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EXECUTIVE SUMMARY 

The Performance Assessment for the Saltstone Disposal Facility at the Savannah River Site 
(SRR-CWDA-2009-00017) was prepared to inform decisions regarding the pertinent 
requirements of the U.S. Department of Energy’s (DOE) Manual 435.1-1, Radioactive Waste 
Management, and Title 10 Code of Federal Regulations Part 61, Licensing Requirements for 
Land Disposal of Radioactive Waste, Subpart C as required by the Ronald W. Reagan National 
Defense Authorization Act for Fiscal Year 2005 (NDAA), Section 3116 (NDAA_3116). 
Requirements in DOE M 435.1-1 and 10 CFR 61 stipulate that a PA should provide reasonable 
expectation/assurance that disposal of Low-Level Waste will comply with specified performance 
objectives. DOE M 435.1-1 also requires assessments for impacts to water resources.  

The Saltstone Disposal Facility (SDF) Performance Assessment (PA) serves as the primary long-
term risk assessment tool to determine that performance objectives will be met following closure 
of the SDF. The SDF PA is a performance-based, risk-informed analysis of the fate and transport 
of SDF waste following final closure of SDF. 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 SDF assessment is the “Base Case” model, a 
deterministic analysis of post-SDF closure that utilizes the most probable and defensible values 
for the parameters within the SDF PORFLOW model whenever possible. This deterministic 
analysis produces a single discrete value at each point of assessment that, in turn, can be 
compared directly to the 10 CFR 61.41 performance objective of 25 mrem/yr peak dose and the 
10 CFR 61.42 inadvertent intruder dose. The understanding of the results of the SDF PA is 
further enhanced through an extensive series of uncertainty analyses and sensitivity analyses.  

The deterministic Base Case of the SDF PA was developed using reasonably conservative, best-
estimate assumptions (i.e., most probable modeling parameters) whenever possible. As a hybrid 
approach, the deterministic Base Case model is accompanied by the probabilistic model and 
deterministic alternative modeling cases, 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 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 the current Savannah River Site (SRS) 
workforce, and delays in risk-reducing waste tank closure activities. The application of the 
hybrid approach to PA development (i.e., including a probabilistic model and deterministic 
alternative modeling cases) was to allow for the less probable, but still possible, assumptions to 
be modeled, improving overall understanding of the SDF system.  

For the SDF 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 U.S. Nuclear 
Regulatory Commission (NRC) guidance (NUREG-1854, page 4-3). To account for variability 



Comment Response Matrix SRR-CWDA-2014-00099 
for NRC RAIs on the Revision 1 
FY2013 SDF SA January 2015 
 

 
 

Page 13 of 126 

and uncertainty regarding the timing of barrier failures, DOE provided extensive discussion on 
doses for periods up to 20,000 years following closure of the SDF and performed analyses 
beyond 20,000 years to gain a better understanding of the closed system performance and 
radionuclide transport. DOE M 435.1-1 (page IV-11) requires PAs to “include calculations for a 
1,000-year period after closure…”  

As described above, in developing the deterministic Base Case assumptions, DOE sought to 
develop a conceptual model of the SDF system and surrounding General Separations Area 
(GSA) that reflects the best available or best estimate values, and includes reasonably 
conservative modeling assumptions and inventory assignments. In developing these values, DOE 
did not seek to create artificially 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 SDF. 

In support of the development of the SDF PA, DOE has made a significant investment in 
research and conceptual model development, utilizing nationally recognized experts in their 
respective fields including cementitious materials, hydrogeology, and modeling of environmental 
transport. The fate and transport modeling in the SDF PA reflects approximately 60 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 DOE Order 435.1, as well as 10 CFR 61.41 and 10 
CFR 61.42 performance objectives will be met during the 10,000-year performance period.  

Some perspective should be put on the 25 mrem/yr dose objective used to demonstrate 
compliance with the performance objectives for the protection of the general population from 
releases of radioactivity (DOE Order 435.1 and 10 CFR 61.41). It should be noted that the 
average annual dose to a United States citizen in 2007 was 620 millirems, approximately 25 
times higher than the 10 CFR 61.41 performance objectives. Figure ES-1 provides a breakdown 
of the exposure sources that make up the average dose of 620 millirems. 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 millirem; 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/yr represents 
a dose 40 times greater than the 10 CFR 61 performance objectives. 

  



Comment Response Matrix SRR-CWDA-2014-00099 
for NRC RAIs on the Revision 1 
FY2013 SDF SA January 2015 
 

 
 

Page 14 of 126 

Figure ES-1:  Major Sources of Radiation Exposure to the Average US Citizen 

 
[NCRP-160] 

DOE acknowledges that the PA and the associated Special Analyses (SAs) should contain 
adequate technical bases to support the Base Case (or Evaluation Case), being the most likely 
modeling case and that the PA should appropriately reflect uncertainties to demonstrate with 
reasonable assurance that the performance objectives can be met. DOE believes that the PA 
provides information regarding both the expected (i.e., probable) results (reflected in the Base 
Case analyses) and the alternative cases (reflected in the sensitivity analyses). The SDF system 
has defense-in-depth through multiple barriers that provide reasonable assurance that compliance 
with the performance objectives will be achieved. DOE clarifies that reasonable assurance is 
based on evaluations of how the facility is expected to perform as well as alternative system 
performance evaluations (i.e., less likely) that encompass uncertainty and variability (uncertainty 
and sensitivity analyses).  
DOE M 435.1-1, Radioactive Waste Management, outlines a comprehensive program to 
maintain PAs. 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 
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when changes in radionuclide inventories or facility design are identified or new information on 
key parameters becomes available through continued research and study. On an annual basis, the 
adequacy of the SDF PA is assessed and, when warranted, will be revised and shared with the 
NRC through the NDAA Section 3116(b) monitoring protocols. 
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information or new analytical methods on the conclusions reached based on the approved SDF 
PA. [SRR-CWDA-2013-00062] Following this, another SA, the FY2014 Special Analysis for the 
Saltstone Disposal Facility at the Savannah River Site (hereinafter the FY2014 SDF SA), was 
developed to reflect a change in future disposal unit design from 150-foot diameter future 
disposal cells to 375-foot diameter Saltstone Disposal Units (SDUs) (e.g., SDU 6). [SRR-
CWDA-2014-0006] During development of the FY2014 SDF SA, the NRC provided a set of 
Requests for Additional Information (RAIs) and associated Clarifying Comments (CCs) based 
upon the FY2013 SDF SA, via the U.S. Nuclear Regulatory Commission Staff Comments and 
Requests for Additional Information on the Fiscal Year 2013 Special Analysis for the Saltstone 
Disposal Facility at the Savannah River Site, SRR-CWDA-2013-00062, Revision 2, dated June 
13, 2014. [ML14148A153] This document provides the responses to these RAIs and CCs.  

Each response begins with a copy of the RAI or CC from the NRC, followed by the DOE 
response. 
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PERFORMANCE ASSESSMENT METHODS (PAM) 

PAM-1………………….. 

PAM-1 Comment: A clear, integrated description of DOE’s conceptual model of SDF performance is 
needed for NRC staff to evaluate whether the conceptual model adequately represents the 
physical system and whether the mathematical model adequately represents the conceptual 
model. 

Basis: The Special Analysis has no clear, integrated description of the conceptual model of how 
the disposal system in the SDF isolates waste or how the significant barriers work and degrade 
over time. The conceptual model of the site should qualitatively describe how the features, 
events, and processes, including significant radionuclides and significant barriers, interact with 
one another and how the site functions. The Special Analysis described the performance of 
various components in different sections and in different levels of detail. The conceptual model 
for certain components or processes are not in the Special Analysis at all. Simplifying 
assumptions should be explained in the description of the conceptual model. Because conceptual 
models need to be amenable to mathematical representation, the conceptual model must be 
transparent and supported with adequate technical bases. More than one conceptual model may 
be consistent with available information (see MF 10.02). 

A conceptual model based on the intermediate and final model results of the evaluation case (see 
MF 10.01), for example, could make technical discussions in the Special Analysis considerably 
more efficient and effective. Section 4.2 of the 2009 Performance Assessment (PA) described 
the SDF “integrated site conceptual model” in detail. That description was very useful for the 
PA, but was not easily applicable to the Special Analysis. There are differences between the 
conceptual model in the PA and the conceptual model that formed the basis for the Special 
Analysis. The Special Analysis conceptual model was not clearly described in the Special 
Analysis documentation. A conceptual model description as extensive as the one in the PA is not 
needed for a Special Analysis. For a Special Analysis, a short, separate description of the 
conceptual model from the meteorological conditions at the beginning of the model to the 
receptor at the end should provide the necessary framework for overall performance and help 
ensure that relevant components and processes are not overlooked. 

The inclusion of a conceptual model description can help improve transparency and 
understanding. For instance, the Special Analysis is not clear about the oxidation of the FDC 
floors (see Comment DSP-4) and the release of technetium-99 (Tc-99) from the FDC system 
(i.e., how much Tc-99 is being released through the construction joint, the column, and the 
floor) (see Comment DSP-2). Also, the Special Analysis does not appear to discuss re-reduction 
and re-concentration of Tc-99 in saltstone, which is a potentially significant barrier to the timing 
of the Tc-99 peak release. As NRC staff indicates in Comment SP-3, the PORFLOW Near-Field 
files for the evaluation case indicate that Tc-99 is re-reduced and re-concentrated to 
concentrations between two and three orders of magnitude greater than the initial concentration 
in saltstone. 

In addition, although the conceptual model should qualitatively describe components and 
interrelated processes, for more complex features and processes significant to performance, the 
presentation of intermediate outputs would be useful in understanding how the mathematical 
model is implementing the conceptual model. For example, diagrams showing the amount of 
oxidation of different parts of saltstone and disposal structures at key points in time would be 
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useful in understanding what part of the system is driving the overall release of Tc-99 from the 
disposal structures. Similarly, diagrams showing the concentration of Tc-99 in different parts of 
the system over time would also aid understanding. 

Path Forward: Describe the overall conceptual model of the disposal system. The conceptual 
model of the site should qualitatively describe how the features, events, and processes, including 
significant radionuclides and significant barriers, interact with one another and how the site 
functions. Intermediate and final model results should be used to support the description of the 
conceptual model. 

DOE Response to PAM-1 
The purpose of the FY2013 SDF SA was not to repeat documentation from the PA including 
complete descriptions of the various features, events, and processes that are conceptually 
included within the model; rather, SAs provide descriptions of changes or improvements to 
the PA model. Because the conceptual model for the FY2013 SDF SA was not significantly 
different from that documented within the PA, DOE did not include a comprehensive 
conceptual description of the FY2013 SDF SA model.  

Regardless, DOE has taken the NRC’s comment into consideration and incorporated a brief 
conceptual model description within the FY2014 SDF SA (Section 4.8 of the FY2014 SDF 
SA). [SRR-CWDA-2014-00006] Figure 4.8-1 of the FY2014 SDF SA provides references to 
text (either in the 2009 SDF PA or in the FY2014 SDF SA) wherein various modeling 
sections are discussed in greater detail. (For convenience, the figure is duplicated below as 
Figure PAM-1.1.) Additional intermediate outputs were also provided within the FY2014 
SDF SA. [SRR-CWDA-2014-00006]  

Further, many of the RAI responses provided herein also serve to better inform the 
approaches applied for the conceptual model, relative to the specific concerns mentioned 
within this RAI and subsequent RAIs on specific topics. 
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Figure PAM-1.1:  SDF Overall Flow and Transport Model 
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PAM-2………………….. 

PAM-2 Comment: NRC could more fully evaluate the Special Analysis if the results of the sensitivity 
analyses were made clearer. Reporting the sensitivity analysis results out to the peak dose and 
with consistent units would provide useful insight. 

Basis: Several figures in the Special Analysis (e.g., Figures 5.6-70, 5.6-79, 5.6-81, 5.6-87, 5.6-
88) provide only limited insight into the sensitivity of the parameter being investigated. Because 
the release of Tc-99 in the evaluation case occurs primarily after 20,000 years, the reader cannot 
make a direct comparison of the Tc-99 release in the sensitivity analyses to the release in the 
evaluation case to evaluate the effect of the parameter. NRC staff understands that the timing of 
the projected Tc-99 dose in the evaluation case at approximately 31,000 years and the 20,000 
year analysis period for these sensitivity cases are both significantly beyond the period of 
performance. 

However, NRC staff has concerns with several assumptions in the Special Analysis that may 
result in the timing of the peak Tc-99 dose occurring much earlier in time. NRC staff concerns 
related to the timing of the peak Tc-99 dose include: (1) re-reduction and concentration of Tc-99 
in the PORFLOW Near-Field model (see Comment SP-3); (2) limited analysis of cementitious 
material degradation mechanisms (see Comment SP-4); (3) almost 4,000 year delay before 
degradation of the FDC saltstone begins (see Comment SP-5); (4) initial saltstone hydraulic 
conductivity that does not include the full range of observed values (see Comment SP-7); (5) 
concerns about the solubility limit used in the evaluation case (see Comment SP-8); (6) 
inadequate support for the use of reducing capacity as a basis for the release of Tc-99 (see 
Comment SP-9); (7) inadequate support for DOE’s assumed value of the reducing capacity of 
saltstone, if reducing capacity is determined to be an appropriate basis for Tc-99 release (see 
Comment SP-10); (8) 1,400 year delay in the degradation of the FDC roofs (see Comment DSP-
1), (9) conceptual model for FDC floor oxidation (see Comment DSP-4); and (10) assumed 
shedding/drainage of water around the FDCs (see Comment DSP-7). 

In addition, many of the results of sensitivity cases evaluated in Section 5.6 were presented in 
terms of moles/year Tc-99 released from particular modeled disposal structure (e.g., Figures 5.6-
75, 5.6-70, 5.6-88, 5.6-90). The Tc-99 release rate in many of the sensitivity cases exceeds 0.1 
moles/year within 10,000 years of site closure. Comparison of releases from SDS 2A/B to dose 
in Sector B and Sector I in the PORFLOW Near-Field files provided with the Special Analysis 
indicated an approximate conversion from moles/year Tc-99 released to dose in those sectors. 
Based on that comparison, a release rate of 0.09 moles/year from the FDCs appears to be 
roughly equivalent to a dose of 400 mrem/yr in Sector I. 

Path Forward: DOE should provide results to sensitivity analyses out to peak dose and present 
results in consistent units with the evaluation case (e.g., either mrem/yr for the sensitivity 
analyses, or mol/yr for the evaluation case), where possible, to allow comparison of the 
sensitivity cases with the evaluation case. Comparison with the evaluation case is necessary to 
provide a more complete understanding of the effect of the parameters being investigated. 
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DOE Response to PAM-2 
The FY2014 SDF SA includes model results for the Evaluation Case and various sensitivity 
studies along longer timelines to include the peak doses caused by the release of Tc-99 over 
time. Based upon analysis of the various sensitivity studies provided, DOE has found that it 
would be unlikely that any significant Tc-99 releases would occur within 10,000 years.  

Section 5.6.7.3 of the FY2014 SDF SA evaluated select flow conditions and found that even 
under the most pessimistic conditions, the peak Tc-99 release does not occur until after 
20,000 years. [SRR-CWDA-2014-00006] This “most pessimistic” flow condition assumes 
maximum infiltration, an initial hydraulic conductivity of saltstone of 4.5E-07 cm/sec, and 
nominal degradation rates for cementitious materials. DOE has determined that the “average” 
infiltration rates used for the Base Case and Evaluation Case modeling (for the PA and SAs, 
respectively) already rely on a series of conservative assumptions (see Section 5.6.3 of the 
FY2014 SDF SA). As such, applying the maximum infiltration rate exaggerates this 
conservatism towards the upper bound of expected future conditions. Similarly, DOE has 
identified that the initial saturated hydraulic conductivity of saltstone assumed for the 
Evaluation Case (i.e., 6.4E-09 cm/sec) is also conservative relative to measured values (i.e., 
measured saturated hydraulic conductivities for saltstone typically ranged between 2E-09 
cm/sec and 5E-09 cm/sec). [VSL-14R3210-1] As such, applying 4.5E-07 cm/sec for the 
initial saturated hydraulic conductivity of saltstone also exaggerates the conservatism (by 
more than an order of magnitude), potentially beyond what would be realistic, as discussed 
by the independent Review Team from DOE’s Low Level Waste Disposal Facility Federal 
Review Group (LFRG).  

Combining both the maximum infiltration rate and this higher hydraulic conductivity creates 
a flow condition that is highly improbable, but it was included within the SA to provide an 
in-depth understanding of how the system behaves under such bounding (or beyond-
bounding) conditions and to address uncertainty in the system.  

Accordingly, showing results to 20,000 years provides an adequate level of detail for 
evaluating system performance within a 10,000-year period. Regardless, the FY2014 SDF 
SA does present more tables and figures that show peak values well beyond the 10,000- and 
20,000-year periods. 

Also, DOE was more consistent in its application of units for all results provided in the 
FY2014 SDF SA for clarity to the reader. 
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PAM-3………………….. 

PAM-3 Comment: Additional explanation is needed to determine if the short-duration dose peaks in 
Figure 5.5-11, which DOE referred to as dose “spikes,” were primarily due to modeling 
artifacts, or if they represent an alternate conceptual model for Tc-99 release. 

Basis: In Section 5.5.1.4, DOE stated that: “… [dose] spikes out to about 47,000 years after 
closure are from Tc-99 being released until the slag in the [Future Disposal Cell (FDC)] 
concrete floor has been completely consumed by oxygen.” 

Based on NRC staff evaluation of the PORFLOW Near-Field files used to support the Special 
Analysis, it appears that the “spikes” are caused by re-concentration of Tc-99 in modeling 
elements representing chemically reduced saltstone and subsequent sudden release of Tc-99 
when the modeling element transitions to representing oxidized saltstone. 

The NRC staff understands that concentrating releases into spikes increases the magnitude of the 
peaks as compared to peaks associated with more gradual releases. However, it remains unclear 
what fraction of the spike value DOE would attribute to modeling artifact and what fraction 
DOE would call the projected dose. For example, in MF 10.02, NRC staff expressed concern 
that if oxygen primarily enters saltstone in water infiltrating from the top of the saltstone block, 
as DOE has modeled in the evaluation case, that it could be released in a pulse if Tc-99 released 
from oxidized areas in the top of saltstone is re-concentrated lower in the saltstone block and 
released suddenly when that segment of the saltstone is oxidized. It is unclear what fraction of 
the dose peak could be due to this kind of physical phenomenon, and what fraction may be a 
modeling artifact. 

Although the projected dose spikes occur more than 10,000 years after site closure, it appears 
the projected spike timing could change based on response to another RAI comment (PAM-2). 
Furthermore, it is not clear how the modeling artifacts that cause the spikes might affect the 
release timing. 

Path Forward: Provide a technical basis for interpreting the dose spikes in Figure 5.5-11, 
addressing whether there are any physical phenomena that would account for the spikes. If DOE 
determines the modeled extent of re-reduction of Tc-99 in saltstone is unrealistic (as discussed 
in Comment SP-3), then DOE should address the implications for the dose spikes shown in 
Figure 5.5-11. 

DOE Response to PAM-3 
DOE’s approach for modeling the release of Tc-99 has been enhanced, as described in 
Section 4.4.1.3 of the FY2014 SDF SA. [SRR-CWDA-2014-00006] In the shrinking core 
model used to simulate Tc-99 release, the reducing capacity within each nodal element is 
depleted by dissolved oxygen entering the nodal element and consuming (oxidizing) the slag 
via the infiltrating liquid. Intact cementitious materials are expected to be fully saturated once 
buried under a facility closure cap, precluding oxidation by gas-phase transport of oxygen 
through the porous media. Soils surrounding SDUs will generally be unsaturated, such that 
soil moisture will be in contact with gas-phase oxygen. Slag oxidation via infiltrating 
dissolved oxygen is modeled with PORFLOW by defining liquid-phase oxygen and solid-
phase slag concentrations and associated mass balance transport equations. The previous 
methodology employed in PORFLOW for slag oxidation was discussed in PORFLOW 
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Modeling Supporting the FY13 Saltstone Special Analysis, and enhanced in PORFLOW 
Modeling Supporting the FY14 Saltstone Special Analysis. [SRNL-STI-2013-00280; SRNL-
STI-2014-00083] This latter report provides additional details regarding the development of 
the revised modeling approach.  

Figure PAM-3.1 illustrates the conceptual basis and qualitative behavior of the Tc-99 release 
sub-model for both the FY2013 SDF SA and the FY2014 SDF SA. The FY2013 SDF SA 
model assumes a well-mixed computational cell (or node), such that most or all of the slag 
reaction capacity must be depleted before an oxidized condition is achieved and Tc-99 is 
released to the liquid phase (as the solubility control is depleted). [SRR-CWDA-2013-00062] 
This concept creates an abrupt drop in sorption coefficient and spike releases of Tc-99 as the 
oxidation process within an individual cell reaches completion. On a computational grid of 
multiple cells, this behavior manifests itself as periodic spikes in the Tc-99 flux leaving the 
SDU modeling domain as particular cells, or small groups of cells, approach 100% oxidation. 
The discrete spikes reflected numerical discretization rather than any real phenomenon, and 
tend to obscure the underlying physics of the system. An alternative modeling approach that 
would reduce or eliminate these modeling artifacts was thus desired and applied to the 
FY2014 SDF SA. [SRR-CWDA-2014-00006] 

The artificial spikes could, in principle, be reduced to any desired level through mesh 
refinement. However, this approach was rejected for the FY2014 SDF SA because SDU 
simulations for slag oxidation and Tc-99 release already required days of wall-clock time to 
complete, and any meaningful increase to grid resolution would make runtimes untenable. 
Instead, an alternative concept of slag oxidation was developed for the FY2014 SDF SA. 
Here a sharp front separating fully oxidized and fully reduced sub-regions is assumed to be 
passing through each grid cell undergoing oxidation. Using this concept, Tc-99 is released 
from the solid to the liquid phase uniformly during the period the oxidation front enters the 
cell until it leaves, with the release rate for each individual node controlled by the rate at 
which each node is oxidized by infiltrating dissolved oxygen. The sorption coefficient 
transitions more gradually between the fully reduced to fully oxidized values (Figure PAM-
3.1 (a)), leading to a more gradual and earlier release of Tc-99 (Figure PAM-3.1 (b)). 
[SRNL-STI-2014-00083] 

Finally, the responses to later RAIs discuss specific processes related to the release and 
transport of Tc-99 (e.g., the response provided for RAI DSP-2). The processes described in 
these later RAI responses include an in-depth description of the re-reduction of saltstone and 
the simultaneous re-concentration of Tc-99 in saltstone, as well as a description of an 
alternative sensitivity model in which a percentage of released Tc-99 was modeled as 
bypassing the saltstone, the floor, and the mud mats, instantly transporting into the vadose 
zone beneath the SDU.  
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Figure PAM-3.1:  Comparisons of (a) Sorption Coefficient and (b) Tc-99 Release Behaviors 
for the FY2013 SDF SA and FY2014 SDF SA Sub-Models 
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SALTSTONE PERFORMANCE (SP) 

SP-1………………….. 

