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1.0 INTRODUCTION 

The United States (U.S.) Army Field Support Command (AFSC) has contracted Cabrera 
Services, Inc. (CABRERA) to provide a Work Plan describing the methodology for the 
remediation and Final Status Survey (FSS) of soils located within the boundaries of the Naval 
Station Great Lakes (Naval Station), and to perform that remediation and FSS.  This site was 
formerly used by the Defense Logistics Agency as a storage area for strategic quantities of 
monazite sand, a thorium-bearing material.  Survey and remediation efforts in support of this 
project will be performed within the former monazite sand storage area, which will be 
referred to herein as the Site.  This project is being conducted under contract number 
DAAA09-03-D-0029-0017.  The Scope of Work (SOW) is defined by SOW for Radiological 
Remediation Great Lakes Naval Training Center, USN 2000-003 Phase III and IV, Revision 
?, and CABRERA proposal 04-077, Revision ?, dated 27 April 2004 to comprise: 

• Thorough characterization of the Recreation and Center Tank Areas was done during 
phase III of this project.  These Site areas are shown in the Site Map presented as Figure 
1. 

• Collection of soil samples from approximately 100 boring locations.  Four samples were 
collected from each location using a Geoprobe rig at depths of up to four feet deep. 
Characterization survey sample locations are shown in Figure 2.  Additional biased 
samples were also collected to further delineate Site contaminants.     

• Removal of soil north of Building 8012 (the Warehouse) having activity concentrations of 
thorium-232 (Th-232) greater than 1 pCi/g above background.  Th-232 background has 
been established, conservatively to be 0.7 pCi/g, by using the lowest reference area Th-
232 sample activity result.  Therefore, the project action level for Th-232 will be 1.7 pCi/g 
(i.e., 1 pCi/g DCGL plus 0.7 pCi/g background).  This area is referred to as the North 
Fence Area (NFA) as shown in Figure 1.  It is estimated that 462 tons (400 ex situ cubic 
yards) of contaminated soil will require removal and off-site disposal.  Soil activity 
concentrations of Th-232 greater than 1 pCi/g above background will be disposed of as 
low-level radioactive waste.   

• Design and performance of a post-remediation, Multi-Agency Radiation Survey and Site 
Investigation Manual (MARSSIM)-based FSS for unrestricted release of the NFA.     

• CABRERA has also been re quested to perform remedial actions inside the Center Tank and 
Recreation Areas, as directed by contract modification through the AFSC and by the 
Naval Sea Systems Command Detachment Radiological Affairs Support Office (RASO). 
This task entails the removal of soil in these two areas having activity concentrations 
greater than the project action level for Th-232 of 1.7 pCi/g (i.e., 1 pCi/g DCGL plus 0.7 
pCi/g background).  Final status surveys will also be performed in these areas subsequent 
to the performance of remedial actions.  The specific areas from which soil is expected to 
be remediated and in which subsequent final status surveys will be performed are shown 
in Figure 7.     
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CABRERA performed a Site characterization survey in 2000, and a remediation and Final 
Status Survey in 2003 (CABRERA 2000, CABRERA 2003).  These documents form the baseline 
on which the project is designed; however, the data contained therein will be supplemented 
with remedial action control surveys during this field effort.  This Work Plan and associated 
Site Safety and Health Plan (SSHP) address the defined Scope of Work.   
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2.0 PROJECT SCOPE AND PURPOSE 

The Scope of Work covers the tasks associated with the following areas of the Site: 

2.1 Recreation and Center Tank Areas: 

• CABRERA will perform remedial actions inside the Center Tank and Recreation Areas and 
subsequent Final Status Surveys. 

2.2 Schedule 

The project schedule is provided as Attachment B to this Work Plan. 

2.3 Organization Chart 

Cabrera’s organization chart is presented below.   All critical positions are filled with highly 
qualified personnel with appropriate reporting relationships to the project manager to ensure 
the highest level of safety, quality, operational, technical, and project controls performance. 
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Project Organization Chart 

RASO EPM Great Lakes
Pat Haworth

757-887-7644 
Dan Fleming

(847) 688-5999 x161 

AFSC PM
David Horton
309-782-1759

CIH Cabrera PM Corporate Quality Control
Paul Schwartz, CIH

860-289-1885
Bill Naughton, RG

781-455-8787
Dave Watters, CHP

860-289-1885

Health & Safety Officer Construction Quality Control
Wade Fillingame

865-300-5789
Wade Fillingame

865-300-5789

Chemical Quality Control
Eric Barbour

781-455-8787

Waste Brokering Project Controls Site Supervisor Technical Lead
Wade Fillingame

865-300-5789
Stephanie Jaeger

781-455-8787
Jon Cote

860-305-0048
Eric Barbour

781-455-8787

Construction & HP Support Technical Support
Joe Voegtli Joe Weismann

Wade Fillingame
Kris Pagliaro Laboratory

Larry Pawlus
Wray Barrett

NAVFAC PM
Anthony Robinson

 

The following are the responsibilities for the various functions in the organization chart: 

NAVFAC PM – Overall control of project funding 
RASO EPM –Technical and contractual lead for project execution 
AFSC PM – Technical and contract support 
Great Lakes PM – Coordination of project site activities with Base personnel and services 
Cabrera PM – Overall responsible for project execution 
CIH – Overall responsible for all Health and Safety aspects of project 
Health & Safety Officer – Oversight of project site related health and safety 
Corporate Quality Control – Directs all aspects of quality assurance and control for projects 
Construction Quality Control – Performs inspections to ensure compliance with work plan 
Chemical Quality Control – Manages project sampling and analysis activities to ensure 
compliance with SOW, Work Plans and established procedures 
Site Supervisor – Overall control of all onsite activities 
Waste Broker – Manages transportation and disposal of HTRW wastes in compliance with 
regulations and contract requirements. 
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Project Controls – Manages budget and schedule for project; tracks costs and reconciles 
invoices 
Construction and HP Support – Provides field technical support related to HP surveys, 
sample collection, walk over surveys, soil excavation, and general construction support. 
Technical Lead – Overall responsibility for technical aspects of project including sample 
collection and analysis, FSS, and final report preparation and submittal 
Laboratory – Operate onsite gamma spectroscopy laboratory including sample preparation 
and counting.  
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3.0 BACKGROUND 
The general areas of the Naval Station in which this project will take place are shown in 
Figure 1.   

3.1 Historical Site Assessment 

The Site is located within the Naval Station in Great Lakes, Illinois.  The portions of the Site 
included in this project are shown in Figure 1.  On July 12, 1974, the Atomic Energy 
Commission (AEC) granted a license (License No. SMC-12078179) to Engelhard Minerals & 
Chemicals Corporation, authorizing “Repackaging of monazite sands in DOT approved 
containers.”  These operations were confined to the following locations:  Savannah Army 
Depot, Savannah, Illinois; Army Ammunitions Plant, Ravenna, Ohio; and U.S. Navy 
Administrative Command, Supply Depot (currently referred to as Naval Station Great Lakes), 
Great Lakes, Illinois.  The former AEC license indicated that 1,826,153 pounds of monazite 
containing 9.226% of thorium oxide was held at the Naval Station prior to shipment offsite.  
Records show that monazite sand was shipped to W.R. Grace & Company, Chattanooga, 
Tennessee.  The sand was shipped from Great Lakes and Savannah, Illinois from early 
September through mid-October 1974; and from Ravenna from early November through mid 
November 1974. 

No records have been found indicating that a closeout survey of the monazite sand storage 
area (current Site) was conducted, excluding Site surveys performed by CABRERA.     

Monazite is a rare earth phosphate containing a variety of rare earth oxides particularly 
cerium and thorium oxide.  Thorium has wide industrial applications and has been mined as 
monazite sand since the 1930’s.  Monazite typically contains five to seven percent of 
radioactive thorium and 0.1 to 0.3% of uranium.  Isotopes from the thorium series dominate.  

The U.S. Nuclear Regulatory Commission (NRC) Region III conducted an inspection of the 
Tank Farm #5 area on January 19, 2000, and found several locations of elevated gamma 
activity on the north side of the warehouse foundation near the northern boundary.  Surface 
dose rates of 80 µR/h were observed along the North Fence Area northern boundary.  Cabrera 
Services was contracted by the Navy to assess the area and on March 8, 2000, identified 
locations of elevated gamma activity and by gamma spectroscopy identified the presence of 
Th-232.   
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The contamination cleanup and final status surveys are being done in three phases.  In phase I, 
Cabrera Services was contracted to characterize the site formerly known as Tank Farm #5.  
The entire tank farm was surveyed and surface soil samples were collected and analyzed for 
Th-232.  Gamma radiation levels above the ambient level were identified along the north 
fence line, in locations surrounding tanks H, L, and K, and in locations between tanks H, L, 
and K (see Figure 1).  During the survey, six soil samples were collected from areas where 
elevated gamma radiation levels were observed.  These samples were analyzed for Th-232 
using gamma spectroscopy.  Analytical results for the samples indicate that Th-232 
concentrations ranged from 0.93 pCi/g to 64.31 pCi/g, with an average activity concentration 
of approximately 17 pCi/g.  During the sampling process, a buried sound powered phone jack 
containing radium was found below ground level near the south east corner of the soil pile. 

During the 2000 effort, CABRERA also performed final status surveys and released the areas 
surrounding the warehouse Building 8012, as shown in Figure 1 (designated by hatchings).  
These released survey units were part of the area referred to as the construction zone.  Final 
status release surveys were accepted by the NRC.       

In Phase II, Cabrera Services was contracted to remove the Soil Pile and to remediate and 
conduct a final status survey of the North Fence Area.  During the 2003 field effort, the Soil 
Pile was remediated down to one foot above ground surface, the remaining soil pile soils were 
characterized, and NFA soils were characterized.  Also during the 2003 effort, subsurface 
samples were collected from, various Site locations and analyzed; results identified elevated 
concentrations of Th-232 at depths greater than previously suspected.  The SP, prior to 
remedial activities, covered an area approximately 100 feet by 50 feet and was approximately 
16 feet high.  The pile was leveled prior to remedial activities.   The remaining Soil Pile 
footprint is located to the west of the new warehouse.  The remediation occurred 
incrementally; each removal iteration eliminated approximately a one-foot lift of soil from the 
pile.  Each lift was evaluated as a MARSSIM Class 1 survey unit.  Most of the Soil Pile soil 
was suitable for release for unrestricted use, approximately 1,730 cubic yards.  This soil was 
beneficially reused to provide additional capping material for a nearby, onsite landfill.  
Approximately 70 cubic yards exceeded the Derived Concentration Guideline Level (DCGL) 
and were disposed offsite at the U.S. Ecology Grandview, Idaho facility as unimportant 
quantities of source material.  The highest concentration of Th-232 identified in pile soils was 
2.7 pCi/g.  Characterization surveys were performed on the base of the Soil Pile and the one-
foot soil layer beneath it.  The characterization surveys identified elevated concentrations of 
Ra-226 at the base and beneath the Soil Pile with concentrations as high as 110 pCi/g.  
Characterization surveys were also performed in the NFA.  Approximately 170 cubic yards of 
NFA soils exceeded the DCGL and were disposed of offsite at the U.S. Ecology Grandview 
Idaho facility as unimportant quantities of source material.  The highest concentration of Th-
232 identified in these soils was 8.6 pCi/g. 
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During the 2003 characterization survey, soil samples were collected from the soil pile and 
NFA to provide information regarding chemical contaminants that could affect disposal 
options.  Laboratory analyses performed were in accordance with U.S. Ecology Waste 
Acceptance Criteria (WAC) requirements. These analyses included a toxic characteristic 
leachate procedure (TCLP), metals, mercury, semi-volatiles, volatiles, chlorinated herbicides, 
and organochlorine pesticides.  The sample analytical results were below 40 CFR Part 261 
limits, indicating that no hazardous chemical constituents were identified. 

3.2 Radionuclides of Potential Concern  

Th-232 is the Site radionuclide of potential concern (ROPC).  Soil results from the Phase I 
and Phase II characterization surveys (CABRERA 2000 and 2003) confirmed the presence of 
Th-232 in secular equilibrium with its progeny.  There is no evidence of chemical or physical 
processes that could disturb this equilibrium.  Based on the composition of monazite sands 
and laboratory analyses, uranium series radionuclides are expected to be present, but in 
significantly lower concentrations than thorium series radionuclides and are not considered 
radionuclides of concern.  

CABRERA is not aware of any known analytical data supporting the presence of radium in any 
area except one discrete location at the base of the former soil pile.  At this time, radium will 
not be considered a Site ROPC during this project. If found, discrete radium sources will be 
packaged, marked for storage, and processed as directed by the AFSC.  If radium is identified 
during this field effort, plans for performing surveys may be revised, as necessary.  The scan 
MDC for Ra-226 in surface soil and in equilibrium with its progeny is approximately 2.8 
pCi/g for a 2-inch by 2-inch sodium iodide detector (calculated using the same methodology 
as presented in Attachment A for Th-232).  For Onsite Laboratory gamma spectroscopy 
analysis of Ra-226 in soil, the analysis MDC is approximately 2 pCi/g via direct measurement 
of the 186.2 keV line.  This MDC for Ra-226 sample analyses may be slightly over-reported 
due to the presence of a contributing natural U-235 energy line at 185.7 keV.    

3.3 Unrestricted Release Criteria 

Areas at the Naval Station Great Lakes will be considered acceptable for unrestricted use if 
the residual radioactivity that is distinguishable from background radiation results in a total 
effective dose equivalent (TEDE) to an average member of the critical (screening) group that 
does not exceed 25 millirem per year (mrem/y), and the residual radioactivity has been 
reduced to levels that are as low as is reasonably achievable (ALARA). 
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3.4 Derived Concentration Guideline Levels 

 A radionuclide specific release criteria for Th-232, or derived concentration guideline level 
(DCGL), was determined using the DandD Screening Code, Version 2.1 (NUREG/CR-5512, 
Vols. 1,2&3) based on the 25 mrem/y TEDE dose limit specified in Section 3.3.  For surface 
soil concentrations, the model for the critical (screening) group was based on a default 
scenario of “Residential.”  For the residential scenario, the screening group is adult males who 
live and work on a farm, producing and consuming a fraction of their diet from the site.  They 
obtain all water required for drinking, domestic and agricultural use from an on-site well.  The 
residential scenario includes external and inhalation exposures and exposure from the 
following ingestion pathways: drinking water, food grown with contaminated irrigation water, 
food grown on contaminated soil, fish, and inadvertent ingestion of soil.  Land-based foods 
considered are leafy vegetables, root vegetables, fruit, grain, beef, poultry, milk and eggs.  
Animal feeds include fresh forage, stored grain, and stored hay.  This is the most conservative 
scenario as it assumes that persons living on the site can use the land for any purpose without 
land-use restrictions. 

This pre-defined model and its generic screening parameters were used to calculate a 
conservative range of doses that the average individual could receive.  Conservatively, the 
DCGL is based on the upper end of the 95% confidence interval for the 0.9-quantile values 
for the resultant dose for the radionuclide of concern. 

Based on the above, the DCGL for Th-232, in equilibrium with its progeny, is 1 pCi/g.  
Appendix D provides DandD screening code details (initial activity, chain data, model 
parameters, exposure pathways, resultant dose, etc.) for the model used. 

Considering the conservatism that is factored into the default DandD scenario of 
“Residential,” the DCGL determined by this model is considered ALARA. 
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4.0  REMEDIATION ACTIVITIES  

For the purposes of segregating clean material from contaminated material during this project, 
the DGGL for Th-232 is 1 pCi/g above background for the areas to be remediated.  NFA areas 
to be remediated will be designated using the results of the CABRERA 2003 NFA survey, 
presented as Attachment C to this Work Plan.  Recreation and Center Tank Areas to be 
remediated are presented in Figure 7.  Note that it is assumed for locations shown on this 
figure to be remediated at discrete depths that soils located above these depths will also be 
remediated.  

4.1 Area Preparation 

Excavation and other possible impacted areas will be clearly marked with white paint, or 
equivalent, prior to commencing work.  Notification of Joint Utility Locating Information for 
Excavators (JULIE) will be coordinated through the installation Environmental Office at least 
one week before the start of any earthwork, to mark out and identify any conflicting 
underground utilities. 

Prior to beginning work, areas to be remediated should be posted as “Access Controlled 
Area,” “RWP [Radiation Work Permit] Required for Entry” and “Authorized Personnel 
Only.”  Barrier tape or rope will be utilized to define the active work areas.  Each posted area 
will be restricted to a single ingress/egress point, which will be marked by a step-off pad.  A 
frisking station for personnel contamination monitoring will be setup in the area. 

4.2 Removal of Soil in Contaminated Areas 

4.2.1 Recreation and Center Tank Area Soils 

Soil removal will generally be accomplished using an excavator, front-end loader, or 
equivalent.  Removed material will be packaged for transportation predominantly in 25-yard 
roll-off intermodal containers, but some potential also exists for storage and/or transport of 
material in end dump trucks, drums, or B-25 containers.  Hand tools may be utilized in size-
restricted areas and areas near large stationary features that power machinery cannot readily 
access.   

The Recreation and Center Tank Areas are approximately 6,991 m2 in size.  The perimeter of 
the areas and the assumed cut line are shown in Figure 7.  These areas are comprised of bare 
soil, grass, and pavement.   

The materials flagged for removal will be temporarily staged on and covered with 
polyethylene sheeting (poly).  It is estimated that 1,400 cubic yards of contaminated soil 
(approximately 1,500 ex-situ cubic yards) from the Center Tank and Recreation Areas will 
require removal and off-site disposal.  On-site analysis of these soils will be completed before 
the containers are shipped off-site. 

The intermodal containers will be surveyed prior to transport and disposal at U.S. Ecology, in 
Grand View, Idaho (U.S. Ecology), a disposal site licensed for this waste classification.  This 



Naval Station Great Lakes Remediation and Site-Wide FINAL Status Survey Work Plan 

Contract No. W52P1J-04-D-0007/01 CABRERA SERVICES, INC. Page 18 

disposal site has more flexible disposal limits than other disposal facilities and is therefore 
preferred over other facilities. 

By default, soils will be shipped to U.S. Ecology in Idaho for disposal.  However, U.S. 
Ecology in Idaho cannot accept materials with concentrations in excess of 55 pCi/g Th-232 or 
222 pCi/g Ra-226 (or the sum of concentrations of parent and all progeny for Ra-226 and Ra-
228 exceeding 2,000 pCi/g).   

Radium is not expected to be encountered in this area.  However, if discrete radium sources 
are identified, they will be properly packaged and marked for storage as directed by the AFSC 
project SOW. 

4.3 Packaging of Waste Materials 

The waste materials exceeding DCGLs will be excavated from the subject areas, temporarily 
staged on and covered with poly, and placed into hardtop roll-off intermodal containers.  
Water absorbing materials (e.g., Water Works America SP-400, or equivalent) will be added, 
as necessary, to assure that no freestanding water is present within the container.  The loading 
of the intermodal containers will be controlled to ensure that applicable Department of 
Transportation (DOT) requirements are met. 

Soil removed that is determined to be below the DCGL will be used as backfill material in the 
general area from which the soil was removed.  

4.4 Shipment and Disposal of Waste Materials 

Existing soil sample results and, as necessary, additional soil sample analysis performed in the 
Onsite Laboratory will be used to determine waste disposition.  Soils will be chemically 
characterized during the field effort, as needed, for profiling information to meet U.S. 
Ecology criteria. Waste profiles previously accepted by U.S. Ecology for past Site waste 
shipments will be re-activated, as possible, for the shipment of waste during this remedial 
effort.   

The plan is to ship waste materials compliant with U.S. Ecology waste acceptance criteria 
from the Site to the disposal facility, shortly after loading.  All containers used during this 
remediation removal effort will be inspected for container integrity and the required labeling.  
All containers will also be surveyed and weighed prior to shipment.  As described above, the 
intermodal containers will be used to transport the containerized soil for transport and 
ultimate disposal at the U.S. Ecology disposal facility in Grand View, Idaho. 

CABRERA will use an AFSC-approved broker to ship the low-level radioactive waste.  
CABRERA will provide for exclusive use of vehicles for the shipments.  Change out of drivers, 
trailer, or tractor en route is prohibited.  The vehicles will be subject to inspection by the 
Government who reserves the right to reject any vehicle or driver not meeting the 
requirements of the Department of Transportation.  CABRERA will coordinate shipments 
directly with the approved processor or disposal facility, prior to the containers leaving Naval 
Station property.   
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The CABRERA AFSC-qualified broker will prepare necessary DOT and procedurally required 
forms (Radioactive Shipment Record, Bill of Lading, etc.).  A second quality assurance check 
on the container labeling shall be performed to ensure compliance.  Full, labeled containers 
should be placed in the designated storage area until shipment.  DOT shipping and labeling 
requirements will be met prior to release of the intermodal, end-dump, and B-25 containers 
from the site. 

4.5 Demobilization Activities 

Equipment and materials used on the project within radiological control areas will be 
surveyed for release and decontaminated as necessary in accordance with CABRERA field 
operations procedure (OP) OP-004 "Unconditional Release of Materials from Radiological 
Control Areas".  Postings and barriers will be removed and materials and support equipment 
(office facility, equipment, etc.) will be removed from the site. 

4.6 Personnel ALARA Considerations 

Dose rates, and the total amount of radioactive materials at the site, indicate that direct 
external exposure to radiation is of minor consequence during work activities.  Measurements 
of radiation exposure show maximum dose rates in the area are generally well below 40 µR/h 
at 1 m from the ground surfaces. One hot spot with 90 µR/h was noted by an NRC walk 
down.  Personnel exposures are not anticipated to exceed five millirem total effective dose 
equivalent (TEDE) for the job duration. 

The potential for internal exposure is slight due to the amount of radioactive material present, 
the type of material that is mixed with the radioactive materials, and the method utilized for 
removal of the soils.  Continuous sampling, using low volume air samplers, along with 
breathing zone (BZ) air samples obtained from the breathing zone for the worker closest to 
the sampling or remediation area, will be used for evaluation of the hazard.   

No environmental releases or exposures to unmonitored personnel are anticipated.  Routine 
monitoring for environmental exposures will be performed using low volume air samples 
placed in areas of maximum potential exposure.  Gamma scan surveys of the areas around the 
Survey Unit will be performed daily during the remediation to ensure the spread of 
contamination is minimized.  Equipment used for remediation will be surveyed and 
decontaminated as necessary to minimize the spread of contamination to areas surrounding 
the Survey Unit. 



Naval Station Great Lakes Remediation and Site-Wide FINAL Status Survey Work Plan 

Contract No. W52P1J-04-D-0007/01 CABRERA SERVICES, INC. Page 20 

4.7 Detailed Work Description 

4.7.1 Pre-requisites and Precautions 

Project personnel will complete and present evidence of having received Occupational Safety 
and Health Administration (OSHA) 40 hour Hazardous Waste Operations and Emergency 
Response (HAZWOPER) training and/or have current 40 hour HAZWOPER refresher 
training prior to beginning work at the Site.  Site personnel shall read and understand the 
contents of this work plan and the site-specific health and safety plan prior to any physical 
work on site.  Each team member will complete a sign-off sheet indicating his or her 
understanding of and agreement to the provisions of both plans.  These sheets will be filed in 
the project file.   

The work area will be posted as “Access Controlled Area,” “RWP [Radiation Work Permit] 
Required for Entry” and “Authorized Personnel Only,”  Rope, tape, or an equivalent barrier 
will be placed around the immediate work area to present a visual barrier and limit access by 
unauthorized personnel.  

RWPs will be prepared documenting the activities to be performed and radiological safety 
requirements for all project work.  Personnel assigned to site work will be required to read 
and understand the requirements prior to beginning work. 

Low-volume air samplers will be utilized and positioned such that data may be obtained to 
document and verify that no significant release of radioactive materials from work activities 
has occurred.  Personnel BZ air samplers should be run long enough to obtain an air sample of 
sufficient volume to ensure adequate counting instrument sensitivities.     

4.7.2  Removal of Contaminated Soils 

Areas identified as exceeding the DCGL for Th-232 of 1 pCi/g above background may 
require removal.  Specific work areas inside the overall controlled area may be prepared in 
sections of approximately 20 to 40 m2 at a time for ease of area set-up and control of the soil 
resulting from the removal actions.  Larger areas may be needed to accommodate machinery 
when used.  

CABERA will ensure that prerequisites are completed.  Step off pads, along with clearly 
delineated postings that indicate the locations of personnel entry and egress from the work 
area, will be set up.  Approved waste transport containers will be staged immediately adjacent 
to the work area or as close as practically achievable, as dictated by site-specific conditions, to 
ensure the distance soils must travel from the soil staging area to the intermodal container is 
minimized. 

Soil removal will be commenced using a tracked excavator or equivalent.  Soil removal to a 
depth of 4 feet from the ground surface may be required to effect remediation in the subject 
areas.  This may be done in lifts.  Hand tools may be used to assist in the removal of small 
amounts of material near fencing, storm drains, utilities, etc. where machinery may be 
inappropriate.  Soils will be temporarily staged on and covered with polyethylene sheeting 
and then loaded into the shipping container.  
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Following initial soil removal, a local area gross gamma scan survey will be conducted out 
with a Ludlum Model 44-10 gamma scintillator (2 in. x 2 in. NaI) and Ludlum Model 2221 
ratemeter/scaler or equivalent system, to identify any remaining soil likely to exceed the 
DCGL.  This detection system will be configured to direct its data to a Global Positioning 
System (GPS) receiver to facilitate precise geo-spatial correlation of the gamma data.  If any 
areas exhibit gamma fluence in excess of the DCGL, an additional 0.05 to 0.10 m (2 to 4 in) 
of the topmost portion of the soil will be removed.  The above steps will be repeated as 
necessary until no gamma count rates in excess of background are observed. 

This methodology will be repeated for subsequent land areas until all subject areas have been 
addressed. 

Following completion of soil removal actions, equipment used during the effort will undergo 
release surveys in accordance with approved procedures.  Equipment released for unrestricted 
use shall have documented survey results specifying the particular equipment and verifying 
that applicable release criteria have been met. 

A MARSSIM-based FSS, as described in Section 5.0, will be performed on all subject areas 
following the completion of remediation activities.  This FSS will include 100% gross gamma 
scans and systematic soil sample collection and analysis to support unrestricted radiological 
release of the subject areas.  Additional soil samples will be included at biased sample 
locations, concentrating on areas of greatest contamination potential (rough cracked surfaces, 
drainage pathways, fence lines, wind breaks, etc.), as well as areas in which the highest gross 
gamma count rates are observed.  The volume of sampled soil will be well mixed and placed 
into one-liter marinelli type sample containers.  Any unused soil will be placed back to the 
location from which it was taken. 

The soil samples will be analyzed using the Onsite Laboratory and as a minimum will check 
10% of the samples for quality assurance by sending them to an independent third party 
laboratory for correlating analysis.  The offsite laboratory used to analyze soil samples will be 
certified by the State in which it operates.  Section 6.2 provides details of the field operation 
gamma spectroscopy system. 

Following approval and direction from the AFSC Project Manager and contracting officer, the 
excavated area may be backfilled roughly to grade using imported or local clean soil; this 
activity is currently not under contract.   
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5.0 RADIOLOGICAL FINAL STATUS SURVEYS 

Cabrera will perform a Final Status Survey on the NFA, Recreation and Center Tank Areas 
and the RASO Environmental Program Manager will review and approve the FSS.  The 
survey is designed to meet the guidance provided in MARSSIM (NRC 2000).  The methods 
and procedures to be used for the FSS are described in this section. The methodology and 
approach to surveys and sampling are presented in Section 6.0. 

5.1 Detection Methods 

The following radiation detection methods will be used during the radiological surveys:  

• Gross gamma fluence (count rate) measurements 

• Systematic soil sampling and analysis 

• Biased soil sampling and analysis  

Field survey methodology, techniques, and terminology are based on guidance contained in 
MARSSIM (NRC 2000).   

For soil sample data, non-parametric statistical methodologies (i.e., Wilcoxon rank sum 
[WRS] test), described below, will be utilized to compare the post-remediation site conditions 
with the naturally occurring background thorium.  If all sample results are less than the 
DCGL, use of the WRS test may not be necessary to prove that a survey unit passes FSS 
release criteria. 

5.2 Representative Reference (Background) Area 

The thorium series radionuclides occur naturally and the DCGL is not substantially greater 
than typical background concentrations; it is necessary to establish background concentrations 
to identify and evaluate residual contributions from past site operations.  Determination of 
background levels for comparison with Site conditions in specific survey units entails 
conducting surveys and collecting and analyzing samples from a reference area (RA) to define 
background radionuclide concentrations.  CABRERA will use the RA results from previous 
FSS work (CABRERA 2003) to establish the typical background concentrations for this 
remediation effort.  Reference area GWS results presented an average of 10,211 counts per 
minute (cpm), with a standard deviation of 803 cpm.  Reference area sample results presented 
an average of 0.86 pCi/g Th-232 with a standard deviation of 0.10 pCi/g. 

The RA features physical, geological, and natural radiological characteristics similar to the 
NFA.  Non-impacted in this context should ideally include an area that was not used for, or 
potentially affected by previous monazite sand operations and has been disturbed from natural 
conditions similar to the disturbance of the construction zone (NRC 1998a). 

The RA approximates the individual sizes of the NFA Class 1 Survey Units.  Figure 3 shows 
the 2003 RA location on the site base map, with the results of the RA gross gamma survey 
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count rate performed during the 2003 characterization survey.  Details justifying the new RA 
as an appropriate replacement for the original RA are provided in the CABRERA memo to 
RASO on September 24, 2003 (CABRERA 2003a).  

5.3 Survey Units 

5.3.1 North Fence Area 

The NFA is north of the warehouse; the entire area is 2,289 m2 in size.  The majority of the 
surface of the NFA is bare soil, although some areas are paved or covered with concrete slabs 
and the southwest portion is grass.  One Class 1 and one Class 2 final status survey unit have 
been established inside the NFA, consistent with MARSSIM guidance.  The perimeter of the 
NFA and the designated Class 1 and Class 2 final status survey units are shown in Figure 3.  

MARSSIM provides suggested maximum areas for Class 1 land areas as being up to 2,000 m2 
in size.  The NFA Class 1 survey unit will have a survey area of 880 m2.  As a naming 
convention, this survey unit will be referred to as NFA-SU-1. 

