
 
 
 

November 30, 2015 
 
 
 
Colonel Elmer Speights, Jr. 
Garrison Commander – Rock Island Arsenal 
U.S. Department of the Army 
IMRI-ZA 
1 Rock Island Arsenal 
Rock Island, IL  61299-5000 
 
SUBJECT: REQUESTS FOR ADDITIONAL INFORMATION FOR THE SAFETY 

EVALUATION REPORT FOR THE PROPOSED TERMINATION OF 
MATERIALS LICENSE SUB-1435, JEFFERSON PROVING GROUND 
DEPLETED URANIUM IMPACT AREA 

 
Dear Colonel Speights, Jr.: 
 
The U.S. Department of the Army (Army) submitted a license amendment application, dated 
August 28, 2013, to the U.S. Nuclear Regulatory Commission (NRC), which included a 
Decommissioning Plan (DP) and an Environmental Report (ER).  The Army submitted the DP 
and ER in support of its request that the NRC terminate Materials License SUB-1435 for the 
Depleted Uranium Impact Area at the Jefferson Proving Ground Facility in Madison, Indiana, 
under restricted conditions.  The NRC environmental staff has reviewed the ER and DP and has 
found that additional information is needed from the Army for the Safety Evaluation Report, in 
support of the NRC’s overall license amendment review process. 
 
The NRC safety review staff’s Requests for Additional Information (RAIs) document is enclosed.  
We request that the Army address these RAIs and provide an addendum to its application within 
60 days of the receipt of this letter.  In addition, the NRC safety review staff recommends that 
the Army contact the NRC shortly after its initial review of the RAIs, to set up a meeting with the 
NRC staff to discuss any questions the Army may have on the RAIs.  Please note that the on-
going, detailed technical reviews may identify other issues that may require additional 
information. 
 
In accordance with Title 10 of the Code of Federal Regulations (10 CFR) 2.390 of the NRC’s 
“Agency Rules of Practice and Procedure,” a copy of this letter will be available electronically for 
public inspection in the NRC Public Document Room or from the Publicly Available Records 
component of NRC’s Agencywide Documents Access and Management System (ADAMS).  
ADAMS is accessible from the NRC Web site at http://www.nrc.gov/reading-rm/adams.html.  



Colonel E. Speights, Jr. -2- 
 
If you have any questions regarding this letter, or the enclosed RAIs document, please contact 
Mr. James Smith of my staff at (301) 415-6103, or via e-mail to James.Smith@nrc.gov. 
 
      Sincerely, 
 
      /RA/ 
 
 
      Melanie C. Wong, Acting Branch Chief 
      Materials Decommissioning Branch 
      Division of Decommissioning, Uranium Recovery, 
        and Waste Programs  

Office of Nuclear Material Safety 
  and Safeguards 
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Enclosure 

REQUESTS FOR ADDITIONAL INFORMATION 
FOR THE 

SAFETY EVALUATION REPORT 
FOR THE PROPOSED TERMINATION OF MATERIALS LICENSE SUB-1435, 

JEFFERSON PROVING GROUND DEPLETED URANIUM IMPACT AREA 
 

INTRODUCTION   
 
The purpose of the Requests for Additional Information (RAIs) presented below is to obtain 
additional data and information from the U.S. Army (Army) for the U.S. Nuclear Regulatory 
Commission (NRC) staff to complete the Safety Review and the Safety Evaluation Report (SER) 
in support of the NRC’s evaluation of the Army’s license amendment application requesting 
termination of Materials License SUB-1435 for the Jefferson Proving Ground (JPG) Depleted 
Uranium (DU) Impact Area in Jefferson County, Indiana.  The Army’s license amendment 
application included a Decommissioning Plan (DP) (U.S. Army, 2013).  The RAIs were 
developed by the NRC staff based on its review of the DP and of other documentation provided 
by the Army or independently obtained by the staff.   
 
Note also that unless the Army requests otherwise in accordance with NRC regulations in 10 
CFR 2.390, reports, computer files, and other files and documentation that have been or will be 
provided to the NRC by the Army or its contractors and cited by the NRC staff as references in 
the EIS will be added, as necessary, to the NRC’s Agencywide Documents Access and 
Management System (ADAMS) as publicly available.   
 
All written reports, computer files, and other files and documentation submitted to the NRC by 
the Army or its contractors in response to the RAIs must be provided in electronic format that is 
compatible with entry by the NRC into ADAMS.  The NRC document, “Guidance for Electronic 
Submissions to the NRC” (NRC, 2011) provides instructions for submitting documents in 
formats compatible with ADAMS.   
 
REQUESTS FOR ADDITIONAL INFORMATION 
 
Facility Operating History (FOH) 
 
RAI- FOH1   
 
Please provide the 1995 Final Survey documentation for Building 610, Building 611, and 
Portable Magazine No. 1 located in the containment area as described under Previous 
Decommissioning Activities, Section 1.3.2, Buildings Requiring Remediation and Resurvey.   
 
Basis   
The August 2013 Army’s Final Decommissioning Plan for NRC Materials License SUB-1435, 
Depleted Uranium Impact Area, Jefferson Proving Ground, does not provide enough information 
on the decommissioning activities required for the technical review and evaluation criteria of 
NUREG-1757, Vol. 2.  
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RAI-FOH2   
 
Please provide more information and describe the involvement and jurisdiction of the Indiana 
State Department of Health, Division of Indoor and Radiological Health for the 1996 prior survey 
and release of the buildings described in Section 1.3.1, Unaffected Buildings.   
 