SP-1 Comment: Sensitivity cases representing non-depleting oxygen sources (Section 5.6.6.4), may 
not adequately represent oxidation in unsaturated fractures. 

Basis: DOE indicated that the oxygen sources are “randomly” placed in grid elements. That 
description appears to indicate that the oxygen sources are: (1) unconnected from one another; 
and (2) unconnected from flow paths. That representation of oxidized areas of saltstone would 
over-represent re-reduction of Tc-99 as it migrates to reduced areas of the saltstone instead of 
moving along oxidized fractures, which could also transmit water. 

Path Forward: Explain how the randomly placed oxygen sources represent oxidation along 
fractures or provide a revised dose estimate that addresses the potential for oxidation along 
connected pathways that can transmit water. A revised dose estimate should address other 
relevant RAI comments that could affect the timing of the peak dose (see Comment PAM-2). 

DOE Response to SP-1 
Due to the stability of the local geography, DOE does not believe that the saltstone will 
degrade in such a way as to form a network of interconnected, unsaturated fractures within 
the 10,000-year evaluation period. The sensitivity case representing the non-depleting 
oxygen sources was not intended to simulate expected conditions; rather, the case is provided 
as a theoretical analysis to show the potential impact from random fracturing carrying 
increasing amounts of oxygen through the system. The FY2014 SDF SA updated the 
sensitivity cases representing non-depleting oxygen sources and included additional figures 
and discussion to clarify the modeling approach assumed (see Section 5.6.7.4). [SRR-
CWDA-2014-00006] Although the oxygen sources were randomly placed throughout the 
saltstone, Figures SP-1.1 and SP-1.2 show that between 10,000 years and 16,000 years, the 
oxidation fronts generally begin to link together. Because the oxygen sources were assumed 
to be non-depleting (despite being embedded within a fully saturated, reducing environment), 
they provide a continuous supply of oxygen. When these independent oxygen sources expand 
and reach the other oxygen sources, they become interconnected, thus creating continuous 
paths of oxidation.  

The response to RAI DSP-2 indicates that the bulk of the Tc-99 mass remains within the 
waste form until the oxidation front can break through the bottom of the floor of the disposal 
unit. Regardless of where any fractures may exist within the disposal unit, if the potential 
fracture does not make contact with a continuous source of oxygen (e.g., continuous oxygen 
ingress occurring through the roof of the SDU) and extends the entire distance of the disposal 
unit to make contact with the oxidized upper mud mat beneath the disposal unit (e.g., Tc-99 
egress occurring through the floor of the SDU), then most of the released Tc-99 is likely to 
become re-reduced and re-contained until such a breakthrough can occur.  
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Figure SP-1.1:  Oxidation Profile for 150-Foot Diameter SDUs for Varied Oxygen Sources 
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[Source: SRR-CWDA-2014-00006, Figure 5.6.7-14] 

Figure SP-1.2:  Oxidation Profile for 375-Foot Diameter SDUs for Varied Oxygen Sources 
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[Source: SRR-CWDA-2014-00006, Figure 5.6.7-15] 

Although DOE does not consider such a catastrophic system failure to be a credible scenario 
within the 10,000-year performance period, it may be noted that the modeled column 
degrades relatively quickly (e.g., within the 375-foot diameter SDUs a zone of preferential 
flow begins to form around 2,000 years after closure until a top-to-bottom flow path is 
completed around 7,200 years after closure). The model described in the response to CC-3 
incorporates the impact of sulfate attack on the columns, applying even faster degradation, 
resulting in the top-to-bottom flow path completing around 2,000 years after closure. Despite 
the presence of this flow path, doses do not exceed performance objectives. It is evident from 
these modeled columns that such an interconnected channel creates a path of preferential 
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flow that also channels associated dissolved oxygen away from the majority of the Tc-99 
inventory. Therefore, the risks from any potential fractures that may form are not likely to be 
significant. 

Additionally, as discussed in the response to RAI PAM-3, DOE’s approach for modeling the 
release of Tc-99 has been enhanced such that the saltstone oxidation and the associated 
release of Tc-99 occur along uniform rates of change (per modeled node) rather than the step 
changes that were assumed in the FY2013 SDF SA. Accordingly, the releases of Tc-99 begin 
sooner, providing a more realistic representation of the system behavior. 

The FY2014 SDF SA also includes a sensitivity analysis to provide improved understanding 
of the overall effects from potential re-concentration of Tc-99 (see Section 5.6.6.2). [SRR-
CWDA-2014-00006] The sensitivity study creates an artificial bypass in which a percentage 
(i.e., 0%, 25%, 50%, 75%, or 100%) of the released Tc-99 is instantaneously placed into the 
vadose zone beneath the SDU at the time of oxidation. The results of this analysis indicate 
that the timing of the peak release is not significantly affected by changes to the amount of 
re-concentration that occurs (i.e., the occurrence of the peaks ranged from 37,600 years to 
38,220 years). However, the magnitude of the peaks can vary significantly, wherein the 
approach assumed in the Evaluation Case of the FY2014 SDF SA (no bypass) provides the 
highest (or most conservative) peak dose from Tc-99 relative to the mass release scenarios 
considered in the sensitivity study. 
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SP-2………………….. 

SP-2 Comment: A technical basis is needed for the assumption that saltstone fractures will remain 
saturated in the evaluation case. 

Basis: In the Special Analysis, DOE indicated that it expects saltstone to remain saturated, 
precluding gas-phase oxygen as an oxygen source in saltstone. That assumption appears to be 
supported in the intact saltstone matrix but appears to be unsupported in saltstone fractures. For 
example, SRNL-STI-2013-00118 stated: 

“In other words, the fracture will be liquid-filled for positive pressure head and suction (negative 
pressure) head less than 2𝜎⁄𝜌𝑔𝑏” 

and 

“For 𝜓𝑐 = 1500 cm = 15m, the result is b = 1 μm = 0.04 mil. Hence fractures, if present, are 
expected to be unsaturated unless very narrow. If these postulated fractures are connected, then 
they would provide a means for gas-phase transport of CO2 through the porous medium.” 

The DOE indicated that it has addressed the possibility of gas-phase oxygen as an oxygen 
source with non-mechanistic sensitivity analyses (Sections 5.6.6.4 through 5.6.6.6). Those 
sensitivity analyses are the subject of another RAI comment (SP-1). However, if DOE plans to 
use the assumed saturation of saltstone as a separate line of model support for neglecting gas-
phase oxygen in the evaluation case, then the assumption must be justified. 

Path Forward: Provide a technical basis for the assumption that saltstone fractures will remain 
saturated in the evaluation case. Alternatively, revise the evaluation case to incorporate releases 
of Tc-99 oxidized along unsaturated fractures. Any revised analysis should address comments 
that affect the timing of Tc-99 release (see Comment PAM-2). 

DOE Response to SP-2 
Although DOE does not consider a completely interconnected pathway of oxidation from the 
top of the roof of the SDU, through the saltstone, and down to the floor of the SDU to be a 
credible scenario within the 10,000-year performance period, it may be noted that the 
modeled column degrades quickly (e.g., within the 375-foot diameter SDUs a zone of 
preferential flow begins to form around 2,000 years after closure until a top-to-bottom flow 
path is completed around 7,200 years after closure). The model described in the response to 
CC-3 incorporates the impact of sulfate attack on the columns, applying even faster 
degradation, with the top-to-bottom flow path completing around 2,000 years. Despite the 
presence of this flow path, doses do not exceed performance objectives. Therefore, the risks 
from any potential fractures that may form are not likely to be significant. 

The response to RAI SP-1 provides additional information about the sensitivity analysis that 
incorporated the non-depleting sources of oxygen. 

The response to RAI DSP-2 provides a detailed description of the modeled oxidation process 
for the entire SDU. Neglecting the possibility that potentially unsaturated fractures may exist 
within the saltstone was a modeling simplification. Although fracturing may occur, it is not 
expected that such fractures would be extensively interconnected. Regardless, due to a 
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number of conservative modeling assumptions, the modeled column degrades quickly, 
providing an analogue to fracture flow.  

The sensitivity study from Section 5.6.6.2 of the FY2014 SDF SA (described in the response 
to RAI SP-1) in which a percentage of the released Tc-99 mass artificially bypasses the 
reduction zone and is instantly placed into the vadose zone, also provides some insight into 
the significance of the assumed behavior of the system. In the sensitivity study, a percentage 
of the released Tc-99 is instantaneously placed into the vadose zone beneath the SDU at the 
time of oxidation. The results of this analysis indicate that the timing of the peak release is 
not significantly affected by changes to the amount of re-concentration that occurs (i.e., the 
occurrence of the peaks ranged from 37,600 years to 38,220 years). However, the magnitude 
of the peaks can vary significantly, wherein the approach assumed in the Evaluation Case of 
the FY2014 SDF SA (no bypass) provides the highest (or most conservative) peak dose from 
Tc-99 relative to the mass release scenarios considered in the sensitivity study. 
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SP-3………………….. 

SP-3 Comment: Support is needed for the extent of re-concentration of Tc-99 simulated by the 
PORFLOW Near-Field model. 

Basis: The PORFLOW Near-Field files for the evaluation case indicated that some grid cells 
experience re-concentration of Tc-99 to concentrations between two and three orders of 
magnitude greater than their initial concentrations in saltstone. Although sudden release of Tc-
99 from cells in which re-concentration occurs when those cells become oxidized increases the 
peak dose, as compared to the peak dose resulting from a more gradual release, re-concentration 
of Tc-99 within saltstone may also delay the peak dose. The peak Tc-99 dose is modeled to 
occur more than 10,000 years after closure. However, it is difficult to estimate the effect of this 
modeled re-concentration on the timing for the Tc-99 peak dose. 

Recent Cementitious Barriers Partnership (CBP) and DOE reports (CBP-TR-2013-002) and 
(SRNL-STI-2013-00541) indicated that Tc-99 may not be effectively re-reduced in saltstone 
after the Tc-99 is oxidized. During the NRC Public Meeting held on February 10, 2014 (see 
Meeting Summary in ML14057A578), DOE discussed that an experiment conducted at the DOE 
Pacific Northwest National Laboratory (PNNL), which DOE cited as support for the assumption 
that Tc-99 would be re-reduced (PNNL-21723). However, as discussed at the NRC Public 
Meeting and in the NRC Technical Review Report (TRR) of DOE support for Tc-99 solubility 
(ML13304B159), the NRC staff determined that the amount of oxidation in that experiment was 
minor, so the evidence of re-reduction is unclear (see ML14057A578 and ML13304B159). 
Furthermore, the extent of re-reduction DOE states is demonstrated in the PNNL document 
(PNNL-21723) is far less than the two or three orders of magnitude re-concentration assumed in 
the PORFLOW Near-Field model. Based on the limited laboratory and field research that has 
been conducted related to re-concentration, it is not clear to what extent re-concentration might 
occur in the field-emplaced saltstone. 

Path Forward: Support the extent of re-reduction modeled in saltstone or provide a revised 
estimate of timing and magnitude of the peak dose from Tc-99 based on supported assumptions 
about re-reduction. Any support for the extent of re-reduction modeled to occur in saltstone 
should address the findings of CBP-TR-2013-002 and SRNL-STI-2013-00541. Any revised 
estimate for the timing of the peak dose also should address other factors that affect the timing 
of the peak dose (see Comment PAM-2) 

DOE Response to SP-3 
Studies of field-emplaced saltstone and the associated contaminant release and transport 
behavior are ongoing. For example, a mock-up demonstration to determine the viability of 
retrieving field-emplaced saltstone samples via a core-drilling process is described in the 
FY2014 Saltstone Core-Drilling Mock-Up Summary. [SRR-CWDA-2014-00059] This study 
contributes to forming a basis for conducting future studies with respect to field-emplaced 
conditions. 

As part of ongoing research and development, a dynamic leaching test has been developed to 
evaluate contaminant release from and residual reductive capacity of monolithic materials 
utilizing a flexible-wall permeameter system. [SREL Doc. R-14-0007] The permeameter 
method is extensively used for measuring the hydraulic conductivity of SRS cementitious 
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materials, such as saltstone and tank closure grouts. Currently, passive leaching methods are 
applied to evaluate contaminant release, and provide an indication of contaminant diffusion 
and release for a given sample mass over time, across a known exposed sample surface area. 
[SREL Doc. R-14-0007] However, the method provides limited information concerning the 
mechanism of contaminant sorption and the persistence of reductive capacity within the 
materials of study.  

The FY2014 work to develop a dynamic contaminant leaching test utilized rhenium (Re) as a 
radioactive surrogate for technetium (Tc). The purpose of the study was not to assess the 
suitability of Re as a surrogate for Tc, but rather it was merely used as a means to establish 
the feasibility of the dynamic leaching approach, and to optimize the methodology with non-
radioactive samples. Saltstone was produced using a simulant salt solution spiked with 
perrhenate (ReO4

-) at a concentration of approximately 2 mg/L. The samples were cured at 
high relative humidity (>95%) and according to a thermal profile measured in an actual SDU. 
For testing, cured samples were subjected to elevated pressures (using the permeameter) to 
force leachate through the interior of saltstone monoliths in an effort to mimic the eventual 
ingress of water into saltstone and subsequent pore volume exchange, and to evaluate the 
influence of dissolved gases, including O2, on saltstone reductive capacity and its impact on 
the dynamic leaching behavior of Re.  

Chemical analysis of the effluent leachates was performed using inductively coupled plasma-
mass spectrometry (ICP-MS), which initially indicated high levels of Re (0.25 to 0.80 mg/L) 
in the leachate which subsequently decreased to more stable levels of 0.10 to 0.20 mg/L. 
After stabilizing, the relative level of Re found in the effluent was dependent on the leaching 
flow rate, a factor that is inversely related to the leaching solutions residence time within the 
saltstone monolith. Therefore, longer pore solution residence times yield higher effluent Re 
concentrations. [SREL Doc. R-14-0007] 

The development work for FY2014 demonstrated the feasibility of the dynamic leaching 
methodology utilizing non-radioactive contaminants to assess the time-dependent leaching of 
saltstone monoliths. At this time, it is anticipated this method will be applied to Tc-spiked 
samples that have been subjected to different curing durations. In addition, a test is being 
developed to investigate the ability of saltstone to utilize residual reduction capacity to re-
reduce technetium that has been oxidized by infiltrating groundwater. This test will involve 
forcing oxygenated groundwater simulant spiked with Tc(VII) through a monolith (using the 
permeameter) and characterizing the technetium concentration in the outflow.  

Additional studies with respect to the redox behavior of Tc-99 are being conducted with 
emphasis on determining the components in blast furnace slag that most significantly affect 
the oxidation state of Tc-99, and the technetium compounds that are formed as a result of 
reduction. Data from FY2014 indicate that ferrous iron (Fe2+) may play a more dominant role 
in Tc-99 reduction than sulfide (S2-), and further study of this phenomenon is currently 
planned for FY2015. [SRRA042328SR] 

Finally, the response to RAI SP-1 describes a sensitivity analysis from the FY2014 SDF SA 
that improves understanding of the overall effects from potential re-concentration of Tc-99 
(see Section 5.6.6.2). [SRR-CWDA-2014-00006] The sensitivity study creates an artificial 
bypass in which a percentage (i.e., 0%, 25%, 50%, 75%, or 100%) of the released Tc-99 is 
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instantaneously placed into the vadose zone beneath the SDU at the time of oxidation. The 
results of this analysis indicate that the timing of the peak release is not significantly affected 
by changes to the amount of re-concentration that occurs (i.e., the occurrence of the peaks 
ranged from 37,600 years to 38,220 years). However, the magnitude of the peaks can vary 
significantly, wherein the approach assumed in the Evaluation Case of the FY2014 SDF SA 
(no bypass) provides the highest (or most conservative) peak dose from Tc-99 relative to the 
mass release scenarios considered in the sensitivity study. 

The peak Tc-99 dose-contributions (from SDU 9 to the MOP at Sector K) and their time of 
occurrence (for a 10,000-year period and a 50,000-year period) are presented, in Table SP-
3.1. Note that this SDU, dose location, and time period were selected to capture the peak 
dose contribution from a 375-foot diameter SDU.  

Table SP-3.1:  Maximum Tc-99 Dose Contribution from SDU 9 to Sector K for 10,000 and 
50,000 years 

Percent of 
Mass 

Transferred 

10,000-Year 
Peak Dose 
(mrem/yr) 

10,000-Year 
Time of Peak 

Dose 
(yr) 

50,000-Year 
Peak Dose 
(mrem/yr) 

50,000-Year 
Time of Peak 

Dose 
(yr) 

0 1.8E+00 9,690 2.9E+02 38,220 
25 3.2E+00 9,230 2.5E+02 37,620 
50 4.6E+00 9,230 1.7E+02 37,620 
75 6.2E+00 8,340 9.9E+01 37,620 
100 9.3E+00 8,340 1.9E+01 37,600 

[Source: Table 5.6.6-5 from SRR-CWDA-2014-00006] 

As can be seen in Table SP-3.1, the more mass that is transferred through the fast pathway 
structure, the larger the dose contribution during the time of interest (10,000 years). This 
contribution is shown to be as high as 9.3 mrem/yr when no re-concentration occurs (i.e., 
100% of the released Tc-99 mass is artificially placed directly into the vadose zone).  

Also of interest is the effect of the fast pathway structure on the large releases at later times. 
This analysis shows that when more mass is released through the fast pathway (i.e., the 
ubiquitous fractures) at early times, the peak releases at later times are lower. The results 
presented in Table SP-3.1 show that as more mass is released through the fast pathway 
structure the lower the releases associated with the oxygen front reaching the bottom of the 
SDU. Much of the mass has been bled off over time. In this simplified analysis, as the 
oxygen front reaches the bottom of the SDU and the percentage of mass instantaneously 
removed from cells increases from 0% to 100%, the peak dose over a 50,000-year time 
period decreases from 290 mrem/yr to 19 mrem/yr. 
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SP-4………………….. 

SP-4 Comment: Additional support is needed for the assumption that the Special Analysis adequately 
represents or bounds the degradation that may be caused by mechanical influences. 

Basis: The NRC staff has previously discussed with DOE the importance of representing 
mechanical degradation mechanisms of cementitious materials (see ML13025A038 and 
ML13142A50). During the February 10, 2014 NRC Public Meeting (see Meeting Summary in 
ML14057A578), DOE discussed the following three points to support the viewpoint that the 
Special Analysis adequately represents the effects of mechanical degradation mechanisms: (1) 
an Effective Continuum Model (ECM) could conservatively represent a Discrete Fracture Model 
(DFM); (2) sensitivity analyses evaluated the effects of non-depleting oxygen sources, which 
were designed to simulate fracture zones exposing saltstone to gas-phase oxygen; and (3) the 
assumed linear degradation of cementitious materials conservatively accounts for mechanical 
degradation. In addition, the “Crosswalk of Select Documents Related to the Monitoring 
Programs for the Saltstone Disposal Facility” (SRR-CWDA-2014-00002) states that: “Various 
mechanical influences that could lead to physical degradation (i.e., fracturing) were not 
explicitly modeled in the [Special Analysis]. However, the linear degradation model approach 
utilized is expected to bound any influences from fracturing.” 

The analysis conducted in Section 2.6 of SRNL-STI-2013-00280 compares a DFM with varying 
fracture spacings against a composite continuum of blended cementitious materials and gravel, 
by volume proportion. The results indicated that an ECM can be parameterized so that it 
approximates a DFM. However, the results did not demonstrate that the ECM used in the 
Special Analysis, which is a separate model parameterized differently, adequately accounted for 
mechanical degradation and the potential flow and transport through a fractured medium. DOE 
has not provided information to support the extent of fracturing that may occur in saltstone due 
to mechanical forces throughout the performance period, nor did DOE provide information on 
how the ECM in the Special Analysis would approximate that fracture network. 

The NRC staff is also concerned that the assumed linear degradation of cementitious materials 
and the sensitivity analysis that evaluates the release of Tc-99 due to inclusion of non-depleting 
oxygen sources may not adequately account for the release of Tc-99 from a fractured monolith. 
DOE has not provided information to support the extent and rate of fracturing that may occur in 
the cementitious materials due to degradation mechanisms, as well as feedback mechanisms and 
the coupling of mechanisms that are not included in the Special Analysis. In the absence of this 
information, it is unclear whether the linear rate of degradation and aqueous-phase oxidation 
bounds either: (1) the long-term hydraulic performance of emplaced saltstone; or (2) the 
potential for both aqueous- and gas-phase oxidation of potentially fractured cementitious 
materials. 

In addition, the use of an effective continuum and a shrinking core model results in the re-
reduction and concentration of Tc-99 in the lower saltstone elements, as discussed in another 
RAI comment (SP-3), apparently as Tc-99 is released from overlying saltstone elements. If 
degradation results in connected fractures through the saltstone grout, then the transport of Tc-
99 may bypass the grout thereby limiting the potential for re-reduction and concentration of Tc-
99. Accordingly, it is not clear that the Special Analysis adequately accounts for the effects of 
mechanical degradation. 
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Path Forward: Provide support for the assumption that the linear degradation rate bounds the 
potential extent of fracturing from shrinkage, thermal gradients during curing, differential 
settlement, and any other applicable physical degradation mechanisms. Alternatively, provide 
information on the dose impact of fractures and gas-phase oxidation, in addition to matrix flow 
and aqueous-phase oxidation. Any revised analysis should take into account other comments 
that are relevant to Tc-99 release (see Comment PAM-2). 