A Class 2 survey unit surrounding the NFA Class 1 survey unit has been established, as 
shown in Figure 3.  The Class 2 survey unit is created by including a surrounding parcel of 
land 4 m in width around the entire Class 1 survey unit.  This results in the creation of a Class 
2 survey unit of 850 m2 in size.  MARSSIM provides suggested maximum areas for Class 2 
land areas as being from 2,000 to 10,000 m2.  This survey unit will be referred to as NFA-SU-
2.  For the purposes of ensuring the identification of any small areas of elevated radioactivity, 
a 100% GWS will be performed on NFA-SU-2; this equates to the performance of a Class 1 
survey in this Class 2 survey unit.  

5.3.2 Center Tank and Recreation Areas 

The Recreation and Center Tank Areas are 6,991 m2 in size. These areas are comprised of 
bare soil, grass, and pavement. Approximately four Class 1 and two Class 2 final status 
survey units will be established inside the Center Tank and Recreation Areas depending on 
the final size and geometry of the remediated areas and consistent with MARSSIM guidance.  
The perimeter of the areas and the assumed cut line are shown in Figure 7.  MARSSIM 
provides suggested maximum areas for Class 1 land areas as being up to 2,000 m2 in size.  
MARSSIM provides suggested maximum areas for Class 2 land areas as being from 2,000 to 
10,000 m2.  For the purposes of ensuring the identification of any small areas of elevated 
radioactivity, a 100% GWS will be performed on Class 1 and Class 2 survey units. 

5.4 Number of Sample Locations and Survey Coverage 

5.4.1 Number of Sample Locations for Each Survey Unit  

MARSSIM discusses a method to determine the number of data points required in a given 
survey unit.  A minimum number of measurement locations are required in each survey unit 
to obtain sufficient statistical confidence that the conclusions drawn from the measurements 
are correct.  For the purpose of this survey, the minimum required number of measurements is 
based on expected radionuclide concentrations in site areas that may be suitable for release for 
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unrestricted use.  The following subsections describe the basis for, and derivation of, the 
minimum required measurement locations per survey unit. 

(A) Estimation of Relative Shift 

The minimum number of measurements required is dependent on the distribution of site 
residual radionuclide concentrations relative to the DCGL and acceptable decision error limits 
(α and β) established in Section 5.9.6.  The relative shift describes the relationship of site 
residual radionuclide concentrations to the DCGL and is calculated using the following 
equation, from Section 8.4.3 of MARSSIM.   

σσ
LBGR - DCGL

  w=∆  

 Where: DCGLw  = the derived concentration guideline level (i.e., release limit) 

  LBGR  = concentration at the lower bound of the gray region.  The LBGR 
is the concentration to which the survey unit must be cleaned in 
order to have an acceptable probability of passing the statistical 
tests.  The LBGR effectively becomes the survey’s action level. 

  σ   = an estimate of the standard deviation of the concentration of 
residual radioactivity in the survey unit (which includes real 
spatial variability in the concentration as well as the precision of 
the measurement system) 

(1) DCGL 

The soil DCGL for this survey is specified as 1.0 pCi/g for Th-232.  This DCGL is 
assumed to be conservative in nature and is used to calculate the number of samples 
required in the survey units 

(2) LBGR 

The LBGR is typically used as a clean-up guideline (or action level), as discussed above.  
This application of the LBGR is not directly applicable to the survey design, because 
remediation (clean-up) has not been performed.  As such, MARSSIM recommendation 
of setting the LBGR to 0.5 times the DCGL is used to calculate the number of required 
measurement locations (i.e., the DCGL = 1.0 pCi/g, so the LBGR = 1.0 pCi/g x 0.5 = 0.5 
pCi/g). 

(3) Sigma (σ) 

For the purposes of this survey, the sigma values are drawn from data collected during 
the 2003 characterization survey.  The standard deviation (σ) of Th-232 concentrations 
in the reference area (CABRERA 2003) from that survey is 0.1 pCi/g.  The observed σ in 
the Class 2 NFA survey unit is 0.3 pCi/g, which would be expected to be similar to a 
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Site Class 1 survey unit σ following remediation.  Therefore, to ensure that sufficient 
samples are collected, the more conservative Th-232 σ of 0.3 pCi/g will be assumed. 

, The values for relative shift for each area to be surveyed are calculated, based on the 
preceding.  The ∆/σ value for the NFA, Center Tank and Recreation Areas is 1.7.  

(B) Determination of N (Number of Required Measurement Locations) 

The WRS statistical test will be used to determine whether portions of the site are suitable for 
release for unrestricted use, since the contaminants being measured are present in background.  
The minimum number of systematic measurement locations required in each survey unit for 
the WRS statistical test is determined using Table 5.3 in MARSSIM.  Using the acceptable α 
and β errors discussed in Section 5.9.6, and the resulting relative shift of 1.7, the N for each 
NFA survey unit is 15. The α and β values associated with the Type I and Type II errors are 
five percent (5%).  

5.4.2 Required Scan Sensitivity for Class 1 Survey Unit 

MARSSIM states that in Class 1 survey units, scanning sensitivity must be sufficient to detect 
small areas of elevated radioactivity.  MARSSIM utilizes an area factor to evaluate the 
magnitude by which the concentration within a small area of elevated activity can exceed the 
DCGLw while maintaining compliance with the release criterion.  The following formula is 
listed in section 5.5.2.4 of MARSSIM for determining the necessary scan sensitivity when 
incorporating the area factor: 

Required Scan MDC (required) = (DCGLw) x (Area Factor) 

If the actual scan MDC is greater than the required scan MDC, additional samples are 
required to ensure that the dose-based release criterion is satisfied. 

For this investigation, the scan MDC, has been determined to be 1.8 pCi/g for Th-232, using 
values presented in MARSSIM Table 6.7.  The Area Factor described above may be 
calculated utilizing the 15 samples taken for each survey unit from the NFA.  The average 
area covered by each sampled area in the NFA Class 1 survey unit is calculated by dividing 
the Class 1 survey unit area (i.e., assumed to be, 880 m2) by the number of samples in the 
Class 1 survey unit (i.e., 15); this equals 58 m2.  The Class 1 survey unit area is assumed to be 
880 m2, but could actually be larger once remediation activities are complete. The largest 
Class 1 survey unit area suggested by MARSSIM is 2,000 m2. Using the same approach for 
the 2,000 m2 area as that described above for the 880 m2 area yields an average area covered 
of 133 m2. 

RESRAD version 6.22 was used in the deterministic mode with default parameters and Th-
232 in equilibrium with its daughters.  The code was used to include the “unlimited area” (i.e., 
RESRAD 10,000 m2 area default), the 58 m2 area (as described above), and the 133 m2 area 
(also described above).  An area factor of 2.0 is calculated by dividing the maximum 
RESRAD dose for the “unlimited area” of 15.06 mrem/y by the RESRAD dose for the 
assumed 58 m2 area of 7.49 mrem/y.  An area factor of 1.7 is calculated by dividing the 
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maximum RESRAD dose for the “unlimited area” of 15.06 mrem/y by the RESRAD dose for 
the maximum 133 m2 area of 8.64 mrem/y.     

Application of the area factor for the assumed 880 m2 Class 1 survey area results in a 
minimum scan MDC sensitivity not greater than 2.0 pCi/g for Th-232 compared to the scan 
MDC of 1.8. Thus, the scan MDC is adequate for the 880 m2 Class 1 survey unit area. 

Application of the area factor for the MARSSIM maximum suggested Class 1 survey unit 
area of 2,000 m2 results in a minimum scan MDC sensitivity not greater than 1.7 pCi/g for 
Th-232 compared to the MDC of 1.8. Thus, the scan MDC would not be adequate for the 
maximum suggested area.  Therefore, if following remediation activities, the Class 1 area is 
significantly larger than the assumed 880 m2, the number of samples in the Class 1 survey unit 
will be increased, as necessary, until the required MDC is greater than 1.8 pCi/g.  

The summary results of the RESRAD code outputs described above are included as 
Attachment E to this document. 

5.4.3 Gamma Walkover Surveys and Biased Samples 

Class 1 and Class 2 survey units will receive 100% gamma walkover survey (GWS) coverage.  
The 100% GWS will be performed on Class 2 survey units for the purposes of ensuring the 
identification of any small areas of elevated radioactivity; this equates to the performance of a 
Class 1 survey in this Class 2 survey unit. 

If areas of elevated radioactivity are identified during the GWS, biased samples will be 
collected and analyzed.  In addition, biased measurements may be obtained in areas of rough 
or cracked surfaces, drainage pathways, fence line, windbreaks etc.  At a minimum, one 
biased soil sample will be collected in each survey unit at the location of the highest gamma 
walkover reading.  Biased samples may also be collected at locations where GWS data Z-
scores exceed 3.0 (see Section 5.9.5(E)(2)).  It is assumed that approximately two biased 
samples will be collected and analyzed as part of the final status survey from each survey unit. 

5.4.4 Area Factors and the EMC Criterion 
As discussed previously, 15 systematic soil samples will be obtained in each NFA survey 
unit.  Samples will be obtained at 0 to 0.30 m (0 to 12 in) below ground surface (bgs) after the 
removal action has occurred.   

(A) Class 1 Survey Unit 

Results of the Class 1 survey units for Th-232 exceeding the DCGL (including background) 
will be compared to the DCGLEMC for evaluation of acceptability.  The DCGLEMC is 
determined as follows: 

DCGLEMC = (area factor) x (DCGLW) = 1.7 x 1 pCi/g = 1.7 pCi/g Th-232 

Each sample point will be evaluated to determine if it exceeds the DCGLW plus background 
for Th-232.  The lowest background Th-232 sample result from the 2003 reference area data 
will be considered the site “background” for this determination.  If a sample result exceeds 
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background by more than the DCGLW, it will be compared to the applicable DCGLEMC.  
Areas that exceed background by more than the DCGLEMC will be considered unacceptable 
(i.e., will require remediation).   
 
Provided that the results of EMC comparisons are resolved, it is still necessary to evaluate the 
average residual radioactivity in the survey unit for the purpose of evaluating residual results 
against risk.  If residual radioactivity is found in an isolated area of elevated activity (in 
addition to residual radioactivity distributed across the survey unit), the unity rule can be used 
to ensure that the total dose is within the final status survey release criterion.  This evaluation 
is performed using MARSSIM Equation 8-2 as follows: 
 
(d/DCGLw) + ((elevated area average concentration – d)/(Area Factor x DCGLw)) <1 
 
where: 
 
d = average residual radioactivity in the survey unit 
 
If there is more than one elevated area, a separate term (for d over the DCGLw) should be 
included for each separate area. 

(B) Class 2 Survey Unit 

If a sample result exceeds background in the Class 2 survey unit (NFA-SU-2) by more than 
the DCGLW, the survey unit will be reclassified and evaluated as a Class 1 survey unit. 
 

5.5 Survey Instrumentation and Survey Techniques 

5.5.1 Gamma Walkover Survey 

A 100% GWS will be performed over accessible areas in each Class 1 survey unit, as 
recommended in MARSSIM.  The purpose of the GWS is to identify areas of elevated 
radioactivity.  The approximate detection sensitivity of the GWS is 1.8 pCi/g for Th-232 in 
secular equilibrium with its radioactive daughter products as presented in Attachment A 
entitled 2 in x 2 in NaI MDC Technical Memorandum.  The detection sensitivity is based on 
surficially deposited 0 to 0.30 m (0 to 12 in) isotopes.  Equipment required for performing the 
GWS survey includes the following: 

• Trimble Pathfinder Pro - XRS (or equivalent) 

• 2 in by 2 in NaI detector and associated rate-meter/scaler, equipped with RS-232 
download port 

• Hardware: IBM-compatible Pentium (minimum) personal computer, color printer, large 
capacity data storage device (e.g., zip drive), modem, large format plotter, (note that some 
hardware may not be site-based). 

• Software: Trimble Pathfinder Office, AutoCAD (or equivalent CAD software) with 
coordinate geometry capability. 
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The survey will be performed following MARSSIM protocol by walking straight parallel 
lines over an area while moving the detector in a serpentine motion, 0.05 to 0.10 m (2 to 4 in) 
above the ground surface.  Survey passes will be approximately one m apart.  Data from the 
ratemeter/scaler will be automatically logged into the GPS unit every one second.  After 
completion of the survey, the raw data will be downloaded from the GPS and sent to a data 
processing specialist for export into a geospatial software program.  After completion of data 
processing, an electronic file with the contoured results of the survey will be returned to the 
on-site Project Engineer for evaluation. 

5.5.2 Soil Sampling 

Surface soil samples will be collected in the survey units and, as necessary, in the onsite 
reference area to enable statistical evaluation of site radionuclide concentrations relative to the 
DCGL, in accordance with MARSSIM guidance.  Soil samples will be collected using hand 
augers or equivalent equipment and will be collected from 0 to 0.30 m (0 to 12 in) in the 
survey units.  A total of at least 15 reference area soil samples will be taken.  This number is 
based upon MARSSIM table 5.3 and input as previously described in Section 6.4.1.  The 
following equipment (or equivalent) will be required for this task. 

• Hand auger, or other proper sampling method 

• Large stainless steel mixing bowl 

• Stainless steel utensil for removal of soil core from hand auger after sample is 
retrieved and for mixing and packaging samples in containers 

• Sample containers and chain of custody forms/seals 

5.6 Preparation of Survey Units 

The survey units may contain debris and equipment, which may obstruct the final status 
survey.  Should such obstructions exist, they will be brought to the attention of RASO and the 
AFSC.  RASO, in consultation with the AFSC, will make the decision on removal of the 
obstruction or of no action.  Should the “no action” scenario be adopted the CABRERA Site 
Manager will record the area and location of the survey exclusion zone and identify its 
coordinates using the GPS. 

5.7 Establish the Survey Reference Coordinate System 

To facilitate both survey measurements and data analysis, a survey reference coordinate 
system will be developed and installed early in the survey process.  Coordinates will be 
referenced to the Illinois State Plane Coordinate System, Zone 1201, Illinois East. The 
horizontal datum will be the North American Datum of 1983 (NAD 83) in meters.  At a 
minimum, the corners of survey units will be identified and clearly marked.  Additionally, to 
facilitate the walkover survey process, intermediate markings may be installed to mark the 
start and end points of planned survey lines.  Use of GPS obviates the need for marking small 
grid intervals. 
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5.8 Specify Sampling Locations 

Systematic sample locations in final status survey units will be established and marked using 
survey flags, paint, or equivalent markings, prior to sample collection.  A triangular sampling 
grid will be established for each survey unit based on its area.  Actual survey unit areas will 
be measured in the field, as it is anticipated that minor deviations from the planned survey 
unit dimensions will be necessary.  The triangular grid spacing for each survey unit will be 
determined, based on the measured area of the survey unit, using the following equation 
(Equation 5-5 from MARSSIM). 

 

 

 

 

  Where:  L  = square grid spacing for survey unit 

 A = area of survey unit 

 N = number of sample locations 

A random start point will be generated and systematic sample locations will be marked in an 
equilateral triangular grid using the spacing calculated by the equation shown above. 

If the GWS identifies areas of elevated radioactivity, biased samples will be collected to 
evaluate elevated area radionuclide concentrations against MARSSIM EMC criteria.  Biased 
sample locations will be selected based on the results of the GWS, as well as other factors as 
described in Section 5.4.  At a minimum, one biased sample will be collected in each survey 
unit at the location of the highest gamma walkover measurement. 

5.9 Data Quality Objectives for Final Status Survey 

5.9.1 Step 1:  State the Problem 

(A) Problem Description 

The objective of final status survey activities in the subject areas is to obtain data of sufficient 
quality and quantity to support unrestricted release of the areas.  The problem is the presence 
of radioactive material, in the form of monazite sand from former operations.  Specific 
ROPCs present include Th-232 and its radioactive daughter products. 

Final Status Survey planning is being performed by a team of CABRERA personnel, with input 
from RASO and the AFSC.   
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(B) Primary Decision Maker 

The ultimate decision regarding site disposition will rest with RASO, in consultation with its 
regulators.  As such, RASO, in consultation with the AFSC, and CABRERA, will make 
decisions for the final status survey activities. 

(C) Available Resources and Relevant Deadlines 

Sufficient resources are available through the combined staff of RASO, the AFSC, CABRERA, 
and the Naval Station to perform and complete work required to achieve final status survey 
objectives within the required timeframes. 

5.9.2 Step 2:  Identify the Decision 

(A) Principal Study Question 

Do ROPC concentrations in the survey units exceed background concentrations by more than 
the DCGLw and, if so, what are those concentrations and where in the survey units are they 
located? 

(B) Decision Statement 

The following statements assume that ROPC concentrations in Class 1 survey units will be 
found to exceed background concentrations by more than the DCGLw.  Decision Statements 
should be evaluated sequentially, as shown. 

(1) Determine whether ROPC concentrations in the survey units exceed background 
concentrations by more than the DCGLw.   

(2) Based on sample results, if ROPC concentrations exceed background 
concentrations by more than the DCGLw, evaluate concentrations against the 
DCGLEMC criterion. 

(3) If ROPC concentrations exceed background concentrations by more than the 
DCGLEMC or fail unity rule comparisons for dose based risk (see Section 5.4.4), 
perform required remediation. 

5.9.3 Step 3:  Identify Inputs to the Decision 

In order to resolve the decision statements listed in Section 5.12.2 a variety of data is required.  
This section lists data needs, describes the sources of that data, and discusses the means of 
obtaining the required data points. 
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(A) Information Inputs: 

The following site characteristics must be determined in order to resolve applicable decision 
statements: 

(1) Concentrations of residual radioactive material in the subject areas: 

This information will allow determination as to whether or not the survey units are likely to 
be suitable for unrestricted release.  Obtaining this data will facilitate cost effective decision-
making about the project’s direction and duration. 

(B) Information Sources for Above Listed Items: 

(1) Concentrations of residual radioactive material as determined from Onsite 
Laboratory analyses: 

Volumetric sample analysis and GWS data will provide sufficient information to enable 
determination of radionuclide concentrations.  Duplicate samples will be analyzed at an 
offsite laboratory and compared to the onsite sample analysis results for 10% of samples 
analyzed at the Onsite Laboratory. 

5.9.4 Step 4:  Define the Study Boundaries 

(A) Population of Interest Defining Characteristics: 

The population of interest is the Th-232 concentrations above background in surface and 
shallow subsurface soils.   

(B) Spatial Boundaries of the Decision Statement: 

The population of interest study is horizontally limited to land areas located in the survey 
units (see Figure 3).  The vertical study area extends from the land surface to the depth of up 
to 0.30 m (12 in) bgs.   

(C) Temporal Boundaries of the Decision Statement 

(1) Time frame to which the decision applies: 

DCGL values are based on risks to an average member of the Critical Group over a 1000-year 
period following the study. 

(2) Time for data collection: 

Data collection and analysis should be performed as soon as practical, as timely completion of 
the structures and work onsite are contingent upon the results of the final status survey.   



Naval Station Great Lakes Remediation and Site-Wide FINAL Status Survey Work Plan 

Contract No. W52P1J-04-D-0007/01 CABRERA SERVICES, INC. Page 32 

(D) Scale of Decision Making: 

The Class 1 and 2 survey unit residual radioactivity measurements will be reviewed against 
the DCGL criteria to assure that no areas exceed the DCGL.  Small areas of elevated activity 
could exist in the Class 1 survey units and could require additional sampling points. 

All class 2 survey units must be below the DCGL.  Any Class 2 survey unit greater than the 
DCGL will be flagged for further investigation/remediation.             

Decisions will be made for small areas that may exhibit elevated levels of radioactivity, then 
for individual survey units regarding whether or not they meet the criteria for unrestricted or 
restricted release. 

(E) Constraints on Data Collection: 

Data collection activities can be constrained due to excessive moisture or rain, which can have 
an adverse effect on field instrumentation and volumetric sample collection.  Extremely cold 
weather can also inhibit data collection, due to its effects on both equipment and project 
personnel.  Macrocore refusal and the presence of other obstructions may constrain sample 
collection.  Other constraints may include those related to Naval Station operations, 
restrictions, and requirements.   

5.9.5 Step 5:  Develop the Decision Rules 

(A) Parameter of Interest 

Parameters of interest are the mean, median, and standard deviation of data collected during 
the study.  Based on the data distribution characteristics resulting from characterization data 
collection, the preceding parameters may be transformed to equivalent descriptive measures 
(e.g., logarithms, etc.) to allow more representative statistical testing.  By using a graded 
approach to data testing as discussed below, decisions will be made according to the decision 
rule stated at the end of this section.   

(B) Scale of Decision Making 

Decisions are made on two fundamental scales, the survey unit and smaller localized areas of 
elevated activity.  Localized areas of elevated radiation levels are evaluated on an ongoing 
basis throughout the field effort.  In cases where clear indications of elevated measurements 
are observed, decisions on remediation, survey unit subdivision, etc., may be taken as 
appropriate.  On a larger scale, and as a final determination, data will be evaluated on a survey 
unit-specific basis.   
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(C) Action Level 

Decisions on a survey unit’s acceptability for release are based on comparison of the DCGL 
to the difference between measured residual radioactivity concentrations in survey units and 
measured radioactivity in the reference area, subject to applicable statistical analyses specified 
in MARSSIM.  Inputs to this decision will be based on a graded approach to data analysis 
intended to avoid unnecessary analytical and/or remediation efforts, while also ensuring that 
project DQOs are met.  Graphical and statistical approaches to data analysis are included in 
the Data Quality Assessment (DQA) process, which is the, “… scientific and statistical 
evaluation of data to determine if the data are of the right type, quality, and quantity to 
support their intended use.”  

For the purposes of this Final Status Survey, the action level used for data comparison is 1.0 
pCi/g plus the lowest reference area Th-232 sample analysis result. If the action level is 
exceeded in a Class 1 survey unit, then the result will be evaluated using MARSSIM EMC 
criterion. If the action level is exceeded in a Class 2 survey unit, the survey unit will be 
reclassified to a Class 1 survey unit.  

(D) Decision Inputs  

Geospatial modeling of position-correlated GWS data will provide a graphical view of surface 
gamma radiation levels and will be updated as the survey progresses.  This and results of 
sample analyses from the Onsite Laboratory will serve as primary decision inputs during 
performance of the fieldwork, as data will be reduced soon after collection. 

Assessment of soil sample data will be as simple as visually inspecting data to identify 
obvious indicators that the action level has or has not been met.  If sample results are below 
the DCGL, the survey unit will meet the release criteria.  If not, the WRS test will be applied 
to the data. 

(1) Spot-Check Gamma Scans During Survey Unit Delineation 

Initially, the perimeter of each survey unit will be marked with stakes or survey 
flags based on the dimensions established in this plan.  During this process, the 
boundary areas will be checked with gross gamma detection instruments to ensure 
the boundaries surround the areas with observed elevated gamma count rates. 

(2) Field Measurements of Survey Unit Dimensions 

The dimensions of the survey units will be determined using GPS data, downloaded 
and interpreted in ArcGIS version 8.0 or greater.  At a minimum, the corners of the 
survey units will be logged using the GPS system.  The area of each survey unit 
will then be calculated in units of m2.  This data will be used to determine grid 
spacing and ensure that survey units do not exceed the maximum size 
recommended by MARSSIM. 
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(3) GWS in Survey Units 

The survey unit GWS data will be reduced and evaluated as follows: 

• The measurements will be plotted and color-coded for visual review and 
evaluation.  The average and standard deviation of each survey unit will 
also be calculated.  The location of the highest measurement will be 
located. 

• The difference between each data point and the average of the survey unit 
in which it was obtained will be calculated and divided by the standard 
deviation of the survey unit.  This will convert the measurements to 
multiples of the survey unit standard deviation above or below the average 
(Z-scores).  The color-coding will be based on multiples of the survey unit 
standard deviation. 

• Areas exceeding three standard deviations (3Z) above the survey unit will 
be identified.  The frequency of these occurrences and the maximum 
measurement in these areas will be compared to the reference area.  The 
geospatial plot will also be visually inspected to identify anomalies in the 
distribution of measurement data.  Biased samples shall be collected at 
areas greater than 3Z. 

(4) Sample Results: WRS Statistical Test 

Comparison of RA (background) radionuclide concentrations with survey unit 
concentrations will be performed using the two-sample WRS statistical test.  This 
test is selected because the ROPCs are present in the natural background.  The two-
sample WRS test assumes the RA and survey unit data distributions are similar 
except for a possible shift in the medians.  When the data are severely skewed, the 
value for the mean difference between survey unit measurements and reference 
measurements may be above the DCGL, while the median difference is below the 
DCGL.  In such cases, the survey unit does not meet the release criterion regardless 
of the result of the statistical test.  On the other hand, if the difference between the 
largest survey unit measurement and the smallest RA measurement is less than the 
DCGL, the WRS test will always show that the survey unit meets the release 
criterion.   
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In using this test, the hypotheses being tested are: 

Null Hypothesis (H0): The median concentration in the survey unit exceeds that 
in the RA by more than the DCGL. 

versus the alternative: 

Alternative Hypothesis (Ha): The median concentration in the survey unit 
exceeds that in the RA by less than the DCGL. 

 The WRS will be applied to the Th-232 concentrations as described in MARSSIM.  

(E) Decision Rules 

(1) Field Measurements of Survey Unit Dimensions 

If the measured dimensions of a survey unit exceed the 2,000 m2 maximum 
recommended by MARSSIM, RASO will be contacted.  With their concurrence, 
the survey unit boundaries will be adjusted accordingly.  Significantly larger areas 
may require establishing up additional survey units. 

(2) GWS in Survey Units 

• A biased soil sample will be collected at the location where the highest GWS 
data point is observed.  Biased samples will not be analyzed by WRS testing. 

• A Z-score plot based on survey unit data will be generated. The Z-score plot is 
a graphical depiction of survey unit standard deviation values.  This plot will be 
examined to determine areas where additional investigation is warranted.  
Additional investigations include biased sampling followed by Onsite 
Laboratory analysis. 

(3) Sample Results: WRS Statistical Test 

• If sample results for the survey unit are less than the DCGL, the survey unit is 
deemed to meet the release criterion. 

• If any of the sample results for the survey unit exceeds the DCGL, perform the 
WRS test.  If Wr, the output from the WRS test, for the survey unit is less than 
the applicable critical value, the median value for residual radioactivity in the 
survey unit is less than the DCGL to the specified confidence level as indicated 
by the acceptable decision error specified (see following section).  The survey 
unit meets the release criterion.  If Wr for the survey unit is greater than the 
applicable critical value, the median value for residual radioactivity in the 
survey unit is greater than the DCGL and the survey unit does not meet the 
release criterion. CABRERA will contact RASO and the AFSC for any survey 
units that do not meet the release criteria (Wr for the survey unit is greater than 
the applicable critical value).   
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5.9.6 Step 6:  Define Acceptable Decision Errors  

NRC guidance (NRC 1998a) provides a discussion regarding decision errors.  This discussion 
includes the concept that acceptable error rates, which balance the need to make appropriate 
decisions with the financial costs of achieving high degrees of certainty, must be specified. 

Errors can be made when making site remediation decisions.  The use of 
statistical methods allows for controlling the probability of making decision 
errors. When designing a statistical test, acceptable error rates for incorrectly 
determining that a site meets or does not meet the applicable decommissioning 
criteria must be specified. In determining these error rates, consideration 
should be given to the number of sample data points that are necessary to 
achieve them. Lower error rates require more measurements, but result in 
statistical tests of greater power and higher levels of confidence in the 
decisions. In setting error rates, it is important to balance the consequences of 
making a decision error against the cost of achieving greater certainty.  

Acceptability decisions are often made based on acceptance criteria.  If the mean and median 
concentrations of a contaminant are less than the associated acceptance criteria, for example, 
the results can usually be accepted.  In cases where data results are not so clear, statistically 
based decisions are necessary.  Statistical acceptability decisions, however, are always subject 
to error.  Two possible error types are associated with such decisions.  

The first type of decision error, called a Type I error, occurs when the null hypothesis is 
rejected when it is actually true. A Type I error is sometimes called a "false positive." The 
probability of a Type I error is usually denoted by α.  Considered in light of H0 used for this 
site (discussed above), this error could result in higher potential doses to future site occupants 
than prescribed by the dose-based criterion.  

The second type of decision error, called a Type II error, occurs when the null hypothesis is 
not rejected when it is actually false.  A Type II error is sometimes called a "false negative." 
The probability of a Type II error is usually denoted by β.  The power of a statistical test is 
defined as the probability of rejecting the null hypotheses when it is false.  It is numerically 
equal to 1-β where β is the Type II error rate.  Consequences of Type II errors at the Site 
include unnecessary remediation expense and project delays.   

For the purposes of the final status survey, the acceptable error rate for both Type I and Type 
II errors is five percent (0.05). 
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6.0 METHODOLOGY AND APPROACH TO PERFORMING SURVEYS 

6.1 Gamma Walkover Survey Utilizing GPS 

Gamma Walkover Surveys will be performed in order to identify elevated radioactivity in 
surface and near surface soils. 

6.1.1 Estimated Scan Sensitivity 

MARSSIM Section 6.7.2.1 describes the methodology used to calculate the Scan Minimum 
Detectable Concentrations (MDCs) for land areas that are delineated in MARSSIM Table 6.7.  
The MDC for Th-232 in equilibrium with its progeny in the decay series is 1.8 pCi/g for a 
2-inch by 2-inch sodium iodide detector.  This methodology is based on a scan speed of 0.5 
meters per second and a minimum contaminated area 56 cm in diameter and 15 cm in depth, 
referenced in Chapter 6 of NUREG-1507 (NRC 1997).  Attachment A provides details 
regarding the calculations used to determine the scan MDC for Th-232. 

The gross gamma walkover scan survey in this plan was designed using these parameters.  
The basic method for performing a GWS is to walk along a path while moving the sodium 
iodide detector from side to side.  A 1-meter path length will be used to perform the survey.  
The side-to-side motion of the detector must be 0.5 meters per second to meet the design 
criteria.  Therefore, each detector pass will take 2 seconds (i.e. 1 m ÷ 0.5 m/s).   

