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Dear Mr. George: 

This letter acknowledges transmittal of the deliverable “A Biosphere Sensitivity Analysis Using 
BDOSETM Version 2.0.” The Center of Nuclear Waste Regulatory Analyses (CNWRA? 
addressed NRC comments on the draft BDOSE report submitted to the U.S. Nuclear Regulatory 
Commission (NRC) last fiscal year and incorporated all necessary changes into a final report. 
The final report provides NRC with information and independent analyses to support the NRC 
responsibilities (consultation and monitoring) under the Ronald W. Reagan National Defense 
Authorization Act of 2005. These consultations include NRC review of the U.S. Department of 
Energy performance assessment models designed to evaluate the fate and transport of 
radionuclide releases from non-hig h-level waste and waste-incidental-to-reprocessing. An 
important component of these performance assessment models is the biosphere model, which 
is complex and includes numerous model parameters. The sensitivity analysis described in the 
deliverable identifies the influential environmental parameters and pathways for a biosphere that 
is representative of the southeastern United States. The identification of influential parameters 
and pathways will help the NRC staff focus its review on items most important to public health 
and safety. 

The NRC staff provided a number of comments on the draft BDOSE report. These comments 
and CNWRA staff responses to the comments are included in this transmittal tothe NRC. The 
resolution of the NRC comments has resulted in substantial improvements in the BDOSE 
modeling, the sensitivity analysis, and the documentation provided in the final report. The 
CNWRA staff has made every effort to respond to all the NRC comments subject to the cost 
guidance provided in the NRC-approved CNWRA operations plans. Some comments could not 
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be completely addressed within the available resource constraints, as was discussed with the 
NRC technical program manager (TPM) during a meeting on December 15, 2010. ‘This 
deliverable completes the work on this subtask. 

This letter acknowledges the timely completion of the deliverable (14003.01.006.100). The final 
report and supplemental CNWRA responses to NRC comments were transmitted through the 
NRC-CNWRA shared computer drive and the compact disk, containing the model run files, 
postprocessing scripts, and other applicable files, was given to the NRC TPM by the CNWRA 
principal investigator. 

Please contact me at 210.522.6418 or the CNWRA principal investigator, Pat LaPlante, at 
301.881.0290 if you have any questions about the subject deliverable. 

Sincerely, 

Robert J. Lenhard, Ph.D. 
Program Manager 
Environmental Protection and 
Waste Management for Non-High Level 
Radioactive Waste 
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Center for Nuclear Waste Regulatory Analyses (CNWRA®) Responses to U.S. Nuclear 
Regulatory Commission July 2010 Comments on the Draft Report Entitled 

“A Biosphere Sensitivity Analysis Using BDOSETM Version 2.0” 
 
General Comments: 

 
1. Reader usability would benefit if Chapter 3 included section headings for each 

parameter discussion.  Currently the sections are generally at the parameter class level.  
For classes with lots of variables and lengthy discussions of where the information was 
derived (e.g., the receptor parameter class description), it would be helpful to have a 
subsection heading for each parameter. 

 
CNWRA Response:  Chapter 3 was revised to include additional subsections at the parameter 
level for those sections that discussed a number of different parameters.  New subsections that 
were added to address this comment include 3.5.1, Consumption Rate; 3.5.2, Fraction of Food 
Produced Locally; 3.5.3, Inhalation Exposure Pathway Parameters; 3.5.3.1, Inhalation Rate; 
3.5.3.2, Air Carbon Content; 3.5.3.3, Soil Resuspension Factor; 3.5.4.1, Outdoor Air External 
Exposure Time; and 3.5.4.2, Swimming and Boating External Exposure Time.  
 
2. In the beginning of Chapter 2, a brief description of what is contained in Chapters 2 and 

3 is provided.  This sort of discussion is more appropriate in Chapter 1 and should 
provide a brief description of all of the Chapters (not just Chapters 2 and 3). 

 
CNWRA Response:  To address this comment, the last paragraph of Chapter 1 was revised to 
provide a more complete summary of the chapters in the report.  
 
3. In some cases, uncertainty information was available but was not included in the 

analysis (e.g., plant transfer factors, see comment 22 below).  It is not clear if 
exclusion of the information would lead to significantly different results.  If so, we 
should consider incorporating the available information into the parameter 
range/distribution and re-running the analysis. 