DOE Response to SP-4 
As described in Section 4.2.3 of the FY2014 SDF SA, the assumption of linear degradation is 
conservative in early time, thus providing some compensation for the potential effects of 
mechanical degradation. For example, the SDU 1 roof has an initial saturated hydraulic 
conductivity of 5.0E-09 cm/sec; however, the rapid degradation of roof results in this value 
increasing at a rate of 2.3E-08 cm/sec per year, such that it increases to 2.8E-08 cm/sec 
within a single year and to 2.3E-06 cm/sec by the end of the 100-year institutional control 
period, shown in Figure SP-4.1. In effect, the saturated hydraulic conductivity rapidly 
approaches values similar to those found in soils (e.g., 4.1E-05 cm/sec in backfill).  No 
known degradation mechanisms would have such a substantial impact on the degradation of 
the cementitious materials.   

It is expected that degradation rates would initially be much slower and increase more 
gradually over time. In the 2009 SDF PA, the Base Case applied harmonic averaging of 
degraded concrete properties and did not degrade the saltstone within the evaluation period. 
[SRR-CWDA-2009-00017] In the FY2013 SDF SA, a linear (or arithmetic) averaging was 
applied. [SRR-CWDA-2013-00062] The FY2014 SDF SA applies the more conservative 
approach of linear averaging, in part to compensate for departures from flow and transport 
perpendicular to the uniform degradation front. Considering two-dimensional flow, a 
harmonic mean would overstate the effective permeability of the saltstone monolith. 
Nonetheless, conditions are expected to be less permeable than assumed in the FY2014 SDF 
SA. [SRR-CWDA-2014-00006] 
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Figure SP-4.1:  Saturated Hydraulic Conductivity for the SDU 1 Roof 

 
[Source: Figure 4.2-5 of SRR-CWDA-2014-00006] 

Additional conservatisms compensate for uncertainty degradation that may be caused by 
mechanical influences. For example, Figure SP-4.2 illustrates the change in saturated 
hydraulic conductivity in the five wall segments of the 375-foot diameter SDUs based on the 
nominal degradation analyses and the pre-closure degradation presented in Section 4.2.2 of 
the FY2014 SDF SA. [SRR-CWDA-2014-00006] Although the material properties of the 
wall are defined as having an initial saturated hydraulic conductivity of 9.3E-11 cm/sec, the 
FY2014 SDF SA assumes that the wall begins to degrade during the pre-closure operational 
period. As such, the simulations begin with the wall initially degraded, as shown in Figure 
SP-4.2. Because the PORFLOW model maintains the non-degraded tapered wall thickness, 
the saturated hydraulic conductivity of each degraded wall segment is estimated by an 
effective saturated hydraulic conductivity that combines the initial (pre-closure) degraded 
condition with the post-closure degraded condition for each wall segment. Therefore, the 
initial condition of the wall is a saturated hydraulic conductivity that is orders of magnitude 
higher than intact wall concrete. 
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Figure SP-4.2:  Effective Saturated Hydraulic Conductivity for the 375-Foot Diameter SDU 
Wall Segments (Nominal Degradation) 

 
[Source: Figure 4.2-5 of SRR-CWDA-2014-00006] 

With respect to fracturing, although DOE does not consider a completely interconnected 
pathway of oxidation from the top of the roof of the SDU, through the saltstone, and down to 
the floor of the SDU to be a credible scenario within the 10,000-year performance period, it 
may be noted that the modeled column degrades quickly (e.g., within the 375-foot diameter 
SDUs a zone of preferential flow begins to form around 2,000 years after closure until a top-
to-bottom flow path is completed around 7,200 years after closure). The model described in 
the response to CC-3 incorporates the impact of sulfate attack on the columns, applying even 
faster degradation, with the top-to-bottom flow path completing by around 2,000 years. 
Despite the presence of this flow path, doses do not exceed performance objectives. 
Therefore, the risks from any potential fractures that may form are not likely to be 
significant. 

Regardless, DOE will consider performing future analyses to evaluate the application of the 
linear degradation rate,  likely resulting in reduced conservatism in order to better reflect the 
actual expected system behavior. Planning for this effort, if pursued, will be documented 
within the FY2015 Implementation Plan for the Savannah River Site Liquid Waste Facilities 
Performance Assessment Maintenance Program. 
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SP-5………………….. 

SP-5 Comment: Additional justification is needed for the modeled 3,866 year delay before 
degradation of FDC saltstone begins (see Figure 4.2-15). 

Basis: The DOE indicated that the lack of modeling of physical degradation mechanisms of 
saltstone and disposal structure concrete is accounted for by using a linear degradation rate. 
However, the 3,866 year delay before modeled FDC saltstone degradation begins (see Table 4.2-
11) is predicated on the assumption that saltstone only begins to degrade once the roof is fully 
degraded. Fracturing caused by physical mechanisms could occur prior to complete chemical 
degradation of the roof. Certain mechanisms, such as shrinkage cracking or fracturing due to 
thermal gradients, could occur within the first year after emplacement. The delay is potentially 
risk-significant because, in combination with issues discussed in other RAIs, the modeled delay 
in the onset of saltstone degradation delays the peak dose due to Tc-99. It is unclear whether 
resolution of these issues, in combination, would move the Tc-99 dose peak to within 10,000 
years of site closure. Earlier hydraulic degradation of saltstone could move other dose peaks 
(e.g., from I-129) to earlier times as well. 

Path Forward: Provide revised dose estimates, with revised time histories, considering 
saltstone degradation from physical mechanisms, which could begin significantly before the 
assumed onset of chemical degradation. The response should also address other factors that 
could affect the timing of dose peaks (see Comment PAM-2). 

DOE Response to SP-5 
For the FY2014 SDF SA, it is assumed that the 150-foot diameter SDUs and the 375-foot 
diameter SDUs will be filled completely with saltstone (i.e., there will not be a “clean” cap). 
Because the delay to degradation timing for the roof was driven by the presence of this clean 
cap, there is no longer a delay to the simulated start of roof degradation (i.e., roof degradation 
now begins at the time of closure). Due to this change, the start to the degradation timing for 
the saltstone within the 150-foot diameter SDUs and the 375-foot SDUs is significantly 
earlier (e.g., in the FY2013 SDF SA, saltstone within the 150-foot diameter SDUs starts to 
degrade 3,866 years after closure; whereas for the FY2014 SDF SA, saltstone degradation 
begins 961 years after closure, as described within Section 4.2 of each SDF SA). Note that 
adding a “clean grout layer” would inhibit sulfate attack to the SDU roof, thus delaying the 
degradation of saltstone via infiltrating water.  Internal sulfate attack was not observed in the 
saltstone material and is not predicted based on the very high pH of the saltstone pore 
solution. [SRNL-STI-2010-00515]  Further, because the FY2014 SDF SA assumes that no 
protective coating is applied to the walls of the 375-foot diameter SDUs, the wall degradation 
of these larger SDUs begins during disposal operations, prior to facility closure. [SRR-
CWDA-2014-00006] Regardless of these approaches, the peak release from Tc-99 is still 
estimated to occur more than 30,000 years after facility closure (see Figure SP-5.1, which 
shows peak doses to members of the public (MOP) who draw contaminated water from a 
well 100-meters from the SDF.). [SRR-CWDA-2014-00006] Given these revised approaches 
to the degradation timing, DOE considers this RAI to be addressed by the Evaluation Case of 
the FY2014 SDF SA. 



Comment Response Matrix SRR-CWDA-2014-00099 
for NRC RAIs on the Revision 1 
FY2013 SDF SA January 2015 
 

 
 

Page 37 of 126 

Figure SP-5.1:  100-Meter MOP Peak Groundwater Pathways Dose within 50,000 Years 

 
[Source: Figure 5.5-9 from SRR-CWDA-2014-00006] 
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SP-6………………….. 

SP-6 Comment: The Special Analysis does not account for the actual range of liquid-to-premix ratios 
used in emplaced saltstone. 

Basis: The Special Analysis stated that the hydraulic conductivity of intact saltstone is “… 
bounded by the operating bands of current facility data.” However, the Special Analysis 
indicated that the saturated hydraulic conductivity used in the model represents samples with 
water-to-premix ratios ranging from 0.59 to 0.64. Although that range captures daily average 
values, it does not represent excursions from those averages. DOE has not provided justification 
to demonstrate that the Special Analysis adequately represents layers of saltstone made with 
much higher water-to-premix ratios at the end of a processing cycle (i.e., “shut down”). 
Specifically, Figures 4.2-1 and 4.2-2 indicated that water-to-premix ratios could be much higher 
(i.e., up to 1.8) over each layer of saltstone poured during shut down. The Special Analysis does 
not address the potential impacts of those regions of saltstone that were created with water-to-
premix ratios above 0.64. 

Path Forward: Estimate the impacts of the layers of saltstone prepared during shutdown with 
water-to-premix ratios representative of the ratios shown in Figures 4.2-1 and 4.2-2. The 
evaluation should address the impact of the high water-to-premix saltstone forming connected 
regions (i.e., not randomly placed). 

DOE Response to SP-6 
In the Saltstone Production Facility (SPF), flush water is added to both the grout hopper and 
the grout mixer. In the case of the hopper, flush water is added intermittently during actual 
saltstone production (approximately 60 gallons every 30 minutes), and after production is 
complete for the day. For the mixer, flush water is added before production commences (and 
prior to the introduction of dry feeds into the mixer), and again after production is complete 
for the day. All of the flush water added before, during, and after production eventually 
enters the Saltstone Disposal Unit (SDU). Much of the flush water added before and after 
production is expected to exit the SDU via the drain water system. In contrast, the periodic 
additions during actual grout production are expected to result in saltstone with slightly 
higher water-to-cement ratios than the nominal 0.6.  

The subsequent discussion will initially consider flushing of the hopper and the mixer 
separately to determine the extent of flush water additions associated with each production 
stage.  

Flush Water Additions to the Hopper 
Field-recorded production parameters for SPF over a three-day period (from September 14, 
2012 to September 16, 2012) are shown in Graphs A-D (Figures SP-6.1 through SP-6.4, 
respectively). This period was selected because it captures the date of the greatest volume of 
saltstone produced within the dates depicted in Figures 4.2-1 and 4.2-2 of the FY2013 SDF 
SA. [SRR-CWDA-2013-00062] The main characteristics of each parameter are explained in 
their respective graphs. Graph A (Figure SP-6.1) is the cumulative flush water added to the 
hopper, and accounts for both the flush water added periodically during production plus the 
final “shut-down” flush after grout production is complete. Graph B (Figure SP-6.2) is the 
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cumulative amount of drain water that is pumped from the drain water system. Graph C 
(Figure SP-6.3) is the level measurement of the water that has accumulated in the drain water 
system. Note that the relationship between the drain water system level and the gallons of 
drain water contained in the system is not linear, and as such it is not possible to equate an 
increase in drain water level with a gallon amount of water influx into the drain water 
system. Graph D (Figure SP-6.4) combines the three production parameters for the three-day 
production period.  

Figure SP-6.1:  Cumulative Flush Water Added to the Hopper 
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Figure SP-6.2:  Cumulative Drain Water Pumped from the Drain Water System 

 
Figure SP-6.3:  Measured Water Level in the Drain Water System 
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Figure SP-6.4:  Combined Drain Water Process 

 
Time Period 1 in Graph D is associated with “shut-down” after production on September 14, 
2012. Approximately 645 gallons of flush water are passed through the hopper at the end of 
production (red line). As the addition of flush water begins the drain water pump is activated 
and pumps out approximately 1,825 gallons of drain water that has accumulated in the 
system (blue line). As water is pumped from the drain water system the drain water level 
concurrently decreases to a “shut-down” level of approximately 0.7 feet (green line).  

Time Period 2 is associated with the interim time between production runs on September 14, 
2012 and September 15, 2012. The cumulative flush water addition (red line) remains 
constant indicating that no flush water additions are taking place. Similarly, the cumulative 
amount of drain water pumped from the system is constant which equates to zero gallons of 
drain water pumped from the system (blue line) during Time Period 2. The drain water level 
(green line) is relatively constant but does show a slight increase during the “shut-down” 
period as water makes its way across the grout surface, through the drainage filters, and 
finally collects in the drain water system. Towards the end of Time Period 2, and just prior to 
production “start-up”, the volume totalizers for the flush water added to the hopper (red line) 
and the water pumped from the drain water system are reset to zero.  

Time Period 3 begins just prior to “start-up” on September 15, 2012. The cumulative amount 
of flush water added increases from zero to approximately 726 gallons as periodic flushing of 
the hopper occurs during actual production (red line). This addition of flush water is 
associated with a concurrent increase in the drain water level from approximately 0.72 to 
0.86 feet (green line). The “shut-down” flush of the hopper is subsequently initiated and 
involves the addition of approximately 610 gallons of water to the hopper (red line). This 
results in a rapid increase in the drain water level from 0.86 to 1.02 feet. Note that during 
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Time Period 3 no drain water is pumped from the drain water system (blue line). Towards the 
end of Time Period 3 the volume totalizer for the flush water addition (red line) is reset to 
zero.  

Time Period 4 begins just prior to “start-up” on September 16, 2012. The cumulative amount 
of flush water added increases from zero to approximately 815 gallons as periodic flushing of 
the hopper occurs during actual production (red line). This addition of flush water is 
associated with a concurrent increase in the drain water level from approximately 1.03 to 
1.31 feet (green line). The “shut-down” flush of the hopper is subsequently initiated and 
involves the addition of approximately 595 gallons of water to the hopper (red line). This 
results in a rapid increase in the drain water level from 1.31 to 1.51 feet (green line). As the 
drain water level increases the drain water pump (blue line) is initiated and removes 
approximately 1,650 gallons of water from the drain water system. The drain water level 
concurrently decreases from 1.51 to 0.7 feet (green line). 

On Graph C, two points on the drain water level are marked; these both represent 
approximate drain water levels of 0.7 feet. At both of these points it can be assumed that the 
volumes of water contained within the drain water system are identical, and therefore it 
should be possible to estimate the volume of water added to the SDU as flush water and the 
volume of water that is subsequently pumped out of the drain water system to return the level 
to 0.7 feet. Between these points approximately 2,750 gallons of water are added as flush 
water to the hopper, and 1,650 gallons of drain water are pumped from the drain water 
system to return the level to 0.7 ft. Thus, flushing the hopper during two production runs 
results in 1,100 gallons of water that does not enter the drain water system (i.e., the water 
remains in the SDU).  

Flush Water Additions to the Mixer 
During “start-up” the mixer is initially flushed with approximately 250 gallons of water prior 
to introduction of dry feeds into the mixer. At “shut-down” (and after dry feeds cessation) the 
mixer is flushed with approximately 280 gallons of water. Thus, an additional 530 gallons of 
flush water are added via the mixer during each production run, or 1,060 gallons for the two 
production runs identified in Graph D.  

The water pumped from the drain water system during the indicated period remains at 1,650 
gallons whereas the flush water added during production when accounting for both hopper 
and mixer additions is 2,750 (hopper flush) plus 1,060 (mixer flush) gallons; 3,810 gallons. 
Hence, 2,160 gallons of flush water (associated with two production runs) remain in the SDU 
(approximately 1,100 gallons of additional water per production run).  

As illustrated above, the entire volume of flush water added during an SPF production run 
does not remain in the SDU but rather a significant portion (approaching 50%) exits the SDU 
into the drain water system. Thus, the water-to-cement (w/c) ratios indicated in the Analysis 
of Saltstone Water-to-Premix Ratio During Pre-ELAWD Operation should be considered 
conservative. [X-CLC-Z-00050] However, it is apparent that saltstone with w/c higher than 
the nominal 0.6 are likely emplaced in the SDUs though it is difficult to quantify the actual 
w/c ratios unless we know how much of the flush water associated with each process (e.g., 
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“shut-down”) enters the drain water system and how much remains incorporated within the 
freshly emplaced saltstone.  

In addition, it is reasonable to expect that some of the additional water incorporated into the 
fresh saltstone will ultimately bleed from the material thereby reducing the water content of 
the cured material. Some of this bleed water would be expected to enter the drain water 
system and some would remain on the surface of the curing grout, and may be present upon 
“start-up” of the next production run. Graph C illustrates that during an overnight period of 
non-operation (latter part of Time Period 3) the drain water level continues to increase, from 
approximately 1.02 to 1.03 feet, indicating that water continues to collect in the drain water 
system.  

Process Formulations and Curing Conditions that Affect Saltstone Properties considered the 
effects of higher w/c ratio on the fresh and cured properties of saltstone. [SRNL-STI-2012-
00558] Table SP-6.1 provides averaged data from that study for a sample with a w/c = 0.59 
(equivalent to nominal 0.6) and a w/c of 0.73. 

Table SP-6.1:  Saltstone Properties for Water-to-Cement Ratios of 0.59 and 0.73 

W/C Bleed 
(vol%) 

Cured 
Density 
(g/cc) 

Cured 
Porosity 

(%) 

Compressive 
Strength 

(psi) 

Saturated 
Hydraulic 

Conductivity 
(cm/sec) 

0.59 Not 
measurable 1.75 63.8 2485 2.9E-09 

0.73 2 1.69 66.1 1220 8.5E-09 
[Source: Averaged from SRNL-STI-2012-00558] 

From Table SP-6.1 it is apparent that increased w/c from 0.59 (equivalent to nominal 0.6) to 
0.73 has some impact on the properties of saltstone simulant. While the bleed water for the 
nominal w/c was not measurable, 2 vol% bleed was measured for w/c = 0.73. In addition, the 
cured density of the higher w/c samples decreased while the % porosity increased. Increased 
porosity presumably resulted in the observed decreases in compressive strength and 
increased saturated hydraulic conductivity.  

While it is fair to conclude that the incorporation of flush water into the saltstone (in 
particular that water associated with “shut-down”) will likely impact key properties to some 
extent, such as saturated hydraulic conductivity, it should be noted that material 
incorporating the higher water content is placed at the end of each run and thus potentially 
forms thin, discrete horizontal sections that are separated by thicker saltstone sections with 
the desired w/c ratio of 0.6. Further, the Evaluation Case of the FY2014 SDF SA assumes an 
initial saturated hydraulic conductivity of 6.4E-09 cm/sec, which is higher than the average 
measured values from saltstone with the w/c of 0.59 (2.9E-09 cm/sec). As such, the 
Evaluation Case provides a simplified approximation of the effects from these thin, discrete 
horizontal sections of higher saturated hydraulic conductivity. 
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SP-7………………….. 

SP-7 Comment: The range of initial hydraulic conductivities (K) of saltstone considered in the 
Special Analysis does not include the range of observed hydraulic conductivities. In addition, it 
is not clear why a saltstone hydraulic conductivity of 1.0×10-7 centimeter per second (cm/s) was 
evaluated as a sensitivity case instead of in the evaluation case. 

Basis: Sections 4.4.4.1 and 4.4.4.2 indicated that the initial hydraulic conductivity of saltstone is 
a key variable affecting the projected peak dose within 10,000 years of site closure. In addition, 
Section 5.6.4.3 indicated that all of the five probabilistic model runs with high values used an 
initial saltstone K of 4.5×10-7 cm/s. Figure 5.6-45 showed that the higher initial saltstone K 
resulted in earlier and higher peak values than the other initial K values that were sampled. 
Figure 5.6-46 showed that in the GoldSim model, the Partially Ranked Correlation Coefficient 
of the initial saltstone K is important at all times, and very important at time less than 3000 
years. 

The selection of the initial hydraulic conductivity of saltstone in the Special Analysis evaluation 
case relies on laboratory-prepared samples that do not necessarily represent the hydraulic 
conductivity of field-emplaced saltstone. The assumed saturated hydraulic conductivity of 
saltstone of 6.4×10-9 cm/s is based on a recent report from DOE (SRNL-STI-2012-00558). 
However, as NRC staff discussed in the December 6, 2012, SDF Onsite Observation Visit 
Report (see ML13010A499), it is not clear why the hydraulic conductivity measurements from 
SRNL-STI-2010-00745, which are two to three orders of magnitude greater than the assumed 
value in the Special Analysis Evaluation Case, are not applicable. Although the DOE report 
appears to have appropriately controlled for water loss, DOE indicated that the increase in 
sample temperature, which was more rapid than for emplaced saltstone temperature, was 
responsible for the high hydraulic conductivity values. However, it is not clear that the curing 
temperature of the samples in SRNL-STI-2010-00745 was unrealistic. The placement of the 
samples into a preheated oven does not seem to be a significant deviation from the placement of 
grout into a disposal structure. The initial saltstone lifts that are poured into a disposal structure 
may realize relatively low curing temperatures. However, those lifts will likely contribute to a 
faster ramping of curing temperature in the subsequent lifts. The elevated temperatures due to 
the curing of the underlying saltstone lifts may be similar to the placement of a sample into a 
pre-heated oven. 

Path Forward: Provide justification for the initial hydraulic conductivity of saltstone, 
addressing points raised in the basis of this comment, or revise the evaluation case to represent 
the hydraulic conductivity of as-emplaced saltstone. The response should address the effect of 
the initial saltstone hydraulic conductivity on the timing as well as the magnitude of the dose 
results. 

DOE Response to SP-7 
Section 4.2.1 of the FY2014 SDF SA describes why the values from the Impact of Curing 
Temperature on the Saturated Liquid Permeability of Saltstone (SRNL-STI-2010-00745) 
were not used. [SRR-CWDA-2014-00006] Specifically, the samples with the high hydraulic 
conductivities of saltstone (i.e., on the order of 1E-07 cm/sec) underwent significant drying 
during the curing process. Operational and Compositional Factors that Affect the 
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Performance Properties of ARP/MCU Saltstone Grout provides support for excluding the 
study that showed these higher values: 

“[D]rying of the samples that were cured at higher temperatures is evident. It is 
recommended that in addition to curing under vault temperature profiles, samples 
be cured at high relative humidities in order to maintain saturated grout. It is 
unclear if the deleterious effects of curing at high temperatures is solely due to the 
drying of the samples or if there are other effects of curing at elevated 
temperatures. Curing future samples at various relative humidities will provide 
further insight into the performance properties of saltstone.” [SRNL-STI-2011-
00665] 

In addition, the samples discussed in the Impact of Curing Temperature on the Saturated 
Liquid Permeability of Saltstone (SRNL-STI-2010-00745) were measured after a 30-day 
curing time. Given the very long simulation periods considered, and the expectation that 
longer curing times decreases hydraulic conductivity, the measured values in this report are 
not indicative of longer-term system behavior. 