 MARSSIM MDC analysis is based on detecting a contaminated area that is 56 cm in 
diameter.  The number of side-to-side detector passes performed per meter must be sufficient 
to detect this area.  Three detector passes per meter, evenly spaced (approximately every 33 
centimeters) will ensure that the detector crosses a minimum distance of 45 centimeters across 
the contaminated area.  This provides a minimum observation interval of 0.9 seconds (i.e., 
0.45 m ÷ 0.5 m/s) compared to the 1 second used in MARSSIM Section 6.7.2.1.  The 
difference in MDC between a 1 second and 0.9 second observation interval is readily 
determined as 1 over the square root of 0.9 (i.e., 1 ÷ 0.987) or 1.053, from equations 1 and 2 
of MARSSIM Section 6.7.2.1.  This demonstrates that the MDC for the minimum 45 
centimeter pass across the contaminated area will be 105.3 % of the MDC calculated for the 
56 centimeter pass. 

The MDC for a 2-inch by 2-inch sodium iodide detector is 1.8 pCi/g for thorium-232 in 
equilibrium with its progeny in the decay series, based on a 56 centimeter pass (MARSSIM 
Table 6.7).  Section 3.3.3 of this plan demonstrates that additional samples are not required to 
meet the EMC criterion as long as the scan MDC is less than 2.1 pCi/g, as derived in Section 
3.3.3.  The MDC for the 45 centimeter pass is 1.9 pCi/g (i.e., 1.053 x 1.8), which is less than 
2.1 pCi/g and demonstrates that additional samples are not needed for a scan spacing of 33 
centimeters. 

6.1.2 GPS Setup 

The Global Positioning System (GPS) will provide high quality, precision geospatial 
positioning data to support characterization, data verification, and remediation.  The rate-
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meter/scalars used for this work plan will be configured to output directly to the GPS unit.  
The GPS unit will perform all data logging functions. 

In order for the GPS unit to achieve sub-meter accuracy, differential position correction is 
necessary.  Two methods for doing this are: (1) post-processing differential correction and (2) 
real-time differential correction.  Essentially, the difference between the two is the time 
during which the corrections are made.  Real-time differential correction is possible if the site 
being considered is located within range of a United States Coast Guard (USCG) GPS 
differential correction beacon.  These beacons are located in coastal areas of the United 
States.  Real-time correction does not require a GPS base station.  Based upon manufacturers’ 
recommendations, the Site is likely to be within range of a USCG beacon, allowing for real-
time differential correction.  However, if for some reason the USCG beacon cannot be 
received by the GPS system, post-processing differential correction will be used. 

6.1.3 Survey Performance  

A survey is performed by walking straight parallel lines over an area while swinging the 
detector 2-inches to 4-inches above the ground surface.  Survey passes will be approximately 
one meter apart.  Once a survey (or series of surveys) is complete, technicians will return the 
data files to the data processing specialist.   

Each survey will be designed to optimize the survey data collection procedure, taking into 
account the area's configuration, buildings, hazards, and other obstructions.  A field map of 
the survey layout will be produced showing the area's boundary, survey line starting and 
stopping points, major obstacles, and other pertinent information.  Copies of the base map will 
be available that already identifies on-site structures, roads, or other major features. 
Technicians will annotate copies of the base map with information relevant to the survey.  

Each survey pass will be assigned a line number in the GPS unit's data file and on the field 
map.  The direction of each survey pass will also be noted.  Occasionally, non-parallel paths 
may be required when the surveyor must avoid obstructions such as large bushes, vehicles, or 
small structures.  Deviations from a straight path and non-parallel paths shall be noted on the 
field map.  Starting at the beginning of a line, the surveyor will begin to collect data and walk 
straight to a designated endpoint at a constant velocity of approximately 0.25 meters per 
second.  The surveyor will stop collecting data once the end point is reached and then position 
himself at the beginning of the next line.  Once in position, the surveyor will again begin to 
collect data and walk a line parallel to the previous line, stopping at the next designated end 
point.  The survey will continue in this manner until completion.  

Elevated radiation levels detected while surveying the path may be flagged at the time of 
detection without stopping the path in progress or may be investigated when identified.  After 
the traverse is complete, the surveyors may return to the flagged area and collect 
supplementary data.  These supplemental surveys will be designated in the data dictionary, 
and annotated on the field map.  

Using proper survey technique expedites the survey process and assists post-processing 
specialists.  Additional useful instructions include the following: 
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• Walk along and not into tall obstacles, when possible.  Walking into an obstacle may 
result in a path ending without satellite lock.  If it becomes necessary to walk toward a tall 
obstacle, plan the survey to approach the obstacle from the south side, since the majority 
of satellites are in the south. 

• To avoid confusion, lower or remove markers (e.g., pin flags) from paths already 
surveyed.  A surveyor may become confused about which marker is at the next endpoint. 

• When recording supplementary data, hold the sensor at approximately the same distance 
from the ground as during a normal line survey.  Consistency in the detection method is 
important when interpreting survey results. 

• Limit individual survey times (i.e., the file size) to one hour or other time specified by the 
post-processing specialist. 

• Collect enough discrete points to define structure (or other feature) boundaries. 

• When collecting discrete points, hold the GPS antenna directly over the designated feature 
to optimize position data.  If using base maps generated from aerial photography, the 
discrete point should locate the "drip line" of the corner of the roof, not the corner of the 
structure. 

• Do not round corners to avoid obstacles.  Deviate from the imaginary line between 
markers only when necessary and return to the line as soon as possible. 

• When surveying in wooded areas or areas with overhead obstructions, attempt to start and 
stop at known locations.  A "known location" is defined here as a location that can be 
surveyed by some other means (e.g., measured from a discrete point or at a mapped 
boundary) or to which survey lines can be extended from areas where satellite lock is 
achieved.  

Even though major features such as buildings may appear on base and field maps, position 
data must still be collected as discrete boundary locations.  These discrete points function as 
mapping control points that facilitate matching and overlaying the GPS positional data 
collected in the field with the known (previously mapped) locations.  All discrete points shall 
be recorded in the data collector and annotated onto the field map.  

6.1.4 Survey Limitations 

Although the GPS unit identifies positions using the signals from several satellites, GPS 
positioning may be affected by overhead obstructions during the course of a survey.  A loss of 
signals from these satellites due to these obstructions will prevent collection of location data. 
The collection of data will not resume until satellite lock is regained (usually by moving past 
the obstruction).  If the signal is lost during a survey, the operator shall continue to walk at 
constant velocity in a straight line until satellite lock has been reestablished or until a 
boundary is reached.  Post-processing will enable interpolation of gamma count rate data 
between pairs of GPS positional data.  Erroneous results may be obtained if the survey team 
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varies its velocity and/or direction.  The surveyor will need to inform the data processing 
specialist if the gamma count rate between pairs of GPS positional data changes considerably. 

Extrapolation of gamma data positions beyond good GPS locations requires additional post-
processing programs or hand editing of data.  It is desirable, therefore, to begin and end a 
survey path with good GPS positions.  The survey crew shall extend the beginning or end of a 
survey path (in a straight line) beyond a designated boundary in order to obtain satellite lock, 
if necessary.  On occasion, it may not be possible to get a good satellite lock because of 
satellite positions in the sky.  In this case, a short wait (e.g., one-half hour) is usually 
sufficient to regain satellite lock.  If necessary, survey paths without good satellite locks will 
be repeated. 

The satellite system consists of many different satellites that are used for national security, air 
transportation, and various military applications.  Although the loss of a particular satellite 
may occur during the survey, the loss of the entire system is not considered feasible. 

6.2 Onsite Gamma Spectroscopy Laboratory 

6.2.1 General 

The Cabrera Services field team will collect soil samples for subsequent on-site analysis 
utilizing the Onsite Laboratory.  The Onsite Laboratory analyses will be performed using a 
gamma spectroscopy system with a high purity germanium (HPGe) coaxial detector, or 
equivalent.  This system will be calibrated with a National Institute of Standards and 
Technology (NIST) traceable multi-line gamma marinelli standard. 

Soil samples will be collected at selected locations in the survey units.  Personnel collecting 
samples will ensure each sample is placed into a clean, unused container.  Each sample will 
be labeled and annotated with, as a minimum, a unique (preferably sequential) sample 
number, the sampler’s name, the sampling date and time, the sample location and any 
applicable comments.  For each single sample or related batch of samples, a sample chain-of-
custody form will be filled out.  The samples will be either individually listed or batch listed 
(by chain of custody form number) in the Project Logbook.  Samples awaiting shipment to the 
contract off-site laboratory will be stored in a designated, secure location.  Original chain-of-
custody forms will remain with the samples to which they apply throughout their life cycle 
and will be annotated with the shipper’s tracking number during times when they are in 
transit. 

Following collection, these samples will be prepared for analysis in accordance with approved 
procedures by being heated in an oven for moisture removal, ground, and sieved, and 
subsequently transferred into one-liter marinelli containers prior to gamma spectroscopy 
analysis.  The gamma spectroscopy system will be operated by a trained operator in 
accordance with standard operating procedures.  The operator will perform spectral analysis 
during each measurement, which will encompass the evaluation of spectra for problems such 
as peak shift, high dead-time and other potential inconsistencies in spectral structure.  A 
qualified Radiological Engineer will review the integrity of the sample analysis results for 
each sample.  This review will encompass the analysis of sample results for spectral energy 
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shift, agreement between progeny activities assumed to be in secular equilibrium, the 
presence of potentially unidentified radionuclides, potential source model inconsistencies, as 
well as other potential inconsistencies. 

Count times will be long enough to accomplish sufficient MDCs for each radionuclide to 
meet applicable Site action levels. 

6.2.2 Spectroscopic Energy Lines 

The site ROPC is Th-232.  This radionuclides may be quantified for activity concentrations 
directly via gamma decays, or inferred via gamma-emitting progeny, assuming secular 
equilibrium.   

Th-232 activity concentrations will be inferred via progeny activity concentrations of Pb-212 
at 238.6 keV, Ac-228 at 911.2 keV and others, assuming secular equilibrium.   

Should Ra-226 be encountered, the short-lived equilibrium daughters of radium may be used 
to determine radium-226 concentrations in the soil.  Unfortunately, once the soil is disturbed, 
these short-lived daughters must be allowed to grow back in.  The parent of these daughters, 
Rn-222, has a moderate half life of 3.8 days, therefore requiring at least two to three weeks of 
progeny ingrowth to reestablish equilibrium.  Since the purpose of establishing the Onsite 
Laboratory is to obtain real time sample results to control excavation activities and enhance 
remediation decision making, this delay is not practical.  Therefore, Ra-226 will be measured 
directly by detection of its 186.2 keV energy line.  It should be noted that U-235 also has a 
gamma line of similar energy (185.7 keV) that can cause interference with direct Ra-226 
detection via the 186.2 keV gamma line.  As uranium is not expected to be detected in 
significant quantities on this project, the only result from this issue may be minor over 
reporting of Ra-226. 

Gamma spectroscopy will also identify other gamma emitting radionuclides that may be 
present in soils.  CABRERA’s Onsite Laboratory will use a gamma library compiled with data 
from the National Nuclear Data Center, which lists gamma energy yields for a full range of 
gamma emitting radionuclides.  The data used to compile the library is updated through 
March 2002. 

6.2.3 Quality Assurance 

Initial and daily calibrations of the Onsite Laboratory gamma spectroscopy system will be 
performed using a mixed-gamma NIST traceable source.  System quality assurance will be 
ensured by tracking peak energy, peak resolution, and net peak area for a high and low energy 
peak, based on daily source counts.  These quality assurance checks will be performed in 
accordance with applicable CABRERA quality control procedures.  The procedures in question 
are included in CABRERA’s Nuclear Materials License and, as such, have been reviewed and 
found adequate by the NRC.  Copies are available for inspection upon request.  Instrument 
control charts will be generated and evaluated and will be included as part of the final status 
survey report. 
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6.3 Sample Collection and Analysis  

Soil sampling will be achieved using hand-augers or powered augers, as appropriate.  Soil 
samples will be extruded from the augers and transferred into a stainless steel bowl where 
they will be thoroughly mixed or homogenized.  Visually identifiable non-soil components 
such as stones, twigs, and foreign objects will be manually separated in the field and excluded 
from the laboratory samples to avoid biasing results low.  Samples will not be preserved in the 
field, as there are no preservation requirements for the radiological analyses.  Augers, mixing 
utensils, and homogenizing bowls will be decontaminated between samples to avoid cross-
contamination.  Decontamination will be performed by either dry decontamination methods or 
rinsing with water and containing the rinsate for solidification and disposal.   

Duplicate sample analyses will be performed by a third party offsite laboratory analyzing the 
original sample as counted by the onsite laboratory.  Field duplicate samples will be collected 
at the frequency specified in Section 7.3.1, and Z-score results will be utilized to compare the 
initial results to the duplicate sample results. 

Duplicate samples will be numbered, logged, and transferred, under the CABRERA chain of 
custody procedures, to the offsite laboratory for analyses.  The offsite laboratory will prepare 
and provide containers that meet their analytical requirements.  The containers will have 
sufficient capacity to hold the contents of a one-liter marinelli sample container.  

Upon receipt at the offsite laboratory, the samples will be weighed, dried, and reweighed.  
The sample will be prepared according to the offsite laboratory’s internal procedures.  
Samples being analyzed for radium via gamma spectroscopy will be placed in an airtight 
container and sealed.  The sample will then be stored for approximately 21 days to allow 
radium equilibrium to be reestablished.  Each sample will be analyzed for thorium and 
uranium series radionuclides using gamma spectroscopy for Uranium-238, Radium-226, Th-
232 by quantifying their radioactive progeny.   

Soil samples will be prepared by drying, sieving and weighing in accordance with the offsite 
laboratory’s Standard Operating Procedure (SOP) 739, Revision 3, 1999.  Analysis by gamma 
spectroscopy will be performed in accordance with Laboratory SOP, if Paragon Analytics, 
then SOP 713, Revision 5, 2000, which conforms or exceeds the requirements of the 
Environmental Protection Agency (EPA) Procedure 901.1.   

6.4 Final Status Survey Data Evaluation 

Because naturally occurring concentrations of the ROPCs are present in background, 
hypothesis testing will be performed by the WRS test.  In this test, the null hypothesis, H0, is 
that the median residual Th-232 concentration in each survey unit being tested exceeds 
background by more than the DCGL.  In the WRS test, reference area (background) 
measurements are adjusted and, along with survey unit measurements, are ranked, summed, 
and compared to a critical value.  If the sum, or Wr, of the ranks of the ranked reference 
measurements is greater than the critical value, Wcrit, H0 is rejected.  The general approach to 
applying the WRS test is summarized below. 
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• Obtain the adjusted reference area measurements, Zi, by adding the DCGLW to each 
reference area measurement, Xi . Zi = Xi +DCGLW 

• The m adjusted reference sample measurements, Zi , from the reference area and the n 
sample measurements, Yi, from the survey unit are pooled and ranked in order of 
increasing size from 1 to N, where N = m+n. 

• If several measurements are tied (i.e., have the same value), they are all assigned the 
average rank of that group of tied measurements. 

• If there are t “less than” values, they are all given the average of the ranks from 1 to t. 
Therefore, they are all assigned the rank t(t+1)/(2t) = (t+1)/2, which is the average of the 
first t integers. If there is more than one detection limit, all observations below the largest 
detection limit should be treated as “less than” values. 

• Sum the ranks of the adjusted measurements from the reference area, Wr. 

• Obtain the value of Wcrit from Table I-4 of MARSSIM for sample sizes less than 20.  
Since 32 samples were obtained in the reference area at Great Lakes, calculate the critical 
value, Wcrit, from the following: 

12/)1(2/)1( +++++= mnnmzmnmWcrit  

Where z is the (1-α) percentile of a standard normal distribution, which can be found in 
Table-1: 

Table 1: 

Percentiles of Standard Normal Distribution 

α z 

0.001 3.09 

0.005 2.575 

0.01 2.326 

0.025 1.960 

0.05 1.645 

0.1 1.282 

Note that, for this investigation, the value of Wcrit value for the NFA survey unit is 444. 
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• Compare Wr with the critical value for the appropriate values of n, m, and α. If Wr is 
greater than Wcrit, reject the hypothesis that the survey unit exceeds the release criterion. 

Additional information on the WRS test is found in Section 8 of MARSSIM.  

6.5 Field Records  

For surveys of all types, it is essential that significant events be documented and retained for 
future reference.  While some types of project events have specific forms on which they are 
documented, many events occur on a routine basis during survey field activities that must be 
documented as they occur.  Additionally, project data transactions must also be recorded as 
they occur.  To provide a practical means of capturing this information, project logbooks will 
be used.  At a minimum, the two logbooks described below will be initiated upon project 
commencement. 

6.5.1 Project Data Logbook 

Data transactions involving electronic project data shall be recorded in the Project Data 
Logbook.  Electronic project data includes GWS data files, GPS files, hand collected gamma 
data, etc.  Data transactions are defined as any transfer, download, export, differential 
correction, or other significant manipulation performed on project electronic data records.  
Project Data Logbook records shall be sufficient to allow data transactions to be reconstructed 
after the project is completed.  The Data Processing Specialist shall be responsible for 
maintaining the Project Data Logbook.  The Project Engineer is responsible to ensure Project 
Data Logbook entries are made as necessary and appropriate.  The Project Engineer will 
review the Project Data Logbook at least daily and will report significant issues to the Project 
Manager.  

The Project Data Logbook is considered a legal record.  Logbooks will be permanently bound 
and the pages will be pre-numbered.  Pages may not be removed from the logbook under any 
circumstances.  Entries shall be legible, factual, detailed, and complete and shall be signed 
and dated by the individual(s) making the entries.  If a mistake is made, the individual making 
the entry shall place a single line through the erroneous entry and shall initial and date the 
deletion.  Under no circumstances shall any previously entered information be completely 
obliterated.  Use of whiteout in the Project Data Logbook is not permitted for any reason.  
Only one Project Data Logbook will be maintained.  If a Project Data Logbook is completely 
filled, another volume shall be initiated.  In this case, each volume shall be sequentially 
numbered. 

6.5.2 Field Survey Logbooks 

These logbooks will be carried by each survey team during project operations.  If multiple 
volumes are needed to support multiple field survey teams, each volume will be clearly 
identified with a unique designation approved by the Project Engineer.  Any survey teams 
collecting project data shall carry a Field Survey Logbook. 
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Field Survey Logbooks are considered legal records.  Logbooks will be permanently bound 
and the pages will be pre-numbered.  Pages may not be removed from logbooks under any 
circumstances.  Entries shall be legible, factual, detailed, and complete and shall be signed 
and dated by the individual(s) making the entries.  If a mistake is made, the individual making 
the entry shall place a single line through the erroneous entry and shall initial and date the 
deletion.  Under no circumstances shall any previously entered information be completely 
obliterated.  Use of whiteout in a Field Survey Logbook is not permitted for any reason. 

6.5.3 Other logbooks 

The Project Engineer may initiate additional logbooks as deemed necessary to ensure project 
activities are adequately documented.  Additional logbooks will be considered legal records 
and will be subject to the same provisions described above for the Project Data Logbook and 
Field Survey Logbooks. 

6.6 Release Limits for Equipment and Tools  

The limits in this section are as defined in: "Termination of Byproduct, Source, and Special 
Nuclear Materials Licenses," Policy and Guidance Directive FC 83-23 (November 1983). 

6.6.1 Release Limits for thorium 

a) 1,000 dpm/100 cm2, averaged over not more than 1 m2 

b) 3,000 dpm/100 cm2, maximum. 

c) 200 dpm/100 cm2 removable 

6.7 Project Electronic Data 

6.7.1 Data Backup 

Electronic data collected during the day will be backed-up at the end of the same day on 
which it was collected (e.g., to CD, zip drive, or equivalent), before processing or editing.  
This is an archive of the raw data and, once created, it shall not be altered.  More than one 
day's data may go on a single tape or zip disk.  Field computer(s) used to store project data 
will be backed up weekly, as a minimum.  Raw archived data will be stored in a different 
location from weekly backups.  Electronic data will be provided daily to data processing 
specialists and RASO.  The time and date that data files are transmitted will be recorded in the 
data logbook.  File names will be verified by comparison with field notes and corrected if 
necessary, following approval by the Project Engineer. 
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6.7.2 Data Processing 

Data processing specialists will convert daily GWS/GPS data to state plane coordinates, as 
necessary, and review the data for errors to fluctuations/interferences in the GPS signal.  Data 
processing specialists will inform the Project Engineer of any identified deficiencies and will 
make corrections as directed.  Conversions, errors, corrections, and/or adjustments to project 
data shall be documented in the data logbook. 
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7.0 SURVEY QUALITY ASSURANCE/QUALITY CONTROL 

Activities associated with this work plan shall be performed in accordance with written 
procedures and/or protocols in order to ensure consistent, repeatable results.  Topics covered 
in project procedures and protocols may include proper use of instrumentation, Quality 
Control (QC) requirements, equipment limitation, etc.  Implementations of Quality Assurance 
(QA) measures for this work plan are described herein.  

7.1 Instrumentation Requirements 

(A) Calibration 

Equipment and instruments used in the field screening operation will be maintained and 
calibrated to manufacturer's specifications.  A project file will be kept on the equipment used 
in field screening analysis.  Current calibration and or maintenance records for instruments 
used during the survey will be kept onsite for review and inspection and also presented as an 
appendix to the final project report.  The records will include, at a minimum, the following: 

• Name of the equipment 

• Equipment identification (model and serial number) 

• Manufacturer 

• Calibration Data  

• Calibration Due Date 

Instrumentation will be maintained and calibrated to manufacturer’s specifications to ensure 
that required traceability, sensitivity, accuracy and precision of the equipment/instruments are 
maintained.  Instruments will be calibrated at a facility using NIST traceable sources.  
Calibration certificates for instruments expected to be used during project activities and 
calibrator NIST source certificates are provided as Attachment F to this document.    

Instruments will be calibrated at a facility possessing appropriate NRC and/or Agreement 
State licenses for its calibration sources, which shall be NIST traceable.  Field instruments 
will be source-checked periodically throughout the workday according to the latest calibration 
record.  In addition, the instruments will be checked daily in order to ensure that the 
calibration is current (i.e., not expired).  Written records of daily checks will be maintained 
and filed in the project file. 
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(B) Source and Background Checks 

Prior to and after daily use, instruments will be QC checked by comparing the instrument’s 
response to ambient background and to a designated gamma radiation source.  The results of 
the ambient background and source checks will be recorded in a field logbook. 

Instrument response to ambient background will be used to establish a mean background 
response for each instrument, following the system source check but prior to the 
commencement of gross gamma survey at the study areas.  NaI measurements shall be 
collected in the selected reference location.  Background readings shall be conducted at the 
beginning of each day prior to collecting data in the field.  Results from these surveys will be 
used to monitor gross fluctuations in background gamma fluence (e.g., from changes due to 
barometric pressure and other, non-contaminant related causes), and to check detector 
response.  Please note that the background measurements are made solely for the purpose of 
normalizing each day’s survey results and eliminating bias introduced by natural fluctuations 
in site radiological conditions.  Given the qualitative nature of the scanning portion of this 
study, no attempt will be made to remove naturally occurring radioactivity from survey data 
to derive net activity. 

Source checks will consist of one-minute integrated counts with the designated source 
position in a reproducible geometry, performed at the designated location.  Instrument 
response to the designated QC check source will be plotted on control charts and evaluated 
against the average established at the start of the field activities.  A performance criterion of 
+/– 20% of this average will be used as an investigation action level.  The Site Radiation 
Safety Officer (RSO) will investigate results exceeding this criterion and will make 
appropriate corrections to instrument readings if response is deviated by factors beyond 
personnel control, such as large humidity or temperature changes.  The Site RSO has 
authority to decide whether or not the instrument is acceptable to use or must be removed 
from service. 

During QC checks, instruments used to obtain radiological data should be inspected for 
physical damage, current calibration and erroneous readings in accordance with applicable 
protocols.  The individual performing these tasks shall document the results in accordance 
with the associated instrument protocol.  Instrumentation that does not meet the specified 
requirements of calibration, inspection, or response check will be removed from operation.  If 
the instrument fails the QC response check, any data obtained to that point, but after the last 
successful QC check will be considered invalid due to faulty instrumentation. 
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7.2 GPS Requirements and Quality Control 

GPS quality control will be accomplished with calibration points, viewing plotted survey data, 
and keeping detailed field notes.  A calibration point is a location with known horizontal and 
vertical coordinates (e.g., a benchmark) that can be used to check the accuracy of GPS 
(position) data.  Calibration points will ensure that the differential position corrections are 
being calculated properly, and that equipment is performing to specification.  GPS 
calibrations assist the data processor in correcting errors in the survey data and checking the 
integrity of the GPS system.  GPS calibration points shall be set in convenient locations near 
the areas to be surveyed.  Existing unique features such as manholes, fire hydrants, or other 
permanent features may serve as calibration points.  Calibration points shall be set in areas 
clear of overhead obstructions. 

One or more GPS calibration points will be established prior to beginning this investigation.  
At each calibration point, ten initial GPS position readings will be collected, each of a one-
minute duration or more.  Each set of ten readings will be used to develop the average 
position of the applicable calibration point.  Prior to beginning and following completion of a 
survey, technicians shall collect position data at one of the calibration points.  Data may also 
be collected at a calibration point at any point in a survey if anomalous readings or other 
indications of potential GPS data quality problems are observed.  Additional calibrations may 
be necessary as determined by the Senior Radiological Engineer in consultation with the 
Technical Project Manager.  Data shall be collected at the calibration point at least two times 
for each day’s survey.  Each time calibration point data is collected, the result shall be 
compared to the average location of that point, as calculated above.  Measurements differing 
from the average by more than one m will be investigated and corrective measures will be 
implemented as appropriate.  This applies to both hand held and vehicle mounted GPS units. 

To collect a calibration point the following steps shall be completed: 

• Position the GPS unit precisely over the desired calibration point location. 

• Ensure the radiation detector is turned off. 

• Open the GPS data file. 

• Select "Calibration Point" or equivalent in the data dictionary of the rover computer. 

• Record the calibration point number (there may be more than one calibration point) in 
the data file.  

• Collect GPS (position) data until the computer indicates the measurement is complete. 
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7.2.1 Daily Reviews 

The following plots may be reviewed by surveyors prior to the beginning of daily surveys and 
throughout workdays as appropriate: 

• Number of Satellites - This plots the number of available satellites versus time for the 
daily work period. 

• Positional Dilution of Precision (PDOP) - This plots PDOP versus time for the daily 
work period.  

• Satellite and Sky plots - These plot GPS position and a polar plot versus time and 
allow the survey teams to schedule periods of work in areas of specific obstructions.  

The noted plots allow the survey teams to plan around times when GPS surveying will be 
impossible due to the limited number of satellites or high PDOP.  Data can only be collected 
when PDOP (a measure of the geometrical configuration of the available satellites) is less 
than 4.0 and when receiving signals from five or more satellites. 

7.2.2 Quality control of the field survey 

Data quality control will be accomplished with mapping control points, viewing plotted 
survey data, and keeping detailed field notes.  Mapping control points (a discrete point at a 
known location such as in the corner of a base map building) will ensure that the area 
surveyed will overlay with existing maps. Gamma surveys, when plotted, should exhibit the 
same configuration as shown in annotated field sketches and field notes.  Any anomalies 
observed by the data processing specialist and/or technicians performing field surveys shall be 
brought to the attention of the Project Engineer. 

7.3 Volumetric Soil Sampling 

7.3.1 Duplicate Samples 

Volumetric soil sampling will be sent to an independent third party laboratory for gamma 
spectroscopic analysis.  Duplicate samples will be scheduled at a rate of 10% of samples 
collected.  When duplicate analysis is required, the original sample counted by the onsite 
laboratory will be sent to the third party laboratory.  The samples will be numbered using a 
unique identifier and will be sent to the laboratory for analysis.  Additionally, the analytical 
laboratory should perform duplicate analyses on selected samples as specified in their quality 
assurance procedures.  Duplicate analyses performed by the laboratory will be compared to 
the initial analytical results by determining a Z-score value for each data set by the following 
equation:  

22
S D

D-S
Z

σ+σ
=  

Where: S, D, ≡ value of (S)ample and (D)uplicate measurements; and, 
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 σ  ≡ one sigma error associated with (S)ample and       
      (D)uplicate measurements. 

The calculated Z-Score results will be compared to a performance criteria of less than or equal 
to 2.57.  The value of 2.57 corresponds to a 99% confidence level, or, 99% of the Z-Score 
values will be below 2.57, and only 1% of the values will be above this acceptance criteria, if 
the sample and the duplicate are truly of the same distribution.  Calculated Z-values less than 
2.57 will be considered acceptable and values greater than 2.57 will be investigated for 
possible discrepancies in analytical precision, or for sources of disagreement with the 
following assumptions of the test: 

• The sample measurement and duplicate or replicate measurement are of the same 
normally distributed population. 

• The standard deviations, σS and σD, represent the true standard deviation of the measured 
population. 

7.3.2 Laboratory Spike Analyses 

Spike analyses may be performed by the laboratory and used to estimate the extent of bias in 
the analytical measurements.  The analytical laboratory adds a known quantity of radioactive 
material, or analyte, to representative media, and analyzes the spiked media.  Bias in the 
results will be quantified by determining percent difference values for spike analyses data 
provided by the laboratory.  Percent difference values will be determined by the following 
equation: 

100*
C

)C(C
Difference%

S

MS −
=  

Where: CS ≡ Concentration of spike analyte added to sample 

 CM ≡ Measured concentration of analyte in sample 

Percent differences will be compared to a performance criteria of 20%. Percent differences 
greater than 20% will be investigated for possible discrepancies in measurement bias.  The 
error associated with the measured values should be a consideration when evaluating percent 
differences and qualifying data which do not meet these performance criteria. 
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7.3.3 Laboratory Blanks 

The analytical laboratory performs blank analyses to test analytical accuracy and to estimate 
the extent of bias in the measurements.  Laboratory blanks are also used to demonstrate that 
laboratory contamination is not the cause of reported analytical results.  A blank sample is 
prepared and analyzed by the analytical laboratory and typically consists of a sample of 
similar media, free of radiological contamination, which remains with the field sample 
throughout the entire analytical procedure and analyzed to determine the concentration of the 
radionuclide of concern.  Blank analyses should be performed in accordance with the 
laboratory’s quality assurance procedures.  If blank results reported by the laboratory indicate 
the presence of contamination above the detection limit, or results are not qualified, data 
should not be used. 
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ATTACHMENT A 

 
2” X 2” NaI MDC TECHNICAL MEMORANDUM 

 

1.0 INTRODUCTION 

The U.S. Army Field Support Command (AFSC) has issued Cabrera Services, Inc. 
(CABRERA) a delivery order to provide a Work Plan describing the methodology, equipment, 
instrumentation, sample frequency, and sample analysis for the remediation of soils located 
within the boundaries of the Naval Station Great Lakes (Site), and to perform that 
remediation.  This site was formerly used by the Defense Logistics Agency as a storage area 
for strategic quantities of monazite sands, a thorium-bearing material.  The Scope of Work 
(SOW) is defined by AFSC Basic Ordering Agreement Document DAAA09-00-G-0002, 
Delivery Order 0036, dated 30 September 2001.   