Basis   
The August 2013 Army’s Final Decommissioning Plan for NRC Materials License SUB-1435, 
Depleted Uranium Impact Area, Jefferson Proving Ground, does not provide enough information 
on the decommissioning activities required for the technical review and evaluation criteria of 
NUREG-1757, Vol. 2.   
 
Radiological Status of Facility (RSF) 
 
RAI-RSF1   
 
Please provide the Waste Disposal Records for the drums of radioactive waste generated and 
disposed of during the remediation process of contaminated structures described under 
Radiological Status of Facility, Section 3.1, Contaminated Structures.   
 
Basis   
The August 2013 Army’s Final Decommissioning Plan for NRC Materials License SUB-1435, 
Depleted Uranium Impact Area, Jefferson Proving Ground, does not provide enough information 
on the decommissioning activities required for the technical review and evaluation criteria of 
NUREG-1757, Vol. 2.   
 
RAI-RSF2   
 
Please provide a spreadsheet format for the results of the different media of samples collected 
at the locations described under Section 3.3, Environmental Radiation Monitoring Program.   
 
Basis   
The August 2013 Army’s Final Decommissioning Plan for NRC Materials License SUB-1435, 
Depleted Uranium Impact Area, Jefferson Proving Ground, does not provide enough information 
on the decommissioning activities required for the technical review and evaluation criteria of 
NUREG-1757, Vol. 2.   
 
Discovery and Handling Scenario (HND)   
 
RAI HND-1   
 
Provide annotated input/output (I/O) files in an electronic format for the model files used to 
support the projected dose to an individual who discovers and handles a DU penetrator (Army, 
2014).   
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Basis   
In its safety evaluation, the NRC staff will review the inputs to and outputs from the Army’s 
modeling of the projected dose to an individual who discovers and handles a DU penetrator 
(Army, 2014).  For the NRC staff to perform its independent evaluation of the modeling results, 
and if necessary, to perform its own simulations, the staff needs to clearly understand the 
content of the RESRAD-BUILD input and output files the Army used.  If the model is revised in 
response to RAI questions HND-2 through HND-6, the Army should submit the revised input 
and output files.  To properly reference the I/O files in the SER, the NRC staff needs the Army to 
formally submit the requested annotated I/O files to the NRC.   
 
RAI HND-2   
Explain whether a penetrator could be washed off-site during flooding of North Tributary and Big 
Creek.  If it is concluded that a penetrator can’t be washed off-site, estimate the size of a 
penetrator fragment that could be washed off-site during flooding.  Provide an estimate of the 
dose to an off-site individual who discovers and handles the penetrator or penetrator fragment.  
The dose estimate should account for the issues raised in RAIs HND-3 through HND-6.  Provide 
any I/O files used to calculate the projected dose, as described in RAI HND-1.   
 
Basis 
10 CFR 20.10403(b) requires that the licensee has made provisions for legally enforceable 
institutional controls that would limit dose to the average member of the critical group to 0.25 
mSv/yr (25 mrem/yr).  The Army’s analysis in the DP does not include pathways associated with 
an individual handling a penetrator.  The Army’s January 2014 reply to the NRC acceptance 
review (Army, 2014) analyzed these pathways, but compared the results to a 1 mSv/yr (100 
mrem/yr) dose limit applicable to a failure of institutional controls.  However, if a penetrator 
fragment washes off-site (e.g., during flash flooding of Big Creek), the appropriate regulatory 
limit would be 0.25 mSv/yr (25 mrem/yr).   
 
Figure 4-2 of the DP identifies physical movement of the penetrators due to erosion or flooding 
as part of the Conceptual Site Model (CSM).  The figure also identifies an off-site boundary 
recreationalist as a potential receptor considered in the analysis.  However, the CSM depicted in 
Figure 4-2 only includes the effects of physical movement of penetrators through exposures to 
surface water and sediment.  It does not include pathways associated with an individual who 
discovers and handles a penetrator that has moved off-site.  A basis is needed to exclude 
exposure pathways associated with discovering and handling a penetrator for off-site 
individuals.   
 
The potential for movement of penetrators off-site is unclear.  Section 3.3.1 of the DP states that 
“Migration and transport of intact DU penetrators and/or fragments is less likely to occur as 
compared to corrosion of DU because the residual DU is expected to be mostly located in the 
subsurface due to prior surface penetrator retrieval twice a year from the DU Impact Area when 
the facility was active.”  However, stating that corrosion is more likely than migration of 
penetrator fragments is not a sufficient basis for excluding movement of fragments from the site 
when both corrosion and penetrator movement could occur.   
 
Figure 3-4 of the DP shows areas where surveys confirmed the presence of penetrators or 
significant fragments in North Tributary and Big Creek.  The potential for these penetrators to be 
washed off-site during normal conditions and flooding events must be understood to assess 
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relevant dose pathways.  This basis could include an analysis of the size and mass of a 
penetrator that could be washed off-site during a flash flood of North Tributary or Big Creek.   
 
Appendix E of the Environmental Report (ER) states:   
 

“Transport of DU fragments is believed unlikely except in extraordinary circumstances 
(such as flash flood like conditions), due to the high density and size of the fragments 
and is supported by a literature review of field studies pertaining to DU oxidation and 
environmental fate (Parkhurst et al. 2012).”   

 
However, neither an explanation of the results from Parkhurst et al. (2012) nor the reference 
itself was provided.  Appendix E of the ER also states:   
 

“Due to the high specific gravity (18.9) of DU, its transport as solid particles was 
assumed primarily local and spatially restricted within sub-basins. . . . As noted in 
Section 2.1.5, transport of smaller fragments from corrosion products may occur, as 
these particles are smaller and less dense.”   
 

