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Draft Categories of Requests for Additional 
Information Needed to Complete Preparation of a 

Technical Evaluation Report for Consultation 
Regarding H-Area Tank Farm, Savannah River Site 

June 5, 2013 
 

Janelle Jessie, James Shaffner, Christopher Grossman,  
Cynthia Barr, Leah Parks, George Alexander 

 
The Village Center 

DOE Suite 220 
230 Village Green Boulevard 

Aiken, SC 29803 



NRC CONSULTATION 
PROCESS 

Janelle Jessie, 301-414-6775, janelle.jessie@nrc.gov 

James Shaffner, 301-415-5496, james.shaffner@nrc.gov 
Christopher Grossman, 301-415-7658, christopher.grossman@nrc.gov 
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• Per Ronald W. Reagan National Defense Authorization Act of 2005 
Section 3116 

• DOE to consult with NRC prior to final waste determination (WD) 
• Three Criteria for WD 
      - Deep geologic disposal necessary ? 
       - Identification and removal of highly radioactive radionuclides to the maximum 
          extent practical 
       - Ability to meet NRC LLW performance objectives in 10 CFR Part 61 (protection of 
          the public, inadvertent intruder protection, protection of workers and the public  
          during operations, and site stability)  

• Consultation for H Tank Farm began in February 2013 
• NRC staff in process of reviewing draft WD and associated 

performance assessment 
• Primary NRC work product-Technical Evaluation Report (TER) 
• Request for Additional Information (RAI)-Interim step to complete 

TER 

NRC Role- Consultation 



NRC Role (cont.) 

• Today’s meeting is part of RAI process 
• NRC will present major RAI categories 
• Discussion and clarification among DOE and NRC staff 
• Public input 
• Formal RAIs to be completed and provided to DOE in 

late July 
• DOE response  
• NRC completion of TER in early 2014 
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NRC-DOE Interactions 

• March 14, 2013, Overview of Performance Assessment 
– Meeting Summary Available at ADAMS† Accession Number: 

ML13086A081 

• April 4, 2013, ML13106A338 
• April 17, 2013, ML13126A127 
• May 9, 2013, summary in process 
• May 16, 2013, summary in process 

† Agencywide Documents Access and Management System (ADAMS), 
http://www.nrc.gov/reading-rm/adams.html 



NRC-DOE Interactions 
• Purpose of the interactions was to clarify DOE’s approaches. 

 
• Examples where DOE clarified the approach and fully resolved the 

issue: 
– DOE was able to clarify the cause of the particle track inconsistency 

and avoid a Request for Additional Information (RAI) or Clarifying 
Comment. 

– DOE was able to point us to flow fields that eliminated many MCC and 
flow field concerns. 

– NRC asked DOE to clarify that the volume assumed for Tanks 9, 10, 
and 14 was reasonably conservative given the material depths that 
were reported in the documentation provided to NRC.  DOE clarified 
that the depths were attributed to mounds that tapered off as opposed 
to a uniform depth around the annulus and offered to show NRC 
photographic evidence during the site visit. 
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NRC-DOE Interactions  
- cont’d 
 • Examples where DOE clarified the approach but NRC 

anticipates additional information may be needed: 
– NRC asked DOE to clarify the basis for the ratio of groundwater to 

infiltration in the geochemical modeling.  DOE clarifications will help 
NRC focus an RAI on impact of time-dependent variability in ratio. 

– Clarification on the compliance boundary was helpful and convincing, 
although we still have an RAI in this area for completeness. 

– NRC asked DOE to clarify downstream limitations of Oxalic Acid(OA).  
DOE noted that Enhanced Chemical Cleaning is no longer being 
pursued.  DOE’s clarification informed two RAIs on the use of oxalic 
acid and technology selection. 
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Draft RAIs 

• Presentations discuss draft RAIs that 
have resulted from our review to date. 

• Final list of RAIs may differ from those 
presented today as our review 
progresses. 

