAI-FF-3.4: Breakthrough of a Conservative Tracer at 100 meters for
a) Continuous and b) Pulse Sources Placed Below Tank 8; Effect of Lower Overall
Dispersion
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Figure RAI-FF-3.5: Breakthrough of a Conservative Tracer at 100 meters for
a) Continuous and b) Pulse Sources Placed Below Tank 8; Effect of No Specified
Dispersion
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C) Heterogeneity:
Irrespective of specified and numerical dispersion, contaminant spreading will also generally
occur when a plume encounters heterogeneities in the model hydraulic conductivity field. The
GSA/PORFLOW hydraulic conductivity field incorporates heterogeneity that is generally
reflective of site characterization data.
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The NRC indicates particular interest in the possibility of extreme heterogeneities in calcareous
and surrounding sediments (in the form of sink holes, voids, and conduits) that may not be
reflected in the GSA/PORFLOW model. As discussed more fully in the response to RAI-FF-1,
geologic characterization data and associated interpretations do not support the existence of
open voids or conduits that would constitute extremely high conductivity pathways for
groundwater flow and contaminant transport. Rather 'soft zone' features are believed to be
composed of fine-grained sands, and be isolated, poorly-connected, random features. Soft
zones may have a different hydraulic conductivity on average compared to surrounding
sediments, and have a modest impact on overall groundwater flow that is manifest in well
water levels. The GSA/PORFLOW has been calibrated to the latter and implicitly reflects
broad influences of soft zones.
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RAI-FF-4

In developing sorption coefficients for far-field radionuclide transport, it is not
apparent that DOE considered the variably grouted, Calcareous Zone in the
UTR-LZ aquifer.
Basis
If radionuclide transport pathways from FTF cross variably grouted, calcareous
strata, radionuclide sorption behavior may differ substantially from the conditions
assumed when sorption coefficients (Kd values) were developed. Grouts in the
subsurface could impose high pH, beyond the range considered for natural
conditions. Elevated dissolved carbonate species in either old, carbonated
cementitious materials or in the natural calcareous strata could significantly affect
sorption behavior, particularly for actinides. It is not clear whether the range of
sorption coefficients adopted for the performance assessment can account for
these potential geochemical effects.
Path Forward
Provide a technical basis for neglecting the variably grouted, Calcareous Zone in
the UTR-LZ aquifer when developing sorption coefficients for far-field
radionuclide transport.

RESPONSE RAI-FF-4:
In model simulations, FTF contaminant transport processes in cementitious materials and soils
include: advection, dispersion, and sorption. Contaminant transport through the cementitious
materials and soils is impeded by sorption, as represented through the Kd of the soils (FTF PA
Section 4.2.3.2.2) and cementitious materials (FTF PA Section 4.2.3.2.3). The Kd values used
are based primarily on SRS site-specific experimental data (e.g., WSRC-TR-2006-00004),
some central value from literature, and/or expert judgment, with SRS site-specific experimental
data being the preferred information source. The FTF models (i.e., PORFLOW and GoldSim)
simulate the retardation properties of soil on a macro scale by imposing a single sorption
coefficient over a modeling segment (e.g., 50x50 foot grid, 200x200 foot grid). It is recognized
that this simplification does not capture local heterogeneities within a grid, but it was
considered a reasonable modeling simplification to ignore differences on a micro scale (i.e.,
within the modeling grid). Simulating homogeneous soil behavior is appropriate because
contaminant transport over a defined distance (i.e., 100 meters) would experience retardation
over the entire travel distance and any differences on a micro scale would be averaged out
over the grid length. If the calcareous material in these soft zones was displaced by grout,
which tends to have higher sorption coefficients than sandy soil, it would not impact
radionuclide transport on a macro scale (i.e., across an individual grid segment).
The Kd ranges used in the FTF PA were developed using 27 sediment samples collected from
a borehole in the SRS GSA. It is not clear if this particular borehole intersected any variably
grouted calcareous strata or soft zones. [SRNL-STI-2009-00473] As such, the distributions
and ranges these data presented may or may not represent that of calcareous strata or soft
zones. There is no chemical, mineralogical, or sorption data available known to be specifically
representative of the soft zones. These zones or lenses of quartz sand, calcareous sand,
limestone, clay, and marl were deposited during the late middle Eocene epoch (approximately
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40 to 37 million years ago) in shallow marine environments. [PIT-MISC-0112] So called “soft
zones” result from a complex open-marine water deposition of carbonates along with post
placement dissolution and replacement in complex combinations. After deposition, complex
water movement of both fresh and saline conditions allowed both dissolution and replacement
to occur in varying proportions along complex facies millions of years ago. Soft zones consist
predominately of silty and clayey fine sands to fine sand, however, there can be very finegrained clays and occasional shell fragments. [WSRC-TR-99-4083] The main point from the
above description is that these areas are not voids and there remains calcareous material in
these soft zones, minerals that would tend to locally raise the pH in the groundwater and
introduce minor amounts of carbonates into the aqueous phase that otherwise contains very
low carbonate concentrations.
If literature Kd values representative of the soft zones were added to the existing laboratory
measured values representing the natural “hard zones,” the Kd stochastic distribution of the
majority of the 64 elements analyzed in the FTF PA would likely spread - some distributions
would spread due to including lower Kd values while other elements’ distributions would spread
due to including higher Kd values. However, these soft zones and carbonates are generally
represented by very small and infrequent pockets that do not continuously run the length of the
flow path of the plume. As such, to assume that the soft zone material and its associated Kd
values may be representative of material in the entire flow path of the plume within the UTR-LZ
aquifer or that these zones would somehow significantly alter the flow or chemical
characteristics within the plume is not reasonable.
As discussed in Section 5.6.3.4 of the FTF PA, Kd variability is informed by the FTF GoldSim
probabilistic model. While the Kd distributions included in the probabilistic model do not
explicitly address the impact of potentially different materials associated with soft zones, the
distributions do account for Kd values uncertainty. In addition, future work is planned related to
the current UA/SA, as discussed in Section 8.2 of the FTF PA. The stochastic distributions
used in the probabilistic modeling will be refined to improve the distributions as additional
information is available, with emphasis placed on those stochastics most influencing the model
results.
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RAI-FF-5

DOE should provide a stronger basis for the assumption that a compliance point
located 100 m horizontally downgradient of the FTF boundary in each aquifer
zone is sufficient for evaluating compliance with the 10 CFR Part 61 performance
objective.
Basis
Insufficient information is provided in the PA to evaluate the location of the
centerline of a plume or plumes emanating from representative areas of the tank
farm to assess the adequacy of the point of compliance. For example, Figure
5.2-4 may indicate that locations beyond 100 m may intersect with the highest
concentrations emanating from the FTF in the Gordon aquifer (GA). Use of the
100 m location in assessing the relative concentrations in the GA versus UTR-UZ
aquifer may bias the concentrations and doses low in the probabilistic analysis
with the DOE having declared the selection of aquifer a key parameter in virtually
every sensitivity analysis measure presented in Section 5.6 of the PA (the GA is
assumed to be the most probable water supply aquifer but is also associated
with the lowest aquifer concentrations in the probabilistic analysis).
Additionally, it is not clear if the PORFLOW modeling is accurately representing
hydraulic gradients in the water table aquifer, making it difficult to evaluate
whether the point of maximum exposure would occur in the UTR-UZ in the case
where vertical gradients were low or in the UTR-LZ in cases where the vertical
gradients might be larger in the real system (see also concerns raised in CC-FF11). Maximum concentrations in the UTR-LZ due to relatively larger gradients
may lead to overall lower concentrations and doses owing to greater dilution or
due to intersection of the plume with clays along the flow path to the UTR-LZ
(note that ambiguity exists in the treatment of clays in the SZ—see comment CCFF-6 below). Thus, it is important to understand contaminant migration away
from F-Area tanks to adequately evaluate DOE’s selection of the point of
maximum exposure in the aquifer system.
Path Forward
More detailed flow modeling results in the immediate study area (i.e., just beyond
the 100 m boundary) would greatly assist with evaluation of the PORFLOW farfield modeling results.
More detailed figures illustrating the center-line of plumes emanating from
various sources with the tank farm in comparison to the 100 meter compliance
point are needed to adequately evaluate the sufficiency of the 100 m point of
compliance.
Additionally, statements on page 304 in the Revision 1 PA appear to contain
contradictory statements: “best-estimate predictions and field monitoring indicate
that plume migration can be expected to occur through the UTR-UZ and UTR-LZ
aquifer zones for travel distances through at least 100m” and “Contamination
may or may not pass through the UTR-TCCZ before reaching the 100m
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perimeter.” Please clarify the characteristics of contaminant flow and transport in
the UTR aquifer which would ideally be based on information of contaminant
transport from actual F-Area sources and reconcile these two apparently
contradictory statements.
RESPONSE RAI-FF-5:
The groundwater concentrations at 100 meters were calculated for the Base Case using the
PORFLOW FTF model, as discussed in Section 4.4.2.1 of the FTF PA. As discussed in
Section 5.2.1 of the FTF PA, the peak concentration values for the 100-meter results are
recorded for the three aquifer depths of concern (i.e., UTR-UZ, UTR-LZ, and Gordon Aquifer).
The concentration for each aquifer represents peak concentration in any vertical computational
mesh within the aquifer. The mesh vertical thicknesses (heights) in the computational model
are less than 10 feet in the UTR-UZ, and less than 15 feet in the UTR-LZ. No well screen
averaging was used in determining the concentrations for dose calculations because the
typical well screen length of 20 feet is approximate to the computational mesh height. The
peak concentrations used in the peak dose calculations are determined for each radionuclide
at 100 meters independent of the aquifer depths at which the peak occurred.
For the purposes of demonstrating compliance with the 10 CFR 61.41 performance objective,
the hypothetical future MOP is assumed to be located at the boundary of the DOE controlled
area until the assumed active institutional control period ends (i.e., 100 years after closure7), at
which point the receptor is assumed to move to the point of maximum exposure at or outside of
the FTF 100-meter buffer zone. This methodology is consistent with NRC guidance in
NUREG-1854. As discussed in Section 5.2.1 of the FTF PA, the groundwater concentrations
at 100 meters are assumed to be the highest concentration in the area at or outside of the FTF
100-meter buffer zone.
Peak groundwater concentrations are observed to decrease
monotonically with travel distance from the source zone, as a result of hydrodynamic
dispersion. Since no physical mechanism exists to concentrate contamination beyond the
source zone, for FTF, the 100-meter point is the point of maximum exposure at or outside of
the FTF 100-meter buffer zone.
To more completely illustrate groundwater flow patterns emanating from waste tank sources in
F Area, a series of hypothetical, constant-source, tracer plume simulations have been
conducted. These simulations support the supposition that “peak groundwater concentrations
are observed to decrease monotonically with travel distance“. Maps for Tanks 1 and 47 using
the local scale (i.e., FTF) model are included below as representative examples (Figures RAIFF-5.1 and RAI-FF-5.2). A similar series of tracer simulations were conducted using the
regional scale (i.e., GSA) model (Figures RAI-FF-5.3 and RAI-FF-5.4). The plume maps were
generated by placing a constant source at each waste tank location with a mass or activity rate
equal to one unit per year, e.g., 1.0 mol, g or Ci/yr. The dissolved species is non-decaying and
non-sorbing. The tracer plume emanating from each source eventually becomes steady (timeinvariant) because the source and flow field are both constant. Each composite image shows
four views of the plume:
1. Upper left: Plume peak concentrations (perpendicular to the XY plane) projected onto
the XY (horizontal) plane; concentrations below 3.0E-11 units/L are omitted.
2. Lower left: Plume peak concentrations (perpendicular to the XZ plane) projected onto
the XZ plane (approximately an east-west vertical cut) with 5x vertical exaggeration
(10x for GSA/PORFLOW grid).

(

Page 254 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

3. Upper right: Plume peak concentrations (perpendicular to the YZ plane) projected onto
the YZ plane (approximately a north-south vertical cut) with 5x vertical exaggeration
(10x for GSA/PORFLOW grid). Note that the image is rotated 90 degrees counterclockwise such that the vertical/Z-axis points toward the left, in order to align the Y-axis
with the upper left image.
4. Lower right: Perspective view of plume concentrations above 3.0E-11 units/L; southsouthwest view with no vertical exaggeration (10x for GSA/PORFLOW grid).
The plume centerline crosses the TCCZ before the 100-meter boundary for sources sufficiently
far upgradient (e.g., Tank 1 shown below). For sources nearer to the 100-meter boundary, the
plume centerline may or may not have crossed the TCCZ before the 100-meter boundary (e.g.,
Tank 47 shown below). The information provided above should clarify the FTF PA Revision 1
text on page 304.
Figure RAI-FF-5.1: Hypothetical Tracer Plume Emanating From Tank 1 As Simulated on
the Refined FTF Model Grid
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Figure RAI-FF-5.2: Hypothetical Tracer Plume Emanating From Tank 47 As Simulated
on the Refined FTF Model Grid
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Figure RAI-FF-5.3: Hypothetical Tracer Plume Emanating From Tank 1 As Simulated on
the GSA/PORFLOW Model Grid
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Figure RAI-FF-5.4: Hypothetical Tracer Plume Emanating From Tank 47 As Simulated
on the GSA/PORFLOW Model Grid
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To ensure a conservative analysis relative to potential public risk, DOE is using an institutional control period of
100 years. As described in section 7.1.7.4 of the Draft FTF 3116 Basis Document, the SRS Land Use Plan
requires Federal ownership and control of the site well beyond 100 years after closure.
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RAI-FF-6

Provide additional bases for the benchmarking process used to align GoldSim
and PORFLOW modeling results. The benchmarking process may indicate a
systematic deficiency with respect to the PORFLOW modeling and/or bias with
respect to the results of the probabilistic modeling. Additional clarification and
justification seems warranted to provide confidence in the PORFLOW and
GoldSim modeling results.
Basis
Benchmarking was conducted between the PORFLOW deterministic model and
the GoldSim, probabilistic model used by DOE in the FTF PA. This process was
informative as it also allowed limited independent verification of the accuracy of
the PORFLOW model in representing major features of the engineered and
natural systems at FTF. Initial adjustments were made to both models based on
observations of model behavior and response gleaned from this process.
Ultimately, several final adjustments were needed to align the GoldSim model to
the PORFLOW modeling results that resulted in significant decreases in the
GoldSim modeled contaminant concentrations and dose. These adjustments
were deemed necessary to facilitate comparisons between the deterministic and
probabilistic models. Two factors were assigned in the GoldSim model. These
benchmarking factors included an adjustment to the clayey fraction in the
saturated zone cells of the GoldSim model and a plume correction and
benchmarking factor applied to account for differences in hydrodynamic and
numerical dispersion.
Since the impact of the application of these factors is rather significant (expected
to approach an order of magnitude for moderate to highly sorbing constituents),
NRC staff needs additional assurance that these factors are appropriately
applied and are not an indication of a larger problem with the PORFLOW model
that leads to significant underpredictions in the potential peak concentrations and
dose associated with FTF releases in the base case. As recommended in FTF
scoping meetings, the PORFLOW model should first be verified and validated to
the extent practical with respect to the acceptability of the model to simulate
major contaminant flow and transport processes operable at the FTF site prior to
any benchmarking adjustments.
Path Forward
Address the following items that require additional clarification or stronger bases:
1. Text on page 574 of the PA indicates that due to the heterogeneity of
soils in PORFLOW versus GoldSim, clayey soil fraction was added to the
GoldSim cells in the saturated zone to give some attenuating affect. This
adjustment was one of the benchmarking parameters--the clay fractions
assigned are 0.13 for the eastern portion of FTF and 0.25 for the western
portion of FTF. Since the GoldSim model only represents flow through
the UTR-UZ (before the TCCZ or Gordon Confining Unit are
encountered) the clay fraction that is being simulated should not exist in
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the GoldSim representation. Explain the physical basis for assigning a
clay fraction in the GoldSim model when no clay fraction appears to exist
along similar flow paths being simulated in GoldSim in the PORFLOW
model. If no physical basis can be provided, explain why PORFLOW
results are considered more accurate than GoldSim results such that an
adjustment to the Goldsim modeling results is necessary.
2. Regarding the assignment of a clay fraction in the GoldSim model, it is
not clear how the clay fraction is assigned in GoldSim. For example, is
the clay part of all cells or are a fraction of the total number of cells
assumed to be clayey? If it is part of all cells, how are the Kds treated—
are they weighted averages? If so, this approach may not be valid as it
would tend to bias the sorptive properties of the GoldSim cells high.
3. Text on page 575 of the PA indicates that a plume correction and
benchmarking factor is applied to the GoldSim model to simulate the
affects of dispersion in the more complex PORFLOW model and to
compensate for other flow affects in the 3D model. The corrections are
significant (i.e., 0.35 for Type I tanks and 0.3 for all other tanks or around
a factor of 3). DOE should explain the physical basis for these
corrections. For example, if the adjustments are needed to account for
dispersion in higher dimensions, then DOE should evaluate if the amount
of dispersion simulated in the PORFLOW model is appropriate (i.e., is
numerical dispersion an issue or is hydrodynamic dispersion overstated)?
a. Use tracer or contamination transport data comparisons to model
simulations to illustrate the acceptability of PORFLOW modeling
results with respect to dispersion (see comment RAI-FF-3 above).
b. Provide additional information on the relative contributions of the
GoldSim built-in plume correction function (to account for lateral
dispersion) versus the additional benchmarking factor applied to the
plume correction.
c. DOE could perform simulations assuming no physical dispersion in
the PORFLOW and GoldSim models to see if the models consistently
predict the plume center-line concentrations at downgradient
locations (may need to adjust aquifer thickness in GoldSim to account
for vertical transport into the UTR-LZ).
d. DOE could also perform scoping-level calculations using a finer grid
resolution in the PORFLOW model to evaluate model construction
impacts on simulation results to support its conclusions.
4. Related to the bullet above, text on page 575 indicates that differences in
longitudinal numerical dispersion were mitigated through use of
comparable sized cells. However, the PA indicates that 40 cells were
used to simulate the saturated zone in GoldSim. The flow length is
approximately 100 to 200 m from the tanks; therefore, the length
represented in each cell is approximately 2.5 to 5 m, while the grid
spacing in the PORFLOW model is approximately 15 m. Therefore this
statement does not appear accurate. The fact that GoldSim had to be
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modified with a finer cell resolution and a clay fraction to obtain similar
breakthrough times as compared to PORFLOW indicates that GoldSim
results originally led to faster break-though times at significantly greater
concentrations. Again, the bias between the GoldSim and PORFLOW
modeling results is not clear and should be more fully explained to
provide confidence in the deterministic and probabilistic modeling results.
a. Regarding the plume correction and benchmarking factor, if the factor
is needed to account for differences in flow, between the two models
(i.e., PORFLOW simulates vertical as well as horizontal flow), then
DOE should provide additional information on water balances
between the aquifer zones that would account for these differences.
b. Indicate if the benchmarking factors are based on comparison of
GoldSim model results for the UTR-UZ or the UTR-LZ or a
combination of both. While DOE assumes that the concentrations in
the UTR-UZ and UTR-LZ are similar, additional support is needed to
support this assumption (see comment CC-UA-2). If in fact, the UTRLZ concentrations are significantly higher than the UTR-UZ
concentrations (as may be indicated in Appendix F of the PA), then
comparison
of
GoldSim
concentrations
with
PORFLOW
concentrations in the UTR-UZ may lead to a false conclusion that
benchmarking factors that bias the results of the Goldsim model low
are needed to align to PORFLOW modeling results for the UTR-UZ,
while the center-line of plumes that may emanate from FTF are
located in the UTR-LZ.
RESPONSE RAI-FF-6:
Responses to the items identified in the Path Forward of RAI-FF-6 have been prepared
individually and are provided below.
Response to Path Forward Item 1 and Item 2:
Section 5.6.2.1.4 of the FTF PA (page 574) indicates that, because the porous media
simulated by PORFLOW included regions of both sandy and clayey soil, the SZ material
properties as simulated in the GoldSim model should reflect the influence of both media. In the
GoldSim model, the combined effects of sandy soil and clayey soil properties are implemented
by the use of a clay fraction, which physically reflects the degree to which clay affects transport
through the system. Item 1 of RAI-FF-6 asks for a justification for simulating clay properties,
as the PORFLOW model does not assign any clay properties within or adjacent to the upper
zone of the UTR-UZ unit. It should be noted that Section 5.6.3.10, of the FTF PA, explicitly
states that the FTF GoldSim model corresponds to a single zone of the UTR, the upper zone.
This text is an oversimplified description of the conceptual model used in the GoldSim
abstraction. The GoldSim transport model solves for radionuclide transport along individual
streamlines (defined by the PORFLOW model), which may traverse the UTR-UZ or follow a
path that includes the UTR-UZ and UTR-LZ. The SZ Darcy velocities used by the GoldSim
model are based on transport velocities abstracted from the PORFLOW model without explicit
consideration of the vertical unit the mass is migrating through. It should also be noted that the
PORFLOW-generated concentrations used during the initial benchmarking effort (see FTF PA
Section 4.4.4.2.1.1) were based on the peak UTR-LZ results, as opposed to UTR-UZ results
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as implied in Section 5.6.3.10 of the FTF PA. In the PORFLOW model, mass reaching the
bottom of the UTR-LZ is influenced by the green clay. Therefore, well concentrations used
during benchmarking are based on results from a model pathway that may be influenced by
clay. The degree of influence simulated is based on a comparison between the timing of
PORFLOW-generated radionuclide mass breakthrough curves and GoldSim-generated mass
breakthrough curves.
For each waste tank, the modeled clay fraction parameter, or fraction of the solid phase
considered to have clayey soil properties (i.e., bulk density, porosity and Kd values), is
assigned a value within a series of linked cells that represent the SZ transport pathway from
the down gradient edge of a waste tank to the 100-meter boundary. These pathways are
represented by forty cells each for Tanks 17-20, 25-28, 33-34, and 45-47 and fifty cells each
for Tanks 1-8 and 33-34, which have longer pathways (Table RAI-FF-6.1). The remainder of
the solid phase in each of the linked cells is considered to have sandy soil properties. Two
waste tank-specific SZ clay fractions are defined within FTF, one for the eastern portion of the
area and one for the western portion. A diagram of the GoldSim Model dashboard presented
in Figure 4.4-43 of the FTF PA depicts the areal extent of the eastern and western zones. The
model also allows for a separate clay fraction parameter to be used in conjunction with the fifty
cells representing the SZ pathway from transfer lines. In the latest version of the FTF GoldSim
model, the clay fraction parameter is only used for waste tanks found in the western zone. The
fraction used is 0.25. The clay fraction parameters for the waste tanks found in the eastern
zone and the transfer lines are both set to zero, indicating that the solid phase for the SZ cells
is considered to be completely sandy soil. This value of zero used in the final FTF PA Revision
1 modeling differs from the value of 0.13 used in initial FTF PA modeling for the eastern zone
waste tanks (and still was erroneously discussed in Section 5.6.2.2.2 of the FTF PA, Revision
1).
The use of the clay fraction parameter defines a set of solid phase Kd values that are massweighted averages of clayey and sandy soil Kd values as follows:

