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EXECUTIVE SUMMARY 

This Site Screening Process (SSP) Report for Site 1 (Thorium Spill) at the Naval Support Facility Indian 

Head (NSF-IH) in Indian Head, Maryland was prepared by Tetra Tech NUS, Inc. (TtNUS) in response to 

Contract Task Order 5 under the Comprehensive Long-Term Environmental Action Navy (CLEAN) 

Contract Number N62472-D-03-0057.  NSF-IH is a Naval Support Activity South Potomac facility within 

the Naval District Washington Region. 

  

The objective of the Site 1 SSP was to collect and evaluate sufficient data to provide the basis for a 

determination that either:  (1) a Remedial Investigation (RI)/Feasibility Study (FS), an FS, another 

investigation, and/or removal action, as appropriate, is required by the area addressed by the SSP or 

(2) the area does not pose a threat or potential threat to public health, welfare, or the environment and 

therefore the area should be removed from further study under the Federal Facility Agreement (FFA) 

(EPA Region 3 and DoN, 2000).  The field investigations leading to this report were outlined in a site-

specific work plan (TtNUS, 2005) that detailed the environmental samples and analytical methods needed 

to make a decision for this site. 

 

Site 1 is an area of approximately 60 feet by 135 feet located between Strauss Avenue and Building 

1662.  Thorium was first placed on the ground at Site 1 in 1962 in connection with radiation training 

exercises conducted by the Naval School, Explosive Ordnance Disposal (NAVSCOLEOD) then at the 

facility. Thorium ore from approximately five drums of 30- to 50-gallon capacity was spread over the site.  

Removal actions were undertaken at the site in July 1972, November 1972, and sometime in 

approximately 1983.   

 

Site 1 was subjected to an initial SSP field investigation in 2005 and a second SSP field investigation in 

2007.  In 2005, sampling was also performed at a reference area located on the facility and selected on 

the basis of having no apparent physical or historical reason for being contaminated by radioactive 

material.  Twenty-seven samples were collected from Site 1, and 27 were collected from the reference 

area during the 2005 field effort.  An additional 14 samples were collected from Site 1 in 2007.  The 

samples were collected from 36-inch deep boreholes.  Each borehole was divided into three vertical 

intervals [18 to 24 inches below ground surface (bgs), 24 to 30 inches bgs, and 30 to 36 inches bgs].  

One sample from each borehole was selected on the basis of gross gamma radiation for analysis of 

thorium-232 by a fixed-base laboratory.   

 

A site-specific derived concentration guidance level (DCGL) was developed for a residential gardener 

exposure scenario (on-site resident tending to a vegetable garden) to relate thorium concentration to the 

acceptable United States Environmental Protection Agency (EPA) cancer risk level.  This scenario is 
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judged most likely for the site in the event the Navy relinquishes the site for public use.  Using the 

Residual Radioactivity (RESRAD) computer model with inputs appropriate to a resident gardener, a 

thorium-232 concentration of 3 picocuries per gram (pCi/g) corresponds to a cancer risk of approximately 

1E-05.  This is within the EPA acceptable risk range of 1E-06 to 1E-04. 

 

Analytical results were evaluated following guidance contained in the Multi-Agency Radiation Survey and 

Site Investigation Manual (MARSSIM) (EPA et al., 2000).  There were several sampling locations that 

exhibited elevated activity.  Further evaluation of the sampling results identified two areas where 

thorium-232 concentrations were greater than the site-specific DCGL of 3 picocuries per gram (pCi/g).  

Based on exceedances of this DCGL, there are nine sampling locations within two areas that are 

candidates for excavation and removal to depths ranging from 24 to 36 inches bgs. 

 

The first area is defined by two sample locations in the northern portion of the site.  The estimated area of 

contamination is 300 square feet, and the depth of contamination is 30 inches (2.5 feet).  The estimated 

volume of soil in this area is 28 cubic yards.  The second area is defined by seven sample locations in the 

central portion of the site.  The estimated area of contamination is 775 square feet, and the average 

depth of soil contamination is 30 inches (2.5 feet).  The estimated volume of soil in this area is 72 cubic 

yards. 

 

The contaminated soil could be removed for off-site disposal.  Based on the site history and surface 

radiation measurements, the upper 18 inches of soil may not be contaminated.  If this soil is removed, 

screened for radiation, and found to be uncontaminated, it could be stockpiled for use as backfill.  This 

would reduce the volume of soil for off-site disposal by more than 50 percent.  Another option would be to 

implement land use controls to prevent residential use. 

 



1.0  INTRODUCTION 

This Site Screening Process (SSP) Report for Naval Support Facility Indian Head (NSF-IH) in Indian 

Head, Maryland was prepared by Tetra Tech NUS, Inc. (TtNUS) in response to Contract Task Order 

(CTO) 5 under the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract Number 

N62472-03-D-0057.  NSF-IH is a Naval Support Activity South Potomac facility within the Naval District 

Washington Region.  Until October 1, 2005, NSF-IH was referred to as Naval District Washington, Indian 

Head.  This report describes the SSP for Site 1 – Thorium Spill. 

 

1.1 PURPOSE AND REPORT ORGANIZATION 

The purpose of the SSP was to determine whether operations at Site 1 resulted in the release of thorium 

at concentrations of potential environmental concern.  The SSP was conducted in response to a 

requirement in the Federal Facility Agreement (FFA) (EPA Region III and DoN, 2000) for a site screening 

investigation (SSI) at Site 1. 

 

Section 1.0 presents the purpose, objective, and scope of this report and summarizes facility background 

information.  Section 2.0 provides the general investigative procedures.  Section 3.0 provides the 

evaluation methods and the results of the SSP for Site 1. 

 

1.2 OBJECTIVE AND SCOPE 

The Site 1 SSP investigation was conducted in two phases.  Phase 1 was conducted as described in the 

SSP Investigation Work Plan (TtNUS, 2005).  The results from Phase 1 were presented in a technical 

memorandum dated March 10, 2006, which is included in Appendix A.  That technical memorandum 

concluded with a description of a potential second round of sampling.  Through several meetings and 

discussions that included the Indian Head Installation Restoration Team (IHIRT) and the Navy 

Radiological Affairs Support Office (RASO), a scope of work for a second sampling round was developed.  

That scope was described in a technical memorandum dated June 7, 2007, which is included in 

Appendix B. 

 

Throughout the two sampling phases, the objective of the SSP investigation was to collect sufficient data 

to provide the basis for a determination that either:  (1) a Remedial Investigation (RI)/Feasibility Study 

(FS), an FS, another investigation, and/or removal action, as appropriate, is required by the area 

addressed by the SSP or (2) the area does not pose a threat or potential threat to public health, welfare, 

or the environment and therefore the area should be removed from further study under the FFA. 
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The overall investigation process consisted of research, media sampling, and analytical data evaluation.  

The research consisted of reviewing historical documents related to operations at Site 1.  Soil samples 

were collected.  Analytical data were evaluated via a formal data validation process, background 

comparisons, and a statistical evaluation as described in the Site 1 SSP Investigation Work Plan (TtNUS, 

2005). 

 

1.3 FACILITY BACKGROUND 

NSF-IH is located in northwestern Charles County, Maryland.  As shown on Figure 1-1, NSF-IH is 

approximately 25 miles southwest of Washington, D.C.  NSF-IH is a military facility consisting of the Main 

Area on the Cornwallis Neck Peninsula and the Annex on Stump Neck.  As shown on Figure 1-2, the 

Main Area is bounded by the Potomac River on the northwest, west, and south, Mattawoman Creek to 

the south and east, and the Town of Indian Head to the northeast.  Stump Neck Annex is located across 

Mattawoman Creek and is not contiguous with the Main Area.  The location of Site 1 is shown on 

Figure 1-2. 

 

The primary mission of the Indian Head Division, Naval Surface Warfare Center (IHDIV-NSWC), the main 

tenant of NSF-IH, is as follows: 

 

• To provide services in energetics for all warfare centers through engineering, fleet and operation 

support, manufacturing technology, limited production, and industrial base support. 

 

• To provide research, development, testing, and evaluation of energetic materials, ordnance devices 

and components, and other related ordnance engineering standards including chemicals, propellants 

and their propulsion systems, explosives, pyrotechnics, warheads, and simulators. 

 

• To provide support to all warfare centers, military departments, and the ordnance industry for special 

weapons, explosive safety, and ordnance environmental issues. 

 

• To execute other responsibilities as assigned by the Commander of the IHDIV-NSWC. 

 

Site 1 is an area of approximately 60 by 135 feet located between Building 1662 and Strauss Avenue.  

The area is currently covered by a parking lot and maintained lawn.  Building 1662 is used for electrical 

and satellite communications.  Future land use is expected to be any military, industrial, or commercial 

use needed to support the NSF-IH mission.  It is unlikely that the site area would be developed for 

residential use while under government control.  However, hypothetical future residential land use was 

evaluated to determine whether the site could be released for unrestricted use without the need for land 
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use controls.  Future use as farmland is not likely for a site that overlooks the Potomac River in proximity 

to the Washington, D.C. area. 
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2.0  GENERAL INVESTIGATIVE PROCEDURES 

The investigations at Site 1 were discussed in the SSP Work Plan (TtNUS, 2005) and in the June 7, 2007 

technical memorandum (Appendix B).   

