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1. INTRODUCTION 


Environmental radiation monitoring (ERM) activities are being conducted at Jefferson Proving 
Ground (JPG), Madison, Indiana, to ensure that depleted uranium (DU), present within the DU Impact Area 
as a result of the Army’s past DU testing program, does not pose a threat to human health and the 
environment through inadvertent or unanticipated release or migration. The ERM Program is described in 
the standard operating procedure (SOP) developed and issued by the U.S. Army Center for Health 
Promotion and Preventive Medicine (CHPPM), predecessor organization to the U.S. Army Public Health 
Center. This SOP, which is in Appendix A, is designed to meet the requirements of applicable Federal and 
state regulations, including Nuclear Regulatory Commission (NRC) regulations and requirements under 
Radioactive Materials License SUB-1435 (NRC 1985).  


The overall goals of JPG’s ERM Program are to provide: 


• A historical and current perspective of DU levels in various media 


• A timely indication of the magnitude and extent of any DU release or migration from past 
operations. 


This report summarizes the methodology, results, and conclusions of the May and 
November/December 2020 sampling events, which were the two planned sampling events in 2020 for this 
biannual program. The sampling requirements and approach are presented in Section 2. The results from 
the multimedia sampling events are presented and discussed in Section 3. Historical data and trend analyses 
from the ERM Program are discussed in Section 4. Conclusions and recommendations are summarized in 
Section 5. References cited are identified in Section 6. The appendices of this report include the SOP 
(Appendix A), field logbooks and sampling forms (Appendix B), and data validation summaries 
(Appendix C). Tables and figures are generally presented at the end of their respective sections. 
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2. SAMPLING REQUIREMENTS AND APPROACH 


The ERM Program SOP (CHPPM 2000) specifies the U.S. Army Public Health Center’s (formerly 
CHPPM’s) protocol for the collection and analysis of 11 groundwater, 8 surface water, 8 sediment, and 
4 soil samples (with appropriate duplicates) in and near the DU Impact Area for the biannual ERM events. 
The plan was approved by NRC and is described in an SOP, which is provided in Appendix A. 


License Amendment No. 20 for SUB-1435 (ML19088A305) was issued on 26 September 2019 and 
documented revisions to the ERM Program, and the revisions were performed starting during the fall 2019 
sampling event. As a result, the ERM Program sampling scope has been reduced to the following:  


1. Co-located surface water and sediment sampling locations downstream from the DU Impact Area 
in Middle Fork Creek (SD-DU-001/SW-DU-001, SD-DU-007/SW-DU-007) and Big Creek 
(SD-DU-002/SW-DU-002, SD-DU-008/SW-DU-008) 


2. Groundwater sampling locations at MW-DU-001, MW-DU-005, MW-DU-006, and  
MW-DU-0011 


3. Soil sampling is no longer required 


The reduced ERM Program sampling scope was provided to NRC within the Renewal Application 
dated 21 December 2016 (ML17004A186). The Renewal Application included the ERMP for the DU 
Impact Area at JPG, dated 21 December 2016 (ML17004A186) and was amended by responses to NRC 
Requests for Additional Information dated 25 May 2018 (ML18156A002). With the issuance of License 
Amendment No. 20 for SUB-1435, NRC approved the revisions to the ERM Program, including the 
reduced ERMP sampling scope. The Army has executed the plans and reports the findings to fulfill the 
responsibilities for monitoring under Radioactive Materials License SUB-1435. 
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3. RESULTS 


A field crew of contractor personnel prepared for and conducted sampling at JPG during the spring 
(May 28 and 31, 2020) and fall (November 10 and December 8-9, 2020). An additional mobilization in 
December 2020 was conducted to collect the surface water and groundwater samples because the incorrect 
bottle ware was delivered onsite during the November mobilization. Appendix B contains a copy of the field 
logbook pages and sampling forms, which document environmental monitoring report field activities during 
the sampling efforts. No unusual or abnormal conditions (e.g., sediment or water discoloration, odd odors, 
and elevated radiation levels) were observed during the two sampling events. 


The locations for current and historical groundwater, surface water, sediment, and soil samples are 
depicted on Figure 3-1. Sections 3.1 and 3.2 summarize the sampling results for the spring and fall 2020 
sampling events, respectively. Data uncertainties are reported with two standard deviations (95 percent 
confidence level). The results of the data validation are presented in Appendix C. All data were determined 
to meet data quality objectives (DQOs) and criteria presented in the SOP (as provided in Appendix A).  


The radiological and chemical analysis results for uranium are used to distinguish natural uranium 
from DU. Natural uranium is defined by NRC as “…uranium containing the relative concentrations of 
isotopes found in nature (0.7 percent uranium-235 [U-235], 99.3 percent uranium-238 [U-238], and a trace 
amount of uranium-234 [U-234] by mass). U-234 and U-238 in natural uranium exhibit secular equilibrium 
such that they are present at approximately the same activity concentration. Secular equilibrium is disturbed 
by the extraction of most U-234 together with the U-235 such that the activity exhibited by DU is about 
60 percent of that from natural uranium. Hence, DU is defined by NRC as “…uranium with a percentage of 
U-235 lower than the 0.7 percent (by mass) contained in natural uranium. (The normal residual U-235 
content in depleted uranium is 0.2-0.3 percent, with U-238 comprising the remaining 98.7-98.8 percent.)…” 
(NRC 2012b).  


Samples are initially analyzed using alpha spectrometry to determine the activity concentrations for 
U-234, U-235, and U-238, which are summed for total uranium. As discussed in Section 4, the action levels 
for total uranium established for the ERM for JPG are 150 picocuries per liter (pCi/L) for surface water and 
groundwater, and 35 picocuries per gram (pCi/g) for soil and sediment outside the perimeter of the DU 
Impact Area. For comparison, a liquid effluent concentration limit for uranium of 300 pCi/L is specified in 
10 Code of Federal Regulations (CFR) 20, Appendix B. The following sample results are well below these 
action levels.  


Even though no action is required, additional evaluation is performed in an effort to determine whether 
certain sample results are suggestive of DU, natural uranium, or some combination of the two. The selection 
criterion is whether the U-238/U-234 ratio plus the value of total propagated uncertainty (TPU) exceeds 3.0. 
Adding the TPU to the ratios for comparison to this selection criterion is a conservative measure, resulting 
in more samples being selected for additional evaluation. 


Selected samples are sent for a confirmatory laboratory analysis, this time using inductively coupled 
plasma-mass spectrometry (ICP-MS) to reduce detection and uncertainty values from those achieved with 
alpha spectroscopy. If the ICP-MS results for U-235 and total uranium exceed their method detection limits 
(MDLs), the U-235 weight percentage can be calculated. If the weight percent of U-235 exceeds 0.49, then 
the sample result is suggestive of natural uranium, otherwise DU is suggested. 


If ICP-MS results for U-235 are non-detect, then the total uranium result is evaluated against a lower 
comparison value and, if needed, an upper comparison value. A total uranium sample result less than the 
lower comparison value is suggestive of natural uranium. A total uranium sample result exceeding the upper 
comparison value is suggestive of DU. A total uranium result between the lower and upper comparison 
values is suggestive of a mixture of both natural uranium and DU.  
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The lower comparison value, against which total uranium is compared, is based on considering 
whether the result is consistent with background sample results for total uranium. The lower comparison 
values for the three types of environmental media are provided in Table 3-1. 


The upper comparison value, against which total uranium is compared, is based on considering 
whether enough DU is present to cause the amount of U-235 to be too small to be detected (i.e., if natural 
uranium were the cause of the result, then the U-235 result would exceed the MDL). The upper comparison 
value is calculated as follows: 


𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀 𝑓𝑓𝑓𝑓𝑓𝑓 𝑈𝑈 − 235


(0.56 × 0.0072) + (0.44 × 0.002)
 


where: 


0.56  =  The natural uranium fraction when the U-238/U-234 ratio is 3 
0.0072  =  The U-235 mass fraction for natural uranium 
0.44  =  The DU fraction when the U-238/U-234 ratio is 3.0  
0.002  =  The U-235 mass fraction for DU. 


3.1 SPRING 2020 SAMPLING RESULTS 


Sections 3.1.1 through 3.1.3 summarize the spring 2020 sampling results for each environmental 
medium and are reported with a maximum of two significant digits. 


3.1.1 Groundwater 
The concentrations of dissolved total and isotopic uranium in groundwater at the four monitoring wells 


plus one duplicate sample are presented in Table 3-2. Groundwater quality parameter measurements are 
presented in Table 3-3. Groundwater samples were collected at the locations shown on Figure 3-1. 


Total uranium concentrations in the May 2020 groundwater samples ranged from 0.13 ± 0.04 pCi/L 
for MW-DU-011 to 4.0 ± 0.3 pCi/L for MW-DU-006. The average total uranium concentration, computed 
using the average value for duplicates, was 1.3 ± 0.3 pCi/L.  


In addition to the individual isotopic concentrations, Table 3-2 presents the U-238/U-234 activity 
ratios for each sample. These ratios ranged from a non-detect for MW-DU-011 to 1.3 ± 0.5 for 
MW-DU-001D. A U-238/U-234 ratio of 3.0 or less is generally representative of natural uranium, whereas 
higher ratios are potentially indicative of DU (U.S. Army 2002). For the purposes of this report, samples 
with U-238/U-234 ratios in excess of 3.0 are investigated further to validate if the sample is representative 
of DU or natural uranium. Given that the maximum U-238/U-234 ratio was 1.3 ± 0. 5, groundwater samples 
did not exhibit the potential for the U-238/U-234 ratios to equal or exceed 3.0 at the upper end of its statistical 
range. As such, confirmatory analysis by ICP-MS was not needed.  


3.1.2 Surface Water 
The concentrations of dissolved total and isotopic uranium in surface water at four sampling locations 


plus one duplicate sample are presented in Table 3-4. Surface water quality parameter measurements are 
presented in Table 3-5. Surface water samples were collected at the locations shown on Figure 3-1. Total 
uranium concentrations in surface water ranged from 0.12 ± 0.03 pCi/L for SW-DU-007 to 1.7 ± 0.2 pCi/L 
for SW-DU-008 with an average concentration of 0.59 ± 0.19 pCi/L, computed using the average value for 
duplicates.  


In addition to the individual isotopic concentrations, Table 3-4 presents the U-238/U-234 activity 
ratios for each sample. The U-238/U-234 ratios ranged from 0.21 ± 0.05 for SW-DU-008 to 1.2 ± 0.5 for 
SW-DU-002. Given that the maximum U-238/U-234 ratio was 1.2 ± 0.5, surface water samples did not 
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exhibit the potential for the U-238/U-234 ratios to equal or exceed 3.0 at the upper end of its statistical range. 
As such, confirmatory analysis by ICP-MS was not needed.  


3.1.3 Sediment  
The concentrations of total and isotopic uranium in sediment at four sampling locations plus one 


duplicate sample are presented in Table 3-6. Sediment samples were collected at the same locations as 
surface water samples, as shown on Figure 3-1. Total uranium concentrations ranged from 0.31 ± 0.06 pCi/g 
for SD-DU-002 to 1.6 ± 0.1 pCi/g for SD-DU-007 with an average concentration of 0.78 ± 0.17 pCi/g, 
computed using the average value for duplicates.  


In addition to the individual isotopic concentrations, Table 3-6 presents the U-238/U-234 activity 
ratios for each sample. The U-238/U-234 ratios ranged from 0.87 ± 0.22 for SD-DU-001 to 1.4 ± 0.4 for 
SD-DU-008. Given that the maximum U-238/U-234 ratio was 1.4 ± 0.4, sediment samples did not exhibit 
the potential for the U-238/U-234 ratios to equal or exceed 3.0 at the upper end of its statistical range. As 
such, confirmatory analysis by ICP-MS was not needed.  