• RAIs expected to focus on HTF and be 
informed by FTF TER and Monitoring 
Plan to the extent practical. 
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RELEASE AND NEAR-FIELD 
TRANSPORT 

Christopher Grossman, 301-415-7658, christopher.grossman@nrc.gov 

George Alexander, 301-415-6755, george.alexander@nrc.gov 

9 



10 

Summary of Clarifications 

• March 14, 2013 ML13086A081 
• April 4, 2013 ML13106A338 
• April 17, 2013 ML13126A127 
• Slides 42-44 summarize clarifications 
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Draft RAI Categories 
 
• Cementitious Materials Degradation 
• Steel Corrosion 
• Source Term Release 
• Near-Field Flow and Transport Modeling 
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Cementitious Materials Degradation 
Basis for the assumption that fast flow paths are a low probability 
scenario 
• DOE’s Base Case assumes that no fast flow paths are present in the grout 

and the basemat.  (Note: the Base Case has an assumed probability of 
75%) 

• The assumption of flow through the grout matrix provides a significant 
barrier to radionuclide release 

• DOE’s plutonium solubility peer review panel stated that fracturing of the 
grout with preferential flow through the cracks appears to be a much more 
likely scenario 

• Inconsistency between the assumed hydraulic degradation of grout and 
chemical conditioning 

• Operational factors and degradation mechanisms (e.g., shrinkage, lobing, 
chemical reactions, thermal gradients, settlement) may lead to fast 
pathways 
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Cementitious Materials Degradation 

Basis for the assumption that fast flow paths are a low probability 
scenario (cont’d) 
 
Path Forward:  Provide a basis for estimating that fast flow paths are not 
expected and the probabilities associated with the alternate cases considering 
fast flow paths. 
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Cementitious Materials Degradation 
Basis for concrete vault carbonation failure initiation threshold 
• Reinforcing steel corrosion is known to crack concrete and cause spalling 

due to volume expansion of corrosion products.   
• Significant steel corrosion (and thus cracking and spalling) expected when 

carbonation exceeds 50% of thickness of concrete cover over reinforcing 
steel (i.e., a few centimeters).   

• Cracking would affect permeability and also the diffusivity of CO2 through 
the system.  Enhanced diffusivity of CO2 would enhance the penetration 
rate of the carbonation front, which in turn would activate corrosion of 
deeper rebar, and potentially cause additional cracking of the concrete.   

• Long steel liner lifetimes are dependent on the concrete vault being an 
effective diffusive barrier.  

Path Forward: Provide a technical basis for defining the failure threshold of 
the reinforced concrete by carbonation as the ½ wall-thickness.  Clarify how 
reinforcing steel was considered in cementitious materials degradation. 



Steel Corrosion 
Assumptions of passivity and uniform distribution of oxygen and 
uniform corrosion for the case of chloride-induced corrosion 
• Although DOE considered chloride-induced corrosion, the resulting 

corrosion rates in the range of 0.04 to 0.09 mil/yr are not clearly 
distinguishable from passive corrosion.  

• These low corrosion rates are dependent on (i) the limited rate of transport 
of oxygen through the concrete vault and (ii) the implicit assumption that 
oxygen reduction and enhanced iron dissolution occur on the same 
location on the liner surface.  

• DOE recognized the possibility of galvanic corrosion and macro-cell 
corrosion associated with the separation of anodic and cathodic regions 
on the liner. 

Path Forward: Provide a technical basis that the liner remains passive 
despite contact of steel with chloride. Consider how potential sequential 
cracking of the concrete vault would affect the assumption of steel corrosion 
controlled by oxygen diffusion. 
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Source Term Release 
Reducing capacity of blast furnace slag represented by pyrite in 
geochemical modeling 
• Reducing conditions typically provide a significant chemical barrier to the 

release of redox-sensitive radionuclides (e.g., Pu, Tc, U) 
• The use of pyrite in geochemical modeling might underrepresent the early 

release of reductant 
• Empirical evidence suggests that pyrite may not be a suitable proxy: 

– The amount of iron measured in SRS BFS is insufficient to account for 
the amount of pyrite that was assumed 