 
CNWRA Response:  Revised operations plan guidance from V. Whipple received on 
December 6, 2010 (regarding approval of Revision 4, Change 2), established spending limits for 
this task that modified the path forward to addressing the NRC comments; in particular, the 
comments that requested revisions to the calculations.  The path forward was further clarified at 
a December 15, 2010 meeting between the NRC project manager (PM) and CNWRA principle 
investigator (PI).  The path forward agreed to at the meeting was to address comments without 
rerunning the analyses.  In implementing the path forward, the CNWRA staff found it difficult to 
address many of the NRC comments without rerunning the code therefore, the CNWRA staff 
decided to update the calculations as efficiently as possible without exceeding the spending 
limits.  One request that could not be accommodated in this revision to the calculations was to 
sample the plant transfer factors.  The current version of BDOSE is designed to model these 
input parameters as constants; to change this and sample these values would require changing 
the code by inserting 60 new input parameter distribution elements and interfacing these 
elements within the model.  The effort required to modify and test the code and input the 
distribution information would have exceeded the spending limits; therefore, this was not 
included in the revisions to the calculations for the final report. 
 
To partially address the specific NRC comment about the transfer factors, the discussion of 
sampling plant transfer factors in Chapter 3 of the final report was revised.  This revision 
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described the types of modeling changes that could increase the influence of the plant transfer 
factors on the calculated dose and change the insights CNWRA staff gained from initial scoping 
calculations (i.e., low influence of plant transfer factors) that led to the decision to not sample 
these inputs.  After CNWRA staff reviewed the results of the revised calculations, text was also 
added to the description of results in Chapter 5, including a conclusion that, based on the input 
parameter changes made in the revised calculations for the final report, plant transfer factors 
may be important contributors to some calculated doses. CNWRA staff recommended that 
these parameters should be sampled in future analyses. 
 
4. Scoping calculations to justify analysis assumptions are very helpful (e.g., discussion of 

impacts of water balance assumptions).  Additional scoping-level calculations may also 
help justify other assumptions.  See for example comment 3 below. 

 
CNWRA Response:  Overall, a number of report sections were revised to incorporate additional 
information and discussion to enhance transparency and improve bases for assumptions.  
Based on the December 6, 2010, revised operations plan guidance from V. Whipple and 
discussions between the NRC PM and CNWRA PI on December 15, 2010, to clarify the path 
forward, conserve resources, additional scoping calculations were not conducted nor included in 
the final report.  Nonetheless, the substantive revisions to the BDOSE calculations and 
improved analysis and discussion of results (described in response to Comment #3) have 
substantially improved the report, even though the requested additional scoping calculations 
could not be incorporated in these revisions.  
 
5. Generally, the report is well done with good descriptions of the input parameters.  The 

authors should also be commended for attention to detail including incorporation of 
comments from last year’s draft report into this analysis. 

 
CNWRA Response:  The CNWRA staff appreciate the positive comments from the NRC staff.  
 
Specific Comments: 
 
1. In section 2.2, a factor of 20 (twenty) dilution for surface water is deemed reasonably 

conservative.  How does this factor compare to expected dilution factors for tanks farms 
and Z-Area in central Savannah River Site (SRS) based on site-specific information 
(e.g., based on expected groundwater recharge and stream flow estimates on Upper 
Three Runs and Four Mile Branch)?  Does available site-specific information support a 
different dilution factor?  Additionally, it is not clear how the two listed items regarding 
(i) tributaries feeding larger flowing water bodies from seeps at their heads and (ii) that 
the bulk of water is derived from water containing little to no radionucildes supports the 
reasonably conservative dilution factor assumed in the analysis. 

 
CNWRA Response:  Based on discussions with the NRC PM at the December 15, 2010, 
meeting (described in the response to General Comment #3) regarding addressing NRC 
comments with limited resources, additional technical work necessary to provide additional 
bases for the dilution factor was given a lower priority than other changes to the final report and 
therefore no additional technical work was conducted for the final report.  The dilution factor for 
surface water is an inherently uncertain input parameter that would require additional detailed 
technical effort to improve.  Remaining resources were directed at making the substantive 
changes to a number of other input parameters and re-running the calculations.  To partially 
address the NRC comment, Section 2.2 text was revised in the final report to clarify the 
meaning of items (i) and (ii) in the comment.   The statement that dilution factors are 
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conservative was removed and a statement was added to and indicate they were assumptions 
of the analysis. 
 
2. In Section 2.3, a statement is made that partition coefficients were sampled from 

uncorrelated distributions.  It is not clear if they are assumed to be uncorrelated to other 
distribution coefficients or uncorrelated to any parameter values (e.g., plant transfer 
factors).  In Section 2.3, bullet 2 a statement is made that assuming no correlation 
between partition coefficients for sensitivity analyses conducted for individual 
radionuclides has no affect on the results.  However, it is not clear that lack of 
consideration of correlation between distribution coefficients and other parameters would 
similarly have no affect on the results.  Although plant transfer factors were not varied, at 
least for certain radionuclides where the plant pathway is an important pathway this 
parameter should be included in the sensitivity analysis if information is available.  
Additionally, if information in the literature supports correlation of distribution coefficients 
to other parameter such as transfer factors, these correlations should be considered. 