Kd 



C fract  bclayey  1 C fract  bsandy

C fract K d clayey  bclayey  1 C fract K d sandy  bsandy

where Cfract is the clay fraction parameter and ρb is the bulk density of the solid phase. Note
that the bulk densities and porosities are weighted in the same manner as the Kd values. The
geometric representation of this weight-averaged Kd is that of clay thoroughly mixed with the
sand, which differs from the three-dimensional representation of a sorptive zone at the bottom
of the UTR-LZ. Although the one-dimensional conceptualization differs from the threedimensional conceptualization, this difference should also be reflected in the clay fraction
values generated for benchmarking.
Response to Path Forward Item 3:
In benchmarking efforts, adjustments to several variables within one model (GoldSim) can be
necessary to generate an acceptable match to the second model (PORFLOW). These
adjustments are necessary because the differing modeling platforms do not lend themselves to
identical approaches for simulating real world physical conditions. The PORFLOW model is
designed to allow for the development of a model which rigorously describes the spatial
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variability in the aquifer and its defining parameters. The GoldSim model is designed to enable
a more in-depth analysis of specific physical parameters and how they affect the system.
Specifically, the GoldSim model is designed to be used in UA/SA. To be used efficiently in an
iterative mode for UA/SA, the GoldSim transport model is limited to a more simplified geometry
and degree of spatial variability. These adjustments to data inputs in the GoldSim model
compensate for limitations in the physical representation used in the GoldSim model. The
differences in two modeling approaches and the adjustments made are described more
explicitly below. Within GoldSim, the following variables were modified during benchmark
development: the SZ Darcy velocities, the number of mixing cells representing the SZ, the clay
fraction, and the horizontal transverse dispersivity. These adjustments resulted in an
acceptable match of results including radionuclide concentrations and breakthrough times.
The combined effects are reflected in the benchmarking results summarized in Sections
5.6.2.1 of Revision 1 of the FTF PA and presented in some detail in Sections 5.6.2.4 and
5.6.2.7 of Revision 0 of the FTF PA (the details were abridged when the updated text for the
revised benchmarking was captured in Revision 1 of the FTF PA), which show an acceptable
comparison of GoldSim and PORFLOW model results. These variable modifications are
discussed below.
In the PORFLOW model, three-dimensional advective-dispersive transport of radionuclides
released from 22 waste tanks and eight ancillary equipment locations is simulated using a fully
three-dimensional flow field. The flow field was generated by calibrating a finite difference flow
model to site-specific potentiometric data. Longitudinal and transverse dispersivities based on
general guidance and a travel path length of 100 meters are used in the model to generate
radionuclide concentrations at a series of observation wells that are located along a 100-meter
boundary (see the response to RAI-FF-3, Part A). The different approaches to the
multidimensional affects of the flow field and dispersion represent the primary differences
between the GoldSim model and the PORFLOW model.
In the GoldSim abstraction of the PORFLOW model, a series of GoldSim mixing cells
represent a one-dimensional transport system. Longitudinal dispersivity is not explicitly
defined within these series, but the mixing cells are subject to numerical dispersion. This
numerical dispersion can be quantified to allow a specified dispersivity to be implemented
based on path length and the number of cells. Attenuation of transported mass, as simulated
in the fully three-dimensional PORFLOW model, is also a function of horizontal and vertical
transverse dispersion as well as spatial changes in the flow field. These multi-dimensional
aspects of the attenuation process must be considered to develop a successful GoldSim
abstraction of the fully three-dimensional PORFLOW model. To approximate the influence of
horizontal and vertical transverse dispersion on dilution, GoldSim provides a plume function
designed for use with its pipe model (or a series of mixing cells). [GTG-2010] By taking the
product of the plume function and the fluid concentration (or mass flux) at the end of the pipe
(or series of cells), GoldSim approximates the influence of the transverse (to flow direction)
dispersion terms. The product of the plume function, and concentration values at the end of
the pipe or series of cells, is an approximate analytic solution for advective-dispersive transport
in a three-dimensional flow system subject to a uniform flow field with longitudinal dispersion in
the flow direction and vertical and horizontal transverse dispersion, perpendicular to flow. In
the FTF GoldSim model, the plume function is used in conjunction with the radionuclide
concentrations in the water released from the final cell of the series of cells representing the
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SZ pathway. Note that the FTF GoldSim model uses mixing cells as opposed to the analytical
pipe solutions because these cells rigorously handle temporal changes in flow rates and
physical and chemical properties, whereas the pipes do not.
The waste tank-specific longitudinal dispersivities used in the GoldSim model are based on the
benchmarking activities (Table RAI-FF-6.1) associated with changing the number of cells
defining the SZ. The horizontal transverse dispersivities presented in Table RAI-FF-6.2, were
derived during benchmarking and range between 1.58 meters and 4.70 meters. These values
are in contrast to the single-valued transverse dispersivity of 1m used in the PORFLOW model.
The FTF GoldSim model does not explicitly simulate vertical dispersion. The aquifer thickness
simulated for the deterministic case is only 5 meters thick and the plume function assumes that
full mixing takes place over the 5 meters. No further vertical mixing is considered. It should
also be noted that for the GoldSim model, the maximum depth for full mixing is sampled in
stochastic runs from a normal distribution with a mean of 5 meters and a standard deviation of
0.7 meters.
In determining the well concentrations used to evaluate dose, the FTF GoldSim model
multiplies the radionuclide concentrations, in the water released from the downgradient end of
the SZ mixing cells, by the product of the benchmarking factor and the plume function. The
benchmarking factor is set to 0.35 for releases from the Type I tanks (Tanks 1 through 8) and
0.30 for releases from all other waste tanks. One of the physical processes approximated
using the benchmarking factor is vertical mixing (mechanical dispersion) beyond a 5 meters
extent. Mixing beyond a 5 meters depth is not simulated in the GoldSim model but explicitly
simulated in the PORFLOW model. In the PORFLOW model, the vertical spread of the plume
is closer to 20 meters as can be seen by looking at the XZ cross-section in Figure RAI-FF-6.1.
The five cells between the narrow tan clay and green clay layers are approximately 13.6 feet
thick, each. The ratio of the saturated thickness in the GoldSim model and the vertical extent
of the five elements is approximately 0.25. In addition to the influence of dispersion on the
dilution of the mass released from the waste tanks, dilution associated with spatial change in
the flow field such as divergence of the flow field is also simulated within PORFLOW. This
attenuation mechanism factor is not simulated by the FTF GoldSim but can be approximated
by increasing the transverse dispersion terms during benchmarking or by using the
benchmarking factor.
Validation of PORFLOW’s Dispersion Model (Item 3a)
Part A of the response to RAI-FF-3 discusses the use of tracer or contaminant transport data
comparisons to model simulations to illustrate the acceptability of PORFLOW modeling results
with respect to dispersion.
The GoldSim Plume Function and the FTF GoldSim Model’s Benchmarking Factor (Item 3b)
During benchmarking development, the parameters that were varied in the GoldSim model
included the horizontal transverse dispersivity and a benchmarking factor. For onedimensional transport models built in GoldSim, the influence of transverse dispersion
(horizontal and vertical) is implemented using the plume function, which evaluates the product
of Green’s function based analytical solutions for the horizontal and vertical transverse
components of mechanical dispersion. The product of the plume function and the onedimensional SZ model well concentrations, at the 100-meter boundary, can be used to
approximate the solution to contaminant migration in a three-dimensional aquifer, subject to a
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one-dimensional flow field. In addition, the FTF GoldSim model utilizes a benchmarking factor
to improve the comparisons between the PORFLOW and GoldSim concentration levels at the
100-meter boundary. The benchmarking factor is a single parameter that can be utilized to
improve the comparison between PORFLOW and GoldSim results without respect to any
single process. The benchmarking factor is used as a fine-tuning mechanism to minimize the
influence of flow velocities, heterogeneities influencing flow, flow divergence, and other
process such as dispersive processes not accounted for or accounted for differently in the
GoldSim model. As previously discussed, the benchmarking factor is an important mechanism
for accounting for vertical mixing not accounted for by the model.
One question posed in RAI-FF-6 pertains to the relative contributions of the general
benchmarking factor and the plume function which represents a specific process. As can be
seen in Table RAI-FF-6.3, the benchmarking factor and plume function are similar in
magnitude with the benchmarking factor being either 0.35 for the Type I tanks and 0.30 for all
the other waste tanks. The value of the plume function taken along the centerline ranges from
0.168 to 0.498. Note that the plume function can be relatively small when the well of interest
has a large offset (perpendicular distance) from the centerline.
GoldSim and PORFLOW Model Comparisons Assuming no Physical Dispersion (Item 3c)
To examine how consistently the PORFLOW and GoldSim models predict plume centerline
concentrations, an analysis was performed, based on simulations assuming that no physical
dispersion occurs. Two conceptual models - one with a constant-source release and one with
a pulse-source release from Tank 1 - were used in the analysis. Note that because the
PORFLOW model is still subject to numerical dispersion, when inputted dispersivities are set to
zero, the amount of numerical dispersivity was reduced below the Base Case levels by
performing the PORFLOW runs using the 8×8×2 refined mesh described in the response to
RAI-FF-3. Also note that an error in the SZ sandy soil porosity term assigned in the FTF
GoldSim model was corrected for these simulations. The error, an assignment of 1.0E-20 to
the porosity term, influences breakthrough times for non-sorbing species which move rapidly
through the SZ. For sorbing species, the error has negligible effect except at the extremely low
Kd range where the storage term (porosity × retardation) may be affected. For example, for a
Kd of 0.5 mL/g, porosity of 0.25, and bulk density of 2.0 g/cc the inaccuracy in the storage term
would be about 25%. For a Kd equal to 1.0 cc/g, the deviation would reduce to 12.5% and for a
Kd equal to 5.0 cc/g, it would reduce to 2.5%. Note that the deviation would always cause an
underestimation of the storage term.
For the constant source run, a steady mass of one mg/yr was released from Tank 1. The
steady-state plume generated by PORFLOW for this release is presented in Figure RAI-FF6.2. A comparable simulation was performed using the FTF GoldSim model. Although the
PORFLOW simulation was performed without mechanical dispersion, as can be seen in Figure
RAI-FF-6.2, the plume is subject to numerical dispersion, as reflected in the horizontal
transverse and vertical spreading of the mass from the source zone. In contrast, the FTF
GoldSim model as designed, assumes full vertical mixing to a depth of 5 meters (for
deterministic runs). No vertical mixing occurs beyond that depth. The GoldSim model is also
subject to numerical longitudinal dispersion, but to a lesser extent than the PORFLOW model
because of its finer resolution. In the horizontal direction perpendicular to flow, the mixing-cell
based GoldSim model results are not subject to dispersion, although, horizontal transverse
dispersion can be added using the GoldSim plume function. Figure RAI-FF-6.3 presents a
comparison of the PORFLOW and GoldSim results for the constant-source model. As can be
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seen in the figure, the breakthrough curve for the GoldSim model reaches a much higher
steady-state level, which is as expected because the GoldSim results do not account for
horizontal dispersion perpendicular to flow and vertical mixing is limited to 5 meters in the
GoldSim model. A second process that differs between the two models is the manner in which
the Darcy velocities are handled. The Darcy velocities used in the GoldSim model are based
on spatially-averaged Darcy velocities derived from the PORFLOW model have been adjusted
in the benchmarking process. Table RAI-FF-6.4 presents a comparison between the
benchmarked Darcy velocities used in the GoldSim model and the spatially-averaged Darcy
velocities derived from PORFLOW.
To provide a more consistent comparison of GoldSim and PORFLOW results, the
concentrations generated from the GoldSim SZ mixing cells were adjusted to account for
numerical dispersion perpendicular to flow and for differences in the groundwater flow rates.
The horizontal transverse dispersion term used in the adjustment was determined from the
GoldSim plume function, by assuming a numerical dispersivity of 12.5 meters or half of the
PORFLOW element length. To account for the added extent of the vertical mixing the GoldSim
concentrations were multiplied by the ratio of vertical thickness of the GoldSim cells (5 meters)
to the vertical thickness of the light green zone in the XZ plane in Figure RAI-FF-6.2 at the 100meter boundary. This assumed mixing zone contains most of the dispersed mass and has a
vertical extent of five cells, each 6.8 feet thick. This adjustment was not made to account for
an error in the FTF GoldSim model, but was made to allow for a comparison of the two models
with the conservatism implicit to the limited mixing zone canceled in an approximate manner.
The difference in velocities was accounted for by dividing the GoldSim concentrations by the
ratio of the spatially-averaged PORFLOW to GoldSim model velocities. The results between
the two models are similar, but do reflect differences in the dilution of the mass. The adjusted
GoldSim results are also presented without adjusting for the velocity differences (Figure RAIFF-6.3).
A second GoldSim simulation was performed for the constant source case wherein the velocity
was updated to be equivalent to the PORFLOW velocity. In addition, the SZ was regridded to
use 30 cells which would create a numerical dispersion effect similar to that of PORFLOW’s
25-foot square elements. The results of the product of the concentration and plume function
are compared to the PORFLOW results in Figure RAI-FF-6.4. The results are also adjusted to
reflect the increase in vertical mixing depth described above, and to remove the effect of the
benchmarking factor which is not needed approximate the differences in the effect of vertical
mixing. When comparing Figures RAI-FF-6.3 and RAI-FF-6.4, it can be seen that the timing of
the breakthrough curve more closely resembles the PORFLOW timing when the same
velocities are used.
For the pulse source run, an instantaneous pulse of 1 mg was released from Tank 1 during the
first time step. The model-specific differences in numerical dispersivity and SZ Darcy velocities
discussed for the constant source model were similarly considered for the pulse-source model.
Figure RAI-FF-6.5 presents a comparison of the PORFLOW and GoldSim results. As can be
seen in the figure, the breakthrough curve for the GoldSim model reaches a much higher peak,
which is as expected because the GoldSim results do not account for horizontal dispersion
perpendicular to flow and vertical mixing is limited in the GoldSim Model. To provide a more
consistent comparison, the concentrations from the downgradient end of the GoldSim SZ
mixing cells were adjusted to account for numerical dispersion perpendicular to flow and for
differences in the groundwater flow rates as discussed above. The results between the two
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models are similar with the peak being higher in the GoldSim model. The PORFLOW results
look more dispersed, which is partly due to PORFLOW’s coarser gridding. This dispersed
profile of the breakthrough curve may also be partially due to the fact that the PORFLOW
results are coming from different elements at different times (the element with the peak
concentration for each time step). The adjusted GoldSim results are also presented without
adjusting for the velocity differences (Figure RAI-FF-6.5). A second GoldSim simulation was
performed for the pulse-source case where the velocity was updated to be equivalent to the
PORFLOW velocity. In addition, the SZ was regridded to use 30 cells which would create a
numerical dispersion effect similar top that of PORFLOW’s 25-ft square elements. The results
of the product of the concentration and plume function are compared to the PORFLOW results
in Figure RAI-FF-6.6. The results are also adjusted to reflect the increase in vertical mixing
depth described above, and to remove the effect of the benchmarking factor which not needed
to approximate the differences in the effect of vertical mixing. The pulse source results show a
very good comparison between the PORFLOW and GoldSim results. When comparing
Figures RAI-FF-6.5 and RAI-FF-6.6, it can be seen that the timing of the breakthrough curve
more closely resembles the PORFLOW timing when the same velocities are used.
The differences between GoldSim and PORFLOW results for the constant-source simulations
and the pulse-source simulations indicate that the degree of transverse spreading is greater in
the GoldSim model, and the degree of longitudinal dispersion is greater in the PORFLOW
model.
The similarity of GoldSim model and PORFLOW model results presented in the constantsource and pulse-source analyses shows that the one-dimensional transport model abstracted
from the three-dimensional PORFLOW model used in conjunction with the plume function
(used to represent mechanical and/or numerical dispersion) and a benchmarking factor can be
used to approximate the fully three-dimensional system represented by the PORFLOW model.
Note that in the above analyses, the ratio of the GoldSim and PORFLOW models vertical
mixing zone depths was used in lieu of the benchmarking factor.
PORFLOW Grid Resolution Study (Item 3d)
In addition to the results presented above, DOE has performed additional scoping level
calculations using a finer grid resolution in the PORFLOW model which are described in Part B
of the response to RAI-FF-3.
Response to Path Forward Item 4:
As noted in RAI-FF-6, the “text on page 575 of the FTF PA indicates that differences in
longitudinal numerical dispersion were mitigated through the use of comparable sized cells.”
The comment also notes that that the lengths represented by each SZ cell between the waste
tank and the 100-meter boundary range from approximately 2.5 meters to 5 meters (or more
exactly 2.6 meters to 6.2 meters). On the other hand the grid spacing in the PORFLOW model
is approximately 15 meters. The reviewer is correct. Based on the use of 40 or 50 cells linked
in series, to represent flow paths of between 104 meters and 310 meters the GoldSim model
defines a transport system with a finer gridding than used in the PORFLOW model. This is in
contrast to the statement in the FTF PA that “By increasing the number of mixing cells in the
GoldSim model to more closely match the PORFLOW discretization, the timing of the arrival of
radionuclides was consistent between the two models.” This statement in the FTF PA was
meant to refer more specifically to the basemat modeling and was not meant to apply to all of
the PORFLOW and GoldSim model discretizations. The text on page 575 of the FTF PA
should also state that the PORFLOW cell refinement was one of several parameters adjusted
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to make the total influence of dilution between the two models more consistent, but does not
necessarily improve the approximation of longitudinal dispersivity in the GoldSim model. The
differences between the PORFLOW and GoldSim approximations of dilution associated with
longitudinal dispersion are discussed below.
As noted above, in the GoldSim abstraction of the PORFLOW model, a set of GoldSim mixing
cells is linked in series to represent a one-dimensional transport system. Longitudinal
dispersivity is not explicitly defined in a series of GoldSim mixing cells, but mixing cells are
subject to numerical dispersion. For a set of equally spaced cells, the effective dispersivity can
be quantified as a function of the total length of the linked cell pathway and the number of cells
defining the pathway. In a series of mixing cells, the numerical dispersivity (αnum) can be
approximated as:

 num 

L
2N

where L is the length of the string of cells, and N is the number of cells. [GTG-2010] For
example, Tank 1, with a travel length of 224 meters from the edge of the waste tank to the 100meter boundary, is discretized into 50 cells of equal length. The one-dimensional transport
system represented by these cells has an effective longitudinal dispersivity of 2.24 meters as
opposed to the value of 10.0 meters used in the PORFLOW runs. Using 11 cells instead of 50
would produce an effective longitudinal dispersivity of 10.0 meters.
Relative to the
approximation of longitudinal dispersion in the PORFLOW model, the dispersivity value of 2.24
meters transport used in the GoldSim model for Tank 1 underestimates the influence of
longitudinal dispersion. For the 22 waste tank releases in the FTF, the effective longitudinal
dispersivity values, for the SZ pathway outside the waste tank footprint, range from 1.3 meters
to 3.1 meters (Table RAI-FF-6.1). In general, the smaller longitudinal dispersivities will
generate higher concentrations, especially if the source release does not reach a quasi-steady
state. It should be noted that for more rapidly decaying species, excess longitudinal dispersion
can cause an increase in concentrations at the 100-meter boundary. Because the longitudinal
dispersivity approach used in the FTF GoldSim model tends to generate higher concentrations,
the resulting peak dose results from the FTF GoldSim model are most likely higher than would
be seen from the FTF PORFLOW model. The FTF probabilistic model results would be
expected to overestimate the dose impacts relative to the Base Case results from the FTF
PORFLOW model.
Flow-Field differences between the PORFLOW and GoldSim Models (Item 4a)
Another inconsistency between the PORFLOW and GoldSim models are differences in the
flow fields as reflected in the SZ velocities. As discussed earlier, the GoldSim velocities were
based on a spatially-averaged rate along a streamline, but have been adjusted during
benchmarking. Table RAI-FF-6.4 contains the PORFLOW-generated average Darcy velocities
along waste tank-specific path lines from the waste tank to the 100-meter boundary. These
values are based upon PORFLOW generated breakthrough curves for a pulse source release.
As can be seen in Table RAI-FF-6.4, the average ratio of PORFLOW velocity to GoldSim
velocity is 62%. This means that the GoldSim model has a greater dilution capability. The
greater dilution capability is not high enough to cause a significant divergence between the
FTF GoldSim and PORFLOW model results when all of the benchmarked parameters are
considered, as born out by the benchmarking results.
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Benchmarking Data (Item 4b)
As mentioned earlier in this discussion, the benchmarking efforts used in developing the
GoldSim abstraction of the FTF PORFLOW model were based on PORFLOW results
generated for the UTR-LZ. In general the concentrations in the UTR-LZ are higher than in the
UTR-UZ so any biasing in results based on the benchmarking would cause the peak dose
results from the FTF GoldSim model to be higher than would be seen from the FTF PORFLOW
model.
Conclusion
As discussed in Section 5.6.2 of the FTF PA, the flux and dose comparisons between the FTF
GoldSim and PORFLOW models show that the overall model results are similar enough to
have confidence that the two models reflect the same system behaviors. As discussed in
Section 8.2 of the FTF PA, further work is planned focusing on model improvement, with one
area of interest being refinement of flow modeling within the GoldSim FTF model. Refinement
of flow modeling within the GoldSim FTF model would include improvement in some of the
areas discussed in this RAI response.
Table RAI-FF-6.1: Approximate Aquifer Travel Distance to the FTF 100-meter Boundary
Tank

Approximate Distance
to 100m Boundary (m)

Number
of Cells

Effective
Dispersivity (m)

1
2
3
4
5
6
7
8
17
18
19
20
25
26
27
28
33
34
44
45
46
47

224
248
244
274
264
300
274
310
112
132
127
152
183
173
178
160
244
244
112
104
112
119

50
50
50
50
50
50
50
50
40
40
40
40
40
40
40
40
50
50
40
40
40
40

2.24
2.48
2.44
2.74
2.64
3.00
2.74
3.10
1.40
1.65
1.59
1.90
2.29
2.16
2.23
2.00
2.44
2.44
1.40
1.30
1.40
1.49
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Table RAI-FF-6.2: Transverse Dispersivity Values Used in the GoldSim Model
Tank

Approximate
Distance to 100m
Boundary (m)

Horizontal
Transverse
Dispersivity (m)

1
2
3
4
5
6
7
8
17
18
19
20
25
26
27
28
33
34
44
45
46
47

224
248
244
274
264
300
274
310
112
132
127
152
183
173
178
160
244
244
112
104
112
119

3.39
3.76
3.70
4.15
4.00
4.55
4.15
4.70
1.70
2.00
1.92
2.30
2.77
2.62
2.70
2.42
3.70
3.70
1.70
1.58
1.70
1.80
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Table RAI-FF-6.3: Approximate Aquifer Travel Distance to the FTF 100-meter Boundary

Tank
1
2
3
4
5
6
7
8
17
18
19
20
25
26
27
28
33
34
44
45
46
47

Value of the
Plume Function
along the
Centerline
0.233
0.209
0.214
0.19
0.198
0.174
0.19
0.168
0.497
0.418
0.436
0.353
0.321
0.339
0.329
0.331
0.243
0.242
0.498
0.534
0.487
0.468

Benchmarking
Fraction
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0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
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Table RAI-FF-6.4: PORFLOW and GoldSim Model Velocities

Tank

Peak
Time (yr)

1
2
3
4
5
6
7
8
17
18
19
20
25
26
27
28
33
34
44
45
46
47

12a
13
12
15
14
16
15
16
5
8
8
9
10
10
10
9
6
6
5
5
5
5

a

Average
PORFLOW
Darcy
Velocity
(ft/yr)
15.3
15.6
16.7
15.0
15.5
15.4
15.0
15.9
18.4
13.5
13.0
13.8
15.0
14.2
14.6
14.6
33.3
33.3
18.4
17.1
18.4
19.5
17.3

Approximate
Distance to 100Meter Boundary
(m)
224
248
244
274
264
300
274
310
112
132
127
152
183
173
178
160
244
244
112
104
112
119
Average

Model
Darcy
Velocity
(ft/yr)
30
30
30
30
25
25
25
25
30
30
30
30
25
25
30
30
30
30
25
25
30
30
28.2

Ratio of
PORFLOW
to GoldSim
Darcy
Velocities
51%
52%
56%
50%
62%
62%
60%
64%
61%
45%
43%
46%
60%
57%
49%
49%
111%
111%
73%
68%
61%
65%
62%

Note that although the peak times are taken from the base case grid (4×4×1), the peak time value
for Tank 1 is the same for the base case grid and the refined grid (8×8×2).
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Figure RAI-FF-6.1: Hypothetical Tracer Plume Emanating From Tank 1 As Simulated on
the Base Case FTF Model Grid (From the Response to RAI-FF-5)
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Figure RAI-FF-6.2: Hypothetical Tracer Plume Emanating From Tank 1 As Simulated on
the Refined FTF Model Grid
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Figure RAI-FF-6.3: Breakthrough Curves for a Conservative Species Released at a
Constant Rate From Tank 1
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Figure RAI-FF-6.4: Breakthrough Curves for a Conservative Species Released at a
Constant Rate From Tank 1 (Using Updated SZ Darcy Velocity In the Goldsim Model)
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Figure RAI-FF-6.5: Breakthrough Curves for a Conservative Species Released in the
First Time Step From Tank 1
PORFLOW Concentrations
GoldSim Concentrations
Adjusted GoldSim Concentrations
Adjusted GoldSim - No Velocity

Concentration (mg/l)

2.00E-07

1.00E-07

0.00E+00
0.00E+00

1.00E+01

2.00E+01

3.00E+01

4.00E+01

5.00E+01

Time (years)

Figure RAI-FF-6.6: Breakthrough Curves for a Conservative Species Released in the
First Time Step From Tank 1 (Using Updated SZ Darcy Velocity in the Goldsim Model)
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CC-FF-1

It was the recommendation of SRNL-ESB-2007-00008 that the following data be
acquired and analyzed from at least one location associated with Tanks 1–8, 17–
20, and 33–34, and at least one location associated with Tanks 25–28 and 44–
47 to support the FTF PA:




Conduct a cone penetrometer test (CPT) to the water table;
Take a continuous core to the water table and produce a geologic log;
and
Take undisturbed samples from Shelby tubes within tank backfill and
underlying undisturbed vadose zone soil (located based upon CPT and
continuous core information) and perform standard geotechnical
laboratory testing for hydraulic properties.

Indicate if any additional data based on these recommendations has been or will
be collected. If more recent site-specific F-Tank Farm data have been obtained,
present a comparison between the site specific data and the modeling
parameters that justifies the use of the General Separations Area data for F-Tank
Farm vadose zone modeling.
Reference
Jones, W., M. Millings, M. Phifer, 2007. “F-Area Tank Farm Vadose Zone
Material Property Recommendations,” SRNL-ESB-2007-00008, Savannah River
National Laboratory, Washington Savannah River Company, Aiken, SC.
February, 2007.
RESPONSE CC-FF-1:
The GSAD, comprising SRS characterization and monitoring data and interpretations, is used
as the basis of hydrogeologic input values into the computational model for groundwater flow
and contaminant transport. The GSAD, which is discussed in detail in Section 4.2.3.1.3 of the
FTF PA, was developed using field data and interpretations for the GSA and vicinity. The
GSAD contains data for all of the GSA, which includes F Area. The GSAD data are
representative of the F Area, and the hydraulic characteristics that relate to F Area within the
GSAD (i.e., SRS-REG-2007-00002, Revision 1, Section 3.1.5.2) are used in the FTF PA
modeling. The work summarized in SRNL-ESB-2007-00008, Section 4.0, and referenced in
CC-FF-1 has not been performed and is not currently planned. No new data have been
collected in the area near the FTF that would indicate deficiencies in the GSAD data and that
would necessitate updates to the FTF vadose zone model. SRNL-ESB-2007-00008 states that
consideration should be given to performing this addition work to further develop the material
property estimations for the FTF vadose zone but does not call into question data available in
the GSAD database or data summarized in the report.
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CC-FF-2

Provide documentation that demonstrates the use of CLSM as Tank Type IIIA
backfill was limited (see page 316 of the PA) such that its neglect in vadose zone
modeling is justified (CLSM backfill could focus infiltration through the waste
zone). Alternatively, provide documentation that demonstrates the material
properties of the CLSM now and in its future degraded state are sufficiently
similar to the soil backfill material or sufficiently more permeable than the soil
backfill material that its neglect in vadose zone modeling is justified.

RESPONSE CC-FF-2:
As indicated in the notes on drawing W701330, backfill material around each Type IIIA tank will
consist of a 7-foot wide core of S.C. (clayey sand) type material. The CLSM was not used as a
substitute for S.C. material (common fill) within 7 feet of the circumference of the waste tanks.
Per drawing W701330, CLSM was permitted to be used outside of the 7-foot wide core of soil
backfill material surrounding each Type IIIA tank as a substitute for S.M. (silty sand) material,
but the amount (percent) of water most favorable to achieve not less than 95% of the
maximum dry density (as determined by ASTM D1557 Method C) was used. [02224-01-R]
The 7-foot wide zone of engineered backfill provides a sufficiently thick buffer layer that the
presence of CLSM can be ignored in the simplified vadose zone modeling. Contaminants
exiting a closed Type IIIA tank structure and reaching the Vadose Zone will move vertically
towards the water table; therefore, the physical properties of the CLSM lateral to the waste
tanks will have no appreciable affect on the movement of released contaminants in Vadose
Zone modeling. Even if the 7-foot wide zone around the waste tanks were significantly
smaller, the hydraulic conductivities of the CLSM and sandy clay are not so dissimilar such that
the CLSM backfill would be expected to focus infiltration through the waste zone. For
example, CLSM has a hydraulic conductivity of 1.9E-06 cm/s (WSRC-STI-2006-00198), which
is similar to the horizontal and vertical hydraulic conductivities of the test-controlled compacted
backfill (7.6E-05 cm/s and 4.1E-05 cm/s, respectively, per Table 4.2-27 of the FTF PA). [SRSREG-2007-00002]

(

Page 278 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

CC-FF-3

Clarify the reason why there is a 0.6 m (2 ft) discrepancy between PA Table 4.223 and SRNL-ESB-2007-00008 Table 2 in terms of the distance between the
basemats of Tanks 19 and 20 and the UTR-UZ water table. The PA seems to
correct an error in the tank bottom elevations reported in Table 2 of SRNL-ESB2007-00008 which is internally inconsistent with Table 1 of the same report.
Please confirm the correct elevations for the tank bottoms and distance to the
water table. Tank Group 2/Tank Type IV tanks have bottoms very close to the
present-day water table surface such that a 0.06 m (2 ft) discrepancy can be
significant given natural variations in groundwater levels.
Reference
Jones, W., M. Millings, M. Phifer, 2007. “F-Area Tank Farm Vadose Zone
Material Property Recommendations,” SRNL-ESB-2007-00008, Savannah River
National Laboratory, Washington Savannah River Company, Aiken, SC.
February, 2007.

RESPONSE CC-FF-3:
Table 2 of SRNL-ESB-2007-00008 is incorrect in terms of the concrete slab bottom elevation
and the distance between the basemats of Tanks 19 and 20 and the UTR-UZ water table.
Table 2 cites that concrete slab bottom elevations are based on drawings referenced in Table
1 of SRNL-ESB-2007-00008 and water table elevations are based on WSRC-TR-2004-00106,
Revision 0 and WSRC-TR-2003-00250, Revision 0. However, the elevation for the bottom of
the concrete working slab for Tanks 19 and 20 in Table 2 of SRNL-ESB-2007-00008 contains
a typographical error. Because of this error, the calculated distance from the bottom of the
working slab to the top of the water table was calculated incorrectly for Table 2.
Table 1 of SRNL-ESB-2007-00008 references drawing W167482 as a source of the elevation
of the bottom of Tanks 19 and 20. Per the cited reference, the elevations reported in Table 1
of SRNL-ESB-2007-00008 and the FTF PA are correct. Therefore, the distance between the
basemats of Tanks 19 and 20 and the UTR-UZ water table provided in FTF PA Table 4.2-23
are correct.
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CC-FF-4

Clarify the reasoning for the vadose zone modeling assumption that the
compacted excavated soil backfill material underlying one-quarter of Tank 25 is
modeled appropriately using the material properties of the lower vadose zone
material.

RESPONSE CC-FF-4:
As indicated on Figure 9 of WSRC-TR-2007-00283, a thinning wedge of test-controlled
compacted backfill is present below the northwestern corner of Tank 25 (Type IIIA). The fill
below Tank 25 was placed during the backfilling of an access ramp from the construction of the
Type IV tanks. The Type IV tanks, located north of Tank 25, were installed and backfilled prior
to excavation for the installation of Tank 25.
For the placement of the backfill around the Type IV tanks, as stated in FTF PA Section
3.2.1.3.3, pages 140 and 141,
“…a three layer backfilling system is used to surround the sidewalls of the (Type IV
tank) concrete vault. The backfill consists of a vermiculite fill layer, a special manually
compacted fill of soil, and a test-controlled compacted fill of soil. The final testcontrolled compacted fill was packed and rolled with heavy equipment. The finished fill
had to comply with moisture content and density specifications. [DP-478]”.
As defined in FTF PA Section 4.2.3.2.2, test-controlled compaction consisted of compacting
moisture-conditioned soil with mechanical compaction equipment until densities greater than or
equal to 95% of maximum dry soil density was obtained as determined by testing.
The material used for the Type IV tank backfill consisted of excavated soil from the UTR-UZ,
resulting in sand with some clay that would have effectively the same hydraulic characteristics
of the UTR-UZ. These are the same material properties to those currently used in the
modeling for the lower vadose zone. Because only a minimal area under a small portion of
one corner of Tank 25 used fill material and since the material was not conceptually different
from the lower vadose zone material, the material was not modeled separately.
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CC-FF-5

Provide a documentary reference for the algorithm used to define the initial
GSA/PORFLOW saturated zone model hydraulic conductivities and clarify if this
is the conductivity as a function of mud content algorithm referred to in email
correspondence between G. Alexander of NRC and G. Flach of DOE on
October 18, 2010. WSRC-TR-2004-00106 mentions an algorithm for defining
the initial GSA/PORFLOW saturated zone model hydraulic conductivity fields,
which was also applied in the predecessor FACT model, but does not cite an
appropriate reference for the documentation of this algorithm.
Reference
Flach, G. P., 2004. “Groundwater Flow Model of the General Separations Area
Using PORFLOW,” WSRC-TR-2004-00106, Revision 0, Savannah River Site,
Aiken, SC. July 15, 2004.

RESPONSE CC-FF-5:
The overall algorithm for generating the initial heterogeneous conductivity field in the
GSA/PORFLOW model, mentioned in WSRC-TR-2004-00106, is described in documentation
for its predecessor model, now referred to as GSA/FACT Revision 1 [WSRC-TR-96-0399-Vol.
2, Revision 1, pp. 12-18]. The cited e-mail from Greg Flach (SRNL) to George Alexander
(NRC) dated October 18, 2010, provides additional clarification; specifically, that "hydraulic
conductivity [is based] on mud (clay + silt) content, regardless of whether sediment was
calcareous or siliciclastic…In other words…calcareous and siliciclastic mud [are summed] to
arrive at a total mud content." The (total) mud content is the abscissa in Figures 21 and 22 of
WSRC-TR-96-0399, Vol. II, Revision 1.
In reviewing WSRC-TR-96-0399, Vol. II, Revision 1, Figures 21 and 22 were discovered to be
outdated versions inadvertently carried over from the original report, WSRC-TR-96-0399, Vol.
II, Revision 0. The corrected versions are shown below in Figures CC-FF-5.1 and CC-FF-5.2.
The differences between Revision 0 and Revision 1 are relatively minor and reflect a
refinement to the least squares data fitting process. Specifically, only the data shown in the
upper-left and lower-right boxes of Figure CC-FF-5.1 were used in the revised fitting process in
order to omit outliers and other anomalous data. It should be noted that this correction is
strictly a documentation error, and the GSA/PORFLOW model used for the FTF PA modeling
utilizes the correct Revision 1 information, shown in the corrected figures below.
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Figure CC-FF-5.1: Corrected Figure 21 from WSRC-TR-96-0399, Revision 1
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Figure CC-FF-5.2: Corrected Figure 22 from WSRC-TR-96-0399, Revision 1
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CC-FF-6

Clarify material property assignments (Kds) for the saturated zone. Page 304 in
the PA states that the TCCZ is assigned the same Kds as UTR. Page 339 of the
PA indicates that the assignment of saturated zone Kds is variable, dependent on
location. Benchmarking indicates that a clay fraction is added to the GoldSim
model to account for a clay fraction in the PORFLOW model. Yet, clay material
assignments are not clearly indicated.