– Literature indicates that several reducing sulfur species may be 
present and more soluble than pyrite 

– Cantrell and Williams (2012) observed reduced sulfur species in 
leachates from saltstone simulant experiments 

Path Forward: Provide additional support for representing reducing capacity 
with pyrite in geochemical modeling. 
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Source Term Release 
Basis for assumed solubility of plutonium in the deterministic and 
probabilistic analyses in light of uncertainties 
• Tank 18 residual waste samples were indicative of a plutonium carbonate 

phase that had a higher solubility than the phase assumed in the PA 
• Research has not been conducted to quantify the amount of high solubility 

plutonium phase(s) 
• Research has not been conducted to verify that high solubility phases will 

convert to lower solubility phases upon grouted conditions 
• Insufficient support for the assumption that the Eh of infiltrating water will 

remain less than +0.45 V during oxidizing conditions 
• Additional support is also needed for the as-modeled threshold Eh of 

+0.45 V 
Path Forward: Provide additional technical basis for solubility controlling 
phases for plutonium.  Provide additional support for the assumption that Eh 
will remain less than +0.45 V during oxidizing conditions. 
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Source Term Release 
 
Basis for assuming that 100% of the technetium is coprecipitated with 
iron 
• Limits the release of technetium under all chemical conditions 
• Based on the assumption that cleaning will effectively remove all of the 

non-coprecipitated Tc 
• Insufficient evidence to support 100% coprecipitation 
• If the inventory of Tc is not reduced to an insignificant risk level, additional 

characterization of residual waste will be needed 
Path Forward: Provide additional basis for assumption that technetium 
solubility is controlled by iron coprecipitaiton under all chemical conditions. 
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Near-Field Flow and Transport Model 
 
Basis for ratio of 90% groundwater to 10% grout conditioned water for 
Conditions B, C, and D for submerged tanks throughout the period of 
performance 
• Assumption of 10% mixing of conditioned infiltrate provides a significant 

barrier to radionuclide release 
• 90:10 ratio of groundwater to infiltration approximates the modeled lateral-

to-vertical groundwater flow velocities 
• Closure cap, low hydraulic conductivity of the grout, and presence of fast 

pathways decrease likelihood that 10% of the infiltrating water being 
conditioned. 

Path Forward: Provide a technical basis for assuming that water contacting 
the CZ will apportioned 90% to groundwater and 10% to vertical infiltration.  
Consider impact of time-dependent degradation of engineered barriers on the 
assumption. 
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Near-Field Flow and Transport Model 
 
Basis for dissolved oxygen (DO) concentration in groundwater that 
was used in the geochemical modeling for the submerged tanks 
• The assumed low DO in groundwater results in longer reducing conditions 

for the submerged tanks relative to the non-submerged tanks 
• DOE relied on well P27D, because it is the only well in HTF area with 

measured DO values 
• Well P27D is anomalously low relative to the other SRS water table wells 
• DOE believes that the low DO is due to local geology and  that the values 

are likely reasonable for  Type I tanks, however, DO would be expected to 
be higher for Type II tanks 

• Several factors could be responsible for low DO values at P27D (e.g., 
locally impacted , screening depth) 

Path Forward: Additional information is needed to support the assumption of 
low DO 



HYDROLOGY AND FAR-FIELD 
TRANSPORT 

Cynthia Barr, 301-415-4015, cynthia.barr@nrc.gov 
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Summary of Clarifications 

• March 14, 2013 ML13086A081 
• April 17, 2013 ML13126A127 
• May 9, 2013 summary in process 
• Slides 45-49 summarize clarifications 
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Categories of Draft RAIs 

• Calibration 
– Results 
– Targets 
– Process 

• Compliance Boundary 



Calibration 

The GSA/PORFLOW model may not be well calibrated 
• GSA/FACT and /PORFLOW model documentation suggest large residuals 

local to HTF, which may lead to an under-estimate of potential dose. 