Thorium present at the site is assumed to be derived from naturally occurring 232Th in 50-year 
secular equilibrium with its progeny.  The Great Lakes site will be scanned for potential 
thorium contamination utilizing a Ludlum 44-10 (2”x2” NaI scintillation detector).  Scans of 
the subject area will be accomplished by a walking speed (1.5 ft/sec) walkover by the 
surveyor at a detector height of approximately 2-4 inches above the ground surfaces.  Results 
will be tallied by counts per minute (CPM).   

1.1  Objectives 

The objective of this technical memorandum is to determine the scan sensitivity of the 
Ludlum 44-10 (2 inch x 2 inch) NaI scintillation detector utilized for the planned gamma 
walkover survey for thorium.  The evaluation considered a 15 cm-thick layer of contaminated 
soil with a radius of 28 cm.  The scan sensitivity is important for use in interpretation of 
potential concentrations of thorium in the soil.       

2.0 SITE RADIOLOGICAL CONDITIONS 

The site area to be surveyed consists of surface soils potentially contaminated with thorium 
containing sand at various concentrations.  Any thorium present will be in equilibrium with its 
progeny.  A 50-year equilibrium has been chosen for the soil containing small amounts of 
232Th.     

It has been assumed for detection calculations that the contamination is present in a layer on 
the surface with no cover and that the thorium and progeny contaminants are uniformly mixed 
with the soil in a volume of soil 56 cm in diameter with a 15 cm or 1 inch thickness.   
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3.0 SCAN MINIMUM DETECTABLE CONCENTRATION (MDC) 
CALCULATION AND METHODOLOGY 

The methodology used to determine the NaI scintillation detector scan MDC is based on NRC 
NUREG –1507, titled “Minimum Detectable Concentrations with Typical Radiation Survey 
Instruments for Various Contaminants and Field Conditions” December 1997.  Factors 
included in this analysis are the surveyor scan efficiency, index of sensitivity, the natural 
background of the surveyed area, scan rate, detector to source geometry, areal extent of the 
hot spot, and energy and yield of gamma emissions. 

The computer code Microshield was used to model the presence of a normalized 1 pCi/g total 
thorium with its 50-year decay progeny in soil with the further assumption that the activity is 
uniformly distributed to a depth of 15 cm and spread over a disk shaped area with a diameter 
of 56 cm.  The uncontaminated soil cover thickness has zero thickness (contamination on the 
surface) and there is a 0.051 cm aluminum shield simulating the cover of the NaI detector to 
complete the model source term.  This model is consistent with the NUREG-1507 
methodology and provides for a count rate to exposure rate ratio (CPM/µR/hr) to be 
calculated.     

The following sections provide tabulated data based upon the NUREG-1507 methodology as 
applied toward the Ludlum 44-10 2”x2” NaI scintillation detector used in this survey, zero 
thickness soil cover, and a 56 cm diameter soil uniformly contaminated to a 15 cm thickness.  
The dose point is centered over the contaminated disk of soil.  Additional details and 
discussion describing the NUREG analysis methodology are described in that publication. 

3.1 Fluence Rate to Exposure Rate (FRER, no units)  

The fluence rate to exposure rate (FRER) may be approximated by: 

FRER ~ (1 µR/hr)/(Eγ)(µen/ρ)air 

Whereas,  

Eγ =  energy of the gamma photon of concern, keV 

(µen/ρ)air =  the mass energy absorption coefficient for air, cm2/g  

 

And in tabular form: 
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TABLE 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Probability of Interaction (P) Through Detector End for a Given Energy 

The probability, P, of a gamma ray interaction in the NaI scintillation crystal entering through 
the end of the crystal is given by: 

Probability (P) = 1-e-(µ/ρ)NaI(X)(ρNaI) 

Where 

(µ/ρ)NaI  =  the mass attenuation coefficient for NaI  

X  =  the thickness through the bottom edge (end facing the soil) of the Ludlum 44-10 2”x2” 
NaI crystal, 5.1 cm 

Energyγ, keV (uen/ρ)air, cm2/g FRER 

40 0.064 0.3906 

60 0.0292 0.5708 

80 0.0236 0.5297 

100 0.0231 0.4329 

150 0.0251 0.2656 

200 0.0268 0.1866 

300 0.0288 0.1157 

400 0.0296 0.0845 

500 0.0297 0.0673 

600 0.0296 0.0563 

800 0.0289 0.0433 

1,000 0.0280 0.0357 

1,500 0.0255 0.0261 

2,000 0.0234 0.0214 

3,000 0.0205 0.0163 
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ρ  =  the density of the NaI crystal, 3.67 g/cm3  

And in tabular form: 

TABLE 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Relative Detector Response (RDR) 

The Relative Detector Response (RDR) by energy is determined by multiplying the relative 
fluence rate to exposure rate (FRER) by the probability (P) of an interaction and is given by: 

RDR = FRER (table 1) x P (table 2) 

And in tabular form: 

Energyγ, keV (µ/ρ)NaI, cm2/g P 

40 18.3 1.00 

60 6.23 1.00 

80 2.86 1.00 

100 1.58 1.00 

150 0.566 1.00 

200 0.302 1.00 

300 0.153 0.94 

400 0.11 0.87 

500 0.0904 0.82 

600 0.079 0.77 

800 0.0657 0.71 

1,000 0.0576 0.66 

1,500 0.0464 0.58 

2,000 0.0412 0.54 

3,000 0.0367 0.50 
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TABLE 3 

Energyγ, keV FRER P RDR 

40 0.3906 1.00 0.3906 

60 0.5708 1.00 0.5708 

80 0.5297 1.00 0.5297 

100 0.4329 1.00 0.4329 

150 0.2656 1.00 0.2656 

200 0.1866 1.00 0.1859 

300 0.1157 0.94 0.1091 

400 0.0845 0.87 0.0737 

500 0.0673 0.82 0.0549 

600 0.0563 0.77 0.0435 

800 0.0433 0.71 0.0306 

1,000 0.0357 0.66 0.0236 

1,500 0.0214 0.58 0.0124 

2,000 0.0214 0.54 0.0115 

3,000 0.0163 0.50 0.0081 

 

 

3.4 Determination of CPM per µR/hr as a Function of Energy 

The equivalent FRER, P, and finally RDR may be calculated for a NaI Scintillation detector at 
the cesium-137 energy of 662 keV.  Manufacturers of this equipment typically provide an 
instrument response in terms of CPM and µR/hr at the cesium-137 energy.  This point allows 
one to determine the CPM per µR/hr and ultimately activity concentration and minimum 
detection sensitivity level in terms of pCi/g. 

Based on measured counts in a known field it is estimated that a typical Ludlum 44-10 NaI 
response is 900 CPM/µR/hr and using the same methodology as shown in the tables above, 
the FRER, P and RDR are calculated.  The mass energy absorption coefficient for air and the 
mass attenuation coefficient for NaI are interpolated from tables in the Radiological Health 
Handbook, Revised Edition January 1970, pages 139, and 140. 
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FRER Energyγ, keV (µen/ρ)air, cm2/g 

0.0514 662 0.0294 

And  

Energyγ, keV (µ/ρ)NaI, cm2/g P 

662 0.0749 0.75 

 

And Cesium-137 RDR (662 keV) =  0.0387 

The detector response (CPM) to another energy is based upon the ratio of the RDR at an 
energy to the known Cs-137 energy RDR 

CPM/µR/hr, Ei  =  (CPMCs-137) x (RDREi) / (RDRCs-137) 

= (900) x (RDREi) / (RDRCs-137) 

 and in tabular form: 
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TABLE 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energyγ, keV RDREi 
Fidler NaI Detector, Ei, 

cpm per µR/hr 

40 0.3906 9078 

60 0.5708 13264 

80 0.5297 12309 

100 0.4329 10060 

150 0.2656 6172 

200 0.1859 4320 

300 0.1091 2536 

400 0.0737 1712 

500 0.0549 1277 

600 0.0435 1010 

662 0.0387 900 

800 0.0306 711 

1,000 0.0236 548 

1,500 0.0124 288 

2,000 0.0115 267 

3,000 0.0081 188 
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A “typical”measured background is 10 µR/hr in an uncontaminated area in the U.S.  when not 
near granite outcroppings.  Based on a measured background the count rate to exposure rate 
ratio of 900 CPM/µR/hr, a background value of 9,000 CPM is computed. 

Finally, the count rate to exposure rate ratio for each of the thorium isotopes and progeny 
gamma emissions and their contribution to the total exposure rate may be computed using the 
output of the Microshield runs and the count rate to exposure rate ratios from table 4. 

TABLE 5 

keV 

MicroShield Exposure Rate, 
µR/hr  (with buildup, 1 pCi/g  

232Th) cpm/µR/hr cpm/µR/hr (weighted) 
Percent of NaI 

detector response 

40 4.808E-05 9078 0 0.1% 

60 6.721E-05 13264 1 0.1% 

80 7.360E-03 12309 94 11.2% 

100 1.860E-03 10060 19 2.3% 

150 2.169E-03 6172 14 1.7% 

200 4.200E-02 4320 187 22.4% 

300 3.301E-02 2536 86 10.3% 

400 4.090E-03 1712 7 0.9% 

500 3.014E-02 1277 40 4.7% 

600 8.205E-02 1010 86 10.2% 

800 1.070E-01 711 79 9.4% 

1000 2.384E-01 548 135 16.1% 

1500 7.630E-02 288 23 2.7% 

2000 2.154E-03 267 1 0.1% 

3000 3.422E-01 188 66 7.9% 

Total 9.688E-01   837 100% 

3.5 Scan MDC Value 

The scan MDC is calculated using the NUREG-1507 methodology where: 

The average number of background counts in an interval bi = CPM/60 
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And for the Ludlum generic count rate to exposure rate ratio value of 900 CPM/µR/hr and 10 
µR/hr assumed background gives  

bi = (10 µR/hr) x (900 CPM/µR/hr) / 60 = 150 counts       

The minimum detectable count rate, MDCR is  

MDCR = (d’) x  (bi)0.5  x (60 sec/1 min) 

Where d’ is from table 6.1 of NUREG-1507 and represents rate of detections at 95% and a 
false positive rate of 60%, bi is the background counts, 60 seconds/1 minute is a conversion 
factor and    

MDCR =  (1.38) x (150)0.5 x (60 sec/1 min) = 1014 CPM 

The Minimum Detectable Count Rate for the surveyor is given as 

MDCRsurveyor  = MDCR/(p)0.5 

Where 

p = Surveyor Efficiency, equal to 0.75 to 0.5 as given by NUREG-1507 (0.5 is chosen as a 
conservative choice) and  

MDCRsurveyor  = 1014/0.707 = 1434 CPM 

 

The Minimum Detectable Exposure Rate for the surveyor is obtained from the MDCRsurveyor 

divided by the Table 5 weighted count rate to exposure rate value of 837 CPM/µR/hr for 
thorium and its progeny is   

(1434 CPM) /(837 CPM /µR/hr) = 1.71 µR/hr  

The scan MDC is then equal to the ratio of the Minimum Detectable Exposure Rate in the 
field to the exposure rate determined for the normalized 1 pCi/g concentration of total thorium 
and  

Scan MDC = (Normalized ThTotal Conc) x (Exposure RateSurveyor)/(Exposure Ratenormalized Th conc ) 

Scan MDC = (1 pCi/g) x (1.71 µR/hr)/(9.688E-1 µR/hr) = 1.77 pCi/g 
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4.0 CONCLUSION 

The Ludlum 44-10 2”x2” NaI Scintillation scan MDC, for 232Th in 50-year equilibrium with 
progeny, being uniformly distributed in surface soil with dimensions of 56 cm diameter and 
15 cm thick, is estimated to be 1.8 pCi/g.      

The values computed are indicative of a sensitive instrument and agrees with data presented 
in MARSSIM Table 6.7.  
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFASU1

Location I/D Pile Sample Points Internal ID Units K-40 Result  Uncertainty MDA Cs-137 Result  Uncertainty MDA TL-208 Result  Uncertainty MDA BI-211 Result  Uncertainty MDA
NFASU1-01 7000  id339 (pCi/gram) 1.54E+01 ± 1.74E+00 1.04E+00 ND ± ND 9.38E-02 2.26E-01 ± 5.92E-02 7.14E-02 ND ± ND 6.91E+00
NFASU1-02 7001  id340 (pCi/gram) 1.62E+01 ± 1.79E+00 1.01E+00 ND ± ND 9.90E-02 2.45E-01 ± 5.74E-02 6.20E-02 ND ± ND 7.15E+00
NFASU1-03 7002  id341 (pCi/gram) 6.74E+00 ± 1.16E+00 9.76E-01 1.37E-01 ± 4.90E-02 6.20E-02 3.29E-01 ± 6.59E-02 6.77E-02 ND ± ND 7.10E+00
NFASU1-04 7003  id342 (pCi/gram) 9.23E+00 ± 1.35E+00 1.02E+00 ND ± ND 8.33E-02 2.43E-01 ± 5.75E-02 6.27E-02 ND ± ND 6.29E+00
NFASU1-05 7004  id343 (pCi/gram) 9.57E+00 ± 1.45E+00 1.32E+00 ND ± ND 1.69E-01 1.86E+00 ± 1.54E-01 1.21E-01 ND ± ND 1.41E+01
NFASU1-06 7005  id344 (pCi/gram) 1.53E+01 ± 1.79E+00 1.07E+00 3.90E-02 ± 3.21E-02 4.94E-02 4.21E-01 ± 7.62E-02 7.53E-02 ND ± ND 8.21E+00
NFASU1-07 7006  id345 (pCi/gram) 1.39E+01 ± 1.62E+00 9.06E-01 ND ± ND 9.38E-02 2.39E-01 ± 5.48E-02 5.58E-02 ND ± ND 6.62E+00
NFASU1-08 7007  id346 (pCi/gram) 1.46E+01 ± 1.69E+00 1.01E+00 ND ± ND 1.07E-01 2.98E-01 ± 6.09E-02 6.65E-02 ND ± ND 7.27E+00
NFASU1-09 7008  id347 (pCi/gram) 1.82E+01 ± 1.96E+00 1.13E+00 ND ± ND 1.06E-01 3.60E-01 ± 6.79E-02 6.41E-02 ND ± ND 8.48E+00
NFASU1-10 7009  id348 (pCi/gram) 1.35E+01 ± 1.71E+00 1.21E+00 4.65E-02 ± 2.98E-02 4.13E-02 3.22E-01 ± 7.30E-02 8.56E-02 ND ± ND 8.54E+00
NFASU1-11 7010  id349 (pCi/gram) 1.33E+01 ± 1.61E+00 9.63E-01 4.89E-02 ± 3.81E-02 5.94E-02 3.32E-01 ± 6.89E-02 7.49E-02 ND ± ND 7.36E+00
NFASU1-12 7011  id350 (pCi/gram) 8.76E+00 ± 1.32E+00 1.04E+00 1.36E-01 ± 5.76E-02 8.21E-02 5.36E-01 ± 8.63E-02 8.91E-02 ND ± ND 9.51E+00
NFASU1-13 7012  id351 (pCi/gram) 9.45E+00 ± 1.36E+00 1.03E+00 ND ± ND 1.02E-01 3.65E-01 ± 6.42E-02 5.74E-02 ND ± ND 7.93E+00
NFASU1-14 7013  id352 (pCi/gram) 1.60E+01 ± 1.78E+00 1.00E+00 ND ± ND 9.72E-02 1.74E-01 ± 5.19E-02 6.30E-02 ND ± ND 6.98E+00
NFASU1-15 7014  id353 (pCi/gram) 1.44E+01 ± 1.73E+00 1.19E+00 6.72E-02 ± 4.20E-02 6.27E-02 2.30E-01 ± 5.95E-02 7.02E-02 2.881806 ± 1.559372 3.72E+00
NFASU1-16 7015  id354 (pCi/gram) 1.00E+01 ± 1.38E+00 9.10E-01 ND ± ND 8.74E-02 1.83E-01 ± 4.84E-02 5.16E-02 ND ± ND 6.34E+00
NFASU1-17 7016  id355 (pCi/gram) 1.13E+01 ± 1.48E+00 9.91E-01 ND ± ND 9.01E-02 1.88E-01 ± 4.92E-02 5.27E-02 ND ± ND 6.06E+00
NFASU1-18 7017  id356 (pCi/gram) 1.53E+01 ± 1.75E+00 1.04E+00 ND ± ND 1.02E-01 3.28E-01 ± 6.51E-02 6.50E-02 ND ± ND 7.79E+00
NFASU1-19 7018  id357 (pCi/gram) 1.50E+01 ± 1.75E+00 1.14E+00 ND ± ND 9.96E-02 1.80E-01 ± 4.96E-02 5.50E-02 ND ± ND 6.78E+00
NFASU1-20 7019  id358 (pCi/gram) 1.45E+01 ± 1.71E+00 9.97E-01 ND ± ND 8.86E-02 1.82E-01 ± 4.81E-02 4.85E-02 ND ± ND 7.06E+00
NFASU1-21 7020  id359 (pCi/gram) 1.34E+01 ± 1.66E+00 1.13E+00 ND ± ND 9.41E-02 1.86E-01 ± 5.28E-02 6.22E-02 ND ± ND 7.00E+00
NFASU1-22 7021  id360 (pCi/gram) 1.42E+01 ± 1.71E+00 1.11E+00 ND ± ND 1.23E-01 3.53E-01 ± 7.32E-02 8.27E-02 ND ± ND 8.05E+00
NFASU1-23 7022  id361 (pCi/gram) 1.25E+01 ± 1.60E+00 1.17E+00 ND ± ND 1.20E-01 6.27E-01 ± 9.07E-02 8.45E-02 ND ± ND 9.60E+00
NFASU1-24 7023  id362 (pCi/gram) 5.97E+00 ± 1.19E+00 1.27E+00 4.93E-01 ± 8.85E-02 9.65E-02 1.69E+00 ± 1.45E-01 1.15E-01 ND ± ND 1.39E+01
NFASU1-25 7024  id363 (pCi/gram) 5.55E+00 ± 1.14E+00 1.21E+00 1.39E-01 ± 7.28E-02 1.13E-01 2.67E+00 ± 1.96E-01 1.64E-01 ND ± ND 1.65E+01
NFASU1-26 7025  id364 (pCi/gram) 7.92E+00 ± 1.25E+00 9.99E-01 5.59E-02 ± 3.35E-02 4.76E-02 2.65E-01 ± 5.92E-02 7.00E-02 ND ± ND 6.79E+00
NFASU1-27 7026  id365 (pCi/gram) 1.49E+01 ± 1.75E+00 1.07E+00 ND ± ND 9.26E-02 1.96E-01 ± 5.09E-02 5.82E-02 ND ± ND 6.90E+00
NFASU1-28 7027  id366 (pCi/gram) 4.88E+00 ± 1.02E+00 1.00E+00 1.89E-01 ± 5.61E-02 6.79E-02 6.14E-01 ± 8.47E-02 7.75E-02 ND ± ND 8.91E+00
NFASU1-29 7028  id367 (pCi/gram) 5.24E+00 ± 1.10E+00 1.16E+00 4.29E-01 ± 7.46E-02 6.71E-02 8.20E-01 ± 9.54E-02 7.66E-02 ND ± ND 9.98E+00
NFASU1-B1  id368 (pCi/gram) 1.07E+01 ± 1.56E+00 1.43E+00 1.84E-01 ± 8.61E-02 1.33E-01 2.57E+00 ± 1.88E-01 1.45E-01 ND ± ND 1.65E+01
NFASU1-B2  id369 (pCi/gram) 1.76E+01 ± 1.90E+00 1.07E+00 ND ± ND 1.27E-01 7.62E-01 ± 9.58E-02 9.34E-02 ND ± ND 9.99E+00
NFASU1-B3  id370 (pCi/gram) 1.29E+01 ± 1.58E+00 9.50E-01 ND ± ND 1.26E-01 8.01E-01 ± 9.67E-02 9.12E-02 ND ± ND 1.03E+01
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFASU1

Location I/D Pile Sample Points
NFASU1-01 7000
NFASU1-02 7001
NFASU1-03 7002
NFASU1-04 7003
NFASU1-05 7004
NFASU1-06 7005
NFASU1-07 7006
NFASU1-08 7007
NFASU1-09 7008
NFASU1-10 7009
NFASU1-11 7010
NFASU1-12 7011
NFASU1-13 7012
NFASU1-14 7013
NFASU1-15 7014
NFASU1-16 7015
NFASU1-17 7016
NFASU1-18 7017
NFASU1-19 7018
NFASU1-20 7019
NFASU1-21 7020
NFASU1-22 7021
NFASU1-23 7022
NFASU1-24 7023
NFASU1-25 7024
NFASU1-26 7025
NFASU1-27 7026
NFASU1-28 7027
NFASU1-29 7028
NFASU1-B1
NFASU1-B2
NFASU1-B3

PB-211 Result  Uncertainty MDA BI-212 Result  Uncertainty MDA PB-212 Result  Uncertainty MDA BI-214 Result  Uncertainty MDA
ND ± ND 1.82E+00 9.75E-01 ± 5.26E-01 7.38E-01 7.80E-01 ± 1.27E-01 1.60E-01 5.64E-01 ± 1.13E-01 1.35E-01
ND ± ND 1.72E+00 9.62E-01 ± 5.01E-01 6.82E-01 7.78E-01 ± 1.17E-01 1.23E-01 6.26E-01 ± 1.20E-01 1.14E-01
ND ± ND 1.67E+00 ND ± ND 1.36E+00 8.24E-01 ± 1.17E-01 1.27E-01 4.05E-01 ± 9.40E-02 8.65E-02
ND ± ND 1.54E+00 ND ± ND 1.17E+00 6.71E-01 ± 1.21E-01 1.60E-01 3.41E-01 ± 9.82E-02 1.17E-01
ND ± ND 3.04E+00 6.18E+00 ± 1.18E+00 1.51E+00 6.01E+00 ± 4.13E-01 1.78E-01 1.07E+00 ± 1.62E-01 2.15E-01
ND ± ND 1.82E+00 ND ± ND 1.55E+00 9.57E-01 ± 1.52E-01 1.83E-01 6.93E-01 ± 1.23E-01 8.70E-02
ND ± ND 1.66E+00 8.85E-01 ± 5.09E-01 7.24E-01 6.43E-01 ± 9.11E-02 9.18E-02 5.98E-01 ± 1.21E-01 1.25E-01
ND ± ND 1.64E+00 ND ± ND 1.52E+00 7.80E-01 ± 1.34E-01 1.65E-01 6.49E-01 ± 1.11E-01 1.25E-01
ND ± ND 1.85E+00 ND ± ND 1.45E+00 7.09E-01 ± 1.30E-01 1.62E-01 6.54E-01 ± 1.21E-01 1.33E-01
ND ± ND 1.92E+00 ND ± ND 1.69E+00 1.14E+00 ± 1.54E-01 1.80E-01 6.60E-01 ± 1.16E-01 1.38E-01
ND ± ND 1.82E+00 1.59E+00 ± 5.47E-01 5.79E-01 9.58E-01 ± 1.37E-01 1.46E-01 5.69E-01 ± 1.19E-01 1.23E-01
ND ± ND 1.96E+00 2.18E+00 ± 7.55E-01 9.77E-01 1.59E+00 ± 1.86E-01 2.07E-01 1.01E+00 ± 1.33E-01 1.43E-01
ND ± ND 1.73E+00 ND ± ND 1.52E+00 9.78E-01 ± 1.35E-01 1.55E-01 5.04E-01 ± 1.13E-01 1.23E-01
ND ± ND 1.78E+00 7.67E-01 ± 4.98E-01 7.34E-01 6.24E-01 ± 1.17E-01 1.44E-01 6.21E-01 ± 1.11E-01 1.14E-01
ND ± ND 1.80E+00 ND ± ND 1.49E+00 8.07E-01 ± 1.03E-01 9.76E-02 5.78E-01 ± 1.28E-01 1.46E-01
ND ± ND 1.50E+00 ND ± ND 1.38E+00 5.47E-01 ± 9.89E-02 1.12E-01 3.99E-01 ± 9.05E-02 1.03E-01
ND ± ND 1.49E+00 ND ± ND 1.35E+00 5.24E-01 ± 1.07E-01 1.37E-01 3.80E-01 ± 1.00E-01 1.14E-01
ND ± ND 1.85E+00 1.24E+00 ± 5.31E-01 6.62E-01 9.44E-01 ± 1.50E-01 1.81E-01 6.63E-01 ± 1.13E-01 1.10E-01
ND ± ND 1.60E+00 ND ± ND 1.35E+00 5.95E-01 ± 1.08E-01 1.28E-01 5.01E-01 ± 1.06E-01 9.90E-02
ND ± ND 1.65E+00 ND ± ND 1.43E+00 4.89E-01 ± 1.06E-01 1.37E-01 4.68E-01 ± 1.04E-01 1.24E-01
ND ± ND 1.66E+00 ND ± ND 1.29E+00 6.67E-01 ± 9.35E-02 9.92E-02 6.11E-01 ± 1.02E-01 1.07E-01
ND ± ND 1.80E+00 1.04E+00 ± 4.56E-01 5.27E-01 9.74E-01 ± 1.35E-01 1.50E-01 5.97E-01 ± 1.18E-01 1.39E-01
ND ± ND 2.09E+00 2.51E+00 ± 8.16E-01 1.05E+00 1.87E+00 ± 1.87E-01 1.62E-01 6.69E-01 ± 1.22E-01 1.35E-01
ND ± ND 3.12E+00 6.46E+00 ± 1.19E+00 1.28E+00 5.70E+00 ± 3.98E-01 1.56E-01 7.41E-01 ± 1.28E-01 1.72E-01
ND ± ND 3.59E+00 8.93E+00 ± 1.35E+00 1.69E+00 8.77E+00 ± 5.65E-01 2.01E-01 9.93E-01 ± 1.66E-01 2.54E-01
ND ± ND 1.60E+00 1.36E+00 ± 5.54E-01 6.91E-01 1.04E+00 ± 1.18E-01 8.72E-02 4.17E-01 ± 9.23E-02 9.86E-02
ND ± ND 1.70E+00 6.33E-01 ± 4.89E-01 7.51E-01 6.59E-01 ± 1.18E-01 1.40E-01 5.22E-01 ± 1.05E-01 1.11E-01
ND ± ND 1.97E+00 2.13E+00 ± 6.87E-01 8.18E-01 1.85E+00 ± 1.89E-01 1.46E-01 4.70E-01 ± 1.05E-01 1.05E-01
ND ± ND 2.21E+00 2.78E+00 ± 7.93E-01 9.40E-01 2.22E+00 ± 2.19E-01 2.15E-01 6.28E-01 ± 1.17E-01 1.43E-01
ND ± ND 3.55E+00 7.60E+00 ± 1.55E+00 2.03E+00 7.88E+00 ± 5.14E-01 2.03E-01 1.16E+00 ± 2.02E-01 2.49E-01
ND ± ND 2.31E+00 2.42E+00 ± 7.93E-01 1.00E+00 1.93E+00 ± 2.04E-01 2.02E-01 6.71E-01 ± 1.26E-01 1.48E-01
ND ± ND 2.15E+00 3.44E+00 ± 8.44E-01 9.18E-01 2.24E+00 ± 2.14E-01 1.83E-01 7.22E-01 ± 1.43E-01 1.66E-01
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFASU1

Location I/D Pile Sample Points
NFASU1-01 7000
NFASU1-02 7001
NFASU1-03 7002
NFASU1-04 7003
NFASU1-05 7004
NFASU1-06 7005
NFASU1-07 7006
NFASU1-08 7007
NFASU1-09 7008
NFASU1-10 7009
NFASU1-11 7010
NFASU1-12 7011
NFASU1-13 7012
NFASU1-14 7013
NFASU1-15 7014
NFASU1-16 7015
NFASU1-17 7016
NFASU1-18 7017
NFASU1-19 7018
NFASU1-20 7019
NFASU1-21 7020
NFASU1-22 7021
NFASU1-23 7022
NFASU1-24 7023
NFASU1-25 7024
NFASU1-26 7025
NFASU1-27 7026
NFASU1-28 7027
NFASU1-29 7028
NFASU1-B1
NFASU1-B2
NFASU1-B3