RESPONSE CC-FF-6:
As discussed in Section 4.2.3.2 of the FTF PA, the recommended Kd values for the vadose
zone and backfill soil are taken from recent compilations of geotechnical data prepared in
support of site modeling. For each element and soil type, estimates of the Kd values or
solubility concentration limits were provided. These values are based primarily on SRS sitespecific experimental data, literature values, or on expert judgment, with SRS site-specific
experimental data being the preferred information source. FTF PA Table 4.2-29 provides the
Kd values used for the modeled sandy and clayey soils.
In the GSA/PORFLOW model used for aquifer transport modeling, Sandy versus clayey Kd
assignments are based on vertical hydraulic conductivity, Kv. Grid cells with Kv < 1.0E-07 cm/s
are assigned clayey Kd values; otherwise, the sandy Kd value is used. In practice, all grid cells
in the UTR aquifer unit have Kv > 1.0E-07 cm/s. Thus, the entire aquifer unit, including the
TCCZ, is assigned sandy Kd values. Clayey Kd values are assigned to most of the Gordon
confining unit. Statements on pages 304 and 339 of the FTF PA regarding Kd assignments are
consistent with PORFLOW-based aquifer transport modeling for the PA. Assignment of the
clay-based Kd values in the GoldSim Model is also discussed in the response to RAI-FF-6.
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CC-FF-7

Provide a basis for the C-14 Kds selected for use in the PA. Sorption of C-14 as
carbonate to various cementitious and aquifer materials is expected to be
kinetically limited based on information provided in SRNS-STI-2008-00445,
Table 5. DOE should justify use of Kds representative of C-14 equilibrated for a
period of 6 months. Travel times through the natural system are expected to be
more rapid with the potential for non-equilibrium sorption. Kds for shorter
equilibration times are much less than they are for the 6 month equilibration
times and may be more appropriate.
Reference
Roberts, K.A., and D.I., Kaplan, 2008. “Carbon-14 Geochemistry at Savannah
River Site,” SRNS-STI-2008-00445, Revision 0, Savannah River National
Laboratory, Savannah River Nuclear Solutions, Savannah River Site, Aiken, SC.
December 2008.

RESPONSE CC-FF-7:
The recommended C-14 Kd values for cementitious materials used in the FTF modeling (10
mL/g for middle aged cementitious materials, and 0 mL/g for old aged cementitious materials,
as documented in Table 4.2-33 of the FTF PA) are based on WSRC-TR-2006-00004, not
SRNS-STI-2008-00445. The higher Kd values recommended for cementitious materials in
SRNS-STI-2008-00445 (40 mL/g for reduced cementitious materials, and 3000 mL/g for
oxidized cementitious materials) were not used in the FTF PA.
The recommended C-14 Kd values for soils used in the FTF modeling (10 mL/g for sandy soils,
and 400 mL/g for clayey soils, as documented in Table 4.2-29 of the FTF PA) are based on
SRNS-STI-2008-00445. C-14 released from the waste tanks is expected to precipitate out as
a solid carbonate [SRNS-STI-2008-00445], and the C-14 would therefore be controlled almost
entirely by solubility. Given that C-14 would move primarily via diffusion, it is reasonable to
assume extended diffusion contact times, making the Kd values for longer equilibration times
more appropriate. In addition, given the FTF vadose thicknesses and infiltration rates, C-14
released from the waste tanks would be expected to have a contact time greater than six
months, and the selection in SRNS-STI-2008-00445 of the Kd associated with the longer
contact times is applicable.
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CC-FF-8

SRNL-STI-2009-00634 reports a lower Np clay Kd value of 9 versus 35 L/kg used
in the base case configuration, while the sand Kd increased. The Np Kd used in
the probabilistic analysis is reported to range from 70 (min) and 42 L/kg (max).
Since Np is a risk driver, DOE should evaluate the impact of use of updated Kd
information on the base case results and clarify the actual values used in the
probabilistic analysis (as well as consider changes to the clay Kd distribution in
the probabilistic analysis based on the new information).
Reference
Kaplan, D. I., 2009. “Neptunium IV and V Sorption to End-Member Subsurface
Sediments of the Savannah River Site,” SRNL-STI-2009-00634, Savannah River
Site, Aiken, SC, Rev. 0, November 2009.

RESPONSE CC-FF-8:
The median Np Kd values utilized in the deterministic evaluation of the Base Case
configuration in Revision 1 of the FTF PA were 35 L/kg (mL/g) for clayey soil and 0.6 L/g for
sandy soil in Table 4.2-29. SRNL-STI-2009-00634 was not issued in time for inclusion into the
PORFLOW inputs for Revision 1 of the FTF PA. The “Recommended Best Estimate” Np Kd
values from SRNL-STI-2009-00634 were decreased from 35 mL/g to 9 mL/g for clayey soil and
increased from 0.6 mL/g to 3 mL/g for sandy soil. Since the sandy soil Kd values increased by
a factor of five and they typically have more impact on results than clayey soil Kd values, using
the newer recommended Np Kd values in the FTF models would be expected to decrease the
peak dose results (i.e., the values used in the FTF PA were conservative with respect to the
peak dose).
In order to better quantify the impact of using the newer recommended Np Kd values, the FTF
GoldSim model used in Revision 1 of the FTF PA was modified to incorporate the
“Recommended Best Estimate” Np Kd values from SRNL-STI-2009-00634 and run in
“deterministic” (versus probabilistic) mode to get a single peak dose result over time. The dose
results (Figure CC-FF-8.1) show that there is very little change in the total dose results as
compared to the dose results obtained using the previous Np Kd values. There is a relative
increase in dose near year 1,110 which reflects the decrease in the clayey soil Np Kd, which
affects the transport from ancillary equipment. In addition, the large peak at approximately
year 17,000 is slightly shifted to a later time, reflecting the increase in the Np Kd for sandy soil.
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Figure CC-FF-8.1 - Comparison of Peak Total Doses for FTF PA Revision 1 Base Case
and Revised Np Kd in Base Case
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The probabilistic analysis presented in Revision 1 of the FTF PA utilized the same Np Kd
values from Table 4.2-29 but the distribution was modified to encompass the “Recommended
Best Estimate” Np Kd values reported in SRNL-STI-2009-00634 (Figures CC-FF-8.2 and CCFF-8.3). As stated in Section 5.6.3.4 of the FTF PA Revision 1, the GSD for clayey soil is 8.75
and for sandy soil is 10. The Np Kd minimum value reported in Section 5.6.3.4 of the FTF PA
Revision 1, page 606 was a typographical error. The value should have been shown as “7.0
mL/g”, not “70 mL/g”. For clayey soil, the minimum and maximum Np Kd values utilized by
GoldSim in Revision 1 were 7.0 and 42 mL/g, respectively, which encompass the
“Recommended Best Estimate” clay Kd of 9 mL/g (Figure CC-FF-8.2). For sandy soil, the
minimum and maximum Np Kd values utilized by GoldSim in Revision 1 were 0.3 and 6.0 mL/g,
respectively, which encompass the “Recommended Best Estimate” sandy soil Kd of 3 mL/g
(Figure CC-FF-8.3) reported in SRNL-STI-2009-00634.
Based on the preceding, no changes to the FTF PA Revision 1 probabilistic analysis are
required to account for the newer recommended Np Kd values.
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Figure CC-FF-8.2 - Np in Clayey Soil - Lognormal Probability Distribution Function
Median = 35 mL/g – USED in Current GoldSim Model (mean = 20.2, GSD = 8.75, min = 7
mL/g, max = 42 mL/g, Revised Kd = 9 mL/g)
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Figure CC-FF-8.3 - Np in Sandy Soil – Lognormal Probability Distribution Function
Median = 0.6 mL/g - USED in Current GoldSim Model (mean = 1.7, GSD = 10, min = 0.3
mL/g, max = 6.0 mL/g, Revised Kd = 3 mL/g)
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CC-FF-9

DOE should clarify use of Pu Kds in the PORFLOW modeling. Kds are provided
for various oxidation states of Pu, including Pu (IV), Pu (V), and a combined
oxidation state Pu. The relatively large Kds for the combined Pu would lead to
slower transport times and decreased concentrations at the compliance point in
the base case that occur well beyond the compliance period of 10,000 years
compared to lower values. Probabilistic analysis results indicate a threshold Pu
Kd where under certain conditions, Pu can be transported to an aquifer well
within 10,000 years at doses an order of magnitude greater than the compliance
limit. Thus, a smaller fraction of more mobile Pu could lead to exposures within
the compliance period. The method of averaging Kds for the various oxidation
states should be justified. Furthermore, given the risk significance of this
parameter, the experimental conditions should be clearly representative of the
conditions expected in the field and corroborated with site-specific information on
Pu transport rates.
DOE should evaluate the impact of a more mobile fraction of Pu being
transported in the saturated zone or provide a strong basis for why the approach
taken is acceptable (e.g., representativeness of experimental conditions to
describe Pu transport and acceptability of Kd averaging process). It is important
to note that depending on the answer to this clarifying comment, the comment
may have been more appropriately labeled an RAI. NRC anticipates that DOE
will respond at a level commensurate with the risk-significance of this comment.

RESPONSE CC-FF-9:
Measurements of Pu oxidation states under SRS subsurface conditions indicate that Pu is
>99% Pu(III/IV) and essentially the rest of the Pu is Pu(V). [DOI: 10.1021/es060523s] While in
the Pu(V) form, Pu is more mobile (Kd = 16 mL/g), but it quickly, within one day, converts to
Pu(IV) (sandy Kd of 300 mL/g) once it comes into contact with SRS vadose zone sediments.
This relatively rapid conversion is shown in Figure CC-FF-9.1. [DOI: 10.1021/es060523s]
Conversely, at the same time this reduction process is occurring, the reverse reaction of
oxidation is occurring at a four orders of magnitude slower rate (WSRC-MS-2003-00889),
which converts Pu(IV) back to Pu(V). So under SRS vadose conditions there is a continuous
conversion of the mobile fraction of Pu(V) to the less mobile form, Pu(IV), and conversely a
much slower conversion of Pu(IV) to the mobile Pu(V) fraction.
The Pu(III/IV) moves at least an order of magnitude slower than Pu(V/VI). When the small
quantity of Pu(V/VI) moves, it does so for only a short distance, before it quickly reduces to
Pu(III/IV). To simplify this complex conceptual model, it was assumed that only one single
geochemical hybrid Pu species existed. This species conservatively assumed that the hybrid
Pu species included 90% Pu(III/IV) and 10% Pu(V/VI), 0.90*(300mL/g) + 0.1*(16mL/g) = 270
mL/g. [WSRC-TR-2006-00004 (Table 10)] This is reasonably conservative because 10%, not
<1% is assumed to exist as the mobile Pu(V).
The Pu-239 concrete and soil Kd values used in the FTF PA are based on site-specific test
results. [WSRC-TR-2006-00004, WSRC-RP-2007-01122] The deterministic SA results
(documented in FTF PA Section 5.6.7.2) show that the Pu-239 flux can be impacted by Kd
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changes, although the impact is less pronounced in Tank 18 (the waste tank that is the
dominant dose driver, especially with respect to Pu-239), relative to the other waste tanks.
Section 5.6.3.4 of the FTF PA provides Kd value uncertainties for analysis in the UA (Section
5.6.4 of the FTF PA) and SA (Section 5.6.6 of the FTF PA). Distributions for the Kd values
used in the FTF GoldSim modeling are based on the approach described in SRNL-STI-200900150. As discussed in Section 5.6.3.4 of the FTF PA, Kd variability is addressed in the FTF
probabilistic model (GoldSim Model). While the Kd distributions included in the probabilistic
model do not explicitly address the impact of more mobile Pu, the distributions do account for
Kd value uncertainty. In addition, future work is planned related to the current UA/SA, as
discussed in Section 8.2 of the FTF PA. The stochastic distributions used in the probabilistic
modeling will be refined to improve the distributions as additional information is available, with
emphasis placed on those stochastics most influencing the model results.
Figure CC-FF-9.1: Pu(V) Added to SRS Vadose Sediment. (Top) Fraction of Pu +4, +5
and +6 Sorbed. (Bottom) Fraction of Pu +4, +5 and +6 in the Aqueous Phase
Sorbed Pu Oxidation State
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[ Modified from DOI: 10.1021/es060523s]
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CC-FF-10

DOE should indicate how it calibrated the far-field PORFLOW model to saturated
flow and transport times of contaminants. Because calibration to head alone can
result in non-unique solutions, DOE should demonstrate that its base case farfield model accurately represents the GSA groundwater flow system. DOE
should provide comparisons of model-predicted transport times and flow
directions using information from references such as the recently completed
composite analysis or other documentation that may contain this type of
information to demonstrate that the PORFLOW model accurately represents
reality.
Figure 4.4.40 of the PA compares pathlines from the PORFLOW model versus
plumes emanating from F-Area. No reference is provided for the depicted
plumes, making it difficult to evaluate the accuracy of plume projections and the
ability of the PORFLOW model to adequately simulate groundwater flow and
transport processes in the area of interest (e.g., information on plume source
origins and areas would be helpful when comparing modeled particle tracks to
plume distributions). Provide (i) the reference for the plume depictions and (ii)
any supporting characterization and groundwater characterization/modeling
reports related to known F-Area and H-Area plume sources documented in DOEEIS-0303 (2002) Table 3.2-1 listed below.
1. Burial Ground Complex Groundwater and Radioactive Waste Disposal
Facility
2. F-Area Coal Pile Runoff Basin
3. F-Area Hazardous Waste Management Facility
4. F-Area Retention Basis
5. F-Area Seepage Basin Groundwater Operable Unit
6. F-Area Burning/Rubble Pits
Provide the report entitled “Groundwater Model Calibration and Review of
Remedial Alternatives at the F- and H-Area Seepage Basins,” written by
GeoTrans under contract with Westinghouse Savannah River Company
Environmental Restoration Group dated July 1993.
Reference
DOE, 2002. “High-Level Waste Tank Closure, Final Environmental Impact
Statement,” DOE-EIS-0303. May 2002.

RESPONSE CC-FF-10:
The GSA/PORFLOW flow model was calibrated to measured well water levels and stream
baseflow estimates. Flow model simulations were compared to surveyed seeplines adjoining
Fourmile Branch and UTR as a measure of model validation. Contaminant plume data were
not used for calibration of the flow model, nor subsequent transport models, apart from the
plume trajectory comparisons included in Figures 4.4-39 and 4.4-40 of the FTF PA, Revision 1.
The large number of head targets available for model calibration, combined with baseflow
estimates, greatly restrains the range of credible flow directions and rates in the GSA. The
recently completed Savannah River Composite Analysis (CA) uses the GSA/PORFLOW flow
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field to predict plume migration paths, so comparison to the CA would not constitute an
independent check on model veracity. The GSA/PORFLOW grid is adequate for projecting
groundwater pathlines, but not sufficient for resolving contaminant transport because of
excessive numerical dispersion. Derivative transport models with finer mesh resolution would
have to be developed to compare model simulations to existing contaminant plumes, which is
beyond the scope of the FTF PA.
Figure 4.4-40 of the FTF PA is a compilation figure utilizing plume information presented in the
RFI/RI Work Plan for the Western GSA Groundwater Operable Unit, WSRC-RP-2003-4147,
Revision 1.1. Figure 3 of the referenced report shows plume extent and groundwater flow
directions and the associated GIS data used to create the figure, which was also used as a
starting base map for Figure 4.4-40 of the FTF PA. Flow lines, extracted from the PORFLOW
model, utilizing the same data from the GSAD, were placed over these plumes. The pathlines
emanating from F Area waste tanks start at an elevation of 220 ft. The other pathline seeds
are placed at elevations ranging from 220 to 230 ft, corresponding roughly to the local water
table. A copy of WSRC-RP-2003-4147, Revision 1.1 is being provided for completeness. The
plume sources documented in DOE-EIS-0303, Table 3.2-1 are all represented in the Western
GSA Groundwater Operable Unit discussed in WSRC-RP-2003-4147, Revision 1.1.
A copy of the report entitled, “Groundwater Model Calibration and Review of Remedial
Alternatives at the F- and H-Area Seepage Basins”, WSRC-TR-93-384, is being provided as
part of this response submittal.
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CC-FF-11

NRC staff noted differences in the hydrogeological conceptual models presented
in the PA versus those presented in previous tank closure documentation (DOE,
1997a and DOE 1997b) and the tank closure EIS (DOE, 2002). For example,
the closure documentation appears to indicate that groundwater flow from the
FTF is towards Fourmile Creek. The EIS documentation seems to indicate that
groundwater flow towards Fourmile Creek is primarily horizontal in the upper
aquifer zone with an upward potential existing from deeper to shallower
groundwater. DOE should clarify the evolution of the hydrogeological conceptual
model for the FTF and indicate how uncertainties with respect to flow directions
and gradients might impact the compliance demonstration.
References
DOE, 1997a. “Industrial Wastewater Closure Module for the High-Level Waste
Tank 20 System,” PIT-MISC-0002, Revision 1. 1997.
DOE, 1997b. “Industrial Wastewater Closure Module for the High-Level Waste
Tank 17 System,” PIT-MISC-0004, Revision 2. 1997.
DOE, 2002. “High-Level Waste Tank Closure, Final Environmental Impact
Statement,” DOE-EIS-0303. May 2002.

RESPONSE CC-FF-11:
The water table (upper aquifer zone) and potentiometric surfaces for the lower aquifer zone
and Gordon aquifer are based on well data from the GSAD database.
The adequacy of the GSAD data set for groundwater flow simulation is discussed in Section
4.2.3.1.3 of the FTF PA. The GSAD includes field data and interpretations collected in the
GSA through 1996. Although characterization and monitoring have been ongoing, the
additional data has not altered fundamental understanding of groundwater flow patterns and
gradients in the GSA. Table 4.2-21 of the FTF PA contains a summarization of more recent
well water level data through 2006, available as a result of new well installations and continued
monitoring. The agreement between the model and the data set through 2006 is similar to that
of the original data set.
As illustrated in the FTF PA (Figure 4.4-40, a compilation of land-surface contours and
contaminant plumes from the GSAD), a groundwater divide for the water table passes through
the FTF, resulting in a radial pattern of groundwater flow. The GSA/PORFLOW Modelpredicted water-table levels presented in PA Figure 4.2-17(a) are also indicative of the
groundwater divide depicted in Figure 4.4-40. Slight shifts in the groundwater divide will have
little impact on down dip or lateral gradients or the flow direction (prior to reaching the 100meter boundary). Groundwater flow below the FTF is primarily horizontal, westward across
FTF and subsequently bifurcating towards either Fourmile Branch or UTR. The upward
potential in the lower aquifer zone is a result of the aquifer discharging to Fourmile Branch and
UTR. As the aquifer is incised by these streams, discharge is from both sides of the stream.
These convergent discharges minimize the migration of contaminants across the stream within
the lower aquifer zone. A portion of the variation is related to the scale, focus area, and
amount of data utilized to prepare the contour maps. The hydrogeologic conceptual model
presented in the PA represents the most current understanding of the system utilizing the
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GSAD. As additional studies are conducted, the information in the PA will be updated under
DOE’s PA maintenance program.
The GSA has been the focus of numerous geological and hydrogeologic investigations in the
past which informed the local hydrogeology characterization, as discussed in Section 3.1.5.2 of
the FTF PA. Previous hydrogeological conceptual models for the FTF (e.g., the MEPAS
model) were more simplistic compared to the current (best-estimate) model and would
therefore be expected to differ from the current hydrogeological conceptual model. The
previous hydrogeological conceptual models were a reflection of different modeling
approaches, not reflections of a different fundamental understanding of the local hydrogeology,
and the current hydrogeological conceptual model is an enhancement that serves to remove
uncertainty with respect to flow directions and gradients.
Based on the referenced documents in the comment, groundwater gradient within the 100meter boundary of FTF would only change slightly, the only variation being a slight shift in the
groundwater divide. At the 100-meter boundary, slight variations in groundwater divide will
have minimal impact on the 100-meter boundary modeling results. The groundwater flow
distances to either Fourmile Branch or UTR from FTF are essentially the same and the
groundwater flow velocities utilized in the modeling are similar. The PORFLOW 100-meter
concentrations and doses are calculated for five sectors (Sectors A – E), with the five sectors
shown on Figure 5.2-5 of the PA. For illustrative purposes, if there was a shift in the
groundwater divide that resulted in all contaminated groundwater flow going to either Fourmile
Branch or UTR, the worst case doses could be represented by summing the dose releases
directed towards Fourmile Branch (Sector A, B, and C) with the dose releases directed towards
UTR (Sectors D and E). Groundwater Pathway Dose Results for the various sectors are
provided in Section 5.5.1 of the PA.
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RAI-UA-1

DOE should provide a defensible basis for the likelihood of alternate
configurations in the PA
Basis
Section 5.6.3.1 states that discrete distribution of likelihoods for alternate
configurations were chosen using engineering judgment. The section lists how
tank design differences informed the probability choices in a qualitative way, but
is neither transparent nor traceable in how the quantitative values were
estimated based on qualitative considerations. Quantitative estimation of the
likelihood may not be directly possible. The likelihood of the alternate
configurations is significant in understanding the uncertainty in the performance
of the tank system. Therefore, the uncertainty analysis is likely biasing results
indeterminately.
Path Forward
Provide a defensible basis for the likelihood of alternate configurations. One
possible approach would be to perform a formal expert elicitation (e.g., NUREG1563) process to estimate the likelihoods. Another approach would be to report
the expected result and associated uncertainty for each configuration
independently and discuss the rationale for the likelihood of each scenario so
that the information is transparent to the DOE decision-maker.
Reference
Kotra, J.P., et al., 1996. “Branch Technical Position on the Use of Expert
Elicitation in the High-Level Radioactive Waste Program,” NUREG-1563, US
NRC, Washington, DC. November 1996.

RESPONSE RAI-UA-1:
Provided below is a discussion of the rationale that was used to assign probabilities of
occurrence for the Base Case (expected configuration) and the five alternative, pessimistic
configurations selected for further assessment through the FTF PA UA process. In addition,
the associated dose results from each individual configuration, as modeled in PORFLOW, are
provided. The rationale for assignment of probabilities used a qualitative but informed
approach, because a quantitative estimation was not directly possible (as acknowledged by the
NRC). As with the development of the Base Case configuration (as described in the response
to RAI-PA-1), these probability values were selected because they represented a reasonable
modeling simplification based upon relative likelihood for occurrence, and not based upon
future outcomes, which cannot be predicted with certainty. Although these values do not
reflect a quantitative approach, the dose results provided for each of these configurations
(below) indicate that none of these deterministic configurations exceeded the performance
objectives; therefore these probability values are not risk-significant.
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Rationale for the Likelihood of Each Configuration (Ranking)
A small group of engineers and scientists from the PA development team (the PA preparer
bios are provided in Section 9.0 of the FTF PA) was assembled to first develop the appropriate
alternative waste tank configurations and associated pessimistic assumptions in support of the
FTF PA UA. This group of engineers and scientists met at SRS to consider the rationale for
the likelihood of each configuration (as discussed throughout this RAI response), given their
knowledge of the integrated conceptual model and potential internal and external events.
During this consideration, a systematic, step-by-step approach was then taken to develop the
probability values to assign to each modeling scenario according to waste tank type. The
waste tank configurations developed as part of initial conceptual modeling and the relative
probabilities assigned to the configurations as part of probalistic modeling were reviewed by
the Low-Level Waste Disposal Facility Federal Review Group (LFRG) review team that
reviewed the FTF PA. This review group included individuals with expertise in a wide range of
areas (i.e., Geology, Health Physics, Hydrology, Corrosion, Modeling, Radiochemistry,
Regulatory Compliance, Waste Characterization, Waste Management), and their backgrounds
are provided in Appendix A of this response matrix. The first step was to rank each of the
configurations based upon the perceived likelihood of occurrence for each waste tank type.
Following the probability rankings, each configuration was considered and probabilities were
designated.
The Base Case (Configuration A) was considered the most likely, or nominal, scenario. The
Base Case assumptions represent the best estimate for each assumption (with bias toward
conservatism) as informed by currently available information. Therefore, Configuration A
served as the starting point for the probability determination and ranked first for all three waste
tank types.
Configuration B was more conservative than Configuration A. Configuration B provided a
basis for comparison between the alternative configurations because Configuration B was very
similar to Configuration A, except (like the other alternative configurations) the cementitious
materials (i.e., grout and cement) were arbitrarily and conservatively assumed to undergo
instantaneous degradation after year 500; whereas Configuration A simulated cementitious
degradation as based on the physical properties of the grout. This instantaneous grout
degradation modeling assumption is a simplification that relieves the computational processing
load for PORFLOW and applies a reasonable degree of pessimism to each of the alternate
modeling configurations (i.e., modeling Configurations B through F). Due to the similarity to
the Base Case, Configuration B was ranked the second-most likely configuration for all waste
tank types.
Configuration E models the condition wherein the water table below FTF rises above the CZ in
each waste tank. Because the Type IV tanks are closest to the water table, there is a greater
likelihood that the Type IV tank CZ could be submerged. In addition, the carbon steel liners for
all three waste tank types are pessimistically assumed to fail significantly earlier in the
configuration than for Configuration A (FTF PA, Table 4.2-35, page 336). Configuration E was
ranked third for all waste tank types due to the relatively thin vadose zone between the waste
tank bottoms and the water table (FTF PA, Table 4.2-23).
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Configurations C and D were both fast flow path modeling configurations. Configuration C
simulated a fast flow path through the grout (i.e., a continuous, unobstructed pathway through
the grout from the waste tank top to the CZ), while Configuration D simulated a fast flow path
through both the grout (i.e., same as Configuration C) and the waste tank (i.e., waste tank top
and basemat). In addition, as with Configuration E, the carbon steel liners for all three waste
tank types are pessimistically assumed to fail significantly earlier in the configuration than for
Configuration A (FTF PA, Table 4.2-35, page 336) for both Configurations C and D. As
described in FTF PA Section 5.6.3.1, both configurations were considered unlikely: “cracks are
not anticipated to occur in the cementitious materials. Any degradation of the cementitious
materials that does occur is expected to result in small cracks … rather than void spaces. If
void spaces develop, it is probable they will get filled by material migrating downward from the
materials above the void space.” Generally, it is more likely that a fast flow path could develop
in a single location (the waste tank grout) than it could through two locations (both the grout
and the basemat), since the basemat and grout are independent and most of the postulated
initiators for a fast flow path (e.g., grout shrinkage) are also independent. For Type I and
III/IIIA tanks, Configuration C was ranked fourth and Configuration D was ranked fifth.
The Type IV tanks have thinner basemats, relative to the Type I and Type III/IIIA tanks.
Therefore, there is a greater chance that the fast flow path would channel through both the
waste tank grout and the basemat. However, it is noted that the lack of cooling coils in the
Type IV tanks reduces the chances of any fast flow paths forming, thus the Type IV tanks were
assigned slightly differing rankings than the other waste tank types. For the Type IV tanks,
Configuration D was ranked fourth and Configuration C was ranked fifth.
Configuration F, as described in FTF PA Section 5.6.3.1, was the least likely configuration (i.e.,
ranked sixth) for all waste tank types. The Configuration F waste tank configuration was
similar to Configuration B, except the configuration simulated conditions without a closure cap.
Current closure designs include the closure cap, so this configuration was developed to
provide insight on the effects of a malfunctioning closure cap, although significant failure of the
closure cap is considered highly unlikely.
Based upon the above discussion, the probability rankings for each configuration, by waste
tank type, are given in Table RAI-UA-1.1.
Table RAI-UA-1.1: FTF PA Alternate Configuration Probability Rankings
Configuration
A
B
C
D
E
F

Probability Ranking by Waste Tank Type
Type I

Type III/IIIA

Type IV

1
2
4
5
3
6

1
2
4
5
3
6

1
2
5
4
3
6
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Rationale for the Likelihood of Each Configuration (Probabilities)
A probability value of 1.25% was qualitatively selected as the minimum possible probability and
assigned to the sixth-ranked configuration (Configuration F) for all waste tank types. Note that
draft/preliminary assessments used a minimum value of 5%, which was reduced by half (to
2.5%), then reduced by half again (to 1.25%) during an incremental evaluation process.
The fifth-ranked configurations were considered next. As mentioned above, fast flow through
the waste tank grout (Configuration C) of Type IV tanks was considered low probability due to
the lack of cooling coils in the waste tanks. Therefore, the minimum probability of 1.25% was
applied to the Type IV tanks for Configuration C. Fast flow through the grout and basemat
(Configuration D) of Type III/IIIA tanks was considered lower probability than for the Type I
tanks because the Type III/IIIA tanks are younger. It was assumed that better construction
materials and improved engineering practices for the newer Type III/IIIA tanks provided greater
confidence in basemat construction because there was approximately a 20-year difference
between the construction times of the different waste tank types. To delineate between the
two varying probabilities, Configuration D was assigned a probability of 2.5% for Type I tanks
and 1.25% for the newer Type III/IIIA tanks.
All of the fourth-ranked configurations are considered relatively low probability configurations,
but more likely than the fifth-ranked configurations. The fifth-ranked probability values,
therefore, were doubled and imposed upon the fourth-ranked configurations as a simplified
estimate, ensuring a greater likelihood for the fourth-ranked configurations being selected
during probabilistic modeling. For example, for Type IV tanks Configuration C has a 1.25%
probability of occurring, so doubling this assigned a 2.5% probability to Configuration D.
Configuration E was the third-ranked configuration for all waste tank types. Type I and Type
III/IIIA tanks were assigned a probability of 5% each for Configuration E, while Type IV was
assigned a probability of 15% because the Type IV tanks are currently closer to the water table
than the other waste tank types, so it is assumed that these waste tanks have a greater
probability of becoming submerged in the future.
For the remaining probabilities, Configuration A was assumed to be approximately twice as
likely to occur as Configuration B because Configuration A provides a more realistic approach,
using analysis based on the physical properties of the grout to account for cementitious
degradation. Even with the greater weighting for Configuration A, this probability assignment is
conservative as the Configuration A modeling results and supporting models have indicated
that it is unlikely for grout to fail prior to liner failure. With some final adjustments of the values
to ensure that a full 100% of probabilities were assigned, the suite of probabilities was
designated as shown in Table RAI-UA-1.2.

