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Path Forward: Please provide:  (1) a discussion on the relationship of radionuclides 
present in Table 1 and Table 2 and rationale for the disparity between the listing of specific 
radionuclides, (2) a definition as to what constitutes a short-lived radionuclide and, (3) the 
rationale for excluding/including radionuclides in Tables 1 and 2 of the DP; and page 7, 
page 23, and Table 1 (page 13) of the FSSP. 
 

3. Comment:  In Section 1.0 of the DP, Facility Operating History, footnotes to Table 1 and 
Table 2 identify sealed source and solid form – sealed source or electron capture device, 
respectively, without defining and/or distinguishing between the terms.  This is of 
significance since approximately 73% of the estimated total decayed tritium inventory in 
Table 2 is described as being in solid form.  Similarly, the Ra-226 inventory is 0.15 
millicuries and 9.0 millicuries per sealed source.  A description of the sealed sources and 
potential for leaching during period of disposal is warranted due to the potential 
risk-significance of H-3 and Ra-226 to site risk.   
 
Path Forward:  Please provide a definition/discussion on the types of sealed sources 
disposed of as well as electron capture devices and their potential for degradation and 
leachability of their contents. 

 
4. Comment:   In Section 2.5 of the DP, Geology and Seismology, there is no description of 

the known or expected radiological properties of groundwater as it relates to naturally 
occurring radionuclides and radionuclides that were disposed of, such as Ra-226.  Both 
the Environmental Protection Agency (EPA) and the State of Maryland have indentified 
this region and/or county and geologic formation (Potomac Group including the Patapsco 
and Patuxent) as having naturally occurring radionuclides above drinking water standards.  
Data indicate that the highest concentrations are in the shallowest aquifer, that the high 
Ra-226 concentration is correlated with high total dissolved solids and low pH (<5.0).  High 
Ra-226 concentrations are also associated with high sodium and chlorine values.  This is 
significant because Ra-226 has a very low DCGL based on RESRAD modeling.  Under the 
Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), DCGLs that are 
low relative to background increases the probability of a Type II decision error (accepting 
the null hypothesis that the survey unit’s residual activity exceeds the DCGL when in fact it 
does not). 
 
Path Forward:  Please provide a discussion on the regional/area geohydrology on known 
characteristics of the occurrence of natural occurring radioactive material. 
 

5. Comment: Section 2.9 of the FSSP, Radionuclides of Concern, indicates that the only 
radionuclides that exceed the Risk Based Concentrations (RBCs) in water samples were 
Ra-228 and Th-230.  The former is a decay product of Th-232 and the latter a decay 
product of U-238, neither of which are listed as radionuclides of concern based on burial 
records for the disposal facility.  
 
Path Forward:  Please provide a discussion/rationale for including naturally occurring 
radionuclides within the ROC section as well as the significance of the presence of Th-230, 
the parent of naturally occurring Ra-226 in groundwater beneath the disposal pits that 
were excavated (1, 14 and 36) and presence/absence of Ra-226 and how it was or could 
be distinguished from naturally-occurring radioactive material (NORM) Ra-226.  
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6. Comment: Section 3.1.3 of the DP, Radionuclide Contaminants, indicates, in part, that Ra-

226 in numerous samples exceeded the NRC guideline level and that 2 of 8 reference 
samples exceeded the guideline level as well as Ra-228 and Th-230 exceeding their 
respective maximum contaminant levels (MCLs).   
 
Path Forward:  Please provide a discussion/rationale for including NORM as well as how 
the NORM Ra-226 can be distinguished from disposed Ra-226. 
 

7. Comment: Section 3.1.4 of the DP, Summary of Treatment and Disposal Activities, 
indicates that more than 75% of the activity in the water collected from the trenches was 
due to Ra-226 and H-3 without differentiating between the two.  It was also noted that two 
Ra-226 sources and one Ni-63 electron capture device was recovered.  There was no 
indication as to the integrity of the sealed sources or a description/indication that the 
sources had deteriorated and source material had leached.  The estimated inventory of the 
trenches and the total activity recovered differed substantially.  The Table 1 and Table 2 
data indicate that there was no disposal of Ra-226 in the disposal trenches. 
 