 

2.1 FIELD SAMPLING 

2.1.1 Soil Sampling 

The rationale supporting the first sampling phase for Site 1 is described in detail in the Site 1 SSP Work 

Plan (TtNUS, 2005).  Twenty-seven samples (from locations S01SB001 through S01SB027) were 

collected from the site area, and 27 samples were collected from a reference area.  The locations of 

Site 1 and the reference area within the facility are shown on Figure 1-2.  The reference area and the Site 

1 area, along with the sampled locations, are shown on Figures 2-1 and 2-2, respectively.  

 

The reference area samples were collected in 2005 prior to collecting the Site 1 samples.  At each 

reference area sample location, a direct-push drill rig was used to create a 3-inch-diameter borehole to 

approximately 36 inches below ground surface (bgs).  A disposable macro-core sampling device was 

used to extract the soil from the boring at each sampling location.  As soil was extracted from the 

borehole, the soil from the 18- to 24-inches bgs interval, 24- to 30-inches bgs interval, and 30- to 

36-inches bgs interval was placed in separate piles on a plastic sheet on a temporary work table placed 

near the borehole.  The soil from the middle interval (24 to 30 inches) in each reference area borehole 

was packaged for shipment to the fixed-base laboratory for a determination of the thorium-232 

concentration.  A gamma probe scintillator was lowered into each borehole to measure gross gamma 

radiation at each of three intervals (18 to 24 inches bgs, 24 to 30 inches bgs, and 30 to 36 inches bgs).  It 

was planned that if a comparison of the gamma radiation level for the middle (24- to 30-inches) interval 

with the gamma radiation levels for the remaining two intervals indicated a difference greater than 

1,000 counts per minute (cpm), the soil from the interval indicating the greatest difference from the 24- to 

30-inches interval would also be shipped to the fixed-base laboratory.  This situation did not occur at any 

of the reference area sampling locations; therefore, only a single sample from each of the 27 reference 

area sample locations was shipped to the laboratory.  Additional field readings were taken of the soil 

extracted from the borehole using a pancake probe prior to packaging the soil for shipment to the 

laboratory.  Field documentation from the 2005 reference area field investigation is included in 

Appendix C.  The field readings are presented in Appendix C.5.  The analytical results for the reference 

area samples are presented in Appendix D, Table D-1.  
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Site 1 samples collected during the first (2005) sampling phase were collected using techniques similar to 

those applied to the reference area.  A disposable macro-core sampling device was used to extract the 

soil from the boring at each sampling location.  As soil was extracted from the borehole, the soil from the 

18- to 24-inches bgs interval, 24- to 30-inches bgs interval, and 30- to 36-inches bgs interval was placed 

in separate piles on a plastic sheet on a temporary work table placed near to the borehole.  A gamma 

probe scintillator was lowered into each borehole to measure gross gamma radiation at each of three 

intervals (18 to 24 inches bgs, 24 to 30 inches bgs, and 30 to 36 inches bgs).  It was planned that at each 

Site 1 borehole, only the soil from the boring interval exhibiting the highest gamma radiation level would 

be shipped to the fixed-base laboratory for analysis.  If none of the three sample intervals in a borehole 

exhibited an apparently high reading, one of the three samples from that borehole was to be selected 

randomly for shipment to the fixed-base laboratory.  A deviation from the work plan (TtNUS, 2005) 

occurred when a pancake probe was used to measure the radioactivity for the soil pile from each of the 

sampled intervals and the sample exhibiting the highest gamma reading was sent to the laboratory for 

analysis.  The result was that the sample shipped to the laboratory for analysis did not always correspond 

to the borehole interval exhibiting the highest down-hole field gamma reading as determined with the 

scintillator in the borehole.  The deviation is discussed further in Section 3.5 as part of the data 

evaluation.  Field documentation from the Site 1 field investigation is included in Appendix C.  The field 

readings for the 2005 field investigation are presented in Appendix C.6.  The analytical results for the 

2005 Site 1 samples are presented in Appendix D, Table D-1.   

 

The rationale supporting the second (2007) phase of Site 1 sampling is described in the June 7, 2007, 

technical memorandum (work plan) included in Appendix B.  In addition to the data evaluation specified in 

the SSP Work Plan (TtNUS, 2005), data from the 2005 sampling were compared to data from a RASO 

investigation conducted in 1972.  This comparison indicated that the area sampled in 2005 did not include 

all of the locations identified in 1972 as potentially containing elevated thorium-232 concentrations and 

that the site was larger than originally anticipated.  The 2007 technical memorandum included sample 

locations to improve the understanding of the extent of thorium-232 contamination and to verify the 

presence or absence of thorium-232 contamination at the locations identified during the 1972 

investigation.  During the 2007 field investigation, samples were collected from locations S01SB020, 

S01SB021, and S01SB028 through S01SB041. The approach employed for collecting the soil samples 

during the 2007 field work was the same as that planned for the first phase of the Site 1 investigation, 

with field measurements of down-hole gamma readings at the same three depth intervals.  At each 

borehole, the soil from the interval exhibiting the highest gamma measurement was shipped to the 

laboratory for analysis of thorium-232.  (Two exceptions to this approach occurred in connection with 

sample locations S01SB028 and S01SB039.  Those samples are addressed in Section 3 as part of the 

data evaluation in Table 3-3.).  Field documentation from the 2007 Site 1 field investigation is included in 
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Appendix C.  The field readings for the 2007 field investigation are presented in Appendix C.7.  The 

analytical results for the 2007 Site 1 samples are presented in Appendix D, Table D-1.  

 

2.1.2 Quality Assurance/Quality Control 

Equipment employed in the field for measuring radiological parameters was calibrated by the 

manufacturer prior to shipping the equipment to the field.  Calibration documentation is included in 

Appendix C.   
 

Field quality control (QC) samples consisted of field duplicates.  Each duplicate sample underwent the 

same preservation, analysis, and reporting procedures as the associated environmental sample.  The 

duplicate samples were collected at a rate of 1 per 10 or fewer environmental samples.  The analytical 

results for the duplicate samples are included in Appendix E. 

 

During the 2005 sampling effort at the Site 1 area, one location (S01SB014) exhibited a significantly 

higher gamma radiation reading [747 kilo counts per minute (kcpm)] than any of the other Site 1 locations.  

The next highest reading was 36.8 kcpm at location S01SB011.  To provide a more complete basis for 

evaluating the high reading at S01SB014, a sample of the soil from the boring interval exhibiting the high 

reading (24 to 30 inches) was shipped to the fixed-base laboratory for analysis by gamma spectroscopy 

of the following Naturally Occurring Radioactive Material (NORM) isotopes: 

 

• actinium-228 

• bismuth-212 and -214 

• lead-212 and -214 

• potassium-40 

• radium 224 

• radium-226 

• radium 228 

• thallium-208 

• thorium-234 

 

Samples collected in 2005 from locations S01SB020 and S0SB021 exhibited relatively low concentrations 

of thorium-232 [0.64 and 0.66 picocuries per gram (pCi/g) respectively] compared to the Site 1 samples 

with the highest concentrations (see Table D-1 in Appendix D).  However, the down-hole gamma 

readings for both boreholes were relatively high (13.1 and 14.4 kcpm respectively) (see Table C.6-1 in 

Appendix C.6) compared to the down-hole gamma readings for other sampled borings from which 

samples exhibited similar thorium-232 concentrations.  During planning for the second phase of Site 1 
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sampling, it was determined, in consultation with RASO, that soil samples should also be collected from 

locations S01SB020 and S01SB021 for analysis of NORM parameters.  The NORM analyses were 

performed to examine the possibility that a radioactive material other than thorium-232 may have caused 

the elevated gamma reading in the boreholes.  Those samples were analyzed for the following NORM 

parameters: 

 

• actinium-228 

• bismuth-212 and -214 

• lead-212 and -214 

• potassium-40 

• radium-226 

• thallium-208 

• thorium-234 

 

2.2 LABORATORY ANALYSIS 

The soil samples were subjected to analysis for thorium-232 by a fixed-base laboratory using alpha 

spectroscopy.  The three samples (S01SB0140201, S01SB0200201, and S01SB0210201) analyzed for 

the NORM parameters listed in Section 2.1.2 were analyzed in a fixed-base laboratory using gamma 

spectroscopy.  The analytical results are included in Appendix D.   

 

2.3 INVESTIGATION-DERIVED WASTE HANDLING 

The investigation-derived waste (IDW) produced during the SSP investigation included borehole cuttings, 

disposable sampling equipment, personnel protective equipment (PPE), and miscellaneous trash.  Soil 

boring cuttings were used to backfill the open boreholes after soil samples were collected.  The remaining 

materials were screened in the field as described in the Site 1 Work Plan, determined to be non-

radioactive, and disposed as trash. 

 

2.4 SURVEYING 

The horizontal coordinates of each sampled location were determined by field sampling personnel using a 

global positioning device.  Coordinates were determined based on the Maryland State Plane Coordinate 

system [North American Datum (NAD) 1983].  No elevations were determined because they were not 

critical to the objectives of the SSP investigation.  The horizontal coordinates of sample locations at Site 1 

and the reference area are included in Appendix F. 
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3.0  DATA EVALUATION  

3.1 GENERAL EVALUATION CRITERIA 

As required by the Site 1 SSP Investigation Work Plan (TtNUS, 2005), the fixed-base-laboratory 

analytical results for the Site 1 investigation are evaluated in this SSP Report to determine what action, if 

any, may be appropriate for Site 1.  The presence or absence of residual contamination at Site 1 is to be 

determined by comparing Site 1 analytical results to reference area analytical results using the Wilcoxon 

Rank Sum (WRS) test as required by the Multi-Agency Radiation Survey and Site Investigation Manual 

(MARSSIM) Section 8.4.1 (EPA et al., 2000).  As expressed in the Work Plan, decision rules for the Site 1 

Investigation were as follows: 

 

• If the result of the WRS test indicates that the Site 1 thorium-232 concentration does not exceed the 

sum of the reference area thorium-232 concentration plus 1 pCi/g, Site 1 will be recommended for no 

action. 

 

• If the result of the WRS test indicates that the Site 1 thorium-232 concentration exceeds the sum of 

the reference area thorium-232 concentration plus 1 pCi/g, Site 1 will be subjected to further 

evaluation. 

 

Subsurface soil locations with elevated activity and ground surface radiation measurements were also 

evaluated. 

 

3.2 DATA VALIDATION 

All samples were subjected to data validation.  The data validation consisted of a review of the data 

completeness, holding times, laboratory method/preparation blanks, laboratory duplicate results, field 

duplicate results, laboratory control sample results, and detection limits.  Appendix D contains the 

analytical data for all samples.  The analytical data validation memoranda are provided in Appendix E. 

 

3.3 REFERENCE AREA DATABASE 

As described in Section 2.1.1, 27 soil samples were collected from the reference area locations shown on 

Figure 2-1 along with thorium-232 analytical results.  The results are provided in Table 3-1.  The 

reference area was located within NSF-IH in an open field as free as possible from known sources of 

radioactive contamination and sufficiently unobstructed to allow the sampled area to mimic the size and 

shape of Site 1 as configured during the 2005 field investigation.  Section 2.1.1 describes the sampling 
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techniques employed.  The data are presented in Appendix D.  No facility-wide radiological database was 

available for this investigation. 

 

A review of 2001 sampling results from an area adjacent to Building 900 indicates that a background 

concentration of approximately 0.57 pCi/g for thorium-232 may be appropriate.  In addition, many of the 

thorium-232 concentrations and associated borehole radiation measurements at Site 1 indicate a 

background concentration of approximately 0.58 pCi/g.  In contrast, an examination of the thorium-232 

concentrations and associated borehole radiation measurements in the reference area sampled in 2005 

indicates an average concentration of approximately 1 pCi/g.  Based on this information, RASO 

recommended that any future remediation and surveys establish a reference area that is radiologically 

similar to the Site 1 area (RASO, 2008). 

 

3.4 WILCOXON RANK SUM TEST 

In accordance with the MARSSIM, Section 8.4.1, the Site 1 data set and the reference area data set were 

compared using the WRS test.  Application of the WRS test to the Site 1 data required the development 

of a derived concentration guideline level (DCGL), which is defined in the MARSSIM (EPA, et al., 2000) 

as “A derived, radionuclide-specific activity concentration within a survey unit corresponding to the 

release criterion.”  MARSSIM also describes DCGLs as “…average levels of radiation or radioactivity 

above appropriate background levels.” 

 

Based on computer model runs by the Navy’s RASO during planning for this investigation using 

Residential Radioactivity (RESRAD) computer software (Yu, et al., 2001) and a conservative residential 

farmer risk scenario [Section 2.3.3 of the Site 1 SSP Work Plan (TtNUS, 2005)], a thorium-232 

concentration of 1 pCi/g above background was determined to be a suitable preliminary DCGL.  

Therefore, 1 pCi/g was added to each of the analytical results in the reference area data set prior to 

initiating the WRS test.  The adjustment of the reference area data and the WRS calculation are 

presented in Appendix G. 

 

As noted in the MARSSIM, the hypotheses tested by the WRS test is as follows: 

 

Null Hypothesis 

Ho: The median concentration in the survey unit exceeds that in the reference area by more that 

the DCGLW.  [Note: “The DCGLW, based on pathway modeling, is the uniform residual 

radioactivity concentration level within a survey unit that corresponds to the release criterion.”  

(EPA, et al., 2000).] 

 

Versus 
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Alternative Hypothesis 

Ha:  The median concentration in the survey unit exceeds that in the reference area by less than 

the DCGLW. 

 

The null hypothesis is assumed to be true unless the statistical test indicates that it should be rejected in 

favor of the alternative hypothesis.  The result of the hypotheses test determines whether or not the 

survey unit as a whole is deemed to meet the release criterion (EPA, et al., 2000).   

 

As demonstrated in Appendix G, application of the WRS test to the Site 1 and reference area data 

resulted in the rejection of the null hypothesis.  There is some uncertainty in this statistical analysis 

because the reference area and site area are not radiologically similar.  As discussed in Section 3.3, the 

background concentration of thorium-232 in the reference area (approximately 1 pCi/g) is greater than 

that at Site 1 (approximately 0.58 pCi/g).  Also, the difference between the average thorium-232 

concentrations at Site 1 (2.37 pCi/g) and at the reference area (1.15 pCi/g) is greater than the preliminary 

DCGL (1 pCi/g) (see Table 3-1).  According to MARSSIM guidance, this indicates that the preliminary 

release criterion (1 pCi/g) is not met.  Regardless of this statistical analysis and associated uncertainties, 

it was necessary to evaluate sample locations with elevated thorium-232 concentrations (hot spots). 

 

3.5 EVALUATION OF AREAS OF ELEVATED ACTIVITY 

In addition to the WRS test, MARSSIM guidance states that areas of elevated activity need to be 

evaluated.  For purposes of this SSP, areas of elevated activity are individual sample locations where 

thorium-232 concentrations are greater than the DCGL, determined as described in Section 3.5.1, or that 

have elevated borehole gamma field measurements.  Thorium-232 concentrations detected in Site 1 

samples are provided in Table 3-1. 

 

3.5.1 Derived Concentration Guideline Level Determination 

It was necessary to develop a DCGL to evaluate areas of elevated activity.  The RESRAD computer 

software was used in conjunction with a residential gardener exposure scenario that considered residents 

who did not raise their own meat, milk, or aquatic food on the property but are exposed to radiation via 

external gamma radiation, inhalation, plant ingestion, drinking water, and soil ingestion.  All of these 

factors were included in the more conservative human health exposure scenario applied for previous 

RESRAD modeling runs resulting in the 1 pCi/g preliminary DCGL used for the WRS test described in 

Section 3.4. 
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Several model runs were made using assumed DCGLs from 1 to 4 pCi/g for thorium-232 in soil to 

determine the resulting cancer risk levels.  The goal was to develop a DCGL that corresponded to a 

cancer risk within the EPA acceptable risk range of 1E-04 to 1E-06.  The maximum DCGL that results in a 

cancer risk less than 1E-04 is 3 pCi/g.  The cancer risk levels and corresponding radiation dose rates 

resulting from the RESRAD modeling are shown in Table 3-2.  RESRAD modeling run outputs are 

provided in Appendix H. 

 

3.5.2 Evaluation of Data Points 

The evaluation of individual data points is presented in Table 3-3.  The table is arranged as follows: 

 

• Column 1 lists the identifying sample number for each sample collected from Site 1. 

 

• Columns 2, 5, and 8 indicate the down-hole gamma readings at each of the three vertical intervals in 

each borehole.  During the 2005 field investigation, single readings were taken from the mid-point of 

each interval.  During the 2007 field investigation, the readings were taken at the top and bottom of 

each interval, thus two readings are shown for each borehole interval in the table for the 2007 field 

investigation. 

 

• An "S" in columns 3, 6, and 9 indicates that the soil sample from that borehole interval was shipped to 

the fixed-base laboratory for analysis of thorium-232. 

 

• An "H" in columns 4, 7, and 10 indicates the interval in each borehole that exhibited the highest 

down-hole gamma reading. 

 

• Column 11 indicates the thorium-232 concentration detected in the sample shipped to the fixed-base 

laboratory. 

 

• Columns 12, 13, 15, and 16 indicate a yes (Y) or no (N) response to the question in the column 

heading. 

 

• Column 14 considers the fact that the precision of the readings from the field instrument used for 

collecting the down-hole gamma readings could vary.  To be conservative, a precision of ±10 percent 

was selected arbitrarily.  For cases where the sample shipped to the fixed-base laboratory was not 

from the borehole interval exhibiting the highest gamma reading, the gamma reading associated with 

the shipped sample was increased by 10 percent and entered into this column for comparison to the 

actual highest down-hole gamma reading.  If the gamma reading in column 14 is greater than the 
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reading for the borehole interval with the actual highest reading, the reading associated with the 

shipped sample was deemed acceptable for the purpose of determining which sample was shipped to 

the laboratory.  In that event, the thorium-232 concentration detected by the laboratory in the shipped 

sample was deemed acceptable for evaluating the need for removing contaminated soil (e.g., location 

S01SB007).  When the column 14 value is less than the reading for the borehole interval with the 

actual highest reading, the thorium-232 concentration detected in the shipped sample was not applied 

in a critical manner to the decision that the location is or is not a candidate for remediation.  Three 

exceptions occurred when the two values were considered so close to each other as to be essentially 

equal.  Those are S01SB006 (0.05 kcpm difference), S01SB016 (0.02 kcpm difference), and 

S01SB018 (0.02 kcpm difference). 

 

• Column 17 lists the rationale leading to the determination in column 16 that the soil sample analytical 

data and/or the borehole gamma readings indicate a need to remove contaminated soil. 

 

The rationale in Table 3-3, column 17 repeatedly includes one or more of the following three points of 

comparison: 

 

• The “+10%” figure refers to the consideration of field instrument precision as described above for 

Table 3-3, column 14. 

 

• The 3 pCi/g value refers to the DCGL developed using the RESRAD model as described in 

Section 3.5.1. 

 

• The 3 kcpm value was developed as described below. 

 

Section 2.1.1 identified a deviation from the work plan (TtNUS, 2005) that occurred during the 2005 Site 1 

sampling.  As a result of the deviation, 15 of the Site 1 soil samples shipped to the fixed-base laboratory 

were not from the down-hole boring interval exhibiting the highest gamma screening level.  For Site 1 

data from the 2005 field investigation, Table 3-3 shows (using the “S” and “H” entries in the table) the 

shipped samples that did or did not correspond to the interval with the highest gamma reading.  For one 

(S01SB0140201) of the 15 affected soil samples, although the soil shipped to the laboratory was taken 

from the down-hole interval exhibiting the second highest gamma reading, the thorium-232 concentration 

was high enough at 16.5 pCi/g in the sample from the 18 to 24 inches interval to indicate a need for 

remediating that location. 

 

For the remaining 14 locations, an attempt was made to determine a correlation that would allow 

reasonable conclusions to be drawn regarding the need to excavate contaminated soil based on the field 
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gamma readings.  Table 3-4 shows the 2005 Site 1 data sorted in the order of increasing down-hole field 

gamma readings.  A visual check of the arrayed data shows that the thorium-232 concentrations in the 

soil samples were consistently less than 1 pCi/g (more accurately, 0.68 pCi/g) for field gamma readings 

less than 3.26 kcpm in the corresponding down-hole boring interval.  In the interest of conservativeness, 

a field gamma reading of 3 kcpm was applied in Table 3-3 as a limit below which thorium-232 

concentrations in soil were very likely to be less than the 3 pCi/g DCGL previously determined in Section 

3.5.1.  Two sampling locations (S01SB020 and S01SB021) were determined to be candidates for 

excavation and removal solely on the basis of the 3 kcpm criterion. 

 

All the remaining 13 sampling locations (S01SB001, S01SB002, S01SB006, S01SB007, S01SB010, 

S01SB015, S01SB016, S01SB017, S01SB018, S01SB019, S01SB023, S01SB026, and S01SB027) 

were determined not to be candidates for remediation.  The 3 kcpm criterion was the primary reason for 

this determination at two of these locations (S01SB0001 and S01SB019).  The remaining 11 locations 

have additional rationale to support the determination that the sampling locations are not candidates for 

remediation. 

 

The 3 kcpm criterion was not a consideration for the evaluation of 2007 Site 1 data in Table 3-3. 

 

3.6 NORM DATA EVALUATION 

The NORM data mentioned in Section 2.1.2 were evaluated to determine if radioactive isotopes other 

than thorium-232 might be the cause of elevated down-hole gamma readings observed at locations 

S01SB014, S01SB020, and S01SB021. 

 

Samples from S01SB020 and S01SB021 collected in 2005 exhibited relatively low concentrations (less 

than 1 pCi/g) of thorium-232 when analyzed using alpha spectroscopy; however, the down-hole gamma 

measurements were relatively high (greater than 10 kcpm).  Additional samples from these locations were 

collected in 2007 and analyzed for NORM parameters using gamma spectroscopy.  The gamma 

spectroscopy results (Table D-2 in Appendix D) provide evidence of thorium-232 even though the alpha 

spectroscopy results for thorium-232 (Table D-1 in Appendix D) were less than those from the reference 

area.  The samples collected in 2007 contained significant concentrations of thorium-232 daughter 

radionuclides.  The likely cause is the difference in sample sizes for alpha and gamma spectroscopy and 

sample heterogeneity.  The amount of sample used in alpha spectroscopy is a small portion of the 

borehole sample received at the laboratory, and the results can be subject to variation if the thorium is not 

evenly distributed throughout the sample.  Much more of the borehole sample received at the laboratory 

is used for gamma spectroscopy.  Therefore, it can be assumed that the elevated down-hole gamma 

measurements at locations S01SB020 and S01SB020 can be attributed to thorium-232. 
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Sample S01SB0140101 (collected in 2005) was also analyzed for NORM isotopes in addition to 

thorium-232.  The NORM isotope concentrations were similar to those for the samples collected in 2007.  

The thorium-232 concentration in the 2005 sample was elevated (16.5 pCi/g), and the sample also 

contained elevated levels of radium-224 and radium-228, which is characteristic of the thorium decay 

chain.  Therefore, it can be assumed that the elevated down-hole gamma readings at location S01SB014 

can be attributed to thorium-232.   

 

3.7 EVALUATION OF SURFACE RADIATION LEVELS 

Historical information indicated that, based on previous removal actions, there should be no thorium on 

the ground surface at Site 1.  During borehole sampling, ground surface radiation readings at the 

reference area and Site 1 were measured using a 2-inch-diameter by 2-inch-long sodium iodide (NaI) 

detector to verify this information.  At the reference area, surface readings ranged from 7,752 to 

8,515 cpm with an average of 8,113 cpm.  At Site 1, surface readings ranged from 5,418 to 8,096 cpm 

with an average of 6,222 cpm.  The surface radiation levels at the reference area were greater than those 

from Site 1, indicating that there is not likely any residual thorium above natural background levels on the 

surface at Site 1.  Surface screening results are included in Appendix A (Enclosures 3 and 4), 

Appendix C.5, and Appendix C.6. 

 

3.8 CONCLUSIONS 

Column 16 in Table 3-3 summarized the results of the Site 1 data evaluation by indicating with “Y” and 

“N” entries if sampled locations were determined to be candidates for excavation and removal (or land 

use controls).  Nine sampling locations shown on Figure 3-1 (S01SB011, S01SB014, S01SB020, 

S01SB021, S01SB023, S01SB031, S01SB032, S01SB039, and S01SB040) were determined to be 

candidates for soil excavation and removal.  Of these, seven locations (S01SB011, S01SB014, 

S01SB023, S01SB031, S01SB032, S01SB039, and S01SB040) had soil concentrations of thorium-232 

greater than 3 pCi/g.  Two locations (S01SB020 and S01SB021) had thorium-232 concentrations less 

than 3 pCi/g; however, the down-hole gamma readings were greater than 3 kcpm.  In addition, the 

analytical data for the NORM parameters provide evidence of thorium-232. 

 

There are two areas of thorium-232 contamination at Site 1.  The first area is defined by sample locations 

S01SB039 and S01SB40 in the northern portion of the site (see Figure 3-1).  The estimated area of 

contamination is 300 square feet, and the depth of contamination is 30 inches (2.5 feet).  The estimated 

volume of soil in this area is 28 cubic yards.  The second area is defined by the remaining sample 

locations in the central portion of the site (see Figure 3-1).  The estimated area of contamination is 

775 square feet, and the average depth of contamination is 30 inches (2.5 feet).  The estimated volume of 

soil in this area is 72 cubic yards. 
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The contaminated soil could be removed for off-site disposal.  Based on the site history and surface 

radiation measurements, the upper 18 inches of soil may not be contaminated.  If this soil is removed, 

screened for radiation, and found to be uncontaminated, it could be stockpiled for use as backfill.  This 

would reduce the volume of soil for off-site disposal by more than 50 percent.  Another option would be to 

implement land use controls to prevent future residential use. 

 

There is some uncertainty with the WRS test results because the reference area and site area seem to 

have different background concentrations of thorium-232.  Based on this information, RASO 

recommended that any future remediation and surveys establish a reference area that is radiologically 

similar to the Site 1 area. 

 



TABLE 3-1

SITE 1 AND REFERENCE AREA DATA COMPARISON
SITE 1 - THORIUM SPILL

NSF-IH, INDIAN HEAD, MARYLAND

Reference Area Sample 
Location

Thorium - 232 
Concentration

(pCi/g)
Site 1 Sample Location

Thorium - 232 
Concentration

(pCi/g)
R01SB001 1.17 S01SB001 0.52
R01SB002 1.17 S01SB002 0.62
R01SB003 0.99 S01SB003 0.64
R01SB004 1.14 S01SB004 0.57
R01SB005 1.25 S01SB005 0.59
R01SB006 1.02 S01SB006 0.60
R01SB007 1.08 S01SB007 0.50
R01SB008 1.25 S01SB008 0.66
R01SB009 0.99 S01SB009 0.60
R01SB010 1.06 S01SB010 0.58
R01SB011 1.02 S01SB011 4.57
R01SB012 1.23 S01SB012 0.60
R01SB013 0.94 S01SB013 0.68
R01SB014 1.24 S01SB014 16.50
R01SB015 1.24 S01SB015 0.53
R01SB016 1.10 S01SB016 0.47
R01SB017 1.28 S01SB017 0.51
R01SB018 1.18 S01SB018 0.58
R01SB019 0.99 S01SB019 0.42
R01SB020 1.32 S01SB020 0.64
R01SB021 1.23 S01SB021 0.66
R01SB022 1.18 S01SB022 0.58
R01SB023 1.28 S01SB023 14.30
R01SB024 1.05 S01SB024 0.62
R01SB025 1.14 S01SB025 0.62
R01SB026 1.28 S01SB026 0.52
R01SB027 1.30 S01SB027 0.52

Average 1.15 S01SB028 0.42
S01SB029 0.70
S01SB030 0.68
S01SB031 3.53
S01SB032 28.40
S01SB033 1.79
S01SB034 0.61
S01SB035 0.66
S01SB036 0.96
S01SB037 1.06
S01SB038 0.68
S01SB039 3.67
S01SB040 4.24
S01SB041 0.72
Average 2.37

pCi/g - Picocuries per gram.



TABLE 3-2

RESRAD MODELING RESULTS
SITE 1 - THORIUM SPILL

NSF-IH, INDIAN HEAD, MARYLAND

Cancer Risk
Duration Thorium-232 Concentration in Soil (pCi/g)
(years) 1 2 3 4

0 2.59E-05 5.18E-05 7.77E-05 1.04E-04
1 2.69E-05 5.39E-05 8.08E-05 1.08E-04
3 2.87E-05 5.74E-05 8.61E-05 1.15E-04
10 3.17E-05 6.33E-05 9.50E-05 1.27E-04
30 2.97E-05 5.93E-05 8.90E-05 1.19E-04

100 1.17E-05 2.34E-05 3.50E-05 4.67E-05

Radiation Dose (mrem/yr)
Duration Thorium-232 Concentration in Soil (pCi/g)
(years) 1 2 3 4

0 0.10 0.21 0.31 0.42
1 0.23 0.47 0.70 0.94
3 0.52 1.03 1.55 2.07
10 1.21 2.47 3.64 4.85

23.05 1.49 2.98 4.47 5.96
30 1.46 2.97 4.39 5.85

100 0.73 1.47 2.20 2.94

mrem/yr - Millirems per year
pCi/g - Picocuries per gram.



TABLE 3-3

DATA EVALUATION
SITE 1 - THORIUM SPILL

NSF-IH, INDIAN HEAD, MARYLAND
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Thorium-232
 in 

Shipped Sample 
(pCi/G)(6)

Was the 
sample from 
the boring 

interval with 
the highest 
field gamma 

reading sent to 
the laboratory? 

(Y/N)(7)

Does the 
detected 

thorium-232 
concentration 

exceed 
3 pCi/g? 

(Y/N)

Field 
Gamma 

Reading for 
Shipped 
Sample 
+10%(9) 

(kcpm)

Does the field 
gamma reading 
from the boring 

interval with 
the highest 
field gamma 

reading exceed 
3 kcpm?

 (Y/N) 

Is the 
sample 

location a 
candidate for 

excavation 
and 

removal?  
(Y/N)

CONCLUSION AND RATIONALE

FIRST ROUND DATA (2005)
S01SB0010201 2.23 H 1.98 S 1.93 0.52 N N 2.18 N N -  Field gamma reading from the interval with the highest-reading was < 3 kcpm

-  Thorium-232 concentration was < 3 pCi/g

S01SB0020201 4.86 H 4.01 3.63 S 0.62 N N 3.99 Y N -  Thorium-232 concentration was < 3 pCi/g
-  Field gamma readings were only twice many other readings that reflect thorium-232 concentrations of ~0.5 pCi/g

S01SB0030201 2.10 S H 1.63 1.54 0.64 Y N N N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g

S01SB0040201 2.26 S H 1.69 1.52 0.57 Y N N N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g

S01SB0050201 3.23 S H 2.31 2.13 0.59 Y N Y N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g

S01SB0060201 2.26 H 2.01 S 1.82 0.60 N N 2.21 N N
-  Field gamma reading for the shipped sample was very nearly within +10% of highest-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample 
-  Field gamma reading from the interval with the highest reading was < 3 kcpm

S01SB0070201 1.55 S 1.57 H 1.52 0.50 N N 1.70 N N
-  Field gamma reading for the shipped sample was within +10% of highest-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample 
-  Field gamma reading from the interval with the highest reading was < 3 kcpm

S01SB0080201 1.84 S H 1.67 1.79 0.66 Y N N N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g

S01SB0090201 2.02 H 1.96 S 1.84 0.60 N N 2.16 N

S01SB0090201DUP 1.95 1.95 S H 1.79 0.59 Y N N

S01SB0100201 3.42 H 2.69 S 1.98 0.58 N N 2.96 Y N -  Thorium-232 concentration was < 3 pCi/g
-  Field gamma readings were only twice many other readings that reflect thorium-232 concentrations of ~0/5 pCi/g

S01SB0110201 36.80 S H 25.00 4.50 4.57 Y Y Y Y

-  EXCAVATE TO 36 INCHES BGS
-  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was > 3 pCi/g
-  Field gamma readings were > 3 kcpm to 36 inches bgs.

S01SB0120201 2.08 S H 1.98 1.82 0.60 Y N N N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g

S01SB0130201 3.26 S H 2.32 1.92 0.68 Y N Y N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g

S01SB0140201 541.00 S 747.00 H 10.40 16.5 N Y 595.10 Y Y

-  EXCAVATE TO 36 INCHES BGS
-  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was > 3 pCi/g
-  Lowest field gamma reading was > 3 kcpm

N

-  Field gamma reading for the shipped sample was within +10% of highest-reading borehole interval
-  For the sample, the field gamma reading from the interval with the highest reading was < 3 kcpm
-  For the duplicate, the sample from the interval with the highest field reading was shipped to the laboratory
-  Field gamma readings for the shipped interval for both the sample and the duplicate were nearly identical
-  Thorium-232 concentrations in the duplicate and the analyzed sample were < 3 pCi/g.   

1 2 4 5 6 117 8 93 10 12 13 14 15 16 17
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DATA EVALUATION
SITE 1 - THORIUM SPILL

NSF-IH, INDIAN HEAD, MARYLAND
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detected 

thorium-232 
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3 pCi/g? 

(Y/N)
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Gamma 

Reading for 
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Does the field 
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field gamma 

reading exceed 
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 (Y/N) 

Is the 
sample 

location a 
candidate for 

excavation 
and 

removal?  
(Y/N)

CONCLUSION AND RATIONALE

1 2 4 5 6 117 8 93 10 12 13 14 15 16 17

S01SB0150201 2.83 S 2.84 H 2.11 0.53 N N 3.11 N N
-  Field gamma reading for the shipped sample was within +10% of high-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample
-  Feld gamma reading from the interval with the highest reading was < 3 kcpm

S01SB0160201 1.70 S 1.70 1.89 H 0.47 N N 1.87 N N
-  Field gamma reading for the shipped sample was very nearly within +10% of the highest-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample
-  Field gamma reading from the highest-reading interval was < 3 kcpm

S01SB0170201 1.63 S 1.66 H 1.56 0.51 N N 1.79 N N
-  Field gamma reading for the shipped sample was within +10% of highest-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample
-  ield gamma reading from the interval with the highest reading was < 3 kcpm

S01SB0180201 2.02 H 1.82 S 1.76 0.58 N N 2.00 N N
-  Field gamma reading for the shipped sample is very nearly within +10% of highest-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample
-  Field gamma reading from the interval with the highest reading was < 3 kcpm

S01SB0190201 2.20 H 1.76 S 1.79 0.42 N N 1.94 N N -  Field gamma reading from the interval with the highest reading was < 3 kcpm
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample

S01SB0200201 13.10 H 4.06 2.43 S 0.64 N N 2.67 Y Y
-  EXCAVATE TO 30 INCHES BGS
-  Field gamma reading for the two intervals with the highest readings were both > 3 kcpm
-  NORM analytical results (Section 3.6 and Appendix D) provide evidence of thorium-232

S01SB0210201 14.40 S H 3.42 1.97 0.66 Y N Y Y

-  EXCAVATE TO 24 INCHES BGS
-  Sample from the interal with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g
-  NORM analytical results (Section 3.6 and Appendix D) provide evidence of thorium-232

S01SB0220201 3.89 S H 3.56 2.40 0.58 Y N Y N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0230201 5.67 H 3.52 S 2.47 14.30 N Y 3.87 Y

S01SB0230201DUP 24.40 H 5.62 S 2.32 0.99 N N 6.18 Y

S01SB0240201 2.32 S H 2.25 2.14 0.62 Y N N N -  Sample from the interval with the  highest field reading was shipped to the laboratory
-  Thorium-232 concentration  was < 3 pCi/g

S01SB0250201 3.85 S H 2.47 2.30 0.62 Y N Y N

S01SB0250201DUP 2.67 S H 2.60 2.32 0.62 Y N N N

S01SB0260201 2.42 H 2.21 S 2.10 0.52 N N 2.43 N N
-  Field gamma reading for the shipped sample is within +10% of highest-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample
-  Field gamma reading from the interval with the highest reading was < 3 kcpm

S01SB0270201 1.58 S 1.59 H 1.56 0.52 Y N 1.74 N N
-  Field gamma reading for interval with highest field reading and interval for shipped sample essentially equal
-  Thorium-232 concentration in the shipped sample was < 3 pCi/g
-  Field gamma reading for the interval with the highest reading was < 3 kcpm

Y

-  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

-  EXCAVATE TO 30 INCHES BGS
-  Thorium-232 concentration was > 3 pCi/g in the shipped sample
-  Field gamma reading for the interval with the highest reading was > 3 kcpm
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Is the 
sample 
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excavation 
and 

removal?  
(Y/N)

CONCLUSION AND RATIONALE

1 2 4 5 6 117 8 93 10 12 13 14 15 16 17

SECOND ROUND DATA (2007)

S01SB0280302 9.0 to 8.5 H 8.5 to 8.5 8.5 to 8.5 S 0.42 N N 9.35 N/A(8) N -  Field gamma reading for the shipped sample was within +10% of highest-reading borehole interval
-  Thorium-232 concentration was < 3 pCi/g in the analyzed (shipped) sample

S01SB0290202 12 to 12.5 12.5 to 12.5 S H 12.5 to 11 0.70 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0300302 12.7 to 12.9 12.9 to 12.9 12.9 to 12.9 S H 0.68 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0310102 84 to 43 S H 43 to 19 19 to 14 3.53 Y N N/A Y
-  EXCAVATE TO 24 INCHES BGS
-  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was > 3 pCi/g

S01SB0320202 36 to 100 100 to 49 S H 49 to 21 28.40 Y Y N/A Y
-  EXCAVATE TO 30 INCHES BGS
-  Sample from the interval with the highest field reading interval was shipped to the laboratory
-  Thorium-232 concentration was > 3 pCi/g in the analyzed (shipped) sample

S01SB0330102 33.8 to 24 S H 24 to 15 15 to 15 1.79 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0340102 20 to 13.5 S H 13.5 to 8.8 8.8 to 7.6 0.61 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0350102 13.5 to 12 S H 12 to 11.5 11.5 to 10 0.66 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0360102 16 to 14.4 S H 14.4 to 12.8 12.8 to 12.2 0.96 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0370102 22.6 to 13 S H 13 to 9.3 9.3 to 8.7 1.06 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0370102DUP 33.3 to 14.5 S H 14.5 to 9.7 9.7 to 9.2 0.66 Y N N/A -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0380202 12.6 to 13.5 13.5 to 13.3 S H 13.3 to 12 4 0.68 Y N N/A -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

S01SB0390102 17.2 to 23 S 23 to 19 H 19 to 12.6 1.56 N N 22.11 N/A

S01SB0390102DUP 19 to 21 S H 21 to 15.5 15.5 to 13.5 3.67 Y N N/A

S01SB0400202 22.8 to 46 46 to 59 S H 59 to 23.3 4.24 Y Y N/A Y
-  EXCAVATE TO 30 INCHES BGS
-  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was > 3 pCi/g

S01SB0410102 14 to 14.4 S H 14.4 to 12 12 to 11.8 0.72 Y N N/A N -  Sample from the interval with the highest field reading was shipped to the laboratory
-  Thorium-232 concentration was < 3 pCi/g

(1)  Sample number for the sample shipped to the analytical laboratory. (4)  "S" indicates that the sample shipped to the laboratory was collected from this borehole interval. (8)   N/A = Criterion not applicable to second (2007) sampling round.
(2)  Bgs = Below ground surface. (5)  "H" indicates that the highest field gamma reading in kcpm occurred in this borehole interval. (9)   Values are provided only for the sampled locations where the sample shipped to the laboratory
(3)  kcpm = Kilocounts per minute. (6)  pCi/g = Picocuries per gram.         did not correspond to the highest reading (kcpm) detected in the field.  10% corresponds

(7)  Y/N = Yes or no.         to the ± 10 % precision of the field instrumentation.

Y

-  EXCAVATE TO 30 INCHES BGS
-  Average field gamma reading for the interval with the highest field reading was 21 kcpm.
-  Average field gamma reading for the shipped-sample interval was 20.1 kcpm
-  Thorium-232 concentration was > 3 pCi/g in the analyzed (shipped) field duplicate sample
-  Average field gamma reading for shipped sample was within +10% of the highest average field gamma reading

N



TABLE 3-4

GAMMA READINGS AND THORIUM-232 CONCENTRATIONS
SITE 1 - THORIUM SPILL

NSF-IH, INDIAN HEAD, MARYLAND

SAMPLE NUMBER(1)

DOWN-HOLE FIELD GAMMA 
READING 

FOR SAMPLED BOREHOLE 
INTERVAL
(kcpm)(2)

THORIUM-232
 CONCENTRATION 

(pCi/G)(6)

FIRST ROUND DATA (2005)
S01SB0070201 1.55 0.50

S01SB0270201 1.58 0.52

S01SB0170201 1.63 0.51

S01SB0160201 1.70 0.47

S01SB0190201 1.76 0.42

S01SB0180201 1.82 0.58

S01SB0080201 1.84 0.66

S01SB0090201DUP 1.95 0.59

S01SB0090201 1.96 0.60

S01SB0010201 1.98 0.52

S01SB0060201 2.01 0.60

S01SB0120201 2.08 0.60

S01SB0030201 2.10 0.64

S01SB0260201 2.21 0.52

S01SB0040201 2.26 0.57

S01SB0240201 2.32 0.62

S01SB0200201 2.43 0.64

S01SB0250201DUP 2.67 0.62

S01SB0100201 2.69 0.58

S01SB0150201 2.83 0.53

S01SB0050201 3.23 0.59

S01SB0130201 3.26 0.68

S01SB0230201 3.52 14.30

S01SB0020201 3.63 0.62

S01SB0250201 3.85 0.62

S01SB0220201 3.89 0.58

S01SB0230201DUP 5.62 0.99

S01SB0210201 14.40 0.66

S01SB0110201 36.80 4.57

S01SB0140201 541.00 16.5

(1)  Sample number for the sample shipped to the analytical laboratory.
(2)  kcpm = kilocounts per minute
(3)  pCi/g = picocuries per gram
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APPENDIX A 
 

TECHNICAL MEMORANDUM DATED MARCH 10, 2006: 
SITE SCREENING PROCESS (SSP) INVESTIGATION, SITE 1 – THORIUM SPILL 



































APPENDIX B 
 

TECHNICAL MEMORANDUM DATED JUNE 7, 2007: WORK PLAN FOR EXPANDED 
SITE SCREENING PROCESS (SSP) INVESTIGATION, SITE 1 – THORIUM SPILL 
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APPENDIX C.9 - 2007 FIELD EQUIPMENT CALIBRATION 
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2005 CHAIN OF CUSTODY FORMS 
 













APPENDIX C.2 
 

2007 CHAIN OF CUSTODY FORMS 







APPENDIX C.3 
 

2005 FIELD SAMPLING LOG FORMS AND BORING LOGS 



























































































































































































































 
APPENDIX C.4 

 
2007 FIELD SAMPLING LOG FORMS AND BORING LOGS 



































































APPENDIX C.5 
 

2005 REFERENCE AREA GAMMA SCREENING DATA 



TABLE C.5-1

REFERENCE AREA GAMMA SCREENING(1)

SITE 1 - THORIUM SPILL
NSF-IH, INDIAN HEAD, MARYLAND

SAMPLE NUMBER

SOIL SAMPLE 
FROM 24-INCH 

TO 30-INCH 
BGS(2) BORING 

INTERVAL
(kcpm)(3)

GROUND 
SURFACE AT 

BORING 
LOCATION

(cpm)(4)

DOWN-HOLE 
READING 

FROM 18-INCH 
TO 24-INCH 

BGS BORING 
INTERVAL

(kcpm)

DOWN-HOLE 
READING 

FROM 24-INCH 
TO 30-INCH 

BGS BORING 
INTERVAL

(kcpm)

DOWN-HOLE 
READING 

FROM 30-INCH 
TO 36-INCH 

BGS BORING 
INTERVAL

(kcpm)

R01SB0010201 6.4 8414 17.8 18.1 18.2
R01SB0020201 6.8 8412 17.8 18.4 18.2
R01SB0030201 6.7 8004 17.5 17.8 17.6
R01SB0040201 6.7 8302 17.8 17.9 18.1

R01SB0040201DUP 6.7 8515 17.6 18.3 18.1
R01SB0050201 5.9 8167 16.4 16.9 16.8
R01SB0060201 6.2 7945 16.9 17.5 17.6
R01SB0070201 6.2 8100 17.1 17.5 17.6
R01SB0080201 5.8 7752 17.4 18.1 17.9
R01SB0090201 6.4 8439 17.9 18.1 18.1
R01SB0100201 6.6 8100 17.3 17.7 17.6
R01SB0110201 6.5 8103 17.5 18.2 17.8
R01SB0120201 6.8 7969 18.4 18.6 17.6
R01SB0130201 6.9 8213 17.4 17.6 18.0
R01SB0140201 6.8 8121 17.6 18.1 17.9
R01SB0150201 6.6 7897 17.4 18.0 17.9
R01SB0160201 6.8 7944 17.2 17.4 17.4

R01SB0160201DUP 6.8 7954 17.3 17.6 17.6
R01SB0170201 6.5 8446 17.2 17.6 17.9
R01SB0180201 5.75 8235 17.1 17.8 18.1
R01SB0190201 6.5 7866 17.2 17.6 17.8
R01SB0200201 6.5 7780 17.2 17.4 17.3

R01SB0200201DUP 6.9 8113 17.5 18.0 17.2
R01SB0210201 6.8 8014 17.8 18.5 18.2
R01SB0220201 6.8 7833 17.5 17.9 17.8
R01SB0230201 6.8 8405 17.4 17.6 17.5
R01SB0240201 6.9 8144 17.5 17.7 18.1
R01SB0250201 6.8 8002 17.3 17.5 17.6
R01SB0260201 6.9 7989 17.9 18.1 18.0
R01SB0270201 6.7 8200 18.3 18.6 18.6

(1) Borehole logging and sample survey performed using a 2-inch diameter X 2-inch long NaI detector
(2) BGS = below ground surface
(3) kcpm = kilo counts per minute
(4) cpm = counts per minute
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2005 SITE 1 GAMMA SCREENING DATA 



TABLE C.6-1

SITE 1 GAMMA SCREENING DATA - 2005 SAMPLING ROUND
SITE 1 - THORIUM SPILL

NSF-IH, INDIAN HEAD, MARYLAND

SAMPLE NUMBER

SOIL SAMPLE 
FROM BORING 

INTERVAL WITH 
HIGHEST READING

(kcpm)(1)

GROUND SURFACE 
AT BORING USING 
1x1 DETECTOR(2)

(cpm)(3)

GROUND SURFACE 
AT BORING USING 
2X2 DETECTOR(4)

(cpm)

DOWN-HOLE 
READING FROM 18-

INCH TO 24-INCH 
BGS(5) BORING 

INTERVAL
(kcpm)

DOWN-HOLE 
READING FROM 24-

INCH TO 30-INCH 
BGS BORING 

INTERVAL
(kcpm)

DOWN-HOLE 
READING FROM 30-

INCH TO 36-INCH 
BGS BORING 

INTERVAL
(kcpm)

S01SB0010201 1.32 1493 6493 2.23 1.98 1.93
S01SB0020201 1.20 1368 6194 4.86 4.01 3.63
S01SB0030201 1.31 1483 6271 2.10 1.63 1.54
S01SB0040201 1.18 1650 7133 2.26 1.69 1.52
S01SB0050201 1.21 1242 5500 3.23 2.31 2.13
S01SB0060201 1.38 1395 6144 2.26 2.01 1.82
S01SB0070201 1.32 1369 6141 1.55 1.57 1.52
S01SB0080201 1.32 1444 6288 1.84 1.67 1.79
S01SB0090201 1.31 1344 6028 2.02 1.96 1.84

S01SB0090201DUP 1.34 1386 6315 1.95 1.95 1.79
S01SB0100201 1.24 1383 6064 3.42 2.69 1.98
S01SB0110201 1.38 1534 6568 36.80 25.00 4.50
S01SB0120201 1.37 1421 6164 2.08 1.98 1.82
S01SB0130201 1.28 1425 6451 3.26 2.32 1.92
S01SB0140201 7.08 1796 8096 541.00 747.00 10.40
S01SB0150201 1.30 1405 6052 2.83 2.84 2.11
S01SB0160201 1.30 1338 5934 1.70 1.70 1.89
S01SB0170201 1.27 1295 5538 1.63 1.66 1.56
S01SB0180201 1.29 1385 5984 2.02 1.82 1.76
S01SB0190201 1.35 1506 6578 2.20 1.76 1.79
S01SB0200201 1.38 1533 6633 13.10 4.06 2.43
S01SB0210201 1.36 1442 6171 14.40 3.42 1.97
S01SB0220201 1.32 1350 5856 3.89 3.56 2.40
S01SB0230201 1.34 1461 6451 5.67 3.52 2.47

S01SB0230201DUP 1.30 1398 6414 24.40 5.62 2.32
S01SB0240201 1.22 1255 5418 2.32 2.25 2.14
S01SB0250201 1.31 1366 6011 3.85 2.47 2.30

S01SB0250201DUP 1.24 1398 6112 2.67 2.60 2.32
S01SB0260201 1.27 1325 5533 2.42 2.21 2.10
S01SB0270201 1.38 1387 6131 1.58 1.59 1.56

@ sidewalk 1331 5848
@ outer wall of Building 1662 2086 9142

(1) kcpm = kilo counts per minute
(2) Borehole logging and sample survey performed using the 1-inch diameter by 1-inch long NaI detector
(3) cpm = counts per minute
(4) Surface readings also performed using the 2-inch diameter by 2-inch long NaI detector for comparison
(5) BGS = below ground surface
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2007 SITE 1 GAMMA SCREENING DATA 

 



TABLE C.7-1

SITE 1 GAMMA SCREENING DATA - 2007 SAMPLING ROUND
SITE 1 - THORIUM SPILL SITE

NSF-IH, INDIAN HEAD, MARYLAND

Sample Location

DOWN-HOLE 
READING 

FROM
18-Inches 

(bgs)(1)

DOWN-HOLE 
READING 

FROM
24-Inches 

(bgs)

DOWN-HOLE 
READING 

FROM
30-Inches 

(bgs)

DOWN-HOLE 
READING 

FROM
36-Inches 

(bgs)

S01SB020 50.0 103.0 33.8 16.0
S01SB021 83.1 24.0 30.0 36.0
S01SB028 9.0 8.5 8.5 8.5
S01SB029 12.0 12.5 12.5 11.0
S01SB030 12.7 12.9 12.9 12.8
S01SB031 84.0 43.0 19.0 14.0
S01SB032 36.0 100.0 49.0 21.0
S01SB033 33.8 24.0 15.0 15.0
S01SB034 20.0 13.5 8.8 7.6
S01SB035 13.5 12.0 11.5 10.0
S01SB036 16.0 14.4 12.8 12.2
S01SB037 22.6 13.0 9.3 8.7
S01SBDUP 33.3 14.5 9.7 9.2
S01SB038 12.6 13.5 13.3 12.4
S01SB039 17.2 23.0 19.0 12.6
S01SBDUP 19.0 21.0 15.5 13.5
S01SB040 22.8 46.0 59.0 23.3
S01SB041 14.0 14.4 12.0 11.8

(1)  bgs = below ground surface
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2005 FIELD EQUIPMENT CALIBRATION 
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2007 FIELD EQUIPMENT CALIBRATION 
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ANALYTICAL DATA 



TABLE D - 1

ANALYTICAL DATA
THORIUM - 232 CONCENTRATIONS

SITE 1 - THORIUM SPILL
NSF-IH, INDIAN HEAD, MARYLAND

Reference Area 
Samples

Thorium - 232 
Concentration

pCi/g

Year 
Sampled Site 1 Samples

Thorium - 232 
Concentration

pCi/g

Year 
Sampled

R01SB001 1.17 2005 S01SB001 0.52 2005
R01SB002 1.17 2005 S01SB002 0.62 2005
R01SB003 0.99 2005 S01SB003 0.64 2005
R01SB004 3.10 2005 S01SB004 0.57 2005
R01SB005 1.25 2005 S01SB005 0.59 2005
R01SB006 1.02 2005 S01SB006 0.60 2005
R01SB007 1.08 2005 S01SB007 0.50 2005
R01SB008 1.25 2005 S01SB008 0.66 2005
R01SB009 0.99 2005 S01SB009 0.60 2005
R01SB010 1.06 2005 S01SB010 0.58 2005
R01SB011 1.02 2005 S01SB011 4.57 2005
R01SB012 1.23 2005 S01SB012 0.60 2005
R01SB013 0.94 2005 S01SB013 0.68 2005
R01SB014 1.24 2005 S01SB014 16.50 2005
R01SB015 1.24 2005 S01SB015 0.53 2005
R01SB016 1.10 2005 S01SB016 0.47 2005
R01SB017 1.28 2005 S01SB017 0.51 2005
R01SB018 1.18 2005 S01SB018 0.58 2005
R01SB019 0.99 2005 S01SB019 0.42 2005
R01SB020 1.32 2005 S01SB020 0.64 2005
R01SB021 1.23 2005 S01SB021 0.66 2005
R01SB022 1.18 2005 S01SB022 0.58 2005
R01SB023 1.28 2005 S01SB023 14.30 2005
R01SB024 1.05 2005 S01SB024 0.62 2005
R01SB025 1.14 2005 S01SB025 0.62 2005
R01SB026 1.28 2005 S01SB026 0.52 2005
R01SB027 1.30 2005 S01SB027 0.52 2005

S01SB028 0.42 2007
S01SB029 0.70 2007
S01SB030 0.68 2007
S01SB031 3.53 2007
S01SB032 28.40 2007
S01SB033 1.79 2007
S01SB034 0.61 2007
S01SB035 0.66 2007
S01SB036 0.96 2007
S01SB037 1.06 2007
S01SB038 0.68 2007
S01SB039 3.67 2007
S01SB040 4.24 2007
S01SB041 0.72 2007



TABLE D - 2

ANALYTICAL DATA
NATURALLY OCCURRING RADIOLOGICAL MATERIAL (NORM) PARAMETERS

SITE 1 - THORIUM SPILL
NSF-IH, INDIAN HEAD, MARYLAND

Sample Name S01SB0140101 S01SB0200102 S01SB0210102
Sample Location S01SB014 S01SB020 S01SB021
Date Sampled 20051201 20070117 20070117
Matrix Soil Soil Soil
Top of Sampled Interval Below Ground Surface (feet) 2 1.5 1.5
Bottom of Sampled Interval Below Ground Surface (feet) 2.5 2 2

Radiological Parameters (pCi/G)
ACTINIUM-228 11.5 12 12.5
BISMUTH-212 8.1 8.7 9.3
BISMUTH-214 0.51 0.96 0.6
LEAD-212 12.3 13.1 13.8
LEAD-214 0.46 0.84 0.57
POTASSIUM-40 6.9 8.4 6.3
RADIUM-224 13.6
RADIUM-226 0.51 0.96 0.6
RADIUM-228 11.5
THALLIUM-208 3.91 4.84 4.9
THORIUM-234 2.2  U  1.5  U  1.2  U  

U - Not detected.
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ANALYTICAL DATA VALIDATION MEMORANDA 
 
 

APPENDIX E.1 - 2005 ANALYTICAL DATA VALIDATION MEMORANDA 
APPENDIX E.2 - 2007 ANALYTICAL DATA VALIDATION MEMORANDUM 



APPENDIX E.1 
 

2005 ANALYTICAL DATA VALIDATION MEMORANDA 
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2007 ANALYTICAL DATA VALIDATION MEMORANDUM 





















APPENDIX F 
 

COORDINATES FOR SAMPLED LOCATIONS 



TABLE F-1 
COORDINATES(1) FOR SAMPLED LOCATIONS

SITE 1 - THORIUM SPILL
NSF-IH, INDIAN HEAD, MARYLAND

REFERENCE AREA SAMPLES SITE 1 SAMPLES
Sample 

Location Northing Easting
Sample 

Location Northing Easting
R01SB001 341597.8 1263954.9 S01SB001 336346.1 1258268.1

R01SB002 341541.3 1263983.4 S01SB002 336376.4 1258310.1

R01SB003 341575.5 1263946.9 S01SB003 336343.2 1258289.1

R01SB004 341603.0 1263943.4 S01SB004 336363.0 1258335.8

R01SB004 341603.0 1263943.4 S01SB005 336374.0 1258291.4

R01SB005 341536.1 1263955.4 S01SB006 336353.9 1258328.4

R01SB006 341550.1 1263937.7 S01SB007 336322.4 1258305.3

R01SB007 341530.4 1263955.5 S01SB008 336350.9 1258297.6

R01SB008 341553.4 1263929.6 S01SB009 336350.7 1258319.9

R01SB008 341553.4 1263929.6 S01SB009 336350.7 1258319.9

R01SB009 341606.9 1263951.8 S01SB010 336374.1 1258309.1

R01SB010 341594.8 1263950.7 S01SB011 336383.5 1258327.2

R01SB011 341543.6 1263940.3 S01SB012 336338.1 1258312.5

R01SB012 341562.4 1263940.6 S01SB013 336361.2 1258318.3

R01SB013 341552.3 1263956.5 S01SB014 336375.9 1258345.6

R01SB014 341599.1 1263982.6 S01SB014 336375.9 1258345.6

R01SB015 341549.3 1263950.1 S01SB015 336387.0 1258304.8

R01SB016 341571.3 1263980.5 S01SB016 336355.6 1258301.3

R01SB016 341571.3 1263980.5 S01SB017 336325.7 1258275.2

R01SB017 341539.0 1263977.1 S01SB018 336347.0 1258321.9

R01SB018 341550.7 1263932.9 S01SB019 336341.3 1258307.7

R01SB019 341537.4 1263942.1 S01SB020 336374.6 1258327.6

R01SB020 341534.9 1263967.7 S01SB020 336374.6 1258327.6

R01SB020 341534.9 1263967.7 S01SB021 336369.6 1258323.8

R01SB021 341594.5 1263943.9 S01SB021 336369.6 1258323.8

R01SB022 341601.9 1263968.9 S01SB022 336387.3 1258285.6

R01SB023 341544.7 1263971.0 S01SB023 336382.0 1258318.6

R01SB024 341524.2 1263967.6 S01SB023 336382.0 1258318.6

R01SB025 341564.1 1263975.2 S01SB024 336364.5 1258274.6

R01SB026 341553.5 1263944.7 S01SB025 336370.0 1258308.4

R01SB027 341565.8 1263937.6 S01SB025 336370.0 1258308.4

S01SB026 336360.3 1258316.2

S01SB027 336316.8 1258305.8

S01SB028 336355.2 1258311.1

S01SB029 336388.4 1258293.8

S01SB030 336396.9 1258298.8

S01SB031 336390.9 1258308.5

S01SB032 336385.8 1258321.6

S01SB033 336396.3 1258334.4

S01SB034 336381.6 1258338.0

S01SB035 336422.3 1258298.7

S01SB036 336410.9 1258318.9

S01SB037 336402.3 1258343.7

S01SB037 336402.3 1258343.7

S01SB038 336433.3 1258316.5

(1)  Coordinates based on Maryland State S01SB039 336425.6 1258329.8

Plane Coordinate System [North American S01SB039 336425.6 1258329.8

Datum (NAD 1983] S01SB040 336417.7 1258343.9

S01SB041 336434.4 1258336.6
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WILCOXON RANK SUM ANALYSIS

SITE 1 - THORIUM SPILL
NSF-IH, INDIAN HEAD, MARYLAND

Thorium - 232 
Concentration

pCi/g

Adjusted 
Concentration

pCi/g Rank

Adjusted 
Rank for 

Reference 
Area Samples

Adjusted 
Rank for 

Site 
Samples t

S01SB019 SITE 0.42 0.42 1 1.5
S01SB028 SITE 0.42 0.42 2 1.5 2
S01SB016 SITE 0.47 0.47 3 3
S01SB007 SITE 0.5 0.5 4 4
S01SB017 SITE 0.51 0.51 5 5
S01SB001 SITE 0.52 0.52 6 7
S01SB026 SITE 0.52 0.52 7 7 3
S01SB027 SITE 0.52 0.52 8 7
S01SB015 SITE 0.53 0.53 9 9
S01SB004 SITE 0.57 0.57 10 10
S01SB010 SITE 0.58 0.58 11 12
S01SB018 SITE 0.58 0.58 12 12 3
S01SB022 SITE 0.58 0.58 13 12
S01SB005 SITE 0.59 0.59 14 14
S01SB006 SITE 0.6 0.6 15 16
S01SB009 SITE 0.6 0.6 16 16 3
S01SB012 SITE 0.6 0.6 17 16
S01SB034 SITE 0.61 0.61 18 18
S01SB002 SITE 0.62 0.62 19 20
S01SB024 SITE 0.62 0.62 20 20 3
S01SB025 SITE 0.62 0.62 21 20
S01SB003 SITE 0.64 0.64 22 22.5
S01SB020 SITE 0.64 0.64 23 22.5 2
S01SB008 SITE 0.66 0.66 24 25.5
S01SB021 SITE 0.66 0.66 25 25.5 3
S01SB035 SITE 0.66 0.66 26 25.5
S01SB013 SITE 0.68 0.68 27 28
S01SB030 SITE 0.68 0.68 28 28 3
S01SB038 SITE 0.68 0.68 29 28
S01SB029 SITE 0.7 0.7 30 30
S01SB041 SITE 0.72 0.72 31 31
S01SB036 SITE 0.96 0.96 32 32
S01SB033 SITE 1.79 1.79 33 33
R01SB013 REF 0.94 1.94 34 34
R01SB003 REF 0.99 1.99 35 36
R01SB009 REF 0.99 1.99 36 36 3
R01SB019 REF 0.99 1.99 37 36
R01SB006 REF 1.02 2.02 38 38.5
R01SB011 REF 1.02 2.02 39 38.5 2
R01SB024 REF 1.05 2.05 40 40
R01SB010 REF 1.06 2.06 41 41.5
S01SB037 SITE 1.06 2.06 42 41.5 2
R01SB007 REF 1.08 2.08 43 43
R01SB016 REF 1.1 2.1 44 44
R01SB025 REF 1.14 2.14 45 45
R01SB001 REF 1.17 2.17 46 46.5
R01SB002 REF 1.17 2.17 47 46.5 2
R01SB018 REF 1.18 2.18 48 48.5
R01SB022 REF 1.18 2.18 49 48.5 2
R01SB012 REF 1.23 2.23 50 50.5
R01SB021 REF 1.23 2.23 51 50.5 2
R01SB014 REF 1.24 2.24 52 52.5
R01SB015 REF 1.24 2.24 53 52.5 2
R01SB005 REF 1.25 2.25 54 54.5
R01SB008 REF 1.25 2.25 55 54.5 2
R01SB017 REF 1.28 2.28 56 57
R01SB023 REF 1.28 2.28 57 57 3
R01SB026 REF 1.28 2.28 58 57
R01SB027 REF 1.3 2.3 59 59
R01SB020 REF 1.32 2.32 60 60
S01SB031 SITE 3.53 3.53 61 61
S01SB039 SITE 3.67 3.67 62 62
R01SB004 REF 3.1 4.1 63 63
S01SB040 SITE 4.24 4.24 64 64
S01SB011 SITE 4.57 4.57 65 65
S01SB023 SITE 14.3 14.3 66 66
S01SB014 SITE 16.5 16.5 67 67
S01SB032 SITE 28.4 28.4 68 68

RANK SUM>> 1290.5 1057

Sample Source

First Round and Second Round Sampling



WILCOXON RANK SUM ANALYSIS

SITE 1 - THORIUM SPILL
NSF-IH, INDIAN HEAD, MARYLAND

L VALUE  =

Where:  g = the number of data groups of tied measurements.
             tj = the number of tied measurements in the jth group. n = # of site samples = 41
            z = the (1-α) percentile of a standard norman distribution = 1.645 for α = 0.05 m = # of background samples = 27

N = # of total samples n + m = 68
=  918

= 1.645 t

2 0.00134
=  90 3 0.00535

3 0.00535
3 0.00535
3 0.00535

= 68.00 2 0.00134
3 0.00535
3 0.00535

= 0.05481 3 0.00535
2 0.00134
2 0.00134
2 0.00134

= 1046.64 2 0.00134
2 0.00134

CRITICAL VALUE  = 1046.64 2 0.00134
2 0.00134

REFERENCE AREA RANK SUM = 1291.5 > CRITICAL VALUE = 1046.64 3 0.00535

THE NULL HYPOTHESIS IS REJECTED. ∑= 0.05481
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