(

Page 297 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site
Table RAI-UA-1.2: FTF PA Alternate Configuration Probabilitiesa
Configuration

a

A
B
C
D
E
F

Probability by Waste Tank Type
Type I
Type III/IIIA
Type IV
58.25%
28%
5%
2.5%
5%
1.25%

60%
30%
2.5%
1.25%
5%
1.25%

54%
26%
1.25%
2.5%
15%
1.25%

FTF PA Revision 1, Table 5.6-2

Summary of Expected Dose Results from the Alternative Dose Configurations
Figures RAI-UA-1.1 and RAI-UA-1.2 present the deterministic PORFLOW dose results from
each of the alternate configurations for the FTF PA from 0 to 10,000 years (linear and
logarithmic Y-Axis scales, respectively). Table RAI-UA-1.3 provides a summary of the
deterministic PORFLOW dose results from each configuration in the FTF PA.
Table RAI-UA-1.3: FTF PA Alternate Configuration Dose Results
Configuration

Peak 10,000 Year
Dose (mrem/yr)

Time of Peak 10,000
Year Dose (yr)

A
B
C
D
E
F

2
8
11
15
10
5

10,000
6,900
5,580
4,090
5,710
10,000

Based upon the 10,000 year peak dose results, the Base Case (Configuration A) configuration
yielded the lowest dose results; whereas the configuration with the fast flow path through the
waste tank grout and the basemat (Configuration D) yielded the highest dose results.
Configurations B and F were similar in magnitude to Configuration A, while Configurations C
and E were similar in magnitude to Configuration D.
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Figure RAI-UA-1.1: FTF PA Alternate Configurations, MOP at 100m Peak Groundwater
Pathway Dose Results within 10,000 Yearsa
16
14

Dose (mrem/yr)
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a

Case B
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Alternate configuration results using the FTF PA Revision 1 PORFLOW
model

Figure RAI-UA-1.2: FTF PA Alternate Configurations, MOP at 100m Peak Groundwater
Pathway Dose Results within 10,000 Years (Log Y-Axis Scale)a

a

Alternate configuration results using the FTF PA Revision 1 PORFLOW
model
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RAI-UA-2

DOE should use its probabilistic analysis results to perform a sensitivity analysis
with respect to the timing of peak dose.
Basis
Some barriers simply serve to delay the timing of the peak dose and most
notably delay the timing of the peak dose beyond the 10,000 year compliance
period rather than having a strong affect on the magnitude of the peak dose.
These barriers are nonetheless important to the compliance demonstration and
should receive equitable treatment in the probabilistic uncertainty and sensitivity
analyses.
The barrier analysis clearly shows that if the steel liner performs as well as
assumed in the base case analysis, the steel liner can have a significant impact
on the reducing the magnitude of the peak dose that occurs within the 10,000
year compliance period compared to a case where the steel liner is assumed to
fail early. In fact, because the base case steel liner failures times for Type I and
III/IIIA tank types all fall beyond the 10,000 year compliance period, it is
impossible for tanks of these types to contribute to an exceedance of the dose
criteria within the compliance period. In other words, steel liner failure times
serve to delay the timing of the peak dose beyond the assumed period of
compliance for most tank types and while the peak dose from these tanks may
well exceed the performance criteria, these results are not considered in the
compliance demonstration. While DOE attempts to justify the low likelihood of
relatively early steel liner failures within the compliance period, several NRC
comments in the near-field section question the support for the assumed steel
liner failure times in the deterministic analysis and while many comments on the
Revision 0 PA are not repeated, several comments in the Revision 0 PA
questioned the support for the steel liner failure time distributions assumed in the
probabilistic analysis that also served to skew the results (e.g., less than one
percent of assumed failure times were assumed to occur within 10,000 years for
Type I and III tanks).
Path Forward
Present results of a sensitivity analysis using endpoints related to the timing of
peak dose to evaluate those parameters that have the greatest impact on DOE’s
compliance demonstration.

RESPONSE RAI-UA-2:
In support of the response to RAI-UA-2, to evaluate the sensitivity of the timing of peak dose to
specific stochastic variables, a supplementary SA was performed and documented in this RAI
response. The SA was performed by taking the FTF Base Case Probabilistic Model SA file
(SRS FTF v2.4 20ky CaseA r5000 s1.gsm) and adding a multivariate properties result element
(GTG-2010c, Page 469) with the timing of the peak dose selected as the result to be
evaluated. All of the original stochastic parameters were then added as input variables. Note
that since a result element was used, this sensitivity study could be performed using the
previous GoldSim results and the transport function of the GoldSim model did not have to be
rerun.

(

Page 300 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site
In the FTF Base Case Probabilistic Model SA, a Latin Hypercube sampling was performed
using 5000 realizations. The 5000 realizations were performed using a random seed of one.
For this supplemental SA, Importance Measure (IM) results were generated using the GoldSim
Multivariate Properties element’s SA option (GTG-2010c, Page 474) and these results are
shown below in Table RAI-UA-2.1. The IM is a parameter that varies between zero and one,
and represents the fraction of the results variance that is explained by the variable. [GTG2010, Page 474] The IM found in GoldSim is a normalized version of a measure discussed in
Saltelli and Tarantola (JASA-2002). A more detailed discussion of the IM is presented in GTG2010, Appendix B.
As can be seen in Table RAI-UA-2.1, the three highest IM rankings for the timing of the
maximum dose to the MOP at any sector for the 10,000-year performance period are: 1) the
Type IV tank liner failure time; 2) the number of pore flushes needed to change from Reducing
Region II cements to Oxidizing Region II cements; and 3) the plutonium Kd in sandy soil. The
Type IV tank liner failure time has the highest IM, which is a reflection of the change in flow
rates through the waste tank system, and associated changes in the oxidizing/reducing regions
that are associated with it. The other waste tank type liner failure times are not important over
the first 10,000 years because the Type I and III/IIIA tank liner-failure time distributions dictate
that the liner-failure times will go below 10,000 years less than 0.5% of the time. [WRSC-STI2007-00061] The number of pore flushes needed to change from Reducing Region II cements
to Oxidizing Region II cements is an important parameter because the timing of changes in
grout Kd values and solubility limits in the CZ are controlled by the parameter. The plutonium
Kd in sandy soil, although less important, shows up because it controls how long it takes the
plutonium released from the waste tanks and ancillary equipment to migrate through the
vadose and SZs to the 100-meter boundary. The timing will be an inverse function of the Kd
where halving the Kd will double the travel time and doubling the Kd will halve the travel time.
For a 20,000 year time period, the three highest IM rankings for the timing of the maximum
dose to the MOP at any sector are: 1) the plutonium solubility in Oxidizing Region II cements,
2) the plutonium Kd in sandy soil, and 3) the technetium solubility in Oxidizing Region II
cements. The occurrence of plutonium solubility in Oxidizing Region II cements as an
important factor is reflective of the greater than eight orders of magnitude change in plutonium
solubility in Oxidizing Region II cement in the distribution (Table RAI-UA-2.2). The second and
third ranked variables have much lower IMs. The plutonium Kd in sandy soil, will control how
long it takes the plutonium released from the waste tanks and ancillary equipment to migrate
through the vadose and SZs to the 100-meter boundary. The occurrence of technetium
solubility in Oxidizing Region II cements on the list is reflective of the seven orders of
magnitude change in technetium solubility in Oxidizing Region II cement in the distribution
(Table RAI-UA-2.3). The lower value of technetium solubility in Oxidizing Region II cements is
reflective of the greater importance of plutonium radionuclides (especially Pu-239 and Pu-240)
as dose contributors at later times.
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Table RAI-UA-2.1: Identification of the Most Sensitive Parameters for the Endpoints of
Interest for Configuration A in the Supplemental Analysisa
Endpoint
Timing of the Max MOP
dose at any sector within
10,000 yr

Timing of the Max MOP
dose at any sector within
20,000 yr

a

IM
Rank

Input Parameter

IM

1

Tank Type IV Configurations A & B
degradation time

0.251

2

Number of pore flushes needed to change
from Reducing Region II cements to Oxidizing
Region II cements

0.113

3

Plutonium Kd in sandy soil

0.032

1

Plutonium solubility in Oxidizing Region II
cements

0.263

2

Plutonium Kd in sandy soil

0.056

3

Technetium solubility in Oxidizing Region II
cements

0.032

Sensitive parameters results generated utilizing the FTF Base Case Probabilistic Model SA file (SRS FTF
v2.4 20ky CaseA 55000 s1.gsm) as discussed in RAI-UA-2

Table RAI-UA-2.2: Discrete Distribution for Plutonium Solubility in Oxidizing Region II
Cements (FTF PA, Table 4.2-14)
Probability

Value (mol/l)

0.35

1.4E-07

0.1

1.2E-15

0.05

3.4E-11

0.5

4.0E-14

Table RAI-UA-2.3: Discrete Distribution for Technetium Solubility in Oxidizing Region II
Cements (FTF PA, Table 4.2-14)
Probability

Value (mol/l)

0.5

2.95E-06

0.5

3.0E-13
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RAI-UA-3

Speak to the results of the PA modeling that indicate that the dose limit in 10
CFR 61.41 can be significantly (one order of magnitude or more) exceeded in its
base case scenario at some point in the future.
Basis
While the results of the base case and probabilistic modeling indicate that the 10
CFR 61.41 performance objective will not likely be exceeded within the 10,000
year period of performance, the results do indicate that the dose limits will be
significantly exceeded (order of magnitude or more) considering longer periods
of performance. Furthermore, there appears to be significant uncertainty with
respect to the timing of the peak dose (see RAI-UA-2 for example), while there is
much less uncertainty associated with the results that indicate the dose limit will
exceeded at some time in the future.
Barrier analysis results presented in Section 5.6 of the revised PA also indicate a
relatively high probability of Np exceeding the dose criterion for the base case
scenario within 10,000 years with virtually all cases indicating a significantly
higher Np flux if barriers do not perform as well as expected. In light of these
results, DOE should speak to the apparently greater risk that Np alone could
cause an exceedance of the dose criterion within the 10,000 year compliance
period.
Path Forward
Clarify how DOE intends to consider the results of the PA modeling that indicate
the doses can greatly exceed the performance objectives in 10 CFR Part 61,
Subpart C over longer compliance periods and within the compliance period
considering uncertainty. DOE should specifically address these results in its
Criterion 2 and ALARA evaluations, as appropriate.
DOE should indicate in stronger terms its confidence that Np doses will not
exceed the 25 mrem/yr (0.25 mSv/yr) dose criterion within the compliance period
in light of the fact that almost all of the barrier analysis runs indicate that
underperformance of any barrier is likely to lead to a significant increase in the
Np dose. DOE should specifically evaluate statistics surrounding the Np dose in
the probabilistic modeling and identify parameters most important to Np dose.

RESPONSE RAI-UA-3:
FTF PA modeling indicates that the Base Case peak dose will be within the performance
objectives within the 10,000-year performance period. Additional PA modeling was performed
beyond the 10,000-year Base Case simulations to provide further understanding of dose.
These additional modeling efforts included examination of the Base Case peak dose beyond
the performance period, examination of alternate configuration peak doses, and probabilistic
analysis of peak doses. The fact that these investigations resulted in model runs with peak
doses exceeding the performance objectives is not indicative of issues related to the
assumptions within the Base Case; rather, this information further informs the overall analysis
and provides confidence in the future protection of human health and the environment related
to the closure of FTF. Several specific, alternate modeling efforts are described below, along
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with discussion as to why there is confidence that these analyses are not representative of the
Base Case. The role of the PA in identifying the risks associated with the performance period
is discussed further in the response to RAI-PA-1.
Deterministic Analysis of Base Case Dose Results Beyond 10,000 Years
The peak groundwater pathway doses associated with the sensitivity run radionuclides were
calculated for 100,000 years in order that the dose behavior well past the performance period
could be evaluated. The peak groundwater pathway doses are the total dose associated with
all the individual MOP 100-meter pathways identified in Section 5.4 of the FTF PA. Figure 5.59 of the FTF PA shows the peak 100-meter groundwater pathway doses over time for 100,000
years for the five 100-meter sectors. The peak dose is approximately 620 mrem/yr at year
26,940, and is associated with Tc-99 (99% of the dose). The magnitude of this peak is
artificially amplified by the deterministic modeling approach and the fact that Tc-99 was
conservatively modeled as being released instantaneously once the CZ reached Oxidized
Region III conditions. The deterministic model utilizes a single set of parameters for a given
waste tank type, resulting in all of the Type I tanks failing in a single year in the deterministic
model. For radionuclides with very fast transport times such as Tc-99 this approach results in
the entire Tc-99 inventory in the Type I tanks being release concurrently. Since the Kd values
associated with concrete and soil are very low for Tc-99, the released Tc-99 inventory from
each waste tank arrives at the 100-meter well simultaneously, magnifying the Tc-99 impact on
the peak dose. This dose is further inflated due to the assumption that all eight of the Type I
tanks in FTF contain 79 curies of Tc-99. Process sampling of Tanks 5 and 6, the first two FTF
Type I tanks that have undergone residual heel removal campaigns, indicate the actual
residual inventory of Tc-99 will be significantly less than 79 curies (i.e., as much as two orders
of magnitude lower) based on initial concentration data. [SRNL-STI-2009-00492, SRNL-STI2009-00493]
This approach has less impact on the peak doses associated with slow moving radionuclides
(i.e., Pu-239) because their dose contributions are more naturally distributed over time. The
next most significant peak dose within 100,000 years is associated with Pu-239 from the Type
IV waste tanks. This later peak is approximately 330 mrem/yr and occurs at approximately
year 40,000. There are multiple barriers to Pu-239 release and transport that prevent this peak
near year 40,000 (and other similar Pu-239 driven peaks) from occurring much earlier (i.e.,
within or close to the performance period). These barriers include the closure cap, the waste
tank top, the waste tank grout above the CZ, the CZ, the waste tank liner, the concrete
basemat, and the vadose zone beneath the waste tank (as discussed in FTF PA Section 7.1).
Given the above, it is reasonable to conclude that the uncertainty surrounding the factors
driving the Pu-239 peak dose past year 10,000 is not sufficient enough to impact the
performance objectives within the 10,000-year performance period.
The conservatism of the FTF inventory is discussed in the Response to RAI-PA-1. The
characterization reports for individual waste tanks (i.e., final residual characterization after
cleaning) will be used to confirm waste tank specific inventories. In addition, through the DOE
PA maintenance program, a decision will be made whether to remove the non-mechanistic,
conservative assumptions that were included in the Conceptual Model that resulted in
exaggerated peak doses beyond year 20,000. A conscious decision was made not to address
these assumptions in Revision 1 of the FTF PA since the UA/SA results inform the Base Case
that the performance objectives will not be challenged within the performance period.
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Deterministic Analysis of Alternate Configurations
Section 5.6.7.4 of the FTF PA describes the fast flow configuration (Configuration D) SA
results obtained using the PORFLOW model. Select parameters within the PORFLOW model
were changed to assess the impact on the groundwater pathways dose at 100 meters for this
Configuration. Configuration D was chosen as the configuration to be presented because it
reflects a fast flow configuration and was shown in scoping runs to result in higher peak doses.
The peak concentrations for Configuration D tend to be earlier in time and higher than other
configurations because Configuration D allows the barriers to degrade earlier than expected.
The UA/SA results in Section 5.6 of the FTF PA show that Configuration D assumptions of
earlier failures for multiple engineered barriers do impact the resultant peak doses. The
Configuration D peak dose occurs in Sector D at approximately 15 mrem/yr at year 4,100, and
is associated with Np-237 (greater than 90% of the dose). Many of the waste tank model
elements (e.g., grout, liner, basemat) degrade earlier and or faster in Configuration D (i.e., the
assumption is made that barrier life is significantly shorter than current engineering analyses
predict for multiple barriers), causing most radionuclides to reach the 100 meter well earlier.
Many dose peaks that were observed between years 10,000 and 20,000 for Configuration A
are moved in time to prior to year 10,000 for this SA. Even given these more pessimistic
assumptions, the peak dose for this SA is within the performance objectives within the 10,000
year performance period, providing greater confidence that the FTF system will meet
performance objectives.
Probabilistic Analysis
The FTF probabilistic model is used to provide insight into Base Case uncertainty as well as an
evaluation of alternate system performance. The probabilistic results of the GoldSim model
are used to characterize and further understand the uncertainty manifested in the model input
distributions. Those factors most affecting the magnitude and timing of the peak dose for
individual realizations vary depending on the scope of the UA run. Based on the UA
information presented in the FTF PA, the following general insights regarding the UA can be
drawn:





The mean of the peaks for the 100-meter MOP dose within 10,000 years, for the Base
Case well with the maximum dose (i.e., Well 5), is 12 mrem/yr. The peak of the mean
dose for the Base Case is 4.8 mrem/yr and is lower than the mean of the peaks.
The 75th percentile of the peaks for the 100-meter MOP dose within 10,000 years, for
the Base Case well with the maximum dose (i.e., Well 5), is less than 3 mrem/yr, which
is well below the mean of the peaks.
The 95th percentile of the peaks for the 100-meter MOP doses within 10,000 years, for
the Base Case well with the maximum dose (i.e., Well 5), is 45 mrem/yr. The peak of
the 95th percentile for the Base Case is lower at 29 mrem/yr.
Releases from the Type IV tanks drive the Base Case UA dose results within 10,000
years, as expected due to the relatively early liner failure time for Type IV tanks.

It should be noted that mean of the peaks is significantly greater than the median of the peaks.
This indicates that the model has stochastic parameter distributions with long tails (e.g.,
lognormal distributions) or extreme values inherent in the distributions. These dominant
distributions included pessimistic assumptions, resulting in the distributions being skewed to
the high-end.
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Note that this approach is acceptable given the intended purpose of the UA model runs.
Section 5.6.4 of the FTF PA explicitly states that the UA models are “not intended to predict
future potential doses, rather the goal is to characterize the context of uncertainty and
sensitivity surrounding the PA calculations.” The inflated variance in this UA modeling
approach causes a few realizations to dominate the UA results, as indicated by the differences
between the 75th percentile and the 95th percentile. The outlying realizations (i.e., realizations
with relatively high peak doses during the performance period) do not represent the expected
behavior of the post-closure FTF, rather these realizations deliberately provide risk-significant
insights related to uncertainty in the system, as presented in Section 5.6.4.2.
Evaluation of Statistics Surrounding the Np Dose in the Probabilistic Modeling
In the basis for RAI-UA-3, the NRC expressed concern that Np-237 doses may exceed the 25
mrem dose limit during the performance period, citing results from the barrier analysis (FTF PA
Section 5.6.7.3) that showed neptunium flux increased significantly when barriers did not
perform as intended. Relying solely on the peak flux tables in the FTF PA barrier analysis
(Tables 5.6-30, 5.6-31, and 5.6-32) may lead to erroneous conclusions with respect to the
behavior of Np-237 for Type I and Type III/IIIA tanks. These tables provide the peak flux data
for the various barrier cases within the performance period (10,000 years after FTF closure).
Because these tables limit the period of analysis to the performance period, the relative effects
of degradation are exaggerated for the waste tanks which do not fail in the Base Case until
after the performance period.
To better evaluate the behavior of Np-237, it is recommended that the figures in FTF PA
Appendix K be reviewed. These figures show that the magnitudes of the peak fluxes are much
less variable than indicated by the tables in the barrier analysis. For example, Figure K.1-2
shows the Np-237 peak flux for the Tank 5 Base Case is around 2.0E-04 Ci/yr at close to year
15,500. This compares to Figure K.9-2 which shows the peak flux for Tank 5, with early liner
failure, is also around 2.0E-04 Ci/yr, but the peak occurs around 7,200 years.
Comparing the Base Case UA Np-237 doses to the Configuration D UA Np-237 doses from 0
to 20,000 years provides additional insight into the effects of early waste tank failure on the Np237 doses, as Configuration D applies early liner failures and fast flow paths through the waste
tank grout and basemat, effectively failing these barriers, whereas the Base Case modeled
later failure times.
For the purpose of this dose comparison, the FTF PA UA dose results for Well 6 were selected
as representative results. Well 6 results were selected because (1) this well is the second
highest peak dose-contributing well in the UA Base Case and (2) the dose results are readily
available from the UA model files. Note that Well 5 was the highest peak dose-contributing
well with a peak of the mean dose around 4.8 mrem/yr within the 10,000 year performance
period and 118 mrem/yr within the 20,000 year simulated duration; however radionuclidespecific time histories were not saved. The Well 6 results were generally similar to the Well 5
results: Well 6 exhibited a peak of the mean dose around 4.7 mrem/yr within the performance
period and 115 mrem/yr within the simulated duration. The locations of these hypothetical
wells were provided in FTF PA Figure 4.4-45.
In the Base Case, the Well 6 Np-237 dose contribution peaks around year 16,500 (Figure RAIUA-3.1); in Configuration D, the Well 6 Np-237 dose contribution peaks around year 4,500
(Figure RAI-UA-3.2). Table RAI-UA-3.1 provides a tabulated summary of the peak dose
statistics. The maximum peak Np-237 dose values in the table represent the highest result for
any realization (above the 95th percentile curves displayed on the figures).
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As discussed previously, the peak doses values are associated with outlying realizations (i.e.,
realizations with relatively high peak doses during the performance period) and do not
represent the expected behavior of the post-closure FTF, rather these realizations deliberately
provide risk-significant insights related to uncertainty in the system, as presented in Section
5.6.4.2.
Table RAI-UA-3.1: Np-237 MOP Dose Comparison at Well 6 for the UA Base Case and
Configuration D (0 to 20,000 yr)
Configuration A
Statistic
Peak of the Median Np237 Dose
Peak of the Mean Np-237
Dose
Maximum Peak Np-237
Dose

Configuration Case D

Dose
(mrem/yr)

Year of
Peak

Dose
(mrem/yr)

Year of
Peak

13.2

16,670

4.3

4,890

36.4

16,520

27.8

4,570

870.7

16,080

917.7

4,490

Figure RAI-UA-3.1: Statistical Summary of Time History of Np-237 MOP Dose, at Well 6
for the UA Base Case (0 to 20,000 yr)a

a

Time history results generated utilizing Well 6 modeling realizations from FTF PA
Revision 1
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Figure RAI-UA-3.2: Statistical Summary of Time History of Np-237 MOP Dose, at Well 6
for UA Configuration D (0 to 20,000 yr)a

a

Time history results generated utilizing Well 6 modeling realizations from FTF PA
Revision 1

This data shows that the magnitudes of peak Np-237 doses are much less susceptible to
barrier failures than represented in the barrier analysis. In fact, earlier releases generally lead
to lower peak dose results for Np-237. This is attributed to mass buildup from the decay of
parent radionuclides such as Cm-245, Am-241 and Pu-241. Delaying release allows more Np237 mass to accumulate so slightly higher peak doses occur when waste tank failures occur
later.
The Base Case Np-237 peak doses within the performance period correspond to the timing of
the liner failure of the Type IV tanks (around year 4,000). The peak doses beyond the
performance period correspond to the liner failures for the Type I and the Type III/IIIA tanks
(around year 13,000). Note that Well 6 is closer in proximity to the Type IV tanks than to the
other waste tank types so the peak doses for the Type IV tanks are seen immediately after
waste tank failure whereas doses from the other waste tank types are delayed, due to longer
transport times.
For Case D, all of the liners failed within the performance period, generally within the first 4,000
years, leading to a much earlier peak doses.
The analysis provided above, along with the following key points, demonstrate reasonable
assurance that dose results for Np-237 will comply with the performance objectives. Key
points to consider are:


The PA model conservatively fails the liners for all waste tanks of a specific waste tank
type at the same time (i.e., when one Type IV tank liner fails, all Type IV tank liners
fail). This causes the release plumes for a given radionuclide to reach the 100-meter
well at nearly the same time, resulting in artificially higher peak doses. In reality all of
the waste tanks will not fail simultaneously.
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The peak Np-237 dose times are strongly influenced by the timing of liner failures, and
the liner degradation analyses (WSRC-STI-2007-00061) predict that Type I and Type
III/IIIA tank liners will not fail within the performance period; therefore comparing the
relative magnitudes is not appropriate until both cases being compared exhibit liner
failure.
The UA models used stochastic parameter distributions with long tails or extreme
values, resulting in skewed distributions. Using peak dose results from the worst case
UA realizations does not provide an appropriate basis for evaluating absolute dose
compliance. The UA mean and median dose results provide a more effective tool for
characterizing the context of uncertainty and sensitivity in PA calculations.
Future work has been identified in Section 8.2 of the PA to refine current radionuclide
Kd values, which will likely result in lower transport rates for Np-237. Retarding the
transport of Np-237 will increase the probability that doses will peak after the
performance period.
The deterministic (PORFLOW) Base Case model provides the expected dose results
for evaluation. The Np-237 dose is expected to peak at about 0.53 mrem/yr within the
10,000-year performance period (FTF PA, Table 5.5-2), and around 10 mrem within the
20,000-year simulation period (FTF PA, Figure 5.5-4).
Differences between the 10,000 year peaks and 20,000 year peaks are overestimated
by the barrier analyses, when compared to the UA results.
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RAI-UA-4

DOE should present results for Configuration E and F analyzed in the Revision 1
PA.
Basis
The Revision 0 PA indicated that the selection of Configuration E (water table
rise) and F (soil cover) could represent relatively higher risk configurations for the
tank system (see for example page 611 of SRS-REG-2007-00002, Revision 0).
NRC comments on the Revision 0 PA requested presentation of results for these
alternative configurations. Configuration E and F represent configurations
aspects of which are not reflected in Configurations A-D. Yet, DOE neglected to
provide results for Configurations E and F in its updated PA.
Path Forward
DOE should present statistical results for Configurations E and F realizations
separate from other Configuration similar to what is done for Configuration A and
D in the probabilistic analysis. DOE should indicate how these configurations
impact the peak dose within and beyond the 10,000 year compliance period. If
the results of the Configurations indicate they are risk-significant, DOE should
speak to the likelihood of these scenarios and consider aspects of these
scenarios that may appropriately be incorporated in its base case evaluation
(e.g., impacts of water table rise for Type IV tanks which exist in the zone of
water table fluctuation at the FTF).
Reference
WSRC, 2008. “Performance Assessment for the F-Tank Farm at the Savannah
River Site,” SRS-REG-2007-00002, Revision 0, WSRC Site Regulatory
Integration & Planning, Aiken, SC. June 27, 2008.

RESPONSE RAI-UA-4:
DOE made a risk-informed decision not to probabilistically simulate Configurations E and F
during the development of the FTF PA. The following provides the basis from this decision:
1. Configurations E and F were expected to provide lower dose results than
those from Configuration D (based upon the deterministic dose results; see
Figures RAI-UA-1.1 and RAI-UA-1.2 contained within the response to RAIUA-1);
2. These configurations were considered to have a lower probability of
occurrence than Configuration A (FTF PA, Table 5.6-2); and
3. These configurations were included within the “All Cases” UA modeling run
(SRS FTF v2.4 100ky AllCases r1000 s1.gsm).
As such, analysis of the results from Configurations E and F were not expected to impact
compliance.
In response to RAI-UA-4, DOE has probabilistically simulated Configurations E and F and the
results were analyzed to determine: (1) the peak dose within the 10,000-year performance
period, (2) the peak dose beyond the 10,000-year performance period, and (3) if any of the
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results were risk-significant. For the purpose of this RAI response, 500 realizations were run
for each configuration (instead of the 5,000 realizations simulated for Configurations A and D
as presented in Revision 1 of the FTF PA). Due to the expectation that these dose results
would not impact compliance, (as described above), the smaller sampling size was considered
sufficient for this analysis.
Table RAI-UA-4.1 provides a summary of each of the UA model files discussed within this RAI
response.
Table RAI-UA-4.1: GoldSim Model Files Supporting the UA Discussion in RAI-UA-4
Configuration

Model Filename

A
D
E
F

SRS FTF v2.4 20ky CaseA r5000 s1.gsm
SRS FTF v2.4 20ky CaseD r5000 s1.gsm
SRS FTF v2.4 20ky CaseE r500 s1.gsm
SRS FTF v2.4 20ky CaseF r500 s1.gsm

Number of
Realizations
5,000
5,000
500
500

Configurations A and D are discussed in Section 5.6.4.1 of Revision 1 of the FTF PA. The
statistical summary results are presented in FTF PA Figures 5.6-39 through 5.6-40 and
reproduced below to support this RAI response.
Peak Dose Analysis within 10,000 Years
Table RAI-UA-4.2 provides a summary of the peak dose statistics within 10,000 years. Note:
the maximum peak dose values in the table represent the highest result for any realization. As
discussed in the Response to RAI-UA-3, the peak doses values are associated with outlying
realizations (i.e., realizations with relatively high peak doses during the performance period)
and do not represent the expected behavior of the post-closure FTF, rather these realizations
deliberately provide risk-significant insights related to uncertainty in the system, as presented
in Section 5.6.4.2.
Table RAI-UA-4.2: Summary Peak Dose Statistics from UA Models (0 to 10,000 Years)

Configuration
A
D
E
F

Peak of
the
Median
Dose
(mrem/yr)
0.3
11
8.8
1.4

Peak of
the
Median
Year

Peak of
the Mean
Dose
(mrem/yr)

Peak of
the
Mean
Year

Maximum
Peak
Dose
(mrem/yr)

Maximum
Peak Year

4,560
4,640
10,000
9,990

4.8
110
49
2.8

10,000
10,000
5,950
10,000

280
12,500
840
70

9,910
9,790
5,270
5,040

Table RAI-UA-4.2 shows that the UA peaks of the median doses are consistent with the
deterministic peak dose results (Table RAI-UA-1.3 within the response to RAI-UA-1). This
supports the expectation that Configurations E and F would result in lower dose results than
Configuration D. The peaks of the means and maximum dose results further support this
expectation, as the dose results for Configurations E and F fall well below the dose results for
Configuration D.
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Figures RAI-UA-4.1 through RAI-UA-4.4 show the UA MOP dose results within the first 10,000
years after closure from Configurations A, D, E, and F, respectively. These figures show that
the mean is generally significantly higher than the median doses. This indicates that outlying,
high-risk realizations may be inflating the mean values.
Figure RAI-UA-4.1: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration A (0 to 10,000 yr)

Figure RAI-UA-4.2: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration D (0 to 10,000 yr)
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Figure RAI-UA-4.3: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration E (0 to 10,000 yr)

Figure RAI-UA-4.4: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration F (0 to 10,000 yr)
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Peak Dose Analysis beyond 10,000 Years
Table RAI-UA-4.3 provides a summary of the peak dose statistics within 20,000 years. Note:
the maximum peak dose values in the table represent the highest result for any realization. As
discussed in the Response to RAI-UA-3, the peak doses values are associated with outlying
realizations (i.e., realizations with relatively high peak doses during the performance period)
and do not represent the expected behavior of the post-closure FTF, rather these realizations
deliberately provide risk-significant insights related to uncertainty in the system, as presented
in Section 5.6.4.2.
Table RAI-UA-4.3: Summary Peak Dose Statistics from UA Models (0 to 20,000 Years)

Configuration
A
D
E
F

Peak of
the
Median
Dose
(mrem/yr)
43
23
28
35

Peak of
the
Median
Year

Peak of
the Mean
Dose
(mrem/yr)

Peak of
the
Mean
Year

Maximum
Peak
Dose
(mrem/yr)

Maximum
Peak
Year

16,300
19,970
20,000
17,680

120
450
220
73

16,310
20,000
19,860
17,420

6,200
22,900
10,100
770

19,980
13,660
19,560
16,550

Configuration A becomes more risk-significant than the other configurations at later times with
respect to the peaks of the median dose results. Prior to liner failure, the more robust barrier
system in Configuration A prevents the release of more of the waste inventory than the other
configurations; therefore when liner failure does occur, more waste is released. Configuration
A bounds the median dose results over 20,000 years, whereas Configuration D bounds the
mean and maximum dose results.
Figures RAI-UA-4.5 through RAI-UA-4.8 show the UA MOP dose results for 20,000 years after
closure for Configurations A, D, E, and F, respectively.
Figure RAI-UA-4.5: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration A (0 to 20,000 yr)
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Figure RAI-UA-4.6: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration D (0 to 20,000 yr)

Figure RAI-UA-4.7: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration E (0 to 20,000 yr)
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Figure RAI-UA-4.8: Statistical Summary of Time History of Total MOP Dose, at the Well
of Maximum Concentration for Configuration F (0 to 20,000 yr)

Conclusions
The additional information provided in this response regarding Configurations E and F provides
insight into the sensitivity of the Base Case to alternate configurations, including examination
of the peak dose beyond the performance period. The fact that these investigations resulted in
a select few model runs with peak doses exceeding the performance objectives is not
indicative of issues related to the assumptions within the Base Case; rather, this information
further informs the overall analysis and provides confidence in the future protection of human
health and the environment related to the closure of FTF.
The results from this analysis continue to provide reasonable assurance that 10 CFR 61.41
and 10 CFR 61.42 performance objectives will be met.
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CC-UA-1

DOE should identify important parameters affecting dose from various pathways
in its Revision 1 PA. For example, NRC staff noted that the dominant pathways
in the deterministic versus probabilistic analysis differ by significant margins for
the same radionuclides and exposure scenarios but other than the clear
correlation between drinking water consumption and drinking water dose, other
parameters that affect the relative importance of various pathways of exposure
are not clear. Garden size was listed as an important parameter value in
probabilistic sensitivity analysis but it is not clear how garden size affects the
dose from the vegetable ingestion pathway based on the equations presented in
the PA. In general, a more comprehensive discussion on how biosphere
parameters affect peak dose and the appropriateness of parameter correlation
(or lack thereof) is needed.