PB-214 Result  Uncertainty MDA RA-226 Result  Uncertainty MDA AC-228 Result  Uncertainty MDA PA-234M Result  Uncertainty MDA
7.52E-01 ± 9.37E-02 9.78E-02 ND ± ND 1.90E+00 9.22E-01 ± 1.46E-01 2.23E-01 ND ± ND 1.10E+01
6.65E-01 ± 1.01E-01 1.32E-01 2.16E+00 ± 9.33E-01 1.42E+00 7.78E-01 ± 1.50E-01 2.52E-01 ND ± ND 1.18E+01
3.86E-01 ± 7.68E-02 1.29E-01 ND ± ND 1.80E+00 1.06E+00 ± 1.58E-01 2.21E-01 ND ± ND 9.95E+00
3.92E-01 ± 7.39E-02 1.16E-01 ND ± ND 1.66E+00 7.72E-01 ± 1.41E-01 2.40E-01 ND ± ND 1.06E+01
1.08E+00 ± 1.26E-01 2.19E-01 ND ± ND 3.33E+00 6.07E+00 ± 3.23E-01 3.78E-01 ND ± ND 1.46E+01
7.24E-01 ± 1.10E-01 1.51E-01 1.81E+00 ± 8.85E-01 1.36E+00 1.13E+00 ± 1.98E-01 2.66E-01 ND ± ND 1.31E+01
6.73E-01 ± 8.94E-02 1.15E-01 ND ± ND 1.93E+00 7.30E-01 ± 1.35E-01 2.53E-01 ND ± ND 1.01E+01
6.75E-01 ± 9.73E-02 1.13E-01 1.79E+00 ± 8.87E-01 1.38E+00 9.70E-01 ± 1.61E-01 2.25E-01 ND ± ND 1.22E+01
7.81E-01 ± 1.11E-01 1.41E-01 3.19E+00 ± 1.16E+00 1.75E+00 1.07E+00 ± 1.93E-01 1.93E-01 ND ± ND 1.29E+01
6.63E-01 ± 9.88E-02 1.43E-01 ND ± ND 2.17E+00 1.20E+00 ± 1.83E-01 2.22E-01 ND ± ND 1.16E+01
6.28E-01 ± 9.59E-02 1.16E-01 1.29E+00 ± 8.75E-01 1.41E+00 1.05E+00 ± 1.89E-01 2.47E-01 ND ± ND 1.05E+01
1.00E+00 ± 1.19E-01 1.75E-01 1.76E+00 ± 9.38E-01 1.48E+00 2.06E+00 ± 2.01E-01 3.03E-01 ND ± ND 1.08E+01
5.38E-01 ± 8.15E-02 1.07E-01 ND ± ND 1.98E+00 1.01E+00 ± 1.63E-01 2.04E-01 ND ± ND 1.02E+01
5.65E-01 ± 9.46E-02 1.25E-01 1.66E+00 ± 8.09E-01 1.24E+00 8.02E-01 ± 1.42E-01 1.55E-01 ND ± ND 1.10E+01
6.58E-01 ± 9.27E-02 1.21E-01 1.24E+00 ± 9.27E-01 1.51E+00 9.30E-01 ± 1.52E-01 1.84E-01 ND ± ND 1.19E+01
3.80E-01 ± 8.04E-02 1.08E-01 ND ± ND 1.65E+00 6.77E-01 ± 1.38E-01 2.06E-01 ND ± ND 9.05E+00
4.61E-01 ± 7.94E-02 9.29E-02 ND ± ND 1.70E+00 4.92E-01 ± 1.43E-01 2.42E-01 ND ± ND 1.03E+01
5.88E-01 ± 9.41E-02 1.20E-01 1.11E+00 ± 7.46E-01 1.19E+00 7.75E-01 ± 1.55E-01 2.80E-01 ND ± ND 1.20E+01
5.65E-01 ± 8.98E-02 1.04E-01 1.90E+00 ± 9.10E-01 1.41E+00 6.09E-01 ± 1.60E-01 2.46E-01 ND ± ND 1.21E+01
4.75E-01 ± 8.81E-02 1.12E-01 1.47E+00 ± 7.96E-01 1.24E+00 5.57E-01 ± 1.40E-01 2.31E-01 ND ± ND 1.04E+01
5.82E-01 ± 8.73E-02 1.14E-01 ND ± ND 1.91E+00 6.86E-01 ± 1.32E-01 1.94E-01 ND ± ND 1.18E+01
6.30E-01 ± 9.19E-02 1.22E-01 2.43E+00 ± 9.61E-01 1.45E+00 9.83E-01 ± 1.63E-01 2.47E-01 ND ± ND 1.06E+01
5.08E-01 ± 9.25E-02 1.69E-01 ND ± ND 2.16E+00 1.98E+00 ± 2.06E-01 2.84E-01 ND ± ND 1.12E+01
8.43E-01 ± 1.25E-01 2.38E-01 ND ± ND 3.09E+00 5.33E+00 ± 3.04E-01 3.63E-01 ND ± ND 1.24E+01
1.17E+00 ± 1.42E-01 2.35E-01 2.63E+00 ± 1.90E+00 3.14E+00 8.65E+00 ± 3.99E-01 4.15E-01 ND ± ND 1.47E+01
4.77E-01 ± 7.56E-02 8.67E-02 ND ± ND 1.72E+00 8.77E-01 ± 1.38E-01 2.34E-01 ND ± ND 8.64E+00
5.44E-01 ± 9.31E-02 1.16E-01 2.10E+00 ± 9.80E-01 1.52E+00 8.12E-01 ± 1.59E-01 2.03E-01 ND ± ND 1.18E+01
3.85E-01 ± 8.96E-02 1.40E-01 ND ± ND 1.95E+00 1.84E+00 ± 1.76E-01 2.35E-01 ND ± ND 9.95E+00
6.40E-01 ± 9.44E-02 1.35E-01 ND ± ND 2.40E+00 2.45E+00 ± 2.10E-01 2.90E-01 ND ± ND 9.82E+00
1.20E+00 ± 1.54E-01 2.91E-01 2.18E+00 ± 1.40E+00 2.29E+00 7.54E+00 ± 3.69E-01 3.76E-01 ND ± ND 1.67E+01
8.33E-01 ± 1.12E-01 1.70E-01 1.60E+00 ± 9.14E-01 1.45E+00 2.35E+00 ± 2.09E-01 2.39E-01 ND ± ND 1.30E+01
7.73E-01 ± 1.05E-01 1.58E-01 1.67E+00 ± 9.07E-01 1.43E+00 2.45E+00 ± 2.31E-01 3.41E-01 ND ± ND 1.11E+01

Sample Average 1.63E+00
Sample SD 1.87E+00

Sample Count 29
Sample Maximum 8.65E+00
Sample Minimum 4.92E-01
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFASU1

Location I/D Pile Sample Points
NFASU1-01 7000
NFASU1-02 7001
NFASU1-03 7002
NFASU1-04 7003
NFASU1-05 7004
NFASU1-06 7005
NFASU1-07 7006
NFASU1-08 7007
NFASU1-09 7008
NFASU1-10 7009
NFASU1-11 7010
NFASU1-12 7011
NFASU1-13 7012
NFASU1-14 7013
NFASU1-15 7014
NFASU1-16 7015
NFASU1-17 7016
NFASU1-18 7017
NFASU1-19 7018
NFASU1-20 7019
NFASU1-21 7020
NFASU1-22 7021
NFASU1-23 7022
NFASU1-24 7023
NFASU1-25 7024
NFASU1-26 7025
NFASU1-27 7026
NFASU1-28 7027
NFASU1-29 7028
NFASU1-B1
NFASU1-B2
NFASU1-B3

TH-234 Result  Uncertainty MDA U-235 Result  Uncertainty MDA Sample Type Volume Sample Analysis Date/Time Duration Dead Time
ND ± ND 1.66E+00 ND ± ND 5.62E-01 DET 6185 1.494E+003 gram 10/22/2003 16:39 600.0 seconds 0.14%
ND ± ND 1.71E+00 ND ± ND 5.58E-01 DET 6185 1.490E+003 gram 10/22/2003 16:55 600.0 seconds 0.13%
ND ± ND 1.69E+00 ND ± ND 5.31E-01 DET 6185 1.473E+003 gram 10/22/2003 17:19 600.0 seconds 0.12%
ND ± ND 1.39E+00 ND ± ND 4.91E-01 DET 6185 1.488E+003 gram 10/22/2003 17:31 600.0 seconds 0.11%
ND ± ND 3.05E+00 ND ± ND 1.01E+00 DET 6185 1.495E+003 gram 10/23/2003 8:17 600.0 seconds 0.35%
ND ± ND 1.93E+00 ND ± ND 5.93E-01 DET 6185 1.382E+003 gram 10/23/2003 8:36 600.0 seconds 0.14%
ND ± ND 1.64E+00 ND ± ND 5.22E-01 DET 6185 1.494E+003 gram 10/23/2003 8:49 600.0 seconds 0.13%
ND ± ND 1.64E+00 ND ± ND 5.56E-01 DET 6185 1.492E+003 gram 10/23/2003 9:01 600.0 seconds 0.14%
ND ± ND 2.05E+00 ND ± ND 6.17E-01 DET 6185 1.407E+003 gram 10/23/2003 9:14 600.0 seconds 0.15%
ND ± ND 2.05E+00 ND ± ND 6.01E-01 DET 6185 1.381E+003 gram 10/23/2003 9:27 600.0 seconds 0.15%
ND ± ND 1.64E+00 ND ± ND 5.48E-01 DET 6185 1.461E+003 gram 10/23/2003 9:45 600.0 seconds 0.14%
ND ± ND 2.11E+00 ND ± ND 6.91E-01 DET 6185 1.492E+003 gram 10/23/2003 9:56 600.0 seconds 0.18%
ND ± ND 1.94E+00 ND ± ND 5.81E-01 DET 6185 1.499E+003 gram 10/23/2003 10:08 600.0 seconds 0.14%
ND ± ND 1.63E+00 ND ± ND 5.25E-01 DET 6185 1.464E+003 gram 10/23/2003 10:22 600.0 seconds 0.13%
ND ± ND 1.90E+00 ND ± ND 5.75E-01 DET 6185 1.446E+003 gram 10/23/2003 10:34 600.0 seconds 0.14%
ND ± ND 1.64E+00 ND ± ND 4.94E-01 DET 6185 1.487E+003 gram 10/23/2003 10:46 600.0 seconds 0.11%
ND ± ND 1.48E+00 ND ± ND 4.97E-01 DET 6185 1.481E+003 gram 10/23/2003 11:03 600.0 seconds 0.11%
ND ± ND 1.90E+00 ND ± ND 5.96E-01 DET 6185 1.460E+003 gram 10/23/2003 11:22 600.0 seconds 0.15%
ND ± ND 1.64E+00 ND ± ND 4.96E-01 DET 6185 1.460E+003 gram 10/23/2003 11:34 600.0 seconds 0.12%
ND ± ND 1.59E+00 ND ± ND 5.32E-01 DET 6185 1.413E+003 gram 10/23/2003 11:47 600.0 seconds 0.12%
ND ± ND 1.58E+00 ND ± ND 5.25E-01 DET 6185 1.442E+003 gram 10/23/2003 12:50 600.0 seconds 0.12%
ND ± ND 1.88E+00 ND ± ND 5.78E-01 DET 6185 1.443E+003 gram 10/23/2003 13:02 600.0 seconds 0.14%
ND ± ND 2.25E+00 ND ± ND 6.69E-01 DET 6185 1.461E+003 gram 10/23/2003 13:16 600.0 seconds 0.18%
ND ± ND 3.02E+00 ND ± ND 9.53E-01 DET 6185 1.487E+003 gram 10/23/2003 13:32 600.0 seconds 0.33%
ND ± ND 3.56E+00 ND ± ND 1.16E+00 DET 6185 1.494E+003 gram 10/23/2003 13:44 600.0 seconds 0.45%
ND ± ND 1.46E+00 ND ± ND 5.00E-01 DET 6185 1.499E+003 gram 10/23/2003 13:56 600.0 seconds 0.11%
ND ± ND 1.56E+00 ND ± ND 5.21E-01 DET 6185 1.416E+003 gram 10/23/2003 14:18 600.0 seconds 0.12%
ND ± ND 1.81E+00 ND ± ND 6.48E-01 DET 6185 1.495E+003 gram 10/23/2003 14:31 600.0 seconds 0.16%
ND ± ND 2.17E+00 ND ± ND 7.22E-01 DET 6185 1.493E+003 gram 10/23/2003 14:45 600.0 seconds 0.19%
ND ± ND 3.60E+00 ND ± ND 1.16E+00 DET 6185 1.489E+003 gram 10/23/2003 14:57 600.0 seconds 0.44%
ND ± ND 2.29E+00 ND ± ND 7.44E-01 DET 6185 1.431E+003 gram 10/23/2003 15:10 600.0 seconds 0.19%
ND ± ND 2.25E+00 ND ± ND 7.42E-01 DET 6185 1.480E+003 gram 10/23/2003 15:23 600.0 seconds 0.21%
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Attachment 3
 Survey Unit Statistics Running Summaries 

Great Lakes Remediation NFA-SU-1

Survey Unit Statistica SP-SU-1 SP-SU-2 SP-SU-3 SP-SU-4 SP-SU-5 SP-SU-6 SP-SU-7 SP-SU-8 SP-SU-9 SP-SU-10 NFA-SU-1 NFA-SU-2

Reference Area Sample Size, m 34 34 34 34 34 34 34 34 34 34 34
Lift Sample Size, n 29 28 28 23 28 27 28 27 28 28 29
DCGL (232Th), pCi/g 1 1 1 1 1 1 1 1 1 1 1
Alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Z-score for 0.05 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645
Calculated Wcrit (retrospective power test) 1207 1187 1187 1087 1187 1167 1187 1167 1187 1187 1207

Prospective Assumed Sigma 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Lift Sample Average, pCi/g 232Th 0.86 0.94 1.03 0.96 1.01 0.96 0.89 0.88 0.47 0.43 1.63
Lift Sample Maximum, pCi/g 232Th 1.03 1.37 1.51 1.44 1.56 1.65 1.20 1.46 1.13 0.82 8.65
Lift Sample Minimum, pCi/g 232Th 0.60 0.64 0.73 0.74 0.69 0.65 0.45 0.59 -0.13 0.09 0.49
Lift Sample Retrospective Sigma 0.10 0.18 0.20 0.17 0.21 0.24 0.15 0.20 0.31 0.19 1.87
Lift Bias CPMmax 13453 12857 12855 < 11308e 11443 < 10446f 11373 < 10378f 9204 N/A 14713
Lift CPMavg 9110 8840 8758 < 8969e 9262 < 8773f 9532 < 8761f 6742 N/A 8139
Lift Bias Sample Maximum, pCi/g 232Th 1.43 1.43 1.42 1.15 1.75 1.34 0.94 1.14 0.82 0.47 7.54
Lift Bias Sample Minimum, pCi/g 232Th 0.68 b 0.98 b b b b b 0.61 -0.21 2.35
Reference Area Average, pCi/g 232Th 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Reference Area Retrospective Sigma 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Reference Area CPMavg 10211 10211 10211 10211 10211 10211 10211 10211 10211 10211 10211

Lift Bias CPMmax per Bias pCi/g 232Thmax
c 9408 8991 9053 9833 6539 7796 12099 9104 11224 N/A 1951

Net CPMavg per pCi/g 232Thavg
d -1280 -1459 -1411 -1294 -940 -1498 -765 -1644 -7381 N/A -1271

a Following NUREG-1575 (Marssim) Criteria
b Only one bias sample was necessary since no contoured z-score > 3.0; lowest is the same as highest
c Lift Bias CPMmax /Bias pCi/gmax 

232Th
d (Lift CPMavg -Reference Area CPMavg)/Lift 232Thavg
e Less than, since approximately 20-25% of lift NOT included with unrestricted release portion of lift was contaminated and had higher general count rate than the average 
f Less than, since approximately 5-10% of lift NOT included with unrestricted release portion of lift was contaminated and had higher general count rate than the average 
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Great Lakes Remediation NFA-SU-1
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Attachment 4
Great Lakes North Fence Area SU-1 

Retrospective Power Test
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Attachment 5
Great Lakes North Fence Area SU-1

WRS Test

Great Lakes Remediation  SP-SU-1

0.89 R 1.89 50.5 50.5
0.68 R 1.68 29.5 29.5
0.82 R 1.82 44 44
0.67 R 1.67 28 28
0.68 R 1.68 29.5 29.5
0.66 R 1.66 26.5 26.5
0.91 R 1.91 53 53
1.04 R 2.04 58 58
0.89 R 1.89 50.5 50.5
0.69 R 1.69 32 32
0.70 R 1.70 34 34
0.81 R 1.81 42.5 42.5
0.69 R 1.69 32 32
0.66 R 1.66 26.5 26.5
0.69 R 1.69 32 32
0.79 R 1.79 40.5 40.5
0.61 R 1.61 23 23
0.86 R 1.86 49 49
0.79 R 1.79 40.5 40.5
0.65 R 1.65 25 25
1.02 R 2.02 57 57
0.85 R 1.85 47 47
0.81 R 1.81 42.5 42.5
0.91 R 1.91 53 53
0.91 R 1.91 53 53
0.71 R 1.71 35 35
0.85 R 1.85 47 47
0.63 R 1.63 24 24
0.75 R 1.75 37 37
0.73 R 1.73 36 36
0.85 R 1.85 47 47
0.95 R 1.95 55 55
0.76 R 1.76 38 38
0.78 R 1.78 39 39
0.92 S 0.92 13 0
0.78 S 0.78 9 0
1.06 S 1.06 19 0
0.77 S 0.77 7 0
6.07 S 6.07 62 0
1.13 S 1.13 21 0
0.73 S 0.73 6 0
0.97 S 0.97 15 0
1.07 S 1.07 20 0
1.20 S 1.20 22 0
1.05 S 1.05 18 0
2.06 S 2.06 59 0
1.01 S 1.01 17 0
0.80 S 0.80 10 0
0.93 S 0.93 14 0
0.68 S 0.68 4 0
0.49 S 0.49 1 0
0.78 S 0.78 8 0
0.61 S 0.61 3 0
0.56 S 0.56 2 0
0.69 S 0.69 5 0
0.98 S 0.98 16 0
1.98 S 1.98 56 0
5.33 S 5.33 61 0
8.65 S 8.65 63 0
0.88 S 0.88 12 0
0.81 S 0.81 11 0
1.84 S 1.84 45 0
2.45 S 2.45 60 0

Sum = 2016 1357

Notes: S represents samples collected in Survey Unit.
R represents samples collected in Reference Unit.

References Area 
Ranks

Results 
(pCi/g)

Survey Area RanksAdjusted Data
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFA-SU-2

Location I/D NFA Sample Points Internal ID Units K-40 Result  Uncertainty MDA Cs-137 Result  Uncertainty MDA TL-208 Result  Uncertainty MDA BI-211 Result  Uncertainty MDA
NFASU2-01 7029  id371 (pCi/gram) 7.50E+00 ± 1.22E+00 1.00E+00 ND ± ND 8.51E-02 1.76E-01 ± 4.78E-02 5.16E-02 ND ± ND 5.73E+00
NFASU2-02 7030  id372 (pCi/gram) 1.06E+01 ± 1.45E+00 1.07E+00 ND ± ND 8.98E-02 1.95E-01 ± 5.10E-02 5.61E-02 ND ± ND 6.41E+00
NFASU2-03 7031  id373 (pCi/gram) 1.43E+01 ± 1.73E+00 1.10E+00 6.38E-02 ± 3.71E-02 5.24E-02 2.26E-01 ± 5.43E-02 5.38E-02 ND ± ND 7.14E+00
NFASU2-04 7032  id374 (pCi/gram) 1.59E+01 ± 1.85E+00 1.13E+00 7.01E-02 ± 3.86E-02 5.36E-02 1.96E-01 ± 6.07E-02 7.79E-02 ND ± ND 6.88E+00
NFASU2-05 7033  id375 (pCi/gram) 1.51E+01 ± 1.81E+00 1.23E+00 4.70E-02 ± 3.26E-02 4.77E-02 2.34E-01 ± 5.96E-02 6.74E-02 ND ± ND 6.95E+00
NFASU2-06 7034  id376 (pCi/gram) 1.35E+01 ± 1.67E+00 1.04E+00 ND ± ND 1.02E-01 2.19E-01 ± 5.23E-02 4.97E-02 ND ± ND 7.01E+00
NFASU2-07 7035  id377 (pCi/gram) 1.61E+01 ± 1.87E+00 1.13E+00 ND ± ND 9.85E-02 2.10E-01 ± 5.87E-02 6.93E-02 ND ± ND 7.26E+00
NFASU2-08 7036  id378 (pCi/gram) 1.70E+01 ± 1.92E+00 1.14E+00 ND ± ND 1.13E-01 2.35E-01 ± 5.93E-02 6.55E-02 ND ± ND 7.28E+00
NFASU2-09 7037  id379 (pCi/gram) 1.34E+01 ± 1.64E+00 1.03E+00 ND ± ND 1.01E-01 1.39E-01 ± 5.19E-02 6.99E-02 ND ± ND 6.09E+00
NFASU2-10 7038  id380 (pCi/gram) 1.37E+01 ± 1.75E+00 1.24E+00 ND ± ND 1.25E-01 1.92E-01 ± 5.29E-02 5.73E-02 ND ± ND 6.58E+00
NFASU2-11 7039  id381 (pCi/gram) 9.83E+00 ± 1.41E+00 1.05E+00 ND ± ND 8.30E-02 1.47E-01 ± 4.83E-02 5.95E-02 ND ± ND 5.83E+00
NFASU2-12 7040  id382 (pCi/gram) 1.00E+01 ± 1.39E+00 9.51E-01 ND ± ND 7.89E-02 1.02E-01 ± 3.95E-02 4.96E-02 ND ± ND 5.37E+00
NFASU2-13 7041  id383 (pCi/gram) 1.48E+01 ± 1.81E+00 1.13E+00 1.13E-01 ± 4.54E-02 5.59E-02 2.74E-01 ± 6.01E-02 5.49E-02 ND ± ND 6.93E+00
NFASU2-14 7042  id384 (pCi/gram) 1.67E+01 ± 1.94E+00 1.24E+00 1.05E-01 ± 4.98E-02 6.91E-02 2.33E-01 ± 5.90E-02 6.38E-02 ND ± ND 7.57E+00
NFASU2-15 7043  id385 (pCi/gram) 1.79E+01 ± 2.02E+00 1.23E+00 ND ± ND 1.29E-01 3.15E-01 ± 6.19E-02 5.30E-02 ND ± ND 7.45E+00
NFASU2-16 7044  id386 (pCi/gram) 1.69E+01 ± 1.93E+00 1.19E+00 8.57E-02 ± 4.58E-02 6.53E-02 2.65E-01 ± 6.17E-02 6.47E-02 ND ± ND 6.97E+00
NFASU2-17 7045  id387 (pCi/gram) 1.71E+01 ± 1.87E+00 1.08E+00 ND ± ND 1.09E-01 3.08E-01 ± 5.98E-02 6.05E-02 ND ± ND 7.05E+00
NFASU2-18 7046  id388 (pCi/gram) 1.62E+01 ± 1.80E+00 1.04E+00 6.33E-02 ± 3.64E-02 5.16E-02 2.42E-01 ± 5.48E-02 5.36E-02 ND ± ND 6.66E+00
NFASU2-19 7047  id389 (pCi/gram) 3.08E+00 ± 8.49E-01 9.49E-01 ND ± ND 8.78E-02 1.21E-01 ± 3.78E-02 3.89E-02 ND ± ND 5.01E+00
NFASU2-20 7048  id390 (pCi/gram) 1.88E+00 ± 7.40E-01 9.66E-01 ND ± ND 4.61E-02 ND ± ND 6.70E-02 ND ± ND 3.01E+00
NFASU2-21 7049  id391 (pCi/gram) 1.88E+00 ± 7.30E-01 9.45E-01 ND ± ND 5.06E-02 ND ± ND 6.41E-02 ND ± ND 2.70E+00
NFASU2-23 7051  id392 (pCi/gram) 4.07E+00 ± 1.00E+00 1.12E+00 1.27E-01 ± 4.47E-02 5.28E-02 3.11E-01 ± 6.28E-02 6.07E-02 ND ± ND 6.58E+00
NFASU2-25 7053  id393 (pCi/gram) 4.57E+00 ± 9.75E-01 9.33E-01 ND ± ND 7.94E-02 7.10E-02 ± 3.03E-02 3.56E-02 ND ± ND 4.17E+00
NFASU2-27 7055  id394 (pCi/gram) 4.11E+00 ± 9.37E-01 9.34E-01 ND ± ND 7.15E-02 1.30E-01 ± 3.86E-02 3.79E-02 ND ± ND 4.32E+00
NFASU2-29 7057  id395 (pCi/gram) 5.73E+00 ± 1.07E+00 9.24E-01 ND ± ND 7.17E-02 1.02E-01 ± 3.78E-02 4.51E-02 ND ± ND 5.05E+00
NFASU2-31 7059  id396 (pCi/gram) 7.42E+00 ± 1.22E+00 9.74E-01 ND ± ND 8.43E-02 ND ± ND 1.00E-01 ND ± ND 4.92E+00
NFASU2-33 7061  id397 (pCi/gram) 6.43E+00 ± 1.15E+00 9.96E-01 ND ± ND 9.43E-02 1.52E-01 ± 4.70E-02 5.51E-02 ND ± ND 5.52E+00
NFASU2-35 7063  id398 (pCi/gram) 2.76E+00 ± 8.05E-01 9.09E-01 ND ± ND 5.46E-02 ND ± ND 6.90E-02 ND ± ND 3.43E+00
NFASU2-B1  id399 (pCi/gram) 1.67E+01 ± 1.87E+00 1.15E+00 9.11E-02 ± 4.39E-02 6.06E-02 2.73E-01 ± 6.10E-02 6.39E-02 ND ± ND 6.99E+00

Note: Samples from locations 7050, 7052, 7054,
7056, 7058, 7060, and 7062 were not collected
due to active roadway on the northern portion of
NFA-SU-2; sufficient samples were collected to
meet MARSSIM sampling requirements
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFA-SU-2

Location I/D NFA Sample Points
NFASU2-01 7029
NFASU2-02 7030
NFASU2-03 7031
NFASU2-04 7032
NFASU2-05 7033
NFASU2-06 7034
NFASU2-07 7035
NFASU2-08 7036
NFASU2-09 7037
NFASU2-10 7038
NFASU2-11 7039
NFASU2-12 7040
NFASU2-13 7041
NFASU2-14 7042
NFASU2-15 7043
NFASU2-16 7044
NFASU2-17 7045
NFASU2-18 7046
NFASU2-19 7047
NFASU2-20 7048
NFASU2-21 7049
NFASU2-23 7051
NFASU2-25 7053
NFASU2-27 7055
NFASU2-29 7057
NFASU2-31 7059
NFASU2-33 7061
NFASU2-35 7063
NFASU2-B1

PB-211 Result  Uncertainty MDA BI-212 Result  Uncertainty MDA PB-212 Result  Uncertainty MDA BI-214 Result  Uncertainty MDA
ND ± ND 1.44E+00 7.12E-01 ± 4.01E-01 5.25E-01 4.92E-01 ± 9.48E-02 1.11E-01 2.85E-01 ± 7.41E-02 5.85E-02
ND ± ND 1.48E+00 ND ± ND 1.35E+00 4.86E-01 ± 9.86E-02 1.22E-01 4.58E-01 ± 9.91E-02 8.97E-02
ND ± ND 1.63E+00 ND ± ND 1.32E+00 6.72E-01 ± 1.14E-01 1.28E-01 7.73E-01 ± 1.24E-01 1.16E-01
ND ± ND 1.71E+00 ND ± ND 1.50E+00 7.55E-01 ± 1.01E-01 9.69E-02 5.75E-01 ± 1.12E-01 1.17E-01
ND ± ND 1.64E+00 ND ± ND 1.53E+00 5.98E-01 ± 1.14E-01 1.48E-01 5.54E-01 ± 1.23E-01 1.32E-01
ND ± ND 1.81E+00 ND ± ND 1.55E+00 6.35E-01 ± 1.21E-01 1.49E-01 6.00E-01 ± 1.20E-01 1.12E-01
ND ± ND 1.82E+00 8.00E-01 ± 4.87E-01 6.84E-01 7.20E-01 ± 1.01E-01 1.07E-01 7.43E-01 ± 1.21E-01 1.37E-01
ND ± ND 1.84E+00 1.16E+00 ± 5.72E-01 7.68E-01 6.35E-01 ± 1.12E-01 1.26E-01 5.97E-01 ± 1.20E-01 1.10E-01
ND ± ND 1.37E+00 ND ± ND 1.27E+00 5.45E-01 ± 1.07E-01 1.31E-01 6.09E-01 ± 1.13E-01 1.19E-01
ND ± ND 1.63E+00 ND ± ND 1.52E+00 4.72E-01 ± 1.04E-01 1.32E-01 4.17E-01 ± 1.19E-01 1.46E-01
ND ± ND 1.51E+00 ND ± ND 1.26E+00 3.61E-01 ± 8.39E-02 1.03E-01 5.48E-01 ± 1.03E-01 9.46E-02
ND ± ND 1.38E+00 ND ± ND 1.13E+00 4.46E-01 ± 7.13E-02 7.45E-02 4.65E-01 ± 9.42E-02 9.86E-02
ND ± ND 1.72E+00 7.66E-01 ± 5.08E-01 7.39E-01 6.72E-01 ± 1.12E-01 1.17E-01 5.08E-01 ± 1.19E-01 1.24E-01
ND ± ND 1.83E+00 ND ± ND 1.50E+00 6.75E-01 ± 1.33E-01 1.70E-01 6.26E-01 ± 1.12E-01 1.30E-01
ND ± ND 1.83E+00 ND ± ND 1.67E+00 8.20E-01 ± 1.08E-01 9.81E-02 5.26E-01 ± 1.20E-01 1.23E-01
ND ± ND 1.86E+00 ND ± ND 1.51E+00 7.44E-01 ± 1.22E-01 1.34E-01 6.87E-01 ± 1.27E-01 1.08E-01
ND ± ND 1.59E+00 ND ± ND 1.45E+00 7.66E-01 ± 1.01E-01 1.00E-01 5.33E-01 ± 1.04E-01 1.10E-01
ND ± ND 1.79E+00 7.82E-01 ± 4.65E-01 6.53E-01 6.88E-01 ± 9.56E-02 9.64E-02 5.25E-01 ± 1.07E-01 1.26E-01
ND ± ND 1.25E+00 ND ± ND 1.08E+00 3.46E-01 ± 7.90E-02 9.59E-02 2.66E-01 ± 7.45E-02 6.90E-02
ND ± ND 1.01E+00 ND ± ND 8.44E-01 4.10E-02 ± 3.87E-02 6.27E-02 ND ± ND 1.34E-01
ND ± ND 8.25E-01 ND ± ND 6.90E-01 9.66E-02 ± 4.04E-02 5.27E-02 ND ± ND 1.15E-01
ND ± ND 1.61E+00 ND ± ND 1.38E+00 7.76E-01 ± 1.21E-01 1.30E-01 2.71E-01 ± 7.74E-02 7.37E-02
ND ± ND 1.28E+00 ND ± ND 1.03E+00 2.55E-01 ± 7.21E-02 9.48E-02 1.25E-01 ± 6.17E-02 8.24E-02
ND ± ND 1.13E+00 ND ± ND 1.06E+00 3.13E-01 ± 7.83E-02 9.95E-02 1.99E-01 ± 6.70E-02 7.00E-02
ND ± ND 1.19E+00 ND ± ND 9.92E-01 3.21E-01 ± 8.19E-02 1.06E-01 1.89E-01 ± 7.20E-02 8.73E-02
ND ± ND 1.14E+00 ND ± ND 1.11E+00 2.62E-01 ± 6.96E-02 8.66E-02 2.81E-01 ± 7.65E-02 6.67E-02
ND ± ND 1.40E+00 ND ± ND 1.12E+00 4.91E-01 ± 1.02E-01 1.28E-01 3.01E-01 ± 8.52E-02 9.03E-02
ND ± ND 8.79E-01 ND ± ND 8.20E-01 1.32E-01 ± 4.85E-02 6.32E-02 ND ± ND 1.54E-01
ND ± ND 1.84E+00 ND ± ND 1.40E+00 7.46E-01 ± 1.01E-01 1.04E-01 6.22E-01 ± 1.19E-01 1.04E-01

