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1.0 EXECUTIVE SUMMARY 

American Remediation Solutions and Environmental Corporation (ARSEC), a joint venture of 
American Radiation Services, Inc. (ARS) and Safety and Ecology Corporation (SEC), has been 
contracted by the U.S. Army Corps of Engineers – Buffalo District (USACE-Buffalo) under 
Contract No. W912P4-07-D-0009, Delivery Order (DO) 002 (USACE), to provide Health Physics 
services for the Pre-Remediation Volume Uncertainty Reduction Subsurface Soil Sampling at the 
Painesville Formerly Utilized Sites Remedial Action Program (FUSRAP) Site (hereafter referred to 
as the “Site”) in Painesville, Ohio. This Site has been historically identified as containing various 
levels of residual radioactive material in soils and sediments from previous operations, including 
radium-226 (Ra-226), thorium-230 (Th-230), thorium-232 (Th-232), and uranium-238 (U-238). There 
have been several characterization efforts conducted previously to support ongoing remedial activities 
at the Site. However, a degree of uncertainty still exists regarding the volume of contaminated 
materials present. The purpose of the ARSEC fieldwork was to collect data of sufficient quality and 
quantity to assist in reducing this uncertainty. This document was prepared to present the results of 
the data collected during this site characterization effort.  

The following conclusions and recommendations have been made as a result of this study: 

• SOR DCGLw and DCGLemc values of <1 verify that contamination is not present at depth in the 
previously surveyed Class 2 areas on the eastern portion of the site. 

• on the western portion of the site surrounding Areas A and H (previously remediated areas), SOR 
DCGLw and DCGLemc values of <1, verify that contamination did not extend vertically or 
horizontally past previously identified contamination boundaries.  

• soil processing and sampling not be performed when DHG count rates are less than 15,723 cpm 
using a 3-in. by 3-in. NaI detector. The recommendation is based on the fact that SOR DCGLw 
values greater than zero were not obtained until a DHG count rate of 15,723 cpm was obtained. 

• soil processing and sampling not be performed when test pit sidewall count rates are less than 
11,794 cpm using a 3-in. by 3-in. NaI detector. The recommendation is based on the fact that the 
only test pit sidewall SOR DCGLw values greater than zero were obtained with a corresponding 
gross gamma count rate of 11,794 cpm. 

• soil processing and sampling not be performed when test pit surface count rates are less than 
5,206 cpm using a 3-in. by 3-in. NaI detector. The recommendation is based on the fact that SOR 
DCGLw values greater than zero were not obtained until a test pit surface count rate of 5,206 cpm 
was obtained. 
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2.0 INTRODUCTION  

In May 2009, ARSEC conducted a biased volume uncertainty reduction sampling (VURS) program 
that focused on identifying the nature and extent of radiological contamination that remains at the 
Site following the completion of remedial activities by Cabrera Services, Inc. (Cabrera). This 
sampling program included the installation of 32 soil borings and 16 test pits on the western and 
eastern portions of the Site, respectively. It also included a geophysical investigation to locate the 
former Acid Conveyance Line (ACL) that is believed to run underneath the parking lot to the west 
of the former Administration Building. To ensure that the sampling and analysis activities were 
performed to the specifications identified by USACE-Buffalo in the Statement of Work (SOW) for 
the DO (USACE 2009), a Sampling and Analysis Plan (SAP) was developed by ARSEC and 
submitted to USACE for acceptance prior to commencement of the field activities. The sampling 
design outlined in the SAP Field Sampling Plan (FSP) [ARSEC 2009a] focused on obtaining data 
from discreet locations, as stipulated in the SOW, intended to bound the probable extent of residual 
radiological contamination. The ultimate goal of these activities, as stated in the SOW, was to aid 
the USACE-Buffalo development of estimates for the future remediation of the Site and to verify 
subsurface soil contamination does not exist in Class 2 areas previously surveyed and determined to 
be below Derived Concentration Guideline Levels (DCGLs).  

Characterization data from this survey and sampling effort were collected using the following 
methods: 

• subsurface core borings using sonic drilling methods to depths up to 14 feet (ft) below original 
ground surface (bgs);  

• downhole gamma (DHG) logging at each soil boring location;  
• biased subsurface soil samples from each of the 32 soil boring locations; 
• biased surface soil samples obtained from the nominal 10-ft by 10-ft boundary of the 16 test pits;  
• biased subsurface samples obtained from the walls and floors of the 16 test pits;  
• direct gamma surveys of the walls and floors of the test pits; and 
• offsite isotopic and Toxicity Characteristic Leaching Procedure (TCLP) analysis of soil samples.  

A total of 96 subsurface field soil samples were collected from within the 32 soil boring locations, 
and 64 surface and subsurface soil samples were collected from the test pits. All of the collected 
samples were field screened using a 3-in. by 3-in. sodium iodide (NaI) detector and were sent to 
offsite analytical laboratories for radiochemistry and TCLP analyses. See Section 8.2, “Quality 
Assurance Samples,” for a discussion of regular and quality samples collected during this project. 

Evaluation of the data from this VURS effort indicates that areas surveyed and sampled did not 
exhibit radiological contaminant of concern (RCOC) values above the established DCGLs for the site. 
Additionally, all sum of ratios (SORs) values were less than 1, indicating that proposed areas to be 
remediated have been properly bounded. 

The following objectives of the VURS program outlined in the SAP (ARSEC 2009a) were also 
successfully achieved: 
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• The ACL’s location beneath the parking lot on the west side of the former Administration 
Building was positively located using a combination of ground-penetrating radar (GPR) and 
frequency-induced utility locating technologies. 

• The installation of Test Pit 004 in SU19 (PNV-SU19-TP004) led to the discovery that this suspect 
area was merely a 1.5 to 2.0-ft-deep concrete sump that exhibited no elevated radiological 
contamination. 

• The eastern portion of the Site, the Class 2 units, did not exhibit any areas that had RCOCs above 
the DCGLs for the Site. All SOR values for the eastern portion of the site were less than 1. 

• The western portion of the Site, bounding boreholes around the Class 1 survey units (SUs) did not 
exhibit any areas that had RCOCs above the DCGLs. All SOR values for boreholes in the western 
portion of the site were less than 1. This includes boreholes that bound the Class 1 SUs as well as 
boreholes located at distance from the Class 1 SUs.  

2.1 Site Description  

The Painesville FUSRAP Site is located at 720 Fairport Nursery Road, Painesville, Ohio, 
approximately 35.4 kilometers (km) [22 miles (mi)] northeast of Cleveland. The Site is located at 
approximately 41 degrees, 45 minutes north latitude, 81 degrees, 15 minutes west longitude, and is 
shown on the U.S. Geological Survey map of the Perry Quadrangle, Ohio-Lake County, 7.5-minute 
topographic series. The Site is currently owned by the Chemtura Corporation (Chemtura) [formerly 
the Uniroyal Chemical Company] and is bounded on the north by the Fairport, Painesville, and 
Eastern Railroad (FP&E), a subsidiary of Norfolk and Southern Railroad, on the west by property 
owned by Chemtura, on the south by Fairport Nursery Road, and on the east by Hardy Industrial 
Technologies (formerly Twin Rivers Technologies). Active and inactive industrial properties 
immediately surround the Painesville Site. Painesville Township Park, the Diamond Alkali Waste 
Lake hazardous waste site, and residential properties are located to the north, south, and northeast of 
the Site, respectively. The Grand River is located approximately 0.2 km (0.1 mi) southwest of 
Fairport Nursery Road and flows in a northwesterly direction toward Lake Erie. Figure 2-1 provides 
a schematic of the Painesville area and shows the Site’s proximity to the surrounding area. Figure 2-2 
shows the proposed locations of the Class 1 unit soil borings (west) and the Class 2 unit test pits 
(east). At one time the Site contained as many as 35 buildings and structures. Only one of the 
buildings, the former Administration Building, still remains as the other buildings were demolished. 

In the early 1940s, the Defense Plant Corporation financed construction of a magnesium production 
facility in Painesville, Ohio, on property acquired by the Federal Government. In support of the 
World War II effort and later government operations, the Diamond Magnesium Company operated 
this facility from 1942 to 1953 for the General Services Administration (GSA). In 1963, the GSA 
sold the plant to the U.S. Rubber Company, which later became the Uniroyal Chemical Company 
(Uniroyal), then the Crompton Manufacturing Company, Inc., and finally Chemtura. Uniroyal 
produced nitrile rubber, polyvinyl chloride (PVC) nitrile rubber blends, and various polymers at the 
Site until it ceased operations in 1999. Uniroyal utilized several of the original Diamond Magnesium 
Company buildings for its operations and also built new buildings on the Site. Uniroyal constructed 
several landfills, impoundments, and lagoons for waste disposal purposes on adjacent properties 
surrounding the Site. 
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Figure 2-1 Historical Plan View of Painesville FUSRAP Site 

(Note: Site owner is now Chemtura Corporation. Figure courtesy of Argonne National Laboratory) 
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Figure 2-2 Proposed Locations for Soil Borings and Test Pits 
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Additional details on the Site history and information related to the various characterization activities 
previously performed at the Site can be found in the SAP (ARSEC 2009a) and in the following: 

• USACE 1996, Sampling and Analysis Plan for the Painesville Site. 
• USACE1998a, Characterization Report for the Painesville Site. 
• USACE 1998b, Engineering Evaluation/Cost Analysis for the Painesville Site. 
• USACE 2003, Remedial Investigation/Feasibility Study (RI/FS) Report. 
• USACE 2005a, Final FS Addendum. 
• USACE 2005b, VURS Sampling Plan. 
• USACE 2006a, VURS Sampling Data Report. 

2.2 Previous Site Investigations 

On October 10–11, 1988, Oak Ridge National Laboratory (ORNL) performed a preliminary site 
evaluation of the Chemtura property. ORNL performed a gamma walkover survey (GWS) over the 
study area and collected soil samples for radiological analysis. During the survey, information was 
obtained concerning other portions of the property, which were addressed during subsequent field 
investigative activities. 

ORNL returned to the Site in September 1990 to examine the property to the east adjacent to the 
railroad tracks (currently owned by Hardy Industrial Technologies) and to investigate areas that 
showed elevated gamma readings during the 1988 survey (ORNL 1990). The survey results indicated 
that elevated concentrations of radionuclides were found in both surface and subsurface soil in excess 
of U.S. Department of Energy (DOE) guidelines for release of a property without radiological 
restrictions (ORNL 1991). The primary contaminants of concern (COCs) were U-238, Th-230, and 
Ra-226, with activity levels as high as 76 picocuries per gram (pCi/g), 310 pCi/g, and 1,500 pCi/g, 
respectively. 

In 1996, Bechtel National Incorporated (BNI), Science Applications International Corporation 
(SAIC), and Argonne National Laboratory (ANL), under contract to DOE, performed a detailed 
investigation of the Site. This investigation included ambient air sampling, dose rate measurements, 
building radiological surveys, GWS, groundwater sampling, geophysical surveys, surface water 
sampling, sediment sampling, ecological sampling, and soil sampling. The results of this study were 
documented in the Characterization Report for the Painesville Site (USACE 1998a). 

In 1998, the USACE completed an Engineering Evaluation/Cost Analysis (EE/CA) to support a 
removal action at the Site. The EE/CA developed cleanup goals and evaluated several alternatives 
for addressing the radiological contamination detected at the Site. The selected alternative was 
documented in an Action Memorandum (AM), and the removal action was then conducted in the fall 
of 1998. Slightly more than 1,300 cubic yards were removed before the project was suspended due to 
the onset of winter conditions, and the discovery that the extent of contamination was greater than 
anticipated in the AM. During the removal action, samples were collected from soil that remained 
in place in the excavated area. These samples indicated that radiological contamination above the 
cleanup goals still existed beyond the excavation limits (USACE 1999). 

In May 2003, USACE completed an RI/FS (USACE 2003). The RI/FS collected additional data on 
the areas of concern, conducted a Baseline Risk Assessment, and developed and evaluated remedial 
alternatives for the radiologically contaminated soil. These remedial alternatives included capping the 
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contamination in place and excavation with offsite disposal. In June 2005, the USACE completed an 
FS Addendum, which amended the cleanup goals and remedial alternatives first presented in 
the RI/FS.    

Supplemental characterization information was obtained during Fall 2005 as part of the pre-
remediation sampling efforts at the Site (USACE 2006a). Surface and subsurface sampling was 
performed in areas of the Site where the Conceptual Site Model (CSM) had not yet been adequately 
defined to support remedial design. The pre-remediation sampling event also included GWS and 
surface soil sampling in Class 2 SUs on a Multi-Agency Radiation Survey and Site Investigation 
Manual (MARSSIM) triangular grid to facilitate use of these data for final status survey purposes 
(EPA 2000a). The results of these efforts helped facilitate completion of a remediation volume 
estimate, the remedial design, and a majority of the Class 2 Final Status Survey (FSS). 

In April 2006, the USACE issued a Record of Decision (ROD) identifying the remedial strategy 
for the radiologically contaminated soil (USACE 2006b). Excavation and off-site disposal were 
selected as the remedial strategy for the Site. Within the ROD, the USACE determined that the 
Nuclear Regulatory Commission (NRC) standards for decommissioning of licensed facilities found in 
10 Code of Federal Regulations (CFR) 20.1402 and Ohio Administrative Code (OAC) 3701:1-38-
22(B) are relevant and appropriate for cleanup of FUSRAP contaminated soils at the Site. 

Between September 2007 and May 2008, during remedial activities, slightly more than 9,400 cubic 
yards of soil and debris were removed. This volume was well in excess of the estimated amount in the 
ROD so field investigations were undertaken to determine the extent of the remaining contamination. 
The results from the field investigation were evaluated against the clean-up guidance established in 
the ROD to estimate the volume of the material remaining to be excavated. Based on the results, data 
gaps were identified limiting the accuracy of the volume estimate to a level of confidence below what 
was needed for budgeting purposes. The field activities and data collected as outlined in this report 
will be utilized to fill these data gaps and reduce the volume uncertainty to an acceptable level. 

2.3 Overview of Volume Uncertainty Reduction Sampling Activities  

The purpose of this field effort was to provide information and data dealing with the nature and extent 
of residual radiological contamination that is greater than the proposed clean-up criteria delineated in 
the ROD (USACE 2006b). Rationale and protocols governing collection and analysis of samples 
were provided in the SAP, e.g., FSP and Quality Assurance Project Plan (QAPP) [ARSEC 2009b]. 
The logic presented in the FSP was developed by leveraging the historical pre- and post-remediation 
sampling and installing either 6-in. core borings or nominal 10-ft ×  10-ft ×  6-ft test pits at locations 
delineated in the USACE SOW.  

This investigation focused on areas of the Site that required further definition to support future 
remedial action planning. The portions identified as requiring further definition include the lateral 
extent of the source term and the magnitude of the source term. The sampling design outlined in the 
FSP focused on obtaining data from areas that are immediately adjacent to previously remediated 
areas of the Site to address these issues and to provide data required to estimate the potential cost 
of future remedial actions. The ultimate goal of these activities is to aid the conceptual planning for 
additional remediation of the Site, allowing for a more precise delineation of excavation boundaries, 
depths, and volumes for disposal. 
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2.3.1 Data Collection  

Data collection for Painesville included three types of information: (1) surface GWS on the surface of 
test pits; (2) surface and subsurface soil samples for offsite laboratory analysis by alpha spectroscopy, 
Lucas Cell, and TCLP methods; and (3) gross DHG measurements in sample holes opened after the 
installation of nominal 12-ft-deep soil cores using sonic drilling methods. The initial VURS layout is 
shown in Figure 2-2. The sampling and analysis techniques described in the FSP were used during the 
course of the field effort to refine the borehole and test pit sampling locations, where necessary, to 
account for subsurface and/or surface anomalies. The methods employed and subsequent results of 
these efforts are provided in Section 4 of this report. 

2.3.2 Organization and Responsibilities  

Under contract to USACE, ARSEC was responsible for implementation of work assignments related 
to VURS efforts at the Site. A detailed description of the project organization/responsibilities and 
organization chart is presented in the SAP (ARSEC 2009a). To summarize, the USACE-Buffalo 
District Project Manager was the prime interface with the Site property owners and the state of Ohio 
Environmental Protection Agency. The ARSEC team consisted of a Program/Project Manager, Site 
Manager, Site Radiation Safety Officer, Site Health and Safety Officer, Contractor Quality System 
Manager/Geologist, field health physics personnel, heavy equipment operator, and subcontract 
personnel. Site subcontract personnel consisted of a sonic drilling crew (Bowser-Morner, Inc.), a 
geophysical survey crew to locate the ACL (Civil and Environmental Consultants), and a state of 
Ohio-registered professional surveyor (McSteen & Associates, Inc.). Analytical services were 
provided by ARS (radiochemistry) and Assaigai Analytical (non-radiological analysis). 

2.3.3 Data Quality Objectives 

The Data Quality Objectives (DQOs) for the Painesville Pre-Remediation VURS effort were provided 
in the FSP and QAPP (2009a, 2009b) to reduce the volume uncertainty for radiologically 
contaminated soils requiring removal and disposal. DQOs outlined in the FSP and QAPP (EPA 
2000b, 2000c) were met during activities executed during this project.
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3.0 CIVIL SURVEYS 

In addition to the installation of the soil borings and test pits and the collection of biased soil samples 
for offsite analysis, ARSEC’s onsite activities included the following tasks: 

• conduct civil surveys to delineate the planned and actual locations of the 32 soil borings and 
16 test pits, and 

• conduct a geophysical survey to determine the subsurface location of the ACL’s routing beneath 
the parking lot to the west of the former Administration Building. 

3.1 Civil Survey Information 

McSteen & Associates of Wickliffe, Ohio, was subcontracted to provide professional surveying 
services to lay out the planned soil boring and test pit locations and to document the actual soil boring 
and test pit locations. During the Cabrera Services sampling and remediation work efforts conducted 
at the Site, McSteen & Associates provided similar types of support, including the installation/ 
establishment of benchmarks and control points throughout the Site. On Wednesday, May 13, 2009, 
Joe Charlson of McSteen & Associates mobilized to the Site with a Trimble S6 DR 300+ 5844001 
survey station. Using the Northing and Easting coordinates provided in the USACE-Buffalo SOW 
(USACE 2009), the proposed locations of the 32 soil borings and 16 test pits were surveyed and 
staked. All 48 survey points were marked with a unique number indicating what SU it was located 
nearby, whether it was a soil boring (SB) or test pit (TP), and a sequential number. All surveyed 
locations were installed using the North American Datum (NAD) 1983 Ohio North State Plane 
Coordinates and National Geodetic Vertical Datum (NGVD) 88 Datum, using English measurements. 
The proposed and actual locations for the soil borings and center of the test pits are provided in 
Table 3-1. (Note: The actual location of the test pit is reported as the northeast corner.) A full-size 
AutoCAD drawing showing the proposed and actual locations of the soil borings and test pits is 
included in Appendix A.  