3.2 FALL 2020 SAMPLING RESULTS 


Sections 3.2.1 through 3.2.3 summarize the fall 2020 sampling results for each environmental medium 
and are reported with a maximum of two significant digits. 


3.2.1 Groundwater 
The concentrations of dissolved total and isotopic uranium in groundwater at the four monitoring wells 


plus one duplicate sample are presented in Table 3-7. Groundwater quality parameter measurements are 
presented in Table 3-8. Groundwater samples were collected at the locations shown on Figure 3-1. Total 
uranium concentrations in the December 2020 groundwater samples ranged from 0.20 ± 0.05 pCi/L for 
MW-DU-0011 to 3.2 ± 0.3 pCi/L for MW-DU-006. The average total uranium concentration, computed 
using the average value for duplicates, was 1.1 ± 0.3 pCi/L.  


In addition to the individual isotopic concentrations, Table 3-7 presents the U-238/U-234 ratios for 
each sample. These ratios ranged from 0.37 ± 0.19 for MW-DU-011 to 1.8 ± 0.9 for MW-DU-001. Given 
that the maximum U-238/U-234 ratio was 1.8 ± 0.9, groundwater samples did not exhibit the potential for 
the U-238/U-234 ratios to equal or exceed 3.0 at the upper end of its statistical range. As such, confirmatory 
analysis by ICP-MS was not needed. 


3.2.2 Surface Water 
The concentrations of dissolved total and isotopic uranium in surface water at four sampling locations 


plus one duplicate sample are presented in Table 3-9. Surface water quality parameter measurements are 
presented in Table 3-10. Surface water samples were collected at the locations shown on Figure 3-1. Total 
uranium concentrations in surface water ranged from 0.11 ± 0.03 pCi/L for SW-DU-007 to 0.43 ± 0.07 pCi/L 
for SW-DU-008 with an average concentration of 0.28 ± 0.13 pCi/L, computed using the average value for 
duplicates.  


In addition to the individual isotopic concentrations, Table 3-9 presents the U-238/U-234 ratios for 
each sample. The U-238/U-234 ratios ranged from 0.68 ± 0.44 for SW-DU-007 to 1.7 ± 0.6 for SW-DU-002. 
Given that the maximum U-238/U-234 ratio was 1.7 ± 0.6, surface water samples did not exhibit the potential 
for the U-238/U-234 ratios to equal or exceed 3.0 at the upper end of its statistical range. As such, 
confirmatory analysis by ICP-MS was not needed. 
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3.2.3 Sediment 
The concentrations of total and isotopic uranium in sediment at four sampling locations plus one 


duplicate sample are presented in Table 3-11. Sediment samples were collected at the same locations as 
surface water samples, as shown on Figure 3-1. Total uranium concentrations ranged from 0.31 ± 0.06 pCi/g 
for SD-DU-001 to 1.2 ± 0.1 pCi/g for SD-DU-007 with an average concentration of 0.81 ± 0.22 pCi/g, 
computed using the average value for duplicates.  


In addition to the individual isotopic concentrations, Table 3-11 presents the U-238/U-234 ratios for 
each sample. The U-238/U-234 ratio for the samples ranged from 0.85 ± 0.22 for SD-DU-002 to 1.2 ± 0.3 
for SD-DU-008. Given a maximum U-238/U-234 ratio of 1.2 ± 0.3, sediment samples did not exhibit the 
potential for the U-238/U-234 ratios to equal or exceed 3.0 at the upper end of its statistical range. As such, 
confirmatory analysis by ICP-MS was not needed.  


 
 







 


Sampling Event Report 3-5 March 2021 
JPG, Madison, Indiana 


 
Figure 3-1. Sampling Locations  
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Table 3-1. Lower Comparison Values 
Jefferson Proving Ground, Madison, Indiana 


Environmental 
Medium 


Background Activity Concentration 
for Total Uraniuma 


Background Mass Concentration for 
Total Uraniumb Lower Comparison Valuec 


Average Maximum Unitsd Average Maximum Unitsd Value Unitsd 
Soil/Sediment 1.5 3.8 pCi/g 2.22 5.61 mg/kg 4.0 mg/kg 
Surface Water 0.44 2.83 pCi/L 0.65 4.18 µg/L 1.2 µg/L 
Groundwater 1.2 6.42 pCi/L 1.77 9.48 µg/L 3.2 µg/L 
aFrom pages 4-2, 4-3, 6-14, and 6-45 of the Army's Environmental Report for NRC Materials License SUB-1435 (U.S. Army 2013). 
bCalculated using the specific activity of 677,000 pCi/g for natural uranium from Appendix B to 10 CFR 20. 
cCalculated by the equation R=0.56R+0.44R, where 0.56R is the portion of the overall result (R) attributed to natural uranium, 0.44R is the portion of R attributed to 


DU, the average background mass concentration is substituted for 0.56R, and solving for R. The values 0.56 and 0.44 are the percentages when the U-238/U-234 
ratio is 3.0. 


dUnits are picocuries per gram (pCi/g), picocuries per liter (pCi/L), milligrams per kilogram (mg/kg), and micrograms per liter (µg/L). 


 
 


Table 3-2. Uranium in Groundwater (Spring 2020) 
Jefferson Proving Ground, Madison, Indiana 


Sample I.D.a Activity Concentration (pCi/L)b Ratio 
U-238/U-234c, d U-234 U-235 U-238 Total Uraniumd 


MW-DU-001 0.15 ± 0.04  0.02 ± 0.01 0.14 ± 0.04  0.30 ± 0.05 0.93 ± 0.35 
MW-DU-001D 0.12 ± 0.03  0.02 ± 0.01 0.15 ± 0.04  0.29 ± 0.05  1.3 ± 0.5  
MW-DU-005 0.37 ± 0.07  0.02 ± 0.02 U 0.23 ± 0.05  0.62 ± 0.08  0.62 ± 0.17  
MW-DU-006 2.2 ± 0.2  0.08 ± 0.03  1.7 ± 0.2  4.0 ± 0.3  0.80 ± 0.12  
MW-DU-011 0.09 ± 0.03  0.01 ± 0.01 U 0.03 ± 0.02 U 0.13 ± 0.04  0.31 ± 0.25  


aIdentification. 
bLaboratory uncertainties are specified with two standard deviations (95 percent confidence level). 
cUnitless. 
dMerged total uranium and U-238/U-234 ratio for MW-DU-001 and its duplicate are 0.29 ± 0.07 pCi/L and 1.1 ± 0.6, respectively. 
U – Indicates that the data met all QA/QC requirements and the radionuclide was analyzed for but was not detected above the reported sample quantification limit. 
 


 


Table 3-3. Groundwater Water Quality Parameters and Exposure Readings (Spring 2020) 
Jefferson Proving Ground, Madison, Indiana  


JPG Location 
Designationa Sample I.D. pH Temp (°C) Conductivity 


(mS/cm) 
Dissolved Oxygen 


(mg/L) 
Exposure 


Rateb  
(µR/hr) 


MW01 MW-DU-001 7.78 13.9 0.402 8.06 6 
MW05 MW-DU-005 7.82 12.4 0.973 8.85 5 
MW06 MW-DU-006 7.73 14.9 0.808 4.51 5 
MW11 MW-DU-0011 8.21 13.8 0.524 8.44 6 


aRepresents sample designation developed in previous sampling programs. 
bDose rate data were collected using Ludlum Model 19, serial number 243118, which was calibrated on 22 January 2020.  
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Table 3-4. Uranium in Surface Water (Spring 2020) 
Jefferson Proving Ground, Madison, Indiana 


Sample I.D.a Activity Concentration (pCi/L)b Ratio 
U-238/U-234c, d U-234 U-235 U-238 Total Uraniumd 


SW-DU-001 0.12 ± 0.04 0.003 ± 0.014 U 0.05 ± 0.03  0.17 ± 0.05  0.38 ± 0.24  
SW-DU-002 0.16 ± 0.04  0.01 ± 0.01  0.20 ± 0.05  0.36 ± 0.07  1.2 ± 0.5  
SW-DU-007d 0.07 ± 0.03  -0.002 ± 0.005 U 0.05 ± 0.02  0.12 ± 0.03  0.74 ± 0.43  
SW-DU-007Dd 0.08 ± 0.03  0.00 ± 0.01 U 0.05 ± 0.02  0.13 ± 0.04  0.57 ± 0.32  
SW-DU-008 1.4 ± 0.2  0.06 ± 0.03  0.28 ± 0.05  1.7 ± 0.2  0.21 ± 0.05  


aIdentification. 
bLaboratory uncertainties are specified with two standard deviations (95 percent confidence level). 
cUnitless. 
dMerged total uranium and U-238/U-234 ratio for SW-DU-007 and its duplicate were 0.12 ± 0.05 pCi/L and 0.66 ± 0.054 , respectively.  
U – Indicates that the data met all QA/QC requirements and the radionuclide was analyzed for but was not detected above the reported sample quantification 


limit. 
 
 


Table 3-5. Surface Water Quality Parameters and Exposure Readings (Spring 2020) 
Jefferson Proving Ground, Madison, Indiana 


JPG Location 
Designationa Sample I.D. pH Temp (ºC) Conductivity 


(mS/cm) 
Dissolved Oxygen 


(mg/L) 
Exposure 


Rateb  
(µR/hr) 


SWS01 SW-DU-001 8.81 16.9 0.22 10.7 5 
SWS02 SW-DU-002 8.50 15.9 0.208 105.7 5 
SWS07 SW-DU-007 7.99 19.8 0.125 7.67 6 
SWS08 SW-DU-008 8.19 20.1 0.176 8.60 5 


aRepresents sample designation developed in previous sampling programs. 
bDose rate data were collected using Ludlum Model 19, serial number 243118, which was calibrated on 22 January 2020.  


 


Table 3-6. Uranium in Sediment (Spring 2020) 
Jefferson Proving Ground, Madison, Indiana 


Sample I.D.a Activity Concentration (pCi/g)b Ratio 
U-238/U-234c, d U-234 U-235 U-238 Total Uraniumd 


SD-DU-001 0.37 ± 0.06  0.01 ± 0.02 U 0.32 ± 0.06  0.70 ± 0.09  0.87 ± 0.22  
SD-DU-001D 0.37 ± 0.07  0.01 ± 0.02 U 0.32 ± 0.06  0.70 ± 0.10  0.86 ± 0.24  
SD-DU-002 0.15 ± 0.04  0.005 ± 0.024 U 0.16 ± 0.04  0.31 ± 0.06  1.1 ± 0.4  
SD-DU-007 0.77 ± 0.10  0.03 ± 0.02  0.76 ± 0.10  1.6 ± 0.1  0.98 ± 0.18  
SD-DU-008 0.23 ± 0.05  0.01 ± 0.02 U 0.33 ± 0.06  0.56 ± 0.08  1.4 ± 0.4  


aIdentification. 
bLaboratory uncertainties are specified with two standard deviations (95 percent confidence level). 
cUnitless. 
dMerged total uranium and U-238/U-234 ratio for SD-DU-001 and its duplicate are 0.70 ± 0.13 pCi/g and 0.86 ± 0.33, respectively. 
eSample container broke during transportation to the laboratory; therefore, analysis was not performed.  
U – Indicates that the data met all QA/QC requirements and the radionuclide was analyzed for but was not detected above the reported sample quantification limit. 
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Table 3-7. Uranium in Groundwater (Fall 2020) 
Jefferson Proving Ground, Madison, Indiana 


Sample I.D.a 
Activity Concentration (pCi/L)b Ratio 


U-238/U-234c, d U-234 U-235 U-238 Total Uraniumd 
MW-DU-001 d 0.13 ± 0.05 0.01 ± 0.01 U 0.23 ± 0.06 0.36 ± 0.08 1.8 ± 0.9 
MW-DU-001D d 0.20 ± 0.05 0.02 ± 0.02 0.19 ± 0.05 0.41 ± 0.07 0.94 ± 0.34 
MW-DU-005 0.31 ± 0.06 0.01 ± 0.01 U 0.20 ± 0.05 0.52 ± 0.08 0.64 ± 0.21 
MW-DU-006 1. 7 ± 0.2 0.09 ± 0.03 1.5 ± 0.2 3.2 ± 0.3 0.89 ± 0.15 
MW-DU-011 0.14 ± 0.04 0.01 ± 0.01 0.05 ± 0.02 0.20 ± 0.05 0.37 ± 0.19 


aIdentification. 
bLaboratory uncertainties are specified with two standard deviations (95 percent confidence level). 
cUnitless. 
dMerged total uranium and U-238/U-234 ratio for MW-DU-001 and its duplicate are 0.39 ± 0.11 pCi/L and 1.4 ± 1.0, respectively. 
U – Indicates that the data met all QA/QC requirements and the radionuclide was analyzed for but was not detected above the reported sample quantification limit. 
 