Path Forward:  Provide additional detail regarding residuals and 
calibration statistics local to HTF.  Use environmental monitoring data 
to help validate the HTF/PORFLOW model.  For example, DOE could 
perform backwards particle tracking to try and identify the source of 
Gordon aquifer contamination at well HAA 9AR. 
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Calibration 
Calibration targets local to HTF may not represent long-
term, steady-state conditions. 
• Operational sources and sinks may exist (may have existed) at HTF.  

Calibration targets may be influenced by operations or climatic 
fluctuations, which may lead to an under-estimate of potential dose. 

Path Forward:   
– Evaluate potential recharge sources listed in GSA/FACT model 

documentation. 
– Evaluate uncertainty in calibration targets. 
– Develop new calibration targets. 
– Evaluate goodness of fit of model with new calibration targets. 
– Evaluate the impact of calibration target uncertainty on dose 

predictions. 
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Calibration 
Flow field variability is not considered in the base case 
and may be risk-significant. 
• Flow vectors may be variable over time due to engineered barrier 

degradation or changes in climatic conditions.  Differences in flow rates 
and directions may have a significant impact on dose predictions. 

Path Forward: 
• Compare potentiometric surfaces at various points in time.   
• Evaluate the impact of engineered barrier degradation (e.g., closure cap 

and tank cement/grout) on the HTF flow field. 
• Evaluate the impact of climatic fluctuations on the HTF flow field. 
• Evaluate the impact of flow field variability on dose predictions. 
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Calibration 
No strong physical basis is provided for adjustments to 
Upper Three Runs hydraulic conductivity at HTF during 
the GSA/PORFLOW model calibration process. 
• Unsupported adjustments to hydraulic conductivity during the 

GSA/PORFLOW model calibration process may lead to under-estimation 
of potential dose. 

Path Forward:   
• Clarify the horizontal and vertical extent of hydraulic conductivity 

adjustments at HTF. 
• Provide additional support for the hydraulic conductivity adjustments. 
• Evaluate the impact of hydraulic conductivity adjustments on key 

radionuclide concentrations and dose at the compliance boundaries. 
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Compliance Boundary 
Selection of the HTF compliance boundary may 
significantly impact dose predictions. 
• DOE established an HTF compliance boundary around sources that are 

considered by NRC staff to be of low risk-significance.  Predicted doses 
may be significantly higher for a more conservatively drawn compliance 
boundary (i.e., drawn around risk-significant sources [tanks] only). 

Path Forward:  Evaluate the impact of the selection of the 
compliance boundary on dose predictions. 
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CRITERION 2 
Leah Parks, 301-415-6043, leah.parks@nrc.gov 
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Summary of Clarifications 

• May 16, 2013 summary in process 
• Slides 50-54 summarize clarifications 



Categories of Draft RAIs for 
Criterion 2 
 
1. Inventory 
2. Removal to the Maximum Extent 

Practical (MEP) 

31 



Inventory 

Uncertainty of Volume in Tank 16 Annulus  
• Tank 16 unique leak history 
• Uncertainty stemming from many areas of the annulus (and duct) 

where visual determination of the waste level was not possible 
• No multipliers used in uncertainty analysis 

Path Forward:  Clarify the uncertainty in annular volume 
estimates for Tank 16.  Provide basis for excluding annulus 
inventory uncertainty multipliers. 
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Inventory 

Concentrations of Tank 9, 10 and 14 Annuli Material  
• Application of Tank 16 annulus concentration to other tanks 
• Material in the Tank 16 annulus is expected to be chemically 

different than the other tanks due to the unique circumstances of 
the leak in Tank 16 

Path Forward:  Provide additional support for the appropriateness 
of using Tank 16 annulus concentrations to estimate the inventories of 
Tanks 9, 10, and 14 given expected chemical differences. 
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Removal to the MEP 

Use of Oxalic Acid (OA) as a baseline technology 
• OA negative downstream impacts 
• Enhanced Chemical Cleaning (ECC) no longer being pursued 

Path Forward:  Clarify how limitations surrounding oxalates might 
impact the cumulative number of HTF tanks that can undergo 
chemical cleaning with OA.  Clarify alternative technologies that may 
be pursued given ECC is no longer being pursued. 
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Removal to the MEP 