Path Forward:  Please provide a discussion/rationale for the large variance between the 
estimated versus the identified inventory as well as the radionuclide specific inventory by 
trench, a description of the location, condition and curie value for the recovered sources 
and a discussion/rationale for differentiating NORM Ra-226 from disposed Ra-226 as well 
as the relationship to the recovered Pb-210 in perched water pumped from the trenches to 
the two types of Ra-226 (NORM and disposed). 
 

8. Comment: Section 3.7 of the DP, Groundwater, includes a discussion of detected 
groundwater contaminants, their retardation factor, velocity, and travel time of the 
contaminants to various monitoring wells, including the downgradient monitoring well 
MW-13 , approximately 0.5 miles to the southeast.  The aquifers have been described, in 
part, as being comprised of coarser textured gravel/sands.  This type of structure raises 
the question as to preferential flow paths.  There is no discussion as to where the shallow 
site aquifer discharges (e.g., Little Paint Branch Creek) and travel times to the creek and 
any monitoring results from the creek for chemical/radionuclide contaminants or whether it 
is a losing or gaining stream, and if gaining, from which aquifer.  Statements indicate, in 
part, that chloroform has been consistently detected in trace quantities at less than one 
part per billion in downgradient well MW-13.  This well is described as being approximately 
one-half mile (2600 feet) from the waste disposal site.  Based on the history of operation 
and assumption that chloroform was released into the groundwater in 1960, and using an 
average retarded groundwater velocity of 0.046 feet per day (average of 0.02, 0.05, and 
0.07 feet per day reported in Table 6 of the DP for chloroform) and assuming no 
dispersion, the chloroform plume would have traveled only 850 feet over a 50-year period 
from 1960 to present, approximately one third of the distance to MW-13.  Radium 
isoconcentrations are based on combined Ra-226 and Ra-228 concentrations.  Ra-228 or 
its parent is not a ROC and was not disposed of.  Ra-226 can originate from disposed 
Ra-226 or can be NORM.  Chloroform, a water soluble organic chemical, and tritium have 
been detected in their greatest concentrations at MW-7 and MW-12, and to a certain 
extent, MW-2 and MW-6.  Statements are also made that their contaminant plumes appear 
to be elongated along the groundwater flow direction, the southeast, and it is implied that 
there is little (lateral) movement of the plumes.  A statement is made in the Ra-226 and 
Ra-228 section that it is readily apparent that MW-1, 2, 4, 5 and 6 are not down gradient of 
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the disposal pits but are located cross gradient to the groundwater flow direction and that 
the listed wells were not considered during the evaluation.  Not discussed are MW-, 3, 8, 9 
and 10.  Page 5 of the FSSP states that there is no soil contamination (chemical, 
radiological) above background either in the upgradient or downgradient directions from 
the burial ground.   
 
Path Forward:  Please provide a figure or diagram that shows the location of the down 
gradient MW-13 relative to the burial ground, Little Paint Branch Creek, and MW-11 and 
MW-12.  Please discuss the groundwater flow rates in terms of the calculated 
values/distances traveled for chloroform and tritium versus observed values over time as 
the iso-concentration data provided indicates that a concentrated plume has passed by 
MW-11 and MW-12 and that recent data may reflect a “steady state” condition.  
Discuss/clarify the discrepancy in what is side gradient with the implication that there is no 
contamination when chloroform/tritium have been detected and the mechanism for 
possible side gradient contamination by chloroform and tritium.  Please discuss and show 
graphically the best estimated direction of the southeasterly plume in relationship to Little 
Paint Branch Creek and down gradient MW-13.  Please provide the rationale for combining 
Ra-226 and Ra-228 for showing isoconcentrations and how background versus burial 
ground groundwater contamination from Ra-226 will be differentiated as well from up 
gradient MW-9 and MW-10 particular in light of the statement that there is no soil 
contamination up gradient/down gradient from the burial ground.  The discussion should 
include an analysis of Ra-226/Ra-228 ratios based on regional and/or locally available 
data (normally the Ra-226 is greater than the Ra-228). 
 