 


Table 3-8. Groundwater Water Quality Parameters and Exposure Readings (Fall 2020) 
Jefferson Proving Ground, Madison, Indiana  


JPG Location 
Designationa Sample I.D. pH Temp (°C) Conductivity 


(mS/cm) 
Dissolved Oxygen 


(mg/L) 
Exposure 


Rateb  
(µR/hr) 


MW01 MW-DU-001 7.37 12.5 0.650 7.89 5 
MW05 MW-DU-005 7.24 12.3 2.22 5.69 6 
MW06 MW-DU-007 7.44 11.9 0.780 2.59 6 
MW11 MW-DU-0011 7.72 11.4 0.422 11.90 6 


aRepresents sample designation developed in previous sampling programs. 
bDose rate data were collected using Ludlum Model 19, serial number 347262, which was calibrated on 10 July 2020. 


 
 


Table 3-9. Uranium in Surface Water (Fall 2020) 
Jefferson Proving Ground, Madison, Indiana 


Sample I.D.a Activity Concentration (pCi/L)b Ratio 
U-238/U-234c, d 


U-234 U-235 U-238 Total Uraniumd  
SW-DU-001 0.13 ± 0.04  0.02 ± 0.01  0.09 ± 0.03  0.24 ± 0.05  0.71 ± 0.31  
SW-DU-002d 0.13 ± 0.04  0.02 ± 0.02  0.23 ± 0.05  0.38 ± 0.07  1.7 ± 0.6  
SW-DU-002Dd 0.12 ± 0.04  0.01 ± 0.01 U 0.17 ± 0.04  0.30 ± 0.06  1.4 ± 0.6  
SW-DU-007 0.06 ± 0.02  0.01 ± 0.01  0.04 ± 0.02  0.11 ± 0.03  0.68 ± 0.44  
SW-DU-008 0.16 ± 0.04  0.01 ± 0.02 U 0.26 ± 0.06  0.43 ± 0.07  1.6 ± 0.6  


aIdentification. 
bLaboratory uncertainties are specified with two standard deviations (95 percent confidence level). 
cUnitless. 
dMerged total uranium and U-238/U-234 ratio for SW-DU-002 and its duplicate were 0.34 ± 0.09 pCi/L and 1.6 ± 0.9, respectively.  
U – Indicates that the data met all QA/QC requirements and the radionuclide was analyzed for but was not detected above the reported sample quantification limit. 
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Table 3-10. Surface Water Quality Parameters and Exposure Readings (Fall 2020) 
Jefferson Proving Ground, Madison, Indiana 


JPG Location 
Designationa Sample I.D. pH Temp (ºC) Conductivity 


(mS/cm) 
Dissolved Oxygen 


(mg/L) 
Exposure 


Rateb  
(µR/hr) 


SWS01 SW-DU-001 8.44 4.2 0.230 17.05 5 
SWS02 SW-DU-002 8.32 3.5 0.240 17.45 5 
SWS07 SW-DU-007 8.20 4.9 0.163 18.48 5 
SWS08 SW-DU-008 8.01 4.2 0.274 18.42 5 


aRepresents sample designation developed in previous sampling programs. 
bDose rate data were collected using Ludlum Model 19, serial number 347262, which was calibrated on 10 July 2020. 


 
 


Table 3-11. Uranium in Sediment (Fall 2020) 
Jefferson Proving Ground, Madison, Indiana 


Sample I.D.a Activity Concentration (pCi/g)b Ratio 
U-238/U-234c, d U-234 U-235 U-238 Total Uraniumd 


SD-DU-001 0.16 ± 0.04  0.01 ± 0.01 U 0.14 ± 0.04  0.31 ± 0.06  0.91 ± 0.33  
SD-DU-002 0.36 ± 0.06  0.04 ± 0.02  0.31 ± 0.06  0.71 ± 0.09  0.85 ± 0.22  
SD-DU-007 0.60 ± 0.09  0.02 ± 0.02 U 0.59 ± 0.09  1.2 ± 0.1  0.99 ± 0.20  
SD-DU-008d 0.40 ± 0.07  0.02 ± 0.02 U 0.49 ± 0.08  0.91 ± 0.10  1.2 ± 0.3  
SD-DU-008Dd 0.50 ± 0.08  0.03 ± 0.02  0.54 ± 0.08  1.1 ± 0.1  1.1 ± 0.2  


aIdentification. 
bLaboratory uncertainties are specified with two standard deviations (95 percent confidence level). 
cUnitless. 
dMerged total uranium and U-238/U-234 ratio for SD-DU-008 and its duplicate are 0.99 ± 0.15 pCi/g and 1.2 ± 0.4, respectively. 
U – Indicates that the data met all QA/QC requirements and the radionuclide was analyzed for but was not detected above the reported sample quantification limit. 
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4. HISTORICAL DATA ASSESSMENT AND TREND ANALYSIS 


Historical data from the ERM Program are reviewed and discussed in this section in the context of 
existing action levels and corrective actions for environmental media documented in the SOP for the ERM. 
The SOP action levels and associated corrective actions are provided in Table 4-1. 


Table 4-1. Action Levels and Corrective Actions for Total Uranium in Environmental Media 
Jefferson Proving Ground, Madison, Indiana 


Medium Total Uranium 
Action Level Corrective Action 


Groundwater and Surface 
Water 


>150 pCi/L* 


 
Resample. If activity verified, notify NRC and assess results. The findings 
and recommended corrective actions will be documented for the Army’s 
Radiation Control Committee. The Committee will provide recommendations 
to the JPG License Holder based on its evaluation. 


<150 pCi/L No action. 
Soil and Sediment:   
Perimeter and Background 
Samples 


>35 pCi/g Collect five additional samples in a 1-meter grid. If average activity exceeds 
35 pCi/g, decontaminate to 35 pCi/g. 


<35 pCi/g No corrective action. 
*Effluent concentration limit for uranium is 300 pCi/L, as specified in 10 CFR 20, Appendix B, Table 2, Column 2.  
Source: U.S. Army 1999 and CHPPM 2000 (see Appendix A, pages A-6 and A-7). 


An assessment of historical trends for ERM Program data was first provided in the April 2006 
Radiation Monitoring Report (SAIC 2006). That assessment focused on available sampling data for 
groundwater, surface water, sediment, and soil since 1998. Quality assurance/quality control (QA/QC) 
records for data collected prior to 1998 were not available to support the trend analyses. In addition, changes 
to analytical methods were made that were implemented beginning in December 2004. Therefore, although 
historical data are reported beginning in 1998, trend analyses included in this ERM report address the time 
period from December 2004 to the present. In addition, surface water and groundwater results for the April 
2004 sampling event were not trended, given that the results were provided in units of µg/L rather 
than pCi/L. 


As noted above, the April 2006 Radiation Monitoring Report (SAIC 2006) provided detailed 
information about the trending methods employed and why certain data were or were not included in the 
initial trend analysis. To avoid confusion, that information is not repeated in this report. This report section 
re-examines the ERM Program data at locations sampled during 2020 for historical trends following the 
addition of the ERM Program data collected during the spring and fall 2020 sampling events. Stated 
numbers of samples and summary statistics are based on data generated since December 2004 (when 
laboratory analytical methods were revised and standardized). 


4.1 GROUNDWATER 


For all of the data (inclusive of duplicates) available from groundwater samples collected during the 
period from 2004 through the December 2020 sampling event, the average total uranium 
activity-concentration is 1.4 pCi/L, the standard deviation is 1.1 pCi/L, and the maximum detected 
activity-concentration is 5.7 ± 0.6 pCi/L. The activity-concentrations at each monitoring location are well 
below the 150 pCi/L action level for groundwater. Note that only four monitoring wells (MW-DU-001, 
MW-DU-005, MW-DU-006, MW-DU-011) were sampled during the 2020 sampling events, as required in 
License Amendment No. 20 for SUB-1435 (ML19088A305). 
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Data for each monitoring well are summarized in run charts, as shown on Figures 4-1 through 4-4. 
Total uranium results are displayed along with each measurement’s associated error bars. The error bars 
are expressed at 1.96 standard deviations and represent a 95 percent confidence interval. The associated 
coefficient of correlation (R2) and trend lines are also provided and are listed on each figure. An R2 value 
that approaches 1.0 suggests a strong relationship between the sample results and the sampling dates. Most 
monitoring wells exhibit negative trend lines such that total uranium results generally exhibit decreasing 
activity. The exceptions are MW-DU-005 and MW-DU-011, which exhibited a very limited, but 
statistically insignificant, increasing trend. None of the samples exhibited trend lines with R2 values greater 
than 0.5 (i.e., somewhat significant). 


In addition to the aforementioned run charts (Figures 4-1 through 4-4), individual variable control 
charts were created in April 2006 for each monitoring well with the upper control limit (UCL) and the lower 
control limit (LCL) defined at three standard deviations above or below the mean. The control charts were 
created to determine if any single sample result warranted further examination. These control charts were 
updated (as applicable) with new groundwater data and re-examined in this report. All total uranium results 
at each groundwater sampling location for the May and December 2020 sampling efforts were within the 
cited control limits. An example individual control chart for MW-DU-001 is provided on Figure 4-5. 


The groundwater data also were examined in aggregate to determine if the results from some wells 
or particular sampling events were distinctive. A simple individual control chart was created using the 
pooled data for all monitoring wells and all data collected after December 2004 (Figure 4-6). 


Figure 4-6 indicates that three points lie on or above the UCL of 4.65 pCi/L applicable to the full data 
set. All three of these data points were from MW-DU-006. MW-DU-006 samples exceeding the UCL were 
for the December 2004, May 2005, and October 2010 sampling events and exhibited individual 
concentration values of 4.8, 5.3, and 5.7 pCi/L, respectively. The mean and standard deviation for 
MW-DU-006 is 3.4 ± 1.1 pCi/L, whereas the overall mean and standard deviation for all of the monitored 
groundwater wells is 1.4 ± 1.1 pCi/L. Clearly, MW-DU-006 has exhibited, and continues to exhibit, total 
uranium results exceeding that of the other wells. Review of total uranium concentrations in MW-DU-006, 
as depicted on Figure 4-3, suggests a generally decreasing, but statistically insignificant, trend. The Army 
will continue to closely monitor results from MW-DU-006. As reflected on Figure 4-6, individual sample 
results vary about the mean, as expected. The maximum groundwater total uranium concentration for the 
May and December 2020 sampling event was 4.0 ± 0.3 pCi/L. 


Notably, U-238/U-234 activity ratios for May and December 2020 groundwater sampling range from 
non-detect (MW-DU-011) to 1.8 ± 0.9 pCi/L (MW-DU-001), suggesting that significant concentrations of 
DU were not encountered. 


4.2 SURFACE WATER 


For all of the data (inclusive of duplicates) available from surface water samples collected during the 
period from 2004 through the December 2020 sampling event, the average total uranium 
activity-concentration is 0.7 pCi/L, the standard deviation is 1.8 pCi/L, and the maximum detected 
activity-concentration is 19 ± 2 pCi/L. The activity-concentrations at each surface water sampling location 
are well below the 150 pCi/L action level for surface water. Note that only four surface water sampling 
locations (SW-DU-001, SW-DU-002, SW-DU-007, SW-DU-008) were sampled during the 2020 sampling 
events, as required in License Amendment No. 20 for SUB-1435 (ML19088A305). 


Data for each surface water sampling location are summarized in run charts, as shown on Figures 4-7 
through 4-10. Total uranium results are displayed along with each measurement’s associated error bars. 
The error bars are expressed at 1.96 standard deviations and represent a 95 percent confidence interval. 
Where trend lines are provided, the associated coefficient of correlation also is provided (the R2 value listed 
on each figure). As noted in Section 4.1, an R2 value that approaches 1.0 suggests a strong relationship 
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between the sample results and the sampling dates. The results at most surface water sampling locations 
exhibit negative trend lines such that total uranium results generally exhibit decreasing activity. The 
exception is SW-DU-008, which exhibits a very limited, but statistically insignificant, increasing trend. 
None of the samples exhibited trend lines with R2 values greater than 0.5 (i.e., somewhat significant). 


Individual variable control charts were created to determine if any single surface water sample result 
warranted further examination. The control charts were updated with new surface water data and 
re-examined in this report. All total uranium results at each surface water sampling location for the May 
and December 2020 sampling efforts were within the cited control limits. The four surface water sampling 
locations also were examined in aggregate to determine if some locations or particular sampling events 
were distinctive. A simple individual control chart was created using the pooled data for all surface water 
sampling locations and data collected beginning in December 2004 (Figure 4-11). Figure 4-11 indicates 
that four data points have exceeded the UCL of 6.21 pCi/L for total uranium. The total uranium 
concentrations in SW-DU-005 of 6.9 and 19 pCi/L exceeded the UCL in October 2008 and October 2010, 
respectively. Analytical results for SW-DU-004 reflected concentrations of 14 and 16 pCi/L for the sample 
and its duplicate, respectively, for the October 2010 sampling event. The maximum surface water total 
uranium concentration for the May and December 2020 sampling event was 1.7 ± 0.2 pCi/L.  


Notably, U-238/U-234 activity ratios for May and December 2020 surface water sampling range from 
0.21 ± 0.05 pCi/L (SW-DU-008 in spring) to 1.7 ± 0.6 pCi/L (SW-DU-008 in fall), suggesting that 
significant concentrations of DU were not encountered.  


With regard to the surface water samples, it is notable that the maximum surface water concentration 
of 1.7 pCi/L is approximately equal to 5 percent of the U.S. Environmental Protection Agency’s (USEPA’s) 
uranium primary drinking water standard of 30 µg/L (which converts to approximately 20 pCi/L) and less 
than 1 percent of the effluent water limit prescribed in Title 10, CFR, Part 20, Appendix B (CFR 2014). In 
addition, it is notable that all results are well below the action levels/corrective actions listed in Table 4-1 
of the ERM Program. Nonetheless, surface water results for each sampling locations will continue to be 
closely monitored with samples exceeding a U-238/U-234 ratio of 3.0 being subjected to confirmatory 
analysis by ICP-MS.  


4.3 SEDIMENT 


For the data (inclusive of duplicates) available from sediment samples collected during the period 
from December 2004 through the December 2020 sampling event, the average total uranium 
activity-concentration is 0.92 pCi/g, the standard deviation is 0.47 pCi/g, and the maximum detected 
activity-concentration is 2.5 ± 0.3 pCi/g. The activity-concentrations at each location are well below the 
35 pCi/g action level. Note that only four sediment sampling locations (SD DU 001, SD-DU-002,  
SD-DU-007, SD-DU-008) were sampled during the 2020 sampling events, as required in License 
Amendment No. 20 for SUB-1435 (ML19088A305). 


Data for each sediment sampling location are summarized in run charts, as shown on Figures 4-12 
through 4-15. Total uranium results are displayed along with each measurement’s associated error bars. 
The error bars are expressed at 1.96 standard deviations and represent a 95 percent confidence interval. 
Where trend lines are provided, the associated coefficient of correlation also is provided (the R2 value listed 
on each figure). As noted in Section 4.1, an R2 value that approaches 1.0 suggests a strong relationship 
between the sample results and the sampling dates. The results at most sediment sampling locations exhibit 
negative trend lines such that total uranium results generally exhibit decreasing activity. An exception is 
SD-DU-005, which exhibited a very limited, but statistically insignificant, increasing trend. None of the 
samples exhibited trend lines with R2 values greater than 0.5 (i.e., somewhat significant). 


Individual variable control charts were created to determine if any single sediment sample result 
warranted further examination. The control charts were updated with new sediment data and re-examined 
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in this report. All total uranium results at each sediment sampling location for the May and November 2020 
sampling efforts were within the cited control limits. The four sediment sampling locations also were 
examined in aggregate to determine if some locations or particular sampling events were distinctive. A 
simple individual control chart was created using the pooled data for all sediment sampling locations and 
all data collected after December 2004 (Figure 4-31). Figure 4-16 indicates that two data points have 
equaled or exceeded the UCL of 2.35 pCi/g for total uranium. The total uranium concentrations of 2.4 pCi/g 
in SD-DU-004 and 2.5 pCi/g in SD-DU-007 equaled or exceeded the UCL in April 2007 and November 
2016, respectively. The maximum sediment total uranium concentration for the May and November 2020 
sampling event was 1.6 ± 0.1 pCi/g.  


Notably, U-238/U-234 activity ratios for May and November 2020 sediment sampling range from 
0.85 ± 0.22 pCi/g (SD-DU-002) to 1.4 ± 0.4 pCi/g (SD-DU-008), suggesting that significant concentrations 
of DU were not encountered.  
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Figure 4-1. Total Uranium in MW-DU-001 (1998-2020)  
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Figure 4-2. Total Uranium in MW-DU-005 (1998-2020)  
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NOTE: No sample collected in October 
2006 because the well was dry.
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Figure 4-3. Total Uranium in MW-DU-006 (1998-2020) 
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Figure 4-4. Total Uranium in MW-DU-011 (1998-2020) 
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NOTE: Uranium was not detected in the 
October 2007 sample.
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NOTE: Results that exceed the UCL or fall below the LCL are reflected in red squares. 


 
Figure 4-5. Variable Control Chart for Total Uranium in MW-DU-001 (2004-2020)  
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NOTE: Results that exceed the UCL or fall below the LCL are reflected in red squares.  


Figure 4-6. Control Chart for All Monitoring Well Data (2004-2020)  
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Figure 4-7. Total Uranium in SW-DU-001 (1998-2020)  
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Figure 4-8. Total Uranium in SW-DU-002 (1998-2020)  
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Figure 4-9. Total Uranium in SW-DU-007 (1998-2020)  
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graph because of compression of 
the Y axis scale.







 


 


Sam
pling Event R


eport 
4-14 


M
arch 2021 


JPG
, M


adison, Indiana 


 


 
MDC – Minimum Detectable Concentration  


Figure 4-10. Total Uranium in SW-DU-008 (1998-2020)  
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NOTE: Results that exceed the UCL or fall below the LCL are reflected in red squares. 


Figure 4-11. Control Chart for All Surface Water Data (2004-2020)  
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Figure 4-12. Total Uranium in SD-DU-001 (1998-2020)  
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Figure 4-13. Total Uranium in SD-DU-002 (1998-2020)  
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Figure 4-14. Total Uranium in SD-DU-007 (1998-2020)  
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Figure 4-15. Total Uranium in SD-DU-008 (1998-2020)  
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NOTE: Results that exceed the UCL or fall below the LCL are reflected in the red square. 


Figure 4-16. Control Chart for All Sediment Data (2004-2020) 
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5. CONCLUSIONS AND RECOMMENDATIONS 


The May and November/December 2020 sampling events were conducted in accordance with the 
SOP (CHPPM 2000) and License Amendment No. 20 for SUB-1435 (ML19088A305), and all data were 
determined to comply with the requirements of the Quality Assurance Project Plan (QAPP) 
(see Appendix A). The environmental media sample results are generally a small fraction of the action 
levels (see Table 4-1).  


For 2020, there were no samples with U-238/U-234 ratios potentially exceeding 3.0; therefore, all 
samples are considered representative of natural uranium.  


Trend analysis reflected that no sample location exhibited an R2 value of 1.0, which would have 
indicated a strong relationship between sampling results and sampling dates.  


In conclusion, no action levels defined in Radioactive Materials License SUB-1435 (NRC 1985) were 
exceeded, and future environmental monitoring will continue to be completed in accordance with License 
Amendment No. 20 for SUB-1435 (ML19088A305).  
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STANDING OPERATING PROCEDURE 
 


Depleted Uranium Sampling Program 
Environmental Radiation Monitoring Program 


Jefferson Proving Ground, Madison, IN 
 


This SOP supersedes, in its entirety, the SOP of the same 
name dated April 1998. 


 
1.  Purpose.  This Standing Operating Procedure (SOP) prescribes 
policies, responsibilities, and procedures for administration and 
execution of the Health Physics Program (HPP), USACHPPM support of the 
Soldier and Biological Chemical Command (SBCCOM) biannual 
Environmental Radiation Monitoring (ERM) Program conducted at the 
Jefferson Proving Ground, Madison, Indiana. 
 
2.  Authority. 
 
    a.  US Nuclear Regulatory Commission License No. SUB-1435. 
 
    b.  Program Services Meeting, 14 September 1999, between SBCCOM 
and HPP, USACHPPM. 
 
3.  Scope.  This SOP applies to Health Physics Program personnel 
performing the collection of environmental samples in support of the 
ERM. 
 
4.  Definitions, Abbreviations.  A list of terms and abbreviations 
used in this SOP can be found in Annex A. 
 
5.  Forms, Labels, and Worksheets.  A sample of all forms, sample 
labels, and sample collection worksheets can be found in Annex B. 
 
6.  Point(s) of Contact for Program Coordination: 
 
    a.  Soldier and Biological Chemical Command  
        Ms. Joyce Kuykendall, SBCCOM Health Physicist 
        Comm:  410-436-7118 
        DSN :  584-7118 
        email:  joyce.kuykendall@sbccom.apgea.army.mil 
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    b.  US Army Center for Health Promotion and Preventive 
          Medicine 
        Health Physics Program (Pgm 26) 
        Comm:  410-436-3502 
        DSN :  584-3502 
        fax :  410-436-8261/8263 
 
        Radiologic, Classic and Clinical Chemistry Division 
         (RCCCD) 
        Comm:  410-436-3983/8235 
        DSN:   584-8235 
 
    c.  Jefferson Proving Ground 
        Mr. Ken Knouf, Site Manager 
        Mr. Phil Mann 
        Ms. Yvette Hayes 
        Comm:  812-273-2551/2522/6075 
 
7.  Survey Coordination. 
 
    a.  Pre-Survey Coordination:  60 days prior to scheduled sample 
date. 
 
        1)  Initial Coordination: - made through the SBCCOM Health 
Physicist.  Close coordination with the site management team at JPG 
will be required to ensure support will be onsite at the time of 
sampling. 
 
        2)  USACHPPM HPP Program Assistant, (410) 436-1303,(if call 
from the Edgewood Arsenal: 5-1303) will be contacted to initiate 
travel orders.  Due to the nature of the sampling program, a four-
wheel drive vehicle is required to perform this project.  The project 
and associated report number will be 26-MA-8260-R#-YY.  The R# will be 
a “1” for the October and “2” for the April survey, and the YY will be 
the current fiscal year. 
 
        3)  Prepare CHPPM Form 330-R-E (Request for Laboratory 
Services.  (See Annex B)  This form can be found on the USACHPPM Web 
Site or through intranet FormFlow program.  Current DLS Test Codes 
being used are as follows: 
 


 
Evaluations for Uranium in Soils for the soil and sediment 
samples, DLS Test Code: 803; STD Method:  
G-002. 
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Evaluations for Uranium in Water for the ground and surface 
water samples, DLS Test Code: 586; STD Method: U-002. 


 
Note:  Sample containers for all medium except soils, are 
provided by SBCCOM and will be onsite however sample labels 
should be requested from the lab. 


 
Ensure that sample bags, labels and coolers are shipped to the 
following address: 
 
    US Army Jefferson Proving Ground 
    1661 West J.P.G. Niblo Road (Bldg. 125) 
    Madison, IN  47250 
    (812) 273-2551 


 
        4)  Request for instrumentation to support the sampling 
program should be made no later than 30 days prior to the scheduled 
departure date. 
 


Radiation detection instrumentation and soil sampling tools 
will be coordinated through the HPP Instrumentation 
Coordinator, ext. 8228.  Electronic message will be used for 
coordination. 
 
Water Quality Instrumentation (pH meter, temperature, and 
conductivity) will be coordinated through the Surface Water 
and Waste Water Program (Pgm 32) at extension 3310/4211. 
 


        5)  Final coordination for project should be completed no 
later than 14 days prior to departure date. 
 
        Contact the site management personnel at JPG and schedule 
dates for purging of wells prior to arrival.  Purging should be 
accomplished no later than the Friday preceding and no earlier than 14 
days prior to the scheduled start date of the sampling visit. 
 
    b.  Field instrument quality control.  Upon receipt of field 
instruments from the HPP Instrument Coordinator and the Surface Water 
and Waste Water Program, appropriate instrument quality control checks 
will be conducted to ensure proper operation prior to departure. 
 
        1)  Radiation detection instrumentation will be checked for 
response against a radiation check source.  This check source should 
also be shipped to the survey site for instrument verification on 
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site.  The radiation check source used need not be a calibrated source 
as instrument response is the parameter being evaluated. 
 
        2)  Water quality instruments should also be verified using 
guidance provided by water program personnel.  At a minimum, verify 
the accuracy of the pH meter using the certified pH solution packets. 
 
8.  Sample Collection.  Four separate sample matrixes will be 
collected in support of the ERM.  Methodologies for sampling can be 
found in US Army Environmental Hygiene Agency (the predecessor to 
USACHPPM) Technical Guide 155, Environmental Sampling Guide, February 
1993.  
 
    a.  Ground Water Samples.  A total of 11 monitoring wells have 
been established to be used for the Environmental Monitoring Program.  
Wells are indicated on the ground water sample map (figure 1, Anne C) 
using an alphanumeric code containing the letters MW and a two digit 
sample number (01-11). 
 
        1)  Sample will be collected using a new hand bailer for each 
sample.  Care will be taken when lowering the bailer into the well to 
prevent unnecessary aeration or contamination of the sample. 
 
        2)  A total quantity to be collected will be 1 US gallon. 
 
        3)  A portion of the first bailer full of water will be placed 
into a clean beaker, or other suitable container, and an evaluation of 
radiation level, temperature, pH and conductivity will be conducted 
and recorded. 
 
        4)  Sample information will be recorded on the Ground Water 
Sample Collection Worksheet.  (Annex B) 
 
        5)  Samples will not be filtered or persevered in the field. 
 
    b.  Soil Samples.  A total of 4 soil samples will be collected, 
one from each corner of the trapezoidal impact area.  Sample locations 
are indicated on the soil sample map (figure 2, Annex C). 
 
        1)  Sample will be collected using a new or properly cleaned 
scoop, trowel, or other suitable tool.  Sample will be placed in a 
self sealing (Ziploc®) bag. 
 
        2)  A sample quantity of approximately 1000 grams will be 
collected. 
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        3)  Radiation dose rate measurements will be taken at 1 meter 
above the sample location and recorded on the Soil Sample Collection 
Worksheet (Annex B). 
 
    c.  Surface Water Samples.  A total of 8 sample locations have 
been identified for the collection of water sample from the two creeks 
that run through the DU impact area (figure 3, Annex C).   
 
        1)  Sample will be collected using the grab method.  Sample 
container will be positioned pointing upstream and below the surface 
of the water. 
 
        2)  A sample quantity of 1 US gallon will be collected. 
 
        3)  Radiation dose rate measurements will be taken at 1 meter 
above the sample location and recorded on the Surface Water Sample 
Worksheet (Annex B). 
 
        4)  Water sample will not be filtered or preserved in the 
field. 
 
    d.  Sediment Sample.  A total of 8 sample locations have been 
identified for the collection of sediment samples from the two creeks 
that run through the DU impact area.  Sediment samples will be 
collected at the sites selected for surface water collection (figure 
3, Annex C). 
 
        1)  Sample will be collected using a new or properly cleaned 
scoop, trowel, or other suitable tool.  Sample will be placed in a 
glass sample jar. 
 
        2)  Sediment sample will be collected only after the water 
sample has been collected. 
 
        3)  While a sediment sample is usually considered a solid 
sample matrix, a certain amount of water is expected in the sample.  
The sample should not be drained of water that is collected as part of 
the sample. 
 
        4)  Radiation dose rate measurements will be taken at 1 meter 
above the sample location and recorded on the Sediment Sample 
Worksheet (Annex B). 
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9.  Sample Management.  Since sample collected are in support of NRC 
License commitments, chain-of-custody procedures will be followed.  
 
    a.  Samples will be secured from unauthorized access during the 
period of sampling. 
 
    b.  Prior to shipment of samples to USACHPPM, a properly completed 
CHPPM Form 235-R-E, Chain of Custody Record (Annex B), will be placed 
in each shipping container.  Survey personnel will maintain a copy of 
the Chain of Custody Record for verification of sample transport. 
 
    c.  Water samples must reach RCCCD no later than 4 days from the 
time of sampling.  To ensure this time frame is met and that the 
laboratory has time to filter and preserve the sample if necessary, 
water samples should be collected on the first day of the sampling 
trip and shipped the following day.  It is not necessary to ship the 
water, sediments, and soils together. 
 
10.  Sample Analysis.  Sample analysis of all environmental samples 
will be performed through the USACHPPM RCCCD. 
 
    a.  Samples will be analyzed in accordance with RCCCD established 
protocols and procedures.  All environmental samples will be 
coordinated with the SBCCOM RPO for disposal instructions. 
 
        1)  Water samples will be analyzed fluorometrically for 
dissolved total uranium. 
 
        2)  Soil and sediment samples will be analyzed using gamma 
spectroscopy, keying on the isotopic peaks of the Thorium-234.  The 
thorium is the daughter of U-238 and is considered to be in 
equilibrium therefore the activity would be equal.   
 
    b.  The QC for laboratory instruments will be performed by RCCCD. 
 
    c.  Reports of analysis will be forwarded to the USACHPPM project 
officer responsible for requesting the sampling.  Electronic as well 
as hard copy reports will be requested. 
 
11.  Action Levels.  Every effort will be made to maintain radiation 
exposures and releases of radioactive and non-radioactive toxic metals 
to unrestricted areas as low as is reasonable achievable (ALARA). 
 
    a.  The following criteria for the restricted area will be used to 
limit DU exposure.  (Limits were established in the NRC Approved ERM) 
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        SOIL: 
 
            - Perimeter and background samples: 
 
              ≤ 35 pCi/g  -  no corrective action. 
 
              > 35 pCi/g  -  collect 5 additional samples in a  
                  1 meter square grid.  If average > 35 pCi/g is 
                  confirmed, recommendation to decontaminate soil 
                  to ≤ 35 pCi/g will be made to the SBCCOM RPO. 
 
            - Sample locations along the lines of fire: 
 
              < 100 pCi/g – no corrective action 
 
              100-300 pCi/g – collect 5 additional samples in a 
                  1 meter square grid.  If average > 100 pCi/g is 
                  confirmed, investigate to determine reason for 
                  the high level. 
 
 
 
              > 300 pCi/g – collect 5 additional samples in a  
                  1 meter square grid.  If average > 300 pCi/g is 
                  confirmed, investigate to determine reason for  
                  the high level and immediately notify the 
                  SBCCOM RPO to initiate notification to the NRC. 
 
        WATER: 
 
            - Uranium limit established in 10 CFR 2, Annex B 
               is 3.0 x 10-1 pCi/ml 
 
              < 1.5 x 10-1 pCi/ml – no corrective action. 
 
              > 1.5 x 10-1 pCi/ml – resample; if results above 
                  1.5 x 10-1 pCi/ml is confirmed, investigate to 
                  determine reason for the high level and 
                  immediately notify the SBCCOM RPO to initiate 
                  notification to the NRC. 
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    b.  Basis for Action.  If any of the action levels are exceeded, 
an evaluation of cause will be performed by the SBCCOM RPO.  The RPO 
will provide a report of findings to the RCC.  Based on their 
determination, recommendations to the commander on corrective action 
will be made. 
 
 
 
 
                          GARY J. MATCEK 
                          MAJ, MS 
                          Program Manager, Health Physics Program 







SOP No.    OHP 40-2 
 


Effective Date  10 Mar 00 
Date Removed from Service  


__________ 
 


A-9 


ANNEX A 
 


DEFINITIONS AND ABBREVIATION 
 
1.  Definitions: 
 
    a.  Action Level:  The numerical value that will cause the 
decision maker to choose one of the alternative actions.  The 
action level may be a regulatory standard or may be a level set 
to ensure that corrective action is initiated before regulatory 
standards are met. 
 
    b.  Area:  A general term referring to any portion of a site, 
up to and including the entire site. 
 
    c.  Background Sample:  A sample collected from an area 
similar to the one being studied, but in an area thought to be 
free of contaminant of concern. 
 
    d.  Calibration:  Comparison of a measurement standard, 
instrument, or item with a standard or instrument of higher 
accuracy to detect and quantify inaccuracies and to report or 
eliminate those inaccuracies by adjustments. 
 
    e.  Chain-of-Custody:  Documentation of the possession and 
handling of a sample from the time it is collected to the final 
disposition. 
 
    f.  Detection Limit:  The lowest concentration at which given 
analytical procedures can identify.   
 
    e.  Duplicate Samples:  Samples collected simultaneously from 
the same source, under identical conditions, into separate 
containers. 
 
    g.  Ground Water Sample:  A sample of water taken from an 
established monitoring well. 
 
    h.  Preservation:  Techniques which retard physical and/or 
chemical changes in a sample after it has been collected. 
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    i.  Quality Assurance:  A monitoring program which ensures 
the production of quality data and identifies and quantifies all 
sources of error associated with each step of the sampling and 
analytical effort. 
 
    j.  Sample:  A part or selection from a medium located in a 
survey area that represents the quality or quantity of a given 
parameter or nature of the whole area.   
 
    k.  Sediment:  A sample of the mineral and/or organic matter 
deposited by surface waters. 
 
    l.  Soil Sample:  A sample of the soil taken from the first 
15 centimeters (6 inches) of surface soil. 
 
    m.  Split Sample:  A sample, which has been portioned into 
two or more containers from a single sample container. 
 
    n.  Surface Water:  Water found above the surface of the 
soil, particularly water contained in creeks and streams. 
 
2.  Abbreviations: 
 
    a.  DU          Depleted Uranium 
 
    b.  ERM         Environmental Radiation Monitoring Program 
 
    c.  g           gram 
 
    d.  HPP         Health Physics Program 
 
    e.  JPG         Jefferson Proving Ground 
 
    f.  ml          milliliter 
 
    g.  NRC         Nuclear Regulatory Commission 
 
    h.  pCi         pico-Curie 
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    i.  QC          Quality Control 
 
    j.  RCCCD       Radiologic, Classic and Clinical Chemistry 
                      Division 
 
    k.  RPO         Radiation Protection Officer 
 
    l.  SBCCOM      Soldier and Biological, Chemical Command 
 
    m.  SOP         Standing Operating Procedure 
 
    n.  USACHPPM    U.S. Army Center for Health Promotion and 
                      Preventive Medicine
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ANNEX B 
 


FORMS, LABELS AND WORKSHEETS 
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Request for Laboratory Services 


 
Figure B-1a 
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Figure B-1b 
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Sample Labels 
 
Below is an example of a label to placed on each sample 
container. 
 
 


PROJECT #: 
INSTALLATION: 
POC: 
SAMPLE #: 
DATE COLLECTED: 
TIME COLLECTED: 
SAMPLE PRESERVED: 
ANALYSIS REQUIRED: 


 
Figure B-2 







SOP No.    OHP 40-2 
 


Effective Date  __________ 
Date Removed from Service  __________ 
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JEFFERSON PROVING GROUND 
DU SAMPLING PROGRAM 


PROJECT NUMBER:  26-MA-R_-8260-__ 
 


GROUND WATER SAMPLES 
 


 
Comments Sample 


ID 


 
Sample 
Date 


Exposure
Reading 
(:R/hr) 


 
Sample Locations 


 
pH 


Temp 
(oC) 


Conductivity 
(:MHOS) 


 
MW01 


 
 


 
 


Well @ D-Road and Wonju Road 
(perimeter DU impact area) 


 
 


 
 


 
 


 
MW02 


 
 


 
 


Well between C-Road & Wonju 
Road (perimeter DU impact 


area) 


 
 
 


 
 


 
 


 
MW03 


 
 


 
 


Well between A-Road & gate on 
Wonju Road (perimeter DU 


impact area) 


 
 


 
 


 
 


 
MW04 


 
 


 
 


Well on South Perimeter Rd. 
(Along south border of JPG) 


 
 


 
 


 
 


 
MW05 


 
 


 
 


Well @ D-Road & Morgan Road 
(across Bridge No. 13) 


perimeter DU impact area 


 
 


 
 


 
 


 
MW06 


 


 
 


 
 


Well @ C-Road & Morgan Road 
(perimeter DU impact area) 


 
 


 
 


 
 


 







SOP No.    OHP 40-2 
 


Effective Date  __________ 
Date Removed from Service  __________ 
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JEFFERSON PROVING GROUND 
DU SAMPLING PROGRAM 


PROJECT NUMBER:  26-MA-R_-8260-__ 
 


GROUND WATER SAMPLES 
 


 
Comments Sample 


ID 


 
Sample 
Date 


Exposure
Reading 
(:R/hr) 


 
Sample Locations 


 
pH 


Temp 
(oC) 


Conductivity 
(:MHOS) 


 
MW07 


 


  Well @ Oakdale School House on 
Morgan Road (perimeter DU 


impact area) 


   


 
MW08 


   
Well @ Southwest Corner of JPG 
(Along south border of JPG) 


   


 
MW09 


   
Well @ D-Road and Bridge 


No. 22 (inside DU impact area) 


   


MW10 
 


  Well on Center Recovery Road 
(inside DU impact area) 


   


 
MW11 


  Well on D-Road between Morgan 
and C Recovery Road (inside 


impact area) 


   


 
MW12 


 


   
Duplicate or Split 


Sample _____ 


   







MCHB-TS-OHP 
SOP No.    OHP 40-2 


 
Effective Date  __________ 


Date Removed from Service  __________ 
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JEFFERSON PROVING GROUND 
DU SAMPLING PROGRAM 


PROJECT NUMBER:  26-MA-R_-8260-__ 
 


SOIL SAMPLES 
 


Sample 
ID 


 
Sample 
Date 


Exposure 
Reading  
(:R/hr) 


 
Sample Locations 


 
JPG ID 
Code 


 
SOS1 


  Vicinity at 
intersection of C-Road 


and Wonju Road) 


 
(S44) 


 
SOS2 


  Vicinity at 
intersection of E-Road 


and Morgan Road 


 
(S48) 


 
SOS3 


  0.5 miles east of 
intersection at C-Road 
& East Recovery Road 


 
(S43) 


 
SOS4 


   
Corner of Morgan Road 


and C-Road 


 
(S47) 


 
SOS5 


   
Duplicate or Split 


of ____ 


 
 
 


 
SOS6 


 


  Well on south perimeter 
road along south border 


of JPG 


 
B-1 
 


 
SOS7 


 


  West Perimeter Road 
at Fork Creek 


 


 
B-3 
 


 
SOS8 


 


  South Perimeter Road 
of JPG 


 
B-5 


 
SOS9 


 


  Well on SW Corner 
of JPG 


 
B-6 


 
 
NOTE:  Per letter from the NRC dated 7 Sep 99, soil sample 
locations S6 and S8 that were previously sampled will no longer 
require sampling.  No other changes to the ERM Plan have been 
approved. 







MCHB-TS-OHP 
SOP No.    OHP 40-2 


 
Effective Date  __________ 


Date Removed from Service  __________ 
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JEFFERSON PROVING GROUND 
DU SAMPLING PROGRAM 


PROJECT NUMBER:  26-MA-R_-8260-__ 
 


SURFACE WATER SAMPLES 
 


Sample 
ID 


 
Sample 
Date 


Exposure 
Reading  
(:R/hr) 


 
Sample Locations 


 
JPG ID 
Code 


 
SWS1 


  West Perimeter Road 
Middle Fork Creek 


(exits JPG property) 


 
SWBS (M1) 


 
SWS2 


 


   
Big Creek 


(exits JPG property) 


 
SWBN (M2) 


 
SWS3 


  Wonju Road 
Middle Fork Creek 


(enters DU impact area) 


 
SWSE (M3) 


 
SWS4 


   
Big Creek 


(enters DU impact area) 


 
SWNE (M4) 


 
SWS5 


   
Bridge No. 22 
Big Creek 


 
SWM (M5) 


 
SWS6 


   
Line of Fire 


Middle Fork Creek 


 
SWS (M6) 


 
SWS7 


  Bridge No. 12 @  
Morgan Road 


Middle Fork Creek 


 
SWSW (M7) 


 
SWS8 


  Bridge No. 13 @  
Morgan Road 
Big  Creek 


 
SWNW (M8) 


 
SWS9 


 


   
Duplicate or Split 


of SWS_ 


 
SWNE (M4) 







MCHB-TS-OHP 
SOP No.    OHP 40-2 


 
Effective Date  __________ 


Date Removed from Service  __________ 
 


A-20 


JEFFERSON PROVING GROUND 
DU SAMPLING PROGRAM 


PROJECT NUMBER:  26-MA-R_-8260-__ 
 


SEDIMENT SAMPLES 
 


Sample 
ID 


 
Sample 
Date 


Exposure 
Reading  
(:R/hr) 


 
Sample Locations 


 
JPG ID 
Code 


 
SES1 


  West Perimeter Road 
Middle Fork Creek 


(exits JPG property) 


 
(M1) 


 
SES2 


   
Big Creek 


(exits JPG property) 


 
(M2) 


 
SES3 


  Wonju Road 
Middle Fork Creek 


(enters DU impact area) 


 
(M3) 


 
SES4 


   
Big Creek 


(enters DU impact area) 


 
(M4) 


 
SES5 


   
Bridge No. 22 
Big Creek 


 
(M5) 


 
SES6 


   
Line of Fire 


Middle Fork Creek 


 
(M6) 


 
SES7 


  Bridge No. 12 @  
Morgan Road 


Middle Fork Creek 


 
(M7) 


 
SES8 


  Bridge No. 13 @  
Morgan Road 
Big Creek 


 
(M8) 


 
SES9 


 


   
Duplicate or Split 


of SES_ 


 
(M4) 







MCHB-TS-OHP 
SOP No.    OHP 40-2 


 
Effective Date  __________ 


Date Removed from Service  __________ 
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ANNEX C 
 


SAMPLE LOCATION MAPS 







MCHB-TS-OHP 
SOP No.    OHP 40-2 
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MCHB-TS-OHP 
SOP No.    OHP 40-2 
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MCHB-TS-OHP 
SOP No.    OHP 40-2 
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C. DATA VALIDATION SUMMARY 


C.1 TestAmerica SDG 160-38234 


This report contains the results from the data validation technical review for the Jefferson Proving 
Ground (JPG) Environmental Radiation Monitoring (ERM) May 2020 samples and analyses that are 
associated with the above-referenced laboratory and sample delivery group (SDG) number. These data 
points have been selected for data validation, and the sample data summary sheets on the following pages 
specifically identify the samples and analyses associated with this validation review. 


The JPG validation technical review was conducted in accordance with the U.S. Environmental 
Protection Agency (USEPA) Contract Laboratory Program (CLP) National Functional Guidelines for 
Inorganic Data Review (July 2002) and Leidos Quality Assurance Technical Procedure (QATP) 
Environmental Science and Engineering (ESE) DM-05, Data Verification and Validation (Revision 0, 
1/2015). The validation technical review was based on the information and documentation supplied by the 
associated laboratory. The analyses were evaluated against criteria established in the related analytical 
procedures and the JPG data quality requirements. 


The attachment to this report provides the sample data summary sheets for the samples associated 
with the above-referenced SDG. These summary sheets identify the analytical values and the qualifiers for 
each sample and parameter. The attachment also outlines the validation qualifiers and reason codes used in 
the validation of the data. 


Report Summary 


Total Number of Samples 15 


Total Number of Data Points 60 


Total Number of Rejected Data Points 0 


Percent Completeness (approval to rejection ratio) 100% 


 


C.1.1 Analytical Category: Radiochemical and ICP-MS 


 Uranium-234 (U-234), uranium-235 (U-235), and uranium-238 (U-238) were determined by alpha 
spectrometry (U.S. Department of Energy Health and Safety Laboratory [DOE HASL]-300 Methods 
Compendium A-01-R) with SDG 160-38234-1. Total Uranium was calculated using a published 
specific activity value for U-238 and assuming all the mass originates from U-238. 


 All total/isotopic uranium samples were analyzed by DOE A-01-R-MOD with SDG 160-38234-1.  


1. The following items (as applicable) have been addressed during the validation review: 


 Sample custody, integrity, and preservation 
 Sample handling and preparation 
 Holding times 
 Instrument calibration and performance 
 Dilution factors 
 Detection limits 
 Laboratory background and carry-over 
 Overall assessment of the data 
 Alpha spectrometry quality control (QC) 


- Calibration checks and background 
- Preparation blanks 
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- Uncertainty/detected value comparison 
- Laboratory control samples 
- Field blanks (if available) 
- Chemical yield (tracer recovery) 
- Laboratory duplicates 
- Sample holding times 
- Sample calculations from the raw data. 


2. The above items were found to be acceptable, except as follows: 


 Overall Assessment of Data—U-234, U-235, and U-238 radiochemical sample data with results 
greater than the minimum detectable concentration (MDC) were qualified as estimated, J, reason 
code 37 in instances where the associated error was greater than 50 percent of the sample result. 


 Continuing Calibration – U-234, U-235, and U-238 radiochemical sample data was qualified as 
estimated, J/UJ, with reason code 4 due to continuing calibration percent recoveries below the 
lower control limit (LCL). 


The attached sample data summary for soil and water samples provides the qualifiers and the 
appropriate validation code for all samples. 
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SAMPLE INDEX 


Laboratory:  


Eurofins Test America Laboratories, Inc. 


SDG #s: 


160-38234-1 


 


Client I.D. Sample I.D.* Laboratory Sample I.D. Date Collected Analyses Performed 


MW-DU-001 LDOS33E 160-38234-01 5/31/2020 Total and Isotopic Uranium 


MW-DU-001-DUP LDOS33DE 160-38234-02 5/31/2020 Total and Isotopic Uranium 


MW-DU-005 LDOS33E 160-38234-03 5/31/2020 Total and Isotopic Uranium 


MW-DU-006 LDOS33E 160-38234-04 5/31/2020 Total and Isotopic Uranium 


MW-DU-011 LDOS33E 160-38234-05 5/31/2020 Total and Isotopic Uranium 


SW-DU-001 LDOS33E 160-38234-06 5/31/2020 Total and Isotopic Uranium 


SW-DU-002 LDOS33E 160-38234-07 5/31/2020 Total and Isotopic Uranium 


SW-DU-007 LDOS33E 160-38234-08 5/31/2020 Total and Isotopic Uranium 


SW-DU-007-DUP LDOS33DE 160-38234-09 5/31/2020 Total and Isotopic Uranium 


SW-DU-008 LDOS33E 160-38234-10 5/31/2020 Total and Isotopic Uranium 


SD-DU-001 LDOS33E 160-38234-11 5/31/2020 Total and Isotopic Uranium 


SD-DU-001-DUP LDOS33DE 160-38234-12 5/31/2020 Total and Isotopic Uranium 


SD-DU-002 LDOS33E 160-38234-13 5/31/2020 Total and Isotopic Uranium 


SD-DU-007 LDOS33E 160-38234-14 5/31/2020 Total and Isotopic Uranium 


SD-DU-008 LDOS33E 160-38234-15 5/31/2020 Total and Isotopic Uranium 


*The Leidos sample ID (LDOS33E) is a unique designation that provides a tracking procedure in the electronic database for data 
retrieval. 
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ATTACHMENT 


JEFFERSON PROVING GROUND  
SAMPLE DATA SUMMARY 
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Att-1 


Water Sample Summary 


Site I.D. Sample I.D. Method Analyte Value Units Error MDC 
Final 
Qual 


Reason 
Code 


MW-DU-001 LDOS33E DOE A-01-R MOD Total Uranium 0.409 µg/L 0 0   
MW-DU-001 LDOS33E DOE A-01-R MOD Uranium 234 0.145 pCi/L 0.0378 0.0245   
MW-DU-001 LDOS33E DOE A-01-R MOD Uranium 235 0.0173 pCi/L 0.0132 0.00742 J 37 
MW-DU-001 LDOS33E DOE A-01-R MOD Uranium 238 0.135 pCi/L 0.036 0.0219   
MW-DU-001-DUP LDOS33ED DOE A-01-R MOD Total Uranium 0.462 µg/L 0 0   
MW-DU-001-DUP LDOS33ED DOE A-01-R MOD Uranium 234 0.12 pCi/L 0.0331 0.0227   
MW-DU-001-DUP LDOS33ED DOE A-01-R MOD Uranium 235 0.0161 pCi/L 0.0122 0.00688 J 37 
MW-DU-001-DUP LDOS33ED DOE A-01-R MOD Uranium 238 0.153 pCi/L 0.0374 0.0226   
MW-DU-005 LDOS33E DOE A-01-R MOD Total Uranium 0.689 µg/L 0 0   
MW-DU-005 LDOS33E DOE A-01-R MOD Uranium 234 0.367 pCi/L 0.0654 0.0393   
MW-DU-005 LDOS33E DOE A-01-R MOD Uranium 235 0.0222 pCi/L 0.0179 0.0237 U  
MW-DU-005 LDOS33E DOE A-01-R MOD Uranium 238 0.228 pCi/L 0.0492 0.032   
MW-DU-006 LDOS33E DOE A-01-R MOD Total Uranium 5.19 µg/L 0 0   
MW-DU-006 LDOS33E DOE A-01-R MOD Uranium 234 2.15 pCi/L 0.222 0.026   
MW-DU-006 LDOS33E DOE A-01-R MOD Uranium 235 0.0796 pCi/L 0.0316 0.0297   
MW-DU-006 LDOS33E DOE A-01-R MOD Uranium 238 1.73 pCi/L 0.186 0.0259   
MW-DU-011 LDOS33E DOE A-01-R MOD Total Uranium 0.0901 µg/L 0 0   
MW-DU-011 LDOS33E DOE A-01-R MOD Uranium 234 0.0949 pCi/L 0.0294 0.00632   
MW-DU-011 LDOS33E DOE A-01-R MOD Uranium 235 0.00525 pCi/L 0.0129 0.0251 U  
MW-DU-011 LDOS33E DOE A-01-R MOD Uranium 238 0.0295 pCi/L 0.0216 0.0303 U  
SW-DU-001 LDOS33E DOE A-01-R MOD Total Uranium 0.139 µg/L 0 0   
SW-DU-001 LDOS33E DOE A-01-R MOD Uranium 234 0.122 pCi/L 0.0377 0.0341   
SW-DU-001 LDOS33E DOE A-01-R MOD Uranium 235 0.00262 pCi/L 0.0139 0.029 U  
SW-DU-001 LDOS33E DOE A-01-R MOD Uranium 238 0.0463 pCi/L 0.0255 0.0322 J 37 
SW-DU-002 LDOS33E DOE A-01-R MOD Total Uranium 0.587 µg/L 0 0   
SW-DU-002 LDOS33E DOE A-01-R MOD Uranium 234 0.158 pCi/L 0.0445 0.0361   
SW-DU-002 LDOS33E DOE A-01-R MOD Uranium 235 0.0117 pCi/L 0.0118 0.0088 J 37 
SW-DU-002 LDOS33E DOE A-01-R MOD Uranium 238 0.195 pCi/L 0.0478 0.029   
SW-DU-007 LDOS33E DOE A-01-R MOD Total Uranium 0.149 µg/L 0 0   
SW-DU-007 LDOS33E DOE A-01-R MOD Uranium 234 0.0681 pCi/L 0.0267 0.0261 J 4 
SW-DU-007 LDOS33E DOE A-01-R MOD Uranium 235 -0.00242 pCi/L 0.00485 0.0185 UJ 4 
SW-DU-007 LDOS33E DOE A-01-R MOD Uranium 238 0.0505 pCi/L 0.0217 0.0186 J 4 
SW-DU-007-DUP LDOS33ED DOE A-01-R MOD Total Uranium 0.141 µg/L 0 0   







 


Att-2 


Water Sample Summary 


Site I.D. Sample I.D. Method Analyte Value Units Error MDC 
Final 
Qual 


Reason 
Code 


SW-DU-007-DUP LDOS33ED DOE A-01-R MOD Uranium 234 0.083 pCi/L 0.0277 0.0189   
SW-DU-007-DUP LDOS33ED DOE A-01-R MOD Uranium 235 0 pCi/L 0.0121 0.0272 U  
SW-DU-007-DUP LDOS33ED DOE A-01-R MOD Uranium 238 0.0474 pCi/L 0.0213 0.0189   
SW-DU-008 LDOS33E DOE A-01-R MOD Total Uranium 0.867 µg/L 0 0   
SW-DU-008 LDOS33E DOE A-01-R MOD Uranium 234 1.35 pCi/L 0.156 0.026   
SW-DU-008 LDOS33E DOE A-01-R MOD Uranium 235 0.0578 pCi/L 0.0251 0.00789   
SW-DU-008 LDOS33E DOE A-01-R MOD Uranium 238 0.282 pCi/L 0.0546 0.0161   


 







 


Att-3 


Sediment Sample Summary 


Site I.D. Sample I.D. Method Analyte Value Units Error MDC 
Final 
Qual 


Reason 
Code 


SD-DU-001 LDOS33E DOE A-01-R MOD Total Uranium 0.949 µg/g 0 0   
SD-DU-001 LDOS33E DOE A-01-R MOD Uranium 234 0.365 pCi/g 0.0638 0.0399   
SD-DU-001 LDOS33E DOE A-01-R MOD Uranium 235 0.0138 pCi/g 0.0195 0.0331 U  
SD-DU-001 LDOS33E DOE A-01-R MOD Uranium 238 0.317 pCi/g 0.059 0.0398   
SD-DU-001-DUP LDOS33ED DOE A-01-R MOD Total Uranium 0.95 µg/g 0 0   
SD-DU-001-DUP LDOS33ED DOE A-01-R MOD Uranium 234 0.371 pCi/g 0.0699 0.0594   
SD-DU-001-DUP LDOS33ED DOE A-01-R MOD Uranium 235 0.00717 pCi/g 0.0219 0.0405 U  
SD-DU-001-DUP LDOS33ED DOE A-01-R MOD Uranium 238 0.318 pCi/g 0.0649 0.0593   
SD-DU-002 LDOS33E DOE A-01-R MOD Total Uranium 0.486 µg/g 0 0   
SD-DU-002 LDOS33E DOE A-01-R MOD Uranium 234 0.146 pCi/g 0.0429 0.046   
SD-DU-002 LDOS33E DOE A-01-R MOD Uranium 235 0.00461 pCi/g 0.0244 0.0456 U  
SD-DU-002 LDOS33E DOE A-01-R MOD Uranium 238 0.163 pCi/g 0.0408 0.0328   
SD-DU-007 LDOS33E DOE A-01-R MOD Total Uranium 0.226 µg/g 0 0   
SD-DU-007 LDOS33E DOE A-01-R MOD Uranium 234 0.769 pCi/g 0.1 0.0365   
SD-DU-007 LDOS33E DOE A-01-R MOD Uranium 235 0.0312 pCi/g 0.018 0.017 J 37 


SD-DU-007 LDOS33E DOE A-01-R MOD Uranium 238 0.755 pCi/g 0.0983 0.0316   
SD-DU-008 LDOS33E DOE A-01-R MOD Total Uranium 0.975 µg/g 0 0   
SD-DU-008 LDOS33E DOE A-01-R MOD Uranium 234 0.229 pCi/g 0.0525 0.0488   
SD-DU-008 LDOS33E DOE A-01-R MOD Uranium 235 0.00694 pCi/g 0.0202 0.0374 U  
SD-DU-008 LDOS33E DOE A-01-R MOD Uranium 238 0.326 pCi/g 0.0615 0.046   


Data Validation Reason Code 
37 Associated error was greater than 50 percent of the sample result. 
4 Continuing calibration % difference outside QC limits. 
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C. DATA VALIDATION SUMMARY 


C.1 EUROFINS TestAmerica SDG 160-40504-1, 160-40745-1 


This report contains the results from the data validation technical review for the Jefferson Proving 
Ground (JPG) Environmental Radiation Monitoring (ERM) November and December 2020 samples and 
analyses that are associated with the above-referenced laboratory and sample delivery group (SDG) 
numbers. These data points have been selected for data validation, and the sample data summary sheets on 
the following pages specifically identify the samples and analyses associated with this validation review. 


The JPG validation technical review was conducted in accordance with the U.S. Environmental 
Protection Agency (USEPA) Contract Laboratory Program (CLP) National Functional Guidelines for 
Inorganic Data Review (July 2002) and Leidos Quality Assurance Technical Procedure (QATP) 
Environmental Science and Engineering (ESE) DM-05, Data Verification and Validation (Revision 0, 
1/2015). The validation technical review was based on the information and documentation supplied by the 
associated laboratory. The analyses were evaluated against criteria established in the related analytical 
procedures and the JPG data quality requirements. 


The attachment to this report provides the sample data summary sheets for the samples associated 
with the above-referenced SDG. These summary sheets identify the analytical values and the qualifiers for 
each sample and parameter. The attachment also outlines the validation qualifiers and reason codes used in 
the validation of the data. 


Report Summary 


Total Number of Samples 15 


Total Number of Data Points 60 


Total Number of Rejected Data Points 0 


Percent Completeness (approval to rejection ratio) 100% 


 


C.1.1 Analytical Category: Radiochemical and ICP-MS 


 Uranium-234 (U-234), uranium-235 (U-235), and uranium-238 (U-238) were determined by alpha 
spectrometry (U.S. Department of Energy Health and Safety Laboratory [DOE HASL]-300 Methods 
Compendium A-01-R) with SDGs 160-40504-1 and 160-40745-1. Total Uranium was calculated 
using a published specific activity value for U-238 and assuming all of the mass originates from 
U-238. 


 All total/isotopic uranium samples were analyzed by DOE A-01-R-MOD with SDGs 160-40504-1 and 
160-40745-1.  


1. The following items (as applicable) have been addressed during the validation review: 


 Sample custody, integrity, and preservation 
 Sample handling and preparation 
 Holding times 
 Instrument calibration and performance 
 Dilution factors 
 Detection limits 
 Laboratory background and carry-over 
 Overall assessment of the data 
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 Alpha spectrometry quality control (QC): 


- Calibration checks and background 
- Preparation blanks 
- Uncertainty/detected value comparison 
- Laboratory control samples 
- Field blanks (if available) 
- Chemical yield (tracer recovery) 
- Laboratory duplicates 
- Sample holding times 
- Sample calculations from the raw data. 


2. The above items were found to be acceptable, except as follows: 


 Overall Assessment of Data—U-234, U-235, and U-238 radiochemical sample data with results 
greater than the minimum detectable concentration (MDC) were qualified as estimated, J, reason 
code 37 in instances where the associated error was greater than 50 percent of the sample result. 


The attached sample data summary for soil and water samples provides the qualifiers and the 
appropriate validation code for all samples. 
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SAMPLE INDEX 


Laboratory:  


Eurofins Test America Laboratories, Inc. 


SDG #s: 


160-40745, 160-40504 


 


Client I.D. Sample I.D.* Laboratory Sample I.D. Date Collected Analyses Performed 


MW-DU-001 LDOS34E 160-40745-01 12/09/2020 Total and Isotopic Uranium 


MW-DU-001-DUP LDOS34DE 160-40745-02 12/09/2020 Total and Isotopic Uranium 


MW-DU-005 LDOS34E 160-40745-03 12/09/2020 Total and Isotopic Uranium 


MW-DU-006 LDOS34E 160-40745-04 12/09/2020 Total and Isotopic Uranium 


MW-DU-011 LDOS34E 160-40745-05 12/09/2020 Total and Isotopic Uranium 


SW-DU-001 LDOS34E 160-40745-06 12/08/2020 Total and Isotopic Uranium 


SW-DU-002 LDOS34E 160-40745-07 12/08/2020 Total and Isotopic Uranium 


SW-DU-007 LDOS34E 160-40745-08 12/08/2020 Total and Isotopic Uranium 


SW-DU-002-DUP LDOS34DE 160-40745-09 12/08/2020 Total and Isotopic Uranium 


SW-DU-008 LDOS34E 160-40745-10 12/08/2020 Total and Isotopic Uranium 


SD-DU-001 LDOS34E 160-40504-01 11/10/2020 Total and Isotopic Uranium 


SD-DU-001-DUP LDOS34DE 160-40504-02 11/10/2020 Total and Isotopic Uranium 


SD-DU-002 LDOS34E 160-40504-03 11/10/2020 Total and Isotopic Uranium 


SD-DU-007 LDOS34E 160-40504-04 11/10/2020 Total and Isotopic Uranium 


SD-DU-008 LDOS34E 160-40504-05 11/10/2020 Total and Isotopic Uranium 


*The Leidos sample I.D. (LDOS34E) is a unique designation that provides a tracking procedure in the electronic database for data 
retrieval. 
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Att-1 


Water Sample Summary 


Site I.D. Sample I.D. Method Analyte Value Units Error MDC 
Final 
Qual 


Reason 
Code 


MW-DU-001 LDOS34E DOE A-01-R MOD Total Uranium 0.693 µg/L 0.082    
MW-DU-001 LDOS34E DOE A-01-R MOD Uranium 234 0.126 pCi/L 0.0539 0.0695   
MW-DU-001 LDOS34E DOE A-01-R MOD Uranium 235 0.00697 pCi/L 0.00987 0.0105 U  
MW-DU-001 LDOS34E DOE A-01-R MOD Uranium 238 0.232 pCi/L 0.0551 0.0214   
MW-DU-001-DUP LDOS34ED DOE A-01-R MOD Total Uranium 0.57 µg/L 0.0724    
MW-DU-001-DUP LDOS34ED DOE A-01-R MOD Uranium 234 0.199 pCi/L 0.0513 0.0302   
MW-DU-001-DUP LDOS34ED DOE A-01-R MOD Uranium 235 0.0238 pCi/L 0.0181 0.0102 J 37 
MW-DU-001-DUP LDOS34ED DOE A-01-R MOD Uranium 238 0.188 pCi/L 0.0486 0.0209   
MW-DU-005 LDOS34E DOE A-01-R MOD Total Uranium 0.598 µg/L 0.0731    
MW-DU-005 LDOS34E DOE A-01-R MOD Uranium 234 0.312 pCi/L 0.0641 0.034   
MW-DU-005 LDOS34E DOE A-01-R MOD Uranium 235 0.00631 pCi/L 0.0126 0.0242 U  
MW-DU-005 LDOS34E DOE A-01-R MOD Uranium 238 0.2 pCi/L 0.0491 0.0243   
MW-DU-006 LDOS34E DOE A-01-R MOD Total Uranium 4.45 µg/L 0.261    
MW-DU-006 LDOS34E DOE A-01-R MOD Uranium 234 1.67 pCi/L 0.192 0.0197   
MW-DU-006 LDOS34E DOE A-01-R MOD Uranium 235 0.0896 pCi/L 0.0347 0.0096   
MW-DU-006 LDOS34E DOE A-01-R MOD Uranium 238 1.48 pCi/L 0.175 0.0246   
MW-DU-011 LDOS34E DOE A-01-R MOD Total Uranium 0.159 µg/L 0.0351    
MW-DU-011 LDOS34E DOE A-01-R MOD Uranium 234 0.142 pCi/L 0.0385 0.0071   
MW-DU-011 LDOS34E DOE A-01-R MOD Uranium 235 0.00883 pCi/L 0.0102 0.00883 J 37 
MW-DU-011 LDOS34E DOE A-01-R MOD Uranium 238 0.0519 pCi/L 0.0235 0.0181   
SW-DU-001 LDOS34E DOE A-01-R MOD Total Uranium 0.288 µg/L 0.0478    
SW-DU-001 LDOS34E DOE A-01-R MOD Uranium 234 0.134 pCi/L 0.039 0.0233   
SW-DU-001 LDOS34E DOE A-01-R MOD Uranium 235 0.0151 pCi/L 0.0136 0.00907 J 37 
SW-DU-001 LDOS34E DOE A-01-R MOD Uranium 238 0.0945 pCi/L 0.032 0.0186   
SW-DU-002 LDOS34E DOE A-01-R MOD Total Uranium 0.678 µg/L 0.0759    
SW-DU-002 LDOS34E DOE A-01-R MOD Uranium 234 0.13 pCi/L 0.0383 0.0191   
SW-DU-002 LDOS34E DOE A-01-R MOD Uranium 235 0.0218 pCi/L 0.0166 0.00933 J 37 
SW-DU-002 LDOS34E DOE A-01-R MOD Uranium 238 0.225 pCi/L 0.0509 0.00748   
SW-DU-002-DUP LDOS34ED DOE A-01-R MOD Total Uranium 0.509 µg/L 0.0635    
SW-DU-002-DUP LDOS34ED DOE A-01-R MOD Uranium 234 0.118 pCi/L 0.0353 0.0178   
SW-DU-002-DUP LDOS34ED DOE A-01-R MOD Uranium 235 0.0116 pCi/L 0.0142 0.0221 U  
SW-DU-002-DUP LDOS34ED DOE A-01-R MOD Uranium 238 0.169 pCi/L 0.0426 0.0177   
SW-DU-007 LDOS34E DOE A-01-R MOD Total Uranium 0.121 µg/L 0.0288    







 


Att-2 


Water Sample Summary 


Site I.D. Sample I.D. Method Analyte Value Units Error MDC 
Final 
Qual 


Reason 
Code 


SW-DU-007 LDOS34E DOE A-01-R MOD Uranium 234 0.0578 pCi/L 0.0245 0.0177   
SW-DU-007 LDOS34E DOE A-01-R MOD Uranium 235 0.00863 pCi/L 0.01 0.00863 J 37 
SW-DU-007 LDOS34E DOE A-01-R MOD Uranium 238 0.0392 pCi/L 0.0193 0.00692   
SW-DU-008 LDOS34E DOE A-01-R MOD Total Uranium 0.769 µg/L 0.0847    
SW-DU-008 LDOS34E DOE A-01-R MOD Uranium 234 0.163 pCi/L 0.0442 0.0244   
SW-DU-008 LDOS34E DOE A-01-R MOD Uranium 235 0.00951 pCi/L 0.0168 0.0304 U  
SW-DU-008 LDOS34E DOE A-01-R MOD Uranium 238 0.257 pCi/L 0.0569 0.0281   


 


 


 


  







 


Att-3 


Sediment Sample Summary 


Site I.D. Sample I.D. Method Analyte Value Units Error MDC 
Final 
Qual 


Reason 
Code 


SD-DU-001 LDOS34E DOE A-01-R MOD Total Uranium 0.427 µg/g 0.0563    
SD-DU-001 LDOS34E DOE A-01-R MOD Uranium 234 0.156 pCi/g 0.0388 0.024   
SD-DU-001 LDOS34E DOE A-01-R MOD Uranium 235 0.0097 pCi/g 0.0137 0.0232 U  
SD-DU-001 LDOS34E DOE A-01-R MOD Uranium 238 0.142 pCi/g 0.0378 0.028   
SD-DU-002 LDOS34E DOE A-01-R MOD Total Uranium 0.936 µg/g 0.0847    
SD-DU-002 LDOS34E DOE A-01-R MOD Uranium 234 0.363 pCi/g 0.0645 0.03   
SD-DU-002 LDOS34E DOE A-01-R MOD Uranium 235 0.0415 pCi/g 0.021 0.00778 J 37 
SD-DU-002 LDOS34E DOE A-01-R MOD Uranium 238 0.308 pCi/g 0.0569 0.00624   
SD-DU-007 LDOS34E DOE A-01-R MOD Total Uranium 1.77 µg/g 0.127    
SD-DU-007 LDOS34E DOE A-01-R MOD Uranium 234 0.6 pCi/g 0.0864 0.03   
SD-DU-007 LDOS34E DOE A-01-R MOD Uranium 235 0.0195 pCi/g 0.0183 0.027 U  
SD-DU-007 LDOS34E DOE A-01-R MOD Uranium 238 0.591 pCi/g 0.0853 0.0282   
SD-DU-008 LDOS34E DOE A-01-R MOD Total Uranium 1.47 µg/g 0.113    
SD-DU-008 LDOS34E DOE A-01-R MOD Uranium 234 0.401 pCi/g 0.0666 0.0156   
SD-DU-008 LDOS34E DOE A-01-R MOD Uranium 235 0.0177 pCi/g 0.0153 0.0194 U  
SD-DU-008 LDOS34E DOE A-01-R MOD Uranium 238 0.49 pCi/g 0.0762 0.025   
SD-DU-008-DUP LDOS34ED DOE A-01-R MOD Total Uranium 1.63 µg/g 0.12    
SD-DU-008-DUP LDOS34ED DOE A-01-R MOD Uranium 234 0.498 pCi/g 0.0759 0.0218   
SD-DU-008-DUP LDOS34ED DOE A-01-R MOD Uranium 235 0.0318 pCi/g 0.0215 0.0271 J 37 
SD-DU-008-DUP LDOS34ED DOE A-01-R MOD Uranium 238 0.542 pCi/g 0.0807 0.0283   


Data Validation Reason Code 
37 Associated error was greater than 50 percent of the sample result.
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