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1. EXECUTIVE SUMMARY 
Weston Solutions, Inc. (WESTON®) has been contracted to achieve United States (U.S.) Nuclear 
Regulatory Commission (NRC) delisting of the Bush River Rad Yard in the Edgewood Area of 
Aberdeen Proving Ground (APG), Maryland (MD).  This work is being conducted under the 
Base Environmental Support Team (BEST) Contract (W91ZLK-04-D-0014), Delivery Order 
0005 for the Directorate of Safety, Health and Environment (DSHE). 

In 2003 the NRC determined that the Bush River Rad Yard (which shall be referred to as the 
‘Rad Yard’ for the remainder of this report) was controlled under NRC license number 
19-10306-01, which is held by the U.S. Army Research Development and Engineering 
Command (RDECOM), formerly the Edgewood Chemical Biological Center (ECBC), U.S. 
Army Soldier and Biological Chemical Command (SBCCOM).  Remediation activities at the 
Rad Yard were completed in 2007 and the licensee would like to remove the site from its license.  
This Final Status Survey Report (FSSR) follows guidance in the Multi-Agency Radioactive 
Survey and Site Investigation Manual (MARSSIM) (NRC 2002), and Consolidated NMSS 
Decommissioning Guidance Decommissioning Process for Materials Licensees, Final Report.  
(NUREG-1757) (NRC 2006) in describing the pathway by which that license action will be 
supported.  The objective of this FSSR is to have the Rad Yard removed from NRC control 
under the RDECOM license by December 2008.  Control of other sites and activities under 
license number 19-10306-01 may continue, and the termination of that license is not part of this 
project goal.  These activities are not intended to address regulatory control of the site by any 
other state or federal agencies. 

This FSSR documents the site activities that implemented the Final Status Survey Plan (FSSP) 
(WESTON, 2007), provides a statistical evaluation of data from the Final Status Surveys (FSSs) 
in accordance with MARSSIM guidance, describes the basis used to determine the number of 
samples required from each survey unit, and describes the as low as reasonably achievable 
(ALARA) practices used to achieve the final activity levels at the site.  The status of the Rad 
Yard as determined by the results of the FSSs is as follows: (1) evaluations of soil sample data 
indicate that all 11 survey units meet the criteria for their unrestricted release, (2) evaluations of 
structures and concrete pads at the site indicate that contamination levels meet the unrestricted 
release criteria, and (3) the Rad Yard qualifies for removal from the NRC license under which 
past site operations were conducted. 
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2. GENERAL SITE DESCRIPTION AND SUMMARY OF PAST 
ACTIVITIES 

2.1 SITE PHYSICAL DESCRIPTION 

The Rad Yard, which covers approximately 5 acres, is located in the Bush River Study Area 
(BRSA) at the Edgewood Area of APG, MD, as shown in Figure 1-1, Rad Yard Site Map.  The 
Rad Yard is part of Operable Unit 3 in the BRSA, which includes the Radioactive Material 
Disposal Facility (the Rad Yard), the 22nd Street Landfill, and the former Adamsite Storage Pit.  
The Rad Yard includes an open storage yard, two structures (Buildings E2354 and E2371), an 
abandoned underground storage tank (UST), an abandoned sump at the 22nd Street Landfill, the 
basement of Building E2364, and three concrete pads that remain from the removal of Buildings 
E2366, E2368, and E2356 during the Non-Time Critical Removal Action. 

As depicted in Figure 1-2, Rad Yard Site Boundary, WESTON specifically limits the boundary 
of the Rad Yard to the following: 

 The area above groundwater. 

 The dirt/gravel road to the south and west of the Rad Yard. 

 The physical security measure separating the 22nd Street Landfill from the Rad Yard to 
the north. 

 The physical security measure separating the Bush River from the Rad Yard to the east. 

Also indicated on Figure 1-2 are the outlines and locations of various site features such as the 
slabs that remain from former buildings and vaults, locations of existing buildings, USTs, sumps, 
and outlines of areas (Nodes 1-12) excavated as part of the Non-Time Critical Removal Action. 

The Rad Yard, originally called the Toxic Gas Yard, was used for the consolidation, 
repackaging, and shipment of waste from the 1930s until 2002 (General Physics Corporation 
[GP], 2002).  The site was built in 1931 as a storage facility for chemical warfare agents and 
ordnance.  The facility was used for the management of military radioactive waste from the early 
1960s until October 2002.  During that time, a wide range of radionuclides were potentially 
processed, packaged, and temporarily stored at the Rad Yard, including tritium (H-3), cesium 
(Cs-137), cobalt (Co-60), Strontium (Sr)-90, and Radium (Ra)-226.  Before 1985, wastes were 
received from military installations along the eastern U.S. for processing.  After 1985, only small 
quantities of radioactive waste produced at APG were stored at the site.  Since October 2002, no 
wastes have been stored at the Rad Yard and the site is currently not in use. 
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Figure 1-1.  Rad Yard Site Map 

Bush River Study Area 
APG, Maryland 
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Figure 1-2.  Rad Yard Site Boundary 
Bush River Rad Yard 

APG, Maryland 
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2.2 SUMMARY OF REMEDIATION ACTIVITIES 

Between October 2004 and November 2006, WESTON conducted a Non-Time Critical Removal 
Action at the Rad Yard in accordance with the specifications of the Engineering Evaluation/Cost 
Analysis (EE/CA) completed by General Physics Corporation and documented in the 
Engineering Evaluation/Cost Analysis, Radioactive Waste Management Facility Removal Action. 
(GP, 2003).  The primary objective of this removal action was to demolish contaminated 
structures and excavate and arrange disposal of radioactive (Cs-137 and Co-60) and hazardous 
(arsenic [As]) contaminated soils and other associated materials.  This removal action was 
considered an interim remedy to facilitate future remediation at the BRSA under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), but was 
not conducted as an NRC decommissioning project.  Contaminated structures were demolished 
and removed; soils and materials were excavated and disposed; verification and characterization 
soil samples were collected and analyzed for Cs-137, Co-60 and As; and radiological surveys of 
remaining concrete foundations and the entire site were conducted.  All radiological soil 
characterization samples and surveys of remaining concrete foundations were below the 
established action levels.  The removal action is described, and results of in-situ measurements 
and sample analyses are provided in the Bush River Study Area Removal Action Report for Non-
Time Critical Removal Action, Radioactive Waste Management Facility, Final, January 2007 
(WESTON, 2007). 

All verification samples collected from the excavated areas contained Cs-137 and Co-60 at 
concentrations less than the cleanup criteria.  A FSSP was developed and submitted to the NRC.  
Samples were then collected and measurements were conducted in compliance with the FSSP.  
The sample results and statistical evaluations of the FSS data are described in this report. 

2.3 FACILITY DERIVED CONCENTRATION GUIDELINE LEVELS (DCGLs) AND 
ALARA CONSIDERATIONS 

2.3.1 Soil DCGLs 

In the case of the Rad Yard removal action, the cleanup criteria or DCGLs applied were 5 pCi/g 
of Cs-137 and 0.5 pCi/g of Co-60. These criteria are also applied for the evaluation of the FSS 
results.  Table 2-1 presents the values for Cs-137 and Co-60 taken from Tables B.2 and H.1 in 
NUREG-1757, Volume 1 (NRC, 2006) and compares them to the DCGLs for the removal action 
obtained from the FSSP. 

Table 2-1.  Comparison of Surface Soil Cleanup Criteria (pCi/g) 

MOU Triggers  
NUREG-1757, Table H.1 

Radionuclide 

NRC Screening 
Values 

NUREG-1757, 
Table B.2 Residential Industrial 

Removal 
Action/FSS 

DCGL 

Cs-137 11 6 11 5 

Co-60 3.8 4 6 0.5 
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The cleanup criteria that were described in the FSSP and employed during the FSS of the Rad 
Yard are lower than the NRC acceptable screening values and the MOU triggers. These lower 
cleanup values were selected because they are ALARA, and because they are technically feasible 
from the standpoint that the lower concentrations were reliably detectable.  The following 
sections of this report demonstrate that residual levels of contamination in the survey units are in 
the range of natural background or the detection limits for acceptable analytical methods.  As a 
result, potential doses to site receptors have been reduced to negligible levels, contaminants have 
been reduced to levels that are statistically indistinguishable from background, and the ALARA 
goals for the site have been met. 

MARSSIM advises that at sites impacted by multiple radionuclides, the DCGL for each 
radionuclide be weighted together using a unity rule.  However, the ALARA DCGLs for Cs-137 
and Co-60 were selected arbitrarily below the NRC release criteria and the sum of their predicted 
doses is less than unity. 

2.3.2 DCGLs for Structures and Surfaces of Items 

Table 2-2 presents the values for Cs-137 and Co-60 taken from Table B.1 of Appendix B in 
NUREG-1757, Volume 1 (NRC, 2006) and the surface contamination criteria from Regulatory 
Guide 1.86 (NRC, 1974) that were applied to concrete floors, walls, and building slabs left on-
site following the removal action.  These activity-based criteria used during the removal action 
for beta-gamma emitters (Cs-137 and Co-60) are significantly more restrictive than the dose-
based screening values from NUREG-1757 (NRC, 2006) and were therefore used as the surface 
DCGLs, as required by the FSSP.  

Table 2-2.  Applicable Surface Contamination Limits 

NUREG-1757, Table B.1 
Screening values (dpm/100 cm2) 

Derived Concentration Guideline Levels [from 
Reg Guide 1.86 (dpm/100 cm2)] 

Cs-137 Co-60 Beta-gamma emitters 

28,000 7100 5000 avg., 15,000 max 

 
As shown by the comparisons in Tables 2-1 and 2-2, the criteria actually used during the removal 
action and now identified as DCGLs for the FSS were lower than the NRC allowable screening 
values. These lower values were selected for two reasons:  (1) they were considered to be 
ALARA, and (2) they were considered to be technically feasible from the standpoint that the 
lower concentrations were reliably detectable. 
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3. SUMMARY DESCRIPTION OF FSSP APPROACH AND 
MODIFICATIONS TO THE PLAN 

The following sections describe the requirements as described in the FSSP for the 11 soil survey 
units, the buildings, the remaining concrete pads, and the vaults.  The methods used to determine 
the number of samples required in each survey unit, the general soil sampling and data 
interpretation protocols that were applied to all 11 survey units and structures, and the changes to 
FSSP requirements that were made to accommodate actual site conditions are also described 
below. 

3.1 SURVEY UNIT DESCRIPTION AND BASIS FOR DETERMINATION OF NUMBER 
OF SAMPLES 

3.1.1 Soil Survey Units 

All areas contained within the site boundary were categorized as Class 1, and soil area survey 
units were therefore limited to areas less than 2000 m2, as required by MARSSIM and described 
in the FSSP.  Initial survey units ranging in area from approximately 700 to 1900 m2 were 
designated for the FSSP using scaled maps of the site, hand-drawn boundaries, and calculated 
areas.  Each of the initial 13 survey units was designated such that none would exceed the size 
limit described in MARSSIM.   

Prior to conducting the FSSs, the survey unit boundaries were redesigned using global 
positioning system (GPS) data and systems that provided area calculations that were more 
accurate than the initial efforts.  As a result, the FSS was conducted using 11 survey units that 
did not range in size as much as the initial 13 survey units did, yet each of them was still less 
than 2000 m2.  A letter notifying the NRC of this change is provided in Appendix A, and a map 
showing the final survey unit boundaries is provided in Figure 3-1.  If a contaminated area was 
found on site during the FSS and extended beyond the site boundaries, the impacted area was to 
be included in the survey unit.  No such areas of contamination were found. 

3.1.2 Contaminated Surfaces 

Buildings E2356 and E2368 were demolished during the Non-Time Critical Removal Action.  
These slabs were not anticipated to have residual surface contamination, but because they were 
located within the inner controlled access fence of the Rad Yard they were classified as Class 1 
survey units. During the FSS, a 100% surface contamination survey of these two slabs was 
conducted.  The slabs were gridded into 1 m2 areas, and a beta surface contamination survey was 
performed in compliance with the procedure described in the FSSP. 

During the removal action, Buildings E2354 and E2371 were located outside of the controlled 
access fence of the Rad Yard and were designated as support areas.  As a result, Buildings E2354 
and E2371 were classified as Class 2 structures in the FSSP. Low levels of contamination were 
found in E2371 during the FSS, so it was reclassified as a Class 1 structure and 100% of its 
surface areas were surveyed, as appropriate for Class 1 structures. Building E2354 is a one-story 
structure with a footprint thought to be 330 ft2 (31 m2). Building E2371 is a one-story structure 
with a footprint of approximately 177 ft2 (16 m2). 



 
Figure 3-1.  Confirmation Samples for Radionuclides in Soil 

Bush River Rad Yard 
APG, Maryland 

8 
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In the FSSP, Building E2354 was evaluated as a Class 2 structure. Based on the estimated 
footprint of 31 m2, fourteen 1-m2 survey points were planned for the floors and lower walls of 
the building. However, during the FSS, it was determined that the building was substantially 
larger and the number of measurement locations was increased to 20. 

Also, additional suspect areas such as sink and shower drains were bias surveyed. Each 
measurement point was surveyed for surface contamination in accordance with the procedure 
described in the FSSP.  The surveys covered approximately 16% of the interior surface of E2354 
and 100% of the interior surface of E2371.  This level of coverage is in compliance with 
MARSSIM guidance, which recommends survey coverage of 100% for Class 1 structures and 
between 10 to 100% for Class 2 structures.  No measurement locations were found to have 
residual contamination above the release criteria, so neither building had to be reclassified as 
Class 1. 

3.2 SUMMARY OF VALUES USED TO DETERMINE THE REQUIRED NUMBER OF 
SAMPLES IN THE FSSP 

The FSSP provides a description of how the numbers of samples required for each survey unit 
and building surface were derived. The FSSP concluded, based on the removal action 
verification data, that 15 surface soil samples from each survey unit in the Class 1 areas, and 
14 surface contamination measurements on Class 2 building surfaces were required.  As shown 
in the FSS data and described in Section 4 of this report, these preliminary estimates were correct 
except for two cases.  Additional soil samples were collected in Survey Unit 3 and 7, and 
20 surface measurements were taken in Building E2354 due to its larger than expected area. 

3.3 SUMMARY OF FSSP SOIL SAMPLING REQUIREMENTS 

3.3.1 Sample Identification and Handling 

WESTON used their corporate sampling program known as FieldFast for FSS sampling 
activities conducted at the Rad Yard. FieldFast is a database that helps organize large quantities 
of sampling data and generates computerized forms and labels. For the Rad Yard FSS activities, 
the FieldFast database was populated with project-specific values to help generate sample 
identifications (IDs), chain-of-custody forms, and sample labels. 

3.3.2 Sampling Grid 

As described in the FSSP, a minimum of 15 soil samples were collected for each survey unit.  
Starting at a randomly generated point the samples were systematically collected in the survey 
unit from each intersection of a triangular grid that was established from the following 
MARSSIM equation:  

n
AL 866.0=   

where: 
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L = Length of grid section, 
A = Area of survey unit, and 
n = number of samples from COMPASS. 

The procedure used for laying out the triangular sampling grid for the soil area survey unit was 
as follows: 

 A random starting point was located by drawing two random numbers from a uniform 
distribution on the interval [0, 1].  The first number was scaled by the length of the east-
west coordinate axis.  The coordinates were rounded to the nearest values that can be 
easily measured in the field (e.g., nearest meter).  Similarly, a second random number 
was scaled by the length of the north-south coordinate axis to the nearest meter.  This 
provided the starting coordinate for the sampling grid. If this point fell outside the area to 
be sampled, the next two random numbers were taken and continued to be taken until a 
point that fell within the sampling area was obtained.  

 The spacing (L) of the sampling locations on the triangular grid was computed using the 
number of sampling locations required (n) rounded down to the nearest meter.  Rounding 
down helped to place the requisite number of sampling points on the sampling grid. 

 From the starting location, a row of sampling points was laid out parallel to the X-axis 
and distance L apart. 

 To start additional rows, the midpoint was located between two adjacent sampling 
locations on the sample row and a spot marked at a distance perpendicular to the row. 
Again, this number was rounded down if necessary. This was the starting location for the 
new row. 

 This process was continued until all grid points within the sampling area had been 
located.  Sampling locations that fall outside the area to be sampled were ignored.   

As described in the FSSP, the locations of verification and supplemental samples collected 
during the 2004-2006 removal action were compared to the grid sampling locations identified by 
the above method.  If a sample location from previous surveys was within 5 ft of the MARSSIM 
survey required location, a new sample was not collected and the prior survey sample result was 
used in the statistical test.  If neither the removal action verification sample nor the supplemental 
sample was within 5 feet of the MARSSIM specified location, a new sample was collected.   

At locations where obstructions were encountered in the field that prevented a surface soil 
sample from being collected, an alternate location was selected by generating new coordinates 
using a random number routine. Obstructions encountered included concrete pads from 
demolished buildings, buildings remaining onsite, and footprints of buildings that had been 
demolished and removed in prior cleanup activities, such as Buildings E2364 and E2370. In the 
case of Buildings E2364 and E2370 it was known that clean fill had been placed over the 
building footprints after their removal. When alternate locations were sampled by this technique, 
it is noted as a change in the sampling plan in the discussion of survey results for each survey 
unit. 
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Figures presented in Sections 4.1 through 4.11 show the FSS sample locations for each of the 11 
survey units.  Appendix B provides the laboratory analytical data and a key that correlates the 
FSS sample identification numbers to the laboratory package identification numbers for any 
locations that were incorrectly identified or modified to present consistent nomenclature. 

3.3.3 Surface Soil and Depth Profile Sampling Process 

Soil samples were collected from the soil surface at the designated locations across the Rad Yard 
as described in the preceding sections.  Samples were collected from the surface to a depth of 
6 inches, and all were located using a GPS.  Samples were approximately 1 kg and were placed 
into large mouth polypropylene jars.  Large stones and vegetation were removed from the soil at 
the time of collection.  At least one member of the field sampling crew was in visual contact with 
the samples at all times during the work day. 

As discussed in the FSSP, there was a concern that clean fill might have been placed over 
excavated areas at the Rad Yard during the 2004-2006 removal action to improve water drainage 
from the site. The sample collection team was instructed to carefully observe the characteristics 
of the soil and to make a field judgment as to whether the soil on the surface represented clean 
fill or original soil. In every case, the field sampling team judged that the soil on the surface was 
original soil, not clean fill. 

There were two primary soil sampling campaigns. The first was conducted from November 14 to 
December 12, 2007, with a few samples collected February 12, 2008. Based upon a preliminary 
review of these sample results, a second sampling campaign was conducted on May 22, 2008.  
The second sampling campaign was conducted primarily to collect additional profile samples 
and to assure that enough surface soil samples were collected for the statistical tests. The 
specifics of this second sampling campaign are documented as an email dated May 6, 2008 
included in Appendix A. 

In order to verify that soil contamination is contained within the top 6 inches of the soil surface, 
depth profile samples were collected at select locations.  Sampling locations in each survey unit 
that had the highest gamma activity emanating from the soil surface as measured during the 
scanning survey were selected for profile sampling. At these locations, two additional soil 
samples were collected from depths of 6 to 12 inches and 12 to 18 inches. One sampling location 
was selected for this depth profile sampling protocol from each of the 11 survey units. 

3.3.4 Analytical Methods 

Soil samples collected during the FSS were logged into WESTON’s FieldFast corporate 
sampling program to generate sample identification and chain-of-custody documentation and 
forwarded under chain-of-custody to Eberline Services radiochemistry laboratory in Oak Ridge, 
TN for analyses. Upon arrival at the laboratory, samples were logged into their sample 
management system that tracked and documented the sample’s progress through the laboratory.  
Sample analyses were performed and a level 3 radiochemistry data package was generated. 

Stones larger than 0.5 inch were removed from the sample and set aside for weighing. The entire 
remaining soil sample was dried, homogenized, and weighed. A minimum 500 grams aliquot of 
the soil was packed into a suitable counting geometry and analyzed by gamma spectrometry 
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using the LANL ER-130 modified method with a count time and background suitable to attain a 
minimum detection concentration (MDC) of 0.2 pCi/g for Cs-137 and Co-60. In every case this 
MDC or better was attained. The laboratory was also instructed to report all other identifiable 
and quantifiable radioisotopes. 
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4. OVERVIEW AND EVALUATIONS OF FINAL STATUS SURVEY 
RESULTS FOR SOILS 

This section describes where and how the samples were collected and analyzed, the statistical 
tests that were applied to the soil sample analytical results, and the methods used to evaluate 
whether the soil sample and scanning data met the clean up criteria. Following these general 
discussions, data for each survey unit are presented in a consistent format in individual sections.  
Those data and their associated evaluations demonstrate that all of the survey units passed the 
statistical tests required by MARSSIM. 

UNITY RULE APPLIED TO SOIL DCGLS 

For sites like the Rad Yard where more than one radionuclide exists as a contaminant, the 
individual DCGLs for each radionuclide cannot be used to directly assess compliance. The unity 
rule is applied by determining the ratio between the concentration of each radionuclide in the 
mixture and it’s DCGL. 

Weighted Sum = ConcCs-137/5.0 +ConcCo-60 /0.5 

This average concentration, normalized to the individual DCGLs, is the LBGR used in 
subsequent calculations. 

When using the unity rule, the DCGL is 1 (unity) and it is necessary to normalize the standard 
deviation, as shown below: 
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The approach described above was used to evaluate the laboratory analytical results for each 
survey unit to evaluate compliance with the release criteria. 

SIGN TEST FOR Co-60 AND Cs-137 

To use the one-sample Sign test, background concentrations of Co-60 and Cs-137 are considered 
to be either zero or insignificant in comparison to the DCGL. Thus, there is no reference to 
background in statement of the null and alternative hypothesis.  The null hypothesis is assumed 
to be true unless the statistical test indicates that it should be rejected in favor of the alternative. 
The parameter of interest is the mean concentration.  The median is equal to the mean when the 
measurement distribution is symmetric, and is an approximation otherwise. 

As discussed in the FSSP, the background concentration of Cs-137 in samples collected in the 
reference area were determined to be less than 10% of DCGL for this isotope, and no Co-60 was 
detected above the MDC in any of the reference area samples. Therefore, the Sign test is the 
appropriate statistical model to use when evaluating the survey units.  

It will be shown in the discussion on each survey unit, that all of the FSS surface soil sample 
analytical results are less than the respective DCGLs for Cs-137 and Co-60, and therefore, the 
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weighted sum for each sample is always less than unity. As a result, the prescriptive analytical 
evaluation steps of the Sign test are not required to demonstrate compliance with the criteria. 

RELEASING SURVEY UNITS 

Survey units are individually released when the following conditions occur in each survey unit: 

 All Cs-137 and Co-60 concentrations in final status soil samples are below their 
respective DGCLs; or 

 Non-parametric tests for Cs-137 and Co-60 show that the null hypotheses representing 
false (not the true condition) distributions for each contaminant are rejected;   

 Elevated areas of residual radioactivity pass the elevated measurement comparison; and  

 Elevated areas of residual activity, when weighted in conjunction with the average 
activity in the survey unit, pass a Unity Rule. 

Data for the 11 individual survey units are consistently presented and evaluated in this FSSR in 
the following format. The area of each survey unit is given to confirm that the MARSSIM 
prescribed maximum area of 2000 m2 for Class 1 survey units is not exceeded. Analytical results 
of verification samples collected from the excavation nodes following the 2004-2006 removal 
action are presented as miscellaneous sample data, and are not used in the statistical evaluation. 
However, the miscellaneous data are representative of the current surface soil concentrations 
within these nodes, and therefore can contribute additional validation that the entire site meets 
the release criteria. It is shown that all of the verification samples are at a concentration level less 
than the DCGL for each respective isotope.  

As discussed in the FSSP, at least 15 surface soil samples were collected from each survey unit 
for use in the statistical evaluation. It is shown in this FSSR that the individual concentration of 
each isotope is less than the DCGL for that isotope, and therefore the mean and median 
concentrations of each isotope in all of the survey units are less than their respective DCGL. The 
mean and standard deviation of each isotope in each survey unit are used to calculate the LBGR 
and normalized standard deviation as discussed above.  These values are then used to calculate 
the Relative Shift for purposes of determining the minimum sample size according to the 
relation: 

Relative Shift = (1.0-LBGR)/ normalized standard deviation. 

It is shown in this FSSR for every survey unit that the calculated Relative Shift is greater than the 
maximum value of 3.0 recommended by MARSSIM. Therefore, in the statistical test for each 
survey unit, a Relative Shift of 3.0 is used instead of the calculated value. 

As discussed in the FSSP, NUREG-1757 (NRC, 2006) guidance recommends a Type I decision 
error of 0.05, but allows the licensee to select the Type II decision error, with possible values 
ranging from 0.01 to 0.25. A mid-range of 0.05 was selected for the subsequent analysis. 
Applying a Relative Shift of 3.0, and decision errors of 0.05, the value of N, or the minimum 
number of samples per survey unit can be obtained from Table 5.5 of MARSSIM. This minimum 
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number of samples already includes the MARSSIM-recommended 20% increase in sample set 
size.  

It is demonstrated in this FSSR that all of the samples have concentrations less than their 
respective DCGLs, and that at least the minimum number of samples were collected. 

NUREG-1757 recommends that a histogram of the sample data be generated to allow visual 
interpretation of the data set, specifically to observe if the data set appears to be symmetric. A 
histogram is provided for each survey unit in discussions that follow. 

Scanning survey results are depicted on an accompanying figure for each survey unit. Scanning 
data were collected using a Ludlum 44-10 detector (2x2 NaI detector) coupled to a Ludlum 2221 
ratemeter/scaler set in scaler (count rate) mode. The detector window was opened completely, 
and the threshold set to approximately 50 kiloelectron volts (keV).  Count rate data were 
downloaded in 2-second intervals, and tagged with location coordinates using a differential 
corrected GPS system. Each survey unit was scanned using 1 meter transect spacing at a rate of 
approximately 0.5 meters per second, with the detector held at approximately 10 cm height 
above the ground surface.  

Scanning count rate data were reduced to exposure rate using a conversion factor supplied by the 
manufacturer of 900 cpm per microRoentgen per hour (µR/h). This conversion factor is 
applicable for a gamma-ray energy of 662 keV, which is the spectral energy for Cs-137. 

Surface conditions across the Rad Yard varied from crushed stone applied as a working surface 
during Army operations, to bare soil that resulted after the 2004-2006 removal action. It was 
observed during the removal action that the background gamma count rate using the scanning 
instrument varied from approximately 6000 cpm to 9000 cpm over uncontaminated soil, 
depending on the material in the soil surface. This observation is reported in the Non-Time 
Critical Removal Action Report (January 2007). Review of the background data in this report 
reveals that the majority of the area of the site has a background count rate of 8000 cpm. To 
direct soil excavation operations during the removal action, an empirical correlation of 700 cpm 
above background per pCi/g was observed to provide a reasonable estimate of the residual Cs-
137 soil concentration. Using this correlation, and an assumed background of 8000 cpm, a gross 
count rate of 10,800 cpm would estimate the Cs-137 concentration at 4 pCi/g.  Using the 
manufacturer-supplied conversion factor of 900 cpm per µR/h, 10,800 cpm would be equivalent 
to 12 µR/h. Therefore, an exposure rate of 12 µR/h was used to as the Investigation Level when 
interpreting the scanning data. 

4.1 SURVEY UNIT 1 

4.1.1 Introduction 

Survey Unit 1 is located in the northwest corner of the Rad Yard, and has a surface area of 
1867 m2. The majority of this area was used during the 2004-2006 removal action to store filled 
lift liners awaiting transport to the rail yard. However, approximately one-half of the excavated 
area of Node 1 resided within this survey unit. As depicted on Figure 3-1, three confirmation 
samples were collected and analyzed during the removal action from the area now identified as 
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Survey Unit 1. The Cs-137 concentrations in these confirmation samples ranged from 0.16 to 
0.37 pCi/g, and the Co-60 concentrations were all below the MDC of the analysis.  

4.1.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-1, and analytical results for these samples are presented in Table 4-1. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 1.8 pCi/g, 
or 36% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.4 pCi/g, or 8% of the 
DCGL, and the median was 0.2 pCi/g. The standard deviation around the mean was 0.5 pCi/g.  
The highest Co-60 concentration detected in these 15 samples was approximately 0.05 pCi/g, or 
10% of the DCGL for Co-60. The mean Co-60 concentration was 0.001 pCi/g, or 0.2% of the 
DCGL, and the median was -0.003 pCi/g. The standard deviation around the mean was 0.03 
pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 8% of the DCGL, and the 
overall normalized standard deviation was 0.12. Using these values, the Relative Shift for the 
combined contaminants was 7.7. 

Profile samples were initially collected at location 012 at depths of 0-6 in., 6-12 in., and 12-18 in. 
While all profile samples were below the DCGL for Cs-137, the highest concentration of 
1.7 pCi/g was detected at the 12-18 in. depth. To demonstrate that an elevated concentration did 
not continue below the 18 in. depth, three additional profile samples were collected from this 
location during a second sampling campaign at depths of 18-24 in., 24-30 in., and 30-36 in. 
Analysis of these deeper profile samples confirmed that the Cs-137 concentrations decreased 
with increasing depth, and therefore the depth of contamination was bounded.  All analytical 
results for Co-60 were less than the DCGL for Co-60, and less than the MDC for the analysis. 

4.1.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 7.7, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5-5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 1, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the minimum detection level (MDL) 
reported by the laboratory for this analyte, and review of the histogram of concentrations for this 
contaminant presented on Figure 4-2 indicates an average concentration centered around 0.0.  Of 
the 15 analytical results for Cs-137, nine were greater than the MDL reported by the laboratory 
for this analyte. Review of the histogram of concentrations for this contaminant presented on 
Figure 4-2 indicates that the data are symmetrical and without bimodality.   
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4.1.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-1 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 5 to 9 µR/h. No areas above 
12 µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.1.5 Conclusion 

The FSSP was followed with two exceptions. First, additional profile samples were collected at 
deeper depths to demonstrate that the depth of contamination was bounded. Second, an 
obstruction caused the relocation of sample SU1-015-01.  

Based upon the data provided in this FSSR; that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL. 
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Figure 4-1.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-1.  Analytical Results from SU-1 Soil Samples 
Survey Unit 1 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU1-001 9.57E-02 -1.86E-02 
SU1-002 1.43E-01 -4.34E-04 
SU1-003 -1.21E-03 -8.18E-03 
SU1-004 1.45E-01 2.65E-02 
SU1-005 1.86E-01 -2.72E-02 
SU1-006 5.67E-01 -2.77E-03 
SU1-007 8.00E-02 2.79E-02 
SU1-008 1.43E-01 4.53E-02 
SU1-009 2.39E-01 -3.50E-03 
SU1-010 2.37E-01 2.63E-02 
SU1-012 2.93E-01 -3.11E-03 
SU1-013 1.78E+00 2.67E-02 
SU1-014 2.09E-01 -1.84E-02 
SU1-015 1.47E+00 8.71E-03 
SU1-016 5.57E-02 -5.70E-02 

 
Mean 3.76E-01 1.48E-03 

Standard Deviation 5.27E-01 2.64E-02 
Median 1.86E-01 -2.77E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 8.00E-02  

Combined Standard Deviation (Cs-137 + Co-60) 1.20E-01  
Relative Shift (Cs-137 + Co-60) 7.70E+00  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU1-012-01 0-6 2.93E-01 -3.11E-03 
SU1-012-02 6-12 1.18E+00 -3.41E-02 
SU1-012-03 12-18 1.66E+00 -3.65E-02 
SU1-012-04 18-24 4.11E-01 -5.82E-04 
SU1-012-05 24-30 1.06E-01 -1.18E-02 
SU1-012-06 30-36 4.94E-02 6.39E-02 
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Figure 4-2.  Frequency Distribution of Soil Sample Results – SU1 (pCi/g) 
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4.2 SURVEY UNIT 2 

4.2.1 Introduction 

Survey Unit 2 is located along the northern border of the Rad Yard, and has a surface area of 
1876 m2. This survey unit encompasses about one-half of the areas of Node 1 and the majority of 
Node 4 excavated during the 2004-2006 removal action. As depicted on Figure 3-1, ten 
confirmation samples were collected and analyzed during the removal action from the area now 
identified as Survey Unit 2. The Cs-137 concentrations in these confirmation samples ranged 
from less than the MDC of the analysis to 2.99 pCi/g, and the Co-60 concentrations were all 
below the MDC of the analysis.  

4.2.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-3, and analytical results for these samples are presented in Table 4-2. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 1.6 pCi/g, 
or 32% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.5 pCi/g, or 10% of 
the DCGL, and the median was 0.4 pCi/g. The standard deviation around the mean was 
0.4 pCi/g.  The highest Co-60 concentration detected in these 15 samples was approximately 
0.07 pCi/g, or 14% of the DCGL for Co-60. The mean Co-60 concentration was 0.01 pCi/g, or 
2% of the DCGL, and the median was 0.02 pCi/g. The standard deviation around the mean was 
0.03 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 12% of the DCGL, and the 
overall normalized standard deviation was 0.098. Using these values, the Relative Shift for the 
combined contaminants was 8.8. 

Profile samples were collected at location 003 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
0.09 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis. The highest concentration for Co-60 
was also in the 0-6 in. depth sample. 

4.2.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 8.8, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 2, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-4 indicates an average concentration centered around 0.0.  Of the 15 analytical results 
for Cs-137, 12 were greater than the MDL reported by the laboratory for this analyte. Review of 
the histogram of concentrations for this contaminant presented on Figure 4-4 indicates that the 
data are symmetrical and without bimodality.   
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4.2.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-3 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 7 to 9 µR/h. No areas above 12 
µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.2.5 Conclusion 

The FSSP was followed with two exceptions. Obstructions encountered in the field caused the 
relocation of samples SU2-013-01 and SU2-014-01. No unusual circumstances were encountered 
during the FSS that resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-3.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-2.  Analytical Results from SU-2 Soil Samples 
Survey Unit 2 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU2-001 1.88E-01 2.03E-02 
SU2-002 9.44E-01 -1.03E-02 
SU2-003 8.90E-02 5.95E-02 
SU2-004 2.29E-02 3.58E-02 
SU2-005 5.91E-01 -3.26E-03 
SU2-006 3.70E-01 -5.08E-03 
SU2-007 3.27E-01 -1.63E-02 
SU2-008 4.57E-01 -1.64E-02 
SU2-009 4.97E-01 6.69E-02 
SU2-010 2.60E-01 2.03E-02 
SU2-011 3.40E-01 -2.73E-02 
SU2-012 1.57E+00 1.55E-02 
SU2-013 8.82E-01 2.66E-02 
SU2-014 3.07E-02 3.31E-02 
SU2-015 5.95E-01 1.79E-02 

 
Mean 4.78E-01 1.45E-02 

Standard Deviation 4.09E-01 2.77E-02 
Median 3.70E-01 1.79E-02 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 1.20E-01  

Combined Standard Deviation (Cs-137 + Co-60) 9.80E-02  
Relative Shift (Cs-137 + Co-60) 8.80E+00  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU2-003-01 0-6 8.90E-02 5.95E-02 
SU2-003-02 6-12 8.34E-03 1.53E-02 
SU2-003-03 12-18 1.28E-02 -2.10E-02 
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Figure 4-4.  Frequency Distribution of Soil Sample Results – SU2 (pCi/g) 
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4.3 SURVEY UNIT 3 

4.3.1 Introduction 

Survey Unit 3 is located along the western border of the Rad Yard, and has a surface area of 
1882 m2. This survey unit encompasses all of the areas of Nodes 6, 7, and 8, and approximately 
20% of Node 3 excavated during the 2004-2006 removal action. As depicted on Figure 3-1, 
14 confirmation samples were collected and analyzed during the removal action from the area 
now identified as Survey Unit 3. The Cs-137 concentrations in these confirmation samples 
ranged from less than the MDC of the analysis to 2.8 pCi/g, and the Co-60 concentrations were 
all below the MDC of the analysis.  

4.3.2 FSS Analytical Results 

During the FSS, 18 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-5, and analytical results for these samples are presented in Table 4-3. 
The maximum Cs-137 concentration detected in these samples was approximately 2.8 pCi/g, or 
56% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.6 pCi/g, or 12% of the 
DCGL, and the median was 0.6 pCi/g. The standard deviation around the mean was 0.7 pCi/g.  
The highest Co-60 concentration detected in these 18 samples was approximately 0.03 pCi/g, or 
6% of the DCGL for Co-60. The mean Co-60 concentration was -0.001 pCi/g, and the median 
was 0.004 pCi/g. The standard deviation around the mean was 0.03 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 12% of the DCGL, and the 
overall normalized standard deviation was 0.15. Using these values, the Relative Shift for the 
combined contaminants was 6.1. 

Profile samples were collected at location 002 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
0.02 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis. The highest concentration for Co-60 
was also in the 0-6 in. depth sample. 

4.3.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 6.1, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 3, 18 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-6 indicates an average concentration centered around 0.0.  Of the 18 analytical results 
for Cs-137, 13 were greater than the MDL reported by the laboratory for this analyte. Review of 
the histogram of concentrations for this contaminant presented on Figure 4-6 indicates that the 
data are symmetrical and without bimodality.   
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4.3.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-5 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 7 to 12 µR/h. No areas above 12 
µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.3.5 Conclusion 

Based upon a preliminary assessment of the analytical data from the first sampling campaign, it 
was decided three additional samples should be collected from this survey unit. The second 
sampling campaign was conducted in May 2008, when samples SU3-016, -017, and -018 were 
collected. No unusual circumstances were encountered during the FSS that resulted in any other 
changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-5.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-3.  Analytical Results from SU-3 Soil Samples 
Survey Unit 3 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU3-001 8.08E-01 -1.28E-02 
SU3-002 1.57E-02 2.97E-02 
SU3-003 7.05E-01 2.68E-03 
SU3-004 7.07E-01 1.03E-03 
SU3-005 4.83E-01 2.07E-02 
SU3-006 2.82E+00 2.74E-02 
SU3-007 1.19E+00 -7.97E-03 
SU3-008 7.84E-01 6.97E-03 
SU3-009 3.22E-01 -8.54E-02 
SU3-010 1.71E-01 -9.75E-03 
SU3-011 3.54E-01 3.28E-02 
SU3-012 7.16E-02 5.26E-03 
SU3-013 1.44E-01 2.53E-02 
SU3-014 6.90E-01 2.06E-02 
SU3-015 1.17E+00 -8.94E-03 
SU3-016 5.71E-02 -3.09E-03 
SU3-017 2.34E-01 -2.37E-02 
SU3-018 7.91E-02 -4.08E-02 

 
Mean 6.00E-01 -1.11E-03 

Standard Deviation 6.67E-01 2.89E-02 
Median 5.87E-01 3.97E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 1.20E-01  

Combined Standard Deviation (Cs-137 + Co-60) 1.50E-01  
Relative Shift (Cs-137 + Co-60) 6.10E+00  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU3-002-01 0-6 1.57E-02 2.97E-02 
SU3-002-02 6-12 7.01E-03 1.16E-02 
SU3-002-03 12-18 1.28E-02 -8.76E-02 
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Figure 4-6.  Frequency Distribution of Soil Sample Results – SU3 (pCi/g) 
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4.4 SURVEY UNIT 4 

4.4.1 Introduction 

Survey Unit 4 is located in approximately the center of the Rad Yard, and has a surface area of 
1855 m2. This survey unit encompasses about 60% of the areas of Node 3 and about one-half of 
Node 12 excavated during the 2004-2006 removal action. This survey unit also encompasses 
about one-half of the footprint of Building E2362, which was demolished and removed during 
the removal action. As depicted on Figure 3-1, 13 confirmation samples were collected and 
analyzed during the removal action from the area now identified as Survey Unit 4. The Cs-137 
concentrations in these confirmation samples ranged from less than the MDC of the analysis to 
3.8 pCi/g, and the Co-60 concentrations were all below the MDC of the analysis.  

4.4.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-7, and analytical results for these samples are presented in Table 4-4. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 2.0 pCi/g, 
or 40% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.5 pCi/g, or 10% of 
the DCGL, and the median was 0.2 pCi/g. The standard deviation around the mean was 
0.6 pCi/g.  The highest Co-60 concentration detected in these 15 samples was approximately 
0.1 pCi/g, or 20% of the DCGL for Co-60. The mean Co-60 concentration was 0.01 pCi/g, or 2% 
of the DCGL, and the median was  0.01 pCi/g. The standard deviation around the mean was 
0.03 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 12% of the DCGL, and the 
overall normalized standard deviation was 0.13. Using these values, the Relative Shift for the 
combined contaminants was 6.8. 

Profile samples were collected at location 014 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
1.3 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis. The highest concentration for Co-60 
was also in the 0-6 in. depth sample. 

4.4.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 6.8, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 4, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-8 indicates an average concentration centered around 0.0.  Of the 15 analytical results 
for Cs-137, 13 were greater than the MDL reported by the laboratory for this analyte. Review of 
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the histogram of concentrations for this contaminant presented on Figure 4-8 indicates that the 
data are symmetrical and without bimodality.   

4.4.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-7 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 7 to 12 µR/h. No areas above 12 
µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.4.5 Conclusion 

The FSSP was followed without exception. No unusual circumstances were encountered during 
the FSS that resulted in a change to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-7.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-4.  Analytical Results from SU-4 Soil Samples 
Survey Unit 4 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU4-001 1.18E-01 -7.80E-03 
SU4-002 1.03E-01 1.72E-02 
SU4-003 1.42E-01 1.07E-02 
SU4-004 5.28E-02 2.16E-02 
SU4-005 2.37E-02 -2.63E-02 
SU4-006 3.12E-01 9.75E-02 
SU4-007 1.43E-01 -1.41E-02 
SU4-008 3.34E-01 2.68E-02 
SU4-009 1.25E+00 2.46E-02 
SU4-010 1.27E-01 5.23E-03 
SU4-011 6.82E-01 2.14E-02 
SU4-012 1.68E-01 -7.74E-03 
SU4-013 4.57E-01 5.47E-03 
SU4-014 1.28E+00 1.00E-02 
SU4-015 1.99E+00 4.92E-03 

 
Mean 4.79E-01 1.26E-02 

Standard Deviation 5.80E-01 2.80E-02 
Median 1.68E-01 1.00E-02 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 1.20E-01  

Combined Standard Deviation (Cs-137 + Co-60) 1.30E-01  
Relative Shift (Cs-137 + Co-60) 6.80E+00  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU4-014-01 0-6 1.28E+00 1.00E-02 
SU4-014-02 6-12 1.16E-01 -6.24E-02 
SU4-014-03 12-18 1.02E-01 8.00E-03 
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Figure 4-8.  Frequency Distribution of Soil Sample Results – SU4 (pCi/g) 
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4.5 SURVEY UNIT 5 

4.5.1 Introduction 

Survey Unit 5 is located along the northern border of the Rad Yard, and has a surface area of 
1855 m2. This survey unit encompasses about 20% of the area of Node 3 and about 50% of Node 
12 excavated during the 2004-2006 removal action, and the footprints of about 50% of Buildings 
E2362 and E2366, all of the footprint of Building E2364, and about 20% of Building E2370. As 
depicted on Figure 3-1, fourteen confirmation surface soil and waste water line samples were 
collected and analyzed during the removal action from the area now identified as Survey Unit 5. 
The Cs-137 concentrations in these confirmation samples ranged from less than the MDC of the 
analysis to 4.7 pCi/g, and the Co-60 concentrations were all below the MDC of the analysis.  

4.5.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-9, and analytical results for these samples are presented in Table 4-5. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 1.8 pCi/g, 
or 36% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.5 pCi/g, or 10% of 
the DCGL, and the median was 0.3 pCi/g. The standard deviation around the mean was 
0.5 pCi/g.  The highest Co-60 concentration detected in these 15 samples was approximately 
0.14 pCi/g, or 28% of the DCGL for Co-60. The mean Co-60 concentration was 0.03 pCi/g, or 
6% of the DCGL, and the median was 0.02 pCi/g. The standard deviation around the mean was 
0.04 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 17% of the DCGL, and the 
overall normalized standard deviation was 0.14. Using these values, the Relative Shift for the 
combined contaminants was 6.0. 

Profile samples were collected at location 015 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
2.97 pCi/g detected in the 6-12 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis. The highest concentration for Co-60 
was also in the 6-12 in. depth sample. 

4.5.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 6.0, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 5, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

One of the analytical results for Co-60 was slightly greater than the MDL for this analyte, and 
the remainder was less than the MDL reported by the laboratory. Review of the histogram of 
concentrations for this contaminant presented on Figure 4-10 indicates an average concentration 
centered around 0.0.  Of the 15 analytical results for Cs-137, 11 were greater than the MDL 
reported by the laboratory for this analyte. Review of the histogram of concentrations for this 
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contaminant presented on Figure 4-10 indicates that the data are symmetrical and without 
bimodality.   

4.5.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-9 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 7 to 9 µR/h. No areas above 12 
µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.5.5 Conclusion 

The FSSP was followed with three exceptions. Due to multiple building footprints encountered 
in this survey unit, sample locations SU5-009, -011, and -014 were relocated. No unusual 
circumstances were encountered during the FSS that resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-9.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-5.  Analytical Results from SU-5 Soil Samples 
Survey Unit 5 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU5-001 2.37E-01 3.48E-02 
SU5-002 8.63E-01 7.56E-02 
SU5-003 1.83E+00 7.78E-03 
SU5-004 2.59E-01 1.25E-02 
SU5-005 3.08E-01 1.78E-02 
SU5-006 2.33E-01 -1.61E-02 
SU5-007 9.90E-01 6.69E-02 
SU5-008 2.44E-01 2.88E-03 
SU5-009 -3.96E-02 1.43E-01 
SU5-010 3.92E-01 9.39E-03 
SU5-011 -1.31E-02 1.05E-02 
SU5-012 1.27E+00 2.30E-02 
SU5-013 7.42E-02 1.63E-02 
SU5-014 -2.36E-03 3.18E-02 
SU5-015 8.72E-01 -1.54E-02 

 
Mean 5.01E-01 2.81E-02 

Standard Deviation 5.46E-01 4.06E-02 
Median 2.59E-01 1.63E-02 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 1.65E-01  

Combined Standard Deviation (Cs-137 + Co-60) 1.40E-01  
Relative Shift (Cs-137 + Co-60) 6.00E+00  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU5-015-01 0-6 8.72E-01 -1.54E-02 
SU5-015-02 6-12 2.97E+00 1.01E-02 
SU5-015-03 12-18 3.14E-01 -2.96E-02 
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Figure 4-10.  Frequency Distribution of Soil Sample Results – SU5 (pCi/g) 
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4.6 SURVEY UNIT 6 

4.6.1 Introduction 

Survey Unit 6 is located in the northeast corner of the Rad Yard, and has a surface area of 
1880 m2. This survey unit encompasses all of the area of Node 10 excavated during the 2004-
2006 removal action, and the footprints of about 50% of Buildings E2366 and all of E2368. As 
depicted on Figure 3-1, nine confirmation surface soil and waste water line samples were 
collected and analyzed during the removal action from the area now identified as Survey Unit 6. 
The Cs-137 concentrations in these confirmation samples ranged from less than the MDC of the 
analysis to 1.6 pCi/g, and the Co-60 concentrations were all below the MDC of the analysis.  

4.6.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-11, and analytical results for these samples are presented in Table 4-6. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 1.4 pCi/g, 
or 28% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.6 pCi/g, or 12% of 
the DCGL, and the median was 0.4 pCi/g. The standard deviation around the mean was 
0.4 pCi/g.  The highest Co-60 concentration detected in these 15 samples was approximately 
0.07 pCi/g, or 14% of the DCGL for Co-60. The mean Co-60 concentration was 0.01 pCi/g, or 
2% of the DCGL, and the median was 0.005 pCi/g. The standard deviation around the mean was 
0.02 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 13% of the DCGL, and the 
overall normalized standard deviation was 0.1. Using these values, the Relative Shift for the 
combined contaminants was 8.8. 

Profile samples were collected at location 007 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
1.82 pCi/g detected in the 6-12 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis. The highest concentration for Co-60 
was in the 0-6 in. depth sample. 

4.6.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 8.8, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 6, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL for this analyte reported by the 
laboratory. Review of the histogram of concentrations for this contaminant presented on 
Figure 4-12 indicates an average concentration centered around 0.0.  Of the 15 analytical results 
for Cs-137, 13 were greater than the MDL reported by the laboratory for this analyte. Review of 
the histogram of concentrations for this contaminant presented on Figure 4-12 indicates that the 
data are symmetrical and without bimodality.   
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4.6.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-11 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 5 to 9 µR/h. No areas above 
12 µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.6.5 Conclusion 

The FSSP was followed with three exceptions. Due to obstructions encountered in this survey 
unit, sample locations SU6-003, -004, and -015 were relocated. No unusual circumstances were 
encountered during the FSS that resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-11.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-6.  Analytical Results from SU-6 Soil Samples 
Survey Unit 6 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU6-001 3.71E-01 1.10E-02 
SU6-002 3.27E-01 2.85E-02 
SU6-003 2.57E-01 1.86E-02 
SU6-004 2.40E-01 -2.10E-02 
SU6-005 3.32E-01 6.69E-02 
SU6-006 9.68E-01 -4.49E-03 
SU6-007 1.05E+00 5.13E-02 
SU6-008 1.21E+00 3.00E-03 
SU6-009 1.21E-01 -2.04E-02 
SU6-010 9.31E-02 -4.33E-03 
SU6-011 1.41E+00 2.42E-03 
SU6-012 8.99E-01 1.95E-02 
SU6-013 5.61E-01 1.52E-02 
SU6-014 3.93E-01 4.57E-03 
SU6-015 9.56E-02 3.54E-04 

 
Mean 5.55E-01 1.14E-02 

Standard Deviation 4.36E-01 2.39E-02 
Median 3.71E-01 4.57E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 1.30E-01  

Combined Standard Deviation (Cs-137 + Co-60) 9.90E-02  
Relative Shift (Cs-137 + Co-60) 8.80E+00  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU6-007-01 0-6 1.05E+00 5.13E-02 
SU6-007-02 6-12 1.82E+00 2.95E-02 
SU6-007-03 12-18 9.11E-01 8.57E-03 
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Figure 4-12.  Frequency Distribution of Soil Sample Results – SU6 (pCi/g) 
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4.7 SURVEY UNIT 7 

4.7.1 Introduction 

Survey Unit 7 is located in the southwest corner of the Rad Yard, and has a surface area of 
1930 m2. This survey unit encompasses about 50% of the area of Node 2 excavated during the 
2004-2006 removal action. As depicted on Figure 3-1, 10 confirmation samples were collected 
and analyzed during the removal action from the area now identified as Survey Unit 7. The 
Cs-137 concentrations in these confirmation samples ranged from 0.2 pCi/g to 1.5 pCi/g, and the 
Co-60 concentrations were all below the MDC of the analysis.  

4.7.2 FSS Analytical Results 

During the FSS, 16 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-13, and analytical results for these samples are presented in Table 4-7. 
The maximum Cs-137 concentration detected in these 16 samples was approximately 3.8 pCi/g, 
or 76% of the DCGL for Cs-137. The mean concentration of Cs-137 was 1.0 pCi/g, or 20% of 
the DCGL, and the median was 0.9 pCi/g. The standard deviation around the mean was 
0.9 pCi/g.  The highest Co-60 concentration detected in these 16 samples was approximately 
0.07 pCi/g, or 14% of the DCGL for Co-60. The mean Co-60 concentration was -0.007 pCi/g, 
and the median was -0.002 pCi/g. The standard deviation around the mean was 0.04 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 18% of the DCGL, and the 
overall normalized standard deviation was 0.20. Using these values, the Relative Shift for the 
combined contaminants was 4.1. 

Profile samples were collected at location 005 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
0.4 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis.  

4.7.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 4.1, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 7, 16 samples were collected during the FSS; 
therefore, this requirement is met.  Analytical results for every sample collected within the 
survey unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-14 indicates an average concentration centered around 0.0.  Of the 16 analytical results 
for Cs-137, 13 were greater than the MDL reported by the laboratory for this analyte. Review of 
the histogram of concentrations for this contaminant presented on Figure 4-14 indicates that the 
data are symmetrical and without bimodality, with the exception of sample number 003.  This 
sample located near the southern edge of the excavated area, is an area requiring additional 
investigation, as discussed in Section 4.7.4.   
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4.7.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-13 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 7 to 12 µR/h. No areas above 12 
µR/h were detected, and therefore the Investigation Level was not exceeded.  It therefore appears 
that the area around sample location 003 does not contain residual contamination of significant 
concentration or size.  This area was rescanned in February 2008 and no elevated readings were 
observed.   

4.7.5 Conclusion 

Based upon a preliminary assessment of the analytical data from the first sampling campaign, it 
was decided one additional sample should be collected from this survey unit. The second 
sampling campaign was conducted in May 2008, when sample SU7-016 was collected. Due to an 
obstruction encountered in the field, sample SU7-013 was relocated. No other unusual 
circumstances were encountered during the FSS that resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-13.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-7.  Analytical Results from SU-7 Soil Samples 
Survey Unit 7 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU7-001 4.71E-01 -4.24E-02 
SU7-002 1.15E+00 -6.76E-02 
SU7-003 3.77E+00 7.14E-02 
SU7-004 2.11E+00 -1.77E-03 
SU7-005 3.88E-01 -6.16E-02 
SU7-006 1.72E-01 -2.17E-03 
SU7-007 1.05E+00 -1.04E-02 
SU7-008 5.30E-01 -1.55E-02 
SU7-009 1.25E+00 3.64E-02 
SU7-010 9.94E-01 1.12E-03 
SU7-011 3.32E-01 7.78E-03 
SU7-012 9.82E-01 1.10E-02 
SU7-013 3.11E-01 3.86E-02 
SU7-014 7.70E-01 -9.05E-02 
SU7-015 1.19E+00 -1.88E-02 
SU7-016 2.26E-01 3.10E-02 

 
Mean 9.81E-01 -7.09E-03 

Standard Deviation 9.00E-01 4.27E-02 
Median 8.76E-01 -1.97E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 1.80E-01  

Combined Standard Deviation (Cs-137 + Co-60) 2.00E-01  
Relative Shift (Cs-137 + Co-60) 4.10E+00  

 
Profile Samples 

Sample ID Depth (inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU7-005-01 0-6 3.88E-01 -6.16E-02 
SU7-005-02 6-12 2.55E-01 3.47E-02 
SU7-005-03 12-18 2.91E-02 5.54E-02 
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Figure 4-14.  Frequency Distribution of Soil Sample Results – SU7 (pCi/g) 
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4.8 SURVEY UNIT 8 

4.8.1 Introduction 

Survey Unit 8 is located near the southern boundary of the Rad Yard, and has a surface area of 
1823 m2. This survey unit encompasses about 50% of the area of Node 2 excavated during the 
2004-2006 removal action. This survey unit also encompasses about one-half of the footprint of 
Building E2356, and most of Building E2354, which is one of the two remaining buildings on 
the Rad Yard. As depicted on Figure 3-1, 10 confirmation samples were collected and analyzed 
during the removal action from the area now identified as Survey Unit 8. The Cs-137 
concentrations in these confirmation samples ranged from less than the MDC of the analysis to 
3.9 pCi/g and the Co-60 concentrations were all below the MDC of the analysis.  

4.8.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-15, and analytical results for these samples are presented in Table 4-8. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 1.1 pCi/g, 
or 22% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.4 pCi/g, or 8% of the 
DCGL, and the median was 0.3 pCi/g. The standard deviation around the mean was 0.3 pCi/g.  
The highest Co-60 concentration detected in these 15 samples was approximately 0.04 pCi/g, or 
8% of the DCGL for Co-60. The mean Co-60 concentration was 0.003 pCi/g, or less than 1% of 
the DCGL, and the median was 0.01 pCi/g. The standard deviation around the mean was 0.02 
pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 8% of the DCGL, and the 
overall normalized standard deviation was 0.08. Using these values, the Relative Shift for the 
combined contaminants was 11.5. 

Profile samples were collected at location 013 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
0.3 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis.  

4.8.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 11.5, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 8, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-16 indicates an average concentration centered around 0.0.  Of the 15 analytical results 
for Cs-137, 11 were greater than the MDL reported by the laboratory for this analyte. Review of 
the histogram of concentrations for this contaminant presented on Figure 4-16 indicates that the 
data are symmetrical and without bimodality.   
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4.8.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-15 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 7 to 12 µR/h. The area in the 
southeast corner where scanning data is not presented is the area occupied by Building E2354. 
No areas above 12 µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.8.5 Conclusion 

The FSSP was followed with one exception. Due to an obstruction encountered in the field, 
sample SU8-003 was relocated. No unusual circumstances were encountered during the FSS that 
resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-15.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-8.  Analytical Results from SU-8 Soil Samples 
Survey Unit 8 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU8-001 5.20E-01 9.65E-03 
SU8-002 8.13E-01 2.61E-02 
SU8-003 1.07E+00 9.92E-03 
SU8-004 6.38E-02 -4.13E-02 
SU8-005 5.34E-01 -1.53E-02 
SU8-006 -1.93E-02 -6.78E-03 
SU8-007 1.11E-01 4.32E-02 
SU8-008 4.44E-01 -7.25E-03 
SU8-009 5.39E-01 1.84E-02 
SU8-010 5.95E-02 -7.67E-03 
SU8-011 2.51E-01 1.89E-02 
SU8-012 4.42E-02 1.07E-02 
SU8-013 2.74E-01 -3.54E-02 
SU8-014 1.45E-01 -3.12E-03 
SU8-015 9.37E-01 3.13E-02 

 
Mean 3.86E-01 3.42E-03 

Standard Deviation 3.46E-01 2.35E-02 
Median 2.74E-01 9.65E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 8.40E-02  

Combined Standard Deviation (Cs-137 + Co-60) 8.40E-02  
Relative Shift (Cs-137 + Co-60) 1.15E+01  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU8-013-01 0-6 2.74E-01 -3.54E-02 
SU8-013-02 6-12 -2.61E-02 8.55E-02 
SU8-013-03 12-18 -4.56E-02 2.00E-02 
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Figure 4-16.  Frequency Distribution of Soil Sample Results – SU8 (pCi/g) 
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4.9 SURVEY UNIT 9 

4.9.1 Introduction 

Survey Unit 9 is located near the center of the Rad Yard, and has a surface area of 1844 m2. This 
survey unit encompasses about 80% of the area of Node 5 and all of the areas of Nodes 9 and 11 
excavated during the 2004-2006 removal action. This survey unit also encompasses about one-
half of the footprint of Building E2356, and most of Building E2360, which was demolished and 
removed during the removal action. As depicted on Figure 3-1, 16 surface soil and waste water 
confirmation samples were collected and analyzed during the removal action from the area now 
identified as Survey Unit 9. The Cs-137 concentrations in these confirmation samples ranged 
from less than the MDC of the analysis to 3.5 pCi/g, and the Co-60 concentrations were all 
below the MDC of the analysis.  

4.9.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-17, and analytical results for these samples are presented in Table 4-9. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 1.4 pCi/g, 
or 28% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.4 pCi/g, or 8% of the 
DCGL, and the median was 0.2 pCi/g. The standard deviation around the mean was 0.5 pCi/g.  
The highest Co-60 concentration detected in these 15 samples was approximately 0.06 pCi/g, or 
12% of the DCGL for Co-60. The mean Co-60 concentration was 0.004 pCi/g, or less than 1% of 
the DCGL, and the median was 0.003 pCi/g. The standard deviation around the mean was 0.02 
pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 8% of the DCGL, and the 
overall normalized standard deviation was 0.1. Using these values, the Relative Shift for the 
combined contaminants was 9.2. 

Profile samples were collected at location 015 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
0.2 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis.  

4.9.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 9.2, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 9, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-18 indicates an average concentration centered around 0.0.  Of the 15 analytical results 
for Cs-137, nine were greater than the MDL reported by the laboratory for this analyte. Review 
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of the histogram of concentrations for this contaminant presented on Figure 4-18 indicates that 
the data are symmetrical and without bimodality.   

4.9.4 Scanning Survey Results. 

Scanning survey data are depicted on Figure 4-17 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 5 to 9 µR/h. No areas above 
12 µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.9.5 Conclusion 

The FSSP was followed without exception. No unusual circumstances were encountered during 
the FSS that resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-17.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-9.  Analytical Results from SU-9 Soil Samples 
Survey Unit 9 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU9-001 1.10E-02 3.66E-03 
SU9-002 2.64E-02 1.71E-02 
SU9-003 1.53E-01 1.12E-02 
SU9-004 1.29E+00 -1.17E-02 
SU9-005 6.92E-01 3.41E-02 
SU9-006 8.16E-02 5.74E-02 
SU9-007 9.73E-02 -6.29E-03 
SU9-008 8.79E-01 8.46E-03 
SU9-009 1.35E+00 2.03E-04 
SU9-010 2.44E-01 5.11E-03 
SU9-011 7.68E-03 -8.85E-03 
SU9-012 1.14E-01 -1.65E-02 
SU9-013 9.13E-03 9.65E-05 
SU9-014 3.70E-01 3.13E-03 
SU9-015 2.08E-01 -3.06E-02 

 
Mean 3.69E-01 4.43E-03 

Standard Deviation 4.62E-01 2.10E-02 
Median 1.53E-01 3.13E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 8.30E-02  

Combined Standard Deviation (Cs-137 + Co-60) 1.00E-01  
Relative Shift (Cs-137 + Co-60) 9.20E+00  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU9-015-01 0-6 2.08E-01 -3.06E-02 
SU9-015-02 6-12 1.39E-01 1.74E-02 
SU9-015-03 12-18 5.90E-02 1.27E-02 
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Figure 4-18.  Frequency Distribution of Soil Sample Results – SU9 (pCi/g) 
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4.10 SURVEY UNIT 10 

4.10.1 Introduction 

Survey Unit 10 is located along the eastern border of the Rad Yard near the Bush River, and has 
a surface area of 1909 m2. This survey unit encompasses about 20% of the area of Node 5 
excavated during the 2004-2006 removal action. This survey unit also encompasses most of the 
footprint of Building E2370, which was demolished and filled with stone in 1995, and Building 
E2371, which is one of two remaining buildings on the Rad Yard. As depicted on Figure 3-1, 
four waste water line confirmation samples were collected and analyzed during the removal 
action from the area now identified as Survey Unit 10. The Cs-137 concentrations in these 
confirmation samples ranged from less than the MDC of the analysis to 0.1 pCi/g, and the Co-60 
concentrations were all below the MDC of the analysis.  

4.10.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-19, and analytical results for these samples are presented in Table 4-10. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 0.8 pCi/g, 
or 16% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.3 pCi/g, or 6% of the 
DCGL, and the median was 0.2 pCi/g. The standard deviation around the mean was 0.3 pCi/g.  
The highest Co-60 concentration detected in these 15 samples was approximately 0.02 pCi/g, or 
4% of the DCGL for Co-60. The mean Co-60 concentration was -0.01 pCi/g and the median was 
-0.006 pCi/g. The standard deviation around the mean was 0.02 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 5% of the DCGL, and the 
overall normalized standard deviation was 0.07. Using these values, the Relative Shift for the 
combined contaminants was 13.6. 

Profile samples were collected at location 010 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
0.7 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis.  

4.10.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 13.6, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 10, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-20 indicates an average concentration centered around 0.0.  Of the 15 analytical results 
for Cs-137, 11 were greater than the MDL reported by the laboratory for this analyte. Review of 
the histogram of concentrations for this contaminant presented on Figure 4-20 indicates that the 
data are symmetrical and without bimodality.   
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4.10.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-19 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 5 to 9 µR/h. No areas above 
12 µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.10.5 Conclusion 

The FSSP was followed with three exceptions. Obstructions encountered in the field caused the 
relocation of samples SU10-011, -012, and -013. No other unusual circumstances were 
encountered during the FSS that resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-19.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-10.  Analytical Results from SU-10 Soil Samples 
Survey Unit 10 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU10-001 4.58E-01 -1.63E-02 
SU10-002 2.51E-01 -1.74E-02 
SU10-003 6.66E-01 1.49E-02 
SU10-004 8.09E-01 1.44E-02 
SU10-005 2.82E-02 1.33E-03 
SU10-006 8.06E-02 -1.53E-03 
SU10-007 2.30E-01 1.32E-02 
SU10-008 2.22E-01 -1.28E-02 
SU10-009 4.26E-01 -2.49E-02 
SU10-010 6.96E-01 -4.77E-03 
SU10-011 3.38E-02 2.30E-02 
SU10-012 1.65E-01 -5.59E-02 
SU10-013 5.29E-01 -1.56E-02 
SU10-014 2.41E-01 -5.73E-03 
SU10-015 3.75E-02 -5.88E-02 

 
Mean 3.25E-01 -9.79E-03 

Standard Deviation 2.58E-01 2.38E-02 
Median 2.41E-01 -5.73E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 5.00E-02  

Combined Standard Deviation (Cs-137 + Co-60) 7.00E-02  
Relative Shift (Cs-137 + Co-60) 1.36E+01  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU10-010-01 0-6 6.96E-01 -4.77E-03 
SU10-010-02 6-12 3.59E-01 1.24E-02 
SU10-010-03 12-18 9.13E-02 1.04E-03 
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Figure 4-20.  Frequency Distribution of Soil Sample Results – SU10 (pCi/g) 
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4.11 SURVEY UNIT 11 

4.11.1 Introduction 

Survey Unit 11 is located at the southeast corner of the Rad Yard, and has a surface area of 
1916 m2. No areas were excavated within this survey unit during the 2004-2006 removal action, 
and only a small fraction of Building E2354 resides within the survey unit. As depicted on 
Figure 3-1, no confirmation samples were collected and analyzed during the removal action from 
the area now identified as Survey Unit 11. 

4.11.2 FSS Analytical Results 

During the FSS, 15 surface samples were collected across this survey unit. The sample locations 
are depicted on Figure 4-21, and analytical results for these samples are presented in Table 4-11. 
The maximum Cs-137 concentration detected in these 15 samples was approximately 1.2 pCi/g, 
or 24% of the DCGL for Cs-137. The mean concentration of Cs-137 was 0.2 pCi/g, or 4% of the 
DCGL, and the median was 0.2 pCi/g. The standard deviation around the mean was 0.3 pCi/g.  
The highest Co-60 concentration detected in these 15 samples was approximately 0.02 pCi/g, or 
4% of the DCGL for Co-60. The mean Co-60 concentration was 0.003 pCi/g, or less than 1% of 
the DCGL, and the median was 0.005 pCi/g. The standard deviation around the mean was 
0.01 pCi/g. 

The LBGR for the combined contaminants, using the unity rule, was 6% of the DCGL, and the 
overall normalized standard deviation was 0.065. Using these values, the Relative Shift for the 
combined contaminants was 14.5. 

Profile samples were collected at location 015 at depths of 0-6 in., 6-12 in., and 12-18 in. All 
profile sample results were below the DCGL for Cs-137, with the highest concentration of 
0.2 pCi/g detected in the 0-6 in. sample. All analytical results for Co-60 were less than the 
DCGL for Co-60, and less than the MDC for the analysis.  

4.11.3 FSS Data Interpretation 

While the Relative Shift for the combined data set calculates to 14.5, MARSSIM recommends as 
a design goal that a maximum Relative Shift of 3.0 be used.  Based on values of N for use with 
the Sign Test, obtained from MARSSIM Table 5.5, the minimum number of samples required to 
demonstrate compliance is 14. In Survey Unit 11, 15 samples were collected during the FSS; 
therefore, this requirement is met. Analytical results for every sample collected within the survey 
unit are below the DCGL, therefore the survey unit meets the release criteria.  

All of the analytical results for Co-60 were less than the MDL reported by the laboratory for this 
analyte, and review of the histogram of concentrations for this contaminant presented on 
Figure 4-22 indicates an average concentration centered around 0.0.  Of the 15 analytical results 
for Cs-137, 10 were greater than the MDL reported by the laboratory for this analyte. Review of 
the histogram of concentrations for this contaminant presented on Figure 4-22 indicates that the 
data are symmetrical and without bimodality.   
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4.11.4 Scanning Survey Results 

Scanning survey data are depicted on Figure 4-21 and indicate a relatively uniform exposure rate 
across the survey unit. Exposure rates generally ranged from 5 to 9 µR/h. No areas above 
12 µR/h were detected, and therefore the Investigation Level was not exceeded.  

4.11.5 Conclusion 

The FSSP was followed with three exceptions. Obstructions encountered in the field caused the 
relocation of samples SU11-013, -014, and -015. No other unusual circumstances were 
encountered during the FSS that resulted in any other changes to the FSSP. 

Based upon the data provided in this FSSR that the minimum samples required to demonstrate 
compliance is exceeded, that all of the FSS sample analytical results were less than the DCGL, 
and that the scanning survey identified no areas requiring further investigation, it is concluded 
that the survey unit satisfies the DCGL.   
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Figure 4-21.  FSS Soil Sample Locations and Scanning Survey 
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Table 4-11.  Analytical Results from SU-11 Soil Samples 
Survey Unit 11 FSS Sample Summary 

Surface Sample ID 
Cs-137  
(pCi/g) 

Co-60 
(pCi/g) 

SU11-001 8.21E-02 6.93E-04 
SU11-002 -4.94E-02 1.62E-02 
SU11-003 2.58E-01 2.18E-02 
SU11-004 2.90E-02 1.36E-02 
SU11-005 2.21E-01 5.01E-03 
SU11-006 2.06E-01 -9.71E-03 
SU11-007 3.76E-02 9.92E-03 
SU11-008 -1.99E-02 -1.26E-03 
SU11-009 1.16E+00 -2.00E-02 
SU11-010 3.31E-01 1.93E-02 
SU11-011 1.61E-01 -4.99E-03 
SU11-012 1.73E-01 -2.42E-02 
SU11-013 4.90E-01 1.09E-02 
SU11-014 3.68E-01 3.65E-03 
SU11-015 2.49E-01 6.00E-03 

 
Mean 2.46E-01 3.13E-03 

Standard Deviation 2.94E-01 1.35E-02 
Median 2.06E-01 5.01E-03 
DCGL 5.00E+00 5.00E-01 

 
LBGR, Unity Rule (Cs-137 + Co-60) 5.50E-02  

Combined Standard Deviation (Cs-137 + Co-60) 6.50E-02  
Relative Shift (Cs-137 + Co-60) 1.45E+01  

 
Profile Samples 

Sample ID 
Depth 

(inches) 
Cs-137 
(pCi/g) 

Co-60 
(pCi/g) 

SU11-015-01 0-6 2.49E-01 6.00E-03 
SU11-015-02 6-12 -1.56E-02 -1.46E-02 
SU11-015-03 12-18 3.03E-04 6.96E-02 
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Figure 4-22.  Frequency Distribution of Soil Sample Results – SU11 (pCi/g) 
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5. OVERVIEW AND EVALUATIONS OF FINAL STATUS SURVEY 
RESULTS FOR STRUCTURES AND ITEMS 

This section describes the measurements that were made on surfaces of the structures that remain 
at the Rad Yard, the locations where they were collected, the processes by which they were 
evaluated, and the methods used to determine that adequate measurements were taken to meet or 
exceed the applicable Class 1, 2, or 3 survey frequencies required by MARSSIM.  

5.1 CONCRETE SLABS REMAINING FROM BUILDINGS E2356, E2366, AND E2368 

There are three concrete slabs remaining on the Rad Yard; E2356, E2366, and E2368 as shown 
on Figure 1-2. The buildings that were located on these slabs were demolished during earlier 
removal actions. The slabs are cracked, with grass and weeds growing up between the cracks in 
the concrete. The concrete of E2356 was badly damaged around the perimeter, probably by 
heavy machinery driving over the slab. As a result, this slab is not rectangular. 

All three slabs were considered as Class 1 survey areas. Data for E2366 were collected during 
the removal action in May 2005 using a Ludlum 44-166 beta scintillation detector coupled to a 
Ludlum 2221 rate meter-scaler. Data for E2356 and E2368 were collected during the FSS in 
November, 2007 using a Ludlum 43-93 coupled to a Ludlum 2360. Both detectors have similar 
face areas (100 cm2) and beta efficiencies, the major difference being that the 43-93 can 
simultaneously detect and report alpha and beta radiation levels. Prior to initiating the survey on 
each slab, the surface was cleared of grass, weeds, and loose dirt that might shield the detection 
of any residual contamination, or puncture the mylar face of the detector. Following that, each 
slab was divided into 1 m2 areas, and a 100% scan of each grid conducted. 

The survey technique followed the protocol described in the FSSP, with one clarification. The 
technique in the FSSP describes how the entire 1-m2 area is scanned collecting an integrated 
count over 1 minute. A clarification was made in the field when it was recognized that at the 
specified scanning speed of 1 detector width/second, the entire 1-m2 area would take 
approximately 1.7 minutes to scan. Therefore, the technique was modified to correctly scan for 
1.7 minutes, while listening for any elevated areas of activity. If no elevated areas were detected 
by the audio output, the technician recorded the 1-minute integrated count as representative of 
the entire 1 m2 area. 

Survey data for the three slabs are presented in Figures 5-1, 5-2, and Table 5-1. Figures 5-1 and 
5-2 represent E2356 and E2368, respectively. All results are presented as beta activity in 
dpm/100 cm2. Data for E2366 were collected in tabular format, therefore the relative positions of 
each survey measurement cannot be represented on a figure. The survey data for all three slabs 
were well below the applicable surface contamination criteria of 5000 dpm/100 cm2 discussed in 
section 5.1.4.1 of the FSSP. 
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Figure 5-1.  Building E2356 Slab Beta ( ) 
Surface Activity (dpm/100 cm2) 

Bush River Rad Yard, 
APG, Maryland 
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Figure 5-2.  Building E2356 Slab Beta ( ) 
Surface Activity (dpm/100 cm2) 

Bush River Rad Yard, 
APG, Maryland 
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Table 5-1.  Building E2366 
Beta ( ) Activity (dpm/100 cm2) 

Contamination Level 

-4 32 -58 -90 

-126 -22 -213 -83 

-76 -25 -25 -47 

-90 -65 -90 -97 

-83 14 -14 14 

-47 47 7 -25 

-170 65 14 -29 

-7 -58 -51 -79 

-159 -25 11 -137 

-83 -94 -7 -58 

-61 -76 -11 -79 

281 -36 14 -51 

69 -29 112 -7 

14 -22 36 -36 

-133 -54 14 -133 

-36 47 115 -159 

-51 69 -94 14 

-79 -51 -54 -83 

-58 -119 -170 69 

-133 -76 -159 -61 

-79 14 -4 281 

-29 58 -94 -43 

-25 69 -126  

14 87 -76  
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5.2 VAULTS AND SUMPS 

There are two underground vaults that remain on the Rad Yard. The remediation done to these 
vaults is described in the FSSP (October 2007); Section 4.2.3, which discusses the east and west 
basements of E2364, and Section 4.2.5, which discusses the abandoned UST. Additional 
characterization data regarding these two vaults are provided in Sections 2.4 and 2.7.1 of the 
Non-Time Critical Removal Action Report (January 2007). Both of these vaults were backfilled 
with clean sand or flowable concrete as a contractual requirement during the removal action. 
Therefore, all FSS data presented were collected in April and May 2005.  

All FSS data were collected with a Ludlum 44-116 beta scintillation detector, coupled to a 
Ludlum 2221. The protocol used to collect the data is described in Section 4.2.1 of the FSSP.  

The west basement of E2364 was designated a Class 1 survey area, and received 100% survey 
coverage of the concrete floor and walls remaining after demolition of the building and sumps. 
The results of this survey are presented in Figure 5-3, with the data in units of beta activity in 
dpm/100 cm2. Of the 159 survey data points, only three were greater than the minimum 
detectable activity (MDA) of the instrument set, the highest being 1,660 dpm/100 cm2. All of the 
results are less than the surface contamination criteria of 5000 dpm/100 cm2. Figure 5-4 
represents the survey data collected from the east basement of E2364. This basement was 
classified as a Class 2 survey area, from which 14 1-m2 measurements were collected. All data 
are less than the MDA of the instrument set, and therefore all data are less than the applicable 
cleanup criteria. 

Data for the abandoned UST were collected in tabular format, therefore the relative positions of 
each measurement cannot be represented on a figure. Review of the data collected from this 
UST, which are presented in Table 5-2, demonstrates that all measurement results were well 
below the applicable criteria listed in Section 5.1.4.1 of the FSSP. 
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Figure 5-3.  Building E2364 West Basement Beta ( ) 
Surface Activity (dpm/100 cm2) 

Bush River Rad Yard, 
APG, Maryland 
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Figure 5-4.  Building E2364 East Basement Beta ( ) 
Surface Activity (dpm/100 cm2) 

Bush River Rad Yard, 
APG, Maryland 
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Table 5-2.  Abandoned Underground Storage Tank 
Beta ( ) Activity (dpm/100 cm2) 

Data Collected 5/17/05 

Contamination Level 

-21 587 231 -21 

7 148 138 -38 

152 90 873 3 

148 1228 642 -93 

290 873 1121 248 

442 642 421 283 

235 1121 -72 55 

276 970 -86 7 

362 421 3 -38 

193 642 -76 787 

345 797 48 631 

355 190 69 497 

311 531 62 293 

86 221 155 273 

183 186 355 659 

35 380 248 383 

14 442 480 131 
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5.3 BUILDING E2354 

As described in Section 5.5.3 of the FSSP, Building E2354 was located outside of the controlled 
fence area, and recently used by National Guard troops providing surveillance of the Bush River. 
As a result, this building was identified as a Class 2 structure in the FSSP. Based upon physical 
measurements collected during the FSS, this one-story structure has an interior surface area, 
including walls and floor, of approximately 126 m2, whereas in the FSSP, the estimated area was 
only 88 m2. The FSSP forecast that 16% of the available surface area would be surveyed during 
the FSS, resulting in 14 measurement locations. Due to the actual surface area being larger than 
anticipated, the actual number of 1-m2 survey location was increased to 20 thereby keeping the 
percentage of surveyed area constant at 16% of the available area. 

Prior to initiating the surface contamination survey, Building E2354 was scanned with a 2x2 NaI 
detector to look for any anomalous sources of contamination. Particularly suspect areas such as 
sinks, drains, showers, and a concrete sump were scanned by this method. Two areas of slightly 
elevated gamma activity were identified on block walls of the building. An electric 
hammer/chisel was used to remove a solid sample from the wall for gamma spectrometry 
analysis. Analyses of these two samples failed to identify an obvious source of the elevated 
gamma readings, other than the naturally occurring radionuclides expected in concrete wall 
block. 

All FSS surface contamination data were collected with a Ludlum 43-93 alpha/beta scintillation 
detector coupled to a Ludlum 2360 scaler. The survey protocol was as described in Section 4.2.1 
of the FSSP. All data were collected in November 2007. Survey locations and the survey data are 
depicted on Figure 5-5. As can be discerned from the data, all measurements were well below the 
applicable cleanup criteria of 5000 dpm/100 cm2. 
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Figure 5-5.  Building E2354 – Beta ( ) Surface Measurement Locations 

Bush River Rad Yard, 
APG, Maryland 
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5.4 BUILDING E2371 

As described in Section 5.5.3 of the FSSP, Building E2371 was designated as a support area 
outside of the controlled access fence of the Rad Yard. Most recently, this building was used to 
store supplemental verification soil samples collected during the 2004-2006 removal action. In 
the FSSP, this building was designated as a Class 2 structure. 

It was originally planned that fourteen 1-m2 survey areas would be adequate to document the 
contamination levels in Building E2371. However, during the preliminary assessment of this 
building, a small, approximately 12-inch diameter area, of elevated beta activity was detected on 
the concrete floor by the audio signal from the detector set. The estimated maximum 
concentration in this spot of beta contamination was approximately 9600 dpm/100 cm2, which is 
above the cleanup criteria of 5000 dpm/100 cm2. Through several repeated decontamination 
processes including use of both manual and electric chisels, the activity on this spot was reduced 
to 500 dpm/100 cm2. Approximately 0.2 ft3 of chipped concrete was collected as radioactive 
waste and transferred to DSHE for disposal.  

Due to contamination found in this building at a level above the cleanup criteria, the building 
was reclassified as a Class 1 structure, and a 100% survey was performed of the interior. All FSS 
surface contamination data were collected with a Ludlum 43-93 alpha/beta scintillation detector 
coupled to a Ludlum 2360 scaler. The survey protocol followed was as described in Section 4.2.1 
of the FSSP. All data were collected on November 16, 2007. Survey data are depicted on 
Figure 5-6. As can be discerned for the survey data, all measurements were well below the 
applicable cleanup criteria. 



 82 

 
Figure 5-6.  Building E2371 Interior Walls Beta ( ) 

Surface Activity (dpm/100 cm2) 
Bush River Rad Yard, 

APG, Maryland



 83 

6. REFERENCES 
Abelquist, E.W. 2001. Decommissioning Health Physics, A Handbook for MARSSIM Users, 

Institute of Physics Publishing, Philadelphia, PA. 

Earth Tech, Inc. 1998. Focused Feasibility Study Work Plan, Southern Bush River, Bush River 
Study Area, Edgewood Area. Aberdeen Proving Ground, MD. 

EPA (U.S. Environmental Protection Agency), 1994. Guidance for Data Quality Objectives 
Process EPA QA/G-4. U.S. Environmental Protection Agency, Washington, DC. 
September 1994. 

EPA. 1998. Guidance for Data Quality Assessment, Practical Methods for Data Analysis EPA 
QA/G-9. U.S. Environmental Protection Agency, Washington, DC. January 1998. 

EPA. 2000a. Soil Screening Guidance for Radionuclides: User’s Guide. EPA 540-R-00-007, 
9355.4-16A Office of Radiation and Indoor Air and Office Solid Waste and Emergency 
Response, U.S. Environmental Protection Agency, Washington, DC. October 2000. 

EPA. 2000b. Soil Screening Guidance for Radionuclides: Technical Background Document. 
EPA 540-R-00-006, 9355.4-16. Office of Radiation and Indoor Air and Office Solid 
Waste and Emergency Response, U.S. Environmental Protection Agency, Washington, 
DC. October 2000. 

Foster Wheeler Environmental Corporation (FW). 1997. Final Technical Report for the 
Adamsite Storage Vaults Removal Action, Aberdeen Proving Ground, MD Edgewood 
Office. January 1997. 

General Physics Corporation (GP), 1999. Phase II Addendum to the Focused Feasibility Study 
Work Plan, Southern Bush River, Bush River Study Area, Edgewood Area. Aberdeen 
Proving Ground, MD. 

GP. 2002a. Remedial Investigation Report, Bush River Study Area, Edgewood Area. Prepared for 
the Directorate of Safety, Health and Environment, Aberdeen Proving Ground, MD. 
2002. 

GP. 2003. Engineering Evaluation/Cost Analysis, Radioactive Waste Management Facility 
Removal Action. U.S. Army Garrison, Aberdeen Proving Ground, MD. 

GP. 2004a. Bush River Study Area: Southern Bush River Focused Feasibility Study Data Report 
for Operable Unit 3 – Ton-Container Steamout Site, Bush River Radioactive Material 
Disposal Facility, 22nd Street Landfill, and Northern Groundwater Plume. Edgewood, 
MD. February 2004. 

NRC. 1974. Termination of Operating Licenses for Nuclear Reactors. Regulatory Guide 1.86. 
U.S. Atomic Energy Commission, Directorate of Regulatory Standards, Washington, DC. 
June 1974. 

NRC. 2006. Consolidated NMSS Decommissioning Guidance Decommissioning Process for 
Materials Licensees, Final Report.  NUREG-1757, Vol. 1, Rev. 1. U.S. Nuclear 
Regulatory Commission, Office of Nuclear Material Safety and Safeguards, Washington, 
DC. September 2006. 

 



APPENDIX A 
DOCUMENTS SUPPORTING MODIFICATIONS 

TO THE FINAL STATUS SURVEY PLAN 

 











APPENDIX B 
SAMPLE ID KEY AND LABORATORY DATA 

 



SAMPLE ID KEY AND LABORATORY DATA 
The sample identification (ID) and chain of custody process described in this report were 
intended to consistently assigned sample identification numbers to samples collected in the field.  
Some sample numbers assigned in the planning phase were found during the field effort to have 
been assigned to the incorrect Survey Unit.  Also, verification samples collected during the 
removal action and used for the Final Status Survey were assigned ID numbers using a different 
protocol.  Those samples were renamed to provide consistent sample ID names in this report.  
The following key relates each renamed sample to its sample IDs as provided in the laboratory 
data packages.  This key should allow the reviewer to more easily find the appropriate value for 
each Final Status Survey sample.  

Laboratory data from the Final Status Survey sampling are provided in the compact disc (CD) 
attached to this report.  Laboratory data for verification samples collected as part of the removal 
action were provided in the CD that was attached to the Bush River Study Area Removal Action 
Report for Non-Time Critical Removal Action, Radioactive Waste Management Facility, Final, 
January 2007 (WESTON, 2007).   

SURVEY UNIT 
NUMBER 

ORIGINAL ID FROM DATA 
PACKAGE 

NEW ID USED IN FINAL STATUS 
SURVEY REPORT 

SU1 SS-N1-003-F SU1-016 
 SU1-011 SU3-003 

SU2 EC-N1-005-W-1-1-0 SU2-015 
SU3 SU1-011 SU3-003 

 SS-N7-004-W 
(recollected 2/08) 

SU3-015 

 SU3-013 
(collected 5/22/08) 

SU3-016 

 SU3-014 
(collected 5/22/08) 

SU3-017 

 SU3-015 
(collected 5/22/08) 

SU3-018 

SU4 EC-N4-010-W 
(collected 5-12-05) 

SU4-015 

SU5 EC-WW-001-F-1-1 
(collected 4-26-05) 

SU5-006 

 SS-N12-001-F 
(resample collected 2-14-08) 

SU5-015 

 EC-N3-015-W-1-2 SU5-015-02 
 EC-N3-015-W-1-3 SU5-015-03 

SU7 SS-N2-006-F 
(resample collected 2/08) 

SU7-016 

 SS-N2-013-W SU7-015 
SU8 SS-N2-004-F SU8-014 

 SS-N2-005-F SU8-015 



SURVEY UNIT 
NUMBER 

ORIGINAL ID FROM DATA 
PACKAGE 

NEW ID USED IN FINAL STATUS 
SURVEY REPORT 

SU9 SU9-013 SU10-014 
 EC-N5-003-F-1-1 SU9-013 

SU10 SU9-013 SU10-014 
 EC-WW-007-F-1-1-0 

(collected 4/28/05) 
SU10-015 

Note: Samples at locations SU3-013 and 014 were originally collected correctly 
on 12/06/07, and the data reported on Eberline Lab W/O #07-12056. These 
sample locations and results are acceptable and are reported in the FSSR as 
SU3-013 and 014. When three additional samples were collected from SU3 on 
5/22/08 these locations were randomly selected and initially assigned the ID 
numbers of SU3-013, 014, and 015. The 5/22/08 samples have been renamed 
SU3-016, 017, and 018 to avoid confusing them with the original samples. 

No changes in Sample ID were made for Survey Units 6 and 11. 






















































































































































































	Replacement Pages.pdf
	1. EXECUTIVE SUMMARY 
	2. GENERAL SITE DESCRIPTION AND SUMMARY OF PAST ACTIVITIES 
	2.1 SITE PHYSICAL DESCRIPTION 
	2.2 SUMMARY OF REMEDIATION ACTIVITIES 
	2.3 FACILITY DERIVED CONCENTRATION GUIDELINE LEVELS (DCGLs) AND ALARA CONSIDERATIONS 
	2.3.1 Soil DCGLs 
	2.3.2 DCGLs for Structures and Surfaces of Items 

	3. SUMMARY DESCRIPTION OF FSSP APPROACH AND MODIFICATIONS TO THE PLAN 
	3.1 SURVEY UNIT DESCRIPTION AND BASIS FOR DETERMINATION OF NUMBER OF SAMPLES 
	3.1.1 Soil Survey Units 
	3.1.2 Contaminated Surfaces 

	3.2 SUMMARY OF VALUES USED TO DETERMINE THE REQUIRED NUMBER OF SAMPLES IN THE FSSP 
	3.3 SUMMARY OF FSSP SOIL SAMPLING REQUIREMENTS 
	3.3.1 Sample Identification and Handling 
	3.3.2 Sampling Grid 
	3.3.3 Surface Soil and Depth Profile Sampling Process 
	3.3.4 Analytical Methods 


	4. OVERVIEW AND EVALUATIONS OF FINAL STATUS SURVEY RESULTS FOR SOILS 
	UNITY RULE APPLIED TO SOIL DCGLS 
	SIGN TEST FOR Co-60 AND Cs-137 
	RELEASING SURVEY UNITS 
	4.1 SURVEY UNIT 1 
	4.1.1 Introduction 
	4.1.2 FSS Analytical Results 
	4.1.3 FSS Data Interpretation 
	4.1.4 Scanning Survey Results 
	4.1.5 Conclusion 

	4.2 SURVEY UNIT 2 
	4.2.1 Introduction 
	4.2.2 FSS Analytical Results 
	4.2.3 FSS Data Interpretation 
	4.2.4 Scanning Survey Results 
	4.2.5 Conclusion 

	4.3 SURVEY UNIT 3 
	4.3.1 Introduction 
	4.3.2 FSS Analytical Results 
	4.3.3 FSS Data Interpretation 
	4.3.4 Scanning Survey Results 
	4.3.5 Conclusion 

	4.4 SURVEY UNIT 4 
	4.4.1 Introduction 
	4.4.2 FSS Analytical Results 
	4.4.3 FSS Data Interpretation 
	4.4.4 Scanning Survey Results 
	4.4.5 Conclusion 

	4.5  SURVEY UNIT 5 
	4.5.1 Introduction 
	4.5.2 FSS Analytical Results 
	4.5.3 FSS Data Interpretation 
	4.5.4 Scanning Survey Results 
	4.5.5 Conclusion 

	4.6  SURVEY UNIT 6 
	4.6.1 Introduction 
	4.6.2 FSS Analytical Results 
	4.6.3 FSS Data Interpretation 
	4.6.4 Scanning Survey Results 
	4.6.5 Conclusion 

	4.7  SURVEY UNIT 7 
	4.7.1 Introduction 
	4.7.2 FSS Analytical Results 
	4.7.3 FSS Data Interpretation 
	4.7.4 Scanning Survey Results 
	4.7.5 Conclusion 

	4.8  SURVEY UNIT 8 
	4.8.1 Introduction 
	4.8.2 FSS Analytical Results 
	4.8.3 FSS Data Interpretation 
	4.8.4 Scanning Survey Results 
	4.8.5 Conclusion 

	4.9  SURVEY UNIT 9 
	4.9.1 Introduction 
	4.9.2 FSS Analytical Results 
	4.9.3 FSS Data Interpretation 
	4.9.4 Scanning Survey Results. 
	4.9.5 Conclusion 

	4.10  SURVEY UNIT 10 
	4.10.1 Introduction 
	4.10.2 FSS Analytical Results 
	4.10.3 FSS Data Interpretation 
	4.10.4 Scanning Survey Results 
	4.10.5 Conclusion 

	4.11  SURVEY UNIT 11 
	4.11.1 Introduction 
	4.11.2 FSS Analytical Results 
	4.11.3 FSS Data Interpretation 
	4.11.4 Scanning Survey Results 
	4.11.5 Conclusion 


	5. OVERVIEW AND EVALUATIONS OF FINAL STATUS SURVEY RESULTS FOR STRUCTURES AND ITEMS 
	5.1 CONCRETE SLABS REMAINING FROM BUILDINGS E2356, E2366, AND E2368 
	5.2  VAULTS AND SUMPS 
	5.3  BUILDING E2354 
	5.4 BUILDING E2371 

	6. REFERENCES 