Support is needed for the conclusion that solid fragments of penetrators would be restricted to 
sub-basins.  If that support is provided in Parkhurst et al. (2012), summarize the relevant 
information and provide the reference.  In addition, more information is needed about the 
meaning of the word “small” in this statement from the ER, and whether such a “small” fragment 
could cause an unacceptable dose to an individual who discovers and handles the fragment.  
This assessment should include analysis of direct exposure, inhalation, and inadvertent 
ingestion and should account for the issues described in RAIs HND-3 through HND-6.   
 
RAI HND-3   
 
Further justification is needed for the amount of corrosion products assumed to be on the 
surface of a DU penetrator if an individual removes it from the site and the assumed removable 
fraction of contamination.  Alternately, the analysis should be revised with more supportable 
values.  The Army should address whether the mass of corrosion product on a penetrator 
assumed in the Army’s 2014 response (Army, 2014) is consistent with available information 
about the state of penetrators on site, such as the photograph shown in Figure 5-1 of the Field 
Sampling Plan Addendum 7 (SAIC, 2008b) 
 
Basis   
The Army’s January 2014 response to the NRC’s acceptance review (Army, 2014) bases the 
amount of corrosion product on a DU penetration on the average annual corrosion rate, less the 
amount assumed to dissolve into site ground water.  However, the basis for assuming the 
penetrator has one year of corrosion products on the surface is unclear, given that the 
penetrators have been on-site for an average of 25 years, and would be on-site longer before 
the potential failure of institutional controls.   
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Similarly, the Army used the RESRAD-BUILD default value of 0.10 for the removable fraction of 
surface contamination to represent the removable fraction of corrosion products.  However, it is 
unclear whether the RESRAD-Build assumptions for removable contamination on building 
surfaces are applicable to corrosion products on DU penetrators.  The Army should address 
whether the assumed removable fraction of 0.10 is consistent with any available information 
from the Penetrator Corrosion Study and the 2008 Gamma Walkover survey, including Figure 5-
1 of the Field Sampling Plan Addendum 7 (SAIC, 2008b).   
 
RAI HND-4   
 
Provide additional information to support the projected external dose to an individual who 
handles a DU penetrator or penetrator fragment.   
 
Basis   
The Army’s January 2014 response to the NRC’s acceptance review (Army, 2014) assessed the 
potential dose to an individual who discovers and handles a DU penetrator.  The assessment 
included incidental ingestion, inhalation, and external exposure.  However, the assessment of 
external exposure only included exposure at 1 m distance.  It did not include exposure at the 
smaller distance expected if an individual carries the fragment off-site in a pocket or backpack.  
Similarly, although the Army describes the “aggressive handling” scenario as including “12 
hours of hands-on contact with the DU penetrator per year,” the Army did not include the 
contribution from external exposure while the intruder is in contact with the penetrator for those 
12 hours.  Although the exposure time at these smaller distances would be less than the 
exposure time at 1 m, the shorter distances would cause a higher dose rate.  Thus the external 
exposure for these smaller distances should be included in addition to the exposure the licensee 
calculated at 1 m.   
 
RAI HND-5   
 
Further analysis is needed to address the inhalation pathway in scenarios in which an individual 
discovers and handles a penetrator.  The analysis should address the air release fraction 
assumed for storage of a penetrator as well as the potential for enhanced dust re-suspension in 
the “aggressive handling” scenario described in the Army’s analysis.   
 
Basis   
Projected inhalation doses to an intruder who discovers and handles a DU penetrator are based 
on a calculation performed with RESRAD-BUILD.  In the calculation, values for an air release 
fraction were based on an air release fraction for plutonium metal (i.e., not corrosion products) 
taken from Attachment C of NUREG/CR-6697.  It is unclear if this air release fraction is 
applicable to the corrosion products expected to be on the surface of a DU penetrator.   
Furthermore, DOE did not consider dust generation from an intruder handling the penetrator 
routinely.  This type of scenario was termed an “aggressive handling” scenario in the Army’s 
reply (Army, 2014) although it did not represent unusually aggressive behavior (i.e., it did not 
include grinding, sanding, or destroying a penetrator).  Although an “aggressive handling” 
scenario is addressed in the Army’s response (Army, 2014) the calculation for the aggressive 
handling scenario only accounted for increased incidental ingestion.  The calculation in the 
“aggressive handling” scenario did not address the inhalation dose from resuspension of 
corrosion products.   
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RAI HND-6   
 
Additional information is needed to support the Army’s conclusion that the USACHPPM (2004) 
study conservatively bounds the exposure to an individual who mechanically disturbs a DU 
penetrator with a dose of 40 mrem/100 hours of exposure.  The information needed includes:  
(1) a description of the mechanical disturbance (e.g., grinding) scenario; (2) specific indication of 
which doses in the USACHPPM (2004) study are used for comparison; and, (3) an analysis 
supporting the conclusion that the doses cited from the USACHPPM (2004) study bound the 
dose to an individual who mechanically disturbs a penetrator.   
 
Basis  
In its January 2014 response to the NRC’s acceptance review (Army, 2014), the Army indicated 
that the dose to an individual who mechanically disturbs a penetrator (e.g., by grinding) is bound 
by doses discussed in an Army study of individuals who enter vehicles perforated by DU 
penetrators USACHPPM (2004).  However, the hypothetical mechanical disturbance scenario 
was not explained in the response, and it is therefore unclear whether the results from the 
USACHPPM (2004) study bound such a scenario.   
 
Furthermore, it is unclear what results from the USACHPPM (2004) study were used to develop 
the value of 40 mrem/100 hours of exposure value that was cited in the RAI response.  Based 
on the descriptions of Level I, II, and III personnel exposures provided in the USACHPPM 
(2004) study, it appears that Level II exposures are the most appropriate.  These exposures 
were described as follows (p. 4.1 of the USACHPPM study):   
 

“These individuals were not in the vehicle at the time of impact and did not immediately 
enter the vehicle after it was struck . . . . They typically entered vehicles well after the 
initial suspended aerosol had dissipated or settled onto interior surfaces. They may have 
inhaled DU residues that were re-suspended by their physical activities, ingested DU 
through hand-to-mouth transfer, or spread contamination on their clothing.”   
 

Table 4.2 of the USACHPPM (2004) study reports projected doses greater than 2 mrem/hr for 
Level II personnel when inhalation and ingestion doses are included.  The projected dose 
depends on whether data from breathing area monitors or contamination area monitors are 
used.  However, either set of data would yield a projected dose greater than the 40 mrem per 
100 h value the Army attributed to the USACHPPM (2004) study in the RAI response.  If the 
USACHPPM (2004) study is relied on to bound the exposure to an individual handling a DU 
penetrator, the Army should explain what data from the USACHPPM (2004) study was used to 
develop the 40 mrem/100 hours exposure estimate provided in the RAI response and the basis 
for choosing the exposure level used.   
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The Army concludes that:  “The dose to an individual who conducts mechanical disturbance of a 
DU penetrator is conservatively comparable to the dose received by personnel entering DU 
contaminated vehicles as evaluated by the Army (i.e., 40 mrem or less).”  However, the basis 
for that comparison is not clear.  The description of exposures to Level II personnel indicates 
that the individual typically entered the vehicle well after the initial suspended aerosol had 
dissipated or settled, whereas an individual who mechanically disturbs a penetrator would be 
expected to be exposed to contaminated dust re-suspended from the surface of the penetrator.  
Thus, support is needed for the Army’s statement that this exposure would conservatively 
bound the inhalation dose to an individual conducting mechanical disturbance of a DU 
penetrator (e.g., grinding the penetrator to remove corrosion products).   
 
Ground Water Pathway (GW)   
 
RAI GW-1   
Revise the 1-dimensional soil column model to evaluate the potential for contamination to reach 
the water table within 1000 years of license termination.  The model revision should consider 
the measured depth of contamination described in Section 3 of the DP, the uncertainty in the 
current contaminated zone depth discussed in Section 3.4.2 of the DP, and expected 
fluctuations in the depth to ground water.  The Army should explain differences between the 1-
dimensional soil column model projections and the observed migration of contaminants or 
revise the 1-diemnsional soil column model to be consistent with current observations.  The 
Army also should clarify its assessment of the likelihood that contamination will reach the water 
table to address the uncertainty in the current contaminated zone thickness. 
 
To assess the likelihood of contamination reaching the ground water table, the Army should 
discuss the expected migration of uranium into the zone of water table fluctuation rather than 
focusing only on the contamination projected to reach the average ground water depth.  The 
Army should address the potential for water table fluctuations to depths less than 3.4 m (11 feet) 
BGS to enhance DU transport in the subsurface as compared to the transport predicted by the 
1-dimensional soil column model.  The assessment should account for the current thickness of 
the contaminated zone when evaluating the distance contamination would need to travel to 
reach ground water.   
 
Basis   
A 1-dimensional soil column model created with the Finite Element Heat and Mass Transfer 
(FEHM) code, as described in Appendix B of the ER, was used to project migration of DU from 
surface soil through the unsaturated zone.  This model was one of the lines of evidence the 
Army used to support the conclusion that there is little chance of DU contamination reaching the 
ground water within 1000 years of license termination.  However, it is unclear whether the model 
supports that conclusion.  Table 4-6 of Appendix B the ER shows that, in the base case, 
significant contamination was projected to reach 0.7 meters (m) (2 feet) below the ground 
surface (BGS) while essentially no uranium reached 3.4 m (11 feet) BGS within 1000 years of 
license termination.  These depths were evaluated because they reflect the maximum and 
average depth to the ground water table, respectively.  However, showing contaminants are not 
expected to migrate to the average depth of the water table does not demonstrate that annual 
fluctuations of the water table will not reach the contamination.   
 



- 8 - 
 

 

The FEHM model assumed contamination was applied at the ground surface.  This assumption 
overstates the distance contamination would need to travel to reach ground water and is 
inconsistent with observations at the site.  Table 3-9 of the DP shows evidence of uranium 
contamination up to 1.4 m (4.5 feet) BGS at locations near penetrators.  Section 4.1 of Appendix 
B of the ER indicates that one unusually high reading could have resulted from uranium 
traveling through a fast pathway or could be explained by uranium being carried downward by 
the sampling activities themselves.  However, Table 3-8 in the DP indicates that elevated 
uranium ratios were found in each of the 18 samples collected between 0.6 and 1.4 m (2 and 
4.5 feet) BGS at sampling locations near penetrators, which supports the conclusion in Section 
3.7.2 of the DP that “DU has migrated to 4.5 ft BGS and possibly even deeper.”   
 
A separate assessment of the uncertainty in the current source term depth was presented in 
Section 3.4.2 of Appendix C the DP, which states:   
 

“Hydraulic conductivity and the distribution coefficient are the parameters that have a 
wide range of potential values (i.e., 2.2 to 435 m/y [SAIC 2007b] and 189 to 591 cm3/g 
[U.S. Army 2013a, Appendix D], respectively) and were, therefore, used to evaluate a 
range of source term depths.  Although the other parameters also have ranges, they are 
comparatively small and do not greatly affect the depth calculation.  Using the ranges for 
hydraulic conductivity and Kd, the source term depth ranges from 0.1 ft to greater than 
50 ft.”   

 
This assessment implies that contamination could be closer to the water table than assumed in 
the 1-dimensional soil column model.   
 
RAI GW-2   
 
The assessment of the potential for uranium contamination to reach the water table should 
address features specific to the DU trench, including reduced overburden thickness and the 
potential for increased infiltration due to water diversion into the trench.  The Army should 
address the potential significance of these features in light of the fraction of the source term 
located in the trench.  This evaluation should be considered in conjunction with the issues 
discussed in RAI GW-1.   
 
The Army should assess the potential for water to be diverted into and possibly pond in the 
trench, where it could increase localized infiltration rates.  Although this increase would not 
necessarily significantly affect the average infiltration rate in the DU impact area, it could 
influence DU migration because of the co-location of increased infiltration rates and a significant 
fraction of the source term.  Table 4-6 of Appendix B of the ER indicates that increasing the 
recharge rate from 10 cm/yr (4 in/yr), as used in the base case, to 30 cm/yr (12 in/yr), increased 
the projected fractional contaminant migration to 3.4 m (11 feet) by more than 5 orders of 
magnitude (i.e., from 3.1 x 10-8 percent to 8.9 x 10-3 percent).  Although the absolute values of 
these fractional values are small, the fraction migrating to shallower depths would be greater.   
Thus the Army should evaluate the potential for increased infiltration in the DU trench and the 
potential effects on DU migration into ground water.  This evaluation should consider the 
decreased unsaturated zone thickness in the trench, as well as the issues discussed in RAI 
GW-1.  The Army should explain the potential effects of irrigation on the time needed for 
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contamination to reach ground water.  Any revised analysis should consider the issues 
described in RAI GW-1 and GW-2. 
 
Basis   
 
Section 1.4 of the DP states that firing along the 500 center line led to formation of a trench 1 m 
(3.4 feet) deep, 5 to 8 m (16 to 26 feet) wide, and 1200 m (3940 feet) long.  Although it covers a 
small fraction of the DU impact area, the trench was formed by penetrator impacts and is 
therefore expected to contain a significant fraction of the source term.  Therefore, the Army 
should evaluate the effects of features specific to the trench on DU migration into ground water.  
Specifically, the Army should address how the smaller overburden thickness in the trench 
affects the projections of the FEHM 1-dimensional soil column model.   
 
RAI GW-3   
 
Additional support is needed for the infiltration rate assumed in the FEHM 1-dimensional soil 
column model base case analysis and the range of values used in the corresponding sensitivity 
analysis.   
 
Basis   
Section 2.4.1 of the DP indicates that the annual average precipitation at JPG is expected to be 
119 cm (47 in), of which 56 percent is expected to be lost to evapotranspiration, 36 percent is 
expected to be surface run-off, and 8 percent (9.7 cm [3.8 in]) is expected to become ground 
water recharge.  The DP references the report “Well Construction and Surface Water Data 
Report” (SAIC, 2008) for this water budget analysis.  However, this reference describes the 
water budget developed therein as a “first cut” of the water budget (see SAIC, 2008 Section 
3.4).  The SAIC report explains that the data from the JPG stream gauging stations did not have 
a long enough data record to provide stable results from the PART and RORA models used to 
determine the water budget.  Therefore, data from a nearby water basin were used.  The Army’s 
calculated value for ground water run-off for the site (9.7 cm [3.8 in]) is at the lower end of the 
range of values that the Army reports as the average infiltration rate for southern Indiana in 
Section 2.4.1 of the DP (i.e., 10.1 to 20.3 cm/yr [4 to 8 in/yr]).   
 
In the FEHM 1-dimensional soil column model, the Army used a ground water infiltration rate of 
10 cm/yr (4 in/yr) in its base case analysis.  This base case value is based on the SAIC (2008) 
water budget for natural precipitation.  In the Army’s conceptual site model, irrigation also would 
be applied by an on-site farmer in the case of loss of institutional controls.  Although a farm 
would include only a small portion of the impact area, if it were located along the 500 Center 
firing line, it appears it could affect a significant fraction of the inventory.  Thus the Army should 
explain the potential effects of irrigation on the outcome of the FEHM analysis.   
 
Results of a sensitivity analysis performed with the FEHM model (Table 4-6 of Appendix B the 
ER) show the sensitivity of contaminant migration to variation in the infiltration rate, as described 
in RAI GW-2.  Because of this sensitivity, the Army should explain how the sensitivity range 
evaluated (10 to 30 cm/yr [4 to 12 in/yr]) compared to the uncertainty in the water budget based 
on the SAIC (2008) report.   
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RAI GW-4   
 
An explanation is needed for apparent elevated concentrations of uranium in wells MW-RS-7 
and JPG-DU-02D to support the Army’s conclusion there is little chance of contamination of 
ground water within 1000 years of license termination.   
 
Basis   
Appendix F of the ER (pages F-698 and F-716) indicates that ground water samples MW-RS-7 
and JPG-DU-02D had measured uranium concentrations that appear to be significantly above 
background concentrations.  Specifically, well JPG-DU-02D showed readings up to 21 pCi/L 
and well MW-RS-7 showed readings up to 47 pCi/L, as compared to background levels ranging 
from 0.06 to 6.4 pCi/L.  Both wells showed elevated readings for more than one quarterly 
sample, which appears to limit the likelihood that the readings reflected sample contamination.  
However, Appendix F shows neither of these samples had an elevated ratio of U-238 to U-234, 
which would be indicative of contamination with DU.  The Army should clarify whether it 
interprets the apparently elevated uranium concentrations in these wells to be attributable to 
naturally-occurring uranium or DU contamination (e.g., if analytical uncertainties explain the 
observed ratios of U-238 to U-234).  The information is needed to interpret the Army’s 
conclusion that there is little chance of ground water contamination within 1000 years of license 
termination.   
 
Dose Model(DS)   
 
RAI DS-1   
 
Revised sensitivity and uncertainty analyses are needed to evaluate whether higher infiltration 
rates and larger initial contaminated zone thicknesses, in conjunction with the uncertainties in 
distribution coefficients and hydraulic conductivities already included in the probabilistic 
analysis, could lead to higher projected doses to an on-site resident farmer.   
 
Basis   
Results from the RESRAD-OFFSITE probabilistic analysis (Section 3.10 of Appendix C of the 
DP) indicate that the projected peak dose to an on-site resident farmer if institutional controls 
are lost occurs at the first year the resident is on-site.  These doses are due primarily to external 
exposure and plant intake.  Parameters that affect the migration of DU contamination to the 
ground water did not have a significant impact on dose.  However, if additional parameters that 
affect the rate of DU migration to ground water were considered, more contamination could 
reach ground water within 1000 years of license termination, potentially increasing projected 
dose from ground water pathways.   
 
Appendix C of the DP explains that the initial depth of contamination in the RESRAD-OFFSITE 
dose assessment (i.e., 1 m in the deterministic analysis) was based on an estimate of the 
distance contamination could travel over the average time since DU firing commenced and 
ended (i.e., 25 years).  In Section 3.7.2 of the DP the Army concludes that that “DU has 
migrated to 4.5 ft [1.4 m] BGS and possibly even deeper.”  Section 3.4.2 of Appendix C of the 
DP gives a potential uncertainty range of up to 15 m (50 feet) BGS.   
 



- 11 - 
 

 

Section 3.4.2 of Appendix C of the DP states that “a conservative range of 0.3 to 1 m was 
selected as the probabilistic RESRAD range for the contaminated zone depth because it leads 
to higher calculated source term concentration ranges and subsequently higher doses.”  
However, the sensitivity analysis results in Table 3-4 of Appendix B of the DP show that in the 
RESRAD-OFFSITE sensitivity analysis, dose increased, rather than decreased, with increasing 
thickness of the contaminated zone.  The NRC staff understands that this result is likely due to 
the lack of correlation between the contaminated zone thickness and concentration in the 
contaminated zone in the sensitivity analysis, which caused an unrealistic change in the source 
term as the contaminated zone depth varied, as explained in Appendix C of the DP.  However, 
the Army has not provided any alternate analyses to demonstrate that limiting modeled initial 
depth of the contaminated zone is conservative.   
 
Although a higher initial concentration at the surface would be expected to increase the dose 
from plant ingestion and direct radiation, a deeper initial contaminated zone would shorten the 
time period required for contamination to reach the aquifer and increase the amount of 
contamination reaching ground water within 1000 years of license termination.  Because the 
time required to reach the aquifer would also be expected to be influenced by the hydraulic 
conductivity, infiltration rate, thickness of the unsaturated zone, and sorption coefficients in the 
contaminated and unsaturated zones, uncertainty in the projected dose contribution from 
ground water pathways can only be understood by considering reasonable ranges of variations 
of each of these parameters.  Uncertainty in the sorption coefficients and hydraulic conductivity 
were considered in the Army’s RESRAD-OFFSITE uncertainty analysis.  Uncertainty in the 
thickness of the unsaturated zone was represented as a range from 0.3 to 1 m (1.0 to 3.3 feet) 
in the RESRAD-OFFSITE analysis; however, the Army’s analysis of the initial depth of 
contamination was much greater (i.e., up to 15 m [50 feet] BGS).   
 
In addition, uncertainties in the parameters affecting the modeled ground water infiltration rate 
(i.e., annual average precipitation, evapotranspiration coefficient, run-off coefficient) were not 
included in the uncertainty analysis.  These parameters are uncertain and are expected to 
significantly affect projected contaminant transport to ground water, as explained in RAI GW-3.   
 
Thus to evaluate uncertainty in projected dose from ground water pathways, the Army should 
revise its probabilistic RESRAD-OFFSITE analysis to include a greater range of initial 
contamination zone depths and uncertainty in parameters affecting infiltration rate, in addition to 
the uncertainties in hydraulic conductivity and distribution coefficients already included in the 
probabilistic model.   
  
RAI DS-2   
 
Further justification is needed for the choice of a 25 m (82-ft) wide primary contaminated zone 
(PCZ) as compared to a narrower zone with higher uranium concentrations.  The Army should 
justify the use of a 25 m (82-foot) wide PCZ and explain any effects of a narrower PCZ on 
projected dose.  The explanation should include a discussion of the difference in penetrator 
density in the impact trench as compared to the modeled contamination in the 25 m (82-foot) 
wide PCZ. 
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Basis   
Section 1.4 of the DP states that firing along the 500 center line led to formation of a trench 1 m 
(3.3 feet) deep, 5 to 8 m (16 to 26 feet) wide, and 1200 m (3940 feet) long (i.e., 0.006 to 0.01 
km2).  Appendix B indicates that the primary contamination zone was modeled as an area 25 m 
(82 feet) wide and 1,000 m (3280 feet) long (i.e., or 0.03 km2 [6.3 acres]).  Thus the trench 
represents only one-fifth to one-third the area of the PCZ; however, because the trench was 
formed by the impact of penetrators, the fraction of penetrators in the trench may be higher than 
the average concentration in the modeled PCZ.   
 
For some pathways, including the ground water pathway and consumption of plants grown in 
the contaminated area, the difference between the penetrator density in the trench and the 
remainder of the PCZ is expected to be averaged in the environment (i.e., by natural mixing of 
ground water and by averaging of the uptake in crops grown in different areas in the PCZ in an 
agricultural scenario).  However, in a domestic garden scenario, a garden could reasonably be 
assumed to be small enough to be located solely in the impact trench.  Furthermore, the 
projected external dose could be greater for a home located in the impact trench if the 
penetrator density in the impact trench were modeled separately from the remainder of the PCZ.   
 
RAI DS-3   
 
A revised sensitivity analysis is needed to support the conclusion that the Army has identified 
and provided adequate model support for parameters that have a significant effect on dose.   
 
Basis   
Sensitivity analyses are conducted to determine which parameters have the most significant 
effect on dose.  In a risk-informed review, the amount of justification needed for a parameter 
value or range of values typically depends on the sensitivity of dose to variations in the 
parameter value.  These sensitivities are expected to vary from scenario to scenario.  However, 
in the sensitivity analyses provided with the DP, the Army appears to have considered only the 
on-site residential farmer scenario.  Additional analyses are needed to determine the sensitivity 
of dose to parameters in scenarios other than the on-site residential farmer scenario (i.e., off-
site residential farmer, on-site sportsman / recreationalist, on-site industrial worker, and 
discovery and handling).   
 
Section 3.8.3 of Appendix C of the DP explains that in the sensitivity analysis the Army 
conducted for the on-site residential farmer scenario, only the depth of contamination met the 
criterion for being a parameter to which dose was sensitive.  The Army explained:   
 

“It should be noted that the radionuclide concentration and contaminated zone thickness 
were not correlated in the sensitivity analysis.  Thus, increasing the contaminated zone 
thickness increased the total radionuclide inventory in the soil.  This likely accounted for 
the direct relationship between contaminated zone thickness and calculated dose.  Had 
the contaminated zone thickness and radionuclide concentration been inversely 
correlated, as in the dose analysis discussed in the remainder of this appendix, it is likely 
that the dose would have remained nearly the same or decreased as the contaminated 
zone thickness was increased (and the radionuclide concentration decreased).”   
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Thus, the lack of correlation between the modeled uranium concentrations and contaminated 
zone thickness likely caused inaccurate results in the sensitivity analysis.  The NRC staff is 
concerned the lack of correlation between the modeled radionuclide concentration and 
contaminated zone thickness likely over-emphasized the importance of the contaminated zone 
thickness and may have obscured the sensitivity of dose to other parameters.   
 
The sensitivity of dose to other parameters also could have been obscured by the ranges over 
which they were varied.  In the description of the sensitivity analysis, the Army did not explain 
why a generic factor of two variations would be adequate to represent the uncertainty in certain 
physical parameters.  For example, a generic factor of two was applied to distribution 
coefficients, although site-specific data from the JPG Kd study show much larger ranges (e.g., a 
factor of 20 for loess and till soils shown in Figures 9-3 and 9-4 of Appendix D pf the ER).   
 
The NRC staff needs to understand the sensitivity of dose to variations in parameter values in 
other scenarios, with appropriate ranges, and appropriate parameter correlations to evaluate the 
conclusion that the Army has identified parameters important to dose.  This conclusion is 
necessary to evaluate the level of justification provided for the parameter values.   
 
RAI DS-4   
 
A revised uncertainty analysis is needed with a technical basis for which parameters are 
represented probabilistically in the analysis.  The Army should provide a revised uncertainty 
analysis with a systematic explanation for which parameters are represented probabilistically in 
the analysis, the ranges for the parameter values, and correlations between parameters.  This 
explanation should consider generic information such as that provided in NUREG-6697 as well 
as site-specific information, such as the results of the Army’s FEHM 1-dimensional soil column 
analysis.  For parameters for which site-specific data do not exist (e.g., plant transfer factors) 
generic ranges such as those provided in NUREG-6697 are acceptable.  This information is 
needed to support the conclusion that the Army has adequately characterized the uncertainty in 
the system.   
 
Basis   
In Appendix C of the DP the Army describes a systematic approach for determining which 
parameters should be included in the sensitivity analysis.  Although it was not stated directly, it 
appears the same reasoning was used to exclude certain parameters from the uncertainty 
analysis.  In the sensitivity analysis, with one exception, the Army included parameters that met 
the following two criteria:  (1) the parameter was identified as a Priority 1 parameter in NUREG-
6697 (NUREG-6697 Attachment B Table 4.2); and, (2) the Army had site-specific data for the 
parameter value.  The exception to these two criteria was that the Army also included the 
contaminated zone thickness, which is identified as a Priority 2 physical parameter in NUREG-
6697.  Of the ten Priority 1 parameters identified in NUREG-6697, the Army excluded three from 
the sensitivity analysis: (1) density of the cover material; (2) depth of roots; and, (3) plant 
transfer factors.  The density of the cover material was excluded because there is no cover 
material at the site (i.e., contamination is in the surface).  The NRC staff disagrees with the 
exclusion of the depth of roots and plant transfer factors from the uncertainty analysis.   
 
The Army explained that although NUREG-6697 identified the depth of roots and plant transfer 
factors as Priority 1 parameters, the Army excluded them because no changes to the default 
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values could be made for a hypothetical agricultural scenario.  That is, because there were no 
crops currently growing on-site, the Army did not expect to change the default value for the 
depth of roots or plant transfer factors to tailor the values to any particular crop.   
 
Although the NRC staff understands site-specific data are not available, the lack of site-specific 
data is not an adequate basis for excluding these parameters from the uncertainty analysis.  
Generic distributions are available in NUREG-6697 for the purpose of assessing the effect of 
uncertainty in these parameters when site-specific data are unavailable.  These parameters are 
expected to be particularly important for the dose analysis at JPG because water-independent 
plant uptake is one of the two primary exposure pathways determining the peak dose to an on-
site residential farmer.  The peak-of-the-mean result the Army used to demonstrate compliance 
with the dose criterion should represent the uncertainty in major parameters such as Priority 1 
parameters identified in NUREG-6697, particularly those relevant to the primary dose pathways 
identified by the Army.  Without this analysis, the NRC staff cannot conclude that the Army has 
adequately characterized the uncertainty in the dose projections.   
 
Although the Priority 1 parameters in NUREG-6697 are a good starting point for planning 
sensitivity and uncertainty analyses, site-specific information that suggests other parameters 
could have a significant effect on dose also should be considered.  As discussed further in RAI 
GW-3, it appears to be important to model variation in the ground water depth at JPG because 
alternate assumptions about the depth to ground water within the observed range of ground 
water variation had a significant effect on the results from the FEHM 1-dimensional soil column 
model.  Although the Army included a probabilistic distribution for the thickness of the 
unsaturated zone in its uncertainty analysis, the distribution used only accounted for the 
modeled variation in the contaminated zone, it did not account for the larger variation in the 
depth to ground water.   That is, the distribution was developed by regarding the depth to 
ground water as fixed, and subtracting the two limits of the modeled contaminated zone 
thickness (i.e., 0.3 and 1.0 m) to calculate the limits of the distribution for the unsaturated zone 
thickness.   
 
Similarly, the results of the Army’s FEHM 1-dimenstional soil column analysis suggested that 
the infiltration rate could have a significant effect on the amount of uranium that reaches ground 
water when the ground water table is higher than average.  As discussed further in RAI GW-3, 
there is uncertainty in the water balance from which the evapotranspiration coefficient and run-
off coefficient were developed.  In addition, there is natural variation in the annual precipitation 
at the site.  Each of those parameters is used by RESRAD-OFFSITE to model infiltration; 
however, they were modeled as deterministic parameters in the Army’s uncertainty analysis.   
 
Further explanation also is needed of the correlations between parameters in the uncertainty 
analysis.  For example, sorption coefficients for different uranium isotopes are expected to be 
correlated and were not correlated in the uncertainty analysis provided with the DP.   
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RAI DS-5   
 
The Army should evaluate the ingestion exposure pathway of obtaining drinking water from a 
surface water source for the on-site resident.  If the dose model submitted with the DP is not 
modified, the Army should include the exposure pathway of the on-site resident using drinking 
water from a surface water source or provide a technical basis for excluding this possibility.  If 
the dose model is revised in response to RAI questions, the Army should evaluate both drinking 
water sources and use the one that yields the higher dose.  Alternately, the Army could provide 
a technical basis for excluding one of the potential drinking water sources.   
 
Basis   
The on-site residential farmer scenario includes the ingestion pathway of using ground water as 
a drinking water source.  This pathway could turn out to be more conservative than using 
drinking water from a surface water source in a revised dose model and therefore should be 
retained for analysis.  However, in the dose model submitted with the DP, contamination does 
not reach the ground water well within 1000 years of license termination.  The off-site residential 
farmer who is assumed to use drinking water from a surface water source receives a larger 
dose from drinking water than the on-site residential farmer who obtains drinking water from a 
ground water source.   
 
RAI DS-6   
 
Clarification is needed for some of the exposure pathways described in Tables 3-1 and 3-3 of 
Appendix C of the DP.   
 
Basis   
For an on-site industrial worker, the Army considered the radiological exposure to a worker 
working in the PCZ for 2000 hours per year and drinking uncontaminated water from a 
municipal source.  In Table 3-3 of Appendix C of the DP (Scenario 7), the Army characterizes 
the exposure of the worker to these sources of radiation as follows:   
 

External exposure:  DU in soil deposited by floods.   
Inhalation:  DU-containing dust blown in from JPG.   
Ingestion:  Incidental ingestion of DU-contaminated soil deposited by floods.   

 
These sources are inconsistent with the description that the industrial worker works in the PCZ, 
because the contamination in the PCZ comes directly from the penetrators corroding in the soil, 
it does not result primary from flood-deposited or wind-blown DU.   
 
In Table 3-1 of Appendix C of the DP, the differences between the two off-site industrial worker 
scenarios (Scenarios 10 and 11) are not clear.  Both indicate they represent individuals who 
work indoors in a building at the site boundary.  The pathways listed in the table for the 
scenarios are identical.  The main difference between the descriptions appears to be the 
description of the drinking water source.  Scenario 11 lists municipal drinking water, while for 
Scenario 10, the description indicates that drinking water is “supplied by a well that could be 
affected by contaminated zone leaching.”  However, contaminated drinking water is not listed as 
one of the exposure pathways for that scenario.  Clarification is needed of whether 
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contaminated drinking water is intended to be evaluated in Scenario 10 (Table 3-1 of Appendix 
C of the DP) and the intended difference between the two scenarios.   
 
For the part-time domestic scenario (Scenario 6 of Table 3-3 of Appendix C of the DP), it is 
unclear why the description indicates that all food is uncontaminated, but the list of exposure 
pathways lists ingestion of vegetables grown in contaminated soil and irrigated with 
contaminated water as an exposure pathway.   
 
Clarification of these exposure pathways is needed for an accurate description and evaluation of 
these scenarios in the SER.   
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