 
CNWRA Response: The statement in Section 2.3 referred to in the comment was revised in the 
final report to clarify the intended meaning.  This revision indicated that the correlation of 
partition coefficient input parameter sampling with the sampling of other biosphere input 
parameters was considered but not implemented in the sensitivity analysis.  Additional technical 
information regarding correlations of these input parameters with other input parameters was 
added to this description.  The correlation was not included in the sensitivity analysis, because 
the plant transfer factors (the parameters that are known to be correlated with Kds) were not 
sampled.  Currently, the GoldSim software accommodates input correlation for only simple 
one-to-one parameter correlations and does not presently support a one-to-many type of 
correlation that would be necessary to correlate the sampling of partition coefficients and plant 
transfer factors or correlated sampling among partition coefficients. 
 
3. In Section 2.3, two types of sensitivity analyses are described in the text—a groundwater 

dependent scenario and an intruder initiated, primary soil source scenario.  Additional 
discussion regarding the benefit of the additional soil source scenario (in Section 2.3), 
comparison of the pathways between the two scenarios (in Section 2.4), and relative 
differences when evaluating similar pathways (primary soil contamination versus 
secondary soil contamination from irrigation-deposited contamination in Section 5.3) is 
needed.  For example, what are the expected differences in relative source strength 
(i.e., concentration) between the assumed unit soil concentrations in the soil 
contamination scenario and what indirect irrigation-deposited soil contamination from 
the groundwater pathway be for different classes of radionuclides (classes based on 
cumulative removal process [combined erosion, radioactive decay, and distribution 
coefficient] bins) similar to what was done to justify the water balance assumptions. 

 
CNWRA Response:  This comment was discussed with the NRC PM at the December 15, 2010, 
meeting.  Because the soil source scenario overlapped considerably with the groundwater 
scenario, the path forward that was agreed to was to remove the soil scenario from the final 
report.  Therefore, all references and discussions in the draft report to the soil scenario were 
removed from the final report. 
 
4. In the summary for section 2.3, it is stated that “because this sensitivity analysis 

examines the significance of biosphere parameters, it is reasonable to examine the 
significance of these parameters according to their long-term effects.”  This statement is 
not clear.  Suggest revising the bullet to provide a clearer basis for why ignoring time-
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varying introduction and buildup of radionuclides is acceptable for biosphere sensitivity 
analyses (as opposed to other types of analyses). 

 
CNWRA Response:  Section 2.3 text was revised in the final report to more clearly describe 
the approach to modeling radionuclide concentrations in soil and the basis for choosing 
the approach. 
 
5. In section 2.4, there is no mention of the recreationalist scenario, however, the 

recreational pathways were described earlier in the report (e.g., in section 2.2).  There 
needs to be consistency to avoid confusing readers. ‘ 

 
CNWRA Response:  Section 2.4 in the final report was revised to clarify the distinction that 
recreational activities were included in the dose calculations, but the specific BDOSE model 
case that was run is called the residential scenario.  The residential scenario model in BDOSE 
includes a complete suite of pathways, including recreational activities, that was considered 
sufficiently complete for modeling and was conducted for the sensitivity analysis.   
 
6. At end of section 2.4, change “ICRP recommendations for lung solubility class” to “ICRP 

recommendations for default lung adsorption types” 
 
CNWRA Response:  The requested change was made in Section 2.4 of the final report.  
 
7. Section 3.1 would benefit from the addition of a map with nearby counties identified. 
 
CNWRA Response:  A map of the site was added to Section 3.1 of the final report to address 
this comment.  
 
8. In Section 3.1, information is provided regarding the top agricultural crops for counties 

near SRS including forage (haylage, grass silage, greenchop), soybeans, nuts, corn, 
grain, and wheat for grain.  It is not clear if parameter information on specific forage and 
crop types was available and included in the analysis.  If the information is only provided 
to justify the scenario, then this should be clarified in the text.  It is also not clear from the 
descriptions if a resident farmer, gardener, homegrown gardener, or some other resident 
type was targeted.  A great deal of information applicable to all types appears to be 
reported with perhaps aspects of each included in the analysis.  A clearer description of 
the targeted resident and text representative of that resident OR discussion on how the 
sensitivity analysis covers a wide range of residents should be provided so it is clear 
what the basis for the mix of literature and parameter values is intended to be 
representative of. 

 
CNWRA response:  To address this comment, in the final report, Section 3.1 was renamed to 
“Regional Agricultural Information.”  The text of the section was revised to clarify that 
information presented was reviewed to gain insights to local characteristics and practices to 
support the development of a generally applicable exposure scenario that is representative of 
the region. Text was also added to the introduction to Chapter 2 to clarify the scenario and 
receptor that were considered in the analysis.   
 
9. In Section 3.2.1, suggest deleting or revised the second sentence.  Literature values are 

not always an acceptable compromise.  Simply state that little site-specific data is 
available and therefore, the analysis resorted to literature sources, if this is the case.  If 
site-specific information is available, this assumption should be justified. 
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CNWRA Response:  The requested revision to text in Section 3.2.1 was incorporated by 
deleting the sentence and modifying the following sentence to provide a clearer basis for 
selection of soil distribution coefficients. 
 
10. In Section 3.2.1, hierarchical information is provided for selection of distribution 

coefficients among the available literature.  However, is it is not clear from Table 3-2(a) 
when an older reference was used based on lack of data, lack of distribution information, 
or due to limited data.  

 
CNWRA Response:  In the final report, this comment was addressed by adding footnotes to 
Table 3-2(a) to clarify which of the hierarchical selection criteria applied to which 
parameter selections.  
 
11. In section 3.2.1, a more thorough discussion of why the lognormal distribution is 

appropriate based on source data would provide clarity and improved support for 
that selection. 

 
CNWRA Response:  Section 3.2.1 in the final report was updated with additional information 
from the source documents supporting the choice of lognormal distributions for partition 
coefficients that were selected for the analysis. 
 
12. In Section 3.2.1, a statement is made that with most distributions were bounded at both 

the lower and upper tails of their distributions to avoid sampling values outside the 
reported data range.  Were the bounds based on a set number of standard deviations, or 
the upper or lower value reported, or other value? 

 
CNWRA Response: The text of Section 3.2.1 was revised in the final report to clarify that the 
bounding values for sampling distribution coefficients were the ranges of the data values 
reported in the source documents. 
 
13. In Section 3.2.2, it is not clear why data from February through April is appropriate for 

estimating the yearly precipitation rate and evaporation rate.  The basis appears to be 
information on winter wheat planting times for SC which may not be representative of all 
crops.  Also clarify for what months the yearly soil irrigation rates provided in the table 
include (are they the same winter wheat planting months)?  It is also not clear how the 
soil irrigation rate in Table 3-2(b) is correlated to the irrigation times reported in 
Table 3-3.  

 
CNWRA Response:  In response to this and other comments regarding the water balance and 
soil model input parameters, in the final report the water balance input parameters were revised 
to annual values [Table 3-2(b)] to be more consistent with the models that were selected for the 
sensitivity analysis.  Similarly, the irrigation and growing durations in Tables 3-3 and 3-4 were 
updated to sampled values, in part to address other NRC comments, and for consistency with 
the use of these inputs in the model for the scenario evaluated.  The bases for the revised 
values and additional description of the modeling context, including consistency with other 
inputs such as irrigation rates, are provided in the revisions to Sections 3.2.2 and 3.3 and 
subsections thereof of the final report.   
 
14. If there is no site-specific information to support “Water content of soil”, include this 

information in its description in section 3.2.2. 
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CNWRA Response:  To address this comment, the final report was revised to include a 
discussion of the information that supports the selection of the soil water content input 
parameter value.  
 
15. In section 3.2.2, a 0.7 multiplier is used to adjust pan evaporation rates.  Improve the 

discussion of why that value is appropriate based on source references. 
 
CNWRA Response:  Text was added to Section 3.2.2 of the final report to clarify the basis for 
the pan evaporation adjustment factor of 0.7.    
 
16. Section 3.2.2 describes the water balance assumption (i.e., water balance based on 

growing season).  Because leaching occurs all year and the equilibrium soil model (Soil 
Model 3) used in the analysis is more representative of long-term rather than growing 
season effects, it is not clear why great lengths were taken to justify the selection of 
parameter values for the leaching model when the annual rates could have been 
used instead. 

 
CNWRA Response:  In response to this and other comments regarding the water balance and 
soil model input parameters, in the final report the water balance input parameters were revised 
to annual values [Table 3-2(b)] to be more consistent with the models that were selected for the 
sensitivity analysis.  Similarly, the irrigation and growing durations in Tables 3-3 and 3-4 were 
updated to sampled values, in part to address other NRC comments and for consistency with 
the use of these inputs in the model for the scenario evaluated.  The bases for the revised 
values and additional description of the modeling context, including consistency with other 
inputs such as irrigation rates, are provided in the revisions to Sections 3.2.2 and 3.3 and 
subsections thereof of the final report.  Because the revisions to the final report used annual 
water balance input parameters, the analysis and discussion of the effect of the part-year water 
balance assumptions on the leaching factor relative to annual values were no longer applicable 
and were therefore removed from the final report.   

 
17. Section 3.2.2, calculations are presented to evaluate the impact of the seasonal water 

balance approach in the model.  The leach rate for a Kd of 15 is reported as 2.4E-04.  
Using the leach equation provided in the methodology document (and Appendix B) and 
the parameters provided in Table 3-2(b), I get a leach rate of 1E-01.  Please check the 
calculation and correct if necessary.  If the value reported is incorrect, additional 
justification for the assumption may be necessary. 

 
CNWRA Response:  Based on the response to Comment #16 describing the changes to the 
water balance input parameters, the calculations referred to in the comment were no longer 
applicable to the analysis calculations and were therefore deleted from the final report.  
 
18. If there is site-specific information available on the growing season in SC/GA, consider 

including it in Section 3.3.2 instead of relying on national information, unless it does not 
significantly impact the results. 

 
CNWRA Response: In response to this comment, CNWRA staff checked for site specific 
information to support growing-season-related input parameters.  The most relevant information 
that was identified was from a state planting guide applicable to South Carolina which was used 
with other general information to derive plant growth duration and irrigation duration input 
parameters that were updated in Tables 3-3 and 3-4.  These revisions included specifying 
ranges for these input parameters so they could be sampled in the analysis. Based on the 
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relationship of crop growth duration and irrigation duration, the sampling of these input 
distributions was also correlated in the revised BDOSE calculations using an assumed 
coefficient of 1.0.  Descriptions of these input parameters in Section 3.3.1 and 3.3.2 were 
updated to clarify the bases and further describe the modeling context.     
 
19. In Section 3.3.1, a statement is made that the inclusion of irrigation in this sensitivity 

analysis is conservative as only 12 percent of farms in Georgia and 8 percent of farms in 
South Carolina are irrigated.  This is a very important point and it is recommended that 
this information be more prominently discussed in the report.  The groundwater 
dependent scenario evaluated in the sensitivity analysis would only be applicable around 
10 percent of the time; therefore the irrigated farm would be the critical group—this point 
should be made clear.  

 
CNWRA Response:  In response to this comment, the final report was updated to more 
prominently describe the limited usage of irrigation based on state-level national census data in 
new introductory material on the exposure scenario that was added to Chapter 2 and to the 
discussion of irrigation input parameters in Section 3.3.1.  In verifying the supporting data for the 
final report, the values from the draft report were updated based on the most recent census of 
agriculture and considering only those farms in each state that harvested crops.  The revised 
values were revised to 25 percent of farms in Georgia and 16 percent of farms in South 
Carolina.  These data continue to support the conclusion that the use of irrigation is limited in 
the two states.  
 
20. In Section 3.3.2, suggest clarifying if longer crop growing seasons would also impact the 

build-up of contamination (only removal mechanisms decay and weathering are 
discussed as impacts of the assumed growing period) as crops would be expected to be 
irrigated during the growing season.  Clarify how the soil (and crop) source 
concentrations are calculated.  

 
CNWRA Response: In the final report, Section 3.3.2 was revised to include additional 
description of how growing season is used in the BDOSE model to calculate crop 
concentrations.  Section 3.2 was also revised to further clarify the different models and 
parameter inputs that apply to the calculations of soil radionuclide concentrations and plant 
radionuclide concentrations.  
 
21. In Section 3.3.3, a statement is made that root vegetables are the primary vegetable.  

However, it is not clear if this specificity on plant type is included in the analysis.  In 
general, when extra information is provided in the text it should be clear on how this 
information is used in the sensitivity analysis. 

 
CNWRA Response:  In the final report, Section 3.3.3 was clarified to emphasize that the SRS 
source document was evaluated as an input parameter source for plant transfer factors; this 
document assumed that all vegetable consumption was from root vegetables, and therefore 
other sources for these inputs that were applicable to a variety of crops were used for the 
sensitivity analysis.  Throughout the final report, revisions were made to clarify how information 
that is described was used in the analysis.   
 
22. In Section 3.3.3, a statement is made that scoping calculations were conducted that 

indicated low correlation between plant transfer factors and receptor dose, justifying the 
use of simpler deterministic values from Staven et al (2003).  However, this general 
assumption is not expected to be true for all radionuclides.  For example, uncertainty 
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analysis conducted for Ra-226 using the RESRAD code and default parameter 
distributions (for scoping level calculation) identified the plant transfer factor as having by 
far the highest absolute correlation to peak dose.  Suggest conducting additional 
calculations for radionuclides where the plant ingestion pathway is identified as an 
important pathway and further evaluating the impact of plant transfer factor uncertainty 
(if information is available in the literature) on the results for the handful of radionuclides 
whose PDCFs may be sensitive to this variable. 

 
CNWRA Response:  As described in the response to General Comment #3 that requested 
sampling of plant transfer factors, the effort required to modify and test the code to sample the 
plant transfer factors and input the distribution information would have exceeded the spending 
limits and therefore was not included in the revisions to the calculations for the final report.  
Because the plant transfer factors were not sampled, the bases provided in the draft report were 
retained but revised to clarify the information presented and provide additional context for the 
discussion.  In the final report, the discussion of the scoping calculations in Section 3.3.3 and 
the decision to not sample the plant transfer factors was revised to clarify the information 
presented and convey how changing related input parameters in the model can affect the 
importance of plant transfer factors in a specific modeling application.  While this makes it 
difficult to generalize from one analysis to the next, the final analysis of the BDOSE model 
results based on revisions to input parameters that were implemented for the final report to 
address NRC comments suggests that the plant transfer factors now could be more important to 
results than was found in the earlier scoping calculations that were based on a different set of 
input parameters.  A recommendation to sample the plant transfer factors in future analyses 
was included in the Chapter 5 discussion of results. 

 
23. In Table 3-9(a), a value of 3 L/kg is used for the fish accumulation factor for C-14.  No 

reference for this value is provided and the value appears significantly lower than other 
values reported in the literature.  Consider whether a single-point estimate is appropriate 
given the large range of values reported in the literature and if not evaluate the impact of 
fish bioaccumulation factor uncertainty on the results of the analysis. 

 
CNWRA Response:  To address the NRC comment, CNWRA staff reviewed the available data 
sources and derived a range of values for the C-14 fish bioaccumulation factor that were 
sampled in the revised BDOSE calculations conducted for the final report.  The revised value is 
included in Table 3-9(a) of the final report, and source information is described in a new footnote 
to that table.  In reviewing the C-14 transfer factors, the CNWRA staff set the values for milk, 
beef, and crops to zero in the revised BDOSE calculations to avoid overcounting of C-14 
concentrations.  This change was made because plant and animal uptakes (other than fish) are 
calculated by a separate BDOSE C-14 model that does not use these transfer factor inputs.  
 
24. In table 3-13, some maximum values are 0.30 and some are 0.31.  I doubt this makes a 

difference, but what is the source of the discrepancy?  Also, the maximum beef value 
should be discussed in the text since this differs from the approach for other food 
products consumed. 

 
CNWRA Response:  In response to this comment, the fraction of locally derived food input 
parameters in Table 3-13 was evaluated and some values were revised to enhance consistency 
with the supporting bases in the final report.  The reason for the differences in some of the 
maximum values, however small, was in the reported data in source documents that were used 
as bases for these inputs.  A new Section 3.5.2 contains a revised description of how these 
inputs were derived from source data. 
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25. In section 3.5, the maximum value inhalation rate should be lowered for this analysis.  
Using the unrealistic value reported in Lee and Coffield (2007) that was updated in 
(2008) artificially increases the significance of the inhalation pathway.  Furthermore, the 
resuspension factor may need to be further scrutinized to ensure the parameter range 
does not similarly inflate the significance of this pathway and associated parameters.  
The importance of this pathway for groundwater all pathways sensitivity analysis is 
inconsistent with results of previous performance assessments. 

 
CNWRA Response:  To address this comment, the erroneous maximum value of the inhalation 
rate that was obtained from the SRS document was revised based on the corrected value that 
was provided in the update to the source document.  The revised value was included in the 
revised BDOSE calculations for the final report, is listed in new Table 3-14, and is described in 
new Section 3.5.3.1.  The reduction in the maximum inhalation rate combined with other input 
parameter changes, such as accounting for the outdoor exposure time in the inhalation rate 
input parameter, caused the inhalation exposure pathway to be reduced in importance in many 
of the analysis results compared to the draft report.  As a result of these changes, these 
sensitivity analysis results are more consistent with the results of other analyses. 
 
26. Section 4, provide a reference for the standardized transformation Eq. 4-2. 
 
CNWRA Response:  The requested reference for the standardized transformation was added to 
the final report.  
 
27. Figure 4-1, clarify if the y-axis units should be CDF or rank dose in (b) and standardized 

dose in (c) rather than rank or standardized dose (mrem/pCi/L).  Reference to the unit 
dose factors could be included in a footnote to the figure.  Also, the ratios are dose to 
unit concentration and not concentration to dose. 

 
CNWRA Response: In the final report, Figure 4-1(b) and (c) was revised to correct the y-axis 
labels as requested.  The figure caption was also updated and clarified.  The term “calculated 
dose” was used to simplify the caption as the calculation of dose per unit concentration is 
already described in the text.  
 
28. Page 4-3, references a criterion to distinguish high and low values of a correlation 

coefficient in Eq. 4-3 and then again in 4-5.  The difference between the two equations is 
not made clear until the example on page 4-4.  For clarity, suggest providing a basis or 
reference for the criterion in 4-3 and explain that Eq. 4-3 is used to calculate the 
boundary t-statistic that is then used in Eq. 4-5. 

 
CNWRA Response:  In the final report, the text referred to in the comment was revised and 
clarified to improve flow and the presentation of information.  A basis for the criterion and the 
relationship among the equations described was further clarified.   
 
29. The symbols that represent the dot product and Euclidean norm operators in Eq. 4-4 are 

the same. 
 
CNWRA Response:  The symbols referred to in the comment were corrected in the final report.  
 
30. The last two sentences in Section 4 that discuss Figure 4-2 should be moved to the text 

that presents Figure 4-2. 
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CNWRA Response:  The two sentences referred to in the comment were moved to the 
requested location in the final report.  
 
31. Equation 4-3 uses N-2 degrees of freedom while the equations in Figure 4-2 (a) 

and (b) appear to use N-1 degrees of freedom.  Clarify and correct the inconsistency 
if necessary. 

 
CNWRA Response:  The term K-1 in Eq. 4-3 does not represent degrees of freedom; therefore, 
no change was made to the final report in response to this comment.  
  
32. Section 5, additional discussion regarding the differences in common pathways (soil 

contamination) between the two scenarios is needed.  For example, calculations could 
be performed for different classes of radionuclides and equilibrium soil concentrations 
provided for the groundwater scenario versus the soil concentration scenario to see if 
differences in the scenario DCFs can be attributed to differences in soil concentrations 
rather than differences due to pathways considered (e.g., drinking water). 

 
CNWRA Response:  Because the soil scenario was deleted from the final report (see the 
response to Specific Comment #3), the discussion of the soil scenario results in Chapter 5 is no 
longer applicable or needed.  Therefore, no further changes to the final report were made in 
response to this comment.  
 
33. Justification for lack of consideration of the soil contamination scenario in the discussion 

in Section 5.4 is needed. 
 
CNWRA Response:  Because the soil scenario was deleted from the final report (see the 
response to Specific Comment #3), the discussion of the soil scenario results in Chapter 5 is no 
longer applicable or needed.  Therefore, no further changes to the final report were made in 
response to this comment.  
 
34. Section 5.4, Page 5-9, explain why the fodder irrigation duration was varied when it is 

assumed to be 3 months in the discussion surrounding Table 3-2(b). 
 
CNWRA Response:  The CNWRA staff confirmed that the input parameter value for fodder 
irrigation duration documented in draft report was not the value that was used in the modeling.  
For the final report, the fodder irrigation duration input parameter was updated in response to 
other comments and sampled, and the applicable portions of the report were updated as a 
result.  In general, the values for input parameters in the report tables were checked against the 
BDOSE model inputs and any discrepancies identified were updated to ensure agreement 
between report text and the values used in the BDOSE modeling.   
 
35. Section 5.4, Page 5-10, clarify that the Tc-99 group is not readily transported through the 

food chain because they are beta emitters as the sentence seems to imply. 
 
CNWRA Response:  Because the BDOSE calculations and the sensitivity analysis were 
revised, Section 5.4 was also substantially revised to describe the revised results.  As a result, 
the statement in question was not used in the revised results discussion in the final report.  
  
36. Section 5.4, Page 5-10, a statement is made that C-14 is relatively insensitive to transfer 

mechanisms but this is not true of the fish pathway. 
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CNWRA Response:  Because the BDOSE calculations and the sensitivity analysis were 
revised, Section 5.4 was also substantially revised to describe the revised results.  As a result, 
the statement in question was not used in the revised results discussion in the final report.  
 
37. Clarify why the direct water dose pathway is prominent for some radionuclides in 

Appendix A.  Critically evaluate if parameters need to be updated based on the 
unexpected results (e.g., Ba-137m on page A-10). 

 
CNWRA Response:  The prominence of the direct dose pathways for Ba-137m in the results 
reported in the draft is the result of using a value of zero for both inhalation and ingestion dose 
coefficients in the draft analysis.  The source documents for the dose coefficient inputs did not 
include values of internal dose coefficients for Ba-137m but did include a dose coefficient for 
direct exposure.  Because Ba-137m results from the decay of Cs-137, it is possible that the 
internal dose coefficients for Cs-137 account for the dose contribution from Ba-137m; however, 
this could not be verified by reading the source document.  Verification would have required 
additional effort obtaining and reviewing voluminous supporting documentation.  Because 
resources for completing the final report were limited and no source of internal dose coefficients 
for Ba-137m was identified, the radionuclide was removed from the analysis in the final report to 
avoid presenting incomplete results. 
 
38. State what is used for fish in Section B.3.6.2. 
 
CNWRA Response:  To address this comment, the description of the special model in BDOSE 
to calculate the concentration of C-14 in animal products (except fish) was revised to include a 
discussion of how BDOSE calculates the radionuclide concentration in fish. 
 
Editorial Comments: 
 
1. In the 3rd paragraph of Chapter 1 titled Introduction, SRS is incorrectly located in 

Georgia.  Change the location to South Carolina. 
 
CNWRA Response:  All references to the SRS location were checked and revised, as needed, 
to ensure the site is correctly noted as located in South Carolina.   
 
2. Pagination at the beginning of Chapter 2 needs to be corrected—there are two 

page 2-1’s. 
 
CNWRA Response:  The final report has gone through a complete editorial review, and all 
formatting has been checked and revised as necessary, including the pagination at the 
beginning of Chapter 2.  
 
3. Section 3.2.2, 1st paragraph, second sentence, include the word “are” between 

“calculations” and “provided. 
 
CNWRA Response:  The suggested correction was made in the final report.  
 
4. In Table 3-2(b) should evaporation rate be evapotranspiration rate?  Also, how is runoff 

considered in the leaching expression or is it not considered?  In looking at the 
methodology section/document it looks like runoff is not considered. 
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CNWRA Response:  The term evapotranspiration (i.e., the combined effect of soil evaporation 
and plant transpiration) is consistent with the usage for this parameter in the model; however, 
the label used for the parameter in BDOSE is evaporation.  Therefore, to enhance transparency 
to model inputs, the use of the evaporation label was continued in the final report.   
 
5. In Table 3-2(b), if the parameters are used in multiple locations differently (e.g., irrigation 

rate for leaching versus for irrigation rate for deposition of radioactivity) then this should 
be made clear in the text.  If this is the case, a cross-walk between the parameter value 
and the location in BDose v 2.0 would be helpful. 

 
CNWRA Response:  The descriptions of the input parameters in the text of the final report were 
revised to clarify the usage of the input parameters in the BDOSE model.  In particular, these 
clarifications applied primarily to inputs for the soil and crop models described in Sections 3.2 
and 3.3.  
 
6. Spacing for Ba-137m appears off in Table 3-9(a). 
 
CNWRA Response:  In response to Specific Comment #37, Ba-137m was deleted from the 
analysis; therefore, no further action to address this comment was taken.  
 
7. In Table 3-9(b), a * is indicated after the title of the table is not provided in the 

table footnotes. 
 
CNWRA Response:  The footnote was added to Table 3-9(b) in the final report.   
 
8. Page 3-15, grown is spelled “garown” in the 3rd paragraph. 
 
CNWRA Response:  The correction was made in the final report.  
 
9. Delete “oil” at the end of the first bullet on the last set of bullets on p. B–2. 
 
CNWRA Response:  The correction was made to Appendix B in the final report.  
 
10. Define Cc,w(t) in Eq. B–13. 
 
CNWRA Response:  A definition for the variable Cc,w(t) was added to Eq. B–13 in the 
final report.  
 
11. Delete the “.” at the top of p. B–13. 
 
CNWRA Response: The anomalous character was deleted from p. B–13 in the final report.  

 
Additional Comments: 
 
1. Provide the following references USDA, 1997, USDA, 2003 and USDA, 2007; 

SCSCO 2010. 
 
CNWRA Response:  All references were checked and revised, as needed, in the final report.  
These revisions included listing all USDA, 2007 references in the lettered list, and deleting 
USDA, 1997 and SCSCO, 2010.  Separate a and b references were provided for the SCSCO 
2010 entry. 