Optimization of Technology through Sampling and 
Monitoring During Cleaning 
• Multiple types of monitoring have been utilized in tanks that have 

undergone heel removal. 
• Desirability of documented, coherent approach for future tanks 
• Potentially documented in Operating Procedures (NRC to view 

during site visit) 

Path Forward: Provide the process for determining the sampling 
and monitoring that will take place during tank cleanings.  Identify 
what metrics are used throughout the process to determine cleaning 
effectiveness. 
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Removal to the MEP 

Design of Strategy for Technology Implementation 
• DOE has adjusted its strategy for specific tanks by moving a pump 

to a different Riser, adding a pump(s), or changing the indexing 
• Desirability of documented, coherent approach for future tanks 
• Use of Hanford mixing models 

Path Forward:  Provide documented approach for developing an 
implementation strategy for a cleaning technology, including 
adjustments.  Include a specific example of how DOE implements this 
generic approach with the development of the pumping/mixing 
strategy for a specific Tank. Clarify the timeline of the use of the 
mixing model at HTF that is being developed for Hanford. 
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Removal to the MEP 

DOE’s selection of cleaning technologies & consistency 
with NDAA 
• Parts of V-ESR-G-00003 describing technology selection process 

are not up-to-date (ECC is no longer being pursued) 
• New technologies (Low-Temperature Aluminum Dissolution) do not 

target HRRs 

Path Forward:  Provide a description of current process for 
selection and evaluation of waste retrieval technologies to 
demonstrate removal of HRRs to maximum extent practical for tanks 
yet to be cleaned. 
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Removal to the MEP 

Low-Volume Pump Technology Status 
• Because the SMPs could not be operated at lower liquid levels, 

ineffective mixing during acid strike 2 in Tanks 5 and 6 appears to 
have contributed to the formation of solids during chemical 
cleaning.  

• DOE indicated that a low-volume pump has been evaluated but it 
is not yet available 

Path Forward: Clarify the timeline of the low-volume mixing pump 
technology 
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Removal to the MEP 

Evaluation of Removal Efficiency 
• DOE reported removal efficiencies for Tank 5 and 6 that had large 

uncertainty 
• NRC and SRNL have suggested DOE consider analyzing samples 

prior to chemical removal to enable a more accurate analysis of 
key radionuclide removal  

Path Forward: Clarify DOE's approach to evaluating the removal 
effectiveness, including how the generic approach will be 
implemented with the evaluation of OA effectiveness for Tank 12.  
Please address if DOE intends sample the sludge prior to chemical 
cleaning. 
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CLARIFICATIONS 
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• The following slides summarize the 
clarification questions that were asked at 
each of the NRC-DOE staff exchanges 
that were conducted during April and May 
of 2013. 

41 



Release and Near-Field Transport 
April 4, 2013 
Meeting Summary: ADAMS ML13106A338 

– Pyrite as Reductant in Blast Furnace Slag 
– Ratio of Groundwater to Infiltration in Geochemical Modeling 
– Dissolved Oxygen Concentration in Groundwater 
– Solubility of Plutonium in Oxidized Regions II and III 
– Iron Co-precipitation of Technetium 
– Reduced Region II Solubility Controlling Phase for Iron Selenide 
– Solubility Modeling Database 
– Annular Source Term 
– Moisture Characteristic Curve for Sand Pads 
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Release and Near-Field Transport 
April 17, 2013 
Meeting Summary: ADAMS ML13126A127 

– Follow-up on Dissolved Oxygen Concentration in Groundwater 
– Chemical Conditioning for Cases B/D 
– Hydraulic Degradation of Cementitious Materials 
– Reducing Grout Samples 
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Release and Near-Field Transport 
May 9, 2013 
Meeting Summary in process 
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– Magnitude of Vertical to Horizontal Flow Velocity 
– Impact of Cap on H-Area Flow Field 
– Hydraulic Properties of Grout Fill 
– Flow Fields for Cases B-D 
– Cross-Flow Adjustments on Chemical Transition Times 

 

 



Hydrology and Far-Field Transport 
April 17, 2013 
Meeting Summary: ADAMS ML13126A127 

• DOE provided an initial hypothesis for differences in 
HTF stream traces provided in PA documentation. 

• DOE clarified location of highest residuals in 
GSA/FACT model. 

• DOE clarified final calibrated recharge rates used in 
GSA/FACT and PORFLOW models. 

• DOE provided a hypothesis (e.g., construction 
activities) for dramatic fluctuations in water table 
elevations that were observed in the 1985 to 1987 
timeframe at HTF. 
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Hydrology and Far-Field Transport 
April 17, 2013 (cont’d) 
Meeting Summary: ADAMS ML13126A127 

• DOE provided an initial explanation for differences in 
descriptions of hydrogeologic layers at HTF and 
clarification of material property assignments. 

• DOE provided hypothesis for difficulty in calibrating 
HTF model (i.e., local perched water). 

• DOE provided information on recent monitoring well 
results for HAA 9AR. 
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Hydrology and Far-Field Transport 
May 9, 2013 
Meeting Summary in process 

• DOE provided final clarification regarding differences in 
stream traces (i.e., due to error in TECPLOT calculation 
and not due to starting elevation as hypothesized in 
April 17 meeting) 

• DOE provided clarification on hydraulic conductivity 
adjustments made during GSA/PORFLOW model 
calibration (e.g., shape of adjusted zone and decision-
making process). 

• DOE clarified that the April 17 hypothesis regarding 
perched zones may not be corroborated by available 
data. 
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Hydrology and Far-Field Transport 
May 9, 2013 (cont’d) 
 

• DOE confirmed that it related mud fraction from cores 
to field- and laboratory-determined hydraulic 
conductivity values from equivalent borehole intervals. 

• DOE indicated that the closure cap is expected to 
promote vertical rather than horizontal flow. 

• DOE clarified “high quality concrete” (not “reducing 
grout”) material properties were used to model non-
degraded grout fill. 
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Hydrology and Far-Field Transport 
May 9, 2013 (cont’d) 
 

• DOE clarified model representation of hydrostratigraphy 
at H-Area. 

• DOE clarified the basis for average saturated zone 
hydraulic conductivities reported in the PA. 

• DOE explained its difficulty in identifying a source for 
dramatic water table fluctuations reflected in HTF 
hydrographs. 

• DOE clarified cross-flow adjustments to chemical 
transition times. 
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Inventory and Criterion 2 
May 16, 2013 
Meeting summary in process 
 
• Screening methodology 

– 159 to 54 radionuclides 
– Inventory adjustments 

• Magnitude of order increase for FTF vs. 
conservative volume estimate for HTF 

• zirconium, strontium, cesium decrease 
• Zr-93 based on ratio to Sr-90 (unexpected high 

Zr-93 results for Tank 5) 
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Inventory and Criterion 2 
May 16, 2013 (cont’d) 
 

• Inventory 
– Zeolite weight and volume fractions 

• Tank 16 volume applied to Tanks 9,10, 
14 
– (DOE to show NRC photos of annuli during 

site visit) 
• Ni-59 inventory in Type I tanks 
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Inventory and Criterion 2 
May 16, 2013 (cont’d) 
 

• Chemical Cleaning 
– OA cleaning downstream impacts 
– Enhanced Chemical Cleaning 
– Lessons Learned from Tanks 5 and 6 

• Mechanical Cleaning 
– Cooling coil interference 
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Inventory and Criterion 2 
May 16, 2013 (cont’d) 

 
• Technologies 

– Small scale robotics and sampling for tanks 
with obstructions 

– Robotic Arm for annulus cleaning 
– Low-Volume Pump 
– Mixing models used a Hanford 
– SLPs vs. SMPs 
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Inventory and Criterion 2 
May 16, 2013 (cont’d) 

 
• Tank 16 

– Mixing approach 
– Composite sampling approach 
– Construction joint modeling 
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