More recent studies followed the recommendation, maintaining appropriate relative 
humidities during the curing process. [VSL-14R3210-1; SREL Doc. R-14-0007] 

A follow up study was performed over a series of varying conditions (e.g., temperature, 
humidity, and curing times). Analysis of these results indicated that measured saturated 
hydraulic conductivities for saltstone typically ranged between 2E-09 cm/sec and 5E-09 
cm/sec. [VSL-14R3210-1] Similarly, while developing a testing approach for dynamic leach 
testing, the Savannah River Ecology Laboratory also prepared non-radioactive grout samples 
using the saltstone formula and SDU-measured curing conditions and also found the initial 
saturated hydraulic conductivities to be near 1E-09 cm/sec. [SREL Doc. R-14-0007] 
Accordingly, the use of 6.4E-09 cm/sec is an appropriate value for Evaluation Case 
modeling. 
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SP-8………………….. 

SP-8 Comment: The Tc-99 solubility limit used in the evaluation case is not adequately supported. 

Basis: DOE selected a solubility limit of 1E-8 Molar (M) to represent Tc-99 solubility in 
reduced saltstone in the evaluation case and a higher value of 1E-7M in sensitivity cases. On 
page 82, the Special Analysis stated that: “… a Tc-99 solubility of 1E-8M is representative of 
recent experiments (SRNL-STI-2012-00769).” However, as indicated in the NRC Technical 
Review Report (TRR) of DOE support for Tc-99 solubility (see ML13304B159), NRC indicated 
that an observed value of 1E-6 M (as indicated in PNNL-21723) may be representative of field 
conditions. Because of the large difference between the solubility measurements, there appears 
to be significant uncertainty in the solubility value. 

Path Forward: Provide additional support for the DOE assumed Tc-99 solubility of 1E-8M. 
That support should address other observed values of Tc-99 solubility, as discussed in the NRC 
TRR (ML13304B159). Alternatively, revise the evaluation case to account for higher Tc-99 
solubility values. A revised analysis should also account for other comments that are relevant to 
the timing of Tc-99 release (see Comment PAM-2). 

DOE Response to SP-8 
The recent experiments documented in Solubility of Technetium Dioxides (TcO2-c, 
TcO2·1.6H2O and TcO2·2H2O) in Reducing Cementitious Material Leachates: A 
Thermodynamic Calculation include an explanation for the large difference between the 
measured solubility values. Specifically, the evaluation of the data suggests: 

“[T]he solubility of hydrated TcO2·xH2O (likely TcO2·1.6H2O) limited the 
aqueous Tc concentration in a reducing saltstone leachate environment (Eh 
< -0.38 V). However, as the Eh increases just above -0.35 V, the TcO4

- 
concentration increased dramatically to the millimolar level due to the re-
oxidation of the Tc(IV) solid phases to the more soluble Tc(VII) species… [A]s 
long as Eh remains at < -0.38 V in the pore fluids of saltstone waste forms, the 
solubility of Tc oxide phases decreases with decreasing pH in the saltstone 
leachate.... For example, when pH decreases from 12.7 to 10.5, the solubility of 
TcO2·1.6H2O decreases from 6.3×10-7 M to 5.2×10-9 M...” [SRNL-STI-2012-
00769] 

This evaluation is consistent with the observations provided by Cantrell and Williams in their 
study: 

“Although TcO2·1.6H2O is consistently near equilibrium at 14 days and beyond, 
the equilibrium solubility concentrations for technetium continue to decrease as 
the solution composition changes (becomes more dilute)… As the pH goes from 
the initial high values (~12.5-13) to lower values, the solubility of technetium will 
decrease by [sic] substantially.” [PNNL-21723] 

Further, the more recent study (SRNL-STI-2012-00769) also provided a review of the results 
from additional, similar analyses that further confirmed that using 1.0E-08 mol/L for 
technetium solubility is appropriate for modeling, given the environmental conditions 
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expected for the saltstone waste form. Specifically, the literature review indicated that “Tc 
solubility values range from 10-6 to <10-10 M with a median of ~10-9 M” (i.e., ranging from 
1E-06 mol/L to less than 1E-10 mol/L with a median of 1E-09 mol/L). [SRNL-STI-2012-
00769] 

Finally, the FY2014 SDF SA does include the sensitivity study that varies the solubility 
control on technetium (FY2014 SDF SA, Section 5.6.6.1). This sensitivity provides insight 
into the Tc-99 releases under different assumed solubility values for technetium. [SRR-
CWDA-2014-00006] As would be expected, varying the solubility value for technetium has 
a direct and proportional impact on Tc-99 releases. Figure SP-8.1 illustrates this relationship, 
showing Tc-99 releases from SDU 6. Note that when the high solubility value of 1.0E-7 
mol/L is applied (red curve), the available inventory is exhausted by approximately 21,000 
years. 

Figure SP-8.1:  SDU 6 Tc-99 Release to the Saturated Zone with Varying Technetium 
Solubilities (0 to 50,000 years) 

 
[Source: Figure 5.6.6-8 from SRR-CWDA-2014-00006] 
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SP-9………………….. 

SP-9 Comment: Additional support is needed to justify the use of residual reducing capacity as a 
basis for Tc-99 release. 

Basis: As NRC staff discussed with DOE during the February 10, 2014, NRC Public Meeting 
(see Meeting Summary in ML14057A578), recent research from SRNL (SRNL-STI-2013-
00541) and the CBP (CBP-TR-2013-002) have called into question the use of reducing capacity 
as a basis for the DOE Tc-99 release model. The research indicated that residual reducing 
capacity does not appear to be correlated to Tc-99 mobility in chemically reducing cementitious 
materials. The reason for the lack of correlation between residual reducing capacity and Tc-99 
release in the research is not clear. However, that type of behavior could result if some of the 
reactions that DOE models as going to equilibrium are kinetically limited. That research 
underscores the need to collect additional information on the reduction and long-term retention 
of Tc-99 from field-emplaced saltstone. 

Tc-99 is a key radionuclide in the performance of the SDF and the use of reducing capacity as a 
basis for Tc-99 release is a cornerstone of DOE’s approach in the Performance Assessment and 
Special Analysis. Uncertainty associated with the reducing capacity of saltstone and the release 
of Tc-99 directly results in uncertainty in the overall performance of the SDF. Accordingly, 
support for the use of reducing capacity as a basis for the release of Tc-99 is critical. 

Path Forward: Discuss the potential effects on projected SDF performance of an alternative 
conceptual model in which residual reducing capacity of cementitious materials does not govern 
Tc-99 release. Alternately, provide laboratory or field evidence that supports the use of residual 
reducing capacity as a basis for Tc-99 release. Any evidence supporting the use of residual 
reducing capacity as a basis for Tc-99 release should address the results of recent research from 
SRNL (SRNL-STI-2013-00541) and the CBP (CBP-TR-2013-002). 

DOE Response to SP-9 
As described in the response to RAI PAM-3, DOE has revised the modeling approach for 
simulating the release of Tc-99. The revised approach applies a uniform oxidation rate to 
each modeling node, as illustrated in Figure PAM-3.1. This results in a more gradual release 
rate which better reflects the expected behavior of the system. Additionally, the response to 
RAI SP-3 provides a description of ongoing waste release testing and sensitivity modeling 
that provides insight into the impact of the re-concentration of waste. As described in the 
response to RAI SP-3, the sensitivity modeling which artificially places a percentage of the 
released Tc-99 directly into the vadose zone indicated that the timing of the peak dose is not 
sensitive to the influences of re-concentration (see Table SP-3.1).  

DOE intends to continue studies to collect additional information on the reduction and long-
term retention of Tc-99 from field-emplaced saltstone.  For the dynamic contaminant 
leaching test described in the response to RAI SP-3, cured saltstone samples were subjected 
to elevated pressures (using the permeameter) to force leachate through the interior of 
saltstone monoliths in an effort to mimic the eventual ingress of water into saltstone and 
subsequent pore volume exchange, and to evaluate the influence of dissolved gases, 
including O2, on saltstone reductive capacity and its impact on the dynamic leaching 
behavior of Re. [SREL Doc: R-14-0007] For FY2015 this method will be applied to Tc-
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spiked samples that have been subjected to different curing durations. Planning for this effort 
shall be documented within the FY2015 Implementation Plan for the Savannah River Site 
Liquid Waste Facilities Performance Assessment Maintenance Program. 
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SP-10………………….. 

SP-10 Comment: If residual reducing capacity is shown to be an appropriate basis for modeling the 
release of Tc-99 (see Comment SP-9), then additional support is needed for the assumed 
reducing capacity of saltstone and the clean cap. 

Basis: In the Special Analysis, DOE assumed that the saltstone and clean cap have a reducing 
capacity of 0.607 milliequivalents of electrons per gram (meq e-/g). That value is based on a 
study of a saltstone simulant conducted by Roberts and Kaplan (2009), which used the Ce(IV) 
titration method (SRNL-STI-2009-00637). In the April 2012 SDF Technical Evaluation Report 
(TER) (see ML121020140) and September 2013 SDF Monitoring Plan (see ML1300A113), 
NRC staff identified multiple concerns regarding DOE’s assumed reducing capacity of saltstone 
in the SDF performance assessment that also apply to the value assumed in the Special Analysis. 
Those concerns included: (1) inconsistency between the reducing capacity of saltstone and the 
amount of slag in saltstone; and (2) the likelihood that the fraction of slag that is available for 
reaction with infiltrate in the field is smaller than the reactive fraction of slag in finely ground 
laboratory samples. It is not clear if the storage conditions (e.g., temperature, humidity, time of 
storage) or the inherent variability of the blast furnace slag (e.g., crystallinity, proportion of the 
various slag oxides) may affect the reactive fraction of slag in field-emplaced saltstone. 

In addition, recent research has prompted new concerns related to the reducing capacity of 
saltstone and the longevity of reducing conditions. A CBP report (CBP-RP-2010-013-01) and a 
PNNL study (PNNL-22977) discussed that the greater than expected reducing capacity is likely 
due to the reducing capacity of the salt simulant. The reports indicated that nitrite was a major 
contributor to the measured reduction capacity. However, as discussed in PNNL-22977, the 
reduction potential of nitrite is not sufficient to reduce Tc(VII) to Tc(IV). Accordingly, it may 
not be appropriate to include the measured reduction capacity of the saltstone simulant, which 
includes nitrite, in the assumed reducing capacity of saltstone. 

The same PNNL study (PNNL-22977) also demonstrated that the use of the Ce(IV) titration 
method, which includes sulfuric acid, may overestimate the reducing capacity. The report 
indicated that the method measures nearly all of the reducing capacity of the solid sample 
because most of the solids dissolve in the strong acid. The report indicated that with the Cr(VI) 
method, which uses neutral or alkaline conditions, only the reducing capacity of the solid 
surface and any internal surface that oxygen can reach in the available contact time is likely to 
be measured. The formation of a passivation layer on the BFS was indicated as potentially 
contributing to the decreased reactivity under the Cr(VI) method. It is not clear to NRC that 
DOE’s use of the Ce(IV) method is the appropriate method for determination of the reducing 
capacity of saltstone because the conditions for the Cr(VI) method are more consistent with the 
expected alkaline conditions of saltstone. Furthermore, it is not clear that oxygen migrating into 
the saltstone grout will preferentially react with the reduced sulfur phases, rather than the Tc-99. 
The rate of oxygen diffusion through a passivation layer on the reduced sulfur phases would 
likely be a much slower process than the rate of oxidation of Tc particles. 

In the NRC TRR on solubility of Tc-99 dioxides (see ML13304B159), NRC staff indicated that 
a portion of the reduced sulfur phases may be more soluble than DOE assumed in the 
geochemical modeling and not available for reaction, based on leachate data from a PNNL study 
(PNNL-21723). A further indication that a portion of the reduced sulfur phases is soluble is a 
PNNL study (PNNL-22977), which indicated that calcium sulfide (oldhamite) was a major 
source of sulfide in the blast furnace slag. If a portion of the reduced sulfur phase is in the form 
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of oldhamite, or another phase that is more soluble than pyrrhotite, then the reduction capacity 
may be overestimated. 

The assumed reducing capacity of saltstone provides a significant barrier to the timing of the 
release of Tc-99. However, the assumed reducing capacity of saltstone could be significantly 
overestimated in the Special Analysis due to: (1) inclusion of the reducing capacity from nitrite 
in the saltstone simulant; (2) the potential formation of a passivation layer occluding the reduced 
sulfur phases later in the period of performance; and (3) the potential that the reducing capacity 
of saltstone is at least in part attributable to a more soluble reduced sulfur phase, which could 
leach out of the saltstone relatively early in the period of performance. 

Although the Special Analysis projected that peak doses from Tc-99 release occur more than 
10,000 years after site closure, a lower value of the reducing capacity could cause the projected 
peak dose to occur earlier. 

Path Forward: Demonstrate that the assumed reducing capacity of saltstone does not 
overestimate the actual reducing capacity that will be available for reaction with infiltrating 
water. A demonstration should show that the assumed reducing capacity of saltstone does not 
include any reducing capacity of the saltstone simulant that has a reduction potential less than 
the Tc-99 redox couple and that the assumed reducing capacity is available for reaction with 
oxygen migrating into the saltstone. For the reduced sulfur phases present in blast furnace slag 
to react with oxygen, several criteria need to be met, including: (1) the reaction between the 
reduced sulfur species present in the blast furnace slag and the oxygen is not kinetically limited 
by a passivation layer; (2) the oxygen preferentially reacts with slag and not Tc-99; and (3) the 
reduced sulfur phases are not released into solution prior to reacting with oxygen. Alternately, 
provide a revised projection of Tc-99 release based on a justified reducing capacity. A revised 
dose projection should address the timing of the projected peak dose from Tc-99, considering 
other assumptions that affect the timing of the projected peak dose from Tc-99 (see Comment 
PAM-2). Demonstrate that the modeled variability in saltstone reducing capacity accounts for 
variability in slag reactivity caused by inherent variability in the slag and variable storage times 
and conditions. Alternately, provide information demonstrating that the reactive fraction of the 
slag is not affected by storage conditions or inherent variability of blast furnace slag. 

DOE Response to SP-10 
As described in the response to RAI PAM-3, DOE has revised the modeling approach for 
simulating the release of Tc-99. The revised approach applies a uniform oxidation rate to 
each modeling node, as illustrated in Figure PAM-3.1. This results in a more gradual release 
rate which better reflects the expected behavior of the system. Additionally, the response to 
RAI SP-3 provides a description of ongoing waste release testing and sensitivity modeling 
that provides insight into the impact of the re-concentration of waste. 

In FY2014, a series of tests were conducted to evaluate the feasibility of using a continuous 
dynamic leaching technique to evaluate contaminant release and the residual reductive 
capacity of saltstone monoliths with a flexible-wall permeameter system. [SREL Doc. R-14-
0007] The permeameter method is extensively used for measuring the hydraulic conductivity 
of cementitious materials, such as saltstone and tank closure grouts. Currently, passive 
leaching methods are applied to evaluate contaminant release, and provide an indication of 
contaminant diffusion and release for a given sample mass over time across a known exposed 
sample surface area. However, the method provides limited information concerning the 
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mechanism of contaminant sorption and the persistence of reductive capacity within the 
materials of study.  

The FY2014 work to develop a dynamic contaminant leaching test utilized Re as a 
radioactive surrogate for technetium. [SREL Doc. R-14-0007] The purpose of the study was 
not to assess the suitability of Re as a surrogate for technetium but it was merely used as a 
means to develop and optimize the methodology with non-radioactive samples. Saltstone was 
produced using a simulant salt solution spiked with perrhenate (ReO4

-) at a concentration of 
approximately 2 mg/L. The samples were cured at high relative humidity (>95%) and 
according to a thermal profile measured in an actual SDU. For testing, cured samples were 
subjected to elevated pressures (using the permeameter) to force leachate through the interior 
of saltstone monoliths in an effort to mimic the eventual ingress of water into saltstone and 
subsequent pore volume exchange, and to evaluate the influence of dissolved gases, 
including O2, on saltstone reductive capacity and its impact on the dynamic leaching 
behavior of Re.  

Chemical analysis of the effluent leachates were analyzed by ICP-MS, and indicated initially 
high levels of Re (0.25 to 0.80 mg/L), which subsequently decreased to more stable levels of 
0.10 to 0.20 mg/L. After stabilizing, the relative level of Re found in the effluent was 
dependent on the leaching flow rate, a factor that is inversely related to the leaching solutions 
residence time within the saltstone monolith. Therefore, longer pore solution residence times 
yield higher effluent Re concentrations.  

The development work for FY2014 demonstrated the feasibility of the dynamic leaching 
methodology utilizing non-radioactive contaminants to assess the time-dependent leaching of 
saltstone monoliths. At this time, it is anticipated that this method will be applied to Tc-
spiked samples that have been subjected to different curing durations. In addition, a test is 
being developed to investigate the ability of saltstone to utilize residual reduction capacity to 
re-reduce technetium that has been oxidized by infiltrating groundwater. This test will 
involve forcing oxygenated groundwater simulant spiked with Tc(VII) through a monolith 
(using the permeameter) and characterizing the technetium concentration in the outflow.  

Additional studies with respect to the redox behavior of Tc-99 are being conducted with 
emphasis on determining the components in blast furnace slag that most significantly affect 
the oxidation state of Tc-99, and the technetium compounds that are formed as a result of 
reduction. Data from FY2014 indicate that ferrous iron (Fe2+) may play a more dominant role 
in Tc-99 reduction than sulfide (S2-), and further study of this phenomenon is currently 
planned for FY2015. [SRRA042328SR] 

DOE intends to continue studies to collect additional information on the reduction and long-
term retention of Tc-99 from field-emplaced saltstone. Planning for this effort shall be 
documented within the FY2015 Implementation Plan for the Savannah River Site Liquid 
Waste Facilities Performance Assessment Maintenance Program. 
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SP-11………………….. 

SP-11 Comment: The sorption (Kd) values assumed for potentially risk significant radionuclides in 
cementitious materials are not adequately justified and the use of those values may result in an 
underestimate of the projected dose. 

Basis: In the 2012 SDF NRC TER (see ML121020140), the NRC staff indicated that the Kd 
values assumed for iodine (I), selenium (Se), radium (Ra), and strontium (Sr) in cementitious 
materials were not adequately supported. No new data to support the Kd values for I, Se, or Sr 
were provided in the Special Analysis or in the “Crosswalk of Select Documents Related to the 
Monitoring Programs for the Saltstone Disposal Facility” (SRR-CWDA-2014-00002) 
(Crosswalk). New measurements were reported in the Crosswalk for the Kd of Ra in saltstone 
materials that were much higher than the values used in the modeling. However, the high values 
measured could be due to precipitation of the Ra, instead of sorption. 

The use of unsupported Kd values could lead to an underestimation of the projected dose. In 
particular, the dose from I-129 has increased in the Special Analysis as compared to the 2009 
Performance Assessment and is the key contributor to the dose in the Special Analysis within 
10,000 years. So, the assumed Kd for I for cementitious materials could potentially result in an 
underestimation of the projected dose. The risk-significance of the Kd values for Se, Sr, and Ra 
is not clear. The Crosswalk indicated that the doses from Se-79 and Sr-90 are very small 
compared to the total dose. However, the use of higher Kd values in the model could be 
responsible for small projected doses. The projected doses might have been significantly higher 
if different Kd values were used. Similarly, if the more recent Kd measurements for Ra are based 
on solubility, not sorption, and the Kd for Ra is lower than the one assumed in the PA, then Ra 
could be a more risk-significant radionuclide. 

Path Forward: Provide a justification for the Kd values assumed for I, Se, Ra, and Sr in 
saltstone. Alternately, perform a sensitivity analysis to see the potential effect of those 
parameters on the projected dose, or provide a revised analysis that uses more defensible values. 

DOE Response to SP-11 
Section 5.6.6.4 of the FY2014 SDF SA provides a sensitivity analysis to evaluate the 
potential effects from varying the Kds for iodine, radium, selenium, and strontium in 
cementitious materials. [SRR-CWDA-2014-00006] These studies are reproduced below for 
convenience. These show that varying the Kds for iodine, radium, selenium, and strontium 
within cementitious materials result in doses that do not alter the conclusions from the 
FY2014 SDF SA. 

Iodine Kd Variability 
Soil Kd values for iodine are relatively small such that as iodine is released from the 
cementitious barriers into soils, the transport is strongly influenced by flow rates. To 
improve understanding of how the iodine Kd values for various materials can influence 
transport, each value was varied independently, then the combined influence was 
determined by varying all of the values together. As shown in Table SP-11.1, each of the 
Kd values were reduced by one half, relative to the Evaluation Case.  
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Table SP-11.1:  Kd Values for Iodine Sensitivity Analysis  

Element Modeling Case 

Leachate 
Impacted 
Sandy Soil 

(mL/g) 

Reduced 
Region II 

(mL/g) 

Oxidized 
Region II 

(mL/g) 

Oxidized 
Region III 

(mL/g) 

I 

Evaluation Case 0.1 9.0 15.0 4.0 
Leachate Impacted 

Sandy Soil Kd 
Sensitivity Case 

0.05 9.0 15.0 4.0 

Reduced Region II 
Cementitious Materials 

Kd Sensitivity Case 
0.1 4.5 15.0 4.0 

Oxidized Region II 
Cementitious Materials 

Kd Sensitivity Case 
0.1 9.0 7.5 4.0 

Oxidized Region III 
Cementitious Materials 

Kd Sensitivity Case 
0.1 9.0 15.0 2.0 

All-Kds Sensitivity 
Case 0.05 4.5 7.5 2.0 

[Source: Table 5.6.6-6, SRR-CWDA-2014-00006] 

This change resulted in a slight increase to the total dose (i.e., dose from I-129 added to 
the doses from all other radionuclides) within 10,000 years (from about 13 mrem/yr to 
about 14 mrem/yr), as shown in Figure SP-11.1. At approximately 4,200 years after 
closure, this peak occurs about 1,000 years earlier than in Evaluation Case. By comparing 
the respective dose curves from each sensitivity run, it is apparent that changes in dose 
are most strongly affected by the change to the Kd value for iodine in Reduced Region II 
cementitious materials.  

Figure SP-11.1:  MOP Total Dose Comparison for Iodine Kd Sensitivity 

 
[Source: Figure 5.6.6-28, SRR-CWDA-2014-00006] 
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Radium Kd Variability 
The radium Kd analysis applies the same approach as the iodine Kd analysis: the Kd 
values within the various materials were reduced by one half (shown in Table SP-11.2).  