Note: Samples from locations 7050, 7052, 7054,
7056, 7058, 7060, and 7062 were not collected
due to active roadway on the northern portion of
NFA-SU-2; sufficient samples were collected to
meet MARSSIM sampling requirements
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFA-SU-2

Location I/D NFA Sample Points
NFASU2-01 7029
NFASU2-02 7030
NFASU2-03 7031
NFASU2-04 7032
NFASU2-05 7033
NFASU2-06 7034
NFASU2-07 7035
NFASU2-08 7036
NFASU2-09 7037
NFASU2-10 7038
NFASU2-11 7039
NFASU2-12 7040
NFASU2-13 7041
NFASU2-14 7042
NFASU2-15 7043
NFASU2-16 7044
NFASU2-17 7045
NFASU2-18 7046
NFASU2-19 7047
NFASU2-20 7048
NFASU2-21 7049
NFASU2-23 7051
NFASU2-25 7053
NFASU2-27 7055
NFASU2-29 7057
NFASU2-31 7059
NFASU2-33 7061
NFASU2-35 7063
NFASU2-B1

PB-214 Result  Uncertainty MDA RA-226 Result  Uncertainty MDA AC-228 Result  Uncertainty MDA PA-234M Result  Uncertainty MDA
3.62E-01 ± 7.57E-02 9.88E-02 ND ± ND 1.60E+00 6.42E-01 ± ND 4.74E-01 ND ± ND 9.06E+00
4.94E-01 ± 8.20E-02 9.73E-02 1.73E+00 ± 7.21E-01 1.06E+00 6.28E-01 ± 1.54E-01 1.94E-01 ND ± ND 9.31E+00
6.93E-01 ± 9.99E-02 1.30E-01 ND ± ND 1.99E+00 7.91E-01 ± 1.50E-01 2.31E-01 ND ± ND 1.15E+01
6.54E-01 ± 9.72E-02 1.34E-01 1.59E+00 ± 8.85E-01 1.39E+00 7.80E-01 ± 1.66E-01 1.96E-01 ND ± ND 1.32E+01
6.12E-01 ± 9.32E-02 1.39E-01 1.81E+00 ± 8.69E-01 1.33E+00 6.97E-01 ± 1.73E-01 2.63E-01 ND ± ND 1.26E+01
6.94E-01 ± 9.99E-02 1.08E-01 1.87E+00 ± 9.84E-01 1.55E+00 7.04E-01 ± 1.45E-01 2.99E-01 ND ± ND 1.24E+01
7.06E-01 ± 9.71E-02 1.19E-01 1.87E+00 ± 9.36E-01 1.45E+00 8.10E-01 ± 1.51E-01 1.53E-01 ND ± ND 1.19E+01
6.00E-01 ± 1.00E-01 1.28E-01 1.73E+00 ± 8.73E-01 1.35E+00 6.83E-01 ± 1.52E-01 2.69E-01 ND ± ND 1.38E+01
4.91E-01 ± 8.38E-02 1.09E-01 ND ± ND 1.73E+00 5.76E-01 ± 1.58E-01 2.20E-01 ND ± ND 1.07E+01
4.93E-01 ± 9.35E-02 1.33E-01 ND ± ND 1.84E+00 7.09E-01 ± 1.47E-01 1.70E-01 ND ± ND 1.11E+01
4.56E-01 ± 8.48E-02 1.23E-01 1.40E+00 ± 6.91E-01 1.05E+00 4.74E-01 ± 1.26E-01 1.69E-01 ND ± ND 9.04E+00
5.50E-01 ± 8.02E-02 1.04E-01 1.05E+00 ± 7.24E-01 1.16E+00 2.98E-01 ± ND 4.41E-01 ND ± ND 9.37E+00
5.38E-01 ± 9.71E-02 1.43E-01 1.43E+00 ± 8.53E-01 1.34E+00 8.19E-01 ± 1.46E-01 2.29E-01 ND ± ND 1.21E+01
5.81E-01 ± 1.02E-01 1.30E-01 2.19E+00 ± 8.36E-01 1.21E+00 7.35E-01 ± 1.55E-01 2.38E-01 ND ± ND 1.30E+01
6.18E-01 ± 9.65E-02 1.37E-01 2.09E+00 ± 8.79E-01 1.31E+00 7.92E-01 ± 1.65E-01 3.11E-01 ND ± ND 1.25E+01
6.33E-01 ± 1.03E-01 1.34E-01 1.45E+00 ± 9.29E-01 1.49E+00 9.23E-01 ± ND 6.06E-01 ND ± ND 1.08E+01
6.84E-01 ± 9.76E-02 1.28E-01 ND ± ND 1.91E+00 6.62E-01 ± 1.46E-01 2.20E-01 ND ± ND 1.22E+01
6.61E-01 ± 9.23E-02 1.31E-01 ND ± ND 1.97E+00 8.05E-01 ± 1.66E-01 1.66E-01 ND ± ND 1.23E+01
1.94E-01 ± 6.06E-02 9.42E-02 6.58E-01 ± 5.32E-01 8.54E-01 3.05E-01 ± ND 3.90E-01 ND ± ND 8.31E+00

ND ± ND 1.19E-01 ND ± ND 9.69E-01 -8.91E-02 ± ND 2.22E-01 ND ± ND 6.73E+00
ND ± ND 1.23E-01 ND ± ND 8.92E-01 1.18E-01 ± ND 2.72E-01 ND ± ND 5.94E+00

2.67E-01 ± 6.72E-02 9.78E-02 ND ± ND 1.66E+00 1.03E+00 ± 1.49E-01 1.99E-01 ND ± ND 8.23E+00
1.26E-01 ± 5.25E-02 6.52E-02 ND ± ND 1.13E+00 2.54E-01 ± 8.98E-02 1.53E-01 ND ± ND 7.52E+00
2.07E-01 ± 6.52E-02 7.41E-02 ND ± ND 1.27E+00 3.14E-01 ± 8.90E-02 1.12E-01 ND ± ND 8.15E+00
2.56E-01 ± 8.10E-02 1.02E-01 ND ± ND 1.29E+00 6.14E-01 ± ND 4.30E-01 ND ± ND 8.66E+00
3.15E-01 ± 6.93E-02 1.03E-01 ND ± ND 1.34E+00 3.62E-01 ± ND 4.08E-01 ND ± ND 9.85E+00
2.94E-01 ± 7.10E-02 9.98E-02 ND ± ND 1.51E+00 5.09E-01 ± 1.26E-01 1.30E-01 ND ± ND 9.03E+00

ND ± ND 1.41E-01 ND ± ND 1.02E+00 1.59E-01 ± ND 2.94E-01 ND ± ND 8.52E+00
5.65E-01 ± 9.05E-02 1.40E-01 2.29E+00 ± 8.23E-01 1.18E+00 7.47E-01 ± 1.85E-01 3.09E-01 ND ± ND 1.24E+01

Note: Samples from locations 7050, 7052, 7054, Sample Average 5.75E-01
7056, 7058, 7060, and 7062 were not collected Sample SD 2.68E-01
due to active roadway on the northern portion of Sample Count 28
NFA-SU-2; sufficient samples were collected to Sample Maximum 1.03E+00
meet MARSSIM sampling requirements Sample Minimum -8.91E-02
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Attachment 2
Soil Sample Activity Concentrations 

Great Lakes Remediation NFA-SU-2

Location I/D NFA Sample Points
NFASU2-01 7029
NFASU2-02 7030
NFASU2-03 7031
NFASU2-04 7032
NFASU2-05 7033
NFASU2-06 7034
NFASU2-07 7035
NFASU2-08 7036
NFASU2-09 7037
NFASU2-10 7038
NFASU2-11 7039
NFASU2-12 7040
NFASU2-13 7041
NFASU2-14 7042
NFASU2-15 7043
NFASU2-16 7044
NFASU2-17 7045
NFASU2-18 7046
NFASU2-19 7047
NFASU2-20 7048
NFASU2-21 7049
NFASU2-23 7051
NFASU2-25 7053
NFASU2-27 7055
NFASU2-29 7057
NFASU2-31 7059
NFASU2-33 7061
NFASU2-35 7063
NFASU2-B1

TH-234 Result  Uncertainty MDA U-235 Result  Uncertainty MDA Sample Type Volume Sample Analysis Date/Time Duration Dead Time
ND ± ND 1.31E+00 ND ± ND 4.40E-01 DET 6185 1.485E+003 gram 10/23/2003 15:49 600.0 seconds 0.09%
ND ± ND 1.41E+00 ND ± ND 4.94E-01 DET 6185 1.499E+003 gram 10/23/2003 16:13 600.0 seconds 0.11%

6.86E-01 ± 8.40E-01 1.34E+00 ND ± ND 5.31E-01 DET 6185 1.385E+003 gram 10/24/2003 9:29 600.0 seconds 0.12%
ND ± ND 1.70E+00 ND ± ND 5.73E-01 DET 6185 1.355E+003 gram 10/24/2003 9:41 600.0 seconds 0.12%
ND ± ND 1.57E+00 ND ± ND 5.13E-01 DET 6185 1.381E+003 gram 10/24/2003 10:00 600.0 seconds 0.12%
ND ± ND 1.68E+00 ND ± ND 5.59E-01 DET 6185 1.386E+003 gram 10/24/2003 10:14 600.0 seconds 0.12%
ND ± ND 1.73E+00 ND ± ND 5.80E-01 DET 6185 1.343E+003 gram 10/24/2003 10:43 600.0 seconds 0.13%
ND ± ND 1.75E+00 ND ± ND 5.37E-01 DET 6185 1.348E+003 gram 10/24/2003 10:55 600.0 seconds 0.12%
ND ± ND 1.53E+00 ND ± ND 5.09E-01 DET 6185 1.438E+003 gram 10/24/2003 11:07 600.0 seconds 0.11%
ND ± ND 1.75E+00 ND ± ND 5.18E-01 DET 6185 1.324E+003 gram 10/24/2003 11:19 600.0 seconds 0.11%
ND ± ND 1.44E+00 ND ± ND 4.73E-01 DET 6185 1.432E+003 gram 10/24/2003 11:32 600.0 seconds 0.10%
ND ± ND 1.30E+00 ND ± ND 4.22E-01 DET 6185 1.489E+003 gram 10/24/2003 11:45 600.0 seconds 0.10%
ND ± ND 1.73E+00 ND ± ND 5.41E-01 DET 6185 1.297E+003 gram 10/24/2003 12:13 600.0 seconds 0.11%
ND ± ND 1.70E+00 ND ± ND 5.72E-01 DET 6185 1.309E+003 gram 10/24/2003 12:31 600.0 seconds 0.12%
ND ± ND 1.72E+00 ND ± ND 5.65E-01 DET 6185 1.297E+003 gram 10/24/2003 12:53 600.0 seconds 0.12%
ND ± ND 1.73E+00 ND ± ND 5.55E-01 DET 6185 1.341E+003 gram 10/24/2003 13:14 600.0 seconds 0.12%
ND ± ND 1.68E+00 ND ± ND 5.39E-01 DET 6185 1.438E+003 gram 10/24/2003 13:46 600.0 seconds 0.12%
ND ± ND 1.64E+00 ND ± ND 5.19E-01 DET 6185 1.453E+003 gram 10/24/2003 14:06 600.0 seconds 0.12%
ND ± ND 1.13E+00 ND ± ND 4.01E-01 DET 6185 1.494E+003 gram 10/24/2003 14:20 600.0 seconds 0.09%
ND ± ND 8.57E-01 ND ± ND 2.86E-01 DET 6185 1.476E+003 gram 10/24/2003 14:40 600.0 seconds 0.06%
ND ± ND 6.77E-01 ND ± ND 2.76E-01 DET 6185 1.481E+003 gram 10/24/2003 15:08 600.0 seconds 0.06%
ND ± ND 1.42E+00 ND ± ND 4.64E-01 DET 6185 1.439E+003 gram 10/24/2003 15:56 600.0 seconds 0.10%
ND ± ND 1.09E+00 ND ± ND 3.55E-01 DET 6185 1.497E+003 gram 10/24/2003 16:18 600.0 seconds 0.07%
ND ± ND 1.12E+00 ND ± ND 3.64E-01 DET 6185 1.489E+003 gram 10/24/2003 16:33 600.0 seconds 0.07%
ND ± ND 1.03E+00 ND ± ND 3.86E-01 DET 6185 1.465E+003 gram 10/24/2003 16:49 600.0 seconds 0.07%
ND ± ND 1.17E+00 ND ± ND 3.72E-01 DET 6185 1.440E+003 gram 10/24/2003 17:19 600.0 seconds 0.07%
ND ± ND 1.20E+00 ND ± ND 3.94E-01 DET 6185 1.463E+003 gram 10/24/2003 17:37 600.0 seconds 0.08%
ND ± ND 8.82E-01 ND ± ND 3.18E-01 DET 6185 1.488E+003 gram 10/24/2003 17:51 600.0 seconds 0.06%
ND ± ND 1.71E+00 ND ± ND 5.60E-01 DET 6185 1.414E+003 gram 10/24/2003 18:07 600.0 seconds 0.13%

Note: Samples from locations 7050, 7052, 7054,
7056, 7058, 7060, and 7062 were not collected
due to active roadway on the northern portion of
NFA-SU-2; sufficient samples were collected to
meet MARSSIM sampling requirements
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Attachment 3
 Survey Unit Statistics Running Summaries 

Great Lakes Remediation NFA-SU-2

Survey Unit Statistica SP-SU-1 SP-SU-2 SP-SU-3 SP-SU-4 SP-SU-5 SP-SU-6 SP-SU-7 SP-SU-8 SP-SU-9 SP-SU-10 NFA-SU-1 NFA-SU-2

Reference Area Sample Size, m 34 34 34 34 34 34 34 34 34 34 34 34
Lift Sample Size, n 29 28 28 23 28 27 28 27 28 28 29 28
DCGL (232Th), pCi/g 1 1 1 1 1 1 1 1 1 1 1 1
Alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Z-score for 0.05 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645
Calculated Wcrit (retrospective power test) 1207 1187 1187 1087 1187 1167 1187 1167 1187 1187 1207 1187

Prospective Assumed Sigma 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Lift Sample Average, pCi/g 232Th 0.86 0.94 1.03 0.96 1.01 0.96 0.89 0.88 0.47 0.43 1.63 0.58
Lift Sample Maximum, pCi/g 232Th 1.03 1.37 1.51 1.44 1.56 1.65 1.20 1.46 1.13 0.82 8.65 1.03
Lift Sample Minimum, pCi/g 232Th 0.60 0.64 0.73 0.74 0.69 0.65 0.45 0.59 -0.13 0.09 0.49 -0.09
Lift Sample Retrospective Sigma 0.10 0.18 0.20 0.17 0.21 0.24 0.15 0.20 0.31 0.19 1.87 0.27
Lift Bias CPMmax 13453 12857 12855 < 11308e 11443 < 10446f 11373 < 10378f 9204 N/A 14713 10825
Lift CPMavg 9110 8840 8758 < 8969e 9262 < 8773f 9532 < 8761f 6742 N/A 8139 5430
Lift Bias Sample Maximum, pCi/g 232Th 1.43 1.43 1.42 1.15 1.75 1.34 0.94 1.14 0.82 0.47 7.54 0.75
Lift Bias Sample Minimum, pCi/g 232Th 0.68 b 0.98 b b b b b 0.61 -0.21 2.35 b
Reference Area Average, pCi/g 232Th 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Reference Area Retrospective Sigma 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Reference Area CPMavg 10211 10211 10211 10211 10211 10211 10211 10211 10211 10211 10211 1021

Lift Bias CPMmax per Bias pCi/g 232Thmax
c 9408 8991 9053 9833 6539 7796 12099 9104 11224 N/A 1951 14491

Net CPMavg per pCi/g 232Thavg
d -1280 -1459 -1411 -1294 -940 -1498 -765 -1644 -7381 N/A -1271 7668

a Following NUREG-1575 (Marssim) Criteria
b Only one bias sample was necessary since no contoured z-score > 3.0; lowest is the same as highest
c Lift Bias CPMmax /Bias pCi/gmax 

232Th
d (Lift CPMavg -Reference Area CPMavg)/Lift 232Thavg
e Less than, since approximately 20-25% of lift NOT included with unrestricted release portion of lift was contaminated and had higher general count rate than the average 
f Less than, since approximately 5-10% of lift NOT included with unrestricted release portion of lift was contaminated and had higher general count rate than the average 
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Great Lakes Remediation NFA-SU-2
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Attachment 4
Great Lakes North Fence Area SU-2 

Retrospective Power Test
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Attachment 5
Great Lakes Noth Fence Area SU-2

WRS Test

Great Lakes Remediation  NFA-SU-2

0.89 R 1.89 55.5 55.5
0.68 R 1.68 35.5 35.5
0.82 R 1.82 50 50
0.67 R 1.67 34 34
0.68 R 1.68 35.5 35.5
0.66 R 1.66 32.5 32.5
0.91 R 1.91 58 58
1.04 R 2.04 62 62
0.89 R 1.89 55.5 55.5
0.69 R 1.69 38 38
0.70 R 1.70 40 40
0.81 R 1.81 48.5 48.5
0.69 R 1.69 38 38
0.66 R 1.66 32.5 32.5
0.69 R 1.69 38 38
0.79 R 1.79 46.5 46.5
0.61 R 1.61 29 29
0.86 R 1.86 54 54
0.79 R 1.79 46.5 46.5
0.65 R 1.65 31 31
1.02 R 2.02 61 61
0.85 R 1.85 52 52
0.81 R 1.81 48.5 48.5
0.91 R 1.91 58 58
0.91 R 1.91 58 58
0.71 R 1.71 41 41
0.85 R 1.85 52 52
0.63 R 1.63 30 30
0.75 R 1.75 43 43
0.73 R 1.73 42 42
0.85 R 1.85 52 52
0.95 R 1.95 60 60
0.76 R 1.76 44 44
0.78 R 1.78 45 45
0.64 S 0.64 14 0
0.63 S 0.63 13 0
0.79 S 0.79 22 0
0.78 S 0.78 21 0
0.70 S 0.70 17 0
0.70 S 0.70 18 0
0.81 S 0.81 25 0
0.68 S 0.68 16 0
0.58 S 0.58 11 0
0.71 S 0.71 19 0
0.47 S 0.47 9 0
0.30 S 0.30 5 0
0.82 S 0.82 26 0
0.74 S 0.74 20 0
0.79 S 0.79 23 0
0.92 S 0.92 27 0
0.66 S 0.66 15 0
0.81 S 0.81 24 0
0.30 S 0.30 6 0
-0.09 S -0.09 1 0
0.12 S 0.12 2 0
1.03 S 1.03 28 0
0.25 S 0.25 4 0
0.31 S 0.31 7 0
0.61 S 0.61 12 0
0.36 S 0.36 8 0
0.51 S 0.51 10 0
0.16 S 0.16 3 0

Sum = 1953 1547

Notes: S represents samples collected in Survey Unit.
R represents samples collected in Reference Unit.

References Area 
Ranks

Results 
(pCi/g)

Survey Area RanksAdjusted Data
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Attachment D 
DandD Run Results 



DandD Residential Scenario 

 
 
 
 

DandD Version: 2.1.0  
Run Date/Time: 7/7/2004 10:17:29 AM 
Site Name: Naval Station Great Lakes  
Description: Default Run for Th-232  
FileName:C:\Documents and Settings\dwatters\Desktop\Great Lakes Run.mcd  

Options:  

Implicit progeny doses NOT included with explicit parent doses  
Nuclide concentrations are NOT distributed among all progeny  
Number of simulations: 100  
Seed for Random Generation: 8718721  
Averages used for behavioral type parameters  

External Pathway is ON  
Inhalation Pathway is ON  
Secondary Ingestion Pathway is ON  
Agricultural Pathway is ON  
Drinking Water Pathway is ON  
Irrigation Pathway is ON  
Surface Water Pathway is ON  

Initial Activities:  

Chain Data: 
 
Number of chains: 1 
 
Chain No. 1: 232Th+C 
Nuclides in chain: 11 
 

Nuclide
Area of  

Contamination (m2)
Distribution

232Th+C UNLIMITED CONSTANT(pCi/g)

Justification for concentration: Assumed DCGL of 1 pCi/g Value 1.00E+00

Nuclide Chain 
Position

Half 
Life

First 
Parent

Fractional
Yield

Second
Parent

Fractional
Yield

Ingestion
CEDE
Factor
(Sv/Bq)

Inhalation 
CEDE 
Factor 
(Sv/Bq)

Surface 
Dose Rate 

Factor 
((Sv/d)/(Bq/m2))

1
Do

F
((Sv/d

232Th+C 1 5.13E+12         
228Ra 2 2.10E+03 1 1 0 0 3.88E-07 1.29E-06 0.00E+00 0.00E+
228Ac Implicit  2 1   5.85E-10 8.33E-08 8.01E-11 2.38E
228Th 3 6.99E+02 2 1 0 0 1.07E-07 9.23E-05 2.03E-13 3.60E



Initial Concentrations: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value  
 

Model Parameters:  
 
General Parameters:  
   

224Ra 4 3.66E+00 3 1 0 0 9.89E-08 8.53E-07 8.26E-13 2.26E
220Rn Implicit  4 1   0.00E+00 0.00E+00 3.29E-14 9.52E
216Po Implicit  4 1   0.00E+00 0.00E+00 1.43E-15 4.21E
212Pb 5 4.43E-01 4 1 0 0 1.23E-08 4.56E-08 1.23E-11 3.13E
212Bi Implicit  5 1   2.87E-10 5.83E-09 1.54E-11 4.63E
212Po Implicit  5 0.6407   0.00E+00 0.00E+00 0.00E+00 0.00E+
208Tl Implicit  5 0.3593   0.00E+00 0.00E+00 2.58E-10 8.36E

Nuclide Soil Concentration 
(pCi/g)

232Th 1.00E+00
228Ra 1.00E+00
228Ac 1.00E+00
228Th 1.00E+00
224Ra 1.00E+00
220Rn 1.00E+00
216Po 1.00E+00
212Pb 1.00E+00
212Bi 1.00E+00
212Po 6.41E-01
208Tl 3.59E-01

Parameter Name Description Distribution

Tv
(1):Translocation:Leafy

Translocation factor for leafy 
vegetables CONSTANT(none)

Default value used Value 1.00E+00

Tv(2):Translocation:Root Translocation factor for other 
vegetables CONSTANT(none)

Default value used Value 1.00E-01

Tv
(3):Translocation:Fruit Translocation factor for fruit CONSTANT(none)

Default value used Value 1.00E-01

Tv
(4):Translocation:Grain Translocation factor for grain CONSTANT(none)

Default value used Value 1.00E-01

Tf(1):Translocation:Beef 
Forage

Translocation factor for forage 
consumed by beef cattle CONSTANT(none)



Default value used Value 1.00E+00

Tf
(2):Translocation:Poultry 
Forage

Translocation factor for forage 
consumed by poultry CONSTANT(none)

Default value used Value 1.00E+00

Tf(3):Translocation:Milk 
Cow

Translocatioin factor for forage 
consumed by milk cows CONSTANT(none)

Default value used Value 1.00E+00

Tf
(4):Translocation:Layer 
Hen Forage

Translocation factor for forage 
consumed by layer hens CONSTANT(none)

Default value used Value 1.00E+00

Tg(1):Translocation:Beef 
Grain

Translocation factor for stored grain 
consumed by beef cattle CONSTANT(none)

Default value used Value 1.00E-01

Tg
(2):Translocation:Poultry 
Grain

Translocation factor for stored grain 
consumed by poultry CONSTANT(none)

Default value used Value 1.00E-01

Tg(3):Translocation:Milk 
Cow Grain

Translocation factor for stored grain 
consumed by milk cows CONSTANT(none)

Default value used Value 1.00E-01

Tg
(4):Translocation:Layer 
Hen Grain

Translocation factor for stored grain 
consumed by layer hens CONSTANT(none)

Default value used Value 1.00E-01

Th(1):Translocation:Beef 
Hay

Translocation factor for stored hay 
consumed by beef cattle CONSTANT(none)

Default value used Value 1.00E+00

Th
(2):Translocation:Poultry 
Hay

Translocation factor for stored hay 
consumed by poultry CONSTANT(none)

Default value used Value 1.00E+00

Th
(3):Translocation:Milk 
Cow Hay

Translocation factor for stored hay 
consumed by milk cows CONSTANT(none)

Default value used Value 1.00E+00

Th
(4):Translocation:Layer 
Hen Hay

Translocation factor for stored hay 
consumed by layer hens CONSTANT(none)

Default value used Value 1.00E+00

fca(1):Beef Carbon 
Fraction

Mass fraction of beef cattle that is 
carbon CONSTANT(none)

Default value used Value 3.60E-01

fca(2):Poultry Carbon 
Fraction Mass fraction of poultry that is carbon CONSTANT(none)

Default value used 



Value 1.80E-01

fca(3):Milk Carbon 
Fraction Mass fraction of milk that is carbon CONSTANT(none)

Default value used Value 6.00E-02

fca(4):Eggs Carbon 
Fraction Mass fraction of an egg that is carbon CONSTANT(none)

Default value used Value 1.60E-01

fcf(1):Beef Forage 
Carbon Fraction

Mass fraction of wet forage consumed 
by beef cattle that is carbon CONSTANT(none)

Default value used Value 1.10E-01

fcf(2):Poultry Forage 
Carbon Fraction

Mass fraction of wet forage consumed 
by poultry that is carbon CONSTANT(none)

Default value used Value 1.10E-01

fcf(3):Milk Cow Forage 
Carbon Fraction

Mass fraction of wet forage consumed 
by milk cows that is carbon CONSTANT(none)

Default value used Value 1.10E-01

fcf(4):Layer Hen Forage 
Carbon Fraction

Mass fraction of wet forage consumed 
by layer hens that is carbon CONSTANT(none)

Default value used Value 1.10E-01

fcg(1):Beef Grain Carbon 
Fraction

Mass fraction of wet stored grain 
consumed by beef cattle that is carbon CONSTANT(none)

Default value used Value 4.00E-01

fcg(2):Poultry Grain 
Carbon Fraction

Mass fraction of wet stored grain 
consumed by poultry that is carbon CONSTANT(none)

Default value used Value 4.00E-01

fcg(3):Milk Cow Grain 
Carbon Fraction

Mass fraction of wet stored grain 
consumed by milk cows that is carbon CONSTANT(none)

Default value used Value 4.00E-01

fcg(4):Layer Hen Grain 
Carbon Fraction

Mass fraction of wet stored grain 
consumed by layer hens that is carbon CONSTANT(none)

Default value used Value 4.00E-01

fch(1):Beef Hay Carbon 
Fraction

Mass fraction of wet stored hay 
consumed by beef cattle that is carbon CONSTANT(none)

Default value used Value 7.00E-02

fch(2):Poultry Hay 
Carbon Fraction

Mass fraction of wet stored hay 
consumed by poultry that is carbon CONSTANT(none)

Default value used Value 7.00E-02

fch(3):Milk Cow Hay 
Carbon Fraction

Mass fraction of wet stored hay 
consumed by milk cows that is carbon CONSTANT(none)

Default value used Value 7.00E-02

fch(4):Layer Hen Hay 
Carbon Fraction

Mass fraction of wet stored hay 
consumed by layer hens that is carbon CONSTANT(none)

Default value used Value 7.00E-02

fCd:Soil Carbon Fraction Mass fraction of dry soil that is carbon CONSTANT(none)

Default value used Value 3.00E-02



SATac:Animal Product 
Specific Activity

Specific activity equivalence of animal 
product and specific activity of animal 
feed, forage, and soil

CONSTANT(none)

Default value used Value 1.00E+00

xf(1):Beef Forage 
Contaminated Fraction

Fraction of forage consumed by beef 
cattle that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xf(2):Poultry Forage 
Contaminated Fraction

Fraction of forage consumed by 
poultry that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xf(3):Milk Cow Forage 
Contaminated Fraction

Fraction of forage consumed by milk 
cows that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xf(4):Layer Hen Forage 
Contaminated Fraction

Fraction of forage consumed by layer 
hens that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xg(1):Beef Grain 
Contaminated Fraction

Fraction of stored grain consumed by 
beef cattle that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xg(2):Poultry Grain 
Contaminated Fraction

Fraction of stored grain consumed by 
poultry that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xg(3):Milk Cow Grain 
Contaminated Fraction

Fraction of stored grain consumed by 
milk cows that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xg(4):Layer Hen Grain 
Contaminated Fraction

Fraction of stored grain that is 
consumed by layer hens that is 
contaminated

CONSTANT(none)

Default value used Value 1.00E+00

xh(1):Beef Hay 
Contaminated Fraction

Fraction of stored hay consumed by 
beef cattle that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xh(2):Poultry Hay 
Contaminated Fraction

Fraction of stored hay consumed by 
poultry that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xh(3):Milk Cow Hay 
Contaminated Fraction

Fraction of stored hay consumed by 
milk cows that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xh(4):Layer Hen Hay 
Contaminated Fraction

Fraction of stored hay consumed by 
layer hens that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xw(1):Beef Water 
Contaminated Fraction

Fraction of water that is consumed by 
beef cattle that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xw(2):Poultry Water 
Contaminated Fraction

Fraction of water consumed by poultry 
that is contaminated CONSTANT(none)



Default value used Value 1.00E+00

xw(3):Milk Cow Water 
Contaminated Fraction

Fraction of water consumed by milk 
cows that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

xw(4):Layer Hen Water 
Contaminated Fraction

Fraction of water consumed by layer 
hens that is contaminated CONSTANT(none)

Default value used Value 1.00E+00

DIET:Garden Diet Fraction of human diet grown onsite CONSTANT(none)