Table 3-1 Proposed and Actual Location Coordinates for Soil Borings and 
Test Pits 

 Northing1 Easting1  Northing1 Easting1 
Soil Borings - Proposed Locations Elevation Actual Locations 

SU1SB001 763802.099 2313063.975 622.58 763802.099 2313063.975 
SU1SB002 763759.17 2313067.038 622.91 763759.17 2313067.038 
SU2SB001 763871.953 2313075.986 623.63 763870.168 2313060.324 
SU2SB002 763853.334 2313073.314 622.42 763850.524 2313065.342 
SU2SB003 763876.803 2313056.143 622.3 763891.621 2313065.378 
SU13SB001 763634.342 2313155.601 623.28 763617.044 2313147.337 
SU13SB002 763761.311 2313228.973 622.8 763761.311 2313228.973 
SU13SB003 763888.358 2313155.606 623.69 763888.358 2313155.606 
SU13SB004 764015.462 2313082.273 624.03 764015.462 2313082.273 
SU17SB001 763434.776 2313008.469 623.49 763412.045 2313010.29 
SU17SB002 763507.172 2312788.781 624.05 763507.172 2312788.781 
SU17SB003 763507.197 2312935.552 623.54 763507.197 2312935.552 
SU17SB004 763507.221 2313082.273 623.13 763507.221 2313082.273 
SU17SB005 763507.162 2313228.995 622.88 763507.162 2313228.995 
SU22SB001 764269.611 2312935.647 623.09 764265.306 2312940.597 
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Table 3-1 Proposed and Actual Location Coordinates for Soil Borings and 
Test Pits (continued) 

 Northing1 Easting1  Northing1 Easting1 
Soil Borings - Proposed Locations Elevation Actual Locations 

SU22SB002 764269.553 2313082.278 622.89 764263.815 2313084.006 
SU22SB003 764396.683 2312715.459 619.87 764386.711 2312730.197 
SU22SB004 764396.64 2312862.194 620.66 764391.712 2312861.917 
SU22SB005 764396.654 2313008.884 621.76 764392.591 2313008.145 
SU22SB006 764152.574 2313092.898 623.07 764152.574 2313092.898 
SU22SB007 764164.249 2313016.546 622.5 764164.249 2313016.546 
SU23SB001 763991.215 2312884.808 623.45 763991.215 2312884.808 
SU23SB002 764041.163 2312893.313 623.83 764041.163 2312893.313 
SU23SB003 764142.549 2312862.191 625.18 764142.549 2312862.191 
SU23SB004 764264.704 2312789.66 620.93 764264.704 2312789.66 
SU23SB005 763960.14 2312885.966 623.76 763960.14 2312885.966 
SU23SB006 763942.625 2312882.28 623.83 763942.625 2312882.28 
SU25SB001 763616.135 2312811.954 622.94 763616.135 2312811.954 
SU25SB002 763648.015 2312866.972 622.94 763648.015 2312866.972 
SU26SB001 763679.789 2312922.047 622.9 763679.789 2312922.047 
SU26SB002 763636.661 2312954.775 622.96 763631.786 2312954.606 
SU26SB003 763610.443 2312996.136 623.17 763610.443 2312996.136 
SU14-TP001 764168.025 2313638.434 622.96 764176.017 2313656.18 
SU14-TP002 764256.769 2313427.015 622.47 764261.775 2313432.051 
SU14-TP003 764331.259 2313740.376 624.04 764336.258 2313745.364 
SU15-TP001 763971.858 2313532.89 622.72 763978.861 2313537.866 
SU15-TP002 763971.825 2313740.351 623.03 763976.861 2313745.364 
SU15-TP003 763930.34 2313833.898 623.05 763939.355 2313837.948 
SU16-TP001 764151.565 2313221.63 623.26 764156.56 2313214.618 
SU16-TP002 764151.541 2313429.138 623.12 764154.946 2313324.42 
SU18-TP001 763612.443 2313325.36 623.26 763620.265 2313334.345 
SU18-TP002 763792.163 2313429.116 623.09 763784.184 2313452.44 
SU19-TP001 763612.457 2313532.884 623.18 763617.464 2313537.866 
SU19-TP002 763612.456 2313740.375 623 763615.664 2313743.347 
SU19-TP003 763792.164 2313636.611 622.79 763797.162 2313643.615 
SU20-TP001 763446.272 2313428.467 621.95 763451.256 2313433.474 
SU20-TP002 763328.08 2313816.464 622.83 763333.053 2313821.488 
SU21-TP001 764371.099 2313649.191 623.54 764376.087 2313654.141 

Engineering Control Locations  
EC-1 763511.712 2313664.311 623.15   
EC-2 763501.964 2313639.332 623.09   
EC-3 763511.19 2313639.137 623.13   
EC-4 763502.655 2313664.513 623.11   

1 The Northing and Easting values are in feet using the North American Datum of 1983 Ohio North State Plane Coordinates and National Geodetic Vertical 
Datum of 88.  
2 The Northing and Easting values for the actual test pits locations are reported using the northeast corner of the test pit. 
SU = survey unit. 
Note:  See Section 9.1 for the reasons some boreholes and test pits were relocated. 

3.2 Geophysical Location of Acid Conveyance Line  

Civil and Environmental Consultants, Inc. (CEC) of Pittsburgh, Pennsylvania, was subcontracted to 
perform the necessary geophysical surveys to locate the subsurface location, including depth of the 
ACL beneath the parking lot on the west side of the former Administration Building. The CEC Team 
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mobilized to the Site on May 19, 2009. Based on historical data, CEC attempted to locate and mark 
the location of the ACL utilizing a GSSI 200-megahertz (MHz) GPR unit. This unit has a much lower 
frequency than typical utility-detecting GPR units and is used to locate piping up to 20 ft bgs. 

CEC also mobilized the equipment and materials required to locate and mark the location of the ACL 
using a Frequency-Induction Survey (FIS). This is a semi-intrusive method and was a contingency 
method to be used only if the GPR was not able to positively locate and mark the ACL’s location. 
The FIS method requires access to at least one end of the subsurface piping. FIS involves inserting a 
metallic tracer wire into the interior of the piping and inducing a traceable frequency onto the tracer 
wire to enable a positive response of the pipe location. 

Upon applying the GPR method, CEC determined that the effective depth of the GPR was 
approximately 20 ft bgs. However, several anomalies were identified within the target area that 
impacted CEC’s ability to identify the pipe location with certainty; therefore, the FIS method was 
utilized to verify the GPR findings. 

Access to the northern end of the former ACL was gained via a manhole located within the grassy 
area due north of the parking lot and within the controlled area of the Site. Sections of PVC conduit 
with the metallic tracer wire attached 
were inserted into the manhole and fed 
into the former ACL. Approximately 
160 ft of conduit and metallic tracer 
wire were inserted. A specific 
frequency was induced into the wire 
and the line was traced along the 
ground surface using the 
Radiodetection Cable Avoidance Tool 
(CAT).  

The ACL was found to be oriented 
north−south ranging from an 
approximate depth of 10 ft bgs on the 
north to 13 ft bgs on the south. The 
location and approximate depths were 
marked on the ground surface using 
marking paint. The north and south end 
points of the ACL’s line beneath the 
parking lot were quantified by McSteen 
& Associates using labeled survey 
stakes. A copy of CEC’s Report of 
Findings (Figure 3-1) for the 
Geophysical Survey is provided in 
Appendix B. Figure 3-1 Arial View Showing Location 

of Acid Conveyance Line 
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Standard Operating Procedure 

The Radiodetection CAT and associated signal generator was used to locate the acid drain line at the 
site. The signal generator was attached to the tracer wire using an alligator clip. An audible response 
is heard when the equipment is connected to a tracer wire, to assure a good connection.  The person 
performing the survey walks back and forth across the survey area carrying the handheld CAT. The 
CAT emits a pulsed audible tone when near the conductor (tracer wire in this instance).  The audible 
tone gets louder as the surveyor crosses over the conductor. A visual signal strength indicator also 
increases and peaks as the surveyor crosses over the conductor. If the signal is too strong to pinpoint 
the location of the conductor, the gain of the receiver can be adjusted.  

Quality Assurance/Quality Control 

Quality assurance/quality control (QA/QC) procedures for this equipment include listening for the 
audible tones heard when connecting to a conductor and when detecting a conductor from the surface. 
Additional standard QA/QC included detecting the tracer wire in a known location (just beyond a 
manhole of known location and depth) and at the ground surface.  

The CAT instrument was operating as designed for the duration of the survey.  
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4.0 CHARACTERIZATION ACTIVITIES 

4.1 Soil Coring and Sampling 

4.1.1 Soil Coring 

A total of 32 locations were designated for soil coring. Soil corings were performed using sonic 
drilling methods conducted in accordance with American Society for Testing and Materials (ASTM) 
D6914 – 04E1, Standard Practice for Sonic Drilling for Site Characterization and the Installation of 
Subsurface Monitoring Devices. Locations were continuously cored with a 6-in.-diameter core barrel 
and an 8-in.-diameter outer drive casing (Schedule 30.0.280” mid-body, 0.375 wall, 4140 carbon steel 
threaded ends). Drill rig equipment was decontaminated between borehole locations to prevent 
cross-contamination. 

Soil corings were advanced to a final depth of 12 to 14 ft bgs, with the soil cores being collected in 
two 6-ft lengths. The outer casing was held in place within the boring while the initial 6-ft core was 
removed. At the completion of each borehole, each hole was backfilled with #5 Global Sand, which 
was found to be an equivalent to #5 Morrie Sand specified in the USACE SOW. 

Refusal was encountered prior to achieving the desired depth on several boreholes. A second boring 
attempt was made on all boreholes that met refusal. Notations denoting refusal or voids were 
documented on the field soil boring log sheets (Appendix C). The driller’s boring logs can be found 
in Appendix D of this report and geological soil boring logs in Appendix E (Figure 4-1). 

 

Figure 4-1 Soil Boring Rig and Soil Coring Operations 
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4.1.2 Surface Static Measurements 

Surface static measurements were performed by suspending a gamma detector with a rope at a 
distance of approximately 2 to 3 in. above ground surface and performing a 1-minute count. Surface 
gamma static measurements were performed using a 3-in. by 3-in. NaI scintillation detector. Surface 
static measurements were performed on every soil coring location prior to digging. Results of 
borehole surface static gamma measurements can be found on the Borehole and Core Field Survey 
Forms in Appendix C of this report and are described in more detail in Section 10 of this report. 

4.1.3 Downhole Gamma Logging 

Downhole gamma count rates were collected by 
performing 1-minute static counts at each borehole 
location in 6-in. increments starting from the bottom 
and working upward. Downhole gamma 
measurements were acquired using a 3-in. by 3-in. 
NaI detector (Figure 4-2). DHG logging was 
performed on the entire depth of the boring. Ludlum 
Model 2221 rate meters/scalers coupled with Ludlum 
Model 44–20 NaI detectors were utilized. The DHG 
information was used to determine the depth interval 
from which samples should be collected and used for 
comparison against subsequent offsite analytical 
results in order to establish field correlation factors. 
Results of DHG measurements can be found on the 
Borehole and Core Field Survey Forms in 
Appendix C of this report and are described in more 
detail in Section 10 of this report.  

4.1.4 Core Scans and Sampling 

Soil cores were laid out on a working tray for field 
screening, visual description, gamma scans, and 
sampling. Core gamma scans were performed using 
Ludlum Model 2221 rate meters/scalers coupled with Ludlum Model 44–20 NaI detectors. Gamma 
scan measurements were recorded at 6-in. intervals along the length of the soil core. A minimum of 
three soil samples was collected from each soil core based on in-situ gamma scanning levels. The 
determining factor for sampling locations was the highest downhole gamma reading. Samples were 
collected from the 1-ft sampling interval with the highest DHG measurement and the 1-ft sampling 
intervals above and below the highest DHG measurement when the highest DHG measurement was 
not found at the lowest depth of the borehole. When the highest DHG measurement was found at the 
deepest 1-ft interval in the borehole, samples were collected from the two 1-ft sampling intervals 
above the deepest 1-ft interval and from the deepest 1-ft interval itself. Soil samples were sent offsite 
for analysis.  

Core gamma scans and DGH measurements were performed at 6-in intervals in accordance with the 
FSP to better identify the location of the core with the highest gross gamma reading and to maintain 
consistency with previous site characterization efforts. Samples were collected from 1-ft intervals in 

 

Figure 4-2 Downhole 
Gamma Logging 
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accordance with the FSP to ensure enough sample material for laboratory analysis and also to 
maintain consistency with previous site characterization efforts. 

A total of 127 core samples were collected and analyzed for radiological parameters, of which 
96 were field samples, 13 were duplicate samples, 9 were matrix spike/matrix spike duplicate 
(MS/MSD) samples, and 9 were USACE quality assurance (QA) split samples. Sample SU13SB003 
was collected and utilized as both a field sample and MS/MSD sample. Field, field duplicate, and 
MS/MSD samples were sent to the ARS in Port Allen, Louisiana, for analysis. QA split samples 
were sent to Eberline Services in Oak Ridge, Tennessee, for analysis. All samples were analyzed 
for Ra-226, Th-230, Th-232, U-234, U-235, and U-238. 

TCLP samples were collected from SU23-SB001, SU23-SB002, SU23-SB005, and SU23-SB006 
and sent to the Assaigai laboratory in Albuquerque, New Mexico, for volatile organic compounds 
(VOCs), semivolatile organic compounds (SVOCs), Target Analyte List (TAL) metals, 
polychlorinated biphenyls (PCBs), and pesticides analysis. A field duplicate and MS/MSD sample 
were also collected and sent for analysis. A fifth TCLP sample was collected from SU2SB002 
when an acrid chemical smell was noted in the soil core. (Please note that the field sample was 
incorrectly labeled SU1SB002 and notated on the COC as SU1, but the field log book indicates 
that the sample was collected from SU2.) 

4.1.5 Geological Data for Soil Boring Cores 

A total of 32 soil borings were advanced on the western portion of the Site between  
May 14–21, 2009. The cores were drilled using a Versa-Sonic rotary drill using rotary sonic 
technology. The 6-in.-diameter borings were advanced in 6-ft sections to a depth of 12 to 14 ft. The 
first two locations were advanced to approximately 12 ft. After soils were found to slough from the 
sides into the boreholes, subsequent borings were drilled to a total depth of approximately 14 ft to 
allow the downhole gamma logging to proceed to a 12-ft depth. Surface interference, such as concrete 
pads in several borings, prevented advancing the holes to the required depth. In this case, the rig was 
skidded several feet from the original staked location and the borings proceeded to depth. 

The soil cores were described in accordance with ASTM-D2488-06, Standard Practice for 
Description and Identification of Soils (Visual-Manual Procedure). Soil colors were identified using 
the Munsell Soil Color Charts (Year 2000 revised). Soil core descriptions for each boring and the 
geological field log book are found in Appendix E. In general, the soil core was dry to damp. Little 
perched water was recognized during coring. 

Historically, the western portion of the Site was undeveloped with most of the permanent buildings 
located on the eastern side of the facility. The western portion is essentially flat with elevation 
changes of less than 2 to 3 ft. On the northern and southern perimeters of the Site, a dark-greenish to 
gray clay was encountered at the 9- to 12-ft depth (see SU22 and SU17 borings). The clay is generally 
described as hard with medium to high plasticity. In the center portion of the Site, this clay was 
commonly encountered closer to 12 ft bgs. 

The dark greenish-gray clay is overlain by an undistinguished clay described as yellowish to olive 
brown, silty, firm to hard consistency, and medium to high plasticity. The appearance of identifiable 
fill interspersed with this clay suggests that the clay may itself be fill material. This is supported by 
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the frequent presence of angular gravel at depth. Fill especially can be recognized in the center 
portion of the Site (see SU13SB001, SU2SB001, SU23SB002, and SU23SB004). 

4.2 Test Pit Excavation and Sampling 

4.2.1 Test Pit Excavation 

Test pits were excavated at selected locations in the eastern portion of the Site to verify that 
contamination was not present at depth in Class 2 areas.  

A total of 16 test pits were excavated using a backhoe to a depth of 6 ft bgs (Figure 4-3). Test pits 
were excavated in accordance with Occupational Safety and Health Act of 1970 (OSHA) 
requirements 29 CFR 1926.650 through 29 CFR 1926.653 in order to maintain stable sidewalls  

   

Figure 4-3 Test Pit Excavation and an Excavated Test Pit 

for personnel entry and to allow for the performance of radiological scans, recording of visual 
observations, and collection of soil samples.  

A GWS was performed on the ground surface within surveyed boundaries of the test pits prior to 
excavation. Surface dimensions of the test pits were approximately 10 ft by 10 ft. Individual test pits 
were excavated in two separate steps. Step 1 involved the excavation of soil to a depth less than or 
equal to 4 ft bgs, with subsequent gamma scans of the test pit walls. Step 2 involved the additional 
excavation of the test pit to a depth of 6 ft bgs, the benching of the test pit at approximately 2 ft bgs 
level to allow for the safe entry of technicians, and subsequent gamma scans of the test pit walls 
and bottom. 

Soils were stockpiled adjacent to the test pit at least 2 ft from the excavation edge on plastic 
sheeting and were laid out in the order of removal. A gamma scan of stockpiled soils was 
performed prior to placement of the soils back into the excavated test pit. Results of the gamma 
scan were reported to the Contracting Officer’s Representative (COR). 

Test Pit SU19-TP004 was not fully excavated at the direction of the COR. Test Pit SU19-TP004 was 
located on a stone-filled concrete sump (Figure 4-4). Test Pit SU19-TP004 was relocated to SU15 at 
the direction of the COR and was designated Test Pit SU15-TP003. Coordinates for SU15-TP003 are 
contained in Table 3-1 of this report. 
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Test Pit SU16-TP002 was not fully excavated at 
the direction of the COR. Test Pit SU16-TP002 
was originally located on a concrete slab buried 
approximately 6 in. bgs. Test Pit SU16-TP002 was 
relocated approximately 100 ft west at the 
direction of the COR. Final coordinates for 
SU16-TP002 are contained in Table 3-1 of 
this report. 

An abandoned stormwater drain pipe was severed 
while excavating Test Pit SU19-TP001. 
Approximately 275 gallons of water flowed into 
the test pit. The water was pumped from the test 
pit using a 2-in. “trash pump,” filtered through 
a 5-micron filter, and placed into a 500-gallon 
holding tank. The holding tank was later 
discharged at the direction of the COR. 

A licensed land surveyor from McSteen & Associates was used to determine the original location of 
the test pits in accordance with the FSP. The locations of the four corners and center of the test pits 
were marked and staked. The original locations of the test pit stakes are referred to in this report as 
“as staked” locations. Test pits were subsequently excavated and surveyed. The actual location and 
final footprint of the excavated test pits varied slightly from originally staked areas due to buried 
obstacles (e.g., concrete walls, concrete pads, storm drain lines, etc.) and limitations of backhoe 
excavating techniques. The test pits were backfilled upon completion of radiological surveying and 
sampling evolutions. A technician placed stakes at the four corners of the backfilled test pit. The 
licensed land surveyor resurveyed the exact location of the four corners of the excavated test pits. 
The final locations of the four corners of the test pits are referred to in this report as “as installed” 
locations. Coordinates for test pit “as staked” and “as installed” locations are contained in Section 3.1 
of this report.  

4.2.2 Test Pit Surface Static Gamma Measurements and Gamma Walkover Surveys 

A surface GWS was performed at each test pit location prior to excavation using a 3-in. by 3-in. NaI 
detector. A 1-minute static gamma count was performed on the ground surface of the test pit in the 
area indicating the highest gross gamma reading.  

Results of test pit surface static gamma measurements and GWSs are described further in Section 10 
of this report and are recorded on the Test Pit Field Survey Forms in Appendix F. Also in Appendix F 
are the Test Pit Log Books. 

4.2.3 Test Pit Gamma Measurements 

Test pit sidewalls and bottoms were scanned for gross gamma levels using a 3-in. by 3-in. collimated 
NaI detector (Figure 4-5). Sidewall and bottom gross gamma scans were performed in 6-in. 
increments (vertically and horizontally) starting from the top of each test pit and proceeding to 
the bottom.  

Figure 4-4 Original Location of 
SU19-TP004 Showing 
Buried Sump 
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Figure 4-5 Test Pit Wall Gamma Surveys 

The highest, lowest, and average gross gamma measurements for the test pit walls and bottom were 
recorded in 6-in. depth increments on Field Survey Forms.     

Test pit sidewall and bottom gross gamma measurements are described further in Section 10 of this 
report and are recorded on the Test Pit Field Survey Forms in Appendix F. 

4.2.4 Test Pit Sampling 

A soil sample was collected from the 0.0- to 0.5-ft depth interval of each test pit from the area 
indicating the highest gross gamma reading prior to excavation. Two sidewall samples and one 
bottom sample were collected from locations within the test pit exhibiting the highest gross gamma 
scan measurements. No visible evidence of potential contamination due to changes in soil conditions 
(i.e., discoloration) was noted in the 16 excavated test pits. 

Samples were collected using a stainless steel scoop and represented a 6-in. vertical interval at each 
selected sampling location. Each sample had a mass of approximately 1 kilogram (kg). Samples were 
homogenized in a stainless steel bowl prior to containerization. Visually identifiable non-soil 
components such as stones, twigs, and foreign objects were manually separated in the field and 
excluded from the samples to avoid biasing results low.  

Samples were not preserved in the field, as there are no preservation requirements for the 
radiological analyses. The sampling scoop and homogenizing bowl were decontaminated between 
samples to avoid cross-contamination.  

Soil samples were placed in high-density polyethylene (HDPE) containers. The containers were 
labeled in accordance with Section 5.4.2 of the FSP. Samples were packaged and shipped to the 
ARS laboratory in Port Allen, Louisiana, in accordance with Section 5.7 of the FSP.   

The surface sample for SU18-TP002 was not collected. By the time this omission was discovered, the 
pit had been excavated and the sample site was no longer available. However, surface static gamma 
readings taken at SU18-TP002 indicated no elevated readings greater than background levels for the 
area. 
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Table 4-1 indicates the number of test pit field 
samples taken in each SU. 

4.2.5 Geological Data for Test Pits 

The 16 test pits were advanced on the eastern 
portion of the Site between May 15–20, 2009. 
Surface interference such as concrete pads 
in several test pit locations prevented the 
advancement of the pits at the staked location. 
In cases where this occurred, the pits were 
located a few feet from the original location. 

The test pit walls were described in accordance 
with ASTM-D2488-06, Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedure). This method was not applied to the numerous fill horizons encountered (see Appendix G: 
SU14TP002, SU16TP001, SU19TP002 for examples). Soil colors were identified using the Munsell 
Soil Color Charts (Year 2000 revised). Test pit soil descriptions for each boring are found in 
Appendix G.  

Historically, the eastern portion of the Site was more developed than the western side with most of 
the permanent buildings located on the eastern side of the facility. During test pit excavations, 
identifiable fill was frequently encountered. The fill included buried concrete pads, rebar, gravel and 
brick fill, and buried root mat horizons. Greenish-gray clay, which may represent native clay, was 
common at depth on the western portion of the Site. Greenish-gray clay was rarely encountered on the 
eastern side of the Site due to the more shallow depth of the pits and more disturbed nature of the soil.  

Table 4-1 Number of Test Pit 
Field Samples 

Survey Unit 
Number of 
Test Pits 

Field 
Samples 

SU14 3  12  
SU15 3 12  
SU16 2  8  
SU18 2  7  
SU19 3 12  
SU20 2  8  
SU21 1  4  
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5.0 RADIOLOGICAL CONTROLS 

5.1 Air Sampling 

Air monitoring was performed during site test pit excavation activities in accordance with the FSP 
and Health, Safety, and Radiation Protection Plan (HSRPP) [ARSEC 2009c]. Air monitoring was 
performed to ensure exposure to workers, the public, and the environment from radioactivity and/or 
hazardous substances (VOCs, carbon monoxide [CO]) was maintained as low as reasonably 
achievable (ALARA). Air monitoring was divided into two categories—radiological and non-
radiological. 

5.1.1 Radiological Air Monitoring 

Area and breathing zone (BZ) radiological air monitoring was performed during test pit excavation 
activities. Radiological air monitoring was not performed at soil boring sites, as the method of drilling 
the soil borings did not produce fugitive dust. 

Area sampling was performed at the upwind site boundary, the downwind site boundary, and at the 
downwind side of areas immediately adjacent to test pit excavation activities. Calibrated, low-volume 
F&J Model LV-1 air samplers were used to collect area air samples. Air samples were collected on a 
47-millimeter (mm) glass-fiber filter paper. Air samples were collected continuously throughout the 
duration of the excavation activity. 

BZ air sampling was performed in excavated areas to measure the potential airborne radioactivity 
exposure to workers. BZ air samples were collected using a calibrated personal air sampler (PAS). 
The PAS was worn by at least one individual within each excavated area. BZ air samples were 
collected on 25-mm glass-fiber filter papers. The BZ sample was collected continuously while the 
person was in the excavated area. 

Upon completion of the sampling event, air filters were removed from the sample head and placed in 
a sample envelope for onsite screening. The location, start time, stop time, and flow rate of the air 
sampler were noted on the sample envelope. Air filters were screened onsite for gross alpha-beta 
activity using a Ludlum Model 3030 dual-scintillation sample counter. Air samples were then sent to 
the ARS laboratory for gross alpha-beta counting using a low background gas flow proportional 
counter. Results of onsite and laboratory air sample analyses are contained in Appendix H of 
this report. 

5.1.2 Non-Radiological Air Monitoring 

Two types of non-radiological air monitoring were performed during site activities—particulate dust 
monitoring and organic vapor monitoring. 

Particulate dust monitoring was performed in work areas to measure levels of dust as a result of test 
pit excavation activities. Dust monitoring was performed using a TSI Dustrak monitor. The dust 
monitor produced real-time aerosol readings and computed time-weighted averages. Particulate dust 
greater than ambient levels was not found during excavation activities. Particulate air monitoring 
was not performed at soil boring sites, as the method of drilling the soil borings did not produce 
fugitive dust.  
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Organic vapor monitoring was performed during excavation activities using a MulitRAE Plus 
photoionization detector (PID) to monitor for VOCs and hazardous gases. Periodic readings were 
taken at least once during the morning and once in the afternoon each during excavation activities. 
No organic vapors or hazardous gases were found during excavation activities except as noted below. 

A strong chemical odor was encountered while examining the core from borehole SU2-SB002 at the 
1.5- to 9.5-ft bgs depth interval. PID readings encountered in the borehole are as follows: 3.6 ft – 
11.85 parts per million (ppm), 5.0 ft 80 ppm, and 7.0 ft – 101 ppm. Organic vapors greater than 
ambient were detected at this location and depth interval. A petroleum odor was also encountered 
emanating from a stained area of the east wall of test pit SU15-TP003 at the 1.5- to 2.5-ft bgs depth 
interval. Staining and petroleum odors were not encountered on the north, south, or west test pit 
walls. Test pit SU15-TP003 is located at the common fenceline next to Hardy Industrial Technologies 
to the east. 

5.2 Radiological Surveys 

Radiological contamination surveys were performed to ensure that contamination exceeding the free 
release criteria stated in the HSRPP (ARSEC 2009c) was not released offsite. The drill rig, backhoe, 
and Bobcat that were used onsite were decontaminated with water prior to free release surveys. 
Decontamination was performed on a decon pad and all rinse water was contained, collected, placed 
in 55-gallon drums, and stored onsite as investigation-derived waste (IDW). Conex boxes used on the 
Site were surveyed for fixed and removable contamination in accordance with the HSRPP prior to 
release from the Site. No Conex box contamination greater than the free release criteria was found. 
All contractor and rental equipment was surveyed for fixed and removable contamination in 
accordance with the HSRPP prior to release from the Site. No contamination greater than the free 
release criteria was found on personnel, equipment, or vehicles leaving the Site. Table 5-1 
summarizes the free release surveys for the Conex boxes and drums. Release survey forms for the 
IDW containers and vehicle survey forms are located in Appendix H. 

Table 5-1 Waste Container Free Release Survey Data Results 

Container 
Identification 

Dose Rate  
(µR/hr) 

Removable Alpha 
(DPM) 

Removable Beta 
(DPM) 

LSA Box No. 1 8 < 20.93 < 47.72 
LSA Box No. 2 9 < 20.93 < 47.72 
LSA Box No. 3 9 < 20.93 < 47.72 
Drum No. 1 6 < 20.93 < 47.72 
Drum No. 2 7 < 20.93 < 47.72 
Drum No. 3 7 < 20.93 < 47.72 
Drum No. 4 7 < 20.93 < 47.72 
Drum No. 5 8 < 20.93 < 47.72 
Drum No. 6 7 < 20.93 < 47.72 
Drum No. 7 6 < 20.93 < 47.72 
Drum No. 8 7 < 20.93 < 47.72 
Drum No. 9 7 < 20.93 < 47.72 
Drum No. 10 8 < 20.93 < 47.72 
Drum No. 11 7 < 20.93 < 47.72 

µR/hr = microRoentgen per hour. 
DPM = disintegrations per minute. 
LSA = Low specific activity 
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6.0 INVESTIGATION-DERIVED WASTE CHARACTERIZATION 
AND DESCRIPTION AND SOIL BORING TCLP ANALYTICAL 
DATA 

IDW was generated as a result of the field activities for this project. IDW consisted of low-level 
radioactive media in the form of dry active waste (DAW) and water generated from decontamination 
activities. DAW consisted of used plastic sheeting on which excavated soils were placed, borehole 
cores, and used personal protective equipment (PPE). Borehole cores were labeled and placed into 
two 96-ft3 B-25 low-specific-activity (LSA) containers. Plastic sheeting and used PPE were placed in 
a separate 96-ft3 B-25 LSA container. Water generated from decontamination activities was filtered 
through a 5-micron filter and collected in 25 drums (55-gallon). The B-25 containers and 55-gallon 
drums were stored in an area of the Site adjacent to the pole barn. The area was isolated with ropes 
and signage in accordance with the HSRPP. Waste materials within these containers will be 
incorporated into the remediation waste streams generated during the next phase of the project. 

TCLP samples of IDW were collected and sent to the Assaigai laboratory in Albuquerque, New 
Mexico, for VOCs, SVOCs, TAL metals, PCBs, and pesticides analysis. Results of IDW sample 
analyses are found in Appendix I of this report.  

Table 6-1 presents the TCLP analytical results for the B-25 boxes and drummed decontamination 
water. Table 6-2 contains the TCLP analytical results from the four requested soil borings and from 
the additional soil boring sample, PNV-SO-SU2SB002-7, collected as a result of a noticeable 
chemical odor. Included in Tables 6-1 and 6-2 are the associated regulatory disposal standards from 
40 CFR 268.48, Non-wastewater Standard Land Disposal Restrictions, Subpart D, Universal 
Treatment Standards. 

Table 6-1 Positive Detections from IDW TCLP Sample Results 

Sample 
Number 

Analysis/ 
Chemical 

Class Analyte Result Units 
Detection 

Limit Qualifier 
Regulatory 

Limit1 
PNV-SO-IDW 
GREY * 

VOC Chloroform 0.0002 mg/L 0.0002 J 6.0 mg/kg 

PNV-SO-IDW 
GREY 

VOC Methyl ethyl ketone 0.005 mg/L 0.0025 J 36 mg/kg 

PNV-SO-IDW 
GREY 

SVOC 1-Methylnaphthalene 3.2 mg/kg 0.12  No std 

PNV-SO-IDW 
GREY 

SVOC 2-Methylnaphthalene 1.9 mg/kg 0.11  No std 

PNV-SO-IDW 
GREY 

SVOC Acenaphthene 0.71 mg/kg 0.12  3.4 

PNV-SO-IDW 
GREY 

SVOC Anthracene 0.36 mg/kg 0.12  3.4 

PNV-SO-IDW 
GREY 

SVOC Benzo(g,h,i)perylene 0.14 mg/kg 0.12 J 1.8 

PNV-SO-IDW 
GREY 

SVOC bis(2-Ethylhexyl)phthalate 4.7 mg/kg 0.072  28 

PNV-SO-IDW 
GREY 

SVOC Dibenzofuran 0.34 mg/kg 0.048 J No std 

PNV-SO-IDW 
GREY 

SVOC di-n-Butylphthalate 0.28 mg/kg 0.036 J 28 
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Table 6-1 Positive Detections from IDW TCLP Sample Results (continued) 

Sample 
Number 

Analysis/ 
Chemical 

Class Analyte Result Units 
Detection 

Limit Qualifier 
Regulatory 

Limit1 
PNV-SO-IDW 
GREY 

SVOC Fluoranthene 0.24 mg/kg 0.084  3.4 

PNV-SO-IDW 
GREY 

SVOC Naphthalene 0.48 mg/kg 0.096  5.6 

PNV-SO-IDW 
GREY 

SVOC Pentachlorophenol 1.2 mg/kg 0.11  4.8 

PNV-SO-IDW 
GREY 

SVOC Pyrene 0.46 mg/kg 0.084  8.2 

PNV-SO-IDW 
GREY 

Metals Arsenic 7.2 mg/kg 0.946  5 

PNV-SO-IDW 
GREY 

Metals Barium 7.52 mg/kg 0.077  21 

PNV-SO-IDW 
GREY 

Metals Chromium 3.3 mg/kg 0.124  0.6 

PNV-SO-IDW 
GREY 

Metals Lead 9.69 mg/kg 0.873  0.75 

PNV-L-Decon 
Pad ** 

VOC Methyl ethyl ketone 0.0093 mg/L 0.0025  36 

PNV-L-Decon 
Pad 

Metals Barium 0.221 mg/L 0.0008  21 

* No pesticides/polychlorinated biphenyls (PCBs) detected. 
** No SVOCs, pesticides/PCBs detected. 
1 40 Code of Federal Regulations 268.48, Non-wastewater Standard Land Disposal Restrictions, Subpart D, Universal 
Treatment Standards. 
IDW = Investigation-Derived Waste. 
mg/kg = milligrams per kilogram. 
mg/L = milligrams per liter. 
std = Standard. 
SVOC = Semivolatile Organic Compound. 
TCLP = Toxicity Characteristic Leaching Procedure. 
VOC = Volatile Organic Compound. 

 

Table 6-2 Positive Detections from Soil Boring TCLP Sample Results 

TCLP results 

Analysis/ 
Chemical 

Class Analyte Result Units 
Detection 

Limit Qualifier 

Regulatory 
Limit1  

(mg/L, mg/kg) 
PNV-SO-
SU23SB001 * 

VOC Methyl ethyl ketone 0.0054 mg/L 0.0025 JB 36 

PNV-SO-
SU23SB001 

Metals Arsenic 0.025 mg/L 0.009  36 

PNV-SO-
SU23SB001 

Metals Barium 0.369 mg/L 0.0008  21 

PNV-SO-
SU23SB001 

Metals Chromium 0.0226 mg/L 0.0012  0.6 

PNV-SO-
SU23SB002 * 

VOC Methyl ethyl ketone 0.0028 mg/L 0.0025  36 

PNV-SO-
SU23SB002 

Metals Arsenic 0.032 mg/L 0.009  50 

PNV-SO-
SU23SB002 

Metals Barium 0.669 mg/L 0.0011  21 

PNV-SO-
SU23SB002 

Metals Chromium 0.0128 mg/L 0.0012  0.6 

PNV-SO-
SU23SB005 ** 

Metals Barium 0.447 mg/L 0.009  21 
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Table 6-2 Positive Detections from Soil Boring TCLP Sample Results 
(continued) 

TCLP results 

Analysis/ 
Chemical 

Class Analyte Result Units 
Detection 

Limit Qualifier 

Regulatory 
Limit1  

(mg/L, mg/kg) 
PNV-SO-
SU23SB005 
dup * 

VOC Methyl ethyl ketone 0.032 mg/L 0.0025  36 

PNV-SO-
SU23SB005 
dup 

Metals Barium 0.652 mg/L 0.0008  21 

PNV-SO-
SU23SB006 

VOC Methyl ethyl ketone 0.0042 mg/L 0.0025 JB 36 

PNV-SO-
SU23SB006 

Metals Barium 0.43 mg/L 0.0008  21 

PNV-SO-
SU2SB002-7 *, 
2 

VOC Benzene 0.0002 mg/L 0.0002 J 10 

PNV-SO-
SU2SB002-7 

VOC Methyl ethyl ketone 0.0037 mg/L 0.0025 JB 36 

PNV-SO-
SU2SB002-7 

Metals Barium 0.929 mg/L 0.0008  21 

  * Sample had no detects for semivolatile organic compounds (SVOCs), pesticides, or polychlorinated biphenyls (PCBs). 
**  Sample had no detects for VOCs, SVOCs, pesticides, or PCBs. 
1 40 Code of Federal Regulations 268.48, Non-wastewater Standard Land Disposal Restrictions, Subpart D, Universal 

Treatment Standards. 
2 Sample PNV-SO-SU2SB002-7 is not IDW.  This sample was collected because chemical odor was noted at 7 ft below 

ground surface. 
J = Estimate. 
JB = Estimate; analyte found in associated blank. 
mg/kg = milligrams per kilogram. 
mg/L = milligrams per Liter. 
TCLP = Toxicity Characteristic Leaching Procedure. 
VOC = Volatile Organic Compound. 
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7.0 LABORATORY ANALYSIS 

7.1 Radiochemical Analysis 

Radioanalytical samples were sent to ARS, Port Allen, Louisiana. Requested analyses included 
Ra-226 by U.S. Environmental Protection Agency (EPA) Method 903.1 – Radium-226 in Drinking 
Water, and thorium and uranium by DOE Environmental Measurements Laboratory Method 
HASL-300. 

EPA Method 903.1 is not designed to be run on soil. It is a method designed by EPA for analysis of 
Ra-226 in drinking water. Modifications to the method included the following: 

• barium-133 tracer used to determine % recovery,  
• drying and homogenization of samples, and 
• microwave sample digestion using nitric and hydrochloric acids. 

In addition, EPA Method 903.1 requires that Radon-222 ingrowth be performed for a period of 4 to 
8 days. The rapid turnaround time required for this project prevented the adequate ingrowth period. 
Samples were ingrown for 2 days, allowing for approximately 25% of the ingrowth. An ingrowth 
factor was used to correct for the Radon-222 ingrowth. 

The samples contained significant amounts of iron and phosphates that cause severe interference with 
thorium results. The isotopic procedure was altered to include a cerium nitrate precipitation prior to 
running the sample through the TEVA ion exchange column. This precipitation removed a high 
percentage of the iron and phosphates and resulted in acceptable thorium recoveries.  

Tables 7-1 and 7-2 present tracer recovery data for soil boring samples and test pit samples, 
respectively. ARS experienced a problem with one of the alpha spectrometers prior to processing all 
of the thorium isotopic samples. As a result, 100 samples were shipped to the Test America 
Laboratory in Earth City, Missouri, to complete the thorium analyses. 

The tracer recovery for several samples fell below the ARS acceptance criteria. The activity 
calculation takes the tracer recovery into consideration. Therefore, based on the other QC for the 
samples (i.e., LCS, LCSD, Sample Duplicate, Field Duplicate) and analysis rerun results, the data is 
being reported as valid. 

7.2 Radiochemical QA Split Samples 

Per client request, 16 QA split samples were collected and shipped to Eberline Analytical Laboratory 
in Oak Ridge, Tennessee. 

7.3 Chemical Analyses 

Samples for chemical analyses were sent to Assaigai laboratory (ARS Analytical) in Albuquerque, 
New Mexico. Chemical analyses included TCLP volatile organic analytes (VOAs), TCLP 
semivolatile organic analytes (SVOAs), TCLP pesticides, TCLP PCBs, and TCLP metals. See 
Tables 6-1 and 6-2 for chemical analysis results. 



 

 

W
912P4-07-D

-0009, D
.O

. 00002 
 

7-2 
09-006_F_r01 

Final Report for the Painesville FUSRAP Site VURS 

Table 7-1 Tracer Recovery Data for Soil Boring Samples 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU1-SB001(6.0-7.0) 100% 77% 77% 74% 74% 74% 
PNV-SO-SU1-SB001(7.0-8.0) 100% 83% 83% 70% 70% 70% 
PNV-SO-SU1-SB001(7.0-8.0) dup 100% 77% 77% 45% 45% 45% 
PNV-SO-SU1-SB001(8.0-9.0) 100% 71% 71% 64% 64% 64% 
PNV-SO-SU1-SB002(6.0-7.0) 61% 63% 63% 50% 50% 50% 
PNV-SO-SU1-SB002(7.0-8.0) 100% 64% 64% 63% 63% 63% 
PNV-SO-SU1-SB002(8.0-9.0) 100% 75% 75% 52% 52% 52% 
PNV-SO-SU2-SB001(9.0-10.0) 100% 84% 84% 43% 43% 43% 
PNV-SO-SU2-SB001(10.0-11.0) 100% 59% 59% 32% 32% 32% 
PNV-SO-SU2-SB001(11.0-12.0) 75% 76% 76% 52% 52% 52% 
PNV-SO-SU2-SB001(11.0-12.0) dup 100% 86% 86% 60% 60% 60% 
PNV-SO-SU2-SB002(9.0-10.0) 68% 77% 77% 47% 47% 47% 
PNV-SO-SU2-SB002(10.0-11.0) 93% 83% 83% 46% 46% 46% 
PNV-SO-SU2-SB002(11.0-12.0) 51% 76% 76% 37% 37% 37% 
PNV-SO-SU2-SB003(6.0-7.0) 76% 77% 77% 62% 62% 62% 
PNV-SO-SU2-SB003(7.0-8.0) 85% 77% 77% 62% 62% 62% 
PNV-SO-SU2-SB003(8.0-9.0) 100% 77% 77% 81% 81% 81% 
PNV-SO-SU13-SB001(8.0-9.0) 89% 76% 76% 61% 61% 61% 
PNV-SO-SU13-SB001(9.0-10.0) 89% 26% 26% 71% 71% 71% 
PNV-SO-SU13-SB001(10.0-11.0) 73% 11% 11% 63% 63% 63% 
PNV-SO-SU13-SB002(6.0-7.0) 78% 69% 69% 78% 78% 78% 
PNV-SO-SU13-SB002(7.0-8.0) 100% 70% 70% 68% 68% 68% 
PNV-SO-SU13-SB002(8.0-9.0) 67% 44% 44% 63% 63% 63% 
PNV-SO-SU13-SB003(7.0-8.0) 100% 36% 36% 55% 55% 55% 
PNV-SO-SU13-SB003(8.0-9.0) 41% 36% 36% 53% 53% 53% 
PNV-SO-SU13-SB003(8.0-9.0) dup 75% 40% 40% 44% 44% 44% 
PNV-SO-SU13-SB003(9.0-10.0) 100% 84% 84% 83% 83% 83% 
PNV-SO-SU13-SB004(7.0-8.0) 100% 63% 63% 48% 48% 48% 
PNV-SO-SU13-SB004(8.0-9.0) 100% 74% 74% 1% 1% 1% 
PNV-SO-SU13-SB004(8.0-9.0) dup 59% 83% 83% 69% 69% 69% 
PNV-SO-SU13-SB004(9.0-10.0) 63% 94% 94% 70% 70% 70% 
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Table 7-1 Tracer Recovery Data for Soil Boring Samples (continued) 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU17-SB001(9.0-10.0) 100% 84% 84% 77% 77% 77% 
PNV-SO-SU17-SB001(10.0-11.0) 82% 71% 71% 76% 76% 76% 
PNV-SO-SU17-SB001(11.0-12.0) 72% 76% 76% 75% 75% 75% 
PNV-SO-SU17-SB001(11.0-12.0) dup 72% 74% 74% 64% 64% 64% 
PNV-SO-SU17-SB002(9.0-10.0) 100% 78% 78% 79% 79% 79% 
PNV-SO-SU17-SB002(10.0-11.0) 100% 73% 73% 49% 49% 49% 
PNV-SO-SU17-SB002(11.0-12.0) 100% 62% 62% 78% 78% 78% 
PNV-SO-SU17-SB003(7.0-8.0) 75% 68% 68% 59% 59% 59% 
PNV-SO-SU17-SB003(8.0-9.0) 100% 40% 40% 71% 71% 71% 
PNV-SO-SU17-SB003(9.0-10.0) 92% 59% 59% 70% 70% 70% 
PNV-SO-SU17-SB004(7.0-8.0) 100% 82% 82% 82% 82% 82% 
PNV-SO-SU17-SB004(7.0-8.0) dup 100% 66% 66% 69% 69% 69% 
PNV-SO-SU17-SB004(8.0-9.0) 98% 72% 72% 38% 38% 38% 
PNV-SO-SU17-SB004(9.0-10.0) 90% 76% 76% 68% 68% 68% 
PNV-SO-SU17-SB005(4.0-5.0) 100% 35% 35% 54% 54% 54% 
PNV-SO-SU17-SB005(5.0-6.0) 100% 67% 67% 66% 66% 66% 
PNV-SO-SU17-SB005(6.0-7.0) 60% 71% 71% 73% 73% 73% 
PNV-SO-SU22-SB001(3.0-4.0) 44% 46% 46% 51% 51% 51% 
PNV-SO-SU22-SB001(4.0-5.0) 100% 69% 69% 54% 54% 54% 
PNV-SO-SU22-SB001(5.0-6.0) 94% 70% 70% 53% 53% 53% 
PNV-SO-SU22-SB002(4.0-5.0) 100% 51% 51% 52% 52% 52% 
PNV-SO-SU22-SB002(5.0-6.0) 73% 69% 69% 54% 54% 54% 
PNV-SO-SU22-SB002(5.0-6.0) dup 99% 69% 69% 52% 52% 52% 
PNV-SO-SU22-SB002(6.0-7.0) 100% 71% 71% 36% 36% 36% 
PNV-SO-SU22-SB002(6.0-7.0) dup 90% 48% 48% 60% 60% 60% 
PNV-SO-SU22-SB003(3.0-4.0) 37% 62% 62% 71% 71% 71% 
PNV-SO-SU22-SB003(4.0-5.0) 100% 54% 54% 64% 64% 64% 
PNV-SO-SU22-SB003(5.0-6.0) 100% 59% 59% 69% 69% 69% 
PNV-SO-SU22-SB004(4.0-5.0) 100% 54% 54% 72% 72% 72% 
PNV-SO-SU22-SB004(5.0-6.0) 54% 68% 68% 77% 77% 77% 
PNV-SO-SU22-SB004(6.0-7.0) 69% 47% 47% 73% 73% 73% 
PNV-SO-SU22-SB005(3.0-4.0) 100% 63% 63% 45% 45% 45% 
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Table 7-1 Tracer Recovery Data for Soil Boring Samples (continued) 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU22-SB005(4.0-5.0) 100% 57% 57% 59% 59% 59% 
PNV-SO-SU22-SB005(5.0-6.0) 90% 63% 63% 75% 75% 75% 
PNV-SO-SU22-SB006(7.0-8.0) 86% 3% 3% 63% 63% 63% 
PNV-SO-SU22-SB006(7.0-8.0) dup 90% 39% 39% 56% 56% 56% 
PNV-SO-SU22-SB006(8.0-9.0) 100% 66% 66% 68% 68% 68% 
PNV-SO-SU22-SB006(9.0-10.0) 100% 72% 72% 58% 58% 58% 
PNV-SO-SU22-SB007(7.0-8.0) 82% 1% 1% 69% 69% 69% 
PNV-SO-SU22-SB007(8.0-9.0) 100% 1% 1% 74% 74% 74% 
PNV-SO-SU22-SB007(9.0-10.0) 100% 1% 1% 64% 64% 64% 
PNV-SO-SU23-SB001(2.0-3.0) 100% 82% 82% 51% 51% 51% 
PNV-SO-SU23-SB001(3.0-4.0) 100% 82% 82% 49% 49% 49% 
PNV-SO-SU23-SB001(4.0-5.0) 100% 79% 79% 40% 40% 40% 
PNV-SO-SU23-SB002(0.5-1.5) 100% 81% 81% 41% 41% 41% 
PNV-SO-SU23-SB002(0.5-1.5) dup 100% 56% 56% 53% 53% 53% 
PNV-SO-SU23-SB002(1.5-2.5) 97% 88% 88% 48% 48% 48% 
PNV-SO-SU23-SB002(2.5-3.5) 69% 77% 77% 34% 34% 34% 
PNV-SO-SU23-SB003(2.0-3.0) 100% 80% 80% 48% 48% 48% 
PNV-SO-SU23-SB003(3.0-4.0) 100% 63% 63% 26% 26% 26% 
PNV-SO-SU23-SB003(4.0-5.0) 100% 77% 77% 60% 60% 60% 
PNV-SO-SU23-SB004(6.0-7.0) 100% 41% 41% 57% 57% 57% 
PNV-SO-SU23-SB004(7.0-8.0) 100% 46% 46% 66% 66% 66% 
PNV-SO-SU23-SB004(8.0-9.0) 100% 70% 70% 74% 74% 74% 
PNV-SO-SU23-SB005(5.0-6.0) 100% 74% 74% 63% 63% 63% 
PNV-SO-SU23-SB005(6.0-7.0) 95% 12% 12% 74% 74% 74% 
PNV-SO-SU23-SB005(6.0-7.0) dup 63% 26% 26% 66% 66% 66% 
PNV-SO-SU23-SB005(7.0-8.0) 95% 19% 19% 71% 71% 71% 
PNV-SO-SU23-SB006(9.0-10.0) 100% 14% 14% 47% 47% 47% 
PNV-SO-SU23-SB006(10.0-11.0) 93% 61% 61% 64% 64% 64% 
PNV-SO-SU23-SB006(11.0-12.0) 56% 26% 26% 60% 60% 60% 
PNV-SO-SU25-SB001(5.0-6.0) 100% 83% 83% 67% 67% 67% 
PNV-SO-SU25-SB001(6.0-7.0) 100% 82% 82% 64% 64% 64% 
PNV-SO-SU25-SB001(7.0-8.0) 60% 86% 86% 79% 79% 79% 
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Table 7-1 Tracer Recovery Data for Soil Boring Samples (continued) 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU25-SB002(6.0-7.0) 77% 80% 80% 75% 75% 75% 
PNV-SO-SU25-SB002(7.0-8.0) 100% 93% 93% 71% 71% 71% 
PNV-SO-SU25-SB002(8.0-9.0) 100% 77% 77% 40% 40% 40% 
PNV-SO-SU25-SB002(8.0-9.0) dup 53% 85% 85% 71% 71% 71% 
PNV-SO-SU26-SB001(3.0-4.0) 81% 91% 91% 75% 75% 75% 
PNV-SO-SU26-SB001(4.0-5.0) 100% 85% 85% 81% 81% 81% 
PNV-SO-SU26-SB001(5.0-6.0) 82% 92% 92% 78% 78% 78% 
PNV-SO-SU26-SB002(7.0-8.0) 97% 77% 77% 54% 54% 54% 
PNV-SO-SU26-SB002(8.0-9.0) 90% 79% 79% 54% 54% 54% 
PNV-SO-SU26-SB002(8.0-9.0) dup 100% 73% 73% 39% 39% 39% 
PNV-SO-SU26-SB002(9.0-10.0) 100% 73% 73% 52% 52% 52% 
PNV-SO-SU26-SB003(7.0-8.0) 68% 76% 76% 80% 80% 80% 
PNV-SO-SU26-SB003(8.0-9.0) 62% 82% 82% 83% 83% 83% 
PNV-SO-SU26-SB003(9.0-10.0) 100% 84% 84% 78% 78% 78% 
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Table 7-2 Tracer Recovery Data for Test Pit Samples 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery  
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU14-TP001-S 100% 85% 85% 42% 42% 42% 
PNV-SO-SU14-TP001-BT 41% 23% 23% 36% 36% 36% 
PNV-SO-SU14-TP001-NW(3.0-3.5) 100% 33% 33% 62% 62% 62% 
PNV-SO-SU14-TP001-SW(5.0) 50% 50% 50% 44% 44% 44% 
PNV-SO-SU14-TP001-SW(5.0) dup 100% 40% 40% 53% 53% 53% 
PNV-SO-SU14-TP001-EW(3.5-4.0) 100% 70% 70% 62% 62% 62% 
PNV-SO-SU14-TP002-S 93% 53% 53% 84% 84% 84% 
PNV-SO-SU14-TP002-BT 100% 48% 48% 77% 77% 77% 
PNV-SO-SU14-TP002-NW(6.0) 93% 57% 57% 77% 77% 77% 
PNV-SO-SU14-TP002-WW(1.5-2.0) 100% 33% 33% 82% 82% 82% 
PNV-SO-SU14-TP003-S 100% 85% 85% 79% 79% 79% 
PNV-SO-SU14-TP003-BT 95% 87% 87% 66% 66% 66% 
PNV-SO-SU14-TP003-SW(5.0-5.5) 100% 89% 89% 48% 48% 48% 
PNV-SO-SU14-TP003-WW(4.0-4.5) 75% 85% 85% 15% 15% 15% 
PNV-SO-SU14-TP003-WW(4.0-4.5) dup 92% 78% 78% 58% 58% 58% 
PNV-SO-SU15-TP001-S 100% 86% 86% 43% 43% 43% 
PNV-SO-SU15-TP001-BT 100% 89% 89% 23% 23% 23% 
PNV-SO-SU15-TP001-EW(2.0-3.0) 62% 88% 88% 64% 64% 64% 
PNV-SO-SU15-TP001-EW(2.0-3.0) dup 100% 75% 75% 70% 70% 70% 
PNV-SO-SU15-TP001-WW(2.5) 100% 81% 81% 2% 2% 2% 
PNV-SO-SU15-TP002-S 81% 77% 77% 87% 87% 87% 
PNV-SO-SU15-TP002-BT 100% 84% 84% 42% 42% 42% 
PNV-SO-SU15-TP002-NW(1.5-2.0) 100% 84% 84% 66% 66% 66% 
PNV-SO-SU15-TP002-NW(1.5-2.0) dup 100% 77% 77% 74% 74% 74% 
PNV-SO-SU15-TP002-SW(3.5-4.0) 100% 79% 79% 52% 52% 52% 
PNV-SO-SU15-TP003-S 97% 74% 74% 46% 46% 46% 
PNV-SO-SU15-TP003-BT 84% 77% 77% 52% 52% 52% 
PNV-SO-SU15-TP003-NW(6.0) 100% 72% 72% 71% 71% 71% 
PNV-SO-SU15-TP003-SW(6.0) 100% 67% 67% 81% 81% 81% 
PNV-SO-SU16-TP001-S 77% 83% 83% 69% 69% 69% 
PNV-SO-SU16-TP001-BT 85% 67% 67% 26% 26% 26% 
PNV-SO-SU16-TP001-NW(5.5) 100% 77% 77% 64% 64% 64% 
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Table 7-2 Tracer Recovery Data for Test Pit Samples (continued) 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery  
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU16-TP001-NW(5.5) dup 98% 79% 79% 67% 67% 67% 
PNV-SO-SU16-TP001-WW(5.0) 100% 73% 73% 62% 62% 62% 
PNV-SO-SU16-TP002-S 100% 38% 38% 79% 79% 79% 
PNV-SO-SU16-TP002-BT 57% 53% 53% 79% 79% 79% 
PNV-SO-SU16-TP002-NW(5.5-6.0) 95% 70% 70% 41% 41% 41% 
PNV-SO-SU16-TP002-WW(6.0) 97% 77% 77% 51% 51% 51% 
PNV-SO-SU18-TP001-S 100% 88% 88% 59% 59% 59% 
PNV-SO-SU18-TP001-BT 74% 70% 70% 50% 50% 50% 
PNV-SO-SU18-TP001-NW(5.5) 100% 82% 82% 36% 36% 36% 
PNV-SO-SU18-TP001-SW(5.0) 100% 77% 77% 33% 33% 33% 
PNV-SO-SU18-TP002-BT 41% 80% 80% 63% 63% 63% 
PNV-SO-SU18-TP002-EW(5.5) 100% 59% 59% 67% 67% 67% 
PNV-SO-SU18-TP002-WW(6.0) 93% 79% 79% 45% 45% 45% 
PNV-SO-SU19-TP001-S 52% 79% 79% 82% 82% 82% 
PNV-SO-SU19-TP001-BT 90% 93% 93% 68% 68% 68% 
PNV-SO-SU19-TP001-EW(5.5-6.0) 84% 86% 86% 46% 46% 46% 
PNV-SO-SU19-TP001-WW(5.0) 100% 79% 79% 56% 56% 56% 
PNV-SO-SU19-TP002-S 73% 31% 31% 56% 56% 56% 
PNV-SO-SU19-TP002-BT 100% 55% 55% 58% 58% 58% 
PNV-SO-SU19-TP002-NW(4.5-5.0) 73% 78% 78% 59% 59% 59% 
PNV-SO-SU19-TP002-WW(5.0-5.5) 100% 63% 63% 68% 68% 68% 
PNV-SO-SU19-TP003-S 79% 88% 88% 62% 62% 62% 
PNV-SO-SU19-TP003-BT 77% 75% 75% 63% 63% 63% 
PNV-SO-SU19-TP003-NW(5.0) 92% 78% 78% 47% 47% 47% 
PNV-SO-SU19-TP003-WW(4.5) 57% 74% 74% 36% 36% 36% 
PNV-SO-SU19-TP003-WW(4.5) dup 100% 53% 53% 53% 53% 53% 
PNV-SO-SU19-TP004-S (Stairway) 62% 83% 83% 39% 39% 39% 
PNV-SO-SU20-TP001-S (0.0-0.5) 51% 85% 85% 73% 73% 73% 
PNV-SO-SU20-TP001-BT 95% 87% 87% 55% 55% 55% 
PNV-SO-SU20-TP001-NW(5.0) 100% 85% 85% 61% 61% 61% 
PNV-SO-SU20-TP001-NW(5.0) dup 100% 85% 85% 68% 68% 68% 
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Table 7-2 Tracer Recovery Data for Test Pit Samples (continued) 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery  
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU20-TP001-WW(5.0) 54% 81% 81% 69% 69% 69% 
PNV-SO-SU20-TP001-WW(5.0) dup 90% 86% 86% 81% 81% 81% 
PNV-SO-SU20-TP002-S (0.0-0.5) 100% 90% 90% 54% 54% 54% 
PNV-SO-SU20-TP002-BT 88% 93% 93% 55% 55% 55% 
PNV-SO-SU20-TP002-NW(5.5-6.0) 88% 87% 87% 67% 67% 67% 
PNV-SO-SU20-TP002-WW(3.5-4.0) 100% 90% 90% 65% 65% 65% 
PNV-SO-SU20-TP002-WW(3.5-4.0) dup 100% 88% 88% 21% 21% 21% 
PNV-SO-SU21-TP001-S 52% 46% 46% 76% 76% 76% 
PNV-SO-SU21-TP001-BT 100% 11% 11% 59% 59% 59% 
PNV-SO-SU21-TP001-SW(3.0-4.0) 100% 77% 77% 66% 66% 66% 
PNV-SO-SU21-TP001-SW(3.0-4.0) dup 100% 45% 45% 67% 67% 67% 
PNV-SO-SU21-TP001-WW(3.0-4.0) 100% 19% 19% 53% 53% 53% 
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8.0 QUALITY ASSURANCE/QUALITY CONTROL 

8.1 Field Instrumentation Quality Control Results 

Radiological survey and stationary instruments used during the Painesville Pre-Remediation VURS 
effort are listed Table 8-1.  

Table 8-1 Radiological Survey and Stationary Instruments 

Instrument 
Model Detector Model Calibration 

Date 

Principle 
Detectable 
Emissions Primary Application Serial Number Serial Number 

Ludlum 2221 Ludlum 44-20 5-11-09 Gamma DHG Logging, Core and Test 
Pit Evaluation 190170 PR277116 

Ludlum 2221 Ludlum 44-20 5-11-09 Gamma DHG Logging, Core and Test 
Pit Evaluation 152189 PR277108 

Ludlum 2221 Ludlum 44-20 5-11-09 Gamma DHG Logging, Core and Test 
Pit Evaluation 172031 PR277111 

Ludlum 2360 Ludlum 43-93 4-8-09 Alpha/Beta Personnel, Material and 
Equipment Frisking 227433 PR244541 

Ludlum 2360 Ludlum 43-93 4-8-09 Alpha/Beta Personnel, Material and 
Equipment Frisking 184900 PR244501 

Ludlum 2360 Ludlum 43-93 4-8-09 Alpha/Beta Personnel, Material and 
Equipment Frisking 234860 PR238091 

Ludlum 2360 Ludlum 43-93 4-13-09 Alpha/Beta Personnel, Material and 
Equipment Frisking 170550 PR244541 

Bicron MicroRem N/A 11-17-08 Gamma Material and Equipment 
Surveys 2015 

Ludlum 3030 
N/A 4-23-09 Alpha/Beta Smear and Air Sample 

Counting 247862 

DHG = downhole gamma. 
N/A = not applicable. 

All survey instruments used during the project were in calibration and were calibrated to National 
Institute of Standards and Technology (NIST) traceable standards. Copies of instrument calibration 
certificates can be found in Appendix J of this report. 

Quality control (QC) checks were performed daily on all instruments prior to use. A ±20% operability 
criterion was applied to all QC checks. Daily instrument QC check records can be found in 
Appendix J of this report. 

8.2  Quality Assurance/Quality Control Samples 

In order to comply with USACE sampling protocols, the number of field duplicates, MS/MSD 
samples, and QA splits were 10%, 5%, and 5%, respectively, of the total number of soil samples 
collected. Field QC and USACE QA duplicate samples were collected simultaneously, or in 
immediate succession, with the original sample. Table 8-2 below lists the number of test pit field 
samples, field duplicates samples, MS/MSD samples, and QA split samples collected. 
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Table 8-2 Test Pit QA/QC Samples 

Survey Unit 
Number of 
Test Pits 

Field 
Samples 

Field 
Duplicate 
Samples 

MS/MSD 
Samples 

USACE  
QA Split 
Samples 

SU14  3  12  2  2  2  
SU15  3 12  2  1  1  
SU16  2  8  1  1  1  
SU18  2  8  1  1  1  
SU19  3  12 2  1  1  
SU20  2  8  1  1  1  
SU21  1  4  1  1  1  

TOTALS 16  64  10  8  8  
MS/MSD = matrix spike/matrix spike duplicate. 
QA = quality assurance. 
QC = quality control. 
USACE = U.S. Army Corps of Engineers. 

Table 8-3 below lists the number of borehole field samples, field duplicates samples, MS/MSD 
samples, and QA split samples collected. 

Table 8-3 Borehole QA/QC Samples 

Survey Unit 
Number of 
Boreholes 

Field 
Samples 

Field 
Duplicate 
Samples 

MS/MSD 
Samples 

USACE QA 
Split 

Samples 
SU1 2 6 1 1 1 
SU2 3 9 1 1 1 
SU13 4 12 2 2 1 
SU17 5 15 2 1 1 
SU22 7 21 3 1 2 
SU23 6 18 2 1 1 
SU25 2 6 1 1 1 
SU26 3 9 1 1 1 

TOTALS  32 96 13  9  9  
MS/MSD = matrix spike/matrix spike duplicate. 
QA = quality assurance. 
QC = quality control.. 
USACE = U.S. Army Corps of Engineers. 

Field duplicate samples were sent to the ARS laboratory for analysis. QA split samples were sent to 
Eberline Services in Oak Ridge, Tennessee, for analysis. All samples were analyzed for Ra-226, 
Th-230, Th-232, U-234, U-235, and U-238. 

Although MS/MSD samples were collected, there is no approved method for preparing and analyzing 
MS/MSD samples for radiological constituents. Tracer recoveries are utilized during radiological 
analysis in place of MS/MSD samples.  

The vast majority of field duplicate sample results were within ±2 sigma of the associated field 
sample.  A few field duplicate sample results were not within ±2 sigma of the associated field sample 
result. This could be due to statistical outliers or due to differences in count times of the field sample 
and associated field duplicate sample yielding a smaller 2 sigma uncertainty error for one of the 
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samples. This could also be due to imperfect homogenous mixing of sample material prior to splitting 
the original material into a field sample and field duplicate sample. Table 8-4 below contains field 
sample and associated field duplicate sample results for soil core samples. Table 8-5 below contains 
field sample and associated field duplicate sample results for test pit samples. QA sample results are 
also contained in Appendix I of this report. Table 8-6 contains tracer recovery data for regular 
samples and associated duplicate samples for soil boring results, and Table 8-7 contains tracer 
recovery data for regular samples and associated duplicate samples for test pit results. 
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Table 8-4 Soil Core Field Sample and Associated Field Duplicate Sample Results 

Sample I.D. 
Ra-226 
(pCi/g) 

Ra-226 
2σ 

(pCi/g) 

Th-
230 

(pCi/g) 

Th-230 
2σ 

(pCi/g) 
Th-232 
(pCi/g) 

Th-232 
2σ  

(pCi/g) 
U-234  
(pCi/g) 

U-234  
2σ 

(pCi/g) 
U-235 
(pCi/g) 

U-235 
2σ 

(pCi/g) 
U-238 
(pCi/g) 

U-238 
2σ 

(pCi/g) 

Total 
Uranium 
(pCi/g) 

PNV-SO-
SU14-
TP001-
SW(5.0) 

0.446 0.220 0.911 0.278 1.090 0.304 1.263 0.330 0.081 0.080 1.150 0.315 2.494 

PNV-SO-
SU14-
TP001-
SW(5.0) dup 

0.576 0.314 0.834 0.282 0.677 0.270 0.997 0.276 0.055 0.063 1.058 0.284 2.110 

PNV-SO-
SU14-
TP003-
WW(4.0-4.5) 

0.508 0.198 0.950 0.220 0.810 0.200 0.771 0.418 0.119 0.166 0.359 0.374 1.249 

PNV-SO-
SU14-
TP003-
WW(4.0-4.5) 
dup 

0.843 0.304 1.100 0.250 1.020 0.240 0.802 0.230 0.026 0.045 0.891 0.245 1.719 

PNV-SO-
SU15-
TP001-
EW(2.0-3.0) 

1.029 0.359 1.490 0.290 1.110 0.240 1.079 0.279 -0.011 0.015 1.170 0.288 2.238 

PNV-SO-
SU15-
TP001-
EW(2.0-3.0) 
dup 

1.657 0.524 1.160 0.240 1.090 0.230 1.164 0.275 0.014 0.028 1.234 0.284 2.412 

PNV-SO-
SU15-
TP002-
NW(1.5-2.0) 

1.161 0.380 1.560 0.300 1.200 0.250 1.734 0.368 0.094 0.076 2.050 0.412 3.878 

PNV-SO-
SU15-
TP002-
NW(1.5-2.0) 
dup 

1.676 0.539 1.780 0.330 1.100 0.250 1.947 0.383 0.023 0.040 1.649 0.343 3.619 
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Table 8-4 Soil Core Field Sample and Associated Field Duplicate Sample Results (continued) 

Sample I.D. 
Ra-226 
(pCi/g) 

Ra-226 
2σ 

(pCi/g) 

Th-
230 

(pCi/g) 

Th-230 
2σ 

(pCi/g) 
Th-232 
(pCi/g) 

Th-232 
2σ  

(pCi/g) 
U-234  
(pCi/g) 

U-234  
2σ 

(pCi/g) 
U-235 
(pCi/g) 

U-235 
2σ 

(pCi/g) 
U-238 
(pCi/g) 

U-238 
2σ 

(pCi/g) 

Total 
Uranium 
(pCi/g) 

PNV-SO-
SU16-
TP001-
NW(5.5) 

0.011 0.107 1.110 0.250 1.120 0.250 1.568 0.345 0.000 0.036 1.806 0.379 3.374 

PNV-SO-
SU16-
TP001-
NW(5.5) dup 

0.576 0.205 1.100 0.250 0.880 0.220 1.505 0.323 0.083 0.067 1.721 0.350 3.309 

PNV-SO-
SU19-
TP003-
WW(4.5) 

0.647 0.239 1.200 0.270 1.000 0.240 1.846 0.481 0.122 0.127 1.688 0.447 3.656 

PNV-SO-
SU19-
TP003-
WW(4.5) dup 

0.658 0.254 0.820 0.234 0.758 0.217 0.553 0.227 0.043 0.059 0.378 0.178 0.974 

PNV-SO-
SU20-
TP001-
NW(5.0) 

0.165 0.145 0.860 0.210 0.930 0.220 0.732 0.214 0.040 0.052 0.471 0.165 1.243 

PNV-SO-
SU20-
TP001-
NW(5.0) dup 

0.665 0.275 0.750 0.190 0.890 0.210 0.449 0.159 0.024 0.041 0.324 0.145 0.797 

PNV-SO-
SU20-
TP001-
WW(5.0) 

1.048 0.526 0.950 0.230 0.800 0.210 0.984 0.246 0.019 0.041 0.691 0.199 1.694 

PNV-SO-
SU20-
TP001-
WW(5.0) dup 

1.014 0.368 0.880 0.210 0.890 0.210 0.467 0.154 0.013 0.025 0.451 0.151 0.931 

PNV-SO-
SU20-
TP002-
WW(3.5-4.0) 

0.471 0.179 1.080 0.230 0.860 0.200 1.546 0.328 0.032 0.049 1.738 0.353 3.316 
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Table 8-4 Soil Core Field Sample and Associated Field Duplicate Sample Results (continued) 

Sample I.D. 
Ra-226 
(pCi/g) 

Ra-226 
2σ 

(pCi/g) 

Th-
230 

(pCi/g) 

Th-230 
2σ 

(pCi/g) 
Th-232 
(pCi/g) 

Th-232 
2σ  

(pCi/g) 
U-234  
(pCi/g) 

U-234  
2σ 

(pCi/g) 
U-235 
(pCi/g) 

U-235 
2σ 

(pCi/g) 
U-238 
(pCi/g) 

U-238 
2σ 

(pCi/g) 

Total 
Uranium 
(pCi/g) 

PNV-SO-
SU20-
TP002-
WW(3.5-4.0) 
dup 

0.417 0.214 1.140 0.240 0.980 0.220 1.237 0.457 0.074 0.127 1.630 0.530 2.941 

PNV-SO-
SU21-
TP001-
SW(3.0-4.0) 

0.369 0.194 0.478 0.156 0.607 0.177 0.525 0.156 0.023 0.031 0.220 0.094 0.768 

PNV-SO-
SU21-
TP001-
SW(3.0-4.0) 
dup 

0.354 0.195 0.498 0.201 0.574 0.221 0.335 0.132 0.013 0.026 0.254 0.115 0.602 

pCi/g = picocuries per gram 
σ = sigma.
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Table 8-5 Test Pit Field Sample and Associated Field Duplicate Sample Results 

Sample I.D. 
Ra-226 
(pCi/g) 

Ra-226 
2σ 

(pCi/g) 

Th-
230 

(pCi/g) 

Th-230 
2σ 

(pCi/g) 
Th-232 
(pCi/g) 

Th-232 
2σ 

(pCi/g) 
U-234 
(pCi/g) 

U-234 
2σ 

(pCi/g) 
U-235 
(pCi/g) 

U-235 
2σ 

(pCi/g) 
U-238 
(pCi/g) 

U-238 
2σ 

(pCi/g) 

Total 
Uranium 
(pCi/g) 

PNV-SO-
SU14-
TP001-
SW(5.0) 

0.446 0.220 0.911 0.278 1.090 0.304 1.263 0.330 0.081 0.080 1.150 0.315 2.494 

PNV-SO-
SU14-
TP001-
SW(5.0) dup 

0.576 0.314 0.834 0.282 0.677 0.270 0.997 0.276 0.055 0.063 1.058 0.284 2.110 

PNV-SO-
SU14-
TP003-
WW(4.0-4.5) 

0.508 0.198 0.950 0.220 0.810 0.200 0.771 0.418 0.119 0.166 0.359 0.374 1.249 

PNV-SO-
SU14-
TP003-
WW(4.0-4.5) 
dup 

0.843 0.304 1.100 0.250 1.020 0.240 0.802 0.230 0.026 0.045 0.891 0.245 1.719 

PNV-SO-
SU15-
TP001-
EW(2.0-3.0) 

1.029 0.359 1.490 0.290 1.110 0.240 1.079 0.279 -0.011 0.015 1.170 0.288 2.238 

PNV-SO-
SU15-
TP001-
EW(2.0-3.0) 
dup 

1.657 0.524 1.160 0.240 1.090 0.230 1.164 0.275 0.014 0.028 1.234 0.284 2.412 

PNV-SO-
SU15-
TP002-
NW(1.5-2.0) 

1.161 0.380 1.560 0.300 1.200 0.250 1.734 0.368 0.094 0.076 2.050 0.412 3.878 

PNV-SO-
SU15-
TP002-
NW(1.5-2.0) 
dup 

1.676 0.539 1.780 0.330 1.100 0.250 1.947 0.383 0.023 0.040 1.649 0.343 3.619 
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Table 8-5 Test Pit Field Sample and Associated Field Duplicate Sample Results (continued) 

Sample I.D. 
Ra-226 
(pCi/g) 

Ra-226 
2σ 

(pCi/g) 

Th-
230 

(pCi/g) 

Th-230 
2σ 

(pCi/g) 
Th-232 
(pCi/g) 

Th-232 
2σ 

(pCi/g) 
U-234 
(pCi/g) 

U-234 
 2σ 

(pCi/g) 
U-235 
(pCi/g) 

U-235 
2σ 

(pCi/g) 
U-238 
(pCi/g) 

U-238 
2σ 

(pCi/g) 

Total 
Uranium 
(pCi/g) 

PNV-SO-
SU16-
TP001-
NW(5.5) 

0.011 0.107 1.110 0.250 1.120 0.250 1.568 0.345 0.000 0.036 1.806 0.379 3.374 

PNV-SO-
SU16-
TP001-
NW(5.5) dup 

0.576 0.205 1.100 0.250 0.880 0.220 1.505 0.323 0.083 0.067 1.721 0.350 3.309 

PNV-SO-
SU19-
TP003-
WW(4.5) 

1.14 .0422 1.200 0.270 1.000 0.240 1.846 0.481 0.122 0.127 1.688 0.447 3.656 

PNV-SO-
SU19-
TP003-
WW(4.5) dup 

0.658 0.254 0.820 0.234 0.758 0.217 0.553 0.227 0.043 0.059 0.378 0.178 0.974 

PNV-SO-
SU20-
TP001-
NW(5.0) 

0.165 0.145 0.860 0.210 0.930 0.220 0.732 0.214 0.040 0.052 0.471 0.165 1.243 

PNV-SO-
SU20-
TP001-
NW(5.0) dup 

0.665 0.275 0.750 0.190 0.890 0.210 0.449 0.159 0.024 0.041 0.324 0.145 0.797 

PNV-SO-
SU20-
TP001-
WW(5.0) 

1.048 0.526 0.950 0.230 0.800 0.210 0.984 0.246 0.019 0.041 0.691 0.199 1.694 

PNV-SO-
SU20-
TP001-
WW(5.0) dup 

1.014 0.368 0.880 0.210 0.890 0.210 0.467 0.154 0.013 0.025 0.451 0.151 0.931 

PNV-SO-
SU20-
TP002-
WW(3.5-4.0) 

0.471 0.179 1.080 0.230 0.860 0.200 1.546 0.328 0.032 0.049 1.738 0.353 3.316 
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Table 8-5 Test Pit Field Sample and Associated Field Duplicate Sample Results (continued) 

Sample I.D. 
Ra-226 
(pCi/g) 

Ra-226 
2σ 

(pCi/g) 

Th-
230 

(pCi/g) 

Th-230 
2σ 

(pCi/g) 
Th-232 
(pCi/g) 

Th-232 
2σ 

(pCi/g) 
U-234 
(pCi/g) 

U-234 
 2σ 

(pCi/g) 
U-235 
(pCi/g) 

U-235 
2σ 

(pCi/g) 
U-238 
(pCi/g) 

U-238 
2σ 

(pCi/g) 

Total 
Uranium 
(pCi/g) 

PNV-SO-
SU20-
TP002-
WW(3.5-4.0) 
dup 

0.417 0.214 1.140 0.240 0.980 0.220 1.237 0.457 0.074 0.127 1.630 0.530 2.941 

PNV-SO-
SU21-
TP001-
SW(3.0-4.0) 

0.369 0.194 0.478 0.156 0.607 0.177 0.525 0.156 0.023 0.031 0.220 0.094 0.768 

PNV-SO-
SU21-
TP001-
SW(3.0-4.0) 
dup 

0.354 0.195 0.498 0.201 0.574 0.221 0.335 0.132 0.013 0.026 0.254 0.115 0.602 

pCi/g = picocuries per gram 
σ = sigma. 
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Table 8-6 Tracer Recovery Percentages for Soil Core Samples and 
Associated Field Duplicates 

Soil Boring Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU1-
SB001(7.0−8.0) 

100% 83% 83% 70% 70% 70% 

PNV-SO-SU1-
SB001(7.0−8.0) dup 

100% 77% 77% 45% 45% 45% 

PNV-SO-SU2-
SB001(11.0−12.0) 

75% 76% 76% 52% 52% 52% 

PNV-SO-SU2-
SB001(11.0−12.0) dup 

100% 86% 86% 60% 60% 60% 

PNV-SO-SU13-
SB003(8.0−9.0) 

41% 36% 36% 53% 53% 53% 

PNV-SO-SU13-
SB003(8.0−9.0) dup 

75% 40% 40% 44% 44% 44% 

PNV-SO-SU13-
SB004(8.0−9.0) 

100% 74% 74% 1% 1% 1% 

PNV-SO-SU13-
SB004(8.0−9.0) dup 

59% 83% 83% 69% 69% 69% 

PNV-SO-SU17-
SB001(11.0−12.0) 

72% 76% 76% 75% 75% 75% 

PNV-SO-SU17-
SB001(11.0−12.0) dup 

72% 74% 74% 64% 64% 64% 

PNV-SO-SU17-
SB004(7.0−8.0) 

100% 82% 82% 70% 70% 70% 

PNV-SO-SU17-
SB004(7.0−8.0) dup 

100% 66% 66% 69% 69% 69% 

PNV-SO-SU22-
SB002(5.0−6.0) 

73% 69% 69% 52% 52% 52% 

PNV-SO-SU22-
SB002(5.0−6.0) dup 

99% 69% 69% 52% 52% 52% 

PNV-SO-SU22-
SB002(6.0−7.0) 

100% 71% 71% 36% 36% 36% 

PNV-SO-SU22-
SB002(6.0−7.0) dup 

90% 48% 48% 60% 60% 60% 

PNV-SO-SU22-
SB006(7.0−8.0) 

86% 3% 3% 63% 63% 63% 

PNV-SO-SU22-
SB006(7.0−8.0) dup 

100% 39% 39% 56% 56% 56% 

PNV-SO-SU23-
SB002(0.5−1.5) 

100% 81% 81% 41% 41% 41% 

PNV-SO-SU23-
SB002(0.5−1.5) dup 

100% 56% 56% 53% 53% 53% 

PNV-SO-SU23-
SB005(6.0−7.0) 

95% 12% 12% 74% 74% 74% 

PNV-SO-SU23-
SB005(6.0−7.0) dup 

63% 26% 26% 66% 66% 66% 

PNV-SO-SU25-
SB002(8.0−9.0) 

100% 77% 77% 40% 40% 40% 
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Table 8-6 Tracer Recovery Percentages for Soil Core Samples and 
Associated Field Duplicates (continued) 

Soil Boring Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU25-
SB002(8.0−9.0) dup 

53% 85% 85% 71% 71% 71% 

PNV-SO-SU26-
SB002(8.0−9.0) 

90% 79% 79% 54% 54% 54% 

PNV-SO-SU26-
SB002(8.0−9.0) dup 

100% 73% 73% 39% 39% 39% 

 

Table 8-7 Tracer Recovery Percentages for Test Pit Samples and 
Associated Field Duplicates 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU14-TP001-
SW(5.0) 

50% 50% 50% 44% 44% 44% 

PNV-SO-SU14-TP001-
SW(5.0) dup 

100% 40% 40% 53% 53% 53% 

PNV-SO-SU14-TP003-
WW(4.0−4.5) 

75% 85% 85% 15% 15% 15% 

PNV-SO-SU14-TP003-
WW(4.0−4.5) dup 

92% 78% 78% 58% 58% 58% 

PNV-SO-SU15-TP001-
EW(2.0−3.0) 

62% 88% 88% 64% 64% 64% 

PNV-SO-SU15-TP001-
EW(2.0−3.0) dup 

100% 75% 75% 70% 70% 70% 

PNV-SO-SU15-TP002-
NW(1.5−2.0) 

100% 84% 84% 66% 66% 66% 

PNV-SO-SU15-TP002-
NW(1.5−2.0) dup 

100% 77% 77% 74% 74% 74% 

PNV-SO-SU16-TP001-
NW(5.5) 

100% 77% 77% 64% 64% 64% 

PNV-SO-SU16-TP001-
NW(5.5) dup 

98% 79% 79% 67% 67% 67% 

PNV-SO-SU19-TP003-
WW(4.5) 

57% 74% 74% 4% 4% 4% 

PNV-SO-SU19-TP003-
WW(4.5) dup 

100% 53% 53% 41% 41% 41% 

PNV-SO-SU20-TP001-
NW(5.0) 

100% 85% 85% 61% 61% 61% 

PNV-SO-SU20-TP001-
NW(5.0) dup 

100% 85% 85% 68% 68% 68% 

PNV-SO-SU20-TP001-
WW(5.0) 

54% 81% 81% 69% 69% 69% 

PNV-SO-SU20-TP001-
WW(5.0) dup 

90% 86% 86% 81% 81% 81% 

PNV-SO-SU20-TP002-
WW(3.5−4.0) 

100% 90% 90% 65% 65% 65% 
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Table 8-7 Tracer Recovery Percentages for Test Pit Samples and 
Associated Field Duplicates (continued) 

Sample I.D. 

Ra-226 
Recovery 
(percent) 

Th-230 
Recovery 
(percent) 

Th-232 
Recovery 
(percent) 

U-234 
Recovery 
(percent) 

U-235 
Recovery 
(percent) 

U-238 
Recovery 
(percent) 

PNV-SO-SU20-TP002-
WW(3.5−4.0) dup 

100% 88% 88% 21% 21% 21% 

PNV-SO-SU21-TP001-
SW(3.0−4.0) 

100% 77% 77% 66% 66% 66% 

PNV-SO-SU21-TP001-
SW(3.0−4.0) dup 

100% 45% 45% 45% 45% 45% 
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9.0 FIELD CHANGES TO FSP AND QAPP  

During the course of the field implementation of the SAP and its components, the FSP and the QAPP, 
a minimal number of field changes were made to the Rev. 0 accepted plans to enable safe and 
efficient collection of samples and data without impacting the overall goals of the project. The field 
changes fall into one of six categories, as follows: 

• field relocation of soil boring or test pit locations to accommodate field constraints; 
• variation in the conduct of field radiological screening techniques to accommodate worker safety 

concerns;  
• outsourcing of a number of the isotopic thorium samples to Test America Laboratory in St. Louis, 

Missouri; 
• elimination of the analysis of collected MS/MSD samples for radiological constituents (refer to 

Section 9.4 of this report); and  
• accounting for an additional sample collected due to field observations. 

9.1 Field Relocation of Soil Borings and Test Pit Locations 

During the layout and implementation of the soil boring and test pits, it became evident that a small 
percentage of the soil borings and test pits needed to be relocated to address various interferences 
resulting from the location’s proximity to power lines, site boundary fencing, known underground 
utilities, and aboveground features. The list of these relocations includes: 

• SU2SB001 – Relocated to avoid drilling through reinforced concrete pad. 
• SU2SB002 – Relocated to avoid drilling into suspected underground 12-in. reinforced concrete 

sewer piping. 
• SU2SB003 – Relocated to avoid drilling through reinforced concrete pad. 
• SU13SB001 – Relocated due to drill rig encountering refusal at depths <12 ft. 
• SU17SB001 – Relocated to avoid drill rig interference with energized overhead power lines. 
• SU22SB001 – Relocated to move location off road surface and into drainage swale. 
• SU22SB002 – Relocated due to drill rig encountering refusal at depths <12 ft. 
• SU22SB003 – Relocated because original location was too close to fence to allow for safe 

operation of drill rig. 
• SU22SB004 – Relocated because original location was too close to fence to allow for safe 

operation of drill rig. 
• SU22SB005 – Relocated because original location was too close to fence to allow for safe 

operation of drill rig. 
• SU26SB002 – Relocated due to drill rig encountering refusal at depths <12 ft. 
• SU15-TP003 – This was a new test pit location added at the request of the Ohio EPA 

(replaced SU19TP004 – see below). 
• SU16-TP002 – Relocated to avoid excavating through concrete pad. 
• SU19-TP004 – Relocated originally to encompass the suspect “stairwell” adjacent to the former 

scale house. This SU was eventually eliminated when it was determined that the “stairwell” was 
actually a 1.5- to 2-ft-deep sump (see SU15-TP003 above). 
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9.2 Variation in Field Radiological Screening Techniques 

As approved, the FSP indicated that the field radiological screening of the test pits’ walls should be 
performed starting at the bottom of the test pit and working upward to the “at grade” elevation. This 
technique was revised in the field to ensure greater worker safety while working in the test pits to an 
overall depth of 6 ft. 

The OSHA-prescribed limit for allowing personnel access to an excavation without shoring, benching 
or sloping is 4 ft. ARSEC implemented the following excavation approach:  

• the 10-ft ×  10-ft pit footprint was excavated to a depth of 2 ft, and technicians surveyed the four 
pit walls from 0 to 2 ft bgs,  

• the excavation was benched a minimum of 2 ft away from the original limits of the footprint and 
the original footprint deepened from 2 ft bgs to 6 ft bgs, and 

• ARSEC personnel reentered the excavation and scanned the lower half of the sidewalls (2 to 
6 ft bgs) and the test pit floor. 

Using this order of excavation and surveying, the radiological screening was actually performed from 
the top (at grade elevation) down to the test pit floor on all four sidewalls. To avoid the potential for 
having the highest radiological level on the sidewalls not be sampled, ARSEC personnel collected 
representative samples from the highest readings on the top half of each of the four sidewalls and held 
those samples until the lower portion of the sidewalls was excavated and screened. If the lower half of 
the sidewall proved to have higher radiological levels than the upper half, the samples collected from 
the upper half were returned to the final excavation prior to backfilling. Therefore, ARSEC is 
confident that this field deviation had no impact to the quality of the data collected for each test pit.  

9.3 Outsourcing of a Portion of Isotopic Thorium Samples  

During the performance of the analytical analysis of the samples collected at the Site, the ARS 
laboratory had a piece of equipment needed to perform the isotopic thorium samples breakdown. 
Because of the upcoming holiday weekend (Memorial Day), ARS was unable to have the 
manufacturer service/repair the equipment in a timely manner to support the data analysis 
requirements stipulated in the FSP and QAPP. 

With the consent of the Buffalo District and ARSEC, the ARS laboratory shipped 109 samples 
from the Site to the Test America Laboratory in St. Louis, Missouri, for isotopic thorium analysis. 
ARSEC is confident that the analytical results provided by Test America Laboratory will fully 
comply with all data quality requirements stipulated in the SOW and the approved QAPP. 

9.4 Elimination of MS/MSD Analysis on Radiological Samples 

During the implementation of the FSP, ARSEC collected and shipped the MS/MSD samples as 
delineated in the approved FSP. Once the samples were received at ARS, Port Allen, Louisiana, the 
ARS Laboratory Director contacted the ARSEC Site Manager and indicated that the MS/MSD 
samples were not needed for radiological samples since there is no approved method for preparing 
and analyzing MS/MSD samples for radiological constituents. Tracer recoveries are utilized during 
radiological analysis in place of MS/MSD samples. Therefore, the collected MS/MSD samples are 
being stored/archived at the ARS Laboratory and will be used if additional analysis of a particular soil 
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boring and/or test pit is required in the future. Tables 8-6 and 8-7 contain data relating to tracer 
recovery of regular field samples and associated duplicates for soil borings and test pits.  

9.5 Collection and Analysis of an Additional TCLP Sample 

During the installation of the soil boring at SU2SB002, ARSEC personnel noticed a strong organic 
odor emanating from the bagged cores. Subsequent monitoring with the PID indicated that the core 
had an elevated reading for VOCs, CO, and hydrogen sulfide (H2S). After a brief conversation with 
the Buffalo District’s onsite representative, ARSEC decided to collect an additional TCLP sample 
series from this soil boring location and have that sample analyzed in accordance with the protocols 
and methods delineated in the QAPP for the four TCLP samples collected from SU23SB001, 
SU23SB002, SU23SB005, and SU23SB006. 

No other significant field changes are known to have been made to the protocols and requirements 
stipulated in the Rev. 0 versions of the FSP and/or the QAPP. 
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10.0 RESULTS 

This section provides a summary of gamma measurements, sampling results, and evaluations of the 
results for the Painesville FUSRAP VURS project.  

Surface gamma count rates on the western portion of the Site in the areas of the soil borings generally 
ranged between 5,000 counts per minute (cpm) and 10,000 cpm. Surface gamma count rates on the 
eastern portion of the Site in the areas of the test pits generally ranged between 2,200 cpm and 
5,000 cpm. 

The FSP did not require the establishment of a reference background area, and reference surface 
background gamma count rates were not collected. However, surface soil samples collected from test 
pits in Class 2 areas in the eastern portion of the Site yielded RCOC activity values that are generally 
indicative of historically established background activity levels for the Site. This is an indication that 
the surface count rates described above for the eastern portion of the Site represent, or are close to, 
actual background values. RCOC activity values for test pits can be found in Appendix I of this 
report. Surface samples were not collected from borehole locations in Class 2 areas in the western 
portion of the Site per the FSP, and surface gamma count rates may, or may not, be indicative of 
actual background values. 

Surface gamma counts rates differed between the eastern and western portions of the Site due to 
differences in surface materials. The eastern Site surface was primarily composed of crushed stone, 
rock, concrete, brick, and building construction materials with smaller amounts of soil. The western 
Site surface was primarily composed of soil. 

A reference background area for borehole and test pit sub-surface background count rate 
measurements was not required by the FSP, and background sub-surface count rate data were not 
collected for boreholes and test pits.  

Test pits were excavated in the eastern portion of the Site. The highest test pit sidewall gross gamma 
count rates generally ranged between 9,200 cpm and 12,500 cpm, and the highest test pit bottom 
gross gamma count rates generally ranged between 8,500 cpm and 11,000 cpm. Boreholes were 
drilled in the western portion of the Site. The highest DHG count rates measured in boreholes 
generally ranged between 15,000 cpm and 20,500 cpm. The difference in sub-surface gross gamma 
count rates between the eastern and western portions of the Site is believed to be primarily due to 
differences in the geometry of the material being counted, e.g., soil surrounded the sides of the 
detector in the boreholes. Soil was located under the detector for test pit measurements. Another 
contributing factor to the difference in the sub-surface gross gamma count rates between the eastern 
and western portions of the Site may be differences in soil composition at various depths. Different 
types of soil and clay contain different amounts of radioactivity. Test pits were only excavated to a 
depth of 6 ft, while boreholes were drilled to depths of 12 ft. A different type of soil or clay may be 
present at the Site in the upper 6-ft depth interval than in the 6-ft to 12-ft depth interval.     

Sum of Ratios for Derived Concentration Guideline Level, Wilcox Rank Sum (SOR DCGLw) and 
Sum of Ratios for Derived Concentration Guideline Level, Elevated Measurement Comparison (SOR 
DCGLemc) values were calculated for each radiological sample collected. The vast majority of sample 
results indicated activity levels less than established background levels. Established background 
activity levels were subtracted from actual sample results, resulting in negative SOR values for the 
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majority of the samples. Net (after background subtraction) Ra-226, Th-230, Th-232, and total 
uranium activity values were all responsible for contributing to negative SOR values, with Th-232 
being the largest contributor. RCOC sample results with negative net activity values were set to zero 
for inclusion in SOR DCGLw and SOR DCGLemc equations to preclude negative SOR values and to 
maintain consistency with other historical SOR calculation methodologies used for the Site. All 
samples had SOR DCGLw and SOR DCGLemc values less than 1 when negative net RCOC values 
were set to zero. A more detailed discussion of the methodology used to calculate SOR DCGLw and 
SOR DCGLemc values is contained in Section 11.1 of this report.  

10.1 Borehole and Core Survey Results 

Surface gamma static counts, DHG measurements, and gamma core scans were completed for each 
borehole location. Surface gamma static counts, the highest DHG measurement, and the highest core 
scan measurement are shown in Table 10-1 below. 

Table 10-1 Borehole Gamma Measurements 

Location 

Surface 
Scan 
(cpm) 

Highest 
DHG  
(cpm) 

Depth of 
Highest 

DHG  
(ft bgs) 

Highest 
Core 
Scan 
(cpm) 

Depth of 
Highest 

Core 
Scan  

(ft bgs) Notes 
SU1-SB001 11,155 20,330 12.0 13,159 10.0  
SU1-SB002 10,318 22,390 12.0 14,344 8.0  
SU2-SB001 4,113 21,870 11.5 9,425 7.5 Moved 6.5 ft west 

and 6.7 ft north 
SU2-SB002 26,930 24,545 12.0 10,011 3.0 Moved 6 ft west 

and 1 ft south 
SU2-SB003 7,411 20,725 7.5 9,741 3.5 Moved 16.5 ft north 

and 7.0 ft east 
SU13-SB001 7,568 20,514 9.5 10,516 10.0 Hole moved 18.5 ft 

south 
SU13-SB002 7,354 23,166 5.0 12,733 10.5 Void from 4.0 ft to 

5.5 ft; poor soil core 
recovery from 2 ft to 
5.0 ft 

SU13-SB003 8,894 19,696 8.5 11,307 10.5  
SU13-SB004 9,307 19,958 8.0 10,842 5.0  
SU17-SB001 6,790 22,812 12.0 9,953 11.0 Moved south to 

parking lot west of 
Administration 
Building to avoid 
overhead 
power line 

SU17-SB002 8,725 21,056 11.0 9,720 1.5  
SU17-SB003 6,000 19,914 7.5 9,600 2.0 Cave-in and refusal 

from 11.0 to 12.0 ft 
SU17-SB004 9,894 20,808 8.5 12,381 10.5 Cave-in and refusal 

from 11.0 to 12.0 ft 
SU17-SB005 6,334 19,175 5.5 8,446 12.0  
SU22-SB001 9,306 22,139 3.5 9,997 12.0 Moved 5.0 ft east 

and 1.0 ft south 
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Table 10-1 Borehole Gamma Measurements (continued) 

Location 

Surface 
Scan 
(cpm) 

Highest 
DHG  
(cpm) 

Depth of 
Highest 

DHG  
(ft bgs) 

Highest 
Core 
Scan 
(cpm) 

Depth of 
Highest 

Core 
Scan  

(ft bgs) Notes 
SU22-SB002 3,836 19,617 5.0 7,634 7.5 Moved 5.0 ft south 
SU22-SB003 9,886 20,479 8.5 12,640 8.0 Moved 10 ft south 

away from northern 
fence line − ditch 

SU22-SB004 10,933 22,165 5.5 15,324 8.5 Moved 5 ft south 
away from northern 
fence line − ditch 

SU22-SB005 11,144 21,073 4.0 13,918 8.0 Moved 5.0 ft south 
away from northern 
fence line − ditch 

SU22-SB006 9,791 20,708 9.5 11,398 8.0 Poor soil core 
recovery from 2.5 ft 
to 6.0 ft 

SU22-SB007 10,431 20,348 9.0 11,851 8.0  
SU23-SB001 10,230 23,074 4.0 11,173 8.5  
SU23-SB002 10,793 23,993 1.5 13,512 2.0  
SU23-SB003 10,394 20,532 3.5 15,123 4.5  
SU23-SB004 9,141 21,685 8.0 8,830 10.5  
SU23-SB005 10,776 19,454 6.5 9,965 8.5  
SU23-SB006 10,836 23,477 12.0 13,129 6.5  
SU25-SB001 8,521 21,462 7.5 11,048 7.5  
SU25-SB002 9,991 20,983 7.5 12,653 4.0  
SU26-SB001 12,067 21,636 4.0 14,228 12.0  
SU26-SB002 12,362 20,630 9.5 12,725 8.0 Moved 5.0 ft south 
SU26-SB003 5,030 20,238 8.5 12,435 12.0  
Averages 9,571 21,270  11,516   
cpm = counts per minute. 
DHG = downhole gamma (logging). 
ft = feet. 
bgs = below ground surface 
SU = survey unit. 

10.2 Borehole and Core Laboratory Results 

Soil samples were collected from the highest DHG 1-ft measurement and from the 1-ft intervals 
directly above and directly below the highest DHG 1-ft measurement of each soil boring. When the 
highest DHG measurement was found at the deepest 1-ft interval in the borehole, samples were 
collected from the two 1-ft sampling intervals above the deepest 1-ft interval and from the deepest 
1-ft interval itself. RCOC sample results with negative net activity values after subtraction of 
established background values were set to zero for inclusion in the SOR DCGLw equation. No soil 
core samples were found to exceed an SORDCGLw value of 1. The equation used to calculate the SOR 
values is shown below. The fraction of the SORDCGLw for soil core samples collected is summarized in 
Table 10-2 below.  
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Since the sample intervals covered 12-in. depths compared to the 6-in. measurement intervals for the 
DHG cpm measurements, the two 6-in. DHG cpm results for each foot below ground surface were 
averaged for use in Table 10-2. The first, second, and third intervals listed in the column headings in 
Table 10-2 below refer to increasing depth intervals, with the third interval pertaining to the lowest 
depth. The Second 1-ft Sampling Interval is the highest cpm measurement. The First 1-ft Sampling 
Interval is the cpm for the 1-ft interval above the highest cpm, and the Third 1-ft Sampling Interval is 
the cpm for the 1-ft interval below the highest cpm. 

Table 10-2 Borehole SOR DCGLw Values 

Borehole 
Location 

First 1-ft  
Sampling Interval 

Second 1-ft  
Sampling Interval 

Third 1-ft  
Sampling Interval 

Depth 
Interval 

(ft) 
DHG 
(cpm) 

SOR 
DCGLw 

Depth 
Interval 

(ft) 
DHG 
(cpm) 

SOR 
DCGLw 

Depth 
Interval 

(ft) 
DHG 
(cpm) 

SOR 
DCGLw 

SU1-SB001 6 – 7 19,510 0.0 7 – 8 19,736 0.0 8 – 9 19,748 0.0 
SU1-SB002 6 – 7 19,276 0.0 7 – 8 19,713 0.0 8 – 9 19,935 0.0 
SU2-SB001 9 – 10 15,316 0.0 10 – 11 15,834 0.0 11 – 12 19,284 0.0 
SU2-SB002 9 – 10 15,756 0.0 10 – 11 16,912 0.0 11 – 12 20,332 0.0 
SU2-SB003 6 – 7 19,463 0.0 7 – 8 20,322 0.0 8 – 9 20,520 0.0 
SU13-SB001 8 – 9 19,922 0.54 9 – 10 20,488 0.0 10 – 11 20,208 0.0 
SU13-SB002 6 – 7 21,069 0.0 7 – 8 20,021 0.0 8 – 9 18,569 0.0 
SU13-SB003 7 – 8 19,541 0.0 8 – 9 19,646 0.0 9 – 10 19,609 0.0 
SU13-SB004 7 – 8 17,601 0.0 8 – 9 19,789 0.0 9 – 10 18,615 0.05 
SU17-SB001 9 – 10 15,358 0.0 10 – 11 15,270 0.0 11 – 12 18,838 0.0 
SU17-SB002 9 – 10 9,988 0.0 10 – 11 19,181 0.0 11 – 12 20,895 0.02 
SU17-SB003 7 – 8 19,627 0.0 8 – 9 19,371 0.0 9 – 10 15,745 0.0 
SU17-SB004 7 – 8 19,954 0.05 8 – 9 20,712 0.0 9 – 10 20,161 0.0 
SU17-SB005 4 – 5 16,767 0.0 5 – 6 18,824 0.0 6 – 7 18,606 0.0 
SU22-SB001 3 – 4 21,346 0.0 4 – 5 21,215 0.09 5 – 6 19,558 0.0 
SU22-SB002 4 – 5 18,371 0.0 5 – 6 19,494 0.0 6 – 7 18,805 0.0 
SU22-SB003 3 – 4 19,949 0.08 4 – 5 19,809 0.0 5 – 6 18,512 0.0 
SU22-SB004 4 – 5 21,303 0.0 5 – 6 22,026 0.0 6 – 7 21,213 0.0 
SU22-SB005 3 – 4 20,909 0.0 4 – 5 21,036 0.0 5 – 6 20,704 0.0 
SU22-SB006 7 – 8 19,820 0.07 8 – 9 19,754 0.0 9 – 10 20,472 0.0 
SU22-SB007 7 – 8 19,093 0.95 8 – 9 20,183 0.64 9 – 10 20,049 0.43 
SU23-SB001 2 – 3 15,723 0.04 3 – 4 18,803 0.29 4 – 5 22,859 0.0 
SU23-SB002 0.5 – 1.5 14,710 0.0 1.5 – 2.5 23,702 0.57 2.5 – 3.5 19,052 0.0 
SU23-SB003 2 – 3 13,065 0.0 3 – 4 19,760 0.0 4 – 5 19,844 0.0 
SU23-SB004 6 – 7 16,425 0.0 7 – 8 20,148 0.0 8 – 9 21,482 0.0 
SU23-SB005 5 – 6 19,412 0.0 6 – 7 19,400 0.0 7 – 8 18,808 0.0 
SU23-SB006 9 – 10 13,487 0.0 10 – 11 16,384 0.0 11 – 12 19,365 0.01 
SU25-SB001 5 – 6 20,404 0.0 6 – 7 20,789 0.0 7 – 8 21,426 0.0 
SU25-SB002 6 – 7 20,457 0.0 7 – 8 20,865 0.0 8 – 9 20,757 0.0 
SU26-SB001 3 – 4 21,098 0.0 4 – 5 21,522 0.0 5 – 6 21,148 0.0 
SU26-SB002 7 – 8 19,944 0.0 8 – 9 20,446 0.0 9 – 10 20,624 0.0 
SU26-SB003 7 – 8 19,620 0.0 8 – 9 20,030 0.12 9 – 10 18,531 0.0 
cpm = counts per minute. 
DCGLw = Derived Concentration Guideline Level, Wilcox Rank Sum. 
DHG = downhole gamma (logging). 
ft = feet. 
SB = soil boring. 
SOR = sum of ratios. 
SU = survey unit. 

10.3 Test Pit Survey Results 

Gross gamma scans were performed on the surface soils of all test pits prior to excavation. A 
1-minute static count was performed on the surface of the test pit in the area of the highest gross 
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gamma count rate reading. Results of surface gross gamma count rates are summarized in 
Table 10-3 below. 

Test pit surface count rates varied from test pit to test pit based on the geological conditions, e.g. soil, 
clay, brick, etc., in the area where the test pit was excavated. A reference background test pit was not 
required by the FSP, and reference background count rates were not collected. However, surface soil 
samples collected from test pits yielded RCOC activity values that are generally indicative of 
historically established background activity levels for the site. This is an indication that the test pit 
surface count rates listed in Table 10-3 below represent, or are close to, actual background values. 
RCOC activity values for test pit surface samples can be found in Appendix I of this report. 

Table 10-3 Test Pit Surface Gross Gamma Survey Results 

Test Pit Location 

Highest 
Surface Reading  

(cpm) 

Average  
Surface Reading  

(cpm) 

Lowest 
Surface Reading  

(cpm) 
SU14-TP001 5,224 5,000 4,800 
SU14-TP002 14,789 11,000 10,789 
SU14-TP003 2,596 1,800 1,400 
SU15-TP001 4,215 3,500 3,161 
SU15-TP002 2,382 1,500 1,411 
SU15-TP003 5,206 4,000 3,907 
SU16-TP001 4,381 5,000 6,921 
SU16-TP002 12,789 10,000 10,283 
SU18-TP001  5,489 4,900 3,827 
SU18-TP002 5,385 4,800 4,200 
SU19-TP001 6,623 6,000 5,745 
SU19-TP002 2,404 1,500 1,314 
SU19-TP003 2,496 2,000 2,100 
SU20-TP001 12,002 10,500 11,023 
SU20-TP002 3,000 1,900 1,363 
SU21-TP001 2,081 1,600 1,461 
cpm = counts per minute 
SU = survey unit. 

Gross gamma scans were performed on the bottom of excavated test pits. Results of test pit bottom 
gross gamma count rates are summarized in Table 10-4 below. Test pit bottom count rates varied 
from test pit to test pit based on the geological conditions, e.g. soil, clay, brick, concrete, etc., in the 
area where the test pit was excavated. A reference background test pit was not required by the FSP, 
and reference background count rates were not collected. However, soil samples collected from the 
bottom of the test pits yielded RCOC activity values that are generally indicative of historically 
established background activity levels for the site. This is an indication that the test pit bottom count 
rates listed in Table 10-4 below represent, or are close to, actual background values. RCOC activity 
values for test pit bottom samples can be found in Appendix I of this report. 
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Table 10-4 Test Pit Bottom Gross Gamma Survey Results 

Test Pit Location 

Highest Bottom 
Reading 

(cpm) 

Average Bottom 
Reading  

(cpm) 

Lowest Bottom 
Reading  

(cpm) 
SU14-TP001 11,392 10,000 9,834 
SU14-TP002 9,283 8,200 8,606 
SU14-TP003 10,004 9,000 8,431 
SU15-TP001 8,799 7,500 7,542 
SU15-TP002 9,262 8,900 8,577 
SU15-TP003 8,997 6,500 4,066 
SU16-TP001 10,207 8,500 8,838 
SU16-TP002 8,649 8,200 8,118 
SU18-TP001  10,165 9,000 8,875 
SU18-TP002 9,246 8,700 8,557 
SU19-TP001 9,607 8,000 7,968 
SU19-TP002 8,653 6,700 5,716 
SU19-TP003 9,756 9,900 10,103 
SU20-TP001 9,352 8,700 8,696 
SU20-TP002 12,874 9,000 6,000 
SU21-TP001 9,541 9,000 8,642 
cpm = counts per minute 
SU = survey unit. 

Gross gamma scans were performed on the sidewalls of excavated test pits. A total of 64 sidewalls, 
representing 16 test pits, were surveyed. Results of test pit sidewall gross gamma count rates are 
summarized in Table 10-5 below. 

Table 10-5 Test Pit Wall Gross Gamma Survey Results 

Test Pit Location 
Highest Sidewall 
Reading (cpm) 

Location of 
Highest Reading 

(Wall, depth) 

Lowest Sidewall 
Reading  

(cpm) 

Location of  
Lowest Reading  

(Wall, depth) 
SU14-TP001 15,182 South wall, 5.0 ft 3,742 South wall, 0.0 ft 
SU14-TP002 11,902 North wall, 6.0 ft 3,010 North wall, 0.0 ft 
SU14-TP003 12,710 West wall, 4.5 ft 3,706 East wall, 0.0 ft 
SU15-TP001 9,830 West wall, 4.0 ft 4,169 North wall, 0.0 ft 
SU15-TP002 10,752 North wall, 1.5 ft 3,128 South wall, 0.0 ft 
SU15-TP003 10,679 South wall, 6.0 ft 3,513 North wall, 0.0 ft 
SU16-TP001 10,724 North wall, 5.5 ft 4,251 East wall, 0.0 ft 
SU16-TP002 9,245 North wall, 6.0 ft 3,013 North wall, 0.0 ft 
SU18-TP001  11,794 South wall, 5.0 ft 4,111 South wall, 0.0 ft 
SU18-TP002 10,954 East wall, 5.5 ft 3,267 East wall, 0.0 ft 
SU19-TP001 13,633 East wall, 5.5 ft 3,803 North wall, 0.0 ft 
SU19-TP002 9,296 North wall, 5.5 ft 2,977 East wall, 0.0 ft 
SU19-TP003 15,675 North wall, 5.0 ft 2,867 West wall, 0.0 ft 
SU20-TP001 10,284 North wall, 6.0 ft 3,060 North wall, 0.0 ft 
SU20-TP002 12,228 North wall, 6.0 ft 3,682 East wall, 0.0 ft 
SU21-TP001 10,507 West wall, 4.0 ft 3,048 West wall, 0.0 ft 
cpm = counts per minute. 
ft = feet. 
SU = survey unit. 

10.4 Test Pit Laboratory Results 

A soil sample was collected from the 0.00- to 0.5-ft depth interval of each test pit area in the surface 
area indicating the highest gross gamma reading prior to excavation. Two sidewall samples and one 
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bottom sample were also collected from locations within the test pit with the highest gross gamma 
scan measurements. RCOC sample results with negative net activity values after subtraction of 
established background values were set to zero for inclusion in the SOR DCGLw equation. No test pit 
samples were found to exceed an SOR DCGLw value of 1. The fraction of the SOR DCGLw for test 
pit samples collected is summarized in Table 10-6 below. 

Table 10-6 Test Pit Samples – Fraction of SOR DCGLw 

Test Pit Location 
Surface Sample 

SOR DCGLw 

Sidewall Sample 
No. 1 

SOR DCGLw 

Sidewall Sample 
No. 2 

SOR DCGLw 
Bottom Sample 

SOR DCGLw 
SU14-TP001 0.0 0.0 0.0 0.0 
SU14-TP002 0.0 0.0 0.0 0.02 
SU14-TP003 0.0 0.0 0.0 0.0 
SU15-TP001 0.0 0.0 0.0 0.0 
SU15-TP002 0.0 0.0 0.0 0.0 
SU15-TP003 0.04 0.0 0.0 0.0 
SU16-TP001 0.0 0.0 0.0 0.0 
SU16-TP002 0.0 0.0 0.0 0.0 
SU18-TP001  0.0 0.0 0.07 0.0 
SU18-TP002 ND 0.0 0.0 0.0 
SU19-TP001 0.0 0.0 0.0 0.0 
SU19-TP002 0.0 0.0 0.0 0.0 
SU19-TP003 0.0 0.0 0.0 0.0 
SU20-TP001 0.06 0.0 0.0 0.0 
SU20-TP002 0.0 0.0 0.0 0.0 
SU21-TP001 0.0 0.0 0.0 0.0 
ND = No data; no sample collected. 
SOR DCGLw = sum of ratios for Derived Concentration Level, Wilcox Rank Sum. 
SU = survey unit 

RCOC sample results with negative net activity values after subtraction of established background 
values were set to zero for inclusion in the SOR DCGLemc equation. The fraction of the SOR 
DCGLemc for test pit samples collected is summarized in Table 10-7 below. No test pit samples were 
found to exceed an SOR DCGLemc value of 1.  

Table 10-7 Test Pit Samples – Fraction of SOR DCGLemc 

Test Pit 
Location 

Surface Sample 
SOR DCGLemc 

Sidewall Sample 
No. 1 

SOR DCGLemc 

Sidewall Sample 
No. 2 

SOR DCGLemc 
Bottom Sample 
SOR DCGLemc 

SU14-TP001 0.0 0.0 0.0 0.0 
SU14-TP002 0.0 0.0 0.0 0.02 
SU14-TP003 0.0 0.0 0.0 0.0 
SU15-TP001 0.0 0.0 0.0 0.0 
SU15-TP002 0.0 0.0 0.0 0.0 
SU15-TP003 0.03 0.0 0.0 0.0 
SU16-TP001 0.0 0.0 0.0 0.0 
SU16-TP002 0.0 0.0 0.0 0.0 
SU18-TP001  0.0 0.0 0.01 0.0 
SU18-TP002 ND 0.0 0.0 0.0 
SU19-TP001 0.0 0.0 0.0 0.0 
SU19-TP002 0.0 0.0 0.0 0.0 
SU19-TP003 0.0 0.0 0.0 0.0 
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Table 10-7 Test Pit Samples – Fraction of SOR DCGLemc (continued) 

Test Pit 
Location 

Surface Sample 
SOR DCGLemc 

Sidewall Sample 
No. 1 

SOR DCGLemc 

Sidewall Sample 
No. 2 

SOR DCGLemc 
Bottom Sample 
SOR DCGLemc 

SU20-TP001 0.05 0.0 0.0 0.0 
SU20-TP002 0.0 0.0 0.0 0.0 
SU21-TP001 0.0 0.0 0.0 0.0 
DCGLemc = Derived Concentration Guideline Level, Elevated Measurement Comparison.  
SU = survey unit.  
ND No data, sample not collected 
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11.0 EVALUATION METHODOLOGY 

11.1 Derived Concentration Guideline Values 

The Painesville Site ROD (USACE 2006b) identified four FUSRAP-eligible RCOCs in Site soils 
that posed a risk to human health above applicable EPA guidelines: Ra-226 and its decay products 
(Ra-226+D), Th-230, Th-232 and its decay products (Th-232+D), and total uranium (Total U). All 
four RCOCs pose risks above EPA guidelines under an industrial use scenario, which has been 
identified as the reasonable future use scenario for the Site. 

DCGLs were developed for two specific areas: 100 square meters (m2) and 10,000 m2. The primary 
DCGL values for each RCOC at the site are based on an area of 10,000 m2 and depth of 2 m. The 
DCGLW applies to the average concentration over an entire SU. The DCGLemc is used as a potential 
guideline for localized areas of elevated activity. The DCGLemc ensures that while localized areas of 
elevated activity may significantly exceed the DCGLw at specific locations, the overall impact of 
these smaller areas will not cause the average concentration for the SU to exceed the DCGLw. 

Results for all soil samples collected during the Painesville Pre-Remediation VURS effort were 
compared against calculated DCGLs for the Site. These DCGLs were developed in the Feasibility 
Study Addendum for the Site (USACE 2005a) and are listed in Table 11-1 below.  

The SOR formula used with the DCGLW listed in Table 11-1 is given below. The concentration terms 
used in the numerators of the SOR DCGLw equation are the net concentrations after subtraction of the 
average background concentrations for each radionuclide. RCOC sample results with negative net 
activity values after subtraction of established background values were set to zero for inclusion in the 
SOR DCGLw equation.  
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The SOR formula used with the DCGLsemc listed in Table 11-1 is given below. RCOC sample results 
with negative net activity values after subtraction of established background values were set to zero 
for inclusion in the SOR DCGLemc equation. 
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RCOC results for all soil samples collected during the Painesville Pre-Remediation VURS effort were 
compared individually against calculated DCGLs for the Site. DCGLs are based on activity levels 
greater than background levels. The vast majority of sample results indicated activity levels less than 
established background levels. When this occurs a negative SOR value is obtained.  
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Table 11-1 DCGLs for the Painesville FUSRAP Sitea  

RCOC 
Background 

(pCi/g) 
DCGLw 

(pCi/g)a, b, c 
DCGLemc 
(pCi/g)b, c 

Ra-226d  1.42 9 12 
Th-230  2.56 25 34 
Th-232e  1.53 6 8 
Total Uraniumf  5.97 482 810 

a These cleanup goals represent activity levels above site background activity corresponding to 25 mrem/yr dose to the critical group receptor.  
These cleanup goals are equivalent to an incremental lifetime cancer risk of approximately 2E-05 for a construction worker (for each COC). 

b if a mixture of radionuclides is present, then the sum of ratios applies per MARSSIM.  For example, using DCGLw values for soil, the following 
sum of ratios equation is obtained: 
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 where SOR = sum of the ratios result 
  Ra-226 = net Ra-226 soil concentrations 
  Th-230 = net Th-230 soil concentrations 
  Th-232 = net Th-232 soil concentrations 
  U-234 = net U-234 soil concentrations 
  U-235 = net U-235 soil concentrations 
  U-238 = net U-238 soil concentrations 
 Net soil concentrations exclude background. 
c DCGLw values developed over a 10,000 m2 area.  DCGLemc values developed over a 100 m2 area. 
d Ra-226 criteria includes Pb-210 contribution to dose. 
e Th-232 criteria includes Th-228 and Ra-228 contribution to dose. 
f Concentration represent the total uranium guideline. 
g Total uranium background is the sum of the background values for U-234, U-235 and U-238. 
 

DCGLw = Derived Concentration Guideline Levels, Wilcoxon Rank Sum. 
DCGLemc = Derived Concentration Guideline Levels, Elevated Measurement Comparison. 
FUSRAP = Formerly Utilized Sites Remedial Action Report.  
pCi/g = picocuries per gram. 
Ra = radium. 
RCOC = radiological contaminant of concern 
Th = thorium. 
U = uranium. 

Possible reasons that may explain why the vast majority of RCOC results were found to be at less 
than established average background values include: 

• Established background RCOC activity values are average values for the Site. Actual background 
activity values will vary across the span of the Site with variations in geological composition and 
depth. For example, greenish gray clay was prevalent at depth on the western portion of the Site, 
however; the same clay was rarely encountered on the eastern portion of the Site. Different soil 
compositions will contain different background activity levels. 

• Background RCOC activity values may not have been determined for the soil depths from which 
the borehole and test pit samples were collected.  

SOR DCGLw and SOR DCGLemc values for all soil samples collected are listed in the Summary Table 
of Soil Sample Results in Appendix I of this report. No samples were found to exceed an SOR 
DCGLw or SOR DCGLemc value of 1. 
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11.2 Development of Activity Correlation Factors for Field Screening 

Field activity correlation factors were unable to be determined while activities were taking place 
onsite due to the short onsite time (2 weeks) and the length of time required for the offsite laboratory 
to complete the required analysis. However, activity correlation factors have been developed for 
future use at the site. Activity correlation factors were developed for DHG measurements, test pit 
sidewall measurements, and soil surface measurements. 

Activity correlation factors were developed by comparing gross gamma measurements in the field, 
such as DHG measurements, to calculated SOR DCGLw values for each sample analyzed from 
the site.  

DHG Measurements 
Calculated SOR DCGLw values from 96 offsite sample analysis results were compared to 96 DHG 
counts collected from 32 soil boring locations. DHG counts were collected using a 3-in. by 3-in. NaI 
detector and a Ludlum Model 2221 rate meter/scaler. Since the sample intervals covered 12-in. depths 
compared to the 6-in. measurement intervals for the DHG, the two DHG results for each foot bgs 
were averaged prior to being compared to the sample data. The results of this comparison are shown 
in Figure 11-1.  

 

Figure 11-1 Results of Averaged DHG Count Rates versus SOR DCGLw for 
Core Samples 
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A scatter plot of DHG count rates versus SOR DCGLw values was used to evaluate any possible 
correlation between DHG count rates and SOR DCGLw values. The scatter plot is illustrated in 
Figure 11-1 above. RCOC sample results with negative activity values after subtraction of established 
background values were set to zero for inclusion in the SOR DCGLw equation. Boreholes with SOR 
DCGLw values greater than zero but less than 1 are listed in Table 11-2 below. A summary table for 
all boreholes and associated RCOC and SOR DCGLw values can be found in Appendix I of this 
report. There were no borehole SOR DCGLw values greater than 1. 

Table 11-2 Information Pertaining to Boreholes with SOR DCGLw Values 
Greater than Zero 

Borehole I.D. 
Depth Interval 

(feet bgs) 
DHG Count Rate 

(cpm) 
SOR DCGLw 

value 
PNV-SO-SU13-SB001(8.0−9.0) 8.0 − 9.0 19,922 0.5435 
PNV-SO-SU17-SB002(11.0−12.0) 11.0 − 12.0 20,895 0.0190 
PNV-SO-SU22-SB001(4.0−5.0) 4.0 − 5.0 21,215 0.0906 
PNV-SO-SU22-SB006(7.0−8.0) 7.0 − 8.0 19,820 0.0748 
PNV-SO-SU22-SB007(7.0−8.0) 7.0 − 8.0 19,093 0.9466 
PNV-SO-SU22-SB007(8.0−9.0) 8.0 − 9.0 20,183 0.6422 
PNV-SO-SU22-SB007(9.0−10.0) 9.0 − 10.0 20,049 0.4322 
PNV-SO-SU23-SB001(2.0−3.0) 2.0 − 3.0 15,723 0.0408 
PNV-SO-SU23-SB001(3.0−4.0) 3.0 − 4.0 18,803 0.2948 
PNV-SO-SU26-SB003(9.0-10.0) 9.0 − 10.0 18,531 0.005 
PNV-SO-SU23-SB002(1.5−2.5) 1.5 − 2.5 23,702 0.5483 
PNV-SO-SU23-SB006(11.0−12.0) 11.0 − 12.0 19,365 0.0113 

bgs = below ground surface. 
cpm = counts per minute 
DHG = downhole gamma (logging). 
SOR DCGLw = Sum of Ratios for Derived Concentration Guideline Level, Wilcox Rank Sum. 

Evaluation of Figure 11-1 and Table 11-2 indicates that SOR DCGLw values greater than zero were 
not encountered until a DHG count rate of 15,723 cpm was obtained. The SOR DCGLw value 
associated with this count rate was 0.041. Evaluation of the data does not indicate a mathematical 
relationship between DHG count rates and associated SOR DCGLw values; this may be due to the 
limited number of positive value data points. Based on the data, and being conservative, it is 
recommended that soil processing and sampling not be performed when DHG count rates are less 
than 15,723 cpm using a 3-in. by 3-in. NaI detector. The recommendation is based on the fact that 
there appears to be no mathematical relationship between DHG count rates and associated SOR 
DCGLw values and that SOR DCGLw values greater than zero were not obtained until a DHG count 
rate of 15,723 cpm was obtained.  
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Test Pit Sidewall 
Measurements 
Calculated SOR 
DCGLw values from 32 
offsite sample analysis 
results were compared 
to 32 gross gamma 
count rates collected 
from 32 test pit sidewall 
locations. Gross gamma 
counts were collected 
using a collimated 3-in. 
by 3-in. NaI detector 
and a Ludlum Model 
2221 rate meter/scaler. 
The results of this 
comparison are shown 
in Figure 11-2.  
 

A scatter plot of test pit 
sidewall count rates versus 
test pit sidewall SOR 
DCGLw values was used to  
evaluate any possible 
correlation between test pit sidewall count rates and sidewall SOR DCGLw values. The scatter plot is 
illustrated in Figure 11-2 above. RCOC sample results with negative activity values after subtraction 
of established background values were set to zero for inclusion in the SOR DCGLw equation. Only 
one test pit sidewall sample had a SOR DCGLw value greater than zero. Test pit SU18-TP001 had a 
SOR DCGLw value of 0.007. The sample was collected from the southwest wall at the 5 ft bgs depth. 
The corresponding sidewall gross gamma count rate at the sample location was 11,794 cpm. A 
summary table for all test pit sidewall samples and associated RCOC and SOR DCGLw values can be 
found in Appendix I of this report. There were no test pit sidewall SOR DCGLw values greater than 1. 

Evaluation of the data does not indicate a mathematical relationship between test pit sidewall count 
rates and associated SOR DCGLw values; this may be due to the limited number of positive value 
data points.  Based on the data, and being conservative, it is recommended that soil processing and 
sampling not be performed when test pit sidewall count rates are less than 11,794 cpm using a 3-in. 
by 3-in. NaI detector. The recommendation is based on the fact that there appears to be no 
mathematical relationship between test pit sidewall count rates and associated SOR DCGLw values 
and that the only test pit sidewall SOR DCGLw value greater than zero was obtained with a 
corresponding gross gamma count rate of 11,794 cpm. 

Figure 11-2 Results of Test Pit Sidewall Count Rates 
Versus SOR DCGLw for Test Pit 
Sidewall Samples 
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Surface Soil Measurements 
Calculated SOR DCGLw values from 15 offsite sample analysis results were compared to 15 gross 
gamma count rates collected from a biased location on the surface of 15 test pits. Gross gamma 
counts were collected using a 3-in. by 3-in. NaI detector and a Ludlum Model 2221 rate meter/scaler.  
 

A scatter plot of test pit surface count rates versus SOR DCGLw values was used to evaluate any 
possible correlation between surface count rates and surface SOR DCGLw values. The scatter plot is 
illustrated in 
Figure 11-3 (right). 
RCOC sample results 
with negative activity 
values after subtraction 
of established 
background values were 
set to zero for inclusion 
in the SOR DCGLw 
equation. Test pit 
surface samples with 
SOR DCGLw values 
greater than zero but less 
than 1 are listed in 
Table 11-3 below. 
A summary table for all 
test pit surface samples 
and associated RCOC 
and SOR DCGLw values 
can be found in 
Appendix I of this report. 
There were no test pit 
surface sample SOR DCGLw values greater than 1. 

Table 11-3 Information Pertaining to Test Pit Surface Samples with SOR 
DCGLw Values Greater than Zero 

Test Pit I.D. 
Sample Location Count Rate 

(cpm) SOR DCGLw value 
SU15–TP003 5,206 0.0407 
SU20–TP001 12,022 0.0644 

cpm = counts per minute. 
SU = survey unit 
SOR DCGLw = Sum of Ratios for Derived Concentration Guideline Level, Wilcox Rank Sum. 

Evaluation of Figure 11-3 and Table 11-3 indicates that SOR DCGLw values greater than zero were 
not encountered until a test pit surface count rate of 5,206 cpm was obtained. The SOR DCGLw value 
associated with this count rate was 0.0407. Evaluation of the data does not indicate a mathematical 
relationship between test pit surface count rates and associated SOR DCGLw values; this may be due 
to the limited number of positive value data points. Based on the data, and being conservative, it is 
recommended that soil processing and sampling not be performed when test pit surface count rates 

Figure 11-3 Results of Surface Count Rates Versus 
SOR DCGLw for Test Pit Surface Samples 
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are less than 5,206 cpm using a 3-in. by 3-in. NaI detector. The recommendation is based on the fact 
that there appears to be no mathematical relationship between test pit surface count rates and 
associated SOR DCGLw values and that SOR DCGLw values greater than zero were not obtained until 
a test pit surface count rate of 5,206 cpm was obtained. 
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12.0 CONCLUSIONS 

Test pit analytical results from the eastern portion of the Site indicated SOR DCGLw and DCGLemc 
values of <1, verifying that contamination is not present at depth in the previously final status 
surveyed Class 2 areas.  

Soil boring core analytical results from USACE-specified locations surrounding Areas A and H 
(previously remediated areas) indicate SOR DCGLw and DCGLemc values of <1, verifying that 
contamination did not extend vertically or horizontally past previously identified contamination 
boundaries.  

It is recommended that soil processing and sampling not be performed when DHG count rates are less 
than 15,723 cpm using a 3-in. by 3-in. NaI detector. The recommendation is based on the fact that 
there appears to be no mathematical relationship between DHG count rates and associated SOR 
DCGLw values and that SOR DCGLw values greater than zero were not obtained until a DHG count 
rate of 15,723 cpm was obtained. 

It is recommended that soil processing and sampling not be performed when test pit sidewall count 
rates are less than 11,794 cpm using a 3-in. by 3-in. NaI detector. The recommendation is based on 
the fact that there appears to be no mathematical relationship between test pit sidewall count rates and 
associated SOR DCGLw values and that the only test pit sidewall SOR DCGLw value greater than 
zero was obtained with a corresponding gross gamma count rate of 11,794 cpm. 

It is recommended that soil processing and sampling not be performed when test pit surface count 
rates are less than 5,206 cpm using a 3-in. by 3-in. NaI detector. The recommendation is based on the 
fact that there appears to be no mathematical relationship between test pit surface count rates and 
associated SOR DCGLw values and that SOR DCGLw values greater than zero were not obtained until 
a test pit surface count rate of 5,206 cpm was obtained. 
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Appendix A. Site Layout, Borehole and 
Test Pit Locations 
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SU14 TP001 / Randy McCrone  / 5-17-09 / 2:20 pm 
View of SU14 TP001 Bench 

SU14 TP001 / Randy McCrone /5-17-09 / 2:00 pm 
Start of Excavation  
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SU14 TP001 / Randy McCrone /5-17-09 / 4:00 pm 
Fully Excavated with Bench 

SU14 TP001 / Randy McCrone / 5-17-09 / 4:45 pm 
After Backfill 
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SU14 TP002 / Randy McCrone / 5-18-09 / 9:30am 
Prior to Excavation 

 
 

 
 
 
 

 

SU14 TP002 / Randy McCrone  / 5-18-09 / 9:40 am 
Start of Excavation 
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SU14 TP002 / Randy McCrone / 5-18-09 / 10:00 am 
“Benching” the Test Pit 

 
 

 
 
 
 
 

SU14 TP002/ Randy McCrone /5-18-09 / 11:00 am 
Bottom of the Test Pit 
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SU14 TP003 / Randy McCrone / 5-16-09 / 2:00 pm 
 
 

 
 

SU14  TP003 / Randy McCrone / 5-16-09 / 2:10 pm 
Start of Excavation 

 

Final Reports for the Painseville FUSRAP Site VURS

W912P4-07-D-0009, D.O. 00002 A-21



 
 

 
 
 
 
 

 
 

SU14 TP003 / Randy McCrone / 5-16-09 / 5:00 pm 
After Excavation and Backfill 

SU14 TP003 / Randy McCrone / 5-16-09 / 2:30 pm 
Start of “Benching” Excavation 
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SU15 TP001/ Randy McCrone /5-17-09 / 2:30 pm 
Start of Excavation 

SU15-TP001 / Randy McCrone / 5-17-09 / 3:30 pm 
Fully Excavated Test Pit 
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SU15 TP001 / Randy McCrone / 5-17-09 / 4:30 pm 
After Excavation and Backfill 

SU15 TP002 / Randy McCrone / 5-16-09 10:50 am 
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SU15 TP002 / Randy McCrone / 5-16-09 / 11:00 am 
Start of Excavation 

SU15 TP002 / Randy McCrone /5-16-09 / 11:30 am 
Test Pit at 4-ft Depth 
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SU15 TP003 / Randy McCrone / 5-20-09 / 6:00 pm 
                         Start of Excavation 

 
 
 

 
 
 SU16 TP001 / Randy McCrone / 5-18-09 / 3:50 pm 

Corner Point of Test Pit Prior to Escavation on Concrete Slab 
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 SU16 TP001 / Randy McCrone / 5-18-09 / 4:30 pm 
Test Pit at 4-ft Depth

SU16 TP001 / Randy McCrone / 5-18-09 / 4:00pm 
Start of Excavation 
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SU16 TP 002 / Randy McCrone  / 5-18-09  3:00 pm 

SU16 TP002 / Randy McCrone / 5-18-09 / 3:00 pm 
Start of Excavation 
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SU16 TP002 / Randy McCrone / 5-18-09 / 3:30 pm 
“Benching” the Test Pit 

SU16 TP002 / Randy McCrone / 5-18-09 / 4:00 pm 
Bottom of the Test Pit 
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SU18 TP001 / Randy McCrone / 5-19-09 / 6:10 pm 

Start of Excavation

SU18 TP001 / Randy McCrone / 5-19-09 / 6:00 pm 
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SU18-TP001 / Randy McCrone /5-19-09 / 6:55 pm 
Fully Excavated Test Pit 

SU18 TP001 / Randy McCrone / 5-19-09 / 6:40 pm 
Fully Excavated Test Pit 
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 SU18 TP002 / Randy McCrone /5-20-09 / 11:05 am 

Bottom and Side Wall of Test Pit 

SU18 TP002 / Randy McCrone / 5-20-09 / 11:00 am 
Unidentified small diameter pipe at bottom center of the test 

pit 
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SU19 TP001 / Randy McCrone  /start of the dig/  5-19-09 9:00 am 
Start of Excavation 

SU18 TP002 / Randy McCrone / 5-20-09 / 12:30 pm 
After Excavation and Backfill 
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SU19 TP002 / Randy McCrone / 5-15-09  / 4:30 pm 

SU19 TP001 / Randy McCrone /5-19-09 / 10:30 am 
Fully Excavated Test Pit 
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SU19 TP 002 / Randy McCrone beginning / 5-15-09 4:45 pm 
Start of Excavation 

SU19 TP002 / Randy McCrone / 5-15-09 / 5:00 pm 
Concrete Wall of Side of Test Pit 
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SU19 TP003 / Randy McCrone / 5-17-09  5:30 pm 

SU19 TP002 / Randy McCrone / 5-15-09 / 5:00 pm 
Test Pit at 4-ft bgs
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SU19 TP003 / Randy McCrone /5-17-09 / 6:00 pm 

SU19 TP003 / Randy McCrone start / 5-17-09 5:40 pm 
Start of Excavation 
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SU19 TP004 / Randy McCrone / 5-19-09 / 11:00am 

SU19 TP003 / Randy McCrone / 5-17-09 / 7:00 pm 
After Excavation and Backfill 
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SU19 TP 004 / Randy McCrone / 5-19-09  / 11:45am   Start of Excavation 
Test Pit later relocated to SU15 TP003 at the Direction of the COR 

SU19 TP004 / Randy McCrone / 5-19-09 / 12:00 
Uncovered Drain just below ground surface. Test 
Pit later relocated to SU15 TP003 at the Direction 

of the COR 
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SU19 TP004 / Randy McCrone / 5-19-09 / 12:30pm 
Concrete slab at approx. 1 ft bgs.  Test Pit later relocated to 

SU15 TP003 at the Direction of the COR 

SU20 TP 001 / Randy McCrone / 5-19-09 / 3:30 pm 
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SU20 TP001 / Randy McCrone / 5-19-09 / 3:50 pm 
Fill material removed from the Test Pit 

SU20 TP 001 / Randy McCrone / 5-19-09 / 3:45 pm 
Test Pit at 2 ft bgs 
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SU20 TP001 / Randy McCrone / 5-19-09 / 3:50 pm 
Fill material removed from the Test Pit 

SU20 TP002 / Randy McCrone  dig / 5-15-09  / 12:00pm 
Excavating the Test Pit 
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SU20 TP002  /Randy McCrone / 5-15-09 / 12:30 pm 
Excavated Test Pit with Bench 

SU20 TP002 / Randy McCrone / 5-15-09 / 12:30 pm 
Excavated Test Pit with Bench Showing Uncovered 

Small Diameter Pipe 
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Appendix D. Driller’s Soil Boring Logs 
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Appendix E. Borehole Geological Data 
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Appendix G. Test Pit Geological Data 
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Core and Test Pit Sample Chain of Custodies 
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IDW and RCRA Sample Chain of Custodies 
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