Table SP-11.2:  Kd Values for Radium Sensitivity Analysis  

Element Modeling Case 

Leachate 
Impacted 
Sandy Soil 

(mL/g) 

Reduced 
Region II 

(mL/g) 

Oxidized 
Region II 

(mL/g) 

Oxidized 
Region III 

(mL/g) 

Ra 

Evaluation Case 75.0 100.0 100.0 70.0 
Leachate Impacted 

Sandy Soil Kd 
Sensitivity Case 

37.5 100.0 100.0 70.0 

Reduced Region II 
Cementitious Materials 

Kd Sensitivity Case 
75.0 50.0 100.0 70.0 

Oxidized Region II 
Cementitious Materials 

Kd Sensitivity Case 
75.0 100.0 50.0 70.0 

Oxidized Region III 
Cementitious Materials 

Kd Sensitivity Case 
75.0 100.0 100.0 35.0 

All-Kds Sensitivity 
Case 37.5 50.0 50.0 35.0 

[Source: Table 5.6.6-7, SRR-CWDA-2014-00006] 

A comparison of the resulting total doses showed no difference within 10,000 years. 
However, starting at approximately 13,000 years, the results begin to diverge (see Figure 
SP-11.2). To better evaluate this impact, the model was run to 30,000 years after closure. 
After approximately 15,000 years after closure, the total dose results show notable 
differences. By comparing the respective dose curves from each sensitivity run, it is 
apparent that changes in dose are most strongly affected by the change to the Kd value for 
radium within leachate-impacted sandy soils. In general, this change to the leachate-
impacted sandy soil Kd roughly doubles the magnitude of the doses. Similarly, the 
combined impact from changing these radium Kds results in roughly tripling the 
magnitude of the doses.  
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Figure SP-11.2:  MOP Total Dose Comparison for Radium Kd Sensitivity (0 to 30,000 
Years) 

 
[Source: Figure 5.6.6-29, SRR-CWDA-2014-00006] 

Although increasing the Ra-226 contribution to the total dose would increase the peak 
dose, note that the inventory of available Ra-226 is conservative. As described in SDF 
Inventory Estimates for Transport Modeling, each SDU was assumed to contain the 
entire soluble and insoluble (salt) inventory present in both Tank Farms (i.e., F-Area 
Tank Farm and H-Area Tank Farm at the Savannah River Site). [SRR-CWDA-2013-
00147] If more realistic inventories were assumed for Ra-226 (and for parents such as 
Pu-238, U-234, and Th-230), the relative impact of these Kd changes could be 
considerably mitigated. 

Selenium Kd Variability 
The selenium Kd analysis applied lower values to both cementitious barriers and to 
leachate-impacted soils based on two reports. Table SP-11.3 summarizes the Kd values 
assumed for this selenium Kd analysis. Unlike the iodine and radium Kd analyses, the 
values were not simply reduced by half. Table notes are included to provide the basis for 
each of the alternative values considered. 

A comparison of the resulting total doses showed no difference within 10,000 years. The 
model was run to 30,000 years after closure to better evaluate any long-term impacts. 
These results, shown in Figure SP-11.3, show little difference in the total doses between 
most of the cases considered. Only when all of these selenium Kd values were adjusted 
simultaneously did the change to dose become significant.  

Although increasing the Se-79 contribution to the total dose would increase the peak 
dose, note that the inventory of available Se-79 is conservative (i.e., each SDU was 
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modeled with the entire available Tank Farm inventory). If inventories that are more 
realistic were assumed for Se-79, the impact of these Kd changes could be considerably 
mitigated.  

Table SP-11.3:  Kd Values for Selenium Sensitivity Analysis  

Element Modeling Case Sandy Soil 
(mL/g) 

Leachate 
Impacted 
Sandy Soil 

(mL/g) 

Reduced 
Region II 

(mL/g) 

Oxidized 
Region II 

(mL/g) 

Oxidized 
Region III 

(mL/g) 

Se 

Evaluation Case 1,000 1,400 300 300 150 
Sandy Soil Kd 

Sensitivity Case 500 a 1,400 300 300 150 

Leachate Impacted 
Sandy Soil Kd 

Sensitivity Case 
1,000 20 b 300 300 150 

Reduced Region II 
Cementitious Materials 

Kd Sensitivity Case 
1,000 1,400 50 c 300 150 

Oxidized Region II 
Cementitious Materials 

Kd Sensitivity Case 
1,000 1,400 300 50 d 150 

Oxidized Region III 
Cementitious Materials 

Kd Sensitivity Case 
1,000 1,400 300 300 50 d 

All-Kds Sensitivity 
Case 500 a 20 b 50 c 50 d 50 d 

[Source: Table 5.6.6-8, SRR-CWDA-2014-00006] 
a Assumes half of the Evaluation Case value, although it is noted that site-specific measured values are much 

higher (Kd values > 1,400 mL/g). [SREL Doc. R-13-0005] 
b Change based upon measured Kd values ranging from 1 to 41 as reported in SREL Doc. R-13-0005. 
c No technical basis. This change was intended to reflect similar changes made to the oxidized cementitious 

Kd values (see Note: d). 
d Change based upon measured Kd values ranging from 29.7 to 78.5 as reported in SRNS-STI-2008-00045. 

The measured Kd values reported in SRNS-STI-2008-00045 were lower than earlier measurements and 
literature data. The referenced report indicated that these relatively low measured values represent lower 
limits. Therefore, despite these lower measured values, the report did not recommend lowering the 
selenium Kd values used for modeling. [SRNS-STI-2008-00045] 
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Figure SP-11.3:  MOP Total Dose Comparison for Selenium Kd Sensitivity (0 to 30,000 
Years) 

 
[Source: Figure 5.6.6-30, SRR-CWDA-2014-00006] 

Strontium Kd Variability 
The half-life for Sr-90 is relatively short (less than 30 years). As such, a more 
conservative approach was assumed to examine the potential dose impacts from varying 
the Kd values that apply to Sr-90. Rather than reducing the Evaluation Case values by 
one-half, the same low value (0.5 mL/g) was applied to all materials (both cements and 
soils) as shown in Table SP-11.4.  

Table SP-11.4:  Kd Values for Strontium Sensitivity Analysis  

Element Modeling Case Sandy Soil 
(mL/g) 

Leachate 
Impacted 
Sandy Soil 

(mL/g) 

Reduced 
Region II 

(mL/g) 

Oxidized 
Region II 

(mL/g) 

Oxidized 
Region III 

(mL/g) 

Se 
Evaluation Case 5 15 15 15 5 

All-Kds Sensitivity 
Case 0.5 a 0.5 a 0.5 a 0.5 a 0.5 a 

[Source: Table 5.6.6-9, SRR-CWDA-2014-00006] 
 
a Assumed value. 

Additionally, rather than comparing results at the 100-meter boundary, the dose results 
for intruder wells were used. Despite this approach, the dose contribution from Sr-90 
never exceeds 1.0E-05 mrem/yr. Figure SP-11.4 illustrates that modifying all of the Kd 
values for Sr-90 has no significant impact to the total IHI doses. Note that only the first 
5,000 years of the simulation results are displayed as Sr-90 quickly decays. Based on this 
analysis, strontium Kds are not risk-significant parameters. 
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 Figure SP-11.4:  IHI Total Dose Comparison for Strontium Kd Sensitivity (0 to 5,000 
Years) 

 
[Source: Figure 5.6.6-31, SRR-CWDA-2014-00006] 

Additionally, DOE intends to improve documentation for supporting the cementitious Kd 
values. Planning for this effort shall be documented within the FY2015 Implementation Plan 
for the Savannah River Site Liquid Waste Facilities Performance Assessment Maintenance 
Program. 
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DISPOSAL STRUCTURE PERFORMANCE (DSP) 

DSP-1………………….. 

DSP-1 Comment: Additional justification is needed for the 1,400 year delay before degradation of 
FDC roof concrete begins (see Table 4.2-11). 

Basis: FDC roof concrete degradation is assumed to begin 1,400 years after site closure, which 
is when degradation of the high density polyethylene (HDPE) geosynthetic clay liner (GCL) 
over the roof allows carbon dioxide to diffuse to the roof. However, fracturing caused by 
physical mechanisms (e.g., differential settlement) could occur prior to water reaching the FDC 
roof. In addition, the recent observation of water in the leak detection system of SDS 3A 
indicate that the assumptions related to the long-term performance of the HDPE layer may be 
optimistic. The presence of water in the leak detection system demonstrated that the HDPE may 
not act as a long-term barrier to liquid and gas, as DOE assumed in the Special Analysis. 
Although DOE has not determined how the water entered the structure, the presence of water in 
the leak detection system could be evidence that the HDPE material or an HDPE seam may have 
failed. 
Furthermore, Section 3.2.1.3.4 from the 2009 Performance Assessment indicated that after the 
FDC is filled, the roof mounted items will be removed and the penetrations will be filled in a 
manner that makes them equivalent to the rest of the roof (see MF 6.03). In the Special Analysis, 
DOE included a fast flow path through the FDC roofs. However, it is not clear that the flow 
through the fast flow path accounts for the potential preferential pathways through the FDC 
roof, including the numerous roof penetrations. Furthermore, it is not clear that the filled 
penetrations will not contribute to roof degradation beginning prior to the onset of chemical 
degradation. 
The delay is potentially risk-significant because the roof is one of the hydraulic barriers limiting 
water flow into saltstone. Water flow into saltstone directly affects radionuclide release because 
radionuclides are primarily transported out of saltstone by advection. In addition, water 
infiltration into saltstone also indirectly affects radionuclide release because it affects saltstone 
degradation, which in turn affects saltstone hydraulic conductivity. Faster water flow through 
saltstone would increase the predicted peak due to I-129 release. Furthermore, because increased 
water flow into saltstone would also increase the rate of saltstone oxidation it could, in 
combination with other factors, cause the peak dose due to Tc-99 to occur earlier than predicted 
in the Special Analysis. 

Path Forward: Provide additional justification for the 1,400 year delay before degradation of 
FDC roof concrete begins, addressing the potential effects of fracturing by physical degradation 
mechanisms, which could occur before the assumed onset of chemical degradation and the 
observation of in-leakage of water in SDS 3A. Alternately, provide a revised dose estimate that 
includes the potential effects of disposal structure roof degradation beginning prior to 1,400 
years after site closure. A revised dose estimate should address the other comments that could 
impact the timing of peak doses (see Comment PAM-2). Provide additional information to 
support the assumption that the penetrations will be filled in a manner that makes them 
equivalent to the rest of the roof and will not contribute to early roof degradation. That 
information should include information on the materials that will be used to fill the roof 
penetrations. Alternatively, DOE could provide information to support how the modeling of the 
roof and of the fast flow path through the roof in the Special Analysis adequately account for the 
potential preferential pathways through the numerous penetrations. 
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DOE Response to DSP-1 
Evaluation Case modeling for the FY2014 SDF SA assumes that roof degradation for the 
cylindrical SDUs initiates at the time of closure due to sulfate attack (see Section 4.2.2.4 of 
the FY2014 SDF SA). [SRR-CWDA-2014-00006] For the FY2014 SDF SA, it is assumed 
that the 150-foot diameter SDUs and the 375-foot diameter SDUs will be filled completely 
with saltstone (i.e., there will not be a “clean” cap). Because the delay to degradation timing 
was driven by the presence of this clean cap, there is no longer a delay in the start of roof 
degradation (i.e., roof degradation now begins at the time of closure).  

Also, roof penetrations are not modeled because closure specifications require that these 
penetrations “be filled in a manner that makes them equivalent to the rest of the roof 
specifications.” [SRR-CWDA-2013-00037] For example, Section 03722, Part 3 of the SDU 6 
procurement specification indicates that roof penetrations will be filled with Type V concrete 
(i.e., the same material as the roof), bonded to the existing roof with an epoxy bonding agent. 
[C-SPP-Z-00008] Accordingly, these penetrations are not expected to impact the 
performance of the roof as a barrier to flow. Additionally, although the roof-mounted items 
will be removed and any penetrations will be filled, DOE has modeled construction joints 
(with the hydraulic properties associated with gravel) that penetrate through the roof of the 
375-foot diameter SDUs (see Section 4.2.3 of the FY2014 SDF SA). [SRR-CWDA-2014-
00006] These joints potentially provide a path for preferential flow which is roughly 
analogous to the effects of an incompletely filled roof penetration. As such, the FY2014 SDF 
SA Evaluation Case adequately accounts for flow paths that may form from such 
penetrations. 

Further, although the interior of SDU 3A currently contains no liquid, the leak detection box 
continues to collect liquids. As such the in-leakage is “presumed to be rainwater in the 
surrounding soils that has found a pathway through the HDPE and into the collection sump” 
(i.e., it is not an indicator the disposal cell has been compromised), as described in the 
Evaluation of Potential Breach of Side Wall High Density Polyethylene (HDPE) Liner on 
Saltstone Disposal Unit Cell 3A. [SRR-CWDA-2014-00070] Despite this presumption, the 
potential for a breach in the HDPE has been qualitatively evaluated by conservatively 
assuming that all simulated processes (i.e., flow, degradation, release, etc.) occur 900 years 
earlier. [SRR-CWDA-2014-00070] Because the peak dose within 10,000 years occurs near 
the middle of this period, shifting the model timing does not bring the peak to within 1,000 
years. Similarly, because the peak dose within 50,000 years occurs well beyond 20,000 years, 
shifting the model timing does not bring the peak to within 10,000 years. Therefore, a 
potential breach in side wall HDPE liner is not expected to adversely impact any of the 
conclusions of the FY2014 SDF SA.  
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DSP-2………………….. 

DSP-2 Comment: By review in detail of the Special Analysis Evaluation Case, it is not clear what 
disposal structure feature is controlling the release of the Tc-99. 

Basis: In Section 5.5.1.4, DOE indicated that the significant release of Tc-99 is due to oxidation 
breaking through the disposal structure floor, resulting in an approximate dose of 400 millirem 
per year (mrem/yr) in Sector I at 31,000 years. However, in Section 5.0 of SRNL-STI-2013-
00280, DOE indicated that the oxidation of the disposal structure concrete resulted in almost no 
impact when compared to the nominal case. 

NRC staff reviewed the PORFLOW Near-Field flux files. It appears that pulses of Tc-99 are 
released from the saltstone grout beginning shortly after 30,000 years. Upon release from 
saltstone, the Tc-99 migrates into the disposal structure, which in the PORFLOW Near-Field 
model includes the disposal structure floor, roof, wall, upper mud mat, the floor and roof HDPE-
GCL composite layer, and the wall HDPE. The PORFLOW Near-Field flux files also indicated 
that the delay in release of Tc-99 from the FDCs is only several hundred years. During the May 
2014 Onsite Observation Visit, DOE showed a video of the PORFLOW transport simulation. 
The video indicated that pulses of Tc-99 were modeled as migrating through the column 
pathway through the floor. However, it is not clear which disposal structure feature controls the 
release of Tc-99. 

In the Special Analysis Evaluation Case, it does not appear that the disposal structure floor is 
significantly delaying or attenuating the peak dose (e.g., PORFLOW Near-Field flux files 
indicated that the peak flux out of the disposal structure is a factor of approximately 2.5 less than 
the flux out of the saltstone). However, NRC staff is concerned that the disposal structure floor 
could become a more significant barrier if assumptions regarding the saltstone performance are 
revised. The overall disposal structure performance may not be as much of a concern if the 
PORFLOW Near-Field model contains a preferential pathway, such as a construction joint or 
column pathway that permits the release of Tc-99 shortly after migration into the disposal 
structure. However, additional information is needed for NRC staff to make that evaluation. 

Path Forward: Provide a graph or table illustrating the fractional release of Tc-99 through the 
different disposal structure features (e.g., construction joint, column, floor and mud mats, fast 
flow path, wall) through the time of the peak Tc-99 release. 

DOE Response to DSP-2 
The release of Tc-99 is not exclusively controlled by any physical design feature; rather, it is 
controlled by changes in the chemical environment. Specifically, the release is controlled by 
the reduction capacity of the emplaced saltstone, and the reducing properties that the 
associated slag imparts on downstream cementitious materials. The bulk of the Tc-99 mass 
remains within the waste form until the oxidation front can break through the bottom of the 
disposal unit. Regardless of what type of cementitious materials are present, the lowest 
downstream material with reduction capabilities will act as the final barrier in retarding the 
release of Tc-99.  

As acknowledged in the NRC’s Basis for DSP-2 (above), comparison of the nominal 
modeling approach and a sensitivity in which the floor was initially oxidized showed no 
significant difference in the results. This is because the relative differences in the volumes of 
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the reducing environments are not significantly different between these two modeling 
approaches. 

PORFLOW Modeling Supporting the FY13 Saltstone Special Analysis and PORFLOW 
Modeling Supporting the FY14 Saltstone Special Analysis includes discussions of slag 
oxidation (reduction capacity consumption), technetium mobility, and transport simulation 
results. [SRNL-STI-2013-00280; SRNL-STI-2014-00083] The purpose of the following 
discussion is to provide further insights into the controlling mechanisms and behavior of 
technetium release from saltstone through reducing concrete barriers. Simulation results are 
shown for the 375-foot diameter SDUs and an Evaluation Case scenario that includes sulfate 
attack as an additional degradation mechanism to the roof-support columns (see the response 
to CC-3). Similar behavior is observed for other disposal unit designs and scenarios. 

Ground blast furnace slag is included in the saltstone dry mix, in part, to create reducing 
conditions. Reduced technetium (oxidation state IV) is relatively immobile with release 
limited by solubility at 1.0E-08 mol/L. In contrast, oxidized technetium (VII) is relatively 
mobile with partitioning to the solid phase controlled by sorption with low Kd values (i.e., 0.5 
mg/L to 0.8 mL/g depending on pH). [SRNL-STI-2012-00769] The Eh transition from 
solubility control to minimal sorption is the primary chemical influence on technetium 
mobility. Sorption coefficient variability with pH under oxidized conditions is practically 
insignificant, because the timing of the pH transition (>100,000 years after closure) is 
estimated to occur much later than the end of the 10,000-year performance period. Therefore, 
PORFLOW simulations consider only the Eh effect (SRNL-STI-2014-00083, Section 3.0).  

Figures DSP-2.1 through DSP-2.6 illustrate saturation and flow velocity fields for the 375-
foot diameter SDUs for selected time intervals (i.e., 0-50, 979-1128, 4917-5209, 9500-10000, 
13459-15000, and 19500-20000 years). In general, flow is very low immediately after 
facility cover system placement (time = 0 years) and gradually increases through time as the 
closure cap degrades. The saltstone and concrete barriers have lower saturated permeability 
than the surrounding backfill and much of the infiltration approaching the disposal unit 
bypasses it until later times. The modeling of the roof and floor includes two fast-flow paths 
to simulate the construction joints present in the roof and floor. These fast-flow paths locally 
increase water and dissolved oxygen ingress over much of the simulation period. 
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Figure DSP-2.1:  Saturation and Flow Field for a 375-Foot Diameter SDU (0-50 Year Time 
Interval) 

 
Figure DSP-2.2:  Saturation and Flow Field for a 375-Foot Diameter SDU (979-1,128 Year 

Time Interval) 
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Figure DSP-2.3:  Saturation and Flow Field for a 375-Foot Diameter SDU (4,917-5,209 
Year Time Interval) 

 
Figure DSP-2.4:  Saturation and Flow Field for a 375-Foot Diameter SDU (9,500-10,000 

Year Time Interval) 
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Figure DSP-2.5:  Saturation and Flow Field for a 375-Foot Diameter SDU (13,459-15,000 
Year Time Interval) 

 
Figure DSP-2.6:  Saturation and Flow Field for a 375-Foot Diameter SDU (19,500-20,000 

Year Time Interval) 

 
Figures DSP-2.7 through DSP-2.14 illustrate Tc-99 aqueous concentration (“C”), oxygen 
concentration (“C2”), and reduction capacity (or slag concentration; “C3”) for selected times 
(i.e., 0, 100, 1000, 15000, 34000, and 38600 years). Included in each composite figure is a 
plot of Tc-99 release to the water table. Figure DSP-2.7 shows initial concentrations, based 
on the Kd of 1,000 mL/g, prior to imposition of solubility control on Tc-99 which occurs after 
the first numerical time step. Figure DSP-2.8 shows simulation results at 100 years and the 
Tc-99 concentration within saltstone is 1.0E-08 mol/L as expected. Little change is observed 

s: 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
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through 1,000 years (Figure DSP-2.9) because the infiltration rate and saltstone permeability 
are low due to the condition of the closure cap.  

Advection through the disposal unit becomes increasingly significant as the simulation 
approaches 15,000 years (Figure DSP-2.10). At this time a distinct oxidation and technetium 
release front is observed in the upper portion of saltstone. The interface slopes downward 
from the centerline (left) to the outer radius (right) reflecting lateral diversion of infiltrating 
water through the sloped drainage layer above the roof. Perturbations about this trend are 
observed near the wall, roof support column, and roof joints. The higher permeability wall 
and column features draw water from the adjoining saltstone and locally slow downward 
flow and oxidation. Conversely, the high permeability roof joints increase flow into the 
saltstone and locally accelerate the oxidation front. Tc-99 is practically absent in the oxidized 
region above the front, having advected downward into the reduced zone and been re-
partitioned to the solid phase just ahead of the front by the solubility limit on aqueous 
concentration. Tc-99 concentrations much higher than solubility are observed at the oxidation 
front. Below the oxidation front Tc-99 concentration coincides with solubility and the Tc-99 
release rate is approximately the product of solubility, Darcy velocity (volumetric water flux 
on a total area basis) and cross-sectional area. The increase in the Tc-99 release rate through 
about 34,000 years is a result of increased advection caused by cover system and 
cementitious material degradation (Figures DSP-2.11 and DSP-2.12). 

Shortly after 34,000 years an abrupt increase in Tc-99 release occurs. As indicated by Figures 
DSP-2.11 and DSP-2.12, the leading edge of the oxidation front reaches the permeable floor 
joints. Technetium that was concentrated ahead of the oxidation front begins to be released to 
the soil beneath the disposal unit and enters the water table. The peak release rate occurs near 
38,600 years, when a large portion of the oxidation front breaks through the floor (Figures 
DSP-2.13 and DSP-2.14). The “noise” observed in the release rate transient is a result of 
numerical discretization and could be reduced through grid refinement within practical limits 
on computer memory and runtime. 
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Figure DSP-2.7:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 0 Years 
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Figure DSP-2.8:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 100 Years 
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Figure DSP-2.9:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 1,000 Years 
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Figure DSP-2.10:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 15,000 Years 
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Figure DSP-2.11:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 34,000 Years 
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Figure DSP-2.12:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 34,000 Years (Detail View) 
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Figure DSP-2.13:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 38,600 Years 
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Figure DSP-2.14:  Tc-99 Concentration, Oxygen Concentration, and Reduction Capacity 
with Tc-99 Release Rate at 38,600 Years (Detail View) 
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Figures DSP-2.7 through DSP-2.14 only explicitly show the aqueous concentration of Tc-99, 
and inferences about the solid phase concentration were made in the above discussion. 
Figures DSP-2.15 through DSP-2.17 provide a total molar mass balance accounting for Tc-
99 in both phases. In the PORFLOW unit radian simulation, the initial inventory of Tc-99 is 
approximately 350 mol. Figure DSP-2.15, upper left, shows the inventory in the model 
domain (“storage”) declining over time primarily due to cumulative advective transport 
(“outAdv”) and some radioactive decay (“decay”). Tc-99 storage in engineered barriers 
surrounding saltstone (Figure DSP-2.15, lower left) is relatively low compared to the 
cumulative advective inflow and outflow curves (which nearly overlap). Most of the Tc-99 
release occurs through the floor/basemat (Figure DSP-2.15, lower right), although some 
occurs through the wall (Figure DSP-2.15, upper right) and floor joints (not shown).  

Figures DSP-2.16 and DSP-2.17 provide mass balances for four sub-layers of the saltstone 
monolith. The sub-layer interfaces align with the wall segment interfaces1 and the layers 
have roughly equal volume and Tc-99 initial inventory. These figures show that Tc-99 
released from an upper layer is recaptured in the lower layer before eventually being released 
again as the oxidation front advances from layer to layer.  

Further spatial detail is provided by Figures DSP-2.18 and DSP-2.19 for two snapshots in 
time: 15,000 and 30,000 years. These figures include plots of total concentration (total molar 
mass / total volume), as well as the solid-phase concentration (molar mass in solid / solid 
mass), and liquid phase (molar mass in liquid / liquid volume) concentrations of Tc-99. Note 
that the total and solid-phase concentrations within saltstone are numerically nearly identical 
because the grout bulk density is approximately 1 kg/L and nearly all of the Tc-99 mass is 
partitioned to the solid-phase in reduced regions. The peak concentration near the oxidation 
front increases through time as Tc-99 released from oxidized zones is captured by reduced 
regions just ahead of the front. 

As described and illustrated above, the release of Tc-99 over time is a complex process that 
is controlled by changes in the chemical environment. Specific disposal structure features 
which include slag (i.e., saltstone) can be credited as the controlling feature; however this 
would not be completely accurate as the reducing properties of the saltstone are also imparted 
onto the floor beneath the saltstone. Accordingly, it is more appropriate to credit the chemical 
environment (specifically, the reduction capacity of the cementitious materials) as the main 
feature controlling Tc-99 releases. 

 

 

                                                 
 
1 The wall is modeled with five segments but Figures DSP-2.16 and DSP-2.17 only show four 
segments of saltstone layers. The top-most saltstone layer (C_SS04) coincides with the two top-
most wall segments.  
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Figure DSP-2.15:  Molar Mass Storage and Cumulative Decay and Transport of Tc-99 
Over Time (Model Domain and Select Features) 
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Figure DSP-2.16:  Molar Mass Storage and Cumulative Decay and Transport of Tc-99 
Over Time (Saltstone Layers) 
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Figure DSP-2.17:  Molar Mass Storage and Cumulative Decay and Transport of Tc-99 
Over Time (Mechanism View) 
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Figure DSP-2.18:  Total, Solid-Phase, and Liquid Phase Mass Concentrations for Tc-99 
within a 375-Foot Diameter SDU at 15,000 Years 
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Figure DSP-2.19:  Total, Solid-Phase, and Liquid Phase Mass Concentrations for Tc-99 
within a 375-Foot Diameter SDU at 30,000 Years 
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DSP-3………………….. 

DSP-3 Comment: The Kd values assumed for potentially risk significant radionuclides in disposal 
structure concrete in the Special Analysis are not adequately justified. 

Basis: In the 2012 SDF NRC TER (see ML121020140), the NRC staff indicated that the Kd 
values assumed for I, Se, Ra, and Sr in cementitious materials were not adequately supported. In 
addition, as discussed in MF 6.01, it appears that the Kd value for Se-79 used in oxidized 
disposal structure concrete is more applicable to selenite rather than the expected oxidized 
species, selenate. No new data to support the Kd values for I, Se, or Sr were provided in the 
Special Analysis or in the “Crosswalk of Select Documents Related to the Monitoring Programs 
for the Saltstone Disposal Facility” (SRR-CWDA-2014-00002). New measurements were 
reported for the Kd of Ra in cementitious materials that were much higher than the values used 
in the modeling. However, the high values measured could be due to precipitation of the Ra, 
instead of sorption. 

The use of unsupported Kd values could lead to an underestimation of the projected dose. In 
particular, the dose from I-129 has increased in the Special Analysis as compared to the 2009 
Performance Assessment and is the key contributor to the dose in the Special Analysis within 
10,000 years. So, the assumed Kd for cementitious materials could potentially result in an 
underestimation of the projected dose. The risk-significance of the Kd values for Se, Sr, and Ra 
is not clear. The Crosswalk indicated that the doses from Se-79 and Sr-90 are very small 
compared to the total dose. However, the use of higher Kd values in the model could be 
responsible for the small projected doses. The projected doses might have been significantly 
higher if different Kd values were used. Similarly, if the more recent Kd measurements for Ra 
are based on solubility, not sorption, and the Kd for Ra is lower than the one assumed in the PA, 
then Ra could be a more risk-significant radionuclide. 

Path Forward: Provide a justification for the Kd values assumed for I, Se, Ra, and Sr in 
disposal structure concrete. Alternately, perform a sensitivity analysis to see the potential effect 
of those values on the projected dose, or provide a revised analysis that uses more defensible 
parameters. 

DOE Response to DSP-3 
Section 5.6.6.4 of the FY2014 SDF SA provides a sensitivity analysis to evaluate the 
potential effects from varying the Kds for iodine, radium, selenium, and strontium in 
cementitious materials. [SRR-CWDA-2014-00006] These studies were reproduced with the 
response to RAI SP-11 and show that varying the Kds for iodine, radium, selenium, and 
strontium within cementitious materials resulted in doses that do not alter the conclusions 
from the FY2014 SDF SA (see Figures SP-11.1 to SP-11.4). 

Additionally, DOE intends to improve documentation for supporting the cementitious Kd 
values. Planning for this effort shall be documented within the FY2015 Implementation Plan 
for the Savannah River Site Liquid Waste Facilities Performance Assessment Maintenance 
Program. 
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DSP-4………………….. 

DSP-4 Comment: Additional information is needed to evaluate FDC floor oxidation. 

Basis: Section 5.5.1.4 indicated that the peak dose 31,000 years after site closure in Figure 5.5-
11 is from break-through of Tc-99 when the FDC floors become oxidized. However, no basis is 
provided for neglecting floor oxidation along potentially unsaturated fractures. Furthermore, it is 
unclear whether oxidation from diffusion of oxygen in soil gas or water below the FDCs was 
included in the calculation of floor oxidation. The NRC staff understands that sudden break-
through results in a larger predicted peak than gradual release would. However, it could also 
delay the peak in time. It is unclear whether, in conjunction with other factors that affect the 
timing of Tc-99 release, changes to the projected oxidation of the disposal structure floors could 
move the Tc-99 release to within 10,000 years of site closure. 

Path Forward: Provide a detailed description of the modeled oxidation of the FDC floors. 
Justify neglecting oxidation along potentially unsaturated fractures in the floor, or provide a 
revised dose estimate that accounts for oxidation of FDC floors along fractures. Any revised 
dose estimate should address other issues related to the timing of Tc-99 release (See Comment 
PAM-2). 

DOE Response to DSP-4 
The response provided to RAI DSP-2 provides a detailed description of the modeled 
oxidation process for the entire SDU, including the floor. Floor oxidation along potentially 
unsaturated fractures was ignored as a modeling simplification. As indicated in Section 
4.2.2.2 of the FY2014 SDF SA, the anticipated saturation states for SDF cementitious 
materials can be assessed from estimated soil suction and relative humidity values: 

“Once buried under a low-permeability cover system, the soil conditions at the 
SDF will initially approach gravity equilibrium (no infiltration), where matric 
suction prevents water from infiltrating to the water table. Soil moisture contains 
dissolved solids, but the concentrations are dilute such that osmotic suction is 
negligible compared to that within cementitious materials. Any amount of 
infiltration produces lower capillary suction levels than gravity equilibrium. Thus 
as the cover system degrades over time, soil suction levels will decrease. With this 
consideration, the maximum suction head anticipated for the 375-foot diameter 
SDUs is roughly 1,500 centimeters (15 meters), the approximate height of the 
SDUs above the water table. The air entry head is observed to exceed 1,000 
centimeters for saltstone and 10,000 centimeters for SDF concrete (Figure 4.2-4). 
Thus, the concrete is expected to be saturated at all times.” [SRR-CWDA-2014-
00006]  

Regardless, the sensitivity study from the FY2014 SDF SA that incorporated the artificial 
bypass (FY2014 SDF SA, Section 5.6.6.2) does provide some insight into the significance of 
the assumed behavior of the system. In the sensitivity study, a percentage of the released Tc-
99 is instantaneously placed into the vadose zone beneath the SDU at the time of oxidation. 
The results of this analysis indicate that the timing of the peak release is not significantly 
affected by changes to the amount of re-concentration that occurs (i.e., the occurrence of the 
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peaks ranged from 37,600 years to 38,220 years). However, the magnitude of the peaks can 
vary significantly, wherein the approach assumed in the Evaluation Case of FY2014 SDF 
SA, with no bypass, provides the highest (or most conservative) peak dose from Tc-99 
relative to the mass release scenarios considered in the sensitivity study. 
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DSP-5………………….. 

DSP-5 Comment: Additional information is needed on the movement of carbon dioxide (CO2) into and 
immediately within the disposal structure. 

Basis: Cementitious degradation from carbonation of the FDC roof is assumed to be delayed by 
1,400 years due the presence of the roof HDPE/GCL (see Table 4.2-11). Significant degradation 
of the HDPE and GCL barriers is assumed to be necessary for CO2 diffusion into the concrete to 
occur. “Significant” degradation is defined as a 100-times increase in hydraulic conductivity 
(due to holes, tears), and occurs in the PORFLOW model at 900- and 1,400-years for HDPE and 
HDPE-GCL, respectively. Earlier increases in the amount of infiltrating water into the waste 
form will likely result in a higher dose to an off-site member of the public. Features and 
processes significant to delaying and decreasing infiltrating water are relevant to MF 6.03. 

The DOE indicated in previous documents that the FDCs will be “hermetically” sealed. It 
appears that DOE assumed that the hermetically sealed FDCs will be atmospherically isolated 
for 900 years. However, recent observations in the leak detection system of SDS 3A indicate 
that the assumptions related to the long-term performance of the HDPE layer may be optimistic. 
The presence of water in the leak detection system demonstrates that the HDPE may not act as a 
long-term barrier to liquid and gas, as DOE assumed in the Special Analysis. Although DOE has 
not determined how the water entered the structure, the presence of water in the leak detection 
system may be evidence that the HDPE or an HDPE seam may have failed. Also, it is unclear 
whether any of the chemical processes within the FDCs will be affected by the assumed lack of 
air exchange. 

Path Forward: Indicate whether any of the chemical processes within the FDCs are expected to 
be influenced by lack of air exchange. Provide the basis for defining “significant” degradation as 
a 100-times increase in hydraulic conductivity of the HDPE-GCL layer. Provide the basis for 
assuming that CO2 will not diffuse into cementitious material at a hydraulic conductivity 
increase that is less than 100-times that of the original hydraulic conductivity. Provide available 
information on what air and CO2 movement may occur immediately inside the HDPE away 
from holes or cracks. 

DOE Response to DSP-5 
The response to SP-4 explains that the walls of the 375-foot diameter SDUs are initially 
degraded to credit degradation processes that may occur prior to facility closure. The 
response to SP-5 explains that the delay to roof degradation is no longer modeled for the 150-
foot diameter and the 375-foot diameter SDUs, as the FY2014 SDF SA assumes that these 
SDUs will be filled to capacity with saltstone. Similarly, the upper and lower mud mats of 
the 375-foot diameter SDUs are initially assigned the hydraulic properties of the lower 
vadose zone (as described in Section 4.2.2 of the FY2014 SDF SA). [SRR-CWDA-2014-
00006] Finally, as described in the response to RAI PAM-3, intact cementitious materials are 
expected to be fully saturated once buried under a facility closure cap, precluding oxidation 
by gas-phase transport of oxygen through the porous media. Given these conditions, 
processes affected by CO2 are not likely to have a significant impact on system performance. 
The conservative assumptions applied to material degradation are expected to outpace the 
impact from any CO2 diffusion that may occur.  
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Also, note that although the interior of SDU 3A currently contains no liquid, the leak 
detection box continues to collect liquids. As such the in-leakage is “presumed to be 
rainwater in the surrounding soils that has found a pathway through the HDPE and into the 
collection sump” (i.e., it is likely that the disposal cell has not been compromised), as 
described in the Evaluation of Potential Breach of Side Wall High Density Polyethylene 
(HDPE) Liner on Saltstone Disposal Unit Cell 3A. [SRR-CWDA-2014-00070] Despite this 
presumption, the potential for a breach in the HDPE has been evaluated and is “not expected 
to increase the magnitude of anticipated doses”. [SRR-CWDA-2014-00070] 
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DSP-6………………….. 

DSP-6 Comment: Additional information is needed on the total volumetric flow rates through the 
disposal structures. 

Basis: Flow through the different components of the disposal structures provide important 
insights into how each component is contributing to the isolation of the waste. Figure 4.4-3 
(total volumetric flow rates through SDS 1) showed a rate of flow through the floor that is 
greater than the volumetric flow rates of the saltstone and the wall combined. In addition, the 
flow rate of the saltstone is higher than that of the clean cap for both SDS 1 and the FDCs, as 
shown in Figures 4.4-3 and 4.4-6 for the initial few thousand years. Based on Figure 4.4-4, it is 
unclear if the same phenomenon is occurring in SDS 4. 

The roof HDPE-GCL layer, in combination with the lower lateral drainage layer, is a significant 
barrier to water flow through saltstone. However, flow rates through the HDPE-GCL layer 
below the lower lateral drainage layer are not provided in the flow figures. 

Path Forward: Provide the conceptual models that account for the flow rate of the saltstone 
being higher than that of the clean cap for both SDS 1 and the FDCs, as shown in Figures 4.4-3 
and 4.4-6 for the initial few thousand years and for the flow rate of the SDS 1 floor being higher 
than the volumetric flow rates of the saltstone and the wall combined, as shown in Figure 4.4-3. 
Provide the total volumetric flow rates through the HDPE-GCL layer below the lower lateral 
drainage layer for Figure 4.4-6 and comparable figures. 

DOE Response to DSP-6 
The varying geometry, infiltration, materials, and hydraulic properties of SDUs produce 
time-varying, multi-dimensional, flow fields. To facilitate insights into vadose zone flow 
behavior, the following discussion presents volumetric flow rates through time for selected 
zones within each SDU (e.g., flow field results at simulation year 1,000) and a corresponding 
flow budget for selected zones at 1,000 years.  

Figures DSP-6.1 through DSP.6-4 identify the lateral extent of zones selected for flow rate 
plots and volumetric flow balances. The lateral extent was chosen to exclude wall concrete, 
including the inner SDU 4 wall. The selected SDU 1 zones are defined as follows: 

• “SoilAbove” = soil above the sand drainage layer (and within Figure DSP-6.1 extent) 

• “SandDrain” = sand drainage layer 

• “Roof” = roof concrete and column penetration 

• “CleanGrout” = clean cap grout and column penetration 

• “Saltstone” = saltstone and column penetration 

• “Floor” = floor concrete, and column and joint penetrations 

• “SoilBelow” = soil beneath disposal unit 
Note that the “Roof” zone does not include the entire roof, and similarly for the “Floor”. Also 
note that the column and joint features are included with the surrounding materials. Zones for 
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SDUs 2, 4, and 6 are similarly defined. For SDU 2 and 6, the “FloorEtAl” zone includes 
portions of the floor, upper mudmat, and lower HDPE-GCL liner (and embedded column and 
joint features); however, the lower mudmat is included in the “SoilBelowEtAl” zone. The 
upper HDPE-GCL liner is treated as a separate zone from the roof, with respect to the 
volumetric flow rate discussion provided below. Finally, the “CleanGrout” zone defined for 
cylindrical SDUs (i.e., SDU 2 and SDU 6) had been filled with clean grout in prior modeling 
scenarios, but is filled with saltstone waste in the FY2014 SDF SA simulation. [SRNL-STI-
2014-00083] The “CleanGrout” label is retained for consistency with historical modeling 
simulations and similar zones in SDU 1 and SDU 4 that remain filled with clean grout. 

 Figure DSP-6.1:  Flow Balance Extent for SDU 1 

 
Note: This figure illustrates the boundaries for flow balance. Differences in colors 

within this figure illustrate the geometry of the modeled features; however, these 
colors are randomly selected and are not indicative of specific physical, chemical, 
or hydraulic properties. 
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Figure DSP-6.2:  Flow Balance Extent for SDU 2 

 
Note: This figure illustrates the boundaries for flow balance. Differences in colors within this figure illustrate 

the geometry of the modeled features; however, these colors are randomly selected and are not 
indicative of specific physical, chemical, or hydraulic properties. 
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Figure DSP-6.3:  Flow Balance Extent for SDU 4 

 
Note: This figure illustrates the boundaries for flow balance. Differences in colors within this 

figure illustrate the geometry of the modeled features; however, these colors are 
randomly selected and are not indicative of specific physical, chemical, or hydraulic 
properties. 

Figure DSP-6.4:  Flow Balance Extent for SDU 6 

 
Note: This figure illustrates the boundaries for flow balance. Differences in colors within this figure illustrate 

the geometry of the modeled features; however, these colors are randomly selected and are not 
indicative of specific physical, chemical, or hydraulic properties. 
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Figures DSP-6.5 through DSP-6.8 show the volumetric flow rate (cm3/yr) through time for 
the selected grid zones. Also shown in these figures are snapshots at 1,000 years of (1) the 
entire flow field, (2) the upper right corner, and (3) the lower right corner of the disposal 
units. The red arrows indicate flow direction but not magnitude. Tables DSP-6.1 through 
DSP-6.4 provide numerical flow rate values at 1,000 years, by zone surface. The left surface 
is a no-flow boundary for SDUs 1, 2, and 6 and is omitted from those flow budgets. A 
positive number indicates upward flow or flow to the right; a negative value indicates 
downward flow or flow to the left.  

Although the predominant flow direction is downward, the sand drainage layer being a 
notable exception in most time intervals, significant lateral flows are nonetheless present. A 
portion of the infiltrating water that initially bypasses saltstone via the sand drainage layer 
(and to a lesser extent the roof) is commonly observed to enter (or re-enter) the engineered 
structure through the side. As a result the total flow through the engineered system tends to 
increase moving down the disposal unit starting a short distance below the roof. In particular, 
the “Floor[EtAl]” zones exhibit higher flow than “Saltstone” at 1,000 years. Although the net 
flow through the side of a disposal unit is inward, the velocity is outward for the roof, clean 
grout layer, and uppermost portion of saltstone. As a result, the flow through the clean grout 
zone is slightly lower than the saltstone zone. 
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Figure DSP-6.5:  SDU 1 Flow Rate Transient and Flow Field Views at 1,000 Years 
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Figure DSP-6.6:  SDU 2 Flow Rate Transient and Flow Field Views at 1,000 Years  
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Figure DSP-6.7:  SDU 4 Flow Rate Transient and Flow Field Views at 1,000 Years  
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Figure DSP-6.8:  SDU 6 Flow Rate Transient and Flow Field Views at 1,000 Years  
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Table DSP-6.1:  SDU 1 Volumetric Flow Rates (cm3/yr) at 1,000 Years 
Zone Lower Flow Boundary Upper Flow Boundary Right Flow Boundary 

SoilAbove -9.61E+03 -9.62E+03 1.45E+01 
SandDrain -5.77E+02 -9.61E+03 9.03E+03 

Roof -4.94E+02 -5.77E+02 8.35E+01 
CleanGrout -4.89E+02 -4.94E+02 4.56E+00 
Saltstone -6.06E+02 -4.89E+02 -1.17E+02 

Floor -1.14E+03 -6.06E+02 -5.37E+02 
SoilBelow -5.75E+03 -1.14E+03 -4.61E+03 

 

Table DSP-6.2:  SDU 2 Volumetric Flow Rates (cm3/yr) at 1,000 Years 
Zone Lower Flow Boundary Upper Flow Boundary Right Flow Boundary 

SoilAbove -1.63E+07 -1.63E+07 5.63E+04 
SandDrain -4.17E+04 -1.63E+07 1.62E+07 

HDPE-GCL -4.17E+04 -4.17E+04 -4.79E-07 
Roof -1.74E+05 -4.17E+04 -1.32E+05 

CleanGrout -1.88E+05 -1.74E+05 -1.45E+04 
Saltstone -2.85E+05 -1.88E+05 -9.70E+04 
FloorEtAl -7.78E+04 -2.85E+05 2.08E+05 

SoilBelowEtAl -9.03E+06 -7.78E+04 -8.95E+06 
 

Table DSP-6.3:  SDU 4 Volumetric Flow Rates (cm3/yr) at 1,000 Years 

Zone Lower Flow 
Boundary 

Upper Flow 
Boundary 

Left Flow 
Boundary 

Right Flow 
Boundary 

SoilAbove -1.77E+04 -1.77E+04 8.86E+00 8.14E+01 
SandDrain -9.31E+02 -1.77E+04 -5.60E+01 1.67E+04 

Roof -8.82E+02 -9.31E+02 -1.39E+01 3.48E+01 
CleanGrout -8.78E+02 -8.82E+02 -1.64E+00 2.84E+00 

TopSaltstone -8.81E+02 -8.78E+02 3.87E+00 2.48E-01 
Saltstone -1.13E+03 -8.81E+02 1.37E+02 -1.16E+02 

Floor -1.90E+03 -1.13E+03 4.02E+01 -7.22E+02 
SoilBelow -7.87E+03 -1.90E+03 2.94E+01 -5.94E+03 
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Table DSP-6.4:  SDU 6 Volumetric Flow Rates (cm3/yr) at 1,000 Years 
Zone Lower Flow Boundary Upper Flow Boundary Right Flow Boundary 

SoilAbove -1.01E+08 -1.01E+08 1.50E+05 
SandDrain -5.33E+05 -1.01E+08 1.00E+08 

HDPE-GCL -5.33E+05 -5.33E+05 -2.11E-06 
Roof -1.03E+06 -5.33E+05 -4.99E+05 

CleanGrout -1.06E+06 -1.03E+06 -2.91E+04 
Saltstone -1.52E+06 -1.06E+06 -4.60E+05 

FloorEtAll -7.84E+05 -1.52E+06 7.37E+05 
SoilBelowEtAl -3.72E+07 -7.84E+05 -3.64E+07 

With respect to Figure 4.4-3 of the FY2013 SDF SA (showing the total volumetric flow rates 
through SDU 1), the rate of flow through the floor is greater than the volumetric flow rates of 
the saltstone and the wall combined due to lateral flow entering the floor from the backfill, 
thus increasing the total volumetric flow through the floor. This behavior is also reflected in 
the floors of the other SDUs. 