9. Comment: Section 4.0 of the DP, Dose Modeling Evaluations, indicates in part, that the 
residual radioactivity is that amount of radioactivity remaining in the soil after remediation 
has occurred that is in excess of the naturally occurring background radioactivity in the 
surrounding area.  As indicated previously there are detectable concentrations of naturally 
occurring Ra-226 and Pb-210 in the soil.  There are also detectable amounts of Cs-137 
and Sr-90 from weapons testing fallout in soils that have been mapped at a regional level, 
with the Cs-137 more commonly found at the soil surface and Sr-90, being more soluble, 
found at depth or in groundwater.  The Fe-55 and Na-22 that have been disposed of have 
gone through approximately 10 half-life decay periods.  There is a discrepancy between 
Table 1 and Table 2 in the inventoried trench disposal of these two radionuclides (not 
present in Table 1 and decayed values shown in Table 2).   
 
Path Forward:  Please provide a discussion/rationale for including the above radionuclides 
given their presence either in background soils, 10 half-life decays, and how 
sampling/analysis of contamination under the FSSP will be able to differentiate between 
NORM Ra-226 and progeny and Ra-226 and progeny from disposal operations. 
 

10. Comment:  In report No. F-24-0446, LLRBS BARC 18 Groundwater Results, April, 2009, 
the C-14 figure points to MW-7 and MW-2 and displays historical C-14 concentrations for 
the two wells.  However, the line charts are both titled LLRBS MW-2 C-14 data so it is not 
possible to compare the results from MW-7, which is inside the disposal area and MW-2, 
which is outside of the disposal area and slightly upgradient to MW-7.  
 
Path Forward:  Provide the corrected information and confirm and that the C-14 isopleth 
map in the Cabrera Services report is correct.  
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11. Comment: The actual versus modeled configurations of residual contamination following 

site remediation appear to be inconsistent.  Incongruent source term geometries may lead 
to an over-estimation or under-estimation of site risk. 
 
Current decommissioning plans are to excavate (from surface to a depth of approximately 
15 feet) clean overburden and disposal pit contents, survey underlying vadose zone soils 
to ensure that they are able to meet DCGLs, and to back-fill the excavated area with clean 
soil.  In contrast, the RESRAD modeling used to derive the DCGLs assumes the thickness 
of contamination is a 10 foot thick vadose zone from the surface down to saturated 
groundwater.  Presumably, the top 15 feet of soil that will be used to back-fill the 
excavation was eliminated from the site conceptual model and the potentially 
contaminated soil currently located underneath the disposal pits was assumed to be the 
only remaining vadose zone from ground surface to the water table.  This assumption 
results in direct impacts from the source driving the soil DCGLs and artificially increasing 
the risk-significance of certain ROCs that may otherwise not be important to site risk (e.g., 
Pb-210, Sr-90, Ra-226, Cs-137).   
 
In reality, in-direct groundwater dependent pathways for buried contamination will be 
relatively more important than direct source impacts.  However, remedial activities and 
modeling place less emphasis on deep vadose zone and groundwater contamination that 
are expected to drive the actual risk from the site following excavation of the disposal pits.  
While some of the waste disposed of beginning around fifty years ago through the year 
1987 is amenable to remediation through exhumation of the original disposal pits, leached 
waste is not.  The more mobile, unstabilized constituents may have migrated a significant 
distance away from their original locations within the disposal pits.  Yet, due in part to 
limitations of the RESRAD code, no soil or groundwater contamination is assumed to be 
present in the saturated zone when deriving soil DCGLs.  While existing groundwater 
contamination was evaluated, it was not found to be risk-significant.  Therefore, deep 
subsurface and groundwater contamination is not a focus of site clean-up nor is 
groundwater contamination specifically evaluated in the compliance demonstration.  Based 
on NRC staff review of the DP, it is not clear that sufficient information is available to 
accurately evaluate the risk-significance of existing deep vadose zone and groundwater 
contamination. 
 