Default value used Value 1.00E+00

Uv(1):Diet - Leafy Yearly human consumption of leafy 
vegetables CONSTANT(kg/y)

Default value used Value 2.14E+01

Uv(2):Diet - Roots Yearly human consumption of other 
vegetables CONSTANT(kg/y)

Default value used Value 4.46E+01

Uv(3):Diet - Fruit Yearly human consumption of fruits CONSTANT(kg/y)

Default value used Value 5.28E+01

Uv(4):Diet - Grain Yearly human consumption of grains CONSTANT(kg/y)

Default value used Value 1.44E+01

Ua(1):Diet - Beef Yearly human consumption of beef CONSTANT(kg/y)

Default value used Value 3.98E+01

Ua(2):Diet - Poultry Yearly human consumption of poultry CONSTANT(kg/y)

Default value used Value 2.53E+01

Ua(3):Diet - Milk Yearly human consumption of milk CONSTANT(L/y)

Default value used Value 2.33E+02

Ua(4):Diet - Egg Yearly human consumption of eggs CONSTANT(kg/y)

Default value used Value 1.91E+01

Uf:Diet - Fish Yearly human consumption of fish 
produced from an onsite pond CONSTANT(kg/y)

Default value used Value 2.06E+01

tf:Consumption Period Consumption period for fish CONSTANT(days)

Default value used Value 3.65E+02

tcv(1):Consumption 
Period - Leafy

Food consumption period for leafy 
vegetables CONSTANT(days)

Default value used Value 3.65E+02

tcv(2):Consumption 
Period - Roots

Food consumption period for other 
vegetables CONSTANT(days)

Default value used Value 3.65E+02

tcv(3):Consumption 
Period - Fruit Food consumption period for fruits CONSTANT(days)

Default value used Value 3.65E+02

tcv(4):Consumption 
Period - Grain Food consumption period for grains CONSTANT(days)

Default value used Value 3.65E+02



tca(1):Consumption 
Period - Beef Food consumption period for beef CONSTANT(days)

Default value used Value 3.65E+02

tca(2):Consumption 
Period - Poultry Food consumption period for poultry CONSTANT(days)

Default value used Value 3.65E+02

tca(3):Consumption 
Period - Milk Food consumption period for milk CONSTANT(days)

Default value used Value 3.65E+02

tca(4):Consumption 
Period - Egg Food consumption period for eggs CONSTANT(days)

Default value used Value 3.65E+02

Nunsat:Number of 
Unsaturated Layers

Number of model layers used to 
represent the unsaturated zone CONSTANT(none)

Default value used Value 1.00E+01

TstartR:Start Time The start time of the scenario in days CONSTANT(days)

Default value used Value 0.00E+00

TendR:End Time The ending time of the scenario in days CONSTANT(days)

Default value used Value 3.65E+05

dtR:Time Step Size The time step size CONSTANT(days)

Default value used Value 3.65E+02

PstepR:Print Step Size
The time steps for the history file. 
Doses will be written to the history file 
every n time steps

CONSTANT(none)

Default value used Value 1.00E+00

TI:Indoor Exposure 
Period The time the resident spends indoors CONSTANT(days/year)

Default value used Value 2.40E+02

TX:Outdoor Exposure 
Period The time the resident spends outdoors CONSTANT(days/year)

Default value used Value 4.02E+01

TG:Gardening Period The time the resident spends gardening CONSTANT(days/year)

Default value used Value 2.92E+00

TTR:Total time in period Total time in the one year exposure 
period CONSTANT(days/year)

Default value used Value 3.65E+02

SFI:Indoor Shielding 
Factor Shielding factor for the residence CONSTANT(none)

Default value used Value 5.52E-01

SFO:Outdoor Shielding 
Factor Shielding factor for the cover soil CONSTANT(none)

Default value used Value 1.00E+00

PD:Floor dust loading Floor dust loading UNIFORM(g/m**2)

Default value used Lower Limit 2.00E-02
Upper Limit 3.00E-01



RFR:Indoor 
Resuspension Factor Resuspension factor for indoor dust LOGUNIFORM(1/m)

Default value used Lower Limit 1.00E-07
Upper Limit 8.00E-05

CDO:Outdoor Dust 
Loading Average dust loading outdoors LOGUNIFORM(g/m**3)

Default value used Lower Limit 1.00E-07
Upper Limit 1.00E-04

CDI:Indoor Dust 
Loading Average dust loading indoors DERIVED(g/m**3)

Default value used 
PF:Indoor/Outdoor 
Penetration Factor Fraction of outdoor dust in indoor air UNIFORM(none)

Default value used Lower Limit 2.00E-01
Upper Limit 7.00E-01

CDG:Gardening Dust 
Loading Average dust loading while gardening UNIFORM(g/m**3)

Default value used Lower Limit 1.00E-04
Upper Limit 7.00E-04

VR:Indoor Breathing 
Rate Breathing rate while indoors CONSTANT(m**3/hr)

Default value used Value 9.00E-01

VX:Outdoor Breathing 
Rate Breathing rate while outdoors CONSTANT(m**3/hr)

Default value used Value 1.40E+00

VG:Gardening Breathing 
Rate Breathing rate while gardening CONSTANT(m**3/hr)

Default value used Value 1.70E+00

GR:Soil Ingestion 
Transfer Rate Average rate of soil ingestion CONSTANT(g/d)

Default value used Value 5.00E-02

UW:Diet - Water Drinking water ingestion rate CONSTANT(L/d)

Default value used Value 1.26E+00

H1:Surface Soil 
Thickness Thickness of the surface soil layer CONSTANT(m)

Default value used Value 1.50E-01

H2:Unsaturated Zone 
Thickness Thickness of the unsaturated zone CONTINUOUS LINEAR(m)

Default value used Value Probability
3.05E-01 0.00E+00
6.68E-01 4.76E-03
8.11E-01 9.52E-03
9.21E-01 1.43E-02
9.94E-01 1.91E-02
1.03E+00 2.38E-02
1.07E+00 2.86E-02
1.14E+00 3.33E-02
1.21E+00 3.81E-02



1.30E+00 4.29E-02
1.31E+00 4.76E-02
1.32E+00 5.24E-02
1.56E+00 5.71E-02
1.58E+00 6.19E-02
1.61E+00 6.67E-02
1.69E+00 7.62E-02
1.78E+00 8.57E-02
1.80E+00 9.05E-02
1.81E+00 9.52E-02
1.84E+00 1.00E-01
1.87E+00 1.05E-01
1.92E+00 1.10E-01
2.04E+00 1.14E-01
2.10E+00 1.19E-01
2.11E+00 1.24E-01
2.32E+00 1.29E-01
2.36E+00 1.33E-01
2.37E+00 1.38E-01
2.39E+00 1.43E-01
2.44E+00 1.48E-01
2.44E+00 1.52E-01
2.45E+00 1.57E-01
2.59E+00 1.62E-01
2.63E+00 1.67E-01
2.69E+00 1.71E-01
2.79E+00 1.76E-01
2.81E+00 1.81E-01
2.90E+00 1.86E-01
2.95E+00 1.91E-01
3.07E+00 1.95E-01
3.18E+00 2.00E-01
3.22E+00 2.05E-01
3.30E+00 2.10E-01
3.34E+00 2.14E-01
3.37E+00 2.19E-01
3.44E+00 2.24E-01
3.58E+00 2.29E-01
3.62E+00 2.33E-01
3.66E+00 2.38E-01
3.74E+00 2.43E-01
3.86E+00 2.48E-01
3.88E+00 2.52E-01
4.17E+00 2.57E-01
4.26E+00 2.62E-01
4.44E+00 2.71E-01
4.63E+00 2.76E-01
4.87E+00 2.81E-01
5.13E+00 2.86E-01
5.18E+00 2.91E-01
5.54E+00 2.95E-01
5.83E+00 3.00E-01
5.86E+00 3.05E-01
5.86E+00 3.10E-01
5.90E+00 3.14E-01
6.06E+00 3.19E-01
6.13E+00 3.24E-01
6.17E+00 3.29E-01
6.22E+00 3.33E-01



6.31E+00 3.38E-01
6.36E+00 3.43E-01
6.40E+00 3.48E-01
6.46E+00 3.52E-01
6.51E+00 3.57E-01
6.55E+00 3.62E-01
6.60E+00 3.67E-01
6.86E+00 3.71E-01
6.93E+00 3.76E-01
6.95E+00 3.86E-01
6.97E+00 3.91E-01
7.09E+00 3.95E-01
7.18E+00 4.00E-01
7.35E+00 4.05E-01
7.36E+00 4.10E-01
7.40E+00 4.14E-01
7.43E+00 4.19E-01
7.46E+00 4.24E-01
7.59E+00 4.29E-01
7.60E+00 4.33E-01
7.64E+00 4.38E-01
7.87E+00 4.43E-01
8.10E+00 4.48E-01
8.28E+00 4.52E-01
8.35E+00 4.57E-01
8.71E+00 4.62E-01
8.71E+00 4.67E-01
8.73E+00 4.71E-01
8.79E+00 4.76E-01
8.80E+00 4.81E-01
8.82E+00 4.86E-01
8.85E+00 4.91E-01
8.89E+00 4.95E-01
8.90E+00 5.00E-01
8.99E+00 5.05E-01
9.00E+00 5.10E-01
9.13E+00 5.14E-01
9.14E+00 5.19E-01
9.21E+00 5.24E-01
9.31E+00 5.29E-01
9.55E+00 5.33E-01
9.60E+00 5.38E-01
9.63E+00 5.43E-01
9.86E+00 5.48E-01
1.05E+01 5.52E-01
1.07E+01 5.57E-01
1.13E+01 5.62E-01
1.15E+01 5.67E-01
1.17E+01 5.71E-01
1.20E+01 5.76E-01
1.26E+01 5.81E-01
1.26E+01 5.86E-01
1.28E+01 5.91E-01
1.32E+01 5.95E-01
1.32E+01 6.00E-01
1.34E+01 6.05E-01
1.34E+01 6.10E-01
1.36E+01 6.14E-01
1.37E+01 6.19E-01



1.38E+01 6.24E-01
1.41E+01 6.29E-01
1.45E+01 6.33E-01
1.51E+01 6.38E-01
1.52E+01 6.43E-01
1.61E+01 6.48E-01
1.62E+01 6.52E-01
1.65E+01 6.57E-01
1.66E+01 6.62E-01
1.69E+01 6.67E-01
1.74E+01 6.71E-01
1.82E+01 6.76E-01
1.84E+01 6.81E-01
1.84E+01 6.86E-01
1.87E+01 6.91E-01
1.95E+01 6.95E-01
2.01E+01 7.00E-01
2.07E+01 7.05E-01
2.08E+01 7.10E-01
2.17E+01 7.14E-01
2.24E+01 7.19E-01
2.27E+01 7.24E-01
2.29E+01 7.29E-01
2.29E+01 7.33E-01
2.40E+01 7.38E-01
2.47E+01 7.43E-01
2.60E+01 7.48E-01
2.65E+01 7.52E-01
2.72E+01 7.57E-01
2.73E+01 7.62E-01
2.76E+01 7.67E-01
2.77E+01 7.71E-01
2.78E+01 7.76E-01
2.80E+01 7.81E-01
2.86E+01 7.86E-01
2.94E+01 7.91E-01
3.01E+01 7.95E-01
3.03E+01 8.00E-01
3.06E+01 8.10E-01
3.08E+01 8.14E-01
3.11E+01 8.19E-01
3.17E+01 8.24E-01
3.17E+01 8.29E-01
3.17E+01 8.33E-01
3.22E+01 8.38E-01
3.39E+01 8.43E-01
3.48E+01 8.48E-01
3.54E+01 8.52E-01
3.60E+01 8.57E-01
3.68E+01 8.62E-01
4.03E+01 8.67E-01
4.07E+01 8.71E-01
4.24E+01 8.76E-01
4.29E+01 8.81E-01
4.42E+01 8.86E-01
4.72E+01 8.91E-01
4.97E+01 8.95E-01
5.12E+01 9.00E-01
6.13E+01 9.05E-01



6.19E+01 9.10E-01
6.23E+01 9.14E-01
6.32E+01 9.19E-01
6.59E+01 9.24E-01
6.73E+01 9.29E-01
7.47E+01 9.33E-01
7.92E+01 9.38E-01
8.12E+01 9.43E-01
8.28E+01 9.48E-01
8.47E+01 9.52E-01
8.96E+01 9.57E-01
9.47E+01 9.62E-01
1.08E+02 9.67E-01
1.13E+02 9.71E-01
1.15E+02 9.76E-01
1.42E+02 9.81E-01
1.77E+02 9.86E-01
1.78E+02 9.91E-01
1.80E+02 9.95E-01
3.16E+02 1.00E+00

N1:Surface Soil Porosity Porosity of the surface soil layer DERIVED(none)

Default value used 
N2:Unsaturated Zone 
Porosity Porosity of the unsaturated zone DERIVED(none)

Default value used 
F1:Surface Soil 
Saturation Saturation ratio of the surface soil layer DERIVED(none)

Default value used 
F2:Unsaturated Zone 
Saturation Saturation ratio of the unsaturated zone DERIVED(none)

Default value used 
INFIL:Infiltration Rate Net rate of infiltration to aquifer DERIVED(m/y)

Default value used 
SCSST:Soil 
Classification SCS soil classification ID DISCRETE CUMULATIVE(none)

Default value used Value Probability
1.00E+00 1.00E-04
2.00E+00 1.34E-03
3.00E+00 1.06E-02
4.00E+00 2.51E-02
5.00E+00 6.17E-02
6.00E+00 1.09E-01
7.00E+00 1.62E-01
8.00E+00 2.12E-01
9.00E+00 2.85E-01
1.00E+01 5.10E-01
1.10E+01 7.58E-01
1.20E+01 1.00E+00

NDEV:Porosity 
Probability

Relative porosity value within the 
distribution for this soil type UNIFORM(none)

Default value used Lower Limit 0.00E+00
Upper Limit 1.00E+00



KSDEV:Permeability 
Probability

Relative permeability value within the 
distribution for this soil type UNIFORM(none)

Default value used Lower Limit 0.00E+00
Upper Limit 1.00E+00

BDEV:Parameter "b" 
Probability

Relative value of "b" parameter within 
the distribution for this soil type UNIFORM(none)

Default value used Lower Limit 0.00E+00
Upper Limit 1.00E+00

AP:Water Application 
Rate

Total water application rate on 
cultivated area CONTINUOUS LINEAR(m/y)

Default value used Value Probability
6.07E-01 0.00E+00
6.10E-01 4.62E-01
6.35E-01 4.76E-01
7.62E-01 5.40E-01
8.89E-01 6.29E-01
1.02E+00 7.05E-01
1.14E+00 8.04E-01
1.27E+00 8.79E-01
1.40E+00 9.41E-01
1.52E+00 9.82E-01
1.65E+00 9.98E-01
1.78E+00 1.00E+00

IR:Irrigation Rate Annual average irrigation rate CONSTANT(L/m**2-d)

Default value used Value 1.29E+00

RHO1:Surface Soil 
Density

Bulk density of soil in the surface soil 
layer DERIVED(g/mL)

Default value used 
RHO2:Unsaturated Zone 
Density

Bulk density of soil in the unsaturated 
zone DERIVED(g/mL)

Default value used 
Ksat1:Surface Soil 
Permeabiliy

Saturated permeability of the surface 
soil layer DERIVED(cm/sec)

Default value used 
VDR:Volume of Water 
Consumed

Volume of water withdrawn for 
consumptive use CONSTANT(L)

Default value used Value 1.18E+05

VSW:Volume of Water 
in Pond Volume of water in the pond CONSTANT(L)

Default value used Value 1.30E+06

AR:Cultivated Area Area of land cultivated DERIVED(m**2)

Default value used 
sh:Soil Moisture Content Moisture content of soil DERIVED(none)

Default value used 
TTG:Gardening Period Total time in gardening period CONSTANT(days)

Default value used Value 9.00E+01

TD:Drinking-water 
consumption period Drinking-water consumption period CONSTANT(days)



Default value used Value 3.65E+02

THV(1):Holdup Period : 
Leafy Holdup period for leafy vegetables CONSTANT(days)

Default value used Value 1.00E+00

THV(2):Holdup Period : 
Other vegetables Holdup period for other vegetables CONSTANT(days)

Default value used Value 1.40E+01

THV(3):Holdup Period : 
Fruits Holdup period for fruits CONSTANT(days)

Default value used Value 1.40E+01

THV(4):Holdup Period : 
Grains Holdup period for grains CONSTANT(days)

Default value used Value 1.40E+01

THA(1):Holdup Period : 
Beef Holdup period for beef CONSTANT(days)

Default value used Value 2.00E+01

THA(2):Holdup Period : 
Poultry Holdup period for poultry CONSTANT(days)

Default value used Value 1.00E+00

THA(3):Holdup Period : 
Milk Holdup period for milk CONSTANT(days)

Default value used Value 1.00E+00

THA(4):Holdup Period : 
Eggs Holdup period for eggs CONSTANT(days)

Default value used Value 1.00E+00

TGV(1):Growing 
Period : Leafy

Minimum growing period for leafy 
vegetables CONSTANT(days)

Default value used Value 4.50E+01

TGV(2):Growing 
Period : Other vegetables

Minimum growing period for other 
vegetables CONSTANT(days)

Default value used Value 9.00E+01

TGV(3):Growing 
Period : Fruits Minimum growing period for fruits CONSTANT(days)

Default value used Value 9.00E+01

TGV(4):Growing 
Period : Grains Minimum growing period for grains CONSTANT(days)

Default value used Value 9.00E+01

TGF(1):Growing Period : 
Beef Forage

Minimum growing period for forage 
consumed by beef cattle CONSTANT(days)

Default value used Value 3.00E+01

TGF(2):Growing Period : 
Poultry Forage

Minimum growing period for forage 
consumed by poultry DERIVED(days)

Default value used 
TGF(3):Growing Period : 
Milk Cow Forage

Minimum growing period for forage 
consumed by milk cows DERIVED(days)



Default value used 
TGF(4):Growing Period : 
Layer Hen Forage

Minimum growing period for forage 
consumed by layer hens DERIVED(days)

Default value used 
TGG(1):Growing 
Period : Beef Cow Grain

Minimum growing period for stored 
grain consumed by beef cattle CONSTANT(days)

Default value used Value 9.00E+01

TGG(2):Growing 
Period : Poultry Grain

Minimum growing period for stored 
grain consumed by poultry DERIVED(days)

Default value used 
TGG(3):Growing 
Period : Milk Cow Grain

Minimum growing period for stored 
grain consumed by milk cows DERIVED(days)

Default value used 
TGG(4):Growing 
Period : Layer Hen 
Grain

Minimum growing period for stored 
grain consumed by layer hens DERIVED(days)

Default value used 
TGH(1):Growing 
Period : Beef Cow Hay

Minimum growing period for stored 
hay consumed by beef cattle CONSTANT(days)

Default value used Value 4.50E+01

TGH(2):Growing 
Period : Poultry Hay

Minimum growing period for stored 
hay consumed by poultry DERIVED(days)

Default value used 
TGH(3):Growing 
Period : Milk Cow Hay

Minimum growing period for stored 
hay consumed by milk cows DERIVED(days)

Default value used 
TGH(4):Growing 
Period : Layer Hen Hay

Minimum growing period for stored 
hay consumed by layer hens DERIVED(days)

Default value used 
RV(1):Interception 
Fraction : Leafy

Interception fraction for leafy 
vegetables UNIFORM(none)

Default value used Lower Limit 1.00E-01
Upper Limit 6.00E-01

RV(2):Interception 
Fraction : Other 
vegetables

Interception fraction for other 
vegetables UNIFORM(none)

Default value used Lower Limit 1.00E-01
Upper Limit 6.00E-01

RV(3):Interception 
Fraction : Fruits Interception fraction for fruits UNIFORM(none)

Default value used Lower Limit 1.00E-01
Upper Limit 6.00E-01

RV(4):Interception 
Fraction : Grains Interception fraction for grains UNIFORM(none)

Default value used Lower Limit 1.00E-01
Upper Limit 6.00E-01

RF(1):Interception Interception fraction for beef cattle 



Fraction : Beef Forage forage UNIFORM(none)

Default value used Lower Limit 1.00E-01
Upper Limit 6.00E-01

RF(2):Interception 
Fraction : Poultry forage Interception fraction for poultry forage DERIVED(none)

Default value used 
RF(3):Interception 
Fraction : Milk Cow 
Forage

Interception fraction for milk cow 
forage DERIVED(none)

Default value used 
RF(4):Interception 
Fraction : Layer Hen 
Forage

Interception fraction for layer hen 
forage DERIVED(none)

Default value used 
RG(1):Interception 
Fraction : Beef Cow 
Grain

Interception fraction for beef cattle 
grain UNIFORM(none)

Default value used Lower Limit 1.00E-01
Upper Limit 6.00E-01

RG(2):Interception 
Fraction : Poultry Grain Interception fraction for poultry grain DERIVED(none)

Default value used 
RG(3):Interception 
Fraction : Milk Cow 
Grain

Interception fraction for milk cow 
grain DERIVED(none)

Default value used 
RG(4):Interception 
Fraction : Layer Hen 
Grain

Interception fraction for layer hen 
grain DERIVED(none)

Default value used 
RH(1):Interception 
Fraction : Beef Cow Hay Interception fraction for beef cattle hay DERIVED(none)

Default value used 
RH(2):Interception 
Fraction : Poultry Hay Interception fraction for poultry hay DERIVED(none)

Default value used 
RH(3):Interception 
Fraction : Milk Cow Hay Interception fraction for milk cow hay DERIVED(none)

Default value used 
RH(4):Interception 
Fraction : Layer Hen 
Hay

Interception fraction for layer hen hay DERIVED(none)

Default value used 
YV(1):Crop Yield : Leafy Crop yield for leafy vegetables CONTINUOUS LINEAR(kg wet wt/m**2)

Default value used Value Probability
2.70E+00 0.00E+00
2.71E+00 1.60E-03
2.74E+00 6.00E-03



2.76E+00 1.76E-02
2.78E+00 4.36E-02
2.80E+00 8.48E-02
2.82E+00 1.56E-01
2.85E+00 2.57E-01
2.87E+00 3.64E-01
2.89E+00 5.00E-01
2.91E+00 6.39E-01
2.93E+00 7.46E-01
2.96E+00 8.42E-01
2.98E+00 9.09E-01
3.00E+00 9.60E-01
3.02E+00 9.84E-01
3.04E+00 9.94E-01
3.07E+00 9.97E-01
3.09E+00 9.99E-01
3.11E+00 1.00E+00
3.13E+00 1.00E+00
3.15E+00 1.00E+00

YV(2):Crop Yield : 
Other Crop yield for other vegetables CONTINUOUS LINEAR(kg wet wt/m**2)

Default value used Value Probability
2.26E+00 0.00E+00
2.29E+00 8.00E-04
2.30E+00 1.20E-03
2.31E+00 6.40E-03
2.33E+00 1.52E-02
2.34E+00 3.28E-02
2.35E+00 7.44E-02
2.36E+00 1.40E-01
2.38E+00 2.49E-01
2.39E+00 3.80E-01
2.40E+00 5.30E-01
2.42E+00 6.61E-01
2.43E+00 7.88E-01
2.44E+00 8.86E-01
2.45E+00 9.42E-01
2.47E+00 9.75E-01
2.48E+00 9.88E-01
2.49E+00 9.96E-01
2.51E+00 9.97E-01
2.52E+00 9.99E-01
2.53E+00 1.00E+00
2.54E+00 1.00E+00

YV(3):Crop Yield : 
Fruits Crop yield for fruits CONTINUOUS LINEAR(kg wet wt/m**2)

Default value used Value Probability
2.17E+00 0.00E+00
2.20E+00 1.20E-03
2.21E+00 2.40E-03
2.23E+00 6.80E-03
2.25E+00 1.80E-02
2.27E+00 4.36E-02
2.29E+00 7.64E-02
2.31E+00 1.38E-01
2.32E+00 2.14E-01
2.34E+00 3.27E-01



2.36E+00 4.50E-01
2.38E+00 5.76E-01
2.40E+00 6.87E-01
2.42E+00 7.88E-01
2.43E+00 8.68E-01
2.45E+00 9.25E-01
2.47E+00 9.60E-01
2.49E+00 9.81E-01
2.51E+00 9.92E-01
2.53E+00 9.98E-01
2.54E+00 1.00E+00
2.56E+00 1.00E+00

YV(4):Crop Yield : 
Grains Crop yield for grains CONTINUOUS LINEAR(kg wet wt/m**2)

Default value used Value Probability
2.85E-01 0.00E+00
2.90E-01 6.00E-04
3.02E-01 2.80E-03
3.14E-01 9.40E-03
3.26E-01 2.14E-02
3.38E-01 5.42E-02
3.50E-01 1.08E-01
3.62E-01 2.02E-01
3.74E-01 3.15E-01
3.86E-01 4.50E-01
3.98E-01 5.92E-01
4.10E-01 7.20E-01
4.23E-01 8.26E-01
4.35E-01 9.03E-01
4.47E-01 9.51E-01
4.59E-01 9.77E-01
4.71E-01 9.91E-01
4.83E-01 9.96E-01
4.95E-01 9.99E-01
5.07E-01 1.00E+00
5.19E-01 1.00E+00
5.31E-01 1.00E+00

YF(1):Crop Yield : Beef 
Forage Crop yield for beef cattle forage BETA(kg dry wt forage/m**2)

Default value used Lower Limit 3.70E-01
Upper Limit 5.24E-01
p 2.36E+00
q 1.40E+00

YF(2):Crop Yield : 
Poultry Forage Crop yield for poultry forage DERIVED(kg wet wt forage/m**2)

Default value used 
YF(3):Crop Yield : Milk 
Cow Forage Crop yield for milk cow forage DERIVED(kg wet wt forage/m**2)

Default value used 
YF(4):Crop Yield : Layer 
Hen Forage Crop yield for layer hen forage DERIVED(kg wet wt forage/m**2)

Default value used 
YG(1):Crop Yield : Beef 
Cow Grain Crop yield for beef cattle grain NORMAL(kg dry wt grain /m**2)



Default value used Mean 5.78E-01
Standard Deviation 7.77E-02

YG(2):Crop Yield : 
Poultry Grain Crop yield for poultry grain DERIVED(kg wet wt grain /m**2)

Default value used 
YG(3):Crop Yield : Milk 
Cow Grain Crop yield for milk cow grain DERIVED(kg wet wt grain /m**2)

Default value used 
YG(4):Crop Yield : 
Layer Hen Grain Crop yield for layer hen grain DERIVED(kg wet wt grain /m**2)

Default value used 
YH(1):Crop Yield : Beef 
Cow Hay Crop yield for beef cattle hay DERIVED(kg wet wt/m**2)

Default value used 
YH(2):Crop Yield : 
Poultry Hay Crop yield for poultry hay DERIVED(kg wet wt/m**2)

Default value used 
YH(3):Crop Yield : Milk 
Cow Hay Crop yield for milk cow hay DERIVED(kg wet wt/m**2)

Default value used 
YH(4):Crop Yield : 
Layer Hen Hay Crop yield for layer hen hay DERIVED(kg wet wt/m**2)

Default value used 
WV(1):Wet/dry : Leafy 
Vegetables

Wet/dry conversion factor for leafy 
vegetables CONTINUOUS LINEAR(none)

Default value used Value Probability
3.32E-02 0.00E+00
4.89E-02 3.45E-02
5.47E-02 6.91E-02
5.96E-02 1.04E-01
6.36E-02 1.38E-01
6.70E-02 1.73E-01
7.05E-02 2.07E-01
7.38E-02 2.42E-01
7.48E-02 2.50E-01
7.72E-02 2.76E-01
8.03E-02 3.11E-01
8.34E-02 3.45E-01
8.66E-02 3.80E-01
9.00E-02 4.15E-01
9.36E-02 4.49E-01
9.73E-02 4.84E-01
9.91E-02 4.99E-01
1.01E-01 5.18E-01
1.05E-01 5.53E-01
1.09E-01 5.87E-01
1.13E-01 6.22E-01
1.18E-01 6.56E-01
1.23E-01 6.91E-01
1.29E-01 7.25E-01
1.33E-01 7.50E-01
1.35E-01 7.60E-01



1.42E-01 7.94E-01
1.50E-01 8.29E-01
1.59E-01 8.64E-01
1.70E-01 8.98E-01
1.85E-01 9.33E-01
2.10E-01 9.67E-01
2.56E-01 9.91E-01
3.24E-01 1.00E+00

WV(2):Wet/dry : Other 
Vegetables

Wet/dry conversion factor for other 
vegetables CONTINUOUS LINEAR(none)

Default value used Value Probability
3.58E-02 0.00E+00
4.87E-02 3.45E-02
5.46E-02 6.91E-02
5.90E-02 1.04E-01
6.29E-02 1.38E-01
6.69E-02 1.73E-01
7.02E-02 2.07E-01
7.34E-02 2.42E-01
7.41E-02 2.50E-01
7.65E-02 2.76E-01
7.99E-02 3.11E-01
8.32E-02 3.45E-01
8.66E-02 3.80E-01
9.05E-02 4.15E-01
9.41E-02 4.49E-01
9.82E-02 4.84E-01
9.98E-02 4.99E-01
1.02E-01 5.18E-01
1.06E-01 5.53E-01
1.09E-01 5.87E-01
1.14E-01 6.22E-01
1.19E-01 6.56E-01
1.24E-01 6.91E-01
1.29E-01 7.25E-01
1.33E-01 7.50E-01
1.35E-01 7.60E-01
1.42E-01 7.94E-01
1.50E-01 8.29E-01
1.59E-01 8.64E-01
1.70E-01 8.98E-01
1.87E-01 9.33E-01
2.12E-01 9.67E-01
2.62E-01 9.91E-01
3.13E-01 1.00E+00

WV(3):Wet/dry : Fruit Wet/dry conversion factor for fruits CONTINUOUS LINEAR(none)

Default value used Value Probability
3.66E-02 0.00E+00
4.87E-02 3.45E-02
5.45E-02 6.91E-02
5.93E-02 1.04E-01
6.31E-02 1.38E-01
6.72E-02 1.73E-01
7.10E-02 2.07E-01
7.44E-02 2.42E-01
7.52E-02 2.50E-01
7.78E-02 2.76E-01