RESPONSE CC-UA-1:
The UA/SA presented in the FTF PA was intended to identify the parameters most affecting
the peak dose. The results of the analysis are described in the FTF PA. DOE chose to
describe the parameters that had an appreciable impact on the dose versus investigating
parameters that were important to individual pathways. Describing the parameters by pathway
would lead DOE to investigate some parameters that have negligible impact to the dose. The
MOP SA is presented in Section 5.6 of the FTF PA. This analysis determined the importance
of parameters within the ranges of each stochastic. Since the biosphere parameters were
determined not to be significant to the results, a more comprehensive evaluation would not
have provided any additional risk-significant information.
As shown in Tables 6.4-2 and 6.4-3 of the FTF PA, the dominant exposure pathways for the
chronic intruder are vegetable ingestion and water ingestion. The vegetable ingestion pathway
dose is directly dependent on the drill cuttings in the garden for several hundred years,
corresponding to the peak dose at year 100 in Figure 6.4-3 of the FTF PA. The radionuclides
responsible for the dose from vegetable ingestion (FTF PA, Table 6.4-2) are short-lived (e.g.,
Sr-90/Y-90, Cs-137/Ba-137m) and as a result of radioactive decay do not contribute
significantly to the peak dose after the first few hundred years. The important parameter for
the drill cuttings in the garden pathway are discussed below. The longer-lived radionuclides
are transported to the well location, and after a couple of thousand years the longer-lived
radionuclides begin to simultaneously increase both the water ingestion dose and the
vegetable ingestion dose (through the irrigation of the garden with increasingly contaminated
well water). As described in Section 6.5 of the FTF PA, the parameters important to the
vegetable ingestion pathway and the water ingestion pathway are primarily associated with
release and transport, not with the biosphere parameters.
The important parameter for the vegetable ingestion pathway from drill cuttings is the garden
size. Section 6.2.1 of the FTF PA describes how the drill cuttings from the well installation are
distributed across the garden for the acute intruder scenario. The Chronic Intruder-Agricultural
(Post-Drilling) Scenario described in Section 6.3 of the FTF PA then assumes that the chronic
intruder uses the well that the acute intruder installs and then creates a garden in the area
where the entire volume of drill cuttings were distributed. This is a key facet of the chronic
intruder scenario since all of the drill cuttings are distributed within the garden area. Increasing
the size of the garden decreases the concentration of the radionuclides in the garden.
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Therefore, the smaller the garden size the greater the resultant dose received from vegetable
ingestion and from external exposure while tending the garden.
Several things should be noted concerning the garden size. The size of the garden does not
impact the concentration of the radionuclides in the garden resulting from irrigation with
contaminated water. The volume of water is proportional to the area of the garden, so
increasing the garden size only increases the amount of irrigation water. This means that the
garden size is only important for the intruder who inadvertently drills through a contaminated
transfer line, and not the MOP. It should be noted that the probability of inadvertently drilling
through a transfer line is low given the relative area of the FTF in comparison to the relative
area occupied by contaminated waste transfer lines. Secondly, it should be noted that the
garden size is set to the smallest assumed size (resulting in the maximum dose) for the
deterministic model. Thirdly, the amount of vegetables consumed that were produced locally is
not dependent on the garden size. It is assumed that all vegetables consumed come from the
garden, even if the size of the garden is not large enough to produce that quantity of
vegetables consumed.
The DOE concurs that the pathway of importance can differ in the deterministic analysis versus
the probabilistic analysis. However, the GoldSim Model (when simulated deterministically) and
the PORFLOW Model produce similar results. The differences in the results of the
deterministic and probabilistic analyses are a characteristic of the probabilistic analysis and the
unique nature of the insights they are intended to investigate.
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CC-UA-2

It is not clear how the relative concentrations between aquifers presented in
Appendix F.2 of the Revision 1 PA support the assumed aquifer ratios presented
in Table 5.6-6 of the PA. In some cases, Appendix F.2 tables indicate that the
UTR-LZ concentrations are much higher than they are in the UTR-UZ. Relative
concentrations between aquifers are demonstrated in Appendix F.2 to be
radionuclide and tank-specific. Likewise, the GA concentrations appear to be
much lower at the 100 m point than they are in the UTR (perhaps related to the
fact that at 100 m the plume is either no longer in the UTR-UZ or not yet in the
GA at this point; see comment RAI-FF-5 above). The basis for use of the 100 m
concentrations and for the relative concentrations between aquifers presented in
Table 5.6-6 based on nitrogen concentrations at this location is considered weak.
Furthermore, the approach used in the probabilistic analysis to determine
groundwater concentrations and dose confounds comparison of dose limits
against exposures expected to occur at the point of maximum exposure
wherever that point might exist vertically in the aquifer system below FTF. DOE
should provide a stronger basis for the assumed ratios of groundwater
concentrations.

RESPONSE CC-UA-2:
The DOE believes that sufficient justification is available to support the assumed ratios of
groundwater concentrations. There are two issues raised in CC-UA-2 relating to how the FTF
GoldSim model addresses the relationship between the various aquifer concentrations. The
first issue pertains to derivations of the ratios between the concentrations in the UTR-UZ and
UTR-LZ as presented in the FTF PA. The second issue pertains to the appropriateness of
using 100-meter data as a basis for approximating Gordon Aquifer data.
Derivation of the Ratios Between Aquifers
Table 5.6-6 is presented in the FTF PA to describe the concentration multipliers in the GoldSim
model used to define the influence of well depth and associated aquifer unit selection on the
concentrations used in the dose calculations. The concentration multipliers used are 1, 1, and
0.05 for the UTR-UZ, UTR-LZ, and Gordon Aquifer zones, respectively. In general the
multiplication factors represent a way of conservatively approximating the Gordon Aquifer
radionuclide concentrations, but some clarification of the importance of the UTR-UZ and UTRLZ ratios and the relationship between the PORFLOW and GoldSim models is warranted.
Section 5.6.3.10 of the FTF PA states that the GoldSim FTF model corresponds to a single
aquifer (the UTR-UZ). More accurately, the GoldSim transport model represents an
abstraction of the PORFLOW model that is simplified enough to be computationally efficient,
yet able to reflect the sensitivity of the system to changes in parameters controlling the
transport of radionuclides from the waste tanks and ancillary equipment to a 100-meter
boundary. Conceptually, the GoldSim model solves for advective-dispersive transport along a
streamline, which may reside in the UTR-UZ or follow a path that includes the UTR-UZ and
UTR-LZ. The distance from waste tank to the 100-meter boundary and average velocity along
the pathway are based on surface expressions of stream traces presented in Section 4.4.4.1.1
of the FTF PA. The vertical position (with respect to aquifer zone) of the stream trace at any
point along the trace is not considered. The initial benchmarking effort for the GoldSim model
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utilized PORFLOW results from the UTR-LZ Aquifer zone. This means that the results
produced by the GoldSim model tend to more closely reflect the nature of transport in the UTRLZ Aquifer zone than reflect transport in the UTR-UZ. The final benchmark results presented
in Section 5.6.2.2.2 are based on dose comparisons between the PORFLOW and GoldSim
models. The results are based on the doses from the aquifer with the highest value, therefore
an acceptable comparison with conservative values is obtained.
In general Table F.2-1 of the FTF PA indicates that a multiplier of 1 for the UTR-UZ Aquifer
zone tends to be conservative with most of the sector specific ratios between the UTR-LZ
Aquifer zone peaks and UTR-UZ Aquifer zone peaks being greater than 1. These
radionuclides include Tc-99, Np-237, and Ra-226. The important radionuclides that have
ratios less than one are the plutoniums (FTF PA, Table F-1 data for Pu-239 and Pu-240). Note
that the ratios in sectors having greater peak dose contributions from Pu-239 and Pu-240 have
ratios that are closer to 1 than the sectors with smaller contributions. The results therefore
reflect a conservative well value that may even combine results from waste tank releases in
more than one aquifer. Therefore, the multipliers of 1 and 1, for the UTR-UZ and UTR-LZ, are
not necessarily based on the ratio of concentrations between the two units, but reflect the
choice of conservative values. The GoldSim results represent an acceptable approximation for
either the UTR-LZ or UTR-UZ. The importance of the multipliers is reflected in their use in
approximating concentration values for the Gordon Aquifer. The concentration multiplier value
of 0.05 for the Gordon Aquifer represents a conservative upper bound of the ratios between
the UTR-UZ and the Gordon Aquifer at 100 meters. As can be discerned from Table F.2-1 of
the FTF PA this ratio would also be reflective of conservative ratios between UTR-LZ and the
Gordon Aquifer.
The values presented in Table 5.6-6 of the FTF PA, an approximate ratio estimate between the
PORFLOW UTR-LZ and UTR-UZ of 100% based on nitrogen concentrations, are consistent
with the 10,000 year analysis results for those species that travel through the SZ quickly, such
as I-129, Cl-36 and Tc-99, as presented in Tables 5.2-3 and 5.2-4 of the FTF PA. The
GoldSim probabilistic analysis utilized the flow field outputs from PORFLOW to perform
transport calculations in order to generate a range of possible dose outcomes for evaluation of
input parameter sensitivities and calculation uncertainties. The dose outcomes were not
intended to be tied to a specific aquifer, but instead relate to the six assessed waste tank
configurations.
Appropriateness of Using 100-meter Data in Approximating Gordon Aquifer Data
As inferred from CC-UA-2, trying to represent the Gordon Aquifer concentrations as a function
of 100-meter boundary UTR concentrations, is inconsistent with the consideration of higher
(and thus more conservative) Gordon Aquifer concentrations found downgradient from the
100-meter boundary. This is possible, based on the fact that a greater mass of radionuclides
may migrate into the Gordon Aquifer downgradient from the 100-meter boundary. However,
use of 100-meter based concentrations from one of the two zones of the UTR as a basis for
the Gordon Aquifer concentrations in the probabilistic model is still a conservative approach.
In the FTF PA GoldSim stochastic analyses, 5% of the UTR concentrations at the 100-meter
boundary are used as analogues for the Gordon Aquifer MOP exposure concentrations.
These values are used for 43% of the realizations since the probability of the well being
screened in the Gordon Aquifer is considered to be only 43%, as discussed in Section 5.6.3.10
(Well Depth) of the FTF PA. It should be noted that even if 100% of the UTR concentrations at
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the 100-meter boundary are used as analogues for the Gordon Aquifer values, the use of the
higher value in the analysis would only increase the mean results by a factor of approximately
1.75. This factor is an unrealistic upper bound that does not account for the attenuation of the
radionuclide plumes as they migrate beyond the 100-meter boundary. As the radionuclide
plumes migrate beyond the 100-meter boundary, the radionuclide concentrations will attenuate
due to several processes. As the plumes migrate, they will be subject to spreading and
associated dilution due to mechanical dispersion. This spreading of the mass will increase the
volume of water containing the mass and decrease the overall concentrations. The degree of
spreading is a direct function of the distance the mass would travel by pure advection, so the
farther the mass is advected, the greater the attenuation. In addition, when the radionuclides
migrate into the Gordon Aquifer, they are subject to an enhanced dilution (relative to in the
UTR zones) as they are dispersed since the Darcy velocities in the Gordon Aquifer are greater
than in the UTR zones. Another process that plays a role in the concentrations that are
reached downgradient from the 100-meter boundary in the Gordon Aquifer is the influence of
sorption. If the radionuclide release rate from a waste tank or ancillary equipment source
reaches a quasi-steady state for a specific radionuclide, the sorption will delay the
downgradient migration and the greater the distance traveled, the greater the delay. If the
release is more pulse-like, sorption will decrease the pulse magnitude as well as delay the
arrival of the pulse. The downgradient transport of the radionuclide will also increase the time
available for decay, especially for highly sorbing radionuclides.
The combined influence of the aforementioned processes is reflected in the results of a series
of simulations presented in the response to RAI-FF-5. These additional simulations show that
the maximum concentration values in the Gordon Aquifer are expected to be orders of
magnitude lower than the UTR concentrations at the 100-meter boundary. For example, in
Figure RAI-FF-5.3 the hypothetical tracer plume emanating from Tank 1 (denoted as Tank 01
in the figure) as presented in the XZ plane (the lower left-hand quadrant) shows that the
Gordon Aquifer concentrations are expected to be greater than two orders of magnitude
smaller than the near source values. A more refined simulation reflecting the results within the
100-meter boundary is presented in Figure RAI-FF-5.1. These simulations show that the
choice of 5% of the 100-meter boundary UTR concentrations as an analogue for the
downgradient Gordon Aquifer concentrations is conservative and an acceptable simplification
for a risk-based analysis.
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CC-UA-3

DOE presents results for several high consequence realizations in the
probabilistic uncertainty analysis that greatly exceed the compliance limit of 25
mrem/yr (0.25 mSv/yr) for Configurations A and D in the Revision 1 PA. The
results of the realizations seem to fall around 300 mrem/yr (3 mSv/yr) for
Configuration A and 10,000 mrem/yr (100 mSv/yr) for Configuration D within
10,000 years. It is not clear if additional realizations that differ markedly in the
characteristics from those presented in the revised PA exist and if the actual
peak dose limits from the realizations presented are capped based on the
maximum value that occurs within 10,000 years (i.e., could higher doses be
realized at longer time frames?).




Please present additional high-risk realizations if they differ significantly
from those presented in the PA.
Provide dose versus time plots for the maximum realizations over
timeframes that capture the peak dose.
Explain why the maximum Pu dose increases orders of magnitude
between Configuration A and D (from 300 mrem/yr [3 mSv/yr] to 12,000
mrem/yr [120 mSv/yr]). Is the increase in dose between Configurations
due to capping of values in Configuration A (peak doses are not fully
realized), due to basemat by-pass fraction, and/or attributable to some
other phenomena?

RESPONSE CC-UA-3:
The FTF probabilistic model is used to provide insight into Base Case uncertainty as well as an
evaluation of alternate system performance. The probabilistic results of the GoldSim model
are used to characterize and further understand the uncertainty manifested in the model input
distributions. Those factors most affecting the magnitude and timing of the peak dose for
individual realizations vary depending on the scope of the UA run. It should be noted that
mean of the peaks is significantly greater than the median of the peaks. This indicates that the
model has stochastic parameter distributions with long tails (e.g., lognormal distributions) or
extreme values inherent in the distributions. These dominant distributions included pessimistic
assumptions, resulting in the distributions being skewed to the high-end.
This approach is acceptable given the intended purpose of the UA model runs. Section 5.6.4
of the FTF PA explicitly states that the UA models are “not intended to predict future potential
doses, rather the goal is to characterize the context of uncertainty and sensitivity surrounding
the PA calculations.” The inflated variance in this UA modeling approach causes a few
realizations to dominate the UA results, as indicated by the differences between the 75th
percentile and the 95th percentile. The outlying realizations (i.e., realizations with relatively
high peak doses during the performance period) do not represent the expected behavior of the
post-closure FTF, rather these realizations deliberately provide risk-significant insights related
to uncertainty in the system, as presented in Section 5.6.4.2.
Additional High-Risk Realizations
Section 5.6.4.2 of the FTF PA presents the data for the ten highest consequence realizations
of the UA runs for Configuration A (model file: SRS FTF v2.4 20ky CaseA r5000 s1.gsm) and
for Configuration D (model file: SRS FTF v2.4 20ky CaseD r5000 s1.gsm), both from the
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selected point of assessment (designated as Well 6). The ten highest consequence
realizations evaluated were from the 5,000 realizations run for each of the two configurations.
In order to address the concern that there are additional high-risk realizations that differ
significantly from those presented in the FTF PA, the next 20 highest consequence realizations
(of the 5,000 originally run) from Configurations A and D were studied. The 30 highest
consequence realizations are expected to be sufficient to ensure that any significant
characteristics are identified, given that the dose differences between realizations are greatly
diminishing as 30 realizations is reached (Tables CC-UA-3.1 and CC-UA-3.2). As discussed
below, an inspection of the 30 highest consequence realizations from each configuration,
regardless of well of origin, reveals that the additional high-risk realizations do not differ
significantly from the top ten as presented in the FTF PA.
Configuration A
Table CC-UA-3.1 presents each of the 30 realizations examined for Configuration A and their
peak doses in 10,000 years. The values are ordered according to the peak dose. These peak
values reflect the maximum peak dose regardless of well, whereas the values in Table 5.6-12
of the FTF PA are the peak doses specific to Well 6; therefore, some values vary slightly.
Figure CC-UA-3.1 shows all of the realizations examined (i.e., the top 30 highest consequence
realizations from Configuration A). These thirty realizations represent the top 0.6% of the
5,000 UA realizations. The mean of these top thirty realizations is generally within an order of
magnitude of the 95th percentile dose, as presented in Figure CC-UA-3.2.
Figure CC-UA-3.3 shows realizations (from these top 30) which presented characteristics
(modeling inputs) most similar to the highest dose realization (Realization 3835), as identified
in red. Figure CC-UA-3.4 shows the realizations from these top 30 which presented
characteristics most similar to the second-highest dose realization (Realization 743), as
identified in red.
Based upon the shapes of these curves, none of the additional high-risk realizations from UA
Configuration A differ significantly from those presented in the FTF PA.
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Table CC-UA-3.1: Thirty Realizations with the Highest Peak MOP Doses for UA
Configuration A (0 to 10,000 Years)
Rank

Realization

Peak Dose
(mrem/yr)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Realization 3835
Realization 743
Realization 2748
Realization 1867
Realization 4764
Realization 3903
Realization 879
Realization 4250
Realization 638
Realization 2733
Realization 3688
Realization 4047
Realization 124
Realization 3196
Realization 744
Realization 37
Realization 3397
Realization 4571
Realization 4927
Realization 1071
Realization 4469
Realization 2453
Realization 1792
Realization 535
Realization 4412
Realization 1480
Realization 4871
Realization 115
Realization 3715
Realization 4757

277
269
253
251
220
203
192
161
156
150
148
147
147
141
133
128
127
113
110
108
108
107
106
105
100
100
98
97
93
93
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Figure CC-UA-3.1: Dose Results for the Thirty Realizations with the Highest Peak MOP
Doses for UA Configuration A (0 to 10,000 Years)

Figure CC-UA-3.2: Mean of the Thirty Highest-Dose Realizations Compared to the 95th
Percentile for All Realizations of UA Configuration A (0 to 10,000 Years)
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Figure CC-UA-3.3: Results from the Thirty Highest-Dose Realizations Most Similar to
the Highest Realization (3835) for UA Configuration A (0 to 10,000 Years)

Note: Legend indicates realization numbers.

Figure CC-UA-3.4: Results from the Thirty Highest-Dose Realizations Most Similar to
the Second Highest Realization (743) for UA Configuration A (0 to 10,000 Years)

Note: Legend indicates realization numbers.
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Configuration D
Table CC-UA-3.2 presents each of the 30 realizations examined for Configuration D and their
peak doses in 10,000 years. The values are ordered according to the peak dose. These peak
values reflect the maximum peak dose regardless of well location, whereas the values in Table
5.6-13 of the FTF PA are the peak doses specific to Well 6; therefore, some values vary
somewhat.
Figure CC-UA-3.5 shows all of the realizations examined (i.e., the top 30 highest consequence
realizations from Configuration D). These thirty realizations represent the top 0.6% of the
5,000 UA realizations. The mean of these top thirty realizations is generally within an order of
magnitude of the 95th percentile dose, as presented in Figure CC-UA-3.6.
Figure CC-UA-3.7 shows realizations (from these top 30) which presented characteristics
(modeling inputs) most similar to the highest dose realization (Realization 3954), as identified
in red. Figure CC-UA-3.8 shows the realizations from these top 30 which presented
characteristics most similar to the second-highest dose realization (Realization 487), as
identified in red.
Based upon the shapes of these curves, none of the additional high-risk realizations from UA
Configuration D differ significantly from those presented in the FTF PA.
Figure CC-UA-3.5: Dose Results for the Thirty Realizations with the Highest Peak MOP
Doses for UA Configuration D (0 to 10,000 Years)
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Table CC-UA-3.2: Thirty Realizations with the Highest Peak MOP Doses for UA
Configuration D (0 to 10,000 Years)
Rank

Realization

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Realization 3954
Realization 487
Realization 4154
Realization 2891
Realization 1468
Realization 4759
Realization 3213
Realization 1780
Realization 3090
Realization 3008
Realization 3907
Realization 136
Realization 3467
Realization 2149
Realization 2928
Realization 3892
Realization 2295
Realization 4446
Realization 3411
Realization 1010
Realization 3987
Realization 1077
Realization 3500
Realization 2918
Realization 774
Realization 293
Realization 2777
Realization 696
Realization 147
Realization 2220
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Peak Dose
(mrem/yr)
12,500
11,800
8,790
8,750
8,730
8,600
8,590
8,350
8,310
8,310
8,180
8,110
7,960
7,830
7,790
7,750
7,710
7,430
7,110
7,080
7,060
7,030
6,800
6,790
6,530
6,420
6,160
6,150
6,110
6,100
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Figure CC-UA-3.6: Mean of the Thirty Highest-Dose Realizations Compared to the 95th
Percentile for All Realizations of UA Configuration D (0 to 10,000 Years)

Figure CC-UA-3.7: Results from the Thirty Highest-Dose Realizations Most Similar to
the Highest Realization (3954) for UA Configuration D (0 to 10,000 Years)

Note: Legend indicates realization numbers.
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Figure CC-UA-3.8: Results from the Thirty Highest-Dose Realizations Most Similar to
the Second Highest Realization (487) for UA Configuration D (0 to 10,000 Years)

Note: Legend indicates realization numbers.

Timeframes Capturing Peak Dose
Section 5.6.4 of the FTF PA describes the UA. The description explicitly states that the models
used for the UA are “not intended to predict future potential doses, rather the goal is to
characterize the context of uncertainty and sensitivity surrounding the PA calculations.” The
UA runs for Configuration A (model file: SRS FTF v2.4 20ky CaseA r5000 s1.gsm) and for
Configuration D (model file: SRS FTF v2.4 20ky CaseD r5000 s1.gsm) simulated 20,000 years
of performance to appropriately capture uncertainty. These models were not designed to
capture the peak doses over time. Despite this, the UA run that utilized all six waste tank
configurations (“All Cases” model file: SRS FTF v2.4 100ky AllCases r1000 s1.gsm) simulates
100,000 years of performance, providing insights into the relative behavior of the closed FTF
system over a period that permits the vast majority of material to have migrated out of the
closed systems.
Figure CC-UA-3.9 presents the peak MOP doses over time for the 1,000 realizations from the
All Configurations UA model. These peak doses occur between 10,370 and 68,170 years after
closure. No peak doses occur during the last 30,000 years of the simulation, indicating that
this time scale adequately captures the timing of the peak doses.
Table CC-UA-3.3 identifies the peak MOP dose values from the All Configurations UA model,
listed by modeling configuration. The data points plotted in Figure CC-UA-3.9 are consistent
with the data used to generate Figure 5.6-38 of the FTF PA, which provides a statistical
summary of the total MOP dose, at the well of maximum concentration for the All
Configurations run. It should be noted that the configurations with earlier releases tend to have
lower peak doses.
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Figure CC-UA-3.9: Peak MOP Doses, at the Well of Maximum Concentration for All
Configurations (10,000 to 100,000 Years)

Table CC-UA-3.3: UA All Configurations MOP Peak Doses by Modeling Configuration
Configuration
A
B
C
D
E
F
Overall Peak

Peak Dose (mrem/yr)

Time of Peak (yr)

Realization

16,400
12,900
5,930
7,500
5,130
4,540
16,400

26,900
24,320
25,130
23,960
29,300
21,180
26,900

323
340
667
249
217
579
323

Plutonium Dose Differences between Configuration A and Configuration D
The plutonium doses differ between the UA for Configuration A and Configuration D primarily
because of 1) the differences in the waste tank configurations (as described in Section 4.4.2 of
the FTF PA) and the effects of these configurations on plutonium transport, and 2) model
sampling uncertainty.
Differences in Waste Tank Configuration
For Configuration A, no fast flow path through the waste tank exists prior to liner failure (see
the response to CC-NF-10) and the waste tank liners remain intact for several thousand years,
preventing the transport of plutonium and other radionuclides (see FTF PA Section 4.4.2.1).
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For Configuration D, a flow path channel exists through the entire engineered system (see FTF
PA Section 4.4.2.4). The cumulative effect of these configurations results in earlier, faster
transport in Configuration D, relative to Configuration A.
Additionally, the flow profiles between Configuration A and Configuration D are quite different
(FTF PA, Figures 5.6-31 and 5.6-34). The earlier, faster flow conditions for Configuration D
allows more time for plutonium transport after it is released from the contaminant zone. The
effect of the flow profile on plutonium transport is illustrated by Figure CC-UA-3.10, which
presents the plutonium flux from Tank 18 (similar to Figure 5.6-87 from the FTF PA barrier
analysis). The peak flux for Configuration D occurs nearly 6,000 years prior to the peak flux for
Configuration A. The area under the curve indicates that plutonium releases in Configuration
D should be significantly higher than in Configuration A, especially when considering the first
10,000 years of release.
The effects of the plutonium flux on dose is further illustrated by comparing Figure CC-UA-3.10
to Figure CC-UA-3.11, which shows the Pu-239 doses from Well 6 for the peak dose
realizations from UA Configurations A and D.
Model Sampling Uncertainty
Section 5.6.4.2.3 of the FTF PA provided the following insight into plutonium releases in the
UA configurations:
“when the sandy soil Kds for plutonium is the low end of its distribution (i.e., near 75
ml/g) rather than the median (270 ml/g) any plutonium that enters the soil below the
waste tanks early will be able to reach the 100m well within the 10,000 year evaluation
period. However, the plutonium will only enter the soil below the waste tanks early if
other conditions are off of their nominal values (e.g., low concrete Kd, early liner
failure).”
In the two UA realizations presented, the plutonium Kd values in sandy soil are both near the
low end of the distributions. However, the liner remains intact much longer for Configuration A
than it does for Configuration D.
Table CC-UA-3.4 presents the uncertainty values relevant to the plutonium releases from the
peak-dose realizations of the two UA configurations (i.e., Realization 3835 for Configuration A
and Realization 3954 for Configuration D) and from the deterministic Base Case (provided for
reference). If the full 20,000 years of the simulation is considered (rather than the 10,000 year
evaluation period), the difference between the peak Pu-239 doses for these two configurations
becomes less than an order of magnitude.
In summary, the coupled effects of the waste tank configurations and the model sampling
uncertainty provide for the variability in radionuclide releases between UA Configurations A
and D.
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Figure CC-UA-3.10: Pu-239 Flux from Tank 18 (Configurations A and D)

Figure CC-UA-3.11: Pu-239 Dose from Well 6 for the Peak Dose Realizations from UA
Configuration A (Realization 3835) and UA Configuration D (Realization 3954)
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Table CC-UA-3.4: Sensitive Parameters Relevant to Plutonium Releases for the Peak
Dose Realizations from UA Configuration A (Realization 3835) and UA Configuration D
(Realization 3954)

Realization
Sandy Soil Kd (mL/g)
Type I Liner Failure Time (yrs)
Type III Liner Failure Time (yrs)
Type IV Liner Failure Time (yrs)
10,000-Year Peak Pu-239 Dose
(mrem/yr)
10,000-Year Peak Total Dose
(mrem/yr)

UA
Configuration A
3835

UA
Configuration D
3954

Base
Case
N/A

78
12,717
12,646
815

76
395.3
860
55

270
12,747
12,751
3,638

228

10,813

8.87E-04

277

12,529

2.3
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CC-UA-4

Additional details regarding the impact of selection of solubility limiting phases,
chemical transitions and inventory could be provided to elucidate system
response as indicated in the results presented in Section 5.6 of the Revision 1
PA. Grout as reflected in contaminated zone chemical performance is arguably
one of the most important barriers to waste release impacting potential
compliance with performance objectives in 10 CFR Part 61, Subpart C. While
uncertainty and sensitivity results presented in the PA certainly reinforce this
conclusion, insufficient details are provided regarding second tier parameters or
processes that may impact solubility transitions and waste release in the
deterministic and probabilistic modeling. The following information would be
helpful to elucidate factors important to system performance:





Indicate if inventory plays a role in determining peak dose due to mass
depletion prior to the final chemical transition in the base case analysis.
Clarify if the selection of solubility limiting phase for Reducing or Oxidizing
Phase II plays a role in determining the peak dose due to mass depletion
prior to the final chemical transition.
Clarify if the timing of chemical transition plays a large role in determining
the peak dose due to mass depletion prior to the final chemical transition.
Clarify if the peak dose is determined by an intermediate chemical
transition (reduced or oxidized region II) for certain radionuclides under
certain conditions based on selection of higher solubility limiting phases
considered in the probabilistic analysis.

RESPONSE CC-UA-4:
Additional information was extracted from the FTF PA, Revision 1, UA to provide details
regarding the impact of selection of solubility limiting phases, chemical transitions and
inventory. A series of figures and tables have been developed to provide additional details
with respect to the UA results presented in Section 5.6 of the FTF PA. For the purpose of
illustrating specific processes or model behaviors, a sample set of results was selected. First,
the UA Configuration A realizations with the two highest peak doses (Realizations 3835 and
743) were selected as the sources of data because these realizations provide insight into
conditions that drive dose. To confine the volume of data to analyze, three representative
waste tanks were selected (Tank 1, Tank 18, and Tank 34) along with four representative
radionuclides (Np-237, Pu-239, Ra-226, and Tc-99). Further, only the dominant dose pathway,
the water ingestion pathway, is examined. The goal of limiting the result set for this analysis is
to provide more explicit detail, without the complication of coupled processes or multiple
contamination sources.
Table CC-UA-4.1 provides the initial inventory for the selected radionuclides and waste tanks.
Figures CC-UA-4.1, CC-UA-4.2, and CC-UA-4.3 show the water ingestion dose results of the
four selected radionuclides released from Tank 1, 18 and 34, respectively, from Realization
3835, and delineates the year of occurrence for basemat transition, CZ transition, and liner
failure. Table CC-UA-4.2 provides the relevant sorption, solubility and transition time data from
Realization 3835. Figures CC-UA-4.4, CC-UA-4.5, and CC-UA-4.6 show the water ingestion
dose results of the four selected radionuclides from Tank 1, 18 and 34, respectively, from
Realization 743, and delineates the year of occurrence for basemat transition, CZ transition,
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and liner failure. Table CC-UA-4.3 provides the relevant solubility and transition time data from
Realization 743.
The discussion following the figures and tables provides additional details regarding the impact
of the selection of solubility limiting phases, chemical transitions and inventory on dose.
Table CC-UA-4.1: Initial Inventory for Selected Radionuclides from UA Configuration A,
Realizations 3835 and 743
Initial Inventory (g)
Tank

Np-237

Pu-239

Ra-226

Tc-99

Deterministic (PORFLOW) Configuration A
1

3.28E+02

5.16E+02

1.01E-03

4.62E+03

18

3.42E+02

2.58E+03

1.92E-03

5.85E+01

34

9.69E+01

2.26E+02

1.01E-03

1.29E+03

UA Configuration A, Realization 3835
1

2.40E+03

1.68E+03

2.56E-04

1.49E+02

18

3.29E+02

3.14E+02

2.66E-04

2.49E+03

34

4.02E+02

4.98E+03

5.33E-04

2.91E+01

UA Configuration A, Realization 743
1

1.50E+03

6.79E+02

3.94E-04

2.76E+04

18

5.42E+02

4.25E+03

6.14E-04

1.65E+01

34

4.96E+02

1.52E+03

4.73E-04

1.20E+04

Figure CC-UA-4.1: Tank 1 Water Ingestion Dose Results for Selected Radionuclides
from UA Configuration A, Realization 3835
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Figure CC-UA-4.2: Tank 18 Water Ingestion Dose Results for Selected Radionuclides
from UA Configuration A, Realization 3835

Figure CC-UA-4.3: Tank 34 Water Ingestion Dose Results for Selected Radionuclides
from UA Configuration A, Realization 3835
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Table CC-UA-4.2: Transition Data for Selected Radionuclides from UA Configuration A,
Realization 3835
Concrete Kd (mL/g)
Event

Time

Np-237

Pu-239

Waste Solubility (mol/L)

Ra-226

Tc-99

Np-237

Pu-239

Ra-226

Tc-99

Tank 1
Initial Values

0

2.01E+03

1.44E+04

8.80E+01

8.00E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

Liner Failure

12,720

2.01E+03

1.44E+04

8.80E+01

8.00E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

13,590

1.23E+02

7.58E+02

2.33E+01

4.99E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

15,370

1.23E+02

7.58E+02

2.33E+01

4.99E-01

7.10E-05

4.00E-14

1.10E-05

2.95E-06

Initial Values

0

2.01E+03

1.44E+04

8.80E+01

8.00E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

Liner Failure

820

2.01E+03

1.44E+04

8.80E+01

8.00E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

3,860

1.23E+02

7.58E+02

2.33E+01

4.99E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

9,590

1.23E+02

7.58E+02

2.33E+01

4.99E-01

7.10E-05

4.00E-14

1.10E-05

2.95E-06

Initial Values

0

2.01E+03

1.44E+04

8.80E+01

8.00E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

Liner Failure

12,650

2.01E+03

1.44E+04

8.80E+01

8.00E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

14,030

1.23E+02

7.58E+02

2.33E+01

4.99E-01

1.60E-09

1.70E-09

1.30E-05

3.10E-11

16,330

1.23E+02

7.58E+02

2.33E+01

4.99E-01

7.10E-05

4.00E-14

1.10E-05

2.95E-06

Basemat
Transition
(Ox2 to Ox3)
CZ Transition
(Re2 to Ox2)

Tank 18

Basemat
Transition
(Ox2 to Ox3)
CZ Transition
(Re2 to Ox2)

Tank 34

Basemat
Transition
(Ox2 to Ox3)
CZ Transition
(Re2 to Ox2)

Figure CC-UA-4.4: Tank 1 Water Ingestion Dose Results for Selected Radionuclides
from UA Configuration A, Realization 743
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Figure CC-UA-4.5: Tank 18 Water Ingestion Dose Results for Selected Radionuclides
from UA Configuration A, Realization 743

Figure CC-UA-4.6: Tank 34 Water Ingestion Dose Results for Selected Radionuclides
from UA Configuration A, Realization 743

(

Page 339 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

Table CC-UA-4.3: Transition Data for Selected Radionuclides from UA Configuration A,
Realization 743
Concrete Kd (mL/g)
Event

Time

Np-237

Pu-239

Waste Solubility (mol/L)

Ra-226

Tc-99

Np-237

Pu-239

Ra-226

Tc-99

Tank 1
Initial Values

0

2.26E+03

1.70E+04

1.28E+02

8.02E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

Liner Failure

12,950

2.26E+03

1.70E+04

1.28E+02

8.02E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

14,380

6.95E+01

8.05E+02

1.03E+02

5.00E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

15,980

6.95E+01

8.05E+02

1.03E+02

5.00E-01

7.10E-05

1.20E-15

1.10E-05

3.00E-13

Initial Values

0

2.26E+03

1.70E+04

1.28E+02

8.02E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

Liner Failure

4,190

2.26E+03

1.70E+04

1.28E+02

8.02E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

4,480

6.95E+01

8.05E+02

1.03E+02

5.00E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

9,550

6.95E+01

8.05E+02

1.03E+02

5.00E-01

7.10E-05

1.20E-15

1.10E-05

3.00E-13

Initial Values

0

2.26E+03

1.70E+04

1.28E+02

8.02E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

Liner Failure

12,690

2.26E+03

1.70E+04

1.28E+02

8.02E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

14,470

6.95E+01

8.05E+02

1.03E+02

5.00E-01

4.00E-18

4.10E-12

1.30E-05

9.98E-38

15,980

6.95E+01

8.05E+02

1.03E+02

5.00E-01

7.10E-05

1.20E-15

1.10E-05

3.00E-13

Basemat
Transition
(Ox2 to Ox3)
CZ Transition
(Re2 to Ox2)

Tank 18

Basemat
Transition
(Ox2 to Ox3)
CZ Transition
(Re2 to Ox2)

Tank 34

Basemat
Transition
(Ox2 to Ox3)
CZ Transition
(Re2 to Ox2)

Np-237 Insights
In all instances, the initial Np-237 dose peak corresponds to the time the flow through the
waste tank dramatically increases. In nearly all instances (except Realization 3835, Tank 18)
the flow increase is tied directly to the time of the liner failure. In both realizations examined, a
significant increase in the Np-237 dose occurs corresponding to the timing of the basemat
concrete transition from Oxidized Region II to Oxidized Region III. In Realization 3835 this
increase is approximately three orders of magnitude, regardless of the waste tank; whereas in
Realization 743 the increase is approximately two orders of magnitude.
A final dose increase occurs corresponding to the timing of the first CZ transition (from
Reduced Region II to Oxidized Region II). This release varies in magnitude. It is likely that
this magnitude is limited due to the amount of remaining Np-237 inventory available for
release. The earlier this CZ transition occurs, the more rapidly the dose decreases after
peaking.
The dose appears to “level off” after sharply decreasing.
Pu-239 Insights
For all waste tanks and realizations analyzed, the Pu-239 dose curve has the shape of a single
parabola, each with different starting times and magnitudes. (Note: The Pu-239 doses do not
appear in Figures CC-UA-4.4 and CC-UA-4.6 because the magnitude of the Pu-239 dose
contribution for the realization being examined is below the minimum value plotted on the YAxis.) Realization 3835, Tank 18 is the only occurrence that shows the maximum Pu-239 dose
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within the 20,000 year simulation. All of the other selections show that the Pu-239 dose
contributions continue to increase at 20,000 years. The earliest dose always occurs after the
time of liner failure.
Ra-226 Insights
As with Np-237, the initial Ra-226 dose peak corresponds to dramatic flow increases in all
instances. As with Np-237, in nearly all instances (except Realization 3835, Tank 18) this
dramatic flow increase is tied directly to the time of the liner failure.
Tc-99 Insights
The most notable difference in the dose profiles between Realization 3835 and Realization 743
may be observed in the shape of the Tc-99 dose curves. In Realization 3835, the initial dose
of Tc-99 for Tanks 1 and 34 corresponds to the time of the liner failure. This dose curve is
steady until the CZ transitions from Reduced Region II to Oxidized Region II. At this time, the
Tc-99 dose “spikes” approximately four to five orders of magnitude before sharply dropping off.
In Realization 743, for all waste tank types, the earliest noted Tc-99 releases occur at the time
of the CZ transitions, but at a much lower order of magnitude than seen in Realization 3835
allowing the concentrations in the CZ to remain at the solubility limit. This significant difference
between these two realizations is driven by the solubility limit for Tc-99 (Tables CC-UA-4.2 and
CC-UA-4.3). In Realization 3835, the much higher solubility limit leads to a nearly complete
depletion of the Tc-99 mass when the CZ transitions, whereas the lower solubility limit in
Realization 743 maintains a near-constant dose result. As with Np-237, the earliest Tc-99
dose in Tank 18 corresponds to the step-function increase in flow rate in the Base Case flow
profile provided by PORFLOW.
Application of Insights for Responding to Comment CC-UA-4
The following section directly responds to each of the four bulleted NRC requests from CC-UA4. To simplify these responses, each of the bullets in the NRC comment are addressed
independently.
Response to First Bullet:
Inventory plays a role in determining the peak dose due to mass depletion prior to the final
chemical transition in the Base Case. However, analysis of the figures and tables provided in
this response reveals that solubility controls (as discussed below) can also have a more
significant influence on the magnitudes of the peak doses when compared to the initial
inventories. Inventory only controls the magnitude of the dose peaks when solubility limits are
sufficiently high or when the inventory is sufficiently low to prevent the effects of the solubility
controls. The influence of mass depletion on the magnitudes of the peak doses varies by
radionuclide.
Response to Second Bullet:
The selection of solubility limiting phases for Reducing Phase II and Oxidizing Phase II can
play a role in the determination of the peak doses due to mass depletion prior to the final
chemical transition. The timing of the solubility-limiting phase change is shown in Figures CCUA-4.1 through CC-UA-4.6 (green line). For solubility-limited species, it is a combination of the
initial inventory and the solubility limits that control the dose. This is especially apparent when
looking at the dose results associated with Tc-99.
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Response to Third Bullet:
The timing of the chemical transitions can play a large role in determining the peak doses due
to mass depletion prior to the final chemical transition. The timing of the chemical transitions
has a direct impact on the Kd values in concrete and on the chemical solubilities in the CZ
(Tables CC-UA-4.2 and CC-UA-4.3). The effects of the chemical transition timings on dose
are discussed above. The importance of timing can vary dependent on the radionuclide
involved.
Response to Fourth Bullet:
The peak dose can be affected by an intermediate chemical transition (reduced or Oxidized
Region II) for certain radionuclides under certain conditions based on selection of higher
solubility limiting phases considered in the probabilistic analysis. Of the four radionuclides
analyzed for this response, the peak doses from Np-237 and Tc-99 are strongly controlled by
these transitions in realizations 3835 and 743; Pu-239 and Ra-226 are not affected.
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CC-UA-5

Clarify why the basemat fast flow case leads to earlier chemical transitions. See
Figure 5.6-70 (Case 2 versus Case 6) in the Revision 1 PA.

RESPONSE CC-UA-5:
The FTF PA Barrier Analysis Case 6 was modeled with a waste tank configuration very similar
to the Degraded Case (Case 2). Both cases simulated waste tanks with no steel liner, a
closure cap flow rate of 16.45 inches per year, and degraded (or failed) conditions in the waste
tank grout. The degraded grout imparted reducing capacity onto the CZ in both modeling
cases. Tables 5.6-22 and 5.6-23 of the FTF PA provide details regarding variability between
the barrier analysis cases and the modeling approaches utilized. Barrier Analysis Case 6
reflects an even more pessimistic configuration than Case 2, with the waste tank concrete fast
flow assumption resulting in increased flow passing through the waste tank.
The only material property that was configured differently between these two modeling cases
was the waste tank concrete (i.e., roof, wall, and basemat). In Case 2, the hydraulic properties
of the waste tank concrete were modeled under failed conditions (an initial flow rate higher
than that used in the Base Case, Case 1, was imposed uniformly throughout the waste tank
footprint). In Case 6, the hydraulic properties were modeled the same as in the Base Case,
except that a channel of fast flow (faster than the rate used in Case 2) was imposed through a
limited area of the waste tank roof and basemat (modeled as an area of increased flow and Kd
values equal to zero).
The presence of the fast flow path through the roof and basemat in Case 6 results in additional
flow through the grout (compared to Case 2). The transition from Oxidized Region II to
Oxidized Region III occurs in the CZ grout after 2,063 pore-volume flushes. [ISSN 1019-0643,
WSRC-STI-2007-00544] This aging process is directly related to flow through the grout, and is
therefore accelerated when more liquid is available to come in contact with the grout. Because
the fast flow path case has a higher flow rate in the grout than Case 2, the fast flow path case
(Case 6) has the CZ grout transitioning from Oxidized Region II to Oxidized Region III at year
9299, while in Case 2, the CZ grout transitions at year 9902 (FTF PA, Figure 5.6-70).
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RAI-IT-1

The basis for excluding environmental transfer factors from the uncertainty
analysis is unclear.
Basis
The DOE response indicated that uncertainty in transfer factors did not result in
large changes to the total dose, therefore uncertainty in the transfer factors were
not included in the probabilistic analysis.
The absolute changes to dose as a result of transfer factor uncertainty was
small, however the relative changes were moderate to significant. The impact of
transfer factor uncertainty should be part of the base case assessment.
Part of the reason for the distributions appears to be the derivation process
documented in Lee and Coffield 2008 (WSRC-STI-2007-00004, Rev. 4). The
process is not supported. DOE had derived transfer factors then updated them
with a variety of sources, but primarily from PNNL-13421 (Staven et al. 2003).
For many transfer factors, the updating was performed by calculating a
geometric mean of the old and PNNL-13421 values. It is not apparent that there
is a technical basis for this approach, and the approach can result in a significant
underestimation of environmental pathway doses. For example, the soil to plant
transfer factor for Ra (a key radionuclide) was reduced by a factor of 100 from
the previous value using this approach. A footnote infers that the PNNL-13421
values are site-specific, but review of the reference indicates that the values are
not site-specific but simply represent a different compilation of values.
Transfer factors operate on the concentrations derived at the end of the
calculation, and can have very broad ranges. Many have very few observations.
For the most part, the variance in observed values represents real world
variability. Use of a geometric mean can result in a high likelihood of the actual
value significantly exceeding the assumed value. Without actual site-specific
measurements, transfer factors have to be selected conservatively.
Path Forward
Provide technical basis for the expected value and distributions of transfer
factors used in the analysis. If site-specific values are not available, it is
recommended that the results are calculated with each set of transfer factors and
presented individually, including results with the maximum and minimum
observed values. The results should not be aggregated with a geometric mean
transfer factor.
References
Staven, L. H., Rhoads, K., Napier, B. A., and D. L. Strenge, 2003. “A
Compendium of Transfer Factors for Agricultural and Animal Products.” PNNL13421, PNNL, Richland, WA. June 2003.
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Lee, P. L. and T.W. Coffield, 2008. “Baseline Parameter Update for Human
Health Input and Transfer Factors for Radiological Performance Assessments at
the Savannah River Site.” WSRC-STI-2007-00004, Rev. 4. Savannah River
National Laboratory, WSRC, Aiken, SC. June 13, 2008.
RESPONSE RAI-IT-1:
The distributions derived in WSRC-STI-2007-00004 were intended to represent the range of
values observed in the various literature sources, and were not developed to be used as the
uncertainty range for the selected transfer factor. Although these distributions would be a good
starting point to develop the uncertainty range since they are based on documented values,
some of the data represented in the distributions have been updated with newer sources of
data, and others are not appropriate to represent site-specific conditions. In addition, a
distribution type for the transfer factor data range was not determined in WSRC-STI-200700004. Should DOE decide to include the transfer factors in the UA, more careful
consideration of the transfer factor data would need to be taken to determine the uncertainty
range and distribution type to be applied to the transfer factor data. [ WSRC-STI-2007-00004]
DOE did not develop uncertainty ranges for the transfer factors during initial FTF PA
development for several reasons. First, it was not expected that developing uncertainty ranges
utilizing the maximum transfer factor values represented in the data range would result in large
changes to the total dose. This expectation has been supported by scoping runs performed by
DOE in Response B-1 to the NRC RAIs on the SDF PA. [SRR-CWDA-2010-00033] Second,
a previous independent assessment provided in Description of Methodology for Biosphere
Dose Model BDOSE, ADAMS Accession Number ML083190829, concluded that applying a
distribution to these transfer factors proved to be of no significant importance. Third, DOE was
concerned about risk dilution in the UA and desired to not introduce unnecessary and less
important stochastic ranges into the analysis. For all these reasons, DOE made a riskinformed decision not to develop and include uncertainty ranges for the transfer factors.
WSRC-STI-2007-00004 described the process for selecting transfer factor values
recommended to be used at the SRS. As indicated in the RAI, the process was to update the
values previously used at SRS based on more recent values developed by the Pacific
Northwest National Laboratory (PNNL) and documented in PNNL-13421. Typically, the
previously cited values were replaced with the updated values from PNNL-13421. In some
cases the geometric mean of the previous values and the updated values from PNNL-13421
were calculated and selected for SRS use. The decision process is described on pages 7 and
8 of WSRC-STI-2007-00004. As described, whenever the difference between the previous
value and the value from PNNL-13421 was more than two orders of magnitude, the geometric
mean of the values was calculated and used. [WSRC-STI-2007-00004]
The use of the geometric mean is not without precedence. The main references for the
transfer factor data include ORNL-5786, PNNL-13421, and IAEA-364. PNNL-13421 uses the
geometric mean to derive transfer factors for elements without transfer factors by calculating
the geometric mean of the transfer factors of all the elements in the same chemical group.
ORNL-5786 uses the geometric mean for the transfer factor when multiple data sets have
different values, especially when the values span across several orders of magnitude. IAEA364 uses the geometric mean in situations that require space or time averaging of
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observations. The use of the geometric mean in WSRC-STI-2007-00004 was similar to the
use of the geometric mean by ORNL-5786.
The concern over the application of the geometric mean described in the “Basis” section of this
RAI appears to be that this approach could “result in significant underestimation of
environmental pathway doses.” An example was provided where the transfer factor for radium
was reduced by a factor of 100 from the previous value using the geometric mean. Using
radium as an example, the previous SRS value was 4.0E-02 and the PNNL-13421 value that
was recommended was 3.9E-04. Using the approach described in WSRC-STI-2007-00004,
the difference between these two values rounded to two orders of magnitude, so the geometric
mean was used instead of simply replacing the previous value with the value from PNNL13421, which would have resulted in a decrease by a factor of greater than 100. The
geometric mean of the previous value (4.0E-02), the intruder analysis value (6.42E-03), and
the recommended replacement value from PNNL-13421 (3.9E-04), is 4.6E-03. Using this
method resulted in selection of a value more conservative than simply selecting the more
recently developed values from the PNNL study. Furthermore, for 18 of the 23 instances
where the geometric mean was used in WSRC-STI-2007-00004, the value from PNNL-13421
was at least 2 orders of magnitude less than the previous SRS value, and the geometric mean
approach resulted in a more conservative value (relative to the PNNL-13421). For the few
cases where the geometric mean approach was non-conservative, the elements involved were
not associated with radionuclides of concern (i.e., rhenium, titanium, hafnium, and tungsten).
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RAI-IT-2

The soil to plant transfer factors may be too low due to the elimination of the
leafy plant component.
Basis
Lee and Coffield 2008 (WSRC-STI-2007-00004, Rev. 4) uses soil to plant
transfer factors for non-vegetative portions of food crops because local
productivity of non-leafy vegetables is expected to be considerably greater than
that of leafy vegetables (based on Hamby 1991). However, the transfer factors
for leafy vegetables can be considerably larger than non-leafy vegetables for key
radionuclides. For example, the reference most used as a source of transfer
factors in the current analysis (Staven et al. 2003 – PNNL-13421) has a factor of
210 for leafy vegetables and a value of 0.24 for non-leafy vegetables for Tc. At a
13% leafy vegetable fraction, the vegetable pathway dose from Tc would be over
100 times larger with the leafy and non-leafy components calculated separately
and then combined compared to assigning all vegetables as non-leafy. In
addition, the Hamby 1991 reference may have underrepresented garden
production data due to limited survey response.
Path Forward
Include the leafy vegetable pathway explicitly in the plant pathway dose
calculation. Consider using EPA or NRC references for garden productivity data.
References
Staven, L. H., Rhoads, K., Napier, B. A., and D. L. Strenge, 2003. “A
Compendium of Transfer Factors for Agricultural and Animal Products.” PNNL13421, PNNL, Richland, WA. June 2003.
Lee, P. L. and T.W. Coffield, 2008. “Baseline Parameter Update for Human
Health Input and Transfer Factors for Radiological Performance Assessments at
the Savannah River Site.” WSRC-STI-2007-00004, Rev. 4. Savannah River
National Laboratory, WSRC, Aiken, SC. June 13, 2008.

RESPONSE RAI-IT-2:
DOE did not explicitly include the leafy plant transfer factor component in the FTF PA dose
calculation because leafy vegetables represented only 5% of the total vegetable production in
the area surrounding the SRS, and were considered negligible to the total vegetable
production. [WSRC-RP-91-17] However, DOE concurs that the transfer factors for leafy
vegetables can be considerably larger than transfer factors for non-leafy vegetables for some
radionuclides.
To support the response to this RAI, DOE performed a SA to ascertain the impact of excluding
the leafy plant component. Consistent with site-specific data found in WSRC-RP-91-17, the
leafy component was given a 5% weighting of the total soil-to-vegetable transfer factor. Table
4.6-1 of the FTF PA provides the soil-to-plant transfer factors for each element analyzed as
part of the FTF PA. The results of the SA showed that 23 elements would increase with the
inclusion of the leafy component, 44 would decrease, and 38 would remain unchanged. Note
that the elements without separate leafy components listed in the references or that only have
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one plant component listed are the elements that remain unchanged. Of the 55 radionuclides
assessed in the FTF PA, 14 radionuclides would increase, 32 would decrease, and 9 would
remain unchanged.
As part of this SA, the soil-to-vegetable transfer factors with the leafy components were
inserted in the FTF model and the dose values were recalculated for the MOP and chronic
intruder. The MOP dose within 20,000 years was negligibly impacted by the inclusion of leafy
vegetable component of the soil-to-vegetable transfer factor. The majority of the MOP dose is
from the water ingestion pathway, which is not affected by the change in transfer factors. The
vegetable ingestion dose was changed by less than 1%. The intruder dose, however, can be
impacted by the change in leafy vegetable component. The impact to the 20,000-year peak
dose was similar to the MOP impact since the dominating pathway was water ingestion. The
10,000-year peak dose was impacted since this peak dose is dependent on the drill cuttings in
the garden. The peak dose decreased to 61.5 mrem/yr (from 72.7 mrem/yr). This is attributed
to the decrease in Sr-90 vegetable ingestion dose from drill cuttings associated with the
decrease in the Sr-90 transfer factor with the leafy component included. The Tc-99 dose from
the vegetable ingestion pathway was very small and did not have an impact on the vegetable
ingestion pathway before or after the transfer factor was modified to include the leafy
component.
As noted above, to support the response to this RAI, the leafy vegetable pathway was explicitly
included in the plant pathway dose calculation to determine the impacts of its exclusion in the
FTF PA. It was determined that the impact to the MOP dose and the water dependent chronic
intruder dose was negligible since the dominant pathway was water ingestion. It was also
determined that inclusion of the leafy vegetable pathway for the chronic intruder for vegetable
ingestion associated with the drill cuttings in the garden would result in peak doses decreasing.
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RAI-IT-3

The drinking water ingestion rate of 337 L/yr is inconsistent with an average
member of the critical group definition.
Basis
The drinking water ingestion rate is calculated by taking the mean per capita total
water ingestion of 1233 mL/day and multiplying by the 75% value from
community water. However, this is weighting the critical group member’s
consumption rate by the type of group the critical group member is in. Given the
current site usage and definition of the receptor as a resident farmer, the drinking
water consumption rate should be a minimum of 87% of the total water ingestion
rate (subtract out the bottled water fraction). Consideration should also be given
to adjusting the values for a receptor engaging in a more labor intensive lifestyles
than average in a climate that is warmer than average.
Path Forward
Modify the drinking water consumption rates to be consistent with the defined
receptor and scenario.

RESPONSE RAI-IT-3:
As discussed in Section 5.6.3.11.1 of the FTF PA, a value of 337 L/yr is used as the nominal
water ingestion rate for the MOP and the inadvertent intruder pathway analyses. An EPA
drinking water survey (EPA-822-R-00-001) was used to develop the 337 L/yr value. The EPA
drinking water survey reports the mean per capita total water ingestion is 1,233 mL/person/d
(450 L/yr) when viewed across genders and all age categories with 75% from community
water, 13% from bottled water, 10% from other sources (well, spring and cistern, etc.), and 2%
from non-identified sources. This yields a mean of 924 mL/person/d (337 L/yr) from
community water. In calculating the water ingestion doses, only the individual’s primary water
source (community water - 75%) was assumed to be contaminated water. The receptor’s
other water sources such as bottled water (13%), other sources (well, spring and cistern, etc.
10%), and non-identified sources (2%) were assumed to be uncontaminated. The fact that the
receptor was assumed to drink from a contaminated well does not result in the water ingestion
rate being increased by 10% (the other sources - well, spring and cistern, etc.) because it is
expected that any increase would be offset by a decrease in the 75% value due to the receptor
drinking “community water” that was not tied to the contaminated well.
In response to this RAI, DOE investigated using an ingestion rate derived from obtaining 87%
of the water from a contaminated source (392 L/yr) versus the rate from obtaining only 75% of
the water from a contaminated source (337 L/yr). The difference between the two values
represents a 16% increase in contaminated water ingestion and, with a linear relationship
between the water ingestion rate and the water ingestion dose, the resulting water ingestion
dose component would also increase by the same 16%. The water ingestion dose for the
MOP and intruder ranges between 19% and 67% of the total peak dose for the MOP and
intruder. If the water ingestion rate were based on obtaining 87% of the water from the well,
the total peak dose would increase by approximately 8% for the intruder and would have an
increase ranging from approximately 3% to approximately 11% for the MOP. The resultant
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increase in dose would be approximately 6 mrem/yr for the intruder and up to 2 mrem/yr for the
MOP. The results are provided in Table RAI-IT-3.1.
The effect of variability in the receptors water ingestion rate was addressed in the FTF PA
through the probabilistic analyses. In the stochastic analyses of the water ingestion rate, the
water ingestion rate range was assumed to be as high as 730 L/yr (2 L/d).
Table RAI-IT-3.1: Highest Peak Dose Comparison Based on 75% and 87% of the Water
Ingested from the Well for the MOP and Chronic Intruder.

Time Range

Highest Peak Dose
with 75% water
ingestion from well
(presented in FTF
PA Tables 5.5-1 and
6.4-3) (mrem/yr)

Highest Peak Dose
with 87% water
ingestion from well
(mrem/yr)

0 - 10,000 years
0 - 20,000 years

0.06
2.1

0.06
2.3

Increase in Peak
Dose from
ingestion of 12%
more well water
(mrem/yr)

Percent Increase
in Peak Dose

MOP Sector A
0.0055
0.21

9.53%
9.86%

0.011
0.38

10.0%
10.4%

0.0059
1.3

3.06%
10.7%

0.15
1.8

10.0%
10.8%

MOP Sector B
0 - 10,000 years
0 - 20,000 years

0.10
3.6

0.12
4.0
MOP Sector C

0 - 10,000 years
0 - 20,000 years

0.19
12

0.20
13

0 - 10,000 years
0 - 20,000 years

1.5
17

1.7
19

0 - 10,000 years
0 - 20,000 years

2.3
18

0 - 10,000 years
0 - 20,000 years

72.7
75

MOP Sector D

MOP Sector E
2.5
0.24
20
1.9
Chronic Intruder
72.7
0
80.9
5.9

(

Page 350 of 388

10.4%
10.8%
0%
7.87%

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

CC-IT-1

Page 800 of the Revision 1 PA presents sensitivity analysis results for intrusion
into Tank 18. No basis is provided for why Tank 18 is a conservative tank or why
the dose might not increase over time due to in-growth. This scenario is run at
year 500. Sensitivity to (i) tank and (ii) timing of intrusion is needed.
Alternatively, a stronger basis is needed to support the assumption that Tank 18
is expected to be the most limiting tank when considering the risk from
inadvertent intrusion.
Additionally, only acute exposure to the inadvertent intruder is evaluated for the
tank intrusion scenario. DOE should evaluate chronic exposure to contaminated
drill cuttings brought to the surface in a tank intrusion event or provide a stronger
basis for why this scenario is not evaluated.
For example, text on page 6-5 of the waste determination indicates that if a tank
was encountered during drilling, the significant resistance afforded by the
concrete and steel would result in termination of drilling operations (see also
Section 4.2.4.2 of the PA). If this argument is used as a basis for lack of
consideration of intrusion into a FTF tank to support the compliance
demonstration or to justify lack of consideration of chronic exposures, then DOE
should provide additional information to support the assumption that the
cementitious materials and steel comprising the tank system, or other barriers to
intrusion, will retain their strength and durability over the long time periods relied
on for performance (e.g., 10,000 years) such that the tank system will continue to
provide resistance to drilling or a recognizable waste form.

RESPONSE CC-IT-1:
As described in Sections 4.2.4.2 and 4.2.4.2.9.1 of the FTF PA, drilling into a waste tank is not
considered a credible intruder scenario, and analysis of the intruder scenarios (acute and/or
chronic) is therefore not warranted or appropriate. The credible scenarios were initially
developed by the PA Development Team and were vetted through the FTF Scoping Meeting
process during 2007 and 2008. These scoping meetings included the DOE, NRC, EPA and
SCDHEC. This assumption was found to be reasonable during the previously described
scoping process, by the FTF PA Development Team (the PA preparer bios are provided in
Section 9.0 of the FTF PA), and the DOE LFRG review team (the LFRG review team bios are
provided in Appendix A of this response matrix). As discussed in Sections 4.2.4.2, a well driller
would not expend the effort and equipment damage required to drill through the
concrete/grout/steel covering the stabilized contaminant waste tank inventory. Even if the
driller did not realize that he had struck a waste tank, and simply thought he had merely hit a
layer of high-strength geologic materials, local experience would tell him that moving the drill
site a short distance would avoid the impediment. These regional drilling practices are
consistent with the geology of SRS where the vadose zone consists of sandy and clayey soils
and is essentially void of rock formations or significant indurated sediments. The SRS vadose
zone differs greatly from the Idaho vadose zone, for example, where regional drilling practices
routinely require drilling through thick rock formations.
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A SA (presented in FTF PA Section 6.5.2.2) assessing the acute intruder impacts of various
drill cutting inventories (e.g., waste tank inventory, four-inch line inventory) was performed
even though the waste tank intrusion scenario was not consider credible. DOE included the
waste tank inventory in the SA presented in FTF PA Section 6.5.2.2, and indicates along with
the analysis that this scenario is not credible. The SA was centered on the acute intruder
impacts Since a chronic scenario involving an intruder drilling through the waste tanks was
not postulated, a modeling configuration reflective of the conditions associated with this
potential scenario (well hole through the waste tank top, liner, and grout) was not developed
and is not readily available to calculate contaminant concentration results directly under a
waste tank for use in developing chronic scenario well concentrations.
Tank 18 was selected for this SA because the inventory of Tank 18 is bounding with respect to
the radionuclides of most concern to the intruder. The radionuclide inventories for each waste
tank are provided in Table 3.3-2 of the FTF PA. The table indicates that Tank 18 has the
highest inventory for 12 of the 54 listed radionuclides, and shares the highest inventory with
each of the other waste tanks for another 21 radionuclides. Tank 18 also has the highest Cs137/Ba-137m inventory, which is a radionuclide of concern for external exposure pathways
associated with the drill cuttings.
The reasoning for the timing of the waste tank intrusion event is described in Section 6.5.2.2 of
the FTF PA. As described in that section, all of the steel objects in the system will be encased
by several feet of grout in the horizontal direction. The waste tanks are currently subject to a
corrosion protection program that prevents corrosion of the walls by maintaining a high pH.
After placement of grout, the pH will remain high due to the chemical properties of the grout
(discussed in Section 3.2.3.1 of the FTF PA). This will minimize the degradation effects on the
carbon steel waste tank components and ensure the waste tank presents a credible drilling
barrier, especially in the first 500 years. Since the waste tank engineered barriers (e.g.,
closure cap erosion barrier, waste tank top concrete, and waste tank liner, where applicable),
will prevent drilling into the waste inventory, this scenario was not considered to occur until 500
years after FTF closure.
The barriers to intrusion are expected to be enough of a deterrent to drilling for the entire
period of performance. The assumption regarding the relative robustness of the buried waste
tank concrete/grout/steel over the performance period is qualitative based on expected tank
conditions over time, since no specific quantitative studies of waste tank stability with respect
to drilling deterrence were performed. The analysis in Section 6.5.2.2 of the FTF PA is
expected to represent the impacts from drilling through the waste tank should the barriers to
intrusion fail prior to the end of the period of performance.
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CC-IT-2

It is not apparent from the sensitivity analysis results that DOE considered
parameters important to the dose from drill cuttings in the intruder analysis. Key
parameters included just those parameters associated with the groundwater
pathway. Due to the large scale of the sensitivity analysis figures (tens of
thousands of mrem/yr or hundreds of mSv/yr) it appears that the contributions
from the 1 m groundwater concentrations swamped the results for the drill
cuttings portion of the dose to the intruder. Therefore, DOE should consider
evaluating the drill cuttings dose independently as a sensitivity analysis endpoint
to identify those parameters most important to the intrusion event (rather than
those parameters most important to the dose associated with the 1 m well
concentrations that are already informed by the groundwater sensitivity analysis).
Uncertainty analysis indicates that the garden size is important to dose. Based
on review of the dose modeling equations presented in the PA, the correlation
between garden size and dose is not clear. It appears that the garden size may
affect whether the full vegetable consumption rates can be achieved for a given
yield. Please clarify if the vegetable consumption rates based on site-specific
data can be further reduced based on the yield and garden size parameters in
the probabilistic analysis. If the rates can be reduced, justify why the
consumption rates based on homegrown produce consumption rates should be
further reduced.
It is also not clear how contaminated drill cuttings are expected to be distributed
following the intrusion event. Clarify if the 0.2 and 0.02 dilution factors for the
agricultural receptor and intruder were actually used in the analysis (see Table
4.6-5 on page 477 of the Revision 1 PA). If risk-significant, sensitivity analysis
should also address the uncertainty in the distribution of contamination (e.g.,
area and depth or tilling depth).

RESPONSE CC-IT-2:
DOE did consider parameters important to the dose from drill cuttings for the chronic intruder in
the UA/SA (Section 5.6 of the FTF PA). The peak dose to the chronic intruder in the
deterministic analysis resulted from the vegetable ingestion pathway from vegetables grown in
the garden contaminated with drill cuttings. However, the stochastic analysis resulted in a
peak dose to the chronic intruder from water ingestion. The results of the UA/SA, as pointed
out in the comment, focus on the parameters involved with the water ingestion, and show
relatively little importance to the parameters involved with the drill cutting pathways (and the
peak dose pathway for the deterministic analysis). The drill cutting pathway parameters were
not omitted in the UA/SA and the results of the analysis confirm that they are not as risksignificant as the parameters associated with the contaminant transport and ultimate water
ingestion. These results were expected because of the numerous stochastic parameters
involved in the contaminant transport and ultimate water ingestion versus the relatively few
stochastic parameters involved in the four exposure pathways associated with the drill cuttings.
Because there are relatively few stochastic parameters involved in the drill cutting exposure
pathways, a simple evaluation of the equations would reveal parameters important to the dose
from drill cuttings, without the need for a specific stochastic analysis. Based on the pathway
equations presented in Section 6.3 of the FTF PA and the biotic pathway parameters
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presented in Section 4.6 of the FTF PA, the garden size is the most important parameter for
each of the exposure pathways associated with the drill cuttings, which is confirmed by the
results of the existing UA/SA. Further, as shown in Figure 6.4-3 of the FTF PA, following the
initial intrusion at 100 years, the relative importance of the exposure to the drill cuttings
decreases rapidly as the shorter lived radionuclides decay. DOE does not believe the
evaluation of drill cuttings dose independently as a SA is necessary because it would not
provide any risk-significant information.
As noted, the garden size is important to the chronic intruder dose. As described in Section
6.2.1 of the FTF PA, the drill cuttings from the well installation are uniformly distributed across
the garden. For the chronic intruder scenario, the drill cuttings are not spread anywhere else
but in the garden. Therefore, an increase in the size of the garden would decrease the
concentration of the radionuclides in the garden. DOE conservatively selected the dispersion
of the drill cuttings only in the garden to maximize the radionuclide concentration for the drill
cuttings pathways. The 0.2 and 0.02 dilution factors identified in Table 4.6-5 of the FTF PA
were not used in the FTF PA modeling. The concentration in the garden is dependent on the
area and depth of the garden. As documented in Table 4.6-6 (Physical Parameters) of the
FTF PA, DOE conservatively selected the garden size for the deterministic analysis to be 100
m2 and the till depth to be 15 cm. A stochastic range was set around the garden size with the
area ranging from 100 m2 to 1,000 m2 and the till depth ranging from 15 cm to 61 cm, and was
included in the UA.
The vegetable consumption rates for local produce are not dependent on the garden size or
the yield from the garden. It is assumed that all vegetables consumed come from the garden,
even if the size or productivity of the garden were not large enough to produce that quantity of
vegetables.
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CC-IT-3

DOE should perform sensitivity analysis to study the impact of inadvertent
intrusion into various auxiliary equipment components. DOE currently assumes
an intruder drills into a 3 inch transfer lines for its base case. The CTS, for
example, may be more concentrated and lead to higher doses to an inadvertent
intruder.

RESPONSE CC-IT-3:
The FTF PA evaluated inadvertent human intruder doses from drilling intrusions into 3-inch
transfer lines, 4-inch transfer lines, and Tank 18 (Sections 6.4, 6.5.2.1, and 6.5.2.2,
respectively). The waste transfer lines were initially analyzed because the lines are less
protected than a diversion box, valve box or pump pit which are covered by thick shield covers
consisting of several feet of concrete (see Section 4.2.4.2.5). The transfer lines were
evaluated as being intruded upon 100 years after closure.
Similar to waste tanks, drilling intrusions into the ancillary equipment components (other than
the waste transfer lines) are considered improbable due to local drilling practices associated
with the non-rocky terrain within the GSA and were evaluated based upon a drilling intrusion
occurring 500 years after closure. The basis for this assumption is the same as the basis that
a grout-filled waste tank will not be intruded upon for at least 500 years (discussed in Section
6.5.2.2), since the ancillary equipment will also be protected by engineered barriers (e.g.,
closure cap8 erosion barrier, concrete vaults surrounding ancillary equipment, and thick shield
covers and ancillary equipment steel liners, where applicable). These engineered barriers are
assumed to deter drilling into the ancillary equipment waste inventory until 500 years after FTF
closure.
In response to this Clarifying Comment, SA have been prepared to evaluate the impact of
inadvertent human intrusions into various ancillary equipment components. These SA were
performed using the FTF Probabilistic (i.e., GoldSim) model in deterministic mode. The SA
were carried out by replacing the Tank 18 inventory (as used in the Tank 18 drill cutting SA;
model file: FTF Dose v1.3d IHI Acute Tank18.gsm, which was provided with FTF PA, Revision
1) with the ancillary equipment inventories. A listing of the components evaluated and the
results of the analyses are provided in Table CC-IT-3.1.
Table CC-IT-3.1: Dose Results from Intrusion for Selected FTF Ancillary Equipment
Components Assuming Drilling at 500 Years after FTF Closure
Dose at 500 yrs
Intrusion Source
Pump Tank
Catch Tank
CTS Tank
Evaporator

Acute
(mrem)
0.06
0.02
3.46
1.70

Chronic
(mrem/yr)
0.32
0.08
32.8
15.9
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Chronic
(mrem) (mrem/yr)
0.06
39.4
0.02
39.3
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As noted in Section 6.4 of the FTF PA, there are several conservatisms incorporated into the
intruder analyses. These conservatisms are related to the timing of the intrusions, uncertainty
in the ancillary equipment inventory, and the probability of intrusion.
The inventory estimate for the CTS is considered conservative. For the scoping analysis, the
contaminant concentrations in the CTS waste tank were determined based upon the estimated
total initial inventory for the CTS waste tank per FTF PA Section 3.3.3.3.3.2 and Table 3.3-20.
This method is conservative as future cleaning is anticipated to reduce the inventory for the
CTS waste tank, thus reducing the dose results.
DOE assumed intrusion into the 3-inch transfer line for the base case of the inadvertent human
intrusion scenario because the 3-inch transfer lines are the most likely ancillary equipment to
be intruded upon (based on the lack of engineered barriers and the relative surface areas of
potential ancillary sources). The surface area of the combined FTF transfer pipe segments is
approximately 1.14E+04 ft2, (FTF PA, Table 3.2-3). The total surface area of the FTF is
approximately 8.90E+05 ft2 (Section 6.4). Therefore, the probability of intruding upon a pipe
segment is estimated to be about 1.3% per drilling event.
Table CC-IT-3.2 provides a summary of the probability for intruding upon each ancillary
equipment component per drilling event. These values show that transfer lines are more than
200 times more likely to be intruded upon than the CTS waste tank.
Table CC-IT-3.2: Probability of Intrusion for Select FTF Contaminant Sourcea

a

8)

Contaminant Sources

Area (ft2)

Transfer Lines
FTF Pump Tank (12 ft diameter)
FTF Catch Tank (9.5 ft × 32.5 ft)
FTF CTS Tank (8 ft diameter)
FTF Evaporator (assumed 1 ft
diameter at the bottom of the cone)

11,400.00
113.10
308.8
50.27

Probability
of Intrusion
1.27%
0.013%
0.035%
0.006%

0.785

<0.0001%

The probability of intrusion is calculated by dividing the surface area of the specific
2
contaminant source by the surface area of the FTF (approximately 8.90E+05 ft )

The closure cap design described in the FTF PA is based on the best information available at the time the FTF
PA was developed. The design information utilized is for planning purposes sufficient to support evaluation of
the closure cap as part of the integrated site conceptual model evaluated in the FTF PA. Any actual closure
cap design will be finalized closer to the time of FTF closure in accordance to the FFA for SRS (e.g., Section
IX.E.(2).) (WSRC-OS-94-42), to take advantage of possible advances in materials and closure cap technology
that could be used to improve the design. The final closure cap design will minimize water infiltration into the
waste tanks and ancillary structures, and the likelihood of intrusion into the waste.

(

Page 356 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site

CC-IT-4

The Revision 1 PA, Table 4.2-39, (page 345) indicates the chronic intruder is
quantitatively addressed for the pathway of drill cuttings-environmental uptakegarden fodder-livestock-ingestion. The response to a previous comment (IT-2) on
the Revision 0 PA, the Revision 1 PA text and results indicate that this exposure
pathway is not analyzed. DOE should confirm that this pathway was not
evaluated and correct the inconsistency in the Revision 1 PA (e.g., correct Table
4.2-39.

RESPONSE CC-IT-4:
As documented in the exposure pathway descriptions in Section 4.2.4.1 (Member of the Public
Exposure Pathways) of the FTF PA, the chronic intruder does not consume livestock that is fed
garden fodder that is contaminated with the drill cuttings. Table 4.2-39 (page 345) of Revision
1 of the FTF PA should have identified “N/A” in the chronic intruder column for the “Livestock –
Meat” and “Livestock – Milk” pathways. The fodder is irrigated with contaminated well water,
as identified in Table 4.2-39 (page 349) of Revision 1 of the FTF PA. As specified on pages
353 and 360 of Revision 1 of the FTF PA, ingestion of milk and meat from livestock (e.g., dairy
and beef cattle) is an analyzed pathway; however the fodder that the livestock eat is from a
pasture irrigated with contaminated water, not from the vegetable garden containing drill
cuttings.
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CC-IT-5

Indicate why the external dose pathway for the chronic intruder is significantly
lower than the vegetable ingestion dose from Cs-137. For example, explain the
differences in methodology that led to the drastically different results for the
dominant pathways associated with this radionuclide in the Revision 1 PA
compared to the results from the INL PA for a similar well drilling scenario (DOE
Idaho, 2003).
Reference
DOE Idaho, 2003. “Performance Assessment for the Tank Farm Facility at the
Idaho National Laboratory Environmental and Engineering Laboratory,” DOE-ID10966, Revision 1, Idaho Falls, Idaho. April 2003.

RESPONSE CC-IT-5:
The FTF PA chronic intruder dose from the Cs-137/Ba-137m external exposure pathway is
significantly lower than the dose from the Cs-137/Ba-137m vegetable ingestion pathway
because of site specific assumptions and other conservative assumptions made for the
Chronic Intruder-Agricultural (Post-Drilling) Scenario in the FTF PA. For comparative
purposes, the Idaho National Laboratory (INL) PA (DOE/ID-10966) evaluates the external
exposure pathway and vegetable ingestion pathway from drill cuttings deposited in the soil and
does not consider an external exposure pathway or vegetable ingestion pathway from garden
irrigation. The FTF PA does consider these pathways. Additionally, based on site specific
regional drilling practices, the INL PA chronic intruder scenario assumes the well drilling
activity penetrates a waste tank while the FTF PA chronic intruder scenario assumes the well
drilling activity penetrates a transfer line. Please note that although not considered to be a
credible scenario, the impact associated with drilling into a waste tank was evaluated in
Section 6.5.2.2 of the FTF PA. Although each PA assumes the drill cuttings originate from a
different source, the relationship between the exposure pathways are set by how the drill
cuttings are spread and by the specific assumptions for the exposure pathways. Because the
INL PA did not evaluate the external exposure pathway and vegetable ingestion pathway from
irrigation in the garden, the assumptions discussed here pertain only to the external exposure
pathway and the vegetable ingestion pathway deposited in the soil from drill cuttings.
The external exposure pathway equation is presented in Section 6.3.2.1 of the FTF PA. The
external exposure dose is dependent on the radionuclide concentration in soil contaminated
with drill cuttings, the external dose conversion factor (DCF), and the fraction of time spent in
the garden. The DCFs provided in Table 4.7-1 of the FTF PA are taken from the EPA Federal
Guidance Report 12 for a source thickness of 15 cm. [EPA-402-R-93-081] The DCF for the
short-lived daughter product Ba-137m were added to the DCF for Cs-137 to account for the
daughter product production and decay. The fraction of time spent in the garden is provided in
Table 4.6-7 of the FTF PA. The radionuclide concentration in the soil contaminated with drill
cuttings is dependent on the soil volume that the drill cuttings are dispersed in. The
radionuclide concentration in the drill cuttings are calculated from the inventory in the transfer
line and the inventory portion intersected by the diameter of the well. For the acute intruder,
Section 6.2.1 of the FTF PA describes that the drill cuttings from the well installation are
distributed across the garden. The Chronic Intruder-Agricultural (Post-Drilling) Scenario
described in Section 6.3 of the FTF PA assumes that the chronic intruder creates a garden in
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the area that the drill cuttings were distributed. The size of the garden is 100 square meters
with a till depth of 15 cm. An increase in the size of the garden would decrease the
concentration of the radionuclides in the garden. The DOE conservatively selected a small
garden size to maximize the radionuclide concentration. Because of the small garden size, the
fraction of time spent in the garden was assumed to be 0.01. The DOE believes that the
garden size assumed in the FTF PA results in a conservative external exposure dose to the
chronic intruder.
The vegetable ingestion pathway equation is presented in Section 6.3.1.3 of the FTF PA. The
vegetable ingestion dose is dependent on the radionuclide concentration in the soil
contaminated with drill cuttings, the soil to vegetable ratio (bioaccumulation or transfer factor),
the ingestion DCF, the consumption rate of leafy and other vegetables, the fraction of
vegetables produced locally and the soil density. As described above, the radionuclide
concentration in the soil contaminated with drill cuttings is dependent on the garden size
(documented in Table 4.6-6 (Physical Parameters) of the FTF PA), which is conservatively
selected. The soil to vegetable ratio is provided in Table 4.6-1 of the FTF PA. The selection of
the soil to vegetable ratios is described in WSRC-STI-2007-00004 and accounts for regional
and site specific conditions. The DCF provided in Table 4.7-1 of the FTF PA are taken from
ICRP 72. The DCF for the short-lived daughter product Ba-137m were added to the DCF for
Cs-137 to account for the daughter product production and decay. The consumption rate of
leafy and other vegetables is provided in Table 4.6-7 of the FTF PA, and the fraction of
vegetables produced locally is provided in Table 4.6-5 of the FTF PA. Both Tables 4.6-5 and
4.6-7 originate from WSRC-STI-2007-00004 and account for regional and site specific
conditions. The soil density is selected to represent site conditions and is provided in Table
4.2-37 of the FTF PA. For the vegetable ingestion pathway, the two parameters that are
specific to Cs-137/Ba-137m are the DCF and the soil to vegetable ratio (0.9 grams in
plant/grams in soil). The consumption rate of leafy (21 kg/yr) and other vegetables (163 kg/yr)
were based on site specific surveys. The fraction of leafy vegetables (0.308) is based on
regional specific information. The DOE believes that these parameters are appropriate to
represent the scenario. As stated above, DOE believes that the garden size results in a
conservative vegetable ingestion dose to the chronic intruder.
The dose for the chronic intruder is provided in FTF PA Table 6.4-2. The vegetable ingestion
dose from Cs-137/Ba-137m is 31.6 mrem/yr and the external exposure dose from Cs-137/Ba137m is 0.39 mrem/yr.
For the external exposure pathway, the INL PA used a different methodology. The INL PA
assumed that the drill cuttings were spread over an area of 2,200 square meters with a till
depth of 61 cm (INL PA, Section 5.4). The chronic intruder subsequently builds a residence
and creates a garden over the drill cuttings. The time spent in proximity to the drill cuttings for
the resident was 25% spent outdoors and 50% spent indoors, and the remaining 25% of time
spent offsite (INL PA, Table 5-5). Therefore, 75% of the time the chronic intruder is directly
over the drill cuttings. The residence provides some shielding, and a factor of 0.35 is applied
for Cs-137/Ba-137m (INL PA, Table 5-5, Footnote b). For comparison, the calculations for the
external exposure pathway described in FTF PA Section 6.3.2.1 were recreated using the INL
PA assumptions described above. Specifically, the drill cuttings were spread in an area of
2,200 square meters with a till depth of 61 cm, and the fraction of time spent over the drill
cuttings was changed to 25% outdoors and 50% indoors with a shielding factor of 0.35. The
DCF for Cs-137/Ba-137m remained unchanged from that used in the FTF PA. The calculation
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resulted in an external pathway dose of 0.19 mrem/yr, compared to the FTF PA value of 0.39
mrem/yr. The assumptions for the external exposure pathway of Cs-137/Ba-137m in the FTF
PA were conservative relative to the assumptions in the INL PA. This is attributed to the larger
area that is used to spread the drill cuttings in the INL PA. The DOE does not imply that any
assumptions made for either PA are incorrect, but contends that the assumptions made for the
FTF PA are appropriate for the FTF scenario.
For the vegetable exposure pathway, the INL PA also used a different methodology for the
vegetable exposure pathway. The INL PA assumed that the garden only occupies a portion of
the area where the drill cuttings are spread. The soil to vegetable ratio used in the INL PA for
Cs-137 was 0.04 pCi/g plant to pCi/g soil (INL PA, Table 5-4), compared to 0.9 used in the FTF
PA. The leafy and other vegetable ingestion rates provided in the INL PA were 18 kg/yr and
94 kg/yr respectively (INL PA, Table 5-5), while the FTF PA assumed 21 kg/yr and 163 kg/yr
respectively. The fraction of vegetables produced locally provided in the INL PA was 0.25,
while the FTF PA used 0.308.
The calculations for the vegetable exposure pathway from drill cuttings described in FTF PA
Section 6.3.1.3 were recreated using the soil to vegetable ratio described above for the INL PA
while keeping the remaining parameters from the FTF PA constant. This resulted in a 96%
decrease in the vegetable ingestion dose from that reported in the FTF PA. Repeating the
calculation and only changing the leafy and other vegetable ingestion rate results in a 40%
decrease in the vegetable ingestion dose from that reported in the FTF PA. Repeating the
calculation and only changing the fraction of vegetables produced locally results in a 19%
decrease in the vegetable ingestion dose from Cs-137/Ba-137m in the FTF PA. Applying the
INL PA values for transfer factor, ingestion rate, and fraction of produce produced locally in the
equation for vegetable ingestion described above results in a vegetable ingestion dose of 0.7
mrem/yr, compared to the FTF PA value of 31.6 mrem/yr. This represents the impact of
differences in site specific parameters selected for the analysis. Accounting for the area
difference that the drill cuttings were spread (2,200 m2 for INL and 100 m2 for FTF) reduces the
calculated dose another two orders of magnitude, for a total of 0.0078 mrem/yr. The
assumptions for the vegetable ingestion pathway of Cs-137/Ba-137m in the FTF PA were
conservative relative to the assumptions in the INL PA. This is attributed to the larger area the
INL PA assumes that the drill cuttings are spread over and the use of site and regional specific
parameters. The DOE does not imply that any assumptions made for either PA is incorrect,
but contends that the assumptions made for the FTF PA are appropriate for the FTF scenario.
Although the INL PA and the FTF PA both include a chronic intruder that is exposed to drill
cuttings, the scenarios are unique to each situation and include site and regional specific
parameters. A comparison of both analyses results should consider the stated differences.
For the INL PA, the external exposure pathway for Cs-137/Ba-137m was more significant than
the vegetable ingestion dose for Cs-137/Ba-137m. This is a result of the site specific
parameter assumptions as well as the assumption on how the drill cuttings were spread.
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RAI-SS-1

Insufficient justification is provided in the PA for the long-term degraded
mechanical properties of concrete and grout used in the structural behavior
analysis.
Basis
DOE addressed material degradation in Section 3.1 and 6.3 of T-CLC-F-00421
(DOE, 2007). In Section 3.1, DOE relied on the material degradation studies
discussed in DOE (2006) and concluded that only marginal concrete degradation
occurs over several thousand years. In addition, in Section 6.3, the 90-day
compressive strength (1,800 psi) was used as a long-term degraded grout
property for assessing structural integrity. However, DOE did not provide
documents and data to support the assumption that the grout property will remain
unchanged over the performance period.
Path Forward
Provide a copy of DOE (2006) and additional data to support the long-term
degraded material property for concrete and grout used in the PA analysis.
References
DOE, 2007. “Structural Assessment of F-Area Tank Farm After Final Closure.”
T-CLC-F-00421. 2007.
DOE, 2006. “Low Activity Waste (LAW) Vault Structural Degradation Prediction.”
T-CLC-E-00018, Revision 1. 2006.