Given the three-dimensional nature of the PORFLOW model, the volumetric flow rates can 
vary significantly over time. When comparing the flow rates for specific physical features 
within the model, the behavior of the volumetric flow rates can, at times, seem 
counterintuitive. The discussion above provides a detailed description of such flow through 
the various disposal structures, including the HDPE-GCL and the sand drain (or lower lateral 
drainage layer).  
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DSP-7………………….. 

DSP-7 Comment: Justifications are needed for assumptions related to the lower lateral drainage layer 
as used in the Special Analysis. 

Basis: In the Special Analysis, the lower lateral drainage layer, also known as the sand drain, 
never drains less than 90% of the infiltrating water within 10,000 years. Although this is less 
than the amount of the water drained in the SDF 2009 Performance Assessment (99.97% of the 
water was laterally drained around an FDC at 10,000 years), the lower lateral drainage layer, 
together with the HDPE-GCL and the concrete roof, is a significant component of the system 
and requires strong bases. DOE statements and assumptions that require stronger supporting 
bases or information are the following: 

(a) "The backfill overlying the sand drain below will remain relatively separate for 
thousands of years." That assumption relies on relatively clean sand layers lying directly 
beneath clayey layers in natural geologic units tens of millions of years old. However, 
the backfill is not a natural geologic unit. Soil and material have been placed there by 
heavy equipment and therefore lack the natural depositional structures that link 
individual particles in natural clay units. 

(b) "Clay from the backfill will accumulate in the sand drain from the bottom up and form a 
depositional layer at the bottom of the drainage layer similar to the formation of the B 
soil horizon as documented in the soil literature." Although most literature discusses 
accumulation of clay that has either been deposited out of percolating waters or 
precipitated by chemical processes involving dissolved products of weathering, most do 
not discuss deposition from the bottom up. 

(c) "Hydraulic properties of the material being deposited in the lower lateral drainage layer 
are similar to that of backfill." Although the deposition in the drainage layer is 
considered to be clay and described as such in the Special Analysis, the parameter 
values used are that of a backfill, which is considerably sandier than clay. 

Path Forward: Provide bases or additional information to address the statements and 
assumptions discussed above in (a) through (c). 

DOE Response to DSP-7 
The Savannah River Site Liquid Waste Facilities Performance Assessment Maintenance 
Program–FY2014 Implementation Plan explains: 

“After saltstone production operations have ceased, a closure cap will be 
installed over the SDF to mitigate the infiltration of water through the disposal 
units and the saltstone waste form. There are key questions related to closure cap 
design and performance that could affect the results of the modeling (e.g., 
plugging of the drainage layer). However, the … parameters [that are] most 
sensitive to SDF performance are related to the saltstone waste form and the 
disposal units themselves… As such, in the near term, resources are prioritized to 
support testing and modeling research activities related to key parameters of the 
saltstone waste form and the disposal units... In addition, since SDF closure cap 
design and installation are at least 20 years in the future, testing and research 
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work performed to support other closure sites may be used in the future rather 
than developed independently at SRS. Consequently, activities in this area will be 
delayed to support higher priority testing.” [SRR-CWDA-2013-00133] 

Therefore, research and development associated with the closure cap layers, including the 
lower lateral drainage layer, will be performed in the future and this activity shall continue to 
be tracked in the PA Maintenance Plan. During the design and implementation of the closure 
cap, testing or research will be performed to develop support for the assumed material 
properties of the closure cap layers, or modeling will be revised to reflect the closure cap that 
will be emplaced. 
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FAR-FIELD TRANSPORT (FFT) 

FFT-1………………….. 

FFT-1 Comment: Additional information is needed to support the assumed saturated zone thickness. 

Basis: Section 5.6.3 indicated that the sampled saturated zone thickness was increased based on 
the observation of cross sections of Far-Field PORFLOW-generated plumes, as described in 
Section 4.4.2.1 in SRR-CWDA-2011-00178. In the 2012 SDF NRC TER (see ML121020140), 
NRC staff indicated that far-field performance results include potentially overly optimistic 
levels of dilution and dispersion of SDF source plumes and limited cumulative impacts from the 
SDF. The TER also stated: 

(a) “Changes to key parameters (e.g., hydraulic conductivities, recharge rates reflective 
of capped conditions) and improved model calibration in the area of interest could lead 
to: (i) variability in the location of the groundwater divide, (ii) changes to the hydraulic 
gradient, or (iii) changes to Darcy velocities that could result in significantly lower 
levels of modeled dilution and dispersion, which could result in larger predicted doses.” 

In addition, Section 5.6.2.6 indicated that the dose rate from a well can differ significantly 
depending on the methodology of the numerical code used. For example, the GoldSim 
concentrations are taken at the centerline of the source, as opposed to PORFLOW, which uses 
the above mentioned element thicknesses. GoldSim had the generally higher dose results. 

Path Forward: Provide basis for additional information beyond the PORFLOW-generated 
plume cross-sections, such as Figure 4-4 in SRR-CWDA-2011-00178, to support the assumed 
saturated zone thickness and the associated resulting dilution. Sensitivity analyses would be 
helpful to determine the significance of different modeling methods and different parameter 
values (e.g., vertical hydraulic conductivity, dispersion). 

DOE Response to FFT-1 
The SDF GoldSim Model for the FY2014 SDF SA included two parameters that were 
relevant to RAI FFT-1. The two relevant parameters are both used within GoldSim “plume 
functions” to model SZ transport from the footprint of the SDUs to a hypothetical 100-meter 
boundary. These parameters are: (1) SZ thickness, and (2) dispersivity.  

Physically, the thickness of the SZ near the SDF is defined as the vertical distance from the 
water table (i.e., the top of the SZ aquifer) to the top of the Gordon Aquifer (i.e., the “green 
clay” confining unit that represents the bottom of the SZ aquifer). As described in Saltstone 
Disposal Facility Sensitivity Modeling to Address Concerns Related to Saturated Zone 
Transport, the thickness of the saturated zone is estimated to be between 19 m and 32 m, 
based upon local topography. [SRR-CWDA-2014-00095] A sensitivity analysis was 
performed, independently from any specific SDF SA, to assess the relative impact from 
varying the SZ thickness over the expected range of thickness and found very little impact, as 
demonstrated in Table FFT-1.1, which shows peak doses to MOP. [SRR-CWDA-2014-
00095] 
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Table FFT-1.1:  Peak Doses to the MOP Using the Range of Expected SZ Thicknesses 

SZ 
Thickness 

(m) 
Description 

Time (Years) 
when MOP Dose 

= 25 mrem/yr 

Total Peak Dose to MOP 
(mrem/yr) 

0 to 
1,000 
Years 

0 to 
10,000 
Years 

0 to 
50,000 
Years 

19 Minimum 22,660 8.40E-02 12.8 479 

20 Evaluation Case 
(FY2014 SDF SA) 22,680 8.14E-02 12.7 477 

22 Mid-Low 22,700 7.74E-02 12.6 475 
24.4 Average 22,700 7.46E-02 12.6 474 
28 Mid-High 22,720 7.25E-02 12.6 474 
32 Maximum 22,720 7.17E-02 12.6 474 

[Source: SRR-CWDA-2014-00095] 

Based upon the range of the expected SZ thicknesses and varying other sensitivity modeling 
parameters (e.g., dispersivity), as described within the Saltstone Disposal Facility Sensitivity 
Modeling to Address Concerns Related to Saturated Zone Transport (SRR-CWDA-2014-
00095), the following conclusions can be made with respect to SZ transport in the FY2014 
SDF SA: 

• The current SDF models (PORFLOW and SDF GoldSim) both apply conservative 
modeling assumptions for the depth from the bottom of the SDUs to the green clay 
confining layer, as used to define the lower bound of the SZ. 

• Changes to the SZ thickness, within the range of expected values, have no significant 
impact to total dose results. 

• Applying alternative approaches for estimating the applicable SZ dispersivity values 
showed that the values assumed in SDF modeling were reasonable, with long-term 
(i.e., > 20,000 years) peak doses to the MOP varying between 261 mrem/yr  (with the 
Lovanh Method) and 623 mrem/yr (with the EPA Method). The FY2014 SDF SA 
Evaluation Case had a peak dose of 477 mrem/yr, demonstrating that the Evaluation 
Case is reasonable. 

• The assumed values for dispersivities (longitudinal, vertical, and horizontal) are 
consistent with values determined via alternative analytical methods. [SRR-CWDA-
2014-00095] 
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FFT-2………………….. 

FFT-2 Comment: Additional justification is needed for the values assumed in the Special Analysis for 
soil Kd values for Se. 

Basis: In SREL Doc. R-13-0005, the measured Kd values for Se on SDF soil that has been 
impacted by leachate from cementitious materials were reported. Those measured values ranged 
from 1 to 41 milliliters per gram (mL/g). Those values are much less than the values assumed in 
the Special Analysis (i.e., 1,400 mL/g for both clayey and sandy soils). 

In addition, as described in the 2012 SDF NRC TER (see ML121020140), the measurements 
that the assumed Se soil Kd values are based on may have been affected by an experimental 
artifact, which could have resulted in an overestimation of the Kd values. 

Path Forward: Provide an evaluation of the potential impact on the projected dose due to the 
assumption of high values for the Kd for Se for soil. 

DOE Response to FFT-2 
Section 5.6.6.4 of the FY2014 SDF SA provides a sensitivity analysis to evaluate the 
potential effects from varying the Kds for iodine, radium, selenium, and strontium in 
leachate-impacted soils. [SRR-CWDA-2014-00006] This sensitivity analysis was reproduced 
with the response to RAI SP-11 and showed that the assumed Kd values for selenium in 
leachate-impacted soils do not have a significant impact on the total dose results (see Figure 
SP-11.3). 

Additionally, DOE intends to improve documentation for supporting the leachate-impacted 
Kd values for clayey and sandy soil. Planning for this effort shall be documented within the 
FY2015 Implementation Plan for the Savannah River Site Liquid Waste Facilities 
Performance Assessment Maintenance Program. 
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FFT-3………………….. 

FFT-3 Comment: Additional information is needed to evaluate the leachate impacted Kd values for 
clayey and sandy soil listed in Table 4.1-3. 

Basis: With the exception of information provided in Table 2 of SRNL-STI-2009-00473, the 
basis for the leachate impacted Kd values for clayey and sandy soil listed in Table 4.1-3 is 
unclear. For example, Table 22 in SRNL-STI-2009-00473 provides leachate impact factors that 
are based on Cantrell et al. (2007) (PNNL-166663). However, that table does not provide good 
information on how those leachate values were derived from the Cantrell data. 

In addition, in some cases, support for the leachate impacted values was unclear and the 
predicted effects were unexpected. For example, leachate was modeled as increasing sorption of 
uranium although complexation with carbonate species in alkaline solutions typically decreases 
uranium sorption. Greater transparency in the basis of the leachate impact factors is needed for 
the NRC staff to evaluate those values. 

Appendix A in SRNL-STI-2011-00011 provided cement leachate impacted Kd values, but a 
reference for those values was not provided. 

Path Forward: Provide a clear and traceable explanation of the origin of the leachate impacted 
Kd values listed in Table 4.1-3 and provide the original references used. 

DOE Response to FFT-3 
DOE intends to improve documentation for supporting the leachate-impacted Kd values for 
clayey and sandy soil in FY2015. Planning for this effort shall be documented within the 
FY2015 Implementation Plan for the Savannah River Site Liquid Waste Facilities 
Performance Assessment Maintenance Program. 
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FFT-4………………….. 

FFT-4 Comment: A basis is needed for the assumption that the vadose zone will be impacted by 
leachate from the cementitious materials for the duration of the assessment. The uncertainty due 
to that assumption was not considered in the Special Analysis. 

Basis: As cementitious materials age and leaching occurs, it is expected that the pH value and 
ionic strength will decrease. Therefore, the impact of the leachate on the vadose zone is 
expected to decrease over time. 

Path Forward: Provide a basis for the assumption that the vadose zone will be impacted by 
leachate from the cementitious materials for the duration of the assessment and provide an 
evaluation of the sensitivity of the projected dose to this assumption. 

DOE Response to FFT-4 
To assess the potential impact from decreasing leachate affects, three sensitivity models were 
developed, as described in Saltstone Disposal Facility Sensitivity Modeling to Address 
Concerns Related to Saturated Zone Transport. [SRR-CWDA-2014-00095] The first 
sensitivity model ignores all cementitious leachate impacts, applying the non-impacted soil 
Kds to contaminants in all soils. This approach is unrealistic but provides an extreme upper 
bound to understand system performance and to inform decision making. The second 
sensitivity model assumes a linear rate of change for the soil Kds (from leachate-impacted to 
non-impacted). For this approach, the change in the soil Kds was set to start at the beginning 
of the simulation (time = 0 years) and ends when saltstone undergoes the pH transition 
(approximately 323,000 years after closure). This approach reflects the best approximation of 
expected future transport. Finally, the third sensitivity model also applies a linear rate of 
change that starts at the beginning of the simulation (time = 0 years) but conservatively ends 
when saltstone completes its Eh transition (approximately 45,000 years after closure). 

Figure FFT-4.1 presents the MOP dose results from the various sensitivity models within the 
10,000-year performance period. Figure FFT-4.2 shows the same figure out to 50,000 years. 
Although the sensitivity model results in increased doses when very long time periods are 
considered, note that the increase is driven by radionuclides that were modeled with very 
conservative inventories (as described in the FY2014 SDF SA). [SRR-CWDA-2014-00006] 
Applying a more realistic inventory for radionuclides such as Ra-226 and its parents would 
significantly reduce the influence of this sensitivity modeling. The blue curve in these figures 
most closely represents expected conditions and is very similar to Evaluation Case modeling 
results. 

Based upon the sensitivity modeling described within the Saltstone Disposal Facility 
Sensitivity Modeling to Address Concerns Related to Saturated Zone Transport (SRR-
CWDA-2014-00095), the assumption that leachate impacts to soil Kds remain constant for 
the full duration of the simulation is a reasonable modeling simplification. 
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Figure FFT-4.1:  Total Dose to the MOP at the SDF 100-Meter Boundary within 10,000 
Years, Using Various Leachate-Impacted Soil Kds 

 
Figure FFT-4.2:  Total Dose to the MOP at the SDF 100-Meter Boundary within 50,000 

Years, Using Various Leachate-Impacted Soil Kds 
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INADVERTENT INTRUSION (II) 

II-1………………….. 

II-1 Comment: A basis is needed for the locations for the hypothetical wells evaluated in the 
intruder assessment. 

Basis: Figure 4.4-2 showed the SDF Inadvertent Human Intruder Analysis well locations, 
including Well #1 through Well #7. The Southern wells do not represent the southern portion of 
the Z-Area very well. Plumes in the SDF modeling divisional sectors C, D, E, and F would not 
be captured by any of the wells in their current locations. 

Path Forward: Provide a basis for the selection of the well location for the intruder analysis. 

DOE Response to II-1 
Additional text has been added to the FY2014 SDF SA to provide the basis for the selection 
of the well locations for the inadvertent human intruder (IHI) analysis. Specifically, Section 
6.3 states: 

“… [S]trategic IHI well locations were assumed and used to capture the effects of 
drilling near specific SDUs. This provides a more realistic scenario as it accounts 
for the spatial variability of the specific contaminants. For example, IHI Well 7 is 
next to SDU 4 to obtain groundwater concentrations that are dominated by 
releases from SDU 4. These well locations are shown on Figure 5.2-1. In 
addition, Figure 6.4-1 shows representative tracer plumes to illustrate how the 
placement of the IHI well locations are likely to capture high concentrations 
relative to the entire facility. Although these well locations do not reflect values 
for every possible sector, they do reflect values from the highest sectors; 
therefore, this approach is appropriate for the intent of this analysis.” [SRR-
CWDA-2014-00006] 

As stated above, Figure 6.4-1 from the FY2014 SDF SA shows the placement of the IHI 
wells, relative to illustrative tracer plumes. This figure has been recreated here for 
convenience as Figure II-1.1. As can be seen, the location of the IHI wells corresponds to the 
locations of the highest concentration plumes. 
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Figure II-1.1:  Illustration of SDF Layout with Representative Tracer Plumes 
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BIOSPHERE (B) 

B-1………………….. 

B-1 Comment: Additional justification is needed for the modeling of drinking water intake. The 
drinking water intake assumed in the calculation of the drinking water pathway dose may 
underestimate the projected dose. 

Basis: The drinking water intake is a key parameter in the dose assessment and the dose is 
almost linearly correlated to it. As described in Equation 3.1-2a in SRR-CWDA-2013-00058, 
the amount of drinking water consumed is based on the human consumption rate of water in 
liters per year (L/yr) times the fraction of consumed water that comes from the local water 
source. 

Based on Table 3-1 in the U.S. Environmental Protection Agency (EPA) Exposure Factors 
Handbook (EPA 600 R-090-052F), a value of 377 L/yr (presented by EPA as 1,033 mL/day) of 
water was selected for the human consumption rate of water. That value represented the amount 
of water ingested from the community water supply by people who reported consuming water 
from a community water supply. That value does not represent the total amount of water 
consumed per year. The EPA document indicated the amount of water consumed in bottled 
water and other sources in Tables 3-8, 3-9, 3-16, and 3-17 and the total water ingestion in Table 
3-10 and Table 3-18. Given that the value used for the human consumption of water already 
excludes bottled water and other sources and only includes the fraction that comes from the 
community water source, it is not appropriate to multiply this value again by the fraction of 
water that comes from the local water source, as DOE indicated in Equation 3.1-2a in SRR-
CWDA-2013-00058. 

In addition, it is not appropriate to base the amount of water ingested from an onsite well on the 
average amount of water ingested from a community water supply. While it is reasonable to 
account for consumption of bottled water and other offsite sources when modeling the drinking 
water intake, the amount of water assumed in the scenario should be based on the amount of 
water that a resident with an onsite well consumes from their well. 

Also, although the use of the “consumers only” value (i.e., amount of community water reported 
as being consumed divided by the consuming population, as opposed to the whole population) is 
somewhat conservative, the use of the mean value may not adequately represent the potential 
consumption by the critical group. To represent the critical group, it may be more appropriate to 
pick a more conservative value than the mean because water consumption is a key parameter 
and there is significant variability in the habits of the population. 

It is not clear how the fraction of consumed water that comes from the contaminated water 
source (in Table 7.6-1 of SRR-CWDA-2013-00058) was derived from information in the EPA 
Exposure Factors Handbook. 

Path Forward: Provide a revised dose calculation that does not double-count the fraction of 
water that comes from a local source or provide a justification for why the method used was 
correct. Provide justification for the value assumed for the amount of drinking water consumed 
or choose a more appropriate value. Provide a basis for the distribution used for the fraction of 
consumed water that comes from the contaminated water source. 
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DOE Response to B-1 
The dose calculation has been revised to remove the “double-counting” of the fraction of 
water that comes from a local source. This correction is documented in the updated Dose 
Calculation Methodology for Liquid Waste Performance Assessments at the Savannah River 
Site and was first applied in the FY2014 SDF SA. [SRR-CWDA-2013-00058] In addition to 
this correction to the calculation, the revised dose methodology report also provides the 
rationale for the value assumed for the amount of drinking water consumed. [SRR-CWDA-
2013-00058] The assumed value was selected to ensure consistent application of the latest 
DOE-approved dose coefficients, as found within the DOE Standard: Derived Concentration 
Technical Standard. [DOE-STD-1196-2011] The DOE technical standard explains that the 
dose coefficients were developed based upon the concept of a “Reference Person” using 
median values from age- and gender-dependent intake rates for ingestion of water and 
inhalation of air. Therefore, the critical group was assumed to be the age- and gender- 
weighted Reference Person based on median intake values. Applying intake values that are 
not consistent with the defined Reference Person (i.e., not the assumed median values) would 
require the development of revised dose coefficients to reflect the alternative assumptions.  
Therefore, the median intake rate of water for the age- and gender- weighted Reference 
Person is 439 L/yr (or 1.2 L/day) for total water consumed and 340 L/yr (or 0.93 L/day) for 
water consumed from the local source (i.e., from only a contaminated well, as the Reference 
Person also consumes water from other sources).  

Further, for these dose calculations the critical group is defined as “the portion of the exposed 
population likely to receive the highest dose”. [SRR-CWDA-2013-00058] In this case, the 
critical group for the MOP was defined as typical persons who use water from a 
contaminated well (either along the 100-meter boundary of the source of the contamination 
or at the nearest downgradient stream). Similarly, the critical group for the IHI was be 
defined as typical persons who use water from a contaminated well located within the 100-
meter boundary of the source of the contamination. [SRR-CWDA-2013-00058]  

Figure B-1.1 shows total doses to the MOP living at the 100-meter boundary. These dose 
values were all calculated using the same concentrations (from the Evaluation Case of the 
FY2014 SDF SA), but the dose methodology applied was varied. The blue curve was 
calculated using the same dose parameters, values, and approaches as used by the 2009 SDF 
PA. The red curve was calculated using the same dose parameters, values, and approaches as 
used by the FY2013 SDF SA. The gold curve was calculated using the same dose 
parameters, values, and approaches as used by the FY2014 SDF SA and described in 
Revision 1 of the Dose Calculation Methodology for Liquid Waste Performance Assessments 
at the Savannah River Site. [SRR-CWDA-2013-00058] These doses were calculated by 
multiplying the PORFLOW-calculated concentrations (from the FY2014 SDF SA) by the 
biosphere dose conversion factors (BDCFs) as defined in the Biosphere Dose Conversion 
Factors Used in Performance Assessment Dose Calculations for the Saltstone Disposal 
Facility at the Savannah River Site. [SRR-CWDA-2014-00092]  

The response to RAI B-2 provides additional information on the BDCFs and a brief 
explanation of the differences. 
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Figure B-1.1:  100-Meter MOP Dose Comparison Using Concentrations from the FY2014 
SDF Special Analysis, from 0 to 20,000 Years 
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B-2………………….. 