Namely, insufficient information is provided to confirm the sufficiency of the groundwater 
monitoring well network and associated sampling data in determining the nature and 
extent of deep subsurface contamination.  Assuming the Kd values and inventory reported 
in the DP are accurate, H-3 and C-14 well water concentrations would have been (in the 
case of H-3) or will be (in the case of C-14) orders of magnitude higher than currently seen 
in groundwater directly downgradient of the disposal facility (e.g., MW-7).  A 
comprehensive evaluation of the mobility of key radionuclides and the expected 
distribution of contamination in deep subsurface soils and groundwater is critical to 
supporting decommissioning decisions, as it provides information for dose modeling 
calculations, as well as information on how to best remediate and survey the site to ensure 
compliance with radiological criteria for license termination.  At a minimum, additional 
information is needed to evaluate the sufficiency of currently available data in assessing 
the risk from existing groundwater contamination to ensure the criteria for unrestricted 
release in 10 CFR 20.1402 can be met.  
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Path Forward:  Clarify and provide a basis for the assumed source configuration in 
RESRAD modeling used to derive soil DCGLs.  Evaluate how the modeling assumptions 
impact identification of actual dose drivers for the site and support the licensee’s 
demonstration of compliance with radiological criteria for license termination (i.e., annual 
dose and as low as is reasonably achievable criteria). 
 
Provide the following information to support elimination of existing groundwater 
contamination in the compliance demonstration: 
 

• Information on disposal/excavation operations or vadose zone features that may explain 
the presence of perched water in excavated disposal pits.  Evaluate the potential for lateral 
transport of contamination in the vadose zone due to perched water. 

• Any pre-excavation characterization plans that have been or will be developed for the    
site. 

• Currently available sampling data or detailed characterization plans for sampling deep 
vadose zone soils directly above the water table1. 

• Information on the installation/construction and screened intervals of all disposal site 
groundwater monitoring wells.    

• All available groundwater data for the disposal site.   
• Figures and data showing important hydrological features such as groundwater discharge 

locations to surface water and any available surface water monitoring data downstream of 
the facility.   

• Additional information on the methods used to determine the risk associated with existing 
groundwater contamination including Risk Assessment Guidance for Superfund (RAGS) 
methodology, calculations, and parameters. 

If any of this information is available in supporting references, the reference documentation 
could be provided.  Additional effort should also be made to better understand the 
expected distribution of contamination in the subsurface considering the inventory 
information provided in the DP, as well as site-specific data on contaminant mobility.  
Additional complexity in the modeling and calculations to consider the expected 
leachability of disposed waste, variable disposal rates over time, and uncertainty in the 
mobility of key radionuclides may be warranted to better understand site risk.  This 
information should be used to better assess the risk associated with deep subsurface soil 
and groundwater contamination, evaluate the sufficiency of the current groundwater 
monitoring network, provide information on how best to further characterize the site and/or 
design a final status survey, and to help guide remedial activities to ensure the license 
termination criteria in 10 CFR 20.1402 can be met. 
 

12. Comment:  Insufficient information is provided to determine the accuracy of the assumed 
500 m2 contaminated zone area.  The RESRAD modeling used to derive DCGLs considers 

                                                
1 The FSSP describes sampling activities in soils and groundwater directly below disposal pits following 
excavation; however, it is not clear what actions will be taken if a large amount of contamination is found 
underneath the disposal pits including groundwater.  Contingency plans may be needed if pre-excavation 
characterization activities are not deemed practical and action must be taken to address deep subsurface 
and groundwater contamination following pit excavation including development of action levels for 
groundwater any mitigation measures to reduce the potential for enhanced infiltration and 
recontamination of previously cleaned areas in open pits as remedial activities are completed. 
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a 500 m2 contaminated area but it is not clear how this value was determined.  The 
contaminated zone area can have a significant impact on the results of the DCGL 
calculations under the current conceptual model implemented in RESRAD (i.e., residual 
surface contamination).  No discussion regarding the potential for nearby soil 
contamination between or outside of disposal pits, including any soil sampling results 
around the perimeter of the disposal cells, appears to be provided in the DP (there is some 
information provided in the FSSP).  The following information is provided: 
 
i. Thirty-nine of fifty disposal cells were expected to have been used for disposal.  Each 

disposal cell was approximately 10 ft x 12 ft x 10 ft (deep). The total area of used 
disposal cells would then be approximately 420 m2.  The trenches were separated by 6 
feet and covered by 5 ft of soil. 
 

ii. Two disposal areas approximately 150 by 200 feet (or 2700 m2) were used.  
Hypothetically the south disposal area was never used.  

 
Evidence of perched water when excavating pits 26 and 34 was noted.  The presence of 
perched water may indicate that lateral transport of groundwater contamination from 
disposal pits may have occurred leading to a larger footprint of residual contamination in 
deeper subsurface soils beneath the disposal pits. 

Path Forward:  Provide additional information to justify the assumed area of contamination 
in the RESRAD modeling or a plan to further characterize subsurface contamination and 
modify DCGLs as appropriate to address increases in the assumed area of contamination. 
 

13. Comment:  Insufficient information is provided in the DP to compare the excavation 
contents of pits 1, 14, 26, and 34 to the inventory estimates provided in Table 1 of the DP, 
making it difficult to evaluate the accuracy of inventory estimates and the efficacy of source 
or disposal pit excavation alone (versus deep vadose zone or groundwater remediation) in 
meeting radiological criteria for license termination.  An evaluation of the accuracy of the 
inventory estimates in Table 1 should be presented, as well as an evaluation of the 
potential leaching characteristics of materials disposed of in the trenches. 
 
Path Forward:  Provide supporting documentation and discussion regarding pit excavation 
contents and how they relate to the expected inventories provided in Table 1.  Provide 
information (even if qualitative or semi-quantitative) about the conditions of the contents of 
the excavated trenches and an assessment of what fraction of the contamination was able 
to be retrieved and what contamination may have leached from the disposal pits.  
Characterization data from within and underneath excavated trenches can be useful in 
back-calculating Kd values, fraction of inventory leached, and other important transport 
parameters and should be provided and analyzed in greater detail.  
 

14. Comment:  No information is provided on the soil type or expected geochemical conditions 
of the subsurface that may impact the selection of distribution coefficients.  The Kd values 
used in the analysis were taken from Table 6.7 of NUREG/CR-5512, Volume 1, for the 
contaminated zone (CZ) and unsaturated zone (UZ); and RESRAD defaults were used for 
the saturated zone (SZ) without justification.  Uncertainty in distribution coefficients was 
not considered in deriving soil DCGLs.  The assumptions regarding Kd values can 
significantly lower or increase DCGLs especially for more mobile constituents expected to 
drive the risk for this site (e.g., C-14).   
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Note that the retardation factor for C-14 in Table 6 of the DP is grossly overestimated at 
500, while radium is reported as 530.  Yet Ra has a Kd of 500 and 70 L/kg for the CZ/UZ 
and SZ, respectively, while C-14 has as Kd of 6.7 and 0 L/kg for the same zones.  
 
Path Forward:  Provide additional justification for the Kd values used for the Beltsville site 
and/or perform an uncertainty analysis to identify the key parameters that are expected to 
have a significant impact on the results of the analysis.  Soil and groundwater data 
collected during characterization should also be used to help constrain the Kd values and 
should at a minimum be qualitatively evaluated.  Clarify the discrepancy in the retardation 
factors and travel times reported in Table 6 and 7 of the DP with respect to calculated 
values assuming the Kd values reported in Appendix A of the DP for C-14.  
 

15. Comment:  The watershed area used in the RESRAD modeling was the default value 
available in the code.  This parameter affects surface water concentrations.  Use of a 
site-specific value may lead to a significant increase or decrease in the DCGL for C-14.  
Because the fish pathway is assumed to be viable and the fish bioaccumulation factor for 
C-14 is relatively large, this parameter is expected to be important for one of the key risk 
drivers for the site.   
 
Path Forward:  Provide justification for the watershed area used in the RESRAD modeling.  
Arguments regarding the viability of this pathway for site streams may also be made (i.e., 
eliminating the fish pathway in RESRAD). 
 

16. Comment:  Procedures and processes should be in place to mitigate potential adverse 
impacts during pit excavation. 

 
Path Forward: The DP should provide details on how remedial activities will be staged and 
executed with the goal of minimizing recontamination of previously remediated areas and 
to mitigate increased infiltration and leaching of disposal pit contents during pit excavation.  
If this information is provided in reference documentation, the reference documentation 
could be provided. 

 
17. Comment:  Soil excavated from above the burial pits is being considered to be un-

contaminated and will be considered for re-use as backfill for excavated burial pits. 
 

Path Forward: Describe how excavated soil will be evaluated to determine if it is suitable 
for re-use as backfill. 
 

In addition to the above questions, the reviewers have made the following two observations that 
you may want to consider in developing your response to the questions, conducting the 
remediation and final status survey activities, and/or developing changes that may be necessary 
to the Decommissioning Plan and/or Final Status Survey Plan. 
 
1. As stated above, given planned remediation of the site and the expected configuration of 

residual contamination following remediation, it may be overly conservative to calculate 
DCGLs assuming surficial contamination for certain radionuclides.  Development of two 
separate sets of DCGLs for residual contamination in (i) surface soils that may have become 
slightly contaminated during operations or during remediation; and (ii) subsurface 
contamination to address residual contamination at depth may be more practical to 
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implement and better align with overall site risk reduction strategies.  Use of area factors for 
smaller areas of contamination at the surface or depth (as discussed in the FSSP) may also 
be appropriate and should be developed2.   

 
2. A staged approach for decommissioning may be warranted.  Several discrete sources of 

contamination exist at the site that are expected to be more amenable to excavation (e.g., 
discrete forms of H-3 may be readily exhumed from a handful of trenches 28/29, 37, 40/41, 
42/43, 44/45, and 46).  On the other hand, C-14 is almost exclusively found in unstabilized 
form and may have already leached into the underlying vadose zone.  Thus, depending on 
the chemical form and characteristics of C-14 in the subsurface (expected to be located 
primarily in or below pits 8, 23, 28/29, 30, 37, 44/45, and 46), C-14 may be more or less 
difficult to remediate through excavation of the disposal pits alone.  Deep subsurface soil 
remediation below the highest activity pits may be needed to demonstrate compliance with 
LTR criteria and may achieve a greater risk reduction than exhumation of lower-risk pits.  
Initial excavation and characterization activities focused on more risk-significant pits may 
lead to beneficial results with respect to actual risk reduction and collection of useful 
information to guide remaining remedial activities.  Characterization and modeling should 
proceed in an iterative manner to better understand site risk and guide remediation.  The 
remedial plan may include contingencies to address areas of the site with greater levels of 
contamination at depth than assumed to be present and options to forego exhumation of 
lower risk pits if compliance with LTR criteria can still be demonstrated. 

Current NRC regulations and guidance are included on the NRC's website at www.nrc.gov; 
select Nuclear Materials; Medical, Academic, and Industrial Uses of Nuclear Material; then 
Regulations, Guidance, and Communications.  You may also obtain these documents by 
contacting the Government Printing Office (GPO) toll-free at 1-866-512-1800.  The GPO is open 
from 7:00 a.m. to 6:30 p.m. EST, Monday through Friday (except Federal holidays).   
 
We will continue our review upon receipt of this information.  Please reply to my attention at the 
Region I Office and refer to Mail Control No. 144081.  If you have any technical questions 
regarding this request for additional information, please contact Mark Roberts at (610) 337-
5094. Cynthia Barr at (301) 415-4015 and Philip Brandt at (301) 415-3550 can provide technical 
response to the questions regarding dose-modeling and ground water, respectively. 
 
  

                                                
2 It is important to note that although DCGLs could be significantly increased for subsurface soils, 
additional analyses and justification of parameters that are not currently risk-significant will be needed 
(e.g., direct intrusion scenario [e.g., well driller] would need to be evaluated as viable means to access 
residual contamination at depth and site-specific erosion parameters may need to be developed). 
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Due to the complexity of your site, we believe that a conference call with the reviewers would be 
beneficial to develop a response to our questions and observations.  If we do not receive a 
response to our questions from you within 30 calendar days from the date of this letter, we will 
assume that you do not wish to pursue your application.   
 
 

Sincerely, 
 
Original signed by Kathy Modes for 
 
Judith A. Joustra, Chief 
Decommissioning Branch 
Division of Nuclear Materials Safety 
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