RESPONSE RAI-SS-1:
A copy of the requested DOE (2006) report, entitled Low-Activity Waste (LAW) Vault Structural
Degradation Prediction, is being provided as part of this response submittal. [T-CLC-E-00018]
Section 3.1.3 of DOE 2006 addresses various concrete degradation mechanisms, including:
sulfate and magnesium attack, alkali and calcium hydroxide leaching, and carbonation. Table
RAI-SS-1.1 summarizes the findings from these various concrete degradation mechanisms.
The values provided in this table reflect the most conservative values given in the reference.
Even given the conservative values, the effects of sulfate and magnesium attack, alkali and
calcium hydroxide leaching, and carbonation only degrade the outermost inch or two of the
concrete over several thousand years. [T-CLC-F-00421]
The grout used in the waste tanks is a cementitious material similar to concrete. In general,
cementitious materials increase in strength over time as further hydration occurs. As noted in
T-CLC-F-00421, this process would be more evident on the grout due to the presence of large
amounts of pozzolanic material. As stated in T-CLC-F-00421, for Type I, III, and IIIA tanks, the
grout is surrounded by a steel liner and the reinforced concrete vault, so the degradation
mechanisms previously mentioned will not impact the grout until the surrounding concrete has
completely degraded. As it has been established only the outermost several inches of
concrete will degrade, the grout itself will not degrade. For the Type IV tanks, that have a
thinner concrete vault, there is a greater potential for degradation mechanisms to directly affect
the grout. However, as the grout is a cementitious material similar to concrete, the potential
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degradation mechanisms would have a similar (negligible) effect on the grout as the concrete.
It is also noted that the 1,800 psi strength assumed is bounding, as it is the design strength,
neglecting any further increase in strength. T-CLC-F-00421 provides justification that 1,800 psi
bounds the concrete strength and is an appropriate lower bound strength for use as the long
term material strength of concrete and grout.
Performance Objective 61.44 states that “the disposal facility must be sited, designed, used,
operated, and closed to achieve long-term stability of the disposal site and to eliminate to the
extent practicable the need for ongoing active maintenance of the disposal site following
closure so that only surveillance, monitoring, or minor custodial care are required” Given the
waste tanks are underground structures with dimensions on the order of 30-ft tall by 85-ft in
diameter (with the concrete waste tank walls, floors, and roofs a minimum of seven inches
thick for Type IV tanks, 22 inches thick for Type I tanks, and 30 inches thick for Type III/IIIA
tanks), the degradation of a few inches of concrete will have a negligible affect on the overall
structural integrity of the grout-filled waste tank, and therefore significant structural failure (i.e.,
collapse) is not likely, which is consistent with the performance objective.
Table RAI-SS-1.1: Summary of Concrete Degradation Mechanisms Considered in the
DOE 2006 Report (T-CLC-E-00018)
Rate of
Degradation
1 in/5,000 yrs
negligible
negligible

Degradation Mechanism(s)
Sulfate and Magnesium Attack
Alkali and Calcium Hydroxide Leachinga,c
Carbonationb,c

Degradation in
10,000 years (in)
2
negligible
negligible

Notes:
a
Section 3.1.3 of DOE 2006 states that “leaching beyond the very surface of the concrete requires
thousands of years”.
b
Section 3.1.3 of DOE 2006 states “it takes thousands of years for carbonation to reach the depth of the
reinforcing steel”.
c
For these degradation mechanisms, the impact on degradation over 10,000 years is considered negligible
based upon the text of DOE 2006.
Source: DOE 2006 (pp. 10-13) [T-CLC-E-00018]
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RAI-SS-2

Inadequate basis is provided in the PA for precluding loss of integrity of the
grout-filled tanks for annual probability of exceedance of 10-6 seismic event.
Basis
In Section 3.2 of T-CLC-F-00421 (DOE, 2007), DOE discussed the integrity of the
grout-filled tank and assumed that the tank will not crack under high seismic
ground motion. DOE (2007) provided inadequate basis for (i) ground motion
magnitude for 10-6 seismic event, and (ii) the assumption that the concrete tank
will behave as rigid monolith when subjected to a 10-6 seismic event.
Ground motion levels for annual probability of exceedance of 10-6 were estimated
to be 0.45 g for horizontal ground motion and 2.0 g for vertical ground motion.
The ground motions were evaluated by extrapolating PC-3 and PC-4 site specific
spectra presented in DOE (2006). The significant disparity between vertical and
horizontal ground motions is contrary to the general understanding of seismic
hazards in Central and Eastern United States Nuclear Power Plant (NPP) sites.
The reference document (DOE, 2006) should be provided to support the
horizontal ground motion evaluation.
The vertical ground motion has an extremely large acceleration of 2.0 g.
However, DOE concluded that by inspection the grout monolith will not crack from
these accelerations. DOE did not provide a technical basis for the assumption
that the grout-filled tanks will behave as a rigid monolith. The grout-filled tank
structure is likely to develop heterogeneity in the material property and may not
act as a monolith because of different engineering properties of the grout and
concrete. Additionally, long term degradation of strength and stiffness properties
of the grout may impact the deformability of the tank structure.
DOE cited seismic analysis of the tanks for PC-3 and PC-4 seismic events to
demonstrate that the lateral differential movement from soil-structure interaction
effects is not sufficient to cause large shear forces (DOE, 2006). The discussion
in DOE (2007) does not include the ground motion levels and the return period of
PS-3 and PS-4 events for which the calculations were performed. There is also
no discussion on how this analysis can be used to assess the stresses and
deformations developed in the tanks for ground motions at an annual probability
of exceedance of 10-6. An analysis is needed to determine the seismically
induced stresses in the tank structure caused by high seismic ground motion at a
probability of exceedance of 10-6 considering the degraded properties of the grout
and concrete.
Path Forward
Provide a rationale for the estimated ground motion magnitudes for 10-6 seismic
events and for the assumption the grouted tank will behave as a rigid monolith
when subjected to 10-6 seismic events.
This information is needed to
demonstrate that the grout-filled tank will remain intact and meet the performance
goals. In addition, provide a copy of the DOE (2006) report.
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References
DOE, 2007. “Structural Assessment of F-Area Tank Farm After Final Closure.”
T-CLC-F-00421. 2007.
DOE, 2006. “Low Activity Waste (LAW) Vault Structural Degradation Prediction.”
T-CLC-E-00018, Revision 1. 2006.
RESPONSE RAI-SS-2:
A copy of the requested DOE (2006) report, entitled Low-Activity Waste (LAW) Vault Structural
Degradation Prediction, T-CLC-E-00018, is being provided as part of this response submittal.
This analysis was developed to assess the Low-Activity Waste Vaults in the Savannah River
Site E-Area Burial Ground Expansion. The FTF-specific analysis, T-CLC-F-00421, uses TCLC-E-00018 as a starting point for its assessment.
As discussed in T-CLC-E-00018, ground motion magnitudes were extrapolated from SRS PC1 to PC-4 site-specific seismic criteria. For horizontal acceleration, the 0.45g value was
obtained by extrapolating the zero period accelerations (ZPA) (i.e., peak ground acceleration
[PGA]) of the SRS design response for PC-1 to PC-4 (T-CLC-E-00018, page 68). For vertical
acceleration, a bounding approach was taken by extrapolating the peak of the SRS horizontal
design response spectra for PC-1 to PC-4 (T-CLC-E-00018, page 32). This approach results
in the large discrepancy between horizontal and vertical acceleration. This bounding approach
for vertical acceleration was used in T-CLC-E-00018 because an item of concern was a buried
LAW vault roof slab with voids below. Therefore, the vault roof could respond differently than
the ground (i.e., not PGA). As the stabilized FTF waste tanks will have no significant voids
after grouting, this issue is not a concern.
Further, consideration of the lack of
vertical/horizontal (V/H) studies for low probability of exceedance (POE) events at SRS led to
adoption of the same bounding criteria for the FTF structural assessment contained in
Structural Assessment of F-Area Tank Farm After Final Closure, T-CLC-F-00421.
Related to the previous discussion, it is recognized that 2.0g is a bounding number; the
reasons for its use in T-CLC-E-00018 are explained above. It is not a realistic number for
ground acceleration at SRS. At the nearby Vogtle nuclear power plant, the V/H ratio for the
maximum considered event was 1.0, so a similar ratio should be considered acceptable for the
SRS Tank Farms. [NUREG-1923] Based on a V/H ratio of 1.0, the maximum vertical
acceleration would be 0.45g - much less than 2.0g assumed.
The PC-3 return period is 2,500 years (POE 4.0E-04), and the PC-4 return period is 10,000
years (POE 1.0E-04). In T-CLC-E-00018, one-dimensional soil analyses indicated the
differential lateral displacement between the top and bottom elevations of the LAW vault
(approximately 28 feet in height) were 0.05 inches for a PC-3 event and 0.09 inches for a PC-4
event. The height differential in the LAW vaults is similar to the height differential of the FTF
waste tanks. Extrapolating to POE 1.0E-06 gives a maximum lateral differential displacement
of 0.22 inches. For this small amount of deformation, the soil would deform locally at the
boundaries of the grout-filled waste tank and stresses induced in the waste tank structure will
be minimal.
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In addition, the impact from seismic effects is considered in the conceptual model. To simulate
potential conditions in the FTF closure system, multiple waste tank configurations were
identified for analysis. While Configuration D and the seismic event were not explicitly linked,
the types of cracks caused by the credible seismic events at the FTF is assumed to be
bounded by Configuration D and the occurrence probability associated with that configuration
in the stochastic modeling.
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RAI-SS-3

A long term stability analysis of the grout-filled tanks given the presence of largescale Calcareous Zone voids and cavities in the Santee Formation beneath the
FTF was not provided.
Basis
Tanks 1–8 are located above subsurface voids located in the Santee Formation or
the UTR-LZ aquifer (WSRC-TR-2007-00283). Similar or more severe voids and
cavities are located below tanks 25–28 and 44–47 (WSRC-TR-2007-00283).
Voids found within exploratory boreholes beneath tank locations were filled with
grout to provide waste tank foundation support. Grout emplaced in these voids
for the geotechnical purpose of ensuring site stability beneath tanks will degrade
over geologic time.
Path Forward
Provide a long term stability analysis of the grout-filled tanks considering the
large-scale voids and cavities beneath the tanks.
Reference
Millings, M.R., and G.P. Flach, “Hydrogeologic Data Summary In Support of the
F-Area Tank Farm (FTF) Performance Assessment (PA),” WSRC-TR-200700283, Washington Savannah River Company, Savannah River National
Laboratory, Aiken, SC, July 2007.

RESPONSE RAI-SS-3:
Additional information regarding the calcareous zones near the FTF is provided in the
response to RAI-FF-1. Regarding the concern about long term stability of "grout filled voids,"
confirmatory borings and careful study of previously grouted zones (especially in SRS K Area)
revealed no significant thicknesses of grout (contrary to what would be expected if large
volumes of grout had filled open cavities). Instead, grout was found to have thoroughly mixed
with the formation sediment. [WSRC-TR-99-4083]
Soft zones have been encountered beneath most of SRS, but are less common in the
northwest (updip) and more common in the southeastern (downdip near K Area) regions. This
distribution appears to correlate with the well documented pattern of increasing carbonate
content in the Santee Formation to the southeast. This lateral variation in carbonate content
reflects the original range of depositional environments – from nearshore and inner shelf
environments with primarily terrigenous input in the northwest, to quiet water, outer shelf
conditions of carbonate accumulation in the southeast (in the vicinity of K Area). [WSRC-RP94-54, WSRC-TR-99-4083]
In the GSA (F, E, H, S, J, and Z Areas), the Santee Formation is composed of mixed clastic
and carbonate materials, with clastic material being dominant; the interpreted depositional
scenario is a moderate energy, middle shelf environment, with input of both clastic and
carbonate sediments. Lithologic and petrographic studies have divided the Santee Formation
in the GSA into eight microfacies: quartz sand(stone), terrigenous mud(stone); skeletal lime
mudstone; skeletal wackestone; skeletal packstone; skeletal grainstone; microsparite; and
siliceous mudstone. [WSRC-RP-94-54] In F Area, three facies have been interpreted in soft
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zone sediments: sandy biomoldic chert; siliceous sandy mud; terrigenous sand. [SAIC_06-111999] None of these depositional environments contain significant amounts of limestone that
would be conducive to the formation of large subsurface voids, karst or caves in the vicinity of
the FTF.
Further, soft zones that existed before soft zone grouting were still present after grouting; so
grouting appears to have had no effect in improving soft zone soils. No calculation has been
performed that specifically evaluates the stability of F Area soft zones beneath grout-filled FTF
waste tanks. However, the predicted behavior of soft zones under both static and dynamic
conditions has been modeled for numerous SRS facilities. These calculations show soft zones
to be stable under static conditions; dynamic analyses predict that soft zones will not collapse
in response to a design basis earthquake. [WSRC-TR-99-4083] The design basis earthquake,
and associated ground motion, for construction of facilities at the SRS (ground motion of 0.2g)
is based on historic seismic events in the region, the geologic literature, and attenuation
relations. [WSRC-TR-90-0284]
Nonetheless, as a conservative approach, the design for some SRS facilities assumes that soft
zones will collapse (compress) in response to applied stress. An analysis for the proposed
Actinide Packaging and Storage Facility (in F Area, less than 1 km from FTF), calculated that
collapse of a relatively thick (approximately 8'), two-layer soft zone would only cause a ground
surface settlement of about four inches. [K-CLC-F-00034]
Although such conservative calculations are an important aspect of nuclear safety evaluations,
it is noteworthy that soft zones in the Eocene age Santee Formation have survived without
collapsing for tens of millions of years and have presumably persisted in spite of many
earthquakes, including design basis earthquakes and less frequent events of even greater
magnitude.
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Editorial Comments
E1

Correct inconsistency in Zr isotope listed in Table 3.3-2 (Zr-93) versus Table 4.2-5
(Zr-99) of the Revision 1 PA.

E2

Table 4.2-4 of the Revision 1 PA lists a subset of isotopes from each of four
decay chains that are assumed to be initially present (complete decay chains are
presented in Table 4.2-3). The PA text (page 252) states that the first member of
each of the four decay chains is known to be present in FTF waste tanks. Yet,
the first member of each of the four decay chains--Pu-241, Cm-248, U-238, and
Cm-243—are not all listed in Table 4.2-4 as being initially present; Table 4.2-4
does not contain the first member of two of the four decay chains: Cm-248 and
Cm-243. The table also does not contain a key risk driver for the FTF PA
modeling, Pu-239, a daughter product of Cm-243. Correct inconsistencies
between the text and table.

E3

Table 4.2-5 “Radionuclides Used in Initial FTF Inventory Determination” of the
Revision 1 PA lists several radionuclides in the four decay chains that are not
listed as initially present in Table 4.2-4 “Isotopes from Four Decay Chains Present
in Initial Inventory Used in FTF Modeling” (Cm-248, Pu-244, Pu-240, U-236, Th232, Ra-228, Cm-243, and Pu-239). Of these radionuclides, six are contained in
Table 3.3-2 listing actual initial inventories while two are not: Th-232 and Ra-228.
Correct or clarify apparent inconsistencies between Tables 4.2-4 and 4.2-5.

E4

Page 296 of the Revision 1 PA states that the Gordon aquifer is assumed to
discharge equally from both sides of the UTR. This sentence should have stated
the Upper Three Runs aquifer is assumed to discharge equally from both sides of
the UTR.

E5

Page 300 of the Revision 1 PA states that the PORFLOW GSA model was
calibrated to head data. Non-unique solutions may result from use of head data
only to calibrate a model. The model should have been calibrated to head, flow
and discharge data. Please revise this statement for clarity.

E6

With regard to page 422, Table 4.4-6 of the Revision 1 PA, it is not clear what the
material ids correspond to in the table. Suggest defining the materials listed in
the table in a footnote to the table, or labeling the materials in a more descriptive
manner in the table.

E7

Page 618 of the Revision 1 PA states that Figure 5.2-4 of WSRC-TR-96-0399Vol. 1 indicates the portion of an overall contaminant plume emanating from the
FTF would fill the entire UTR-LZ thickness at 100m. Figure 5.2-4 in the PA
actually shows this information.
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E8

Page 420 of the Revision 1 PA states “In general, chemical transitions for a
material zone are based on infiltrate pore volumes for the same zone. For
example, the volume of flow through the “basemat” zone is calculated and at the
year when the calculated pore water volume equals transition volume (i.e., 371
volumes for transition to Oxidized Region II) documented in WSRC-STI-200700544, the materials in the “basemat” zone are modeled as having the properties
associated with Oxidized Region II from that time frame onward.” However, the
basemat should start at Oxidized Region II and should transition to Oxidized
Region III and remain in this state from that time forward. Please correct.

E9

Page 581 of the Revision 1 PA states that the drop panel thickness is considered
when assigning the basemat thickness. Figures 3.2-11 and 3.2-12 are cited as
showing the drop panel. The figures cited should actually be 3.2-13 and 3.2-14.

E10

Page 805 of the Revision 1 PA indicates the investigation of UA realizations
(Section 5.6.4.2) identified liner failure as potentially significant to peak doses
within 20,000 years. The realizations discussed in Section 5.6.4.2 are for peak
doses within 10,000 years not 20,000 years.

E11

Page 807 of the Revision 1 PA indicates that while there is very little Ra-226 in
the Type IV tanks, the Ra-226 is a daughter product of U-234 and Th-230, of
which there is an appreciable quantity in the Type IV tanks. This statement
should be qualified, as Th-230 is not expected to be present in appreciable
quantity in the Type IV tanks.

EDITORIAL RESPONSE:
The editorial comments provided, E1-E11, are all related to the FTF PA Revision 1. DOE has
verified that the comments are editorial in nature and do not impact the analyses nor the
results of those analyses. As required by DOE Manual 435.1-1, maintenance of the FTF PA
will include future updates to incorporate new information, update model codes, analysis of
actual residual inventories, etc., as appropriate. Items identified in the Editorial Comments will
be addressed during FTF PA maintenance.
In relation to Editorial Comment E4, DOE would like to clarify the statement made within the
NRC comment. The sentence called out in Editorial Comment E4 is correct as written, in that it
is discussing that flow from the Gordon Aquifer is assumed to be discharged to the UTR
stream. Discharge from the Upper Three Runs Aquifer Unit flowing equally to the UTR stream
and Fourmile Branch stream is discussed four sentences earlier on page 296 of the FTF PA,
Revision 1.
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APPENDIX A: FTF PA LFRG Review Team Members and Professional
Experience
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JEFFREY BENTLEY
Education:
B.S., Chemical Engineering, University of Florida
Professional Experience:
 Part of the Department’s Environmental Management Professional Development Corps.
 Process Engineer Smurfit-Stone Container Corporation. Performed statistical analysis
of raw materials used in mill consumption.
Assisted with maintaining quality
performance of satellite mills. Instructed operators on proper testing procedures.
Assisted with the material balance of a chip-thickness screening system.
MICHAEL P. CONNELLY
Education:
B.S., Geology, University of Utah
M.S., Geology, University of Utah
Registration: Washington State Licensed Geologist and Hydrogeologist License Number 1596
Professional Experience:
Over 20 years of experience in hydrogeology at CH2M Hill Inc, HydroGeoLogic Inc, DOE
Hanford site contractor, has authored or co-authored over 35 papers and documents describing
site conceptual models, groundwater transport models, and the results of remedial action
alternatives analysis.
 Field Investigation Report, which documents the vadose characterization efforts
 Performance assessment of Hanford’s single shell tanks which estimates the humanhealth risks following closure of Hanford’s tank farms.
 Developed conceptual and computer models of ground water flow and contaminant
transport to assess the feasibility of storing high level nuclear waste in a mined geologic
repository at Hanford site
 Developed a three dimensional geologic model to distinguish spatial relationships
between the potentially contaminated aquifer and the adjacent river bottom. From the
geologic model, a two dimensional vertical cross-section groundwater flow model was
derived. The groundwater flow model is used to understand complex flow paths,
residence times, and mass flux through the zone of interaction between the unconfined
aquifer and the Columbia River.
 Modeled the interaction between the Columbia River and the unconfined aquifer. The
model was used to estimate the following: (1) residence times for a water particle within
an in-situ treatment zone placed close to the river’s edge; (2) the flux of water entering
and leaving the aquifer at the Columbia River shoreline; and (3) groundwater velocities
within the unconfined aquifer.
 Developed an area-wide conceptual model of groundwater flow for both unsaturated and
saturated zones, a comprehensive hydrogeologic model for the 200 Areas, and identified
and described the nature and extent of the groundwater contamination associated with
the 200 East and 200 West Areas waste management operations
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M.S., Nuclear Engineering/Mechanical Engineering, Catholic University of America
B.S., Chemical Engineering, University of Rhode Island
Professional Experience:
Thirty years senior management experience with nuclear and hazardous waste facility design,
construction, operations, deactivation and decommissioning, environmental restoration and
regulation.
ANTHONY J. KNEPP, M.S., P.E.
Education:
M.S., Environmental Engineering, Clemson University
B.S., Engineering, Johns Hopkins University
Registration: Licensed Professional Engineer, Commonwealth of Virginia #09254
Professional Experience:
Twenty years of Hanford experience in the area of radioactive waste operations and CERCLA
cleanup, with particular expertise in the areas of technology development, performance
assessment, site characterization, groundwater remediation, regulatory analysis, and strategic
planning. He has over 20 publications.
 Project Manager responsible for the subsurface characterization of past radioactive spills
from aged radioactive waste containing tanks to support contaminant fate and transport
modeling and closure. He currently manages CERCLA cleanup activities for
groundwater and soil contamination sites and has served as technical consultant for the
application of High Resolution Resistivity techniques.
 Directed the development of the first Single Shell Tank Waste Performance Assessment
at the Hanford site.
 Participated in the technical development and regulatory negotiations for amendments to
the Hanford FFA and Compliance Order.
 Experienced in regulatory analysis, planning, compliance and documentation for many
Federal and state environmental laws and regulations. Developed and presented a
training course on LLW PAs for DOE. Experience in permitting, facility reporting and
facility compliance for: RCRA, CERCLA, Clean Water Act, Clean Air Act, state
groundwater discharge regulations, and state radioactive air emission regulations.
 Manager of the Tank Farm Vadose Zone Project, he provided technical direction to
approximately 20 engineers and scientists in the areas of: soil and groundwater
remediation techniques, RCRA past practice regulation, soil characterization methods,
radiochemistry and site operations.

(

Page 383 of 388

Comment Response Matrix
SRR-CWDA-2011-00054
for NRC Staff Comments on the Draft Basis for Section 3116
Revision 1
Determination and Associated Performance Assessment for the
June 2011
F-Tank Farm at the Savannah River Site
MARTIN J. LETOURNEAU
Education:
M.P.P. in Environmental and Natural Resource Public Policy, Kennedy School of Government,
Harvard University
B.A., Economics, Willamette University
Professional Experience
Twenty-one years of experience in public and private environmental management, specializing
in program management, project management, team leadership. Currently, staff member in the
Office of Compliance (EM-11), and Chairman of the LFRG.
 Directed the effort to develop a training program for DOE O 435.1 and served as
technical staff to DOE’s LLW LFRG for approving LLW disposal facility PAs and CAs.
Led numerous reviews of disposal facility PAs.
 Vice President and Technical/Business Development Manager for Jason Associates
Corporation, responsible for managing eight regional office managers and 100
employees.
 DOE complex-wide program technical lead for implementation of DOE’s radioactive
waste management order, DOE O 435.1.
 Team Leader for the revision of DOE’s radioactive waste management order, 5820.2A,
which was re-issued as DOE O 435.1.
 Response manager for Defense Nuclear Facilities Safety Board Recommendation 94-2,
Conformance with Safety Standards at Department of Energy (DOE) Low-Level Nuclear
Waste and Disposal Sites.
 Team Leader for conducting the complex-wide review of DOE’s LLW management
Environmental Safety and Health vulnerabilities, in response to Defense Nuclear
Facilities Safety Board Recommendation 94-2.
JOHN A. LOWE
Education:
B.S., Environmental Toxicology, University of California, Davis, 1979
Certification: Certified Industrial Hygienist, Comprehensive Practices, American Board of
Industrial Hygiene, 1985. Certificate #3152
Professional Experience:
Twenty-eight years of experience in assessing the potential for adverse health effects to
workers and the general public associated with chemical contaminants or radionuclides in air,
soil, and water.
 Led multiple-pathway risk assessments involving fate and transport modeling which
address a wide variety of environmental problems for both commercial and government
clients. These types of environmental problems include development of risk-based
cleanup levels in soil and groundwater using vadose zone and groundwater modeling;
performing dose and risk assessments for residual radionuclide contamination in soil;
assessing indoor vapor intrusion using combined monitoring and modeling techniques;
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assessing multi-pathway exposure scenarios from ambient air emissions using food
chain modeling.
Manager for risk assessments and PAs for the Hanford Tank Farm Closure program.
Senior Technologist; firm-wide subject matter expert in Human Health Risk Assessment
and Indoor Vapor Intrusion. Served as CH2M HILL’s Vapor Intrusion Initiative Leader
Experienced in the delivery of technology for projects for industrial, Federal and
international clients covering a variety of regulatory requirements (CERCLA, RCRA,
DOE, CAAA, NEPA, NRC, OSHA, TSCA, FIFRA) and U.S. state regulatory programs.
Led risk assessments in support of commercial and DOE radioactive waste cleanups;
brownfield redevelopment; CERCLA, RCRA corrective action and state-led cleanup
programs; assessment of air toxics residual risks under MACT standards; and,
permitting of hazardous waste incinerators
Experience with the use of a range of multimedia models, including RESRAD, CalTOX,
Microshield for dose assessments, indoor air assessments with the Johnson and
Ettinger vapor intrusion model, food chain models based on EPA and NRC guidance,
groundwater models including BIOSCREEN/BIOCHLOR and MODFLOW, vadose zone
transport models including SESOIL and VLEACH, and air dispersion models including
SCREEN, ISCST3 and AERMOD.

EDWARD P. REGNIER
Education:
B.S., Chemical Engineering, Kansas State University
M.S., Nuclear Engineering, University of Washington
J.D. (Law), Georgetown University
Professional Experience:
Thirty years of experience in radioactive waste management at NRC and DOE
 Regulatory and rulemaking experience: One of the principal drafters of 10 CFR 60,
assisted in development of Waste Confidence Rulemaking, 40 CFR 191, 40 CFR 194,
EPA proposed LLW rule 40 CFR 193, DOE Order 435.1
 Review and comment on DOE Generic Environmental Impact Statement on Radioactive
Waste Disposal
 NRC liaison with Waste Isolation Pilot Plant
 Member of LLW Steering Committee
 Member of PA Task Team
 Chairman of the Interagency Steering Committee on Radiation Standards Risk
Harmonization Subcommittee
 U.S. representative on several International Atomic Energy Agency committees for the
development of international radioactive waste disposal standards
 Member and Acting Chief of the Licensing Branch for development of the HLW
repository
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ROB SHUMAN
Education:
B.S., Zoology, Colorado State University
M.S., Radiation Ecology and Health Physics, Colorado State University
Professional Experience:
Twenty-two years of experience in radioactive waste management and environmental
restoration. Focused on risk assessment and PA and has participated in and supervised
several human health and ecological PAs.
 Key technical role in Los Alamos National Laboratory’s Area G PA and CA for the past
decade, and has conducted a variety of technical evaluations under the PA and CA
maintenance program and in support of the Laboratory’s Environmental Restoration
Project.
 Primary technical contributor to the CERCLA human health and ecological risk
assessments performed for mixed waste disposal sites at the DOE SRS.
 Developed release criteria for solid and liquid waste generated at DOE facilities.
 Developed computer codes for the analysis of long-term performance of waste disposal
sites and has been involved in the review of LLW radiological PAs prepared by the DOE
Idaho National Engineering and Environmental Laboratory and the Oak Ridge National
Laboratory.
DANNY SMITH
Education:
Ph.D., Nuclear Engineering, University of Texas at Austin
M.S., Mechanical Engineering, University of Texas at Austin
B.S., Chemical Engineering, University of Mississippi
Certification: Registered Professional Engineer: Texas, No. 64852
Professional Experience:
Over 30 years of experience in nuclear waste management and nuclear operations, regulatory
and policy analysis, environmental protection, risk and decision analysis, project management
and technical support, policy analysis, technical and policy input on radioactive waste issues
 NRC-Licensed Senior Reactor Operator
 Development of equipment and methods for sampling industrial point source emissions
 PA/CA Review Team for Los Alamos LLW disposal facility, SRS E-Area disposal
facilities, Oak Ridge LLW disposal facility, technical support to LFRG Chair
 Team Leader for revision of the review criteria for compliance with 40 CFR 191
 Assisted in development of DOE O 435.1, Radioactive Waste Management
 Assisted on Complex-Wide Review of DOE LLW Management
 Assisted in development of On-site vulnerability assessment of LANL Material Disposal
Area G, On-Site assessment of the Livermore Site Office of Environmental Management
 Regulatory activities include: development and adoption of Federal and state radioactive
waste legislation, tracking licensing requirements and compliance for nuclear reactor
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facility, design changes to reactor and auxiliary systems and tracking compliance with
technical specifications
Assisted in development of the draft license application for HLW waste disposal at
Yucca Mountain

JOHN C. WALTON, Ph.D., P.E.
Education:
B.S. ,Biology, minor Geology, Western Illinois University
M.S., Chemical Engineering, University of Washington
M.S., Environmental Science, University of Virginia
Ph.D., Chemical Engineering, University of Idaho
Professional Experience:
Over 30 years of experience in air emissions and radiological control experience in industry,
State regulatory agency, NRC technical contractor, and at DOE sites. More than 10 peerreviewed professional publications.
Currently professor of environmental engineering,
hydraulics, ground water, and materials degradation
 Analysis of engineered barriers performance in support of NRC evaluation of the
proposed HLW repository at Yucca Mountain. Developed a generalized reactive
transport code for release rate and corrosion applications.
 Studied migration of actinides through fractured rock in the unsaturated zone; regional
scale contaminant migration in the Snake River Plain Aquifer; fluid flow and mass
transport through concrete vaults and waste forms used to isolate nuclear waste;
development of predictive models for concrete degradation; theoretical modeling of the
electrochemistry inside localized corrosion cavities; release and migration of chlorinated
solvents from a waste disposal site; cleanup of volatile organic compound spills by soil
venting; modeling of in situ bioremediation; and leakage from flaws in geomembrane
liners used in landfills and surface impoundments.
 Conducted probabilistic risk assessment of natural hazards and operational accidents
which could result in release of radioactive or hazardous materials to the environment
and PA of nuclear waste disposal options including concrete vault performance for LLW
disposal.
 Conducted air dispersion modeling, ambient air monitoring, air pollution control
engineering, regulation development and data analysis.
W. ALEXANDER WILLIAMS, PhD
Education:
B.S., Chemistry, University of Virginia
Ph.D., Chemistry, University of Virginia
Professional Experience:
30 years of experience in radioactive waste management at NRC and EPA
 Participated in the radiological survey and approved publication of radiological survey
reports
 Prepared documentation to begin cleanup of 13 contaminated sites;
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DOE representative in the interagency workgroup preparing the “MARSSIM” radiological
survey manuals
Lead Federal employee development of the RESRAD computer codes
Evaluated risk and cleanup levels for radioactively contaminated sites and
recommended approval of cleanup criteria to management
Resolves issues relating to the cleanup levels at radioactively contaminated sites
Serves on a wide range of intra- and inter-agency task forces, workgroups and
committees.
Lead reviewer at EPA for several Department of Defense (DOD) Environmental Impact
Statements
Reviewer for numerous proposed NRC rulemakings and DOE and DOD Orders.
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