8.13E-02 3.11E-01
8.45E-02 3.45E-01
8.78E-02 3.80E-01
9.11E-02 4.15E-01
9.46E-02 4.49E-01
9.82E-02 4.84E-01
9.97E-02 4.99E-01
1.02E-01 5.18E-01
1.06E-01 5.53E-01
1.10E-01 5.87E-01
1.14E-01 6.22E-01
1.19E-01 6.56E-01
1.24E-01 6.91E-01
1.29E-01 7.25E-01
1.34E-01 7.50E-01
1.35E-01 7.60E-01
1.42E-01 7.94E-01
1.49E-01 8.29E-01
1.58E-01 8.64E-01
1.70E-01 8.98E-01
1.87E-01 9.33E-01
2.14E-01 9.67E-01
2.58E-01 9.91E-01
3.25E-01 1.00E+00

WV(4):Wet/dry : Grain Wet/dry conversion factor for grains CONSTANT(none)

Default value used Value 8.80E-01

WF(1):Wet/dry : Beef 
Cow Forage

Wet/dry conversion factor for beef 
cattle forage BETA(none)

Default value used Lower Limit 1.83E-01
Upper Limit 3.23E-01
p 1.15E+00
q 1.18E+00

WF(2):Wet/dry : Poultry 
Forage

Wet/dry conversion factor for poultry 
forage DERIVED(none)

Default value used 
WF(3):Wet/dry : Milk 
Cow Forage

Wet/dry conversion factor for milk 
cow forage DERIVED(none)

Default value used 
WF(4):Wet/dry : Layer 
Hen Forage

Wet/dry conversion factor for layer 
hen forage DERIVED(none)

Default value used 
WG(1):Wet/dry : Beef 
Cow Grain

Wet/dry conversion factor for beef 
cattle grain CONSTANT(none)

Default value used Value 8.80E-01

WG(2):Wet/dry : Poultry 
Grain

Wet/dry conversion factor for poultry 
grain DERIVED(none)

Default value used 
WG(3):Wet/dry : Milk 
Cow Grain

Wet/dry conversion factor for milk 
cow grain DERIVED(none)

Default value used 
WG(4):Wet/dry : Layer 
Hen Grain

Wet/dry conversion factor for layer 
hen grain DERIVED(none)



Default value used 
WH(1):Wet/dry : Beef 
Cow Hay

Wet/dry conversion factor for beef 
cattle hay DERIVED(none)

Default value used 
WH(2):Wet/dry : Poultry 
Hay

Wet/dry conversion factor for poultry 
hay DERIVED(none)

Default value used 
WH(3):Wet/dry : Milk 
Cow Hay

Wet/dry conversion factor for milk 
cow hay DERIVED(none)

Default value used 
WH(4):Wet/dry : Layer 
Hen Hay

Wet/dry conversion factor for layer 
hen hay DERIVED(none)

Default value used 
QF(1):Ingestion Rate : 
Beef Cow Forage Ingestion rate for beef cattle forage BETA(kg dry wt forage/d)

Default value used Lower Limit 1.69E+00
Upper Limit 2.29E+00
p 1.99E+00
q 9.11E-01

QF(2):Ingestion Rate : 
Poultry Forage Ingestion rate for poultry forage BETA(kg dry wt forage/d)

Default value used Lower Limit 3.48E-03
Upper Limit 2.82E-02
p 1.51E+00
q 1.41E+00

QF(3):Ingestion Rate : 
Milk Cow Forage Ingestion rate for milk cow forage CONTINUOUS LINEAR(kg dry wt 

forage/d)

Default value used Value Probability
6.35E+00 0.00E+00
6.77E+00 3.45E-02
6.96E+00 6.91E-02
7.10E+00 1.04E-01
7.24E+00 1.38E-01
7.35E+00 1.73E-01
7.47E+00 2.07E-01
7.57E+00 2.42E-01
7.60E+00 2.50E-01
7.67E+00 2.76E-01
7.77E+00 3.11E-01
7.87E+00 3.45E-01
7.98E+00 3.80E-01
8.08E+00 4.15E-01
8.18E+00 4.49E-01
8.31E+00 4.84E-01
8.37E+00 4.99E-01
8.42E+00 5.18E-01
8.54E+00 5.53E-01
8.67E+00 5.87E-01
8.81E+00 6.22E-01
8.95E+00 6.56E-01
9.10E+00 6.91E-01
9.26E+00 7.25E-01
9.38E+00 7.50E-01



9.45E+00 7.60E-01
9.68E+00 7.94E-01
9.93E+00 8.29E-01
1.02E+01 8.64E-01
1.06E+01 8.98E-01
1.11E+01 9.33E-01
1.20E+01 9.67E-01
1.33E+01 9.91E-01
1.53E+01 1.00E+00

QF(4):Ingestion Rate : 
Layer Hen Forage Ingestion rate for layer hen forage BETA(kg dry wt forage/d)

Default value used Lower Limit 1.19E-02
Upper Limit 2.22E-02
p 1.45E+00
q 7.92E-01

QG(1):Ingestion Rate : 
Beef Cattle Grain Ingestion rate for beef cattle grain BETA(kg dry wt grain/d)

Default value used Lower Limit 1.69E+00
Upper Limit 2.29E+00
p 1.99E+00
q 9.11E-01

QG(2):Ingestion Rate : 
Poultry Grain Ingestion rate for poultry grain BETA(kg dry wt grain/d)

Default value used Lower Limit 1.04E-02
Upper Limit 8.45E-02
p 1.51E+00
q 1.41E+00

QG(3):Ingestion Rate : 
Milk Cow Grain Ingestion rate for milk cow grain NORMAL(kg dry wt grain/d)

Default value used Mean 1.71E+00
Standard Deviation 2.62E-01

QG(4):Ingestion Rate : 
Layer Hen Grain Ingestion rate for layer hen grain BETA(kg dry wt grain/d)

Default value used Lower Limit 3.58E-02
Upper Limit 6.67E-02
p 1.43E+00
q 7.92E-01

QH(1):Ingestion Rate : 
Beef Cattle Hay Ingestion rate for beef cattle hay BETA(kg dry wt hay/d)

Default value used Lower Limit 3.38E+00
Upper Limit 4.58E+00
p 1.99E+00
q 9.11E-01

QH(2):Ingestion Rate : 
Poultry Hay Ingestion rate for poultry hay CONSTANT(kg dry wt hay/d)

Default value used Value 0.00E+00

QH(3):Ingestion Rate : 
Milk Cow Hay Ingestion rate for milk cow hay CONTINUOUS LINEAR(kg dry wt hay/d)

Default value used Value Probability
5.12E+00 0.00E+00
5.43E+00 3.45E-02



5.57E+00 6.91E-02
5.68E+00 1.04E-01
5.79E+00 1.38E-01
5.89E+00 1.73E-01
5.98E+00 2.07E-01
6.06E+00 2.42E-01
6.08E+00 2.50E-01
6.14E+00 2.76E-01
6.22E+00 3.11E-01
6.30E+00 3.45E-01
6.38E+00 3.80E-01
6.46E+00 4.15E-01
6.54E+00 4.49E-01
6.63E+00 4.84E-01
6.67E+00 4.99E-01
6.72E+00 5.18E-01
6.81E+00 5.53E-01
6.92E+00 5.87E-01
7.03E+00 6.22E-01
7.13E+00 6.56E-01
7.26E+00 6.91E-01
7.39E+00 7.25E-01
7.49E+00 7.50E-01
7.56E+00 7.60E-01
7.70E+00 7.94E-01
7.89E+00 8.29E-01
8.11E+00 8.64E-01
8.39E+00 8.98E-01
8.75E+00 9.33E-01
9.44E+00 9.67E-01
1.05E+01 9.91E-01
1.27E+01 1.00E+00

QH(4):Ingestion Rate : 
Layer Hen Hay Ingestion rate for layer hen hay CONSTANT(kg dry wt hay/d)

Default value used Value 0.00E+00

QW(1):Water Rate : Beef 
Cattle Water ingestion rate for beef cattle CONSTANT(L/d)

Default value used Value 5.00E+01

QW(2):Water Rate : 
Poultry Water ingestion rate for poultry CONSTANT(L/d)

Default value used Value 3.00E-01

QW(3):Water Rate : 
Milk Cows Water ingestion rate for milk cows CONSTANT(L/d)

Default value used Value 6.00E+01

QW(4):Water Rate : 
Layer Hens Water ingestion rate for layer hens CONSTANT(L/d)

Default value used Value 3.00E-01

QD(1):Soil Fraction : 
Beef Cattle Soil intake fraction for beef cattle CONSTANT(none)

Default value used Value 2.00E-02

QD(2):Soil Fraction : 
Poultry Soil intake fraction for poultry CONSTANT(none)

Default value used Value 1.00E-01



QD(3):Soil Fraction : 
Milk Cows Soil intake fraction for milk cows CONSTANT(none)

Default value used Value 2.00E-02

QD(4):Soil Fraction : 
Layer Hens Soil intake fraction for layer hens CONSTANT(none)

Default value used Value 1.00E-01

MLV(1):Mass-Loading : 
Leafy Vegetables

Mass-loading factor for leafy 
vegetables CONSTANT(none)

Default value used Value 1.00E-01

MLV(2):Mass-Loading : 
Other Vegetables

Mass-loading factor for other 
vegetables CONSTANT(none)

Default value used Value 1.00E-01

MLV(3):Mass-Loading : 
Fruits Mass-loading factor for fruits CONSTANT(none)

Default value used Value 1.00E-01

MLV(4):Mass-Loading : 
Grains Mass-loading factor for grains CONSTANT(none)

Default value used Value 1.00E-01

LAMBDW:Weathering 
Rate

Weathering rate for activity removal 
from plants CONSTANT(1/d)

Default value used Value 4.95E-02

MLF(1):Mass-Loading : 
Beef Cow Forage

Mass-loading factor for beef cattle 
forage CONSTANT(none)

Default value used Value 1.00E-01

MLF(2):Mass-Loading : 
Poultry Forage Mass-loading factor for poultry forage CONSTANT(none)

Default value used Value 1.00E-01

MLF(3):Mass-Loading : 
Milk Cow Forage

Mass-loading factor for milk cow 
forage CONSTANT(none)

Default value used Value 1.00E-01

MLF(4):Mass-Loading : 
Layer Hen Forage

Mass-loading factor for layer hen 
forage CONSTANT(none)

Default value used Value 1.00E-01

MLG(1):Mass-Loading : 
Beef Cattle Grain

Mass-loading factor for beef cattle 
grain CONSTANT(none)

Default value used Value 1.00E-01

MLG(2):Mass-Loading : 
Poultry Grain Mass-loading factor for poultry grain CONSTANT(none)

Default value used Value 1.00E-01

MLG(3):Mass-Loading : 
Milk Cow Grain Mass-loading factor for milk cow grain CONSTANT(none)

Default value used Value 1.00E-01

MLG(4):Mass-Loading : 
Layer Hen Grain Mass-loading factor for layer hen grain CONSTANT(none)

Default value used Value 1.00E-01



MLH(1):Mass-Loading : 
Beef Cattle Hay Mass-loading factor for beef cattle hay CONSTANT(none)

Default value used Value 1.00E-01

MLH(2):Mass-Loading : 
Poultry Hay Mass-loading factor for poultry hay CONSTANT(none)

Default value used Value 1.00E-01

MLH(3):Mass-Loading : 
Milk Cow Hay Mass-loading factor for milk cow hay CONSTANT(none)

Default value used Value 1.00E-01

MLH(4):Mass-Loading : 
Layer Hen Hay Mass-loading factor for layer hen hay CONSTANT(none)

Default value used Value 1.00E-01

TFF(1):Feeding Period : 
Beef Cow Forage Feeding period for beef cattle forage CONSTANT(days)

Default value used Value 3.65E+02

TFF(2):Feeding Period : 
Poultry Forage Feeding period for poultry forage CONSTANT(days)

Default value used Value 3.65E+02

TFF(3):Feeding Period : 
Milk Cow Forage Feeding period for milk cow forage CONSTANT(days)

Default value used Value 3.65E+02

TFF(4):Feeding Period : 
Layer Hen Forage Feeding period for layer hen forage CONSTANT(days)

Default value used Value 3.65E+02

TFG(1):Feeding Period : 
Beef Cattle Grain Feeding period for beef cattle grain CONSTANT(days)

Default value used Value 3.65E+02

TFG(2):Feeding Period : 
Poultry Grain Feeding period for poultry grain CONSTANT(days)

Default value used Value 3.65E+02

TFG(3):Feeding Period : 
Milk Cow Grain Feeding period for milk cow grain CONSTANT(days)

Default value used Value 3.65E+02

TFG(4):Feeding Period : 
Layer Hen Grain Feeding period for layer hen grain CONSTANT(days)

Default value used Value 3.65E+02

TFH(1):Feeding Period : 
Beef Cattle Hay Feeding period for beef cattle hay CONSTANT(days)

Default value used Value 3.65E+02

TFH(2):Feeding Period : 
Poultry Hay Feeding period for poultry hay CONSTANT(days)

Default value used Value 3.65E+02

TFH(3):Feeding Period : 
Milk Cow Hay Feeding period for milk cow hay CONSTANT(days)

Default value used Value 3.65E+02



TFH(4):Feeding Period : 
Layer Hen Hay Feeding period for layer hen hay CONSTANT(days)

Default value used Value 3.65E+02

TFW(1):Water Period : 
Beef Cattle Water ingestion period for beef cattle CONSTANT(days)

Default value used Value 3.65E+02

TFW(2):Water Period : 
Poultry Water ingestion period for poultry CONSTANT(days)

Default value used Value 3.65E+02

TFW(3):Water Period : 
Milk Cows Water ingestion period for milk cows CONSTANT(days)

Default value used Value 3.65E+02

TFW(4):Water Period : 
Layer Hens Water ingestion period for layer hens CONSTANT(days)

Default value used Value 3.65E+02

fha(1):Hydrogen 
Fraction : Beef Cattle Hydrogen fraction for beef cattle CONSTANT(none)

Default value used Value 1.00E-01

fha(2):Hydrogen 
Fraction : Poultry Hydrogen fraction for poultry CONSTANT(none)

Default value used Value 1.00E-01

fha(3):Hydrogen 
Fraction : Milk Cows Hydrogen fraction for milk cows CONSTANT(none)

Default value used Value 1.10E-01

fha(4):Hydrogen 
Fraction : Eggs Hydrogen fraction for eggs CONSTANT(none)

Default value used Value 1.10E-01

fhv(1):Hydrogen 
Fraction : Leafy 
Vegetables

Hydrogen fraction for leafy vegetables CONSTANT(none)

Default value used Value 1.00E-01

fhv(2):Hydrogen 
Fraction : Other 
Vegetables

Hydrogen fraction for other vegetables CONSTANT(none)

Default value used Value 1.00E-01

fhv(3):Hydrogen 
Fraction : Fruits Hydrogen fraction for fruits CONSTANT(none)

Default value used Value 1.00E-01

fhv(4):Hydrogen 
Fraction : Grains Hydrogen fraction for grains CONSTANT(none)

Default value used Value 6.80E-02

fhf(1):Hydrogen 
Fraction : Beef Cow 
Forage

Hydrogen fraction for beef cattle 
forage CONSTANT(none)

Default value used Value 1.00E-01

fhf(2):Hydrogen 



Fraction : Poultry Forage Hydrogen fraction for poultry forage CONSTANT(none)

Default value used Value 1.00E-01

fhf(3):Hydrogen 
Fraction : Milk Cow 
Forage

Hydrogen fraction for milk cow forage CONSTANT(none)

Default value used Value 1.00E-01

fhf(4):Hydrogen 
Fraction : Layer Hen 
Forage

Hydrogen fraction for layer hen forage CONSTANT(none)

Default value used Value 1.00E-01

fhh(1):Hydrogen 
Fraction : Beef Cattle 
Hay

Hydrogen fraction for beef cattle hay CONSTANT(none)

Default value used Value 1.00E-01

fhh(2):Hydrogen 
Fraction : Poultry Hay Hydrogen fraction for poultry hay CONSTANT(none)

Default value used Value 1.00E-01

fhh(3):Hydrogen 
Fraction : Milk Cow Hay Hydrogen fraction for milk cow hay CONSTANT(none)

Default value used Value 1.00E-01

fhh(4):Hydrogen 
Fraction : Layer Hen 
Hay

Hydrogen fraction for layer hen hay CONSTANT(none)

Default value used Value 1.00E-01

fhg(1):Hydrogen 
Fraction : Beef Cattle 
Grain

Hydrogen fraction for beef cattle grain CONSTANT(none)

Default value used Value 6.80E-02

fhg(2):Hydrogen 
Fraction : Poultry Grain Hydrogen fraction for poultry grain CONSTANT(none)

Default value used Value 6.80E-02

fhg(3):Hydrogen 
Fraction : Milk Cow 
Grain

Hydrogen fraction for milk cow grain CONSTANT(none)

Default value used Value 6.80E-02

fhg(4):Hydrogen 
Fraction : Layer Hen 
Grain

Hydrogen fraction for layer hen grain CONSTANT(none)

Default value used Value 6.80E-02

fhd016:Hydrogen 
Fraction : Soil Fraction of hydrogen in soil DERIVED(none)

Default value used 
sasvh:Tritium 
Equivalence: Plant/Soil Tritium equivalence: plant/soil CONSTANT(none)

Default value used Value 1.00E+00

sawvh:Tritium 
Equivalence: 

Tritium equivalence: plant/water CONSTANT(none)



 
 
Element Dependant Parameters  
   

Plant/Water
Default value used Value 1.00E+00

satah:Tritium 
Equivalence: Animal 
Products

Tritium equivalence: animal product 
intake CONSTANT(none)

Default value used Value 1.00E+00

YA(1):Animal Product 
Yield : Beef Cattle

Annual yield of beef per individual 
animal CONSTANT(kg/y)

Default value used Value 2.09E+02

YA(2):Animal Product 
Yield : Poultry

Annual yield of chicken per individual 
animal CONSTANT(kg/y)

Default value used Value 1.53E+00

YA(3):Animal Product 
Yield : Milk Cows

Annual yield of milk per individual 
animal CONSTANT(L/y)

Default value used Value 7.41E+03

YA(4):Animal Product 
Yield : Layer Hens

Annual yield of eggs per individual 
animal CONSTANT(kg/y)

Default value used Value 1.26E+01

ARExt:External 
Exposure Area

Minimum surface area to which 
resident is exposed via external 
radiation during residential period

CONSTANT(m**2)

Default value used Value 1.00E+02

ARInh:Inhalation 
Exposure Area

Minimum surface area to which 
resident is exposed via inhalation 
during residential period

CONSTANT(m**2)

Default value used Value 1.00E+02

ARIng:Secondary 
Ingestion Exposure Area

Minimum surface area to which 
resident is exposed via secondary 
ingestion during residential period

CONSTANT(m**2)

Default value used Value 1.00E+02

ARAgr:Agricultural 
Exposure Area

Minimum surface area to which 
resident is exposed via any agricultural 
product during residential period

DERIVED(m**2)

Default value used 

ARH2O:Groundwater 
Exposure Area

Minimum surface area to which 
resident is exposed via groundwater 
during residential period

DERIVED(m**2)

Default value used 

ARAll:Exposure Area
Minimum surface area to which 
resident is exposed via any pathway 
during the residential period

DERIVED(m**2)

Default value used 

Parameter Name Description Distribution

Tl:Coefficient Partition coefficient for Tl NORMAL(Log10(mL/g))

Default value used Mean 2.20E+00



Standard Deviation 1.40E+00

Pb:Coefficient Partition coefficient for Pb NORMAL(Log10(mL/g))

Default value used Mean 3.38E+00
Standard Deviation 1.20E+00

Bi:Coefficient Partition coefficient for Bi NORMAL(Log10(mL/g))

Default value used Mean 2.65E+00
Standard Deviation 1.40E+00

Po:Coefficient Partition coefficient for Po NORMAL(Log10(mL/g))

Default value used Mean 2.26E+00
Standard Deviation 7.30E-01

Rn:Coefficient Partition coefficient for Rn CONSTANT(mL/g)

Default value used Value 0.00E+00

Ra:Coefficient Partition coefficient for Ra NORMAL(Log10(mL/g))

Default value used Mean 3.55E+00
Standard Deviation 7.40E-01

Ac:Coefficient Partition coefficient for Ac NORMAL(Log10(mL/g))

Default value used Mean 3.24E+00
Standard Deviation 1.40E+00

Th:Coefficient Partition coefficient for Th NORMAL(Log10(mL/g))

Default value used Mean 3.77E+00
Standard Deviation 1.57E+00

Tl:Leafy Leafy plant concentration factor for Tl LOGNORMAL-N(pCi/kg dry-wt leafy per 
pCi/kg soil)

Default value used Mean of Ln(X) -5.52E+00
Standard Deviation of Ln 9.04E-01

Pb:Leafy Leafy plant concentration factor for Pb LOGNORMAL-N(pCi/kg dry-wt leafy per 
pCi/kg soil)

Default value used Mean of Ln(X) -3.10E+00
Standard Deviation of Ln 9.04E-01

Bi:Leafy Leafy plant concentration factor for Bi LOGNORMAL-N(pCi/kg dry-wt leafy per 
pCi/kg soil)

Default value used Mean of Ln(X) -3.35E+00
Standard Deviation of Ln 9.04E-01

Po:Leafy Leafy plant concentration factor for Po LOGNORMAL-N(pCi/kg dry-wt leafy per 
pCi/kg soil)

Default value used Mean of Ln(X) -5.99E+00
Standard Deviation of Ln 9.04E-01

Rn:Leafy Leafy plant concentration factor for Rn CONSTANT(pCi/kg dry-wt leafy per pCi/kg 
soil)

Default value used Value 0.00E+00

Ra:Leafy Leafy plant concentration factor for Ra LOGNORMAL-N(pCi/kg dry-wt leafy per 
pCi/kg soil)

Default value used Mean of Ln(X) -4.20E+00
Standard Deviation of Ln 9.04E-01

Ac:Leafy Leafy plant concentration factor for Ac LOGNORMAL-N(pCi/kg dry-wt leafy per 
pCi/kg soil)

Default value used Mean of Ln(X) -5.65E+00
Standard Deviation of Ln 9.04E-01

LOGNORMAL-N(pCi/kg dry-wt leafy per 



Th:Leafy Leafy plant concentration factor for Th pCi/kg soil)

Default value used Mean of Ln(X) -7.07E+00
Standard Deviation of Ln 9.04E-01

Tl:Root Root plant concentration factor for Tl LOGNORMAL-N(pCi/kg dry-wt roots per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.82E+00
Standard Deviation of Ln 9.04E-01

Pb:Root Root plant concentration factor for Pb LOGNORMAL-N(pCi/kg dry-wt roots per 
pCi/kg soil)

Default value used Mean of Ln(X) -4.71E+00
Standard Deviation of Ln 9.04E-01

Bi:Root Root plant concentration factor for Bi LOGNORMAL-N(pCi/kg dry-wt roots per 
pCi/kg soil)

Default value used Mean of Ln(X) -5.30E+00
Standard Deviation of Ln 9.04E-01

Po:Root Root plant concentration factor for Po LOGNORMAL-N(pCi/kg dry-wt roots per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.82E+00
Standard Deviation of Ln 9.04E-01

Rn:Root Root plant concentration factor for Rn CONSTANT(pCi/kg dry-wt roots per pCi/kg 
soil)

Default value used Value 0.00E+00

Ra:Root Root plant concentration factor for Ra LOGNORMAL-N(pCi/kg dry-wt roots per 
pCi/kg soil)

Default value used Mean of Ln(X) -6.50E+00
Standard Deviation of Ln 9.04E-01

Ac:Root Root plant concentration factor for Ac LOGNORMAL-N(pCi/kg dry-wt roots per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.96E+00
Standard Deviation of Ln 9.04E-01

Th:Root Root plant concentration factor for Th LOGNORMAL-N(pCi/kg dry-wt roots per 
pCi/kg soil)

Default value used Mean of Ln(X) -9.37E+00
Standard Deviation of Ln 9.04E-01

Tl:Fruit Fruit concentration factor for Tl LOGNORMAL-N(pCi/kg dry-wt fruit per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.82E+00
Standard Deviation of Ln 9.04E-01

Pb:Fruit Fruit concentration factor for Pb LOGNORMAL-N(pCi/kg dry-wt fruit per 
pCi/kg soil)

Default value used Mean of Ln(X) -4.71E+00
Standard Deviation of Ln 9.04E-01

Bi:Fruit Fruit concentration factor for Bi LOGNORMAL-N(pCi/kg dry-wt fruit per 
pCi/kg soil)

Default value used Mean of Ln(X) -5.30E+00
Standard Deviation of Ln 9.04E-01

Po:Fruit Fruit concentration factor for Po LOGNORMAL-N(pCi/kg dry-wt fruit per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.82E+00
Standard Deviation of Ln 9.04E-01

Rn:Fruit Fruit concentration factor for Rn CONSTANT(pCi/kg dry-wt fruit per pCi/kg 
soil)



Default value used Value 0.00E+00

Ra:Fruit Fruit concentration factor for Ra LOGNORMAL-N(pCi/kg dry-wt fruit per 
pCi/kg soil)

Default value used Mean of Ln(X) -6.50E+00
Standard Deviation of Ln 9.04E-01

Ac:Fruit Fruit concentration factor for Ac LOGNORMAL-N(pCi/kg dry-wt fruit per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.96E+00
Standard Deviation of Ln 9.04E-01

Th:Fruit Fruit concentration factor for Th LOGNORMAL-N(pCi/kg dry-wt fruit per 
pCi/kg soil)

Default value used Mean of Ln(X) -9.37E+00
Standard Deviation of Ln 9.04E-01

Tl:Grain Grain concentration factor for Tl LOGNORMAL-N(pCi/kg dry-wt grain per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.82E+00
Standard Deviation of Ln 9.04E-01

Pb:Grain Grain concentration factor for Pb LOGNORMAL-N(pCi/kg dry-wt grain per 
pCi/kg soil)

Default value used Mean of Ln(X) -4.71E+00
Standard Deviation of Ln 9.04E-01

Bi:Grain Grain concentration factor for Bi LOGNORMAL-N(pCi/kg dry-wt grain per 
pCi/kg soil)

Default value used Mean of Ln(X) -5.30E+00
Standard Deviation of Ln 9.04E-01

Po:Grain Grain concentration factor for Po LOGNORMAL-N(pCi/kg dry-wt grain per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.82E+00
Standard Deviation of Ln 9.04E-01

Rn:Grain Grain concentration factor for Rn CONSTANT(pCi/kg dry-wt grain per pCi/kg 
soil)

Default value used Value 0.00E+00

Ra:Grain Grain concentration factor for Ra LOGNORMAL-N(pCi/kg dry-wt grain per 
pCi/kg soil)

Default value used Mean of Ln(X) -6.50E+00
Standard Deviation of Ln 9.04E-01

Ac:Grain Grain concentration factor for Ac LOGNORMAL-N(pCi/kg dry-wt grain per 
pCi/kg soil)

Default value used Mean of Ln(X) -7.96E+00
Standard Deviation of Ln 9.04E-01

Th:Grain Grain concentration factor for Th LOGNORMAL-N(pCi/kg dry-wt grain per 
pCi/kg soil)

Default value used Mean of Ln(X) -9.37E+00
Standard Deviation of Ln 9.04E-01

Tl:Beef Beef transfer factor for Tl CONSTANT(d/kg)

Default value used Value 4.00E-02

Pb:Beef Beef transfer factor for Pb CONSTANT(d/kg)

Default value used Value 3.00E-04

Bi:Beef Beef transfer factor for Bi CONSTANT(d/kg)

Default value used Value 4.00E-04



Po:Beef Beef transfer factor for Po CONSTANT(d/kg)

Default value used Value 3.00E-04

Rn:Beef Beef transfer factor for Rn CONSTANT(d/kg)

Default value used Value 0.00E+00

Ra:Beef Beef transfer factor for Ra CONSTANT(d/kg)

Default value used Value 2.50E-04

Ac:Beef Beef transfer factor for Ac CONSTANT(d/kg)

Default value used Value 2.50E-05

Th:Beef Beef transfer factor for Th CONSTANT(d/kg)

Default value used Value 6.00E-06

Tl:Poultry Poultry transfer factor for Tl CONSTANT(d/kg)

Default value used Value 3.00E-01

Pb:Poultry Poultry transfer factor for Pb CONSTANT(d/kg)

Default value used Value 2.00E-01

Bi:Poultry Poultry transfer factor for Bi CONSTANT(d/kg)

Default value used Value 1.00E-01

Po:Poultry Poultry transfer factor for Po CONSTANT(d/kg)

Default value used Value 9.00E-01

Rn:Poultry Poultry transfer factor for Rn CONSTANT(d/kg)

Default value used Value 0.00E+00

Ra:Poultry Poultry transfer factor for Ra CONSTANT(d/kg)

Default value used Value 3.00E-02

Ac:Poultry Poultry transfer factor for Ac CONSTANT(d/kg)

Default value used Value 4.00E-03

Th:Poultry Poultry transfer factor for Th CONSTANT(d/kg)

Default value used Value 4.00E-03

Tl:Milk Milk transfer factor for Tl CONSTANT(d/L)

Default value used Value 2.00E-03

Pb:Milk Milk transfer factor for Pb CONSTANT(d/L)

Default value used Value 2.50E-04

Bi:Milk Milk transfer factor for Bi CONSTANT(d/L)

Default value used Value 5.00E-04

Po:Milk Milk transfer factor for Po CONSTANT(d/L)

Default value used Value 3.50E-04

Rn:Milk Milk transfer factor for Rn CONSTANT(d/L)

Default value used Value 0.00E+00

Ra:Milk Milk transfer factor for Ra CONSTANT(d/L)

Default value used Value 4.50E-04

Ac:Milk Milk transfer factor for Ac CONSTANT(d/L)

Default value used Value 2.00E-05

Th:Milk Milk transfer factor for Th CONSTANT(d/L)



Correlation Coefficients: 
   

Default value used Value 5.00E-06

Tl:Eggs Egg transfer factor for Tl CONSTANT(d/kg)

Default value used Value 8.00E-01

Pb:Eggs Egg transfer factor for Pb CONSTANT(d/kg)

Default value used Value 8.00E-01

Bi:Eggs Egg transfer factor for Bi CