










 
 
 

Fort Mims Facility 
Decontamination and Decommissioning Project 

 
Final RESRAD Modeling In Support 

of Release for Unrestricted Use 
 
 

Sigma Aldrich Company 
11542 Fort Mims Drive 

Maryland Heights, Missouri 
 
 
 
 
 
 
 
 

November 30, 2010 
 
 

Prepared by: 
 

Philotechnics, Ltd. 
201 Renovare Boulevard 

Oak Ridge, TN  37830 
 



Philotechnics Ltd. 
November 30, 2010 
 
 

Sigma-Aldrich Company
Final RESRAD Modeling in Support of Release for 

Unrestricted Use
Page i of i

 

TABLE OF CONTENTS 
1.0 Executive Summary ....................................................................................................... 1 
2.0 The Fort Mims Property RESRAD Model.................................................................. 1 

2.1 Site and Surrounding Area .............................................................................................. 1 
2.2 Soil Contamination.......................................................................................................... 2 
2.3 Soil Characteristics.......................................................................................................... 2 
2.4 Hydrology........................................................................................................................ 2 
2.5 Climate ............................................................................................................................ 3 
2.6 Specific Modeling for 14C................................................................................................ 3 
2.7 Occupancy Scenario and Exposure Pathways ................................................................. 3 
2.8 Site-Specific Parameters.................................................................................................. 5 
2.9 Dose Calculations............................................................................................................ 5 

3.0 Uncertainty Analysis...................................................................................................... 6 
4.0 References ....................................................................................................................... 7 

4.1 10 CFR 20, Standards for Protection Against Radiation................................................. 7 
4.2 NUREG 1757, Consolidated NMSS Decommissioning Guidance ................................. 7 
4.3 EPA402-R-99-004B, Understanding Variation in Partition Coefficient, Kd, Values; 
Volume II: Review of Geochemistry and Available Kd Values for Cadmium, Cesium, 
Chromium, Lead, Plutonium, Radon, Strontium, Thorium, Tritium (3H), and Uranium............ 7 
4.4 ANL/EAD-4, User’s Manual for RESRAD Version....................................................... 7 

 
Appendix A:  RESRAD Summary Report for 11425 Fort Mims Drive 
Appendix B:  RESRAD Detailed Report for 11425 Fort Mims Drive 
Appendix C:  RESRAD Uncertainty 

 



Philotechnics Ltd. 
November 30, 2010 
 

Sigma-Aldrich Company
Final RESRAD Modeling in Support of Release for 

Unrestricted Use
Page 1 of 6

 

1.0 Executive Summary 
This document describes the dose modeling and radiological criteria for 
license termination of the Fort Mims facility.  Activities performed at the site to 
remove residual radioactive material have been completed.  Over 200 soil 
samples were collected on site and analyzed for 3H (tritium) and 14C.  All 
tritium samples were well below the default screening values presented in 
NUREG 1757 Volume 1, Appendix B.  RESRAD was used to estimate the 
radiation dose that a future occupant of the site would be likely to receive from 
residual radioactivity.   

10 CFR 20.1402 states, in part, “A site will be considered acceptable for 
unrestricted use if the residual radioactivity that is distinguishable from 
background radiation results in a TEDE to an average member of the critical 
group that does not exceed 25 mrem (0.25 mSv) per year, including that from 
groundwater sources of drinking water, and residual radioactivity has been 
reduced to levels that are as low as reasonably achievable (ALARA).”  
Additionally, Sigma-Aldrich has specified 10 mrem/year as an administrative 
limit.   

The RESRAD model described in this report demonstrates that, if the entire 
site were contaminated with the maximum concentration of 14C and 3H 
measured the average dose to a member of the critical group is 0.79 
mrem/year.   

Based on these findings, the requirements for release for unrestricted use 
have been met. 

 

 

2.0 The Fort Mims Property RESRAD Model 
RESRAD Version 6.5 was used to predict the average annual dose to workers 
at the site from residual radioactivity from present time to 1000 years in the 
future.  This section discusses the site location and physical dimensions, 
surrounding area, surface and subsurface soil characteristics, hydrology, 
climate, and zoning.  Site-specific parameters are used to make the RESRAD 
model as realistic as possible. 

2.1 Site and Surrounding Area 

The site is located at 11542 Fort Mims Drive, Maryland Heights, Missouri.  The 
area of the site is 12,000 m2.  The immediate surrounding area is zoned 
industrial and commercial.  The nearest residential area is approximately 800 
m due south.  A drainage pond is across the street.  A county park with lake 
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suitable for fishing and recreation is 4 km west; the Missouri River is 4 km 
northwest. 

2.2 Soil Contamination 

The soil is contaminated with varying concentrations of 14C and 3H.  A total of 
208 soil samples were collected and analyzed to measure the concentration of 
those radionuclides throughout the property.  The measured average 
concentrations were 5.1 pCi/g of 3H and 42.7 pCi.g of 14C. Detectable 
contamination was measured two meters below the surface but is not uniform; 
radionuclide concentration decreases with increasing depth.  The measured 
maximum concentrations of each radionuclide were 42.5 pCi/g of 3H and 1290 
pCi/g of 14C.  For this RESRAD model, the most conservative assumption—
that producing the largest potential dose to a site occupant—is that the 
maximum measured concentration of each radionuclide is present throughout 
the soil to a depth of 3 meters. 

2.3 Soil Characteristics 

Surface and subsurface soils are a combination of silty clay and sandy clay.  
Available documentation indicates an aquifer is at least 140 feet (47 meters) 
below the ground surface.     

The RESRAD model assumes uniform soil contamination at the maximum 
concentration measured exists to a depth of three meters—the contaminated 
zone.  Uncertainty analyses were run on the thickness of the contaminated 
zone and the thickness of the unsaturated zone.  These are described in 
Section 3.0.       

2.4 Hydrology 

There is no cover layer over the contamination. 
 

Other site specific parameters were estimated using the RESRAD User Guide: 
Soil Type b 

Parameter 
Hydraulic 

Conductivity 
(ksat) 

Saturated 
Water 

Content 
(Θsat) 

Total 
Porosity 

(Pt) 

Effective 
Porosity 

(Pe) 

Silty Clay 10.4 32.6 0.492   
Sandy Clay 10.4 68.4 0.426   
Silt    0.45 0.2 
Sand    0.42 0.6 
Clay    0.4 0.32 
Site (Average) 10.4 50.0 0.459 0.42 0.373 

 
The Distribution coefficient was set to a value of 5 for 14C (RESRAD Users 
Guide), and 0.04 for 3H (EPA 1999); both values correspond to sandy soils.  
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The RESRAD User’s Manual lists values of Kd of 14C as 1 for clay, 5 for sand, 
20 for loam, and 70 for organic matter.  Lower values result in a higher dose.  
The soil is a mixture of sand, silt and clay, so the value associated with sand is 
conservative.     

 

2.5 Climate 

Average wind speed is 4.8 m-s-1 (National Oceanic and Atmospheric 
Administration http://www.ncdc.noaa.gov/oa/climate/online/ccd/avgwind.html) 
Average annual precipitation is 1 m (National Oceanic and Atmospheric 
Administration http://www.crh.noaa.gov/lsx/climate/COU/annual_rainfall.php) 

2.6 Specific Modeling for 14C 
14C behaves differently from other radionuclides in soil; therefore RESRAD 
contains a module that is specific to 14C.  Default parameters were used.   

2.7 Occupancy Scenario and Exposure Pathways 

RESRAD provides the user with a number of canned but editable occupancy 
scenarios.  For the Fort Mims site, the “Industrial Worker” scenario was 
selected.  In this case, the site remains as a commercial/industrial use area 
and commercial business is conducted on the site.  All exposure pathways 
associated with working on the property are considered. 

AEL/AED-4, “User’s Manual for RESRAD Version 6”, Tables 2.2 and 2.3 are 
reproduced below. 

 

Pathways to be Considered for Resident Farmer, Suburban Resident, Industrial 
Worker, and Recreationist Scenarios (Table 2.2) 

Pathway 
Resident 
Farmer 

Suburban 
Resident 

Industrial 
Worker Recreationist

External gamma exposure Yes Yes Yes Yes 
Inhalation of dust Yes Yes Yes Yes 
Radon Inhalation* Yes Yes Yes Yes 
Ingestion of plant foods Yes Yes No No 
Ingestion of meat Yes No No Yes 
Ingestion of milk Yes No No No 
Ingestion of fish Yes No No Yes 
Ingestion of soil Yes Yes Yes Yes 
Ingestion of water Yes No No/Yes** No 
*Radon is not a contaminant of concern; this parameter is turned OFF. 

**While the RESRAD default is OFF, this pathway is turned ON because EPA’s industrial 
worker guidance assumes water is consumed from an onsite well. 
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Comparison of Key Default Parameters Used in the Resident Farmer, Suburban 
Resident, Industrial Worker, and Recreationist Scenarios (Table 2.3) 

Parameter Unit Resident 
Farmer 

Suburban 
Resident 

Industrial 
Worker Recreationist

Exposure duration yr 30 30 25 30 
Inhalation rate m3/yr 8400 8400 11,400 14,000 
Fraction of time indoors - .50 .50 .17 - 
Fraction of time outdoors - .25 .25 .06 .006 
Contaminated Fractions of 
food 

     

Plant food - .50 .10 - - 
Milk - 1 - - - 

Meat - 1 - - 1 
Aquatic food - .50 - - .50 
Soil ingestion g/yr 36.5 36.5 36.5 36.5 
Drinking water intake L/yr 510 510* 510* - 
*EPA guidelines assume drinking water intake of 1.4 L/day 
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2.8 Site-Specific Parameters 

The following table describes the parameters that were changed from the 
default value and the reason for the change. 
 
Parameter Default 

Value 
Actual 
Value 

Reason 

Area of Contaminated Zone, 
m2 

10,000 12,000 Actual size  

Thickness of contaminated 
zone, m 

2 3 Conservative assumption 

Contaminated zone hydraulic 
conductivity 

10 50 RESRAD User’s Manual based on 
soil type 

Contaminated zone b 
parameter 

5.3 10.4 RESRAD User’s Manual based on 
soil type 

Average annual wind speed, 
m/s 

2 4.3 NOAA published data 

Unsaturated zone thickness, m 4 44 Actual site data 
Saturated zone total porosity 0.4 0.42 RESRAD User’s Manual based on 

soil type 
Saturated zone effective 
porosity 

0.2 0.373 RESRAD User’s Manual based on 
soil type 

Saturated zone hydraulic 
conductivity 

100 50 RESRAD User’s Manual based on 
soil type 

Distribution Coefficient for C-
14 

0 5 RESRAD User’s Manual 

Distribution Coefficient for H-3 0 0.04 EPA 1999 
Inhalation rate, m3/yr 8400 11,400 RESRAD User’s Manual 
Exposure duration, yr 30 25 RESRAD User’s Manual 
Fraction of time spent indoors 0.5 0.17 RESRAD User’s Manual 
Fraction of time spent outdoors 
(on site) 

0.25 0.06 RESRAD User’s Manual 

 

2.9 Dose Calculations 

NUREG 1757, “Consolidated NMSS Decommissioning Guidance,” contains 
default Screening Values, based on 25 mrem/year, for several radionuclides in 
soil.  Licensees have the option of using the Screening Values without further 
justification or deriving site-specific release limits using RESRAD.  The table 
below is provided to compare Screening Values with site-specific limits 
established for this project. 
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 NUREG 1757 
Screening Value, 

pCi/g 

RESRAD 10 
mrem/yr, 

pCi/g 

RESRAD 25 
mrem/yr, 

pCi/g 

MAX 
Value on 

site, pCi/g 

AVG 
Value on 

site, 
pCi/g* 

3H 110 1.06E+05 2.65E+05 42.5 5.1 
14C 12 6.97E+04 1.74E+06 1290 44.7 

* AVG value based on analysis results of 208 soil samples. 

RESRAD calculated the maximum dose to a worker of 0.79 mrem/year.  The 
administrative decommissioning criterion established by Sigma Aldrich is a 
radiation dose of 10 mrem per year.  This analysis clearly indicates the Fort 
Mims site is acceptable for unrestricted release from radiological control. 

 
 

3.0 Uncertainty Analysis 
The RESRAD model depends on the setting of parameters that could 
significantly alter the projected dose to a future or current occupant of the site.  
14C and 3H are both low energy beta emitters, so external radiation exposure 
is negligible.  Because food is not grown on site, internal dose for 
contaminated foodstuffs is not considered.    The largest variation in individual 
dose prediction is dependent on whether or not contaminated water is 
ingested.   
 
Uncertainty was run on two parameters: thickness of the contaminated zone, 
and thickness of the unsaturated zone. 
 
Regarding thickness of the contaminated zone, a triangular distribution was 
run with minimum value of 1 meter, maximum value of 10 meters, and mode of 
3 meters.   
 
Regarding thickness of the unsaturated zone, a bounded lognormal-N 
distribution was run as the RESRAD default.   
 
Uncertainty analyses results are included as appendices to this report.    
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Appendix C 

 
RESRAD Uncertainty Analysis  

Thickness of the Contaminated Zone 
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1.0 Executive Summary 
Philotechnics, Ltd. (Philotechnics) was retained by Sigma-Aldrich Company to obtain surface 
soil samples from open land areas to assess the current conditions at the site.  The soil sampling 
was performed in compliance with the approved Fort Mims Facility Open Land Soil Sampling 
and Analysis Plan (Plan) dated October 20th, 2008.  

A total of one hundred (100) discrete soil samples were obtained from two survey units to 
determine if carbon-14 (14C) and/or tritium (3H) were present in measurable quantities in the 
upper six (6) inches of soils adjacent to the structure.  The sample results indicated 14C 
concentrations ranging from non-detectible to 305 picocuries per gram (pCi/g) and 3H 
concentrations ranging from non-detectible to 42.5 pCi/g.  The concentrations found were 
generally higher adjacent to the building structure with decreasing concentrations further Based 
on the sample results, additional samples will need to be obtained to fully characterize the extent 
of the radionuclides in soils at the site.  This will require additional samples to bound the 
contamination.  The approved Plan proposed to use the default screening values for soil surface 
contamination levels listed in Table B.2 of NUREG – 1757, Vol.1, Rev. 2 as the site DCGLs for 
14C and 3H.  These values are relevant for surface soils (<6 inches) and cannot be used on sites 
with concentrations of nuclides that are present in soils at a deeper depths.  

We also believe that RESRAD site specific dose modeling be used to establish compliance with 
the 25 mrem/year dose requirement. 
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2.0 Plan Implementation 
This section summarizes Philotechnics’ implementation of the activities detailed in the approved 
Plan. 

2.1 Radiological Release Screening Values 

Based on historical data from the facility and the results of samples collected by Nuclear 
Regulatory Commission (NRC) inspectors in October 2007 and January 2008, the nuclides of 
concern (NOC) were determined to be 14C and 3H only.  The default screening values listed in 
Table B.2 of NUREG – 1757, Vol.1, Rev. 2 were used as the site Derived Concentration 
Guideline Levels (DCGLs).  These values were determined by the NRC using the DandD Version 
2,1 modeling code using the Residential Farmer Scenario default parameters . 

• 3H = 110 pCi/g 

• 14C = 12 pCi/g 

2.2 Area Classification and Establishment of Survey Units 

The open land areas to the north and west were initially considered as potentially impacted.  In 
accordance with the Plan, two survey units were established.  Survey unit FMF-028 encompassed 
a large portion of the open land to the north of the FMF Building and was initially classified as 
Impacted – Class 2.  Survey unit FMF-029 encompassed the area to the west of the FMF Building 
to the property boundaries and was classified as Impacted – Class 1. 

2.3 Sampling Survey Design 

In accordance with the Plan, the minimum number of samples required to characterize the soils 
was calculated using a combination of methodologies using the Multi-Agency Radiation Survey 
and Site Investigation Manual (MARSSIM) and Visual Sampling Plan (VSP) v5.0.  Because of 
the inability to perform direct scan measurements to detect the primary radionuclides of concern, 
VSP was used to calculate the number of samples required to detect a defined area of elevated 
activity.  This is alternatively referred to as a hot spot analysis.  The Singer and Wickman interval 
approach was used as the statistical method for determining the number of samples necessary to 
ensure that the area of study is properly characterized.  The approach used an upper tolerance 
limit of 90%, and is based on an unknown distribution of contamination in the media.  Using 
these parameters, there is a 90% probability of not missing a hot spot in excess of the DCGL 
within a radius of 2.29 meters (7.5 ft) of a sampling location.   

A triangular grid pattern was established using a random start location with each side of the grid 
being approximately fifteen (15) feet in length.  Between the two survey units, a total of one 
hundred (100) individual sample locations were designated for sampling.  Overview maps 
depicting the soil sampling locations are provided in Attachment A.   

Discrete soil samples were initially collected at a depth of 0 – 0.5 ft at each designated sampling 
location. 
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2.4 Soil Sampling Methodology 

Sampling was performed in accordance with the approved Plan.  Soils samples were collected 
using spoons or shovels for surface samples.  The sampling equipment was decontaminated after 
each use to prevent cross-contamination of samples.  A minimum of 500 grams of soils were 
collected from each location and depth interval.  The sample was transferred into a stainless steel 
bowl and thoroughly homogenized.  After homogenizing, the sample was transferred to the 
appropriate labeled container for off-site radiological analysis. 

2.5 Sample ID 

Each sample point was designated by a Sample ID, and identified as follows: 
 
WWW:  3-character designation of facility (for example, “FMF”) 
 
XX:  up to 3-character designation of survey unit (for example, “28”) 
 
YYY:  3-character designation of sample location (for example, “001”) 
 
For example, in the sample identification number, FMF-28-SOIL-001, “FMF” represents the 
facility, “28” represents the survey unit, and “001” represents the sample location.  The sample 
ID number was recorded on the containers and chain-of-custody record at the time of sample 
collection. 

2.6 Sample Shipment and Analysis 

All samples were packaged and controlled in accordance with the Plan. The samples were 
controlled using chain-of custody procedures custody seals and the use of field logbooks during 
collection, 

The soil samples were analyzed by Teledyne Brown Engineering, Inc. in Knoxville, Tennessee.  
14C and 3H concentrations were determined by oxidation analysis.  Teledyne is accredited by the 
National Environmental Laboratory Accreditation Program, and is licensed to receive and analyze 
radioactive material. 

2.7 Sampling Quality Assurance 

Quality assurance samples were collected for statistical analysis.  For precision, one (1) field 
duplicate was obtained for every 20 samples collected.  A field duplicate is a duplicate sample 
collected from the same sample point which has been thoroughly homogenized. 

In addition to the field duplicates, Matrix Spike and Matrix Spike Duplicate (MS/MSD) samples 
was performed by the analytical laboratory. MS/MSD samples are environmental samples that are 
spiked in the laboratory with a known concentration of a target analyte(s) to verify the 
efficiencies of the laboratory method. 
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3.0 Sample Results 
The analytical results from the two survey units sampled indicated 57 sample locations had 14C 
concentrations exceeding the surface screening level of 12 pCi/g.  No sample results for 3H were 
above the surface screening level of 110 pCi/g.  14C concentrations were highest adjacent to the 
building and tended to decrease with distance.        

Table 1 and Table 2 identify the soil samples and analytical results for the surface soils for 
Survey Units FMF-028 and FMF-029 at the FMF Site.  The concentration contour maps and 
analytical results for each survey unit are included in Attachment B. 

 
Table 1:  Soil Sample Locations and Results 

Survey Unit –FMF-028 
Soil Sample 

Location 
Interval 
Depth 

14C 
(pCi/g) 

3H 
(pCi/g) 

DCGL 
Unity (1.0) 

FMF-28-SOIL-001 0'-0.5' <1.7 8.9 0.1 

FMF-28-SOIL-002 0'-0.5' 11.4 17.9 1.1 

FMF-28-SOIL-003 0'-0.5' 35.7 19.2 3.1 

FMF-28-SOIL-004 0'-0.5' 23.2 6.8 2.0 

FMF-28-SOIL-005 0'-0.5' 34.0 3.5 2.9 

FMF-28-SOIL-006 0'-0.5' 35.5 1.2 3.0 

FMF-28-SOIL-007 0'-0.5' 15.3 18.6 1.4 

FMF-28-SOIL-008 0'-0.5' 23.8 21.0 2.2 

FMF-28-SOIL-009 0'-0.5' 23.7 16.9 2.1 

FMF-28-SOIL-010 0'-0.5' 4.2 5.7 0.4 

FMF-28-SOIL-011 0'-0.5' 11.2 13.6 1.1 

FMF-28-SOIL-012 0'-0.5' 4.0 4.9 0.4 

FMF-28-SOIL-013 0'-0.5' 5.1 6.5 0.5 

FMF-28-SOIL-014 0'-0.5' 10.5 11.2 1.0 

FMF-28-SOIL-015 0'-0.5' 12.6 14.9 1.2 

FMF-28-SOIL-016 0'-0.5' 13.9 5.4 1.2 

FMF-28-SOIL-017 0'-0.5' <2.0 4.7 0.0 

FMF-28-SOIL-018 0'-0.5' 25.5 8.3 2.2 

FMF-28-SOIL-019 0'-0.5' 30.0 15.8 2.6 

FMF-28-SOIL-020 0'-0.5' 16.9 21.8 1.6 

FMF-28-SOIL-021 0'-0.5' 8.1 9.3 0.8 

FMF-28-SOIL-022 0'-0.5' 26.7 7.3 2.3 

FMF-28-SOIL-023 0'-0.5' 8.9 5.5 0.8 

FMF-28-SOIL-024 0'-0.5' <1.9 2.1 0.0 

FMF-28-SOIL-025 0'-0.5' <2.2 3.1 0.0 

FMF-28-SOIL-026 0'-0.5' <1.6 2.8 0.0 

FMF-28-SOIL-027 0'-0.5' <2.1 2.7 0.0 

FMF-28-SOIL-028 0'-0.5' <1.8 4.2 0.0 
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Table 1:  Soil Sample Locations and Results 

Survey Unit –FMF-028 
Soil Sample 

Location 
Interval 
Depth 

14C 
(pCi/g) 

3H 
(pCi/g) 

DCGL 
Unity (1.0) 

FMF-28-SOIL-029 0'-0.5' <2.1 2.2 0.0 

FMF-28-SOIL-030 0'-0.5' 5.6 3.1 0.5 

FMF-28-SOIL-031 0'-0.5' 15.7 3.4 1.3 

FMF-28-SOIL-032 0'-0.5' 29.3 4.6 2.5 

FMF-28-SOIL-033 0'-0.5' 31.3 4.6 2.6 

FMF-28-SOIL-034 0'-0.5' 9.0 6.5 0.8 

FMF-28-SOIL-035 0'-0.5' 2.3 5.0 0.2 

FMF-28-SOIL-036 0'-0.5' 2.0 3.4 0.2 

FMF-28-SOIL-037 0'-0.5' 6.2 4.4 0.6 

FMF-28-SOIL-038 0'-0.5' 1.6 1.7 0.2 

FMF-28-SOIL-039 0'-0.5' 10.2 8.2 0.9 

FMF-28-SOIL-040 0'-0.5' 10.8 6.3 1.0 

FMF-28-SOIL-041 0'-0.5' 11.0 8.1 1.0 

FMF-28-SOIL-042 0'-0.5' 4.8 14.2 0.5 

FMF-28-SOIL-043 0'-0.5' 2.0 7.0 0.2 

FMF-28-SOIL-044 0'-0.5' <1.4 6.7 0.1 

FMF-28-SOIL-045 0'-0.5' 5.1 9.9 0.5 

FMF-28-SOIL-046 0'-0.5' 9.4 11.1 0.9 

FMF-28-SOIL-047 0'-0.5' 42.5 28.2 3.8 

FMF-28-SOIL-048 0'-0.5' 4.2 10.2 0.4 

FMF-28-SOIL-049 0'-0.5' 3.7 10.7 0.4 

FMF-28-SOIL-050 0'-0.5' 7.9 8.0 0.7 

FMF-28-SOIL-051 0'-0.5' 3.8 3.9 0.4 

FMF-28-SOIL-052 0'-0.5' 6.6 4.6 0.6 

FMF-28-SOIL-053 0'-0.5' 2.6 9.6 0.3 

FMF-28-SOIL-054 0'-0.5' 2.6 3.5 0.3 

FMF-28-SOIL-055 0'-0.5' 4.3 13.1 0.5 

FMF-28-SOIL-056 0'-0.5' 5.0 15.9 0.6 

FMF-28-SOIL-057 0'-0.5' 6.7 15.4 0.7 

FMF-28-SOIL-058 0'-0.5' 3.6 6.2 0.4 

FMF-28-SOIL-059 0'-0.5' 19.5 4.0 1.7 

FMF-28-SOIL-060 0'-0.5' <1.9 6.4 0.1 

Average 13.0 8.6 1.0 

Maximum 42.5 28.2 3.8 
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Table 2:  Soil Sample Locations and Results 
Survey Unit - FMF- 029 

Soil Sample 
Location 

Interval 
Depth 

14C 
(pCi/g) 

3H 
(pCi/g) 

DCGL 
Unity (1.0) 

FMF-29-SOIL-001 0'-0.5' 34.7 2.8 2.9 

FMF-29-SOIL-002 0'-0.5' 41.9 6.8 3.6 

FMF-29-SOIL-003 0'-0.5' 37.0 11.0 3.2 

FMF-29-SOIL-004 0'-0.5' 38.0 9.6 3.3 

FMF-29-SOIL-005 0'-0.5' 49.3 8.7 4.2 

FMF-29-SOIL-006 0'-0.5' 28.8 3.3 2.4 

FMF-29-SOIL-007 0'-0.5' 29.7 9.6 2.6 

FMF-29-SOIL-008 0'-0.5' 27.3 5.3 2.3 

FMF-29-SOIL-009 0'-0.5' 27.8 1.7 2.3 

FMF-29-SOIL-010 0'-0.5' 93.8 14.0 7.9 

FMF-29-SOIL-011 0'-0.5' 85.8 13.0 7.3 

FMF-29-SOIL-012 0'-0.5' 104.0 9.9 8.8 

FMF-29-SOIL-013 0'-0.5' 63.7 17.5 5.5 

FMF-29-SOIL-014 0'-0.5' 43.7 2.9 3.7 

FMF-29-SOIL-015 0'-0.5' 305.0 7.9 25.5 

FMF-29-SOIL-016 0'-0.5' 109.0 5.6 9.1 

FMF-29-SOIL-017 0'-0.5' 48.4 3.4 4.1 

FMF-29-SOIL-018 0'-0.5' 57.4 9.1 4.9 

FMF-29-SOIL-019 0'-0.5' 162.0 29.4 13.8 

FMF-29-SOIL-020 0'-0.5' 59.9 5.8 5.0 

FMF-29-SOIL-021 0'-0.5' 65.1 4.1 5.5 

FMF-29-SOIL-022 0'-0.5' 200.0 6.9 16.7 

FMF-29-SOIL-023 0'-0.5' 163.0 7.0 13.6 

FMF-29-SOIL-024 0'-0.5' 125.0 6.6 10.5 

FMF-29-SOIL-025 0'-0.5' 49.6 2.3 4.2 

FMF-29-SOIL-026 0'-0.5' 95.8 22.3 8.2 

FMF-29-SOIL-027 0'-0.5' 99.2 8.9 8.3 

FMF-29-SOIL-028 0'-0.5' 40.3 5.2 3.4 

FMF-29-SOIL-029 0'-0.5' 15.9 2.1 1.3 

FMF-29-SOIL-030 0'-0.5' 257.0 4.0 21.5 

FMF-29-SOIL-031 0'-0.5' 96.1 4.5 8.0 

FMF-29-SOIL-032 0'-0.5' 81.4 5.3 6.8 

FMF-29-SOIL-033 0'-0.5' 25.1 <1.5 2.1 

FMF-29-SOIL-034 0'-0.5' 10.2 5.9 0.9 

FMF-29-SOIL-035 0'-0.5' 27.5 3.1 2.3 

FMF-29-SOIL-036 0'-0.5' 62.8 5.7 5.3 

FMF-29-SOIL-037 0'-0.5' 191.0 10.6 16.0 

FMF-29-SOIL-038 0'-0.5' 95.4 18.5 8.1 
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Table 2:  Soil Sample Locations and Results 

Survey Unit - FMF- 029 
Soil Sample 

Location 
Interval 
Depth 

14C 
(pCi/g) 

3H 
(pCi/g) 

DCGL 
Unity (1.0) 

FMF-29-SOIL-039 0'-0.5' 30.2 7.4 2.6 

FMF-29-SOIL-040 0'-0.5' 159.0 42.5 13.6 

Average 83.4 9.0 7.0 

Maximum 305.0 42.5 25.5 
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4.0 Conclusions 
The surface soil sample results indicate that the levels 3H are below the default screening value of 
110 pCi/g.  However, there are a significant amount of samples that contain levels of 14C that 
exceed the 14C default screening value of 12 pCi/g.  A few more samples would fail to meet the 
release criteria following unity calculations when the 3H results are added in.  The sample results 
indicated 14C concentrations ranging from non-detectible to 305 picocuries per gram (pCi/g) and 
3H concentrations ranging from non-detectible to 42.5 pCi/g.  Survey Unit 028 had an average 
Unity value of 1.0 for the soils sampled.  Survey Unit 029 had an average unity value of 7.0 for 
the soils sampled. 

The results indicate the extents of the contamination have not been fully determined at the site.  
This will require the additional soil sampling to bound the soils contamination so that RESRAD 
dose modeling can be used to determine compliance with the 25 mrem/yr requirement.   
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Attachment A 
Survey Unit Overview Maps 
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Attachment B 

Concentration Contour Maps and Analytical Data 
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1.0 Executive Summary 
Philotechnics, Ltd. (Philotechnics) was retained by Sigma-Aldrich Company to obtain surface 
and subsurface soil samples from open land areas to assess the current radiological conditions at 
the site and identify paths forward toward ultimate release of the property for unrestricted use.  
The soil sampling was performed in compliance with the approved Fort Mims Facility Open Land 
Soil Sampling and Analysis Plan (Plan) dated October 20th, 2008.  

This sampling phase was designed to provide additional data to bound contamination within soils 
at the site.  Samples were obtained from a number of original sampling locations at greater depths 
to bound the vertical extent of soils contamination and from new adjacent locations to bound the 
lateral extent of contamination.  A geophysical survey was performed under this scope of work to 
attempt to identify underground structures which potentially could have contributed to soils 
contamination at the site.  The survey used both Ground Penetrating Radar (GPR) and 
Electromagnetic (EM) Survey technology to scan the entire site to identify septic tanks, leachate 
fields, disturbed soils areas and large buried anomalies.  Based on the results of these surveys no 
areas were identified that would require further investigation.            

On November 4 – 5, 2009, a total of fifty-nine (59) discrete soil samples were obtained from 
survey unit 29 to determine if carbon-14 (14C) and/or tritium (3H) were present in measurable 
quantities in the upper two (2) meters of soils adjacent to the structure.  The sample results 
indicated 14C concentrations ranging from non-detectible to 1290 picocuries per gram (pCi/g) and 
3H concentrations ranging from non-detectible to 11.6 pCi/g.  Contamination was detected at the 
maximum depth sampled and at several locations; therefore the full extent of the soil 
contamination at the site could not be determined.   

 

2.0 Plan Implementation 
 

2.1 Soil Sampling Methodology 

Sampling was performed in accordance with the approved Plan.  Soils samples were collected 
using spoons or shovels for surface samples.  The sampling equipment was decontaminated after 
each use to prevent cross-contamination of samples.  A minimum of 500 grams of soils were 
collected from each location and depth interval.  The sample was transferred into a stainless steel 
bowl and thoroughly homogenized, then transferred to the appropriate labeled container for off-
site radiological analysis. 

2.2 Sample ID 

Each sample point was designated by a Sample ID, and identified as follows: 
 
WWW:  3-character designation of facility (for example, “FMF”) 
 
XX:  -character designation of survey unit (for example, “29”) 
 
Y:  23-character designation of sample location (for example, “01”) 
 
Z:  1-character designation indicating sample depth, in meters, from the surface. 
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For example, in the sample identification number, FMF-29-42-.2, “FMF” represents the facility, 
“29” represents the survey unit, and “42” represents the sample location, and “.2” indicates a 
depth of 0.2 meters.  The sample ID number was recorded on the containers and chain-of-custody 
record at the time of sample collection. 

2.3 Sample Shipment and Analysis 

All samples were packaged and controlled in accordance with the Plan. The samples were 
controlled using chain-of custody procedures custody seals and the use of field logbooks during 
collection, 

The soil samples were analyzed by Teledyne Brown Engineering, Inc. in Knoxville, Tennessee.  
Samples were oxidized in preparation for liquid scintillation analysis in order to remove any 
interfering chemical luminescence.  Teledyne Brown is accredited by the National Environmental 
Laboratory Accreditation Program, and is licensed to receive and analyze radioactive material. 

2.4 Sampling Quality Assurance 

Quality assurance samples were collected for statistical analysis.  For precision, one (1) field 
duplicate was obtained for every 20 samples collected.  A field duplicate is a duplicate sample 
collected from the same sample point which has been thoroughly homogenized. 

In addition to the field duplicates, Matrix Spike and Matrix Spike Duplicate (MS/MSD) samples 
was performed by the analytical laboratory. MS/MSD samples are environmental samples that are 
spiked in the laboratory with a known concentration of a target analyte(s) to verify the 
efficiencies of the laboratory method. 
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3.0 Sample Results 
Table 1 identifies the soil samples and analytical results for the surface soils for Survey Unit 
FMF-029 at the FMF Site.  

 
Table 1: Soil Sample Locations and Results  

Survey Unit –FMF-29 
Soil Sample 

Location 
Interval 
Depth 

14C 
(pCi/g) 

3H 
(pCi/g) 

FMF-29-10-1 0.5m-1.0m 3.5 2.39 

FMF-29-11-1 0.5m-1.0m 17.2 2.0 

FMF-29-12-1 0.5m-1.0m <1.51 4.19 

FMF-29-13-1 0.5m-1.0m 4.38 <1.11 

FMF-29-15-1 0.5m-1.0m 4.14 1.61 

FMF-29-15-2 1.5m-2.0m 175.0 3.52 

FMF-29-16-1 0.5m-1.0m <1.32 1.86 

FMF-29-19-1 0.5m-1.0m N/A N/A 

FMF-29-19-2 1.5m-2.0m N/A N/A 

FMF-29-20-1 0.5m-1.0m <1.45 <1.02 

FMF-29-21-1 0.5m-1.0m 3.86 1.75 

FMF-29-22-1 0.5m-1.0m 59.9 3.06 

FMF-29-22-2 1.5m-2.0m 6.07 <0.876 

FMF-29-23-1 0.5m-1.0m 38.2 2.23 

FMF-29-23-2 1.5m-2.0m 8.75 <1.04 

FMF-29-24-1 0.5m-1.0m 1.92 <0.946 

FMF-29-24-2 1.5m-2.0m 1.85 <1.07 

FMF-29-26-1 0.5m-1.0m 9.71 1.54 

FMF-29-27-1 0.5m-1.0m 25.2 2.21 

FMF-29-30-1 0.5m-1.0m 9.74 1.74 

FMF-29-30-2 1.5m-2.0m 6.78 1.56 

FMF-29-31-1 0.5m-1.0m 6.31 1.99 

FMF-29-32-1 0.5m-1.0m <1.59 <1.12 

FMF-29-36-1 0.5m-1.0m <1.59 <1.12 

FMF-29-37-1 0.5m-1.0m 2.94 1.72 

FMF-29-37-2 1.5m-2.0m 2.44 <0.985 

FMF-29-38-1 0.5m-1.0m 3.01 2.33 

FMF-29-40-1 0.5m-1.0m 120.0 3.32 

FMF-29-40-2 1.5m-2.0m 27.5 3.61 

FMF-29-41-.2 0m-0.5m <1.65 <1.16 

FMF-29-41-1 0.5m-1.0m <1.56 2.48 

FMF-29-41-2 1.5m-2.0m 2.32 1.64 

FMF-29-42-.2 0m-0.5m 17.5 3.13 

FMF-29-42-1 0.5m-1.0m 8.39 1.71 

FMF-29-42-2 1.5m-2.0m 1.33 1.33 
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Table 1: Soil Sample Locations and Results  

Survey Unit –FMF-29 
Soil Sample 

Location 
Interval 
Depth 

14C 
(pCi/g) 

3H 
(pCi/g) 

FMF-29-43-.2 0m-0.5m 7.61 <1.18 

FMF-29-43-1 0.5m-1.0m <1.57 <1.10 

FMF-29-43-2 1.5m-2.0m 5.8 <1.04 

FMF-29-44-.2 0m-0.5m 43.2 <1.09 

FMF-29-44-1 0.5m-1.0m 31.7 <0.839 

FMF-29-44-2 1.5m-2.0m 1.96 <0.954 

FMF-29-45-.2 0m-0.5m 1290.0 10.50 

FMF-29-45-1 0.5m-1.0m N/A N/A 

FMF-29-45-2 1.5m-2.0m N/A N/A 

FMF-29-46-.2 0m-0.5m 36.6 <1.04 

FMF-29-46-1 0.5m-1.0m 11.8 <1.10 

FMF-29-46-2 1.5m-2.0m 1.80 <0.846 

FMF-29-47-.2 0m-0.5m 12.1 <1.19 

FMF-29-47-1 0.5m-1.0m 26.5 <0.902 

FMF-29-47-2 1.5m-2.0m 30.8 6.92 

FMF-29-48-.2 0m-0.5m 71.8 2.27 

FMF-29-48-1 0.5m-1.0m 96.9 3.60 

FMF-29-48-2 1.5m-2.0m N/A N/A 

FMF-29-49-.2 0m-0.5m 38.4 13.0 

FMF-29-49-1 0.5m-1.0m 987.0 11.6 

FMF-29-49-2 1.5m-2.0m 109 4.51 

FMF-29-50-.2 0m-0.5m 122.0 <1.13 

FMF-29-50-1 0.5m-1.0m 5.35 <1.18 

FMF-29-50-2 1.5m-2.0m 14.6 <1.17 

Average 64.9 2.37 

Maximum 1290 11.6 
 
 
 

4.0 Conclusions 
Phase II soil sample results indicate 3H contamination is not a significant contributor to the 
potential dose to the public.  Sample results for 14C ranged from non-detectable to 1,290 pCi/g 
with and average of 64.9 pCi/g for Phase II sampling.  Analytical results are included as 
Attachment B. 

 
The results from the GPR/EM survey performed by Hager-Richter did not identify a 
septic tank or leachate area at the subject property.  The full geophysical survey report is 
included as Attachment C.    
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Attachment A 
Survey Unit Overview Maps 
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Attachment B 

Analytical Results 
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Geophysical Survey Report 
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www.hager-richter.com

December 7, 2009
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Matt Norton, CIH, CSP Tel: 781.222.5047 
Philotechnics, Ltd. Fax: 781.229.0732 
25 Mall Road, Ste. 301 Cell: 978.844.0565
Burlington, Massachusetts  Email: mdnorton@philotehnics.com 

RE: Geophysical Survey
11542 Fort Mims Drive
St. Louis, Missouri

Dear Mr. Norton:

In this letter, we report the results of a geophysical survey conducted on November 3,
2009 by Hager-Richter Geoscience, Inc. (Hager-Richter) at the above referenced site for
Philotechnics, Ltd. (Philotechnics) of Burlington, Massachusetts.  The scope of the project and
area of interest were specified by Philotechnics.

Introduction

The Site is an inactive industrial facility located at 11542 Fort Mims Drive in St. Louis,
Missouri.  The general location of the Site is shown in Figure 1.  The Site is comprised of a
former building floor slab, concrete walkways, parking lot, open grassy areas, and wooded
undeveloped land.  As part of an environmental investigation, Philotechnics requested a
geophysical survey of the accessible portions of the Site to determine whether a former septic
system and associated leachate field are present, and to locate an existing sewer line related to the
former building.  According to Philotechnics, the septic system was installed in the 1960's and
was expanded numerous times.  It was reportedly filled and closed in place.  Philotechincs
indicated that the former septic tank is located below either the 3-inch thick concrete floor slab
reinforced with 1 foot by 1 foot wire mesh or the western open grassy field at the Site.

The area of interest (AOI) is approximately 3/4 acre in size. Figure 1 is shows the
location of the AOI.  

Objectives

The objectives of the geophysical survey were to detect, and if detected, to locate 1.) a
former septic system and leachate field in the accessible portions of the AOI, and 2.) the sewer
line related to the former building.
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ns, abbreviation for nanosecond, 1/1,000,000,000 second.  Light and the GPR signal require about 1 ns to
1

travel 1 ft in air.  The GPR signal requires about 3.5 ns to travel 1 ft in unsaturated sandy soil.

The Survey

Vanja Dezelic, Ph.D. of Hager-Richter conducted the field operations on November 3,
2009.  The project was coordinated with Mr. Matt Norton, CIH, CSP of Philotechnics.  Mr. Ryan
P. Fahey, also of Philotechnics, was present for the fieldwork and specified the areas of interest
at the Site. 

The geophysical survey was conducted using two geophysical methods: time domain
electromagnetic induction (EM61) and  ground penetrating radar (GPR).  The EM61 data were
acquired at approximately 8-inch intervals along lines spaced 5 feet apart across the accessible
portions of the entire property.  The EM61 survey detects buried metal.  However, the EM61
method cannot provide information on the type of objects causing the anomaly. A GPR survey
was conducted along orthogonal traverses spaced approximately 5 feet apart in the accessible
portions of western and southern portions of the property. The GPR method is capable of
detecting both metal and nonmetal objects with a high degree of confidence that all such objects
within the depth of penetration of the GPR signal are detected. 

Equipment

EM61.  The EM survey was conducted using a Geonics EM61-MK2 time domain
electromagnetic induction metal detector.  The EM61-MK2 instrument was designed specifically
for detecting buried metal objects such as USTs, drums, and utilities.  An air-cored transmitter 
coil generates a pulsed primary magnetic field in the earth, thereby inducing eddy currents in
nearby metal objects.  The eddy current produces a secondary magnetic field that is sensed by
two receiver coils, one coincident with the transmitter and one positioned 40 cm above the main
coil.  By measuring the secondary magnetic field after the current in the ground has dissipated
but before the current in metal objects has dissipated, the instrument responds only to the
secondary magnetic field produced by metal objects.  Four channels of secondary response are
measured in mV and are recorded on a digital data logger.  The system is generally operated by
pulling the coils configured as a trailer with an odometer mounted on the axle to trigger the data
logger automatically at approximately 8-inch intervals.

GPR.  The GPR survey was conducted using a Sensors and Software Noggin SmartCart
Plus digital GPR system equipped with a survey wheel to trigger recording of data at equal
horizontal distances.  The GPR system was used with a 250 MHz antenna and a 50 ns  time1

window. 
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Limitations of the Methods

HAGER-RICHTER GEOSCIENCE, INC. MAKES NO GUARANTEE THAT ALL
UNDERGROUND TARGETS OF INTEREST WERE DETECTED IN THIS
SURVEY.  HAGER-RICHTER GEOSCIENCE, INC. IS NOT RESPONSIBLE FOR
DETECTING TARGETS THAT NORMALLY CANNOT BE DETECTED BY THE
METHODS EMPLOYED OR THAT COULD NOT BE DETECTED BECAUSE OF
SITE CONDITIONS. 

EM61.  The EM61 cannot detect non-metallic objects.  The data from an EM61 survey
are adversely affected by surface metal.  The EM61 has a depth sensitivity limited to about 12
feet.  The instrument is relatively cumbersome, and works best where the transmit and receive
coils can be hand pulled in a small trailer.

Detection and identification should be clearly differentiated.  Detection is the recognition
of the presence of a metal object, and the electromagnetic method is excellent for such purposes.
Identification, on the other hand, is determination of the nature of the causative body (i.e., what is
the body -- a cache of drums, UST, automobile, white goods, etc.?).  Although the EM61 data
cannot be used to identify all buried metal objects, they provide excellent guides to the
identification of some objects.  For example, buried metal utilities produce anomalies with
lengths many times their widths. 

GPR.  There are limitations of the GPR technique as used to detect and/or locate targets
such as those of the objectives of this survey.  Limitations include: (1) surface conditions, (2)
electrical conductivity of the ground, (3) contrast of the electrical properties of the target and the
surrounding soil, and (4) spacing of the traverses.  Of these restrictions, only the last is
controllable by us.  

The condition of the ground surface can affect the quality of the GPR data and the depth
of penetration of the GPR signal.  Sites covered with snow piles, high grass, bushes, landscape
structures, debris, obstacles, soil mounds, etc. limit the survey access and the coupling of the
GPR antenna with the ground.  In many cases, the GPR signal will not penetrate below concrete
pavement, especially inside buildings, and a target may not be detectable.  The GPR method also
commonly does not provide useful data under canopies found at some facilities.

The electrical conductivity of the ground determines the attenuation of the GPR signal
and thereby limits the maximum depth of exploration.  For example, the GPR signal does not
penetrate clay-rich soils, and targets buried in clay might not be detected.

A definite contrast in the electrical conductivities of the surrounding ground and the
target material is required to obtain a reflection of the GPR signal.  If the contrast is too small,
possibly due to construction details or deeply corroded  metal in the target, then the reflection



HAGER-RICHTER
GEOSCIENCE, INC.

Geophysical Survey
11542 Fort Mims Drive
St. Louis, Missouri
File 09VD22       Page 4

may be too weak to recognize and the target can be missed.

Spacing of the traverses is limited by access at many sites, but where flexibility of
traverse spacing is possible, the spacing is adjusted to the size of the target.  The GPR operator
controls the spacing between lines, and the design of the survey is based on the dimensions of the 
smallest feature of interest.  Targets with dimensions smaller than the spacing between GPR
survey lines can be missed.

Results

The geophysical survey consisted of a time domain electromagnetic induction metal
detector (EM) survey across the accessible portions of the specified area of interest and a GPR
survey across the accessible portions of the western and southern portions of the property.  Figure
2 is a color contour plot of the EM data.  Figure 3 shows the locations of the GPR traverses and
the interpretation of the EM and GPR data.  

EM data were acquired across the accessible portions of the site.  The color contour plot
of the EM data is shown in Figure 2, and our interpretation of the EM data is shown in Figure 3. 
Interpretation of EM data is based on the relative response of the instrument in millivolts to local
conditions.  The instrument is not calibrated to provide an absolute measure of a particular
property, such as the conductivity of the soil or the strength of the earth’s magnetic field. 
Subsurface metal objects produce sharply defined positive anomalies when the EM61 is
positioned directly over them.  Acquiring data at short intervals along closely spaced lines, as
was done at the subject site, provides high spatial resolution of the location and footprint of the
targets.  Thus, buried metal is recognized in contour plots of EM data by positive anomalies
roughly corresponding to the dimensions of the buried metal. 

A few high-amplitude EM anomalies are present in the data for the Site.  Most such
anomalies are attributed to surface metal such as reinforced concrete, hydrants, water caps, and
their locations are shown as blue hatched areas on Figure 3.  We note that the presence or
absence of subsurface metal objects in such areas cannot be determined on the basis of the EM
data alone due to the anomaly caused by the surface metal objects.

One high amplitude EM anomaly not attributable to surface metal is present, and we infer
that buried metal is present at this location.  This location is shown as red cross-hatched area on
Figure 3.

EM was not conducted across the former foundations.  Due to the reinforcement within
the concrete, it is known that an EM anomaly would be created over the foundations. Therefore,
EM would not yield any beneficial results.  Therefore, after agreement from Mr. Fahey it was
concluded that it is unnecessary to run the EM61 over the foundations that are known to contain
metal.
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Apparent GPR signal penetration at the Site was fair, with two-way traveltime reflections
received from 20-30 nsec.  Based on handbook time-to-depth conversions for the GPR signal in
average soils, the GPR signal penetration is estimated to have been about 2- 4 feet. The GPR
records contain reflections typical of possible utilities and other linear structures, as well as
scattered small unidentified buried objects judged too small to be tanks, and their locations are
shown on Figure 3 as black dashed lines and black crosses.  The configuration of the possible
utilities detected in western portion of the Site does not appear to be consistent with that of a
septic system, although it is possible that some of the utility segments may have been related to
the septic system.  GPR reflections consistent with those expected for a possible former
excavation are present in the western portion of the Site. 

GPR reflections typical of a larger buried object are present in the records for the area of
the EM anomaly attributed to buried metal.  The location of the object is shown on Figure 3 as
red cross-hatched filled rectangles. 

GPR reflections typical of buried objects are also present outside the areas of EM
anomalies discussed above.  One such utility extends from the rear of the building to the south
and may represent the sewer service for the building and is labeled PS on Figure 3.  The locations
of two (2) larger objects are shown on Figure 3 as rectangles with an X.  Because no EM
anomaly is present at such locations, these objects are inferred to be non-metallic.

GPR data was acquired on the western and oldest portion of the foundation.  The reinforcement
within the concrete was limiting the GPR signal penetration to approximately 1 foot.  The
remainder of the foundations was scanned with the GPR but the limited penetration did not yield
any beneficial results.

After analyzing the EM data showing no evidence of any buried metal, and with
agreement of Mr. Fahey it was concluded that it was not necessary to do a full data acquiring
over the eastern parking lot with the GPR.  The parking lot was scanned with lines in “no save”
mode, and no evidence of any utilities was present in the GPR records.  Mr. Fahey agreed that the
survey was completed after that point. 

No UST or septic tank with: (1) electrical properties sufficiently contrasting with the
surrounding soils to produce EM anomalies and/or GPR reflections, or (2) a capacity of 500
gallons or more was detected within the effective depth of penetration of the GPR signal (about
2-4 feet) in the surveyed area.  Whether a UST or septic tank occurs at a depth greater than the
effective depth of penetration of the GPR signal or in areas inaccessible to the geophysical
survey cannot be determined from the geophysical data.

Conclusions

Based on the geophysical survey performed by Hager-Richter Geoscience at 11542 Fort
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Mims Drive in St. Louis, Missouri, we conclude that:

C No UST or septic tank with: (1) electrical properties sufficiently contrasting with
the surrounding soils to produce EM anomalies and/or GPR reflections, or (2) a
capacity of 500 gallons or more was detected within the effective depth of
penetration of the GPR signal (about 2-4 feet) in the surveyed area.  Whether a
UST or septic tank occurs at a depth greater than the effective depth of
penetration of the GPR signal or in areas inaccessible to the geophysical survey
cannot be determined from the geophysical data.

C A possible former excavation area was detected in the western portion of the Site.

C The sewer service was possibly detected along the western edge of the southern
grassy portion of the property.

C Several unidentified possible utility segments and small buried objects were
detected, although the configuration of such features are not typical of a septic
distribution system.

C One (1 ) metallic structure and two (2) non-metallic structures were detected in
the southern grassy area.

Limitations on the Use of this Report

This letter report was prepared for the exclusive use of Philotechnics, Ltd. (Client).  No
other party shall be entitled to rely on this Report or any information, documents, records, data,
interpretations, advice or opinions given to Client by Hager-Richter Geoscience, Inc. (Hager-
Richter) in the performance of its work.  The Report relates solely to the specific project for
which Hager-Richter has been retained and shall not be used or relied upon by Client or any third
party for any variation or extension of this project, any other project or any other purpose without
the express written permission of Hager-Richter.  Any unpermitted use by Client or any third
party shall be at Client's or such third party's own risk and without any liability to Hager-Richter.

Hager-Richter has used reasonable care, skill, competence and judgment in the
performance of its services for this project consistent with professional standards for those
providing similar services at the same time, in the same locale, and under like circumstances. 
Unless otherwise stated, the work performed by Hager-Richter should be understood to be
exploratory and interpretational in character and any results, findings or recommendations
contained in this Report or resulting from the work proposed may include decisions which are
judgmental in nature and not necessarily based solely on pure science or engineering.  It should
be noted that our conclusions might be modified if subsurface conditions were better delineated
with additional subsurface exploration including, but not limited to, test pits, soil borings with
collection of soil and water samples, and laboratory testing.
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Except as expressly provided in this limitations section, Hager-Richter makes no other
representation or warranty of any kind whatsoever, oral or written, expressed or implied; and all
implied warranties of merchantability and fitness for a particular purpose, are hereby disclaimed.

If you have any questions or comments on this letter report, please contact us at your
convenience.  We look forward to working with you again in the future.

Sincerely yours,
HAGER-RICHTER GEOSCIENCE, INC.

Vanja Dezelic Dorothy Richter, P.G.
Geophysicist President

Attachments: Figures 1-3
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1.0 Executive Summary 
Philotechnics, Ltd. (Philotechnics) was retained by Sigma-Aldrich Company to obtain 
surface and subsurface soil samples from open land areas to assess the current radiological 
conditions at the site and identify paths forward toward ultimate release of the property for 
unrestricted use.  The soil sampling was performed in compliance with the approved Fort 
Mims Facility Open Land Soil Sampling and Analysis Plan (Plan) dated October 20th, 
2008.  

This sampling phase was designed to provide additional data to bound contamination within 
soils at the site after the removal of the concrete pad.  Samples were obtained to bound the 
vertical extent of soils contamination and to bound the lateral extent of contamination from 
new adjacent locations.  During removal of the concrete pad a buried septic tank was 
discovered.  Additional samples were taken from the tank water, sludge, and surrounding 
soils to identify contamination.              

On May – 24, 2010, a total of fifty-four (54) discrete soil samples were obtained from 
survey unit 29 to determine if carbon-14 (14C) and/or tritium (3H) were present in 
measurable quantities in the upper two (2) meters of soils adjacent to the structure.  The 
sample results indicated 14C concentrations ranging from non-detectible to 483 picocuries 
per gram (pCi/g) and 3H concentrations ranging from non-detectible to 7.39 pCi/g.  
Contamination was detected at the maximum depth sampled and at several locations; 
therefore the full extent of the soil contamination at the site could not be determined.   

A septic tank was discovered underneath the concrete pad during removal.  Samples were 
collected from the tank and surrounding soils.  Results of liquid samples from inside the 
tank indicated 14C concentrations ranging from 7870 pCi/L to 20,000 pCi/L and 3H
concentrations ranging from 11,500 pCi/L to 16,600 pCi/L.  Results of soil samples 
surrounding the tank indicated  14C concentrations ranging from non-detectable to 136 pCi/g 
and 3H concentrations ranging from non-detectable to 3.98 pCi/g. 

2.0 Plan Implementation 

2.1 Soil Sampling Methodology 
Sampling was performed in accordance with the approved Plan.  Soils samples were 
collected using spoons or shovels for surface samples.  The sampling equipment was 
decontaminated after each use to prevent cross-contamination of samples.  A minimum of 
500 grams of soils were collected from each location and depth interval.  The sample was 
transferred into a stainless steel bowl and thoroughly homogenized, then transferred to the 
appropriate labeled container for off-site radiological analysis. 

2.2 Sample ID 
Each sample point was designated by a Sample ID, and identified as follows: 

WWW:  3-character designation of facility (for example, “FMF”) 

XX:  -character designation of survey unit (for example, “29”) 

Y:  23-character designation of sample location (for example, “01”) 
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Z:  1-character designation indicating sample depth, in meters, from the 
surface.

For example, in the sample identification number, FMF-29-51-.2, “FMF” represents the 
facility, “29” represents the survey unit, “51” represents the sample location, and “.2” 
indicates a depth of 0.2 meters.  The sample ID number was recorded on the containers and 
chain-of-custody record at the time of sample collection. 

2.3 Sample Shipment and Analysis 
All samples were packaged and controlled in accordance with the Plan. The samples were 
controlled using chain-of custody procedures custody seals and the use of field logbooks 
during collection, 

The soil samples were analyzed by Teledyne Brown Engineering, Inc. in Knoxville, 
Tennessee.  Samples were oxidized in preparation for liquid scintillation analysis in order to 
remove any interfering chemical luminescence.  Teledyne Brown is accredited by the 
National Environmental Laboratory Accreditation Program, and is licensed to receive and 
analyze radioactive material. 

2.4 Sampling Quality Assurance 
Quality assurance samples were collected for statistical analysis.  For precision, one (1) 
field duplicate was obtained for every 20 samples collected.  A field duplicate is a duplicate 
sample collected from the same sample point which has been thoroughly homogenized. 

In addition to the field duplicates, Matrix Spike and Matrix Spike Duplicate (MS/MSD) 
samples were performed by the analytical laboratory. MS/MSD samples are environmental 
samples that are spiked in the laboratory with a known concentration of a target analyte(s) 
to verify the efficiencies of the laboratory method. 
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3.0 Analytical Results-Soil Samples 
Table 1 identifies the soil samples and analytical results for the surface soils for Survey Unit 
FMF-029 at the FMF Site.  The analytical results for each sample are included in 
Attachment B. 

Table 1: Soil Sample Locations and Results  
Survey Unit –FMF-29 

Soil Sample 
Location 

Interval 
Depth

14C
(pCi/g) 

3H
(pCi/g) 

FMF-29-51-.2 0.2m 95.00 4.42 
FMF-29-51-1 1.0m 145.00 4.48 
FMF-29-51-2 2.0m 74.30 <2.23 
FMF-29-52-.2 0.2m 11.50 <2.09 
FMF-29-52-1 1.0m 18.60 <2.04 
FMF-29-52-2 2.0m 5.77 <2.09 
FMF-29-53-.2 0.2m 25.30 <2.18 
FMF-29-53-1 1.0m 5.43 <2.23 
FMF-29-53-2 2.0m 12.60 <1.87 
FMF-29-54-.2 0.2m 35.20 2.01 
FMF-29-54-1 1.0m 6.47 <1.96 
FMF-29-54-2 2.0m 14.50 <1.69 
FMF-29-55-.2 0.2m 108.00 3.22 
FMF-29-55-1 1.0m 3.47 <1.97 
FMF-29-55-2 2.0m 16.60 <1.88 
FMF-29-56-.2 0.2m 34.00 <2.10 
FMF-29-56-1 1.0m <1.56 <1.97 
FMF-29-56-2 2.0m 3.35 <1.68 
FMF-29-57-.2 0.2m 24.90 <2.18 
FMF-29-57-1 1.0m <1.78 <2.24 
FMF-29-57-2 2.0m 11.10 <2.16 
FMF-29-58-.2 0.2m 12.70 <1.72 
FMF-29-58-1 1.0m 3.70 <1.89 
FMF-29-58-2 2.0m 2.83 <2.01 
FMF-29-59-.2 0.2m 2.14 <2.14 
FMF-29-59-1 1.0m 10.20 <1.80 
FMF-29-59-2 2.0m 4.58 <1.93 
FMF-29-60-.2 0.2m 3.95 3.21 
FMF-29-60-1 1.0m <1.52 <1.92 
FMF-29-60-2 2.0m 2.53 <1.81 
FMF-29-61-.2 0.2m 483.00 6.83 
FMF-29-61-1 1.0m 128.00 2.88 
FMF-29-61-2 2.0m 398.00 7.39 
FMF-29-62-.2 0.2m 3.30 <1.66 
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Table 1: Soil Sample Locations and Results  
Survey Unit –FMF-29 

Soil Sample 
Location 

Interval 
Depth

14C
(pCi/g) 

3H
(pCi/g) 

FMF-29-62-1 1.0m 5.35 <2.16 
FMF-29-62-2 2.0m 3.71 <1.80 
FMF-29-63-.2 0.2m 3.32 <1.77 
FMF-29-63-1 1.0m <1.77 <2.23 
FMF-29-63-2 2.0m <1.62 <2.04 
FMF-29-64-.2 0.2m <1.44 <1.81 
FMF-29-64-1 1.0m <1.37 <1.73 
FMF-29-64-2 2.0m <1.42 1.99 
FMF-29-65-.2 0.2m 5.03 <1.83 
FMF-29-65-1 1.0m <1.49 <1.87 
FMF-29-65-2 2.0m <1.47 <1.86 
FMF-29-66-.2 0.2m <1.48 <2.00 
FMF-29-66-1 1.0m <1.57 <2.06 
FMF-29-66-2 2.0m 15.40 <1.79 
FMF-29-67-.2 0.2m 12.30 2.21 
FMF-29-67-1 1.0m 3.81 3.12 
FMF-29-67-2 2.0m <1.67 <2.19 
FMF-29-68-.2 0.2m 5.30 <1.85 
FMF-29-68-1 1.0m 2.70 3.96 
FMF-29-68-2 2.0m <1.47 <1.92 

Average* 33.05 2.37 
Maximum 483 7.39 

*Average assumes all “<MDA” values were equal to the MDA 

4.0 Analytical Results-Septic Tank 
Table 2 identifies the liquid, sludge, and soil samples from the septic tank.  The analytical 
results for each sample are included in Attachment C. 

Table 1: Septic Tank Locations and Results  

Sample Location Matrix Interval 
Depth

14C
(pCi/g) 

3H
(pCi/g) 

FMF-ST1 Liquid N/A 7870.00 11500.00 
FMF-ST2 Liquid N/A 19400.00 16600.00 
FMF-ST3 Liquid N/A 20000.00 16100.00 
FMF-ST4 Liquid N/A 7900.00 12500.00 
FMF-ST6 Sludge N/A 28.30 <2.28 
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Table 1: Septic Tank Locations and Results  

Sample Location Matrix Interval 
Depth

14C
(pCi/g) 

3H
(pCi/g) 

FMF-ST7 Sludge N/A 161.00 8.17 
FMF-ST8-0.05 Soil 0.05 m 22.90 3.98 
FMF-ST8-1 Soil 1 m 9.54 <1.80 
FMF-ST9-0.05 Soil 0.05 m 136.00 <1.89 
FMF-ST98-1 Soil 1 m 43.80 2.41 
FMF-ST10-0.05 Soil 0.05 m 21.10 <2.03 
FMF-ST10-1 Soil 1 m <1.47 <2.01 

Average* 33.05 2.37 
Maximum 483 7.39 
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5.0 Conclusions
Phase III soil sample results indicate 3H contamination is not a significant contributor to the 
potential dose to the public; it will, however, be included in the final RESRAD dose 
modeling for the site.  Sample results for 14C ranged from non-detectable to 483 pCi/g with 
and average of 33 pCi/g for Phase III sampling.      

Several samples collected at a depth of two meters have detectable 14C levels which indicate 
the vertical extent of contamination has not been fully bounded.  Analysis results from the 
adjacent sample locations indicate that 14C contamination is present and the lateral extent of 
contamination has not been determined.  The extent of 14C soil contamination at the site has 
not been fully determined at this time.  Additional sampling is recommended to determine 
the vertical and horizontal boundaries of soil contamination before developing a site 
remediation plan. 

The U.S. Environmental Protection Agency standards for drinking water are 2000 pCi/L 14C
and 20,000 pCi/L 3H (unity).  Residual radioactivity in the septic tank exceeds those limits 
and should be handled as radioactive waste.   



Attachment A 
Survey Unit Overview Maps 
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