
 
 

       
 
 

June 13, 2014 
 
 
 
Mr. William Levitan 
Associate Deputy Assistant Secretary 
  of Site Restoration 
Office of Environmental Management 
U.S. Department of Energy 
1000 Independence Avenue SW 
Washington, DC  20585 
 
SUBJECT:  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 

 
Dear Mr. Levitan: 
 
The U.S. Nuclear Regulatory Commission (NRC) staff has reviewed the “Fiscal Year 2013 
Special Analysis for the Saltstone Disposal Facility at the Savannah River Site“(2013 Saltstone 
Special Analysis), SRR-CWDA-2013-00062, Rev. 2.  Enclosed for your consideration are the 
NRC’s comments, which are composed of Requests for Additional Information (RAIs) and 
clarifications related to the 2013 Saltstone Special Analysis. 
 
Although NRC staff does not expect the U.S. Department of Energy (DOE) to respond directly to 
the enclosed RAIs because DOE is in the process of finalizing the 2014 Saltstone Special 
Analysis, NRC staff believes that DOE responses to the enclosed RAIs will enhance our overall 
understanding of and confidence in, the ability of DOE to meet Performance Objectives. 
 
The NRC plans to review the 2014 Saltstone Special Analysis when DOE issues it and plans to 
provide RAI questions to DOE on that document as well.  NRC expects to issue a new 
Technical Evaluation Report based on both the 2013 Saltstone Special Analysis and the 2014 
Saltstone Special Analysis 
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Please be advised that the enclosed attachment is an updated version to the version mailed on 
June 13, 2014.  If you have any questions, please contact Harry Felsher of my staff at  
301-415-6559. 
 
      Sincerely,  
 
 
      /RA/ 
 
      Gregory Suber, Acting Deputy Director 

Environmental Protection and 
  Performance Assessment Directorate 

      Division of Waste Management  
        and Environmental Protection 
      Office of Federal and State Materials 
        and Environmental Management Programs 
 
Docket No.:  PROJ0734 
 
Enclosure: 
NRC RAI Questions on DOE’s “FY 2013 
  Special Analysis for the Saltstone Disposal  
  Facility at the Savannah River Site” 
 
cc w /enclosure: 
WIR Service List 
WIR e-mail Contacts List 
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ENCLOSURE 

U.S. Nuclear Regulatory Commission Staff Request for Additional Information on the  
U.S. Department of Energy’s “Fiscal Year 2013 Special Analysis for the Saltstone 

Disposal Facility at the Savannah River Site” 
 
Review Scope: 
 
The U.S. Nuclear Regulatory Commission (NRC) staff reviewed is the scope of the U.S. 
Department of Energy (DOE) “Fiscal Year 2013 Special Analysis for the Saltstone Disposal 
Facility at the Savannah River Site” (SRR-CWDA-2013-00062), Rev. 2 (2013 Saltstone Special 
Analysis).  Many Monitoring Areas that are addressed in the NRC 2013 Saltstone Disposal 
Facility (SDF) Monitoring Plan (see ML1300A113) were not addressed in the 2013 Special 
Analysis.  Each Monitoring Area in the NRC Monitoring Plan consists of one or more Monitoring 
Factors (MFs).  The DOE should assume that each MF in the NRC Monitoring Plan is open until 
NRC closes it in writing. 
 
Unless otherwise indicated in this document, the term “Special Analysis” refers to the 2013 
Special Analysis.  In addition, unless otherwise indicated, the figures, sections, and tables 
referenced in this document below refer to the Special Analysis.  In the Special Analysis, DOE 
addressed Saltstone Disposal Structure (SDS) 1, SDS 4, and disposal structures similar to SDS 
2A, which DOE refers to as “Future Disposal Cells” (FDCs).  Although several disposal 
structures similar to SDS 2A have been built (i.e., SDS 2A, 2B, 3A, 3B, 5A, 5B) and are 
therefore not “future” disposal cells, the NRC staff has used the term “Future Disposal Cell” and  
“FDC” for consistency with the Special Analysis.  In this document, the term “Future Disposal 
Cell” or FDC refers to the cylindrical disposal structures similar to the design described in 
Section 3.3.3 of the 2013 Special Analysis. 
 
Comments and Questions: 
 
The NRC Request for Additional Information (RAI) comments and questions are grouped by 
topic.  The topics are:  Performance Assessment Methods, Saltstone Performance, Disposal 
Structure Performance, Far-Field Transport, Inadvertent Intrusion, Biosphere, and Clarifying 
Questions. 
 
Performance Assessment Methods (PAM): 
 
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 
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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 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. 
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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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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. 

 
Saltstone Performance (SP) 
 
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. 
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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). 

 
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). 

 
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 
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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) 

 
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.” 
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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. 

 
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). 

 
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 
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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). 

 
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). 

 
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 1.0x10-7 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 4.5x10-7 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. 
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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 6.4x10-9 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. 

 
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). 

 
SP-9 Comment:  Additional support is needed to justify the use of residual reducing capacity 

as a basis for Tc-99 release. 
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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). 

 
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. 
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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 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. 
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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. 

 
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. 
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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. 

 
Disposal Structure Performance (DSP) 
 
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 



14 
 

 

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. 

 
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. 

 
DSP-3 Comment:  The Kd values assumed for potentially risk significant radionuclides in 

disposal structure concrete in the Special Analysis are not adequately justified. 
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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. 

 
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). 
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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. 

 
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 
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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. 

 
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). 

 
Far-Field Transport (FFT) 
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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). 

 
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. 

 
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. 
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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. 

 
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. 

 
Inadvertent Intrusion (II) 
 
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. 

 
Biosphere (B) 
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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 
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distribution used for the fraction of consumed water that comes from the contaminated 
water source. 

 
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. 
 

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. 

 
Clarifying Comments (CC) 
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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. 

 
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. 

 
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. 

 
Reference: 
 
U.S. Department of Energy, “Geochemical Processes Data package for the Vadose Zone in the 
Single-Shell Tank Waste Management Areas at the Hanford Site,” PNNL-166663, Cantrell, K.J., 
J. M. Zachara, P. E. Dresel, K. M. Krupka, and R. J. Serne, Pacific Northwest National 
Laboratory, Richland, Washington, 2007. 
 
 