B-2 Comment: Additional information is needed to evaluate how the changes to the dose 
calculation methodology affect the calculated dose from key radionuclides and key pathways. 

Basis: The Special Analysis and an associated reference (SRR-CWDA-2013-00058) provided 
information on the revised biosphere parameters that were used for the dose assessment in the 
Special Analysis. An assessment of the effect of the revised dose calculation on the existing 
2009 Performance Assessment was done in Appendix A of SRR-CWDA-2013-00058. However, 
the assessment did not show how the changes in parameter values affect specific radionuclides 
and pathways. Instead, the assessment only presented the effect of the new dose calculation on 
the total dose. In addition, one of the primary dose drivers in the 2009 Performance Assessment 
(SRR-CWDA-2009-00017) was Ra-226, which did not contribute meaningfully to the dose in 
the Special Analysis due to its revised inventory. The effect of the revised biosphere parameters 
on the total dose in the 2009 Performance Assessment primarily reflected changes affecting Ra-
226 and did not provide meaningful information on the effect of the new dose calculation 
methods on the projected dose from the risk-significant radionuclides identified in the Special 
Analysis (i.e., I-129, Tc-99, Cesium-135). 

In addition, it is not clear exactly which cases were used in the comparison presented in Figure 
A3-1 in SRR-CWDA-2013-00058 because the graph did does not seem to exactly match any 
graph in the 2009 Performance Assessment. NRC staff would also like confirmation of the case 
used in the comparison presented in Figure A3-2. 

Path Forward: Provide pathway dose conversion factors for the current and previous dose 
calculations per radionuclide. Clarify which cases were used in the comparisons presented in 
Figure A3-1 and A3-2 in SRR-CWDA-2013-00058. 

DOE Response to B-2 
BDCFs for the current dose calculations per radionuclide, as used in the FY2014 SDF SA, 
are provided in: Biosphere Dose Conversion Factors Used in Performance Assessment Dose 
Calculations for the Saltstone Disposal Facility at the Savannah River Site. [SRR-CWDA-
2014-00092] This report also includes BDCFs from the dose calculations applied in the 2009 
SDF PA and the FY2013 SDF SA. Further, the Dose Calculation Methodology for Liquid 
Waste Performance Assessments at the Savannah River Site has been revised to provide 
improved documentation of the cases used for the various dose comparisons. [SRR-CWDA-
2013-00058]  
The biosphere dose conversion factors for select radionuclides (i.e., Cs-135, I-129, Ra-226, 
and Tc-99) are provided in Tables B.2-1 to B.2-4. Additional biosphere dose conversion 
factors are provided in Section 2 of the Biosphere Dose Conversion Factors Used in 
Performance Assessment Dose Calculations for the Saltstone Disposal Facility at the 
Savannah River Site. [SRR-CWDA-2014-00092] 

Changes in the BDCFs from the 2009 SDF PA to the other BDCFs are driven by (1) the 
revised dose coefficients and (2) updated rates of human ingestion. The 2009 SDF PA used 
dose coefficients based on the 1996 Radiation Protection: ICRP Publication 72 – Age-
Dependent Doses to Members of the Public from Intake of Radionuclides, while the FY2013 
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SDF SA and the FY2014 SDF SA used dose coefficients based on the 2011 DOE Standard: 
Derived Concentration Technical Standard. [ICRP-72; DOE-STD-1196-2011] For example, 
the dose coefficient for ingestion of I-129 is 4.07E-01 rem/μCi (or 4.07E-04 mrem/pCi) 
according to the 2009 SDF PA, while a value of 4.48E-04 mrem/pCi was used in the SAs. 

Changes in the BDCFs from the FY2013 SDF SA to the current BDCFs used in the FY2014 
SDF SA are attributed to corrections to errors (such as double-counting the local fraction for 
water ingestion) and to a more consistent application of assumptions as described in Section 
2.0 of the Dose Calculation Methodology for Liquid Waste Performance Assessments at the 
Savannah River Site. [SRR-CWDA-2013-00058]  

 
Table B-2.1:  BDCFs for Cs-135 

Dose Pathway 
2009 SDF PA FY2013 SDF 

SA 
FY2014 SDF 

SA 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
Water Ingestion 2.5E-03 4.3E-03 3.3E-03 
Soil Ingestion 2.7E-07 1.4E-07 2.7E-07 
Fruit and Vegetable Ingestion 1.2E-03 1.1E-04 2.8E-05 
Terrestrial Meat Ingestion 8.6E-04 1.5E-04 1.2E-05 
Milk Ingestion 3.1E-04 3.5E-05 2.7E-06 
Poultry Ingestion N/A 1.5E-05 1.0E-06 
Egg Ingestion N/A 2.4E-06 1.4E-07 
Fish Ingestion a 2.0E-01 4.5E-02 1.3E-02 
Soil Exposure 1.1E-09 1.7E-09 1.7E-09 
Shower Exposure N/A 3.3E-08 3.3E-08 
Boating Exposure a 1.5E-10 3.5E-09 3.5E-09 
Swimming Exposure a 1.3E-07 2.8E-09 4.7E-09 
Shower Inhalation 4.0E-06 4.3E-09 9.7E-10 
Irrigation Inhalation 1.4E-06 2.4E-09 5.3E-10 
Dust Inhalation 8.7E-12 1.8E-10 4.1E-11 
Swimming Inhalation a 4.8E-07 8.8E-11 3.4E-11 

a The pathway doses from fish ingestion, boating exposure, swimming exposure, and 
swimming inhalation are calculated using contaminant concentrations at the seepline rather 
than from a 100-meter well.  

N/A = Not Applicable. [SRR-CWDA-2014-00092] 
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Table B-2.2:  BDCFs for I-129 

Dose Pathway 
2009 SDF PA FY2013 SDF 

SA 
FY2014 SDF 

SA 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
Water Ingestion 1.4E-01 1.7E-01 1.5E-01 
Soil Ingestion 1.5E-05 0.0E+00 b 1.3E-06 
Fruit and Vegetable Ingestion 6.2E-02 1.7E-02 5.0E-03 
Terrestrial Meat Ingestion 3.5E-02 3.1E-03 2.7E-04 
Milk Ingestion 1.8E-02 2.5E-03 2.1E-04 
Poultry Ingestion N/A 2.4E-06 1.9E-07 
Egg Ingestion N/A 7.1E-04 4.7E-05 
Fish Ingestion a 1.5E-01 2.2E-02 7.1E-03 
Soil Exposure 3.6E-07 0.0E+00 b 2.1E-08 
Shower Exposure N/A 9.4E-07 9.4E-07 
Boating Exposure a 1.2E-07 9.8E-08 9.8E-08 
Swimming Exposure a 1.1E-04 7.8E-08 1.3E-07 
Shower Inhalation 2.1E-04 1.7E-08 4.3E-08 
Irrigation Inhalation 7.4E-05 9.4E-09 2.4E-08 
Dust Inhalation 4.6E-10 0.0E+00 b 1.8E-10 
Swimming Inhalation a 2.5E-05 3.5E-10 1.5E-09 

a The pathway doses from fish ingestion, boating exposure, swimming exposure, and 
swimming inhalation are calculated using contaminant concentrations at the seepline rather 
than from a 100-meter well.  

b Values less than 1.0E-20 (mrem/yr)/(pCi/L) are displayed as 0.0E+00 (mrem/yr)/(pCi/L). 
N/A = Not Applicable. [SRR-CWDA-2014-00092] 
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Table B-2.3:  BDCFs for Ra-226 

Dose Pathway 
2009 SDF PA FY2013 SDF 

SA 
FY2014 SDF 

SA 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
Water Ingestion 3.5E-01 4.5E-01 5.7E-01 
Soil Ingestion 3.8E-05 3.6E-05 1.2E-04 
Fruit and Vegetable Ingestion 1.6E-01 1.2E-02 4.9E-03 
Terrestrial Meat Ingestion 2.0E-03 1.2E-03 1.5E-04 
Milk Ingestion 6.6E-03 3.1E-04 3.8E-05 
Poultry Ingestion N/A 1.8E-05 2.1E-06 
Egg Ingestion N/A 2.0E-04 1.9E-05 
Fish Ingestion a 4.7E-01 7.7E-03 3.5E-03 
Soil Exposure 8.5E-07 4.7E-04 4.7E-04 
Shower Exposure N/A 2.5E-04 2.5E-04 
Boating Exposure a 9.7E-08 2.6E-05 2.6E-05 
Swimming Exposure a 8.2E-05 2.1E-05 3.6E-05 
Shower Inhalation 2.1E-02 3.9E-06 5.1E-07 
Irrigation Inhalation 7.2E-03 2.1E-06 2.8E-07 
Dust Inhalation 4.5E-08 4.0E-07 5.3E-08 
Swimming Inhalation a 2.5E-03 7.9E-08 1.8E-08 

a The pathway doses from fish ingestion, boating exposure, swimming exposure, and 
swimming inhalation are calculated using contaminant concentrations at the seepline rather 
than from a 100-meter well.  

N/A = Not Applicable. [SRR-CWDA-2014-00092] 
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Table B-2.4:  BDCFs for Tc-99 

Dose Pathway 
2009 SDF PA FY2013 SDF 

SA 
FY2014 SDF 

SA 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
(mrem/yr)/ 

(pCi/L) 
Water Ingestion 8.0E-04 1.0E-03 1.1E-03 
Soil Ingestion 8.7E-08 2.0E-09 5.6E-09 
Fruit and Vegetable Ingestion 3.6E-04 6.8E-05 2.5E-05 
Terrestrial Meat Ingestion 3.2E-05 1.5E-05 1.6E-06 
Milk Ingestion 2.2E-05 4.4E-06 4.6E-07 
Poultry Ingestion N/A 4.5E-08 4.5E-09 
Egg Ingestion N/A 4.8E-06 3.9E-07 
Fish Ingestion a 4.3E-04 8.8E-05 3.5E-05 
Soil Exposure 3.4E-09 1.4E-10 1.4E-10 
Shower Exposure N/A 4.4E-08 4.4E-08 
Boating Exposure a 4.4E-10 4.6E-09 4.6E-09 
Swimming Exposure a 3.7E-07 3.7E-09 6.2E-09 
Shower Inhalation 2.3E-05 4.5E-09 3.9E-10 
Irrigation Inhalation 8.2E-06 2.4E-09 2.1E-10 
Dust Inhalation 5.1E-11 1.1E-11 9.7E-13 
Swimming Inhalation a 2.8E-06 9.1E-11 1.3E-11 

a The pathway doses from fish ingestion, boating exposure, swimming exposure, and 
swimming inhalation are calculated using contaminant concentrations at the seepline rather 
than from a 100-meter well.  

N/A = Not Applicable. [SRR-CWDA-2014-00092] 
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B-3………………….. 

B-3 Comment: Reducing dose by the fraction of a population assumed to engage in a specific 
activity is inconsistent with the meaning of the “average member of the critical group.” 

Basis: In Section 5.6.4.3, DOE discussed doses affected by a parameter called the “Fraction of 
the MOP that fish.” It appears that this parameter may adjust the dose from the fish pathway 
based on the fraction of the population that engages in fishing. That treatment would be 
inconsistent with the NRC interpretation of the average member of the critical group, in which 
members of the critical group are assumed to engage in the behaviors that would lead to the 
exposure pathways included in the analysis. 

Path Forward: Indicate whether there is any additional consumption factors that were modified 
by the fraction of a population assumed to engage in a particular activity and provide revised 
dose estimates for those cases. 

DOE Response to B-3 
Identifying the parameter in question as the “Fraction of the MOP that fish” was an error 
caused by internal miscommunication. A more appropriate description would have been the 
“fraction of consumed fish that are fished locally” as is defined in the Dose Calculation 
Methodology for Liquid Waste Performance Assessments at the Savannah River Site. [SRR-
CWDA-2013-00058] Although consumption rates considered the fraction of intake assumed 
to come from contaminated (local) sources, none of the consumption factors were modified 
by fraction of the population assumed to engage in specific activities (i.e., 100% of the MOP 
and IHI were assumed to engage in all of the behaviors that would lead to the exposure 
pathways included in the analysis). During the development of the FY2014 SDF SA, care 
was taken to ensure that such parameters were clearly described. 
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CLARIFYING COMMENTS (CC) 

CC-1………………….. 

CC-1 Comment: Section 4.2.1 indicated that the same dry mix is used for both the saltstone and the 
clean grout above the saltstone. Although the water medium is a salt solution containing 
radionuclides and chemicals and the clean grout uses well water, DOE assumed that the 
hydraulic performance of the saltstone and clean cap were similar. Clarification is needed as to 
whether DOE actually expects the hydraulic properties to be similar, or if DOE expects the 
hydraulic properties to be different, but has determined that treating them similarly is 
conservative. 

Basis: Not provided. 

Path Forward: Not provided. 

DOE Response to CC-1 
DOE expects the hydraulic properties of the clean cap material to be different from the 
saltstone, but expects that such differences will not be significant. DOE has not determined 
whether or not treating these similarly is conservative. However, a recent study assessed the 
properties of clean cap grout as part of an effort to reduce free water added during clean cap 
operations for SDU 4. [VSL-14R3330-1] Although the hydraulic properties were not 
explicitly tested, the assessment does provide recommendations for grout formulations that 
would reduce the water-to-premix ratio from 0.6 to 0.5, which would likely reduce the initial 
hydraulic conductivity of the material. As such, assuming that the clean cap has the same 
hydraulic properties as the saltstone is expected to be conservative. Alternatively, assuming 
that there is no clean cap and that the SDUs are filled to capacity with saltstone is also 
expected to be conservative. The Evaluation Case for the FY2014 SDF SA assumes that all 
future SDUs will be filled to capacity with saltstone. Filling the cylindrical SDUs with 
saltstone hastens the degradation of the roof from sulfate attack. This is expected to have 
more of an impact on flow through the SDU than the potential difference between the 
hydraulic properties of the clean cap (which will exist to some extent) to that of the saltstone. 
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CC-2………………….. 

CC-2 Comment: Tables 6.4-1 and 6.4-2 provided dose results for locations near “SDU 1,” near “SDU 
4,” and near an FDC. It is not clear whether those locations were evaluated in an identical 
manner as the analysis described in the RAI responses to the SDF 2009 Performance 
Assessment (SRR-CWDA-2011-00044) or if changes were made to the method used to analyze 
the dose at those locations. Provide more details on the locations assumed for those three dose 
calculations and any changes that were made to the method used to analyze the dose at those 
locations. 

Basis: Not provided. 

Path Forward: Not provided. 

DOE Response to CC-2 
The FY2014 SDF SA does not include “near SDU 1”, “near SDU 4”, or “near an FDC” as 
locations for the IHI results. Those locations were only included as points which reflected the 
analysis described in previous RAI responses, specific to the SDF 2009 Performance 
Assessment (SRR-CWDA-2011-00044); however, because including these locations created 
confusion and did not significantly affect compliance, these were not included in the FY2014 
SDF SA. Instead, the FY2014 SDF SA used concentrations at the 1-meter boundary and from 
the representative IHI wells, as shown in Figure II-1.1. 

Note that the IHI dose results in the FY2014 SDF SA are provided at specific locations, as 
described in the response to RAI II-1; whereas, at the locations referred to as “near a specific 
SDU type” (as identified in the FY2013 SDF SA), the dose was computed by using the 
maximum concentration within the boundaries of each specific SDU type at each time step to 
calculate the dose to the IHI near that SDU type. This method maximized the dose computed 
for the IHI near that SDU type but was not indicative of an IHI’s estimated exposure; 
therefore, these locations are not included in the FY2014 SDF SA 
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CC-3………………….. 

CC-3 Comment: Section 3.3.3 indicated that each FDC will contain 48 roof support columns and that 
each cylindrical column will be made of rebar and Class III sulfate-resistant concrete. FDC 
columns are modeled as degrading only by carbonation. It is not clear why sulfate attack was not 
included as one of the degradation mechanisms for the FDC columns because the columns are 
adjacent to saltstone. Clarify why sulfate attack was not one of the degradation mechanisms 
modeled for the roof support columns. 

Basis: Not provided. 

Path Forward: Not provided. 

DOE Response to CC-3 
Additional modeling has been performed to assess the impact of omitting the sulfate attack 
degradation mechanism on the roof-support columns, as described in the Sensitivity Analysis 
for Saltstone Disposal Unit Column Degradation Analyses. [SRNL-STI-2014-00505] This 
additional modeling applied the same degradation approach as described in the updated 
Degradation of Cementitious Materials Associated with Saltstone Disposal Units. [SRNL-STI-
2013-00118] This additional analysis demonstrates that sulfate attack on the columns has no 
significant impact on the doses. Figure CC-3.1 provides a dose comparison figure for the 
dose to the MOP at the 100-meter boundary. Table CC-3.1 summarizes the peak dose results. 

Figure CC-3.1:  Comparison of Dose to the MOP, Evaluation Case Versus Column 
Degradation Case, 0 to 10,000 Years 
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Table CC-3.1:  Comparison of Peak Doses to the MOP, Evaluation Case Versus Column 
Degradation Case 

Period of Peak 
FY2014 SDF SA 
Evaluation Case 

Column 
Degradation 

Case 
Peak Dose (mrem/yr) 

0 to 1,000 Years 0.04 0.04 
0 to 10,000 Years 12.5 12.9 

10,000 to 20,000 Years 7.32 7.37 

It was expected that incorporating an additional column degradation mechanism would 
slightly increase the peak dose; however, the way in which the increased degradation 
influenced the behavior of the SDU system was somewhat unexpected, requiring additional 
discussion. Inspection of Figure CC-3.1 shows that between 1,900 years and 5,200 years, the 
Evaluation Case from the FY2014 SDF SA shows higher doses than the Column Degradation 
Case. 

Figures CC-3.2 and CC-3.3 show vertical cross-sections of the representative column (from a 
375-foot diameter SDU) for the Evaluation Case and the Column Degradation Case, 
respectively. Both figures graphically depict the flow field through the SDU for the 4,625-
4,917 year time interval. In these figures, the red arrows indicate the direction of flow while 
the colored contours indicate the magnitude or rate of flow in only the vertical direction. 
Blues indicate slower flow rates on the order or 0 to 30 cm/yr, whereas yellows and reds 
indicate faster flow rates on the order of 100 or more cm/yr. As can be seen, the Evaluation 
Case shows relatively faster flow at the top and bottom of the column and slower in the 
middle of the column (Figure CC-3.2), whereas the Column Degradation Case has faster 
flow moving all the way through the column (Figure CC-3.3).  

In the Evaluation Case, the column degrades vertically moving down from the top and up 
from the bottom as a function of carbonation attack (as described in Section 4.2.2.4 of the 
FY2014 SDF SA). As the top of the column degrades, downward flow increases, but when 
the flowing water reaches the undegraded portion (about 1/3rd of the way down the column in 
Figure CC-3.2), the water is channeled away from the column and into the saltstone waste 
form where the flow mobilizes contaminants (e.g., I-129). The contaminants continue 
downward within the saltstone until it reaches the degraded portion near the bottom of the 
column, where flow is channeled back into the column (shown in Figure CC-3.2).  

Alternatively, the Column Degradation Case undergoes much more rapid degradation due to 
sulfate attack, which moves radially from the outside of the column (at the saltstone 
interface) in towards the center of the column. This sulfate attack results in a flow path 
moving vertically through the entire column within 1,300 years. [SRNL-STI-2013-00118] 
This flow path is entirely contained within the column where there are no contaminants to 
mobilize (shown in Figure CC-3.3). As such, between 2,900 years and 5,200 years the 
Column Degradation Case actually shows lower doses than the Evaluation Case.  

At approximately 5,300 years after closure (the time of the peak dose within the 10,000–year 
performance period), the Column Degradation Case yields a higher dose result. This is 
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attributed to more I-129 inventory being available, relative to the Evaluation Case, because 
the Evaluation Case experiences flows in which more water is channeled directly through the 
saltstone (where it mobilizes the I-129 at earlier times). The Column Degradation Case does 
not channel water into the saltstone (i.e., the flow generally bypasses the waste). 

In summary, before approximately 5,300 years, the Evaluation Case, as modeled in the 
FY2014 SDF SA, results in slightly higher doses; whereas, at the time of the peak, and 
beyond, the Column Degradation Case results in slightly higher doses. In both cases, the 
peak dose can be rounded to 0.04 mrem/yr within 1,000 years and 13 mrem/yr within 10,000 
years. These differences are not significant. 

Figure CC-3.2:  Flow Field for a 375-Foot Diameter SDU for Time Interval = 4,625-4,917 
Years (Evaluation Case) 
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Figure CC-3.3:  Flow Field for a 375-Foot Diameter SDU for Time Interval = 4,625-4,917 
Years (Column Degradation Case) 
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RECOMMENDATIONS 

Table R-1 has been prepared based upon the RAI responses. This table identifies potential future 
activities (and the associated RAIs) that could improve model support and understanding of the 
SDF disposal system with respect to the isolation of waste and future performance. Note that 
these activities are only recommendations and are subject to change based upon the availability 
of information from other sources, budgetary constraints, and prioritization of activities. When 
developing plans for such future activities, the associated RAIs will be considered in an effort to 
maximize the return on investment.  Specifically, these activities will be considered during the 
development of future PA Maintenance Program planning. 

Table R-1:  Proposed Future Activities 
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SP-1     x       
SP-2     x       
SP-3   x         
SP-4         x   
SP-8 x           
SP-9   x         

SP-10   x         
SP-11       x     
DSP-3       x     
DSP-4    x       
DSP-7           x 
FFT-2       x     
FFT-3       x     

Note: RAIs not listed are not directly associated with the list of proposed future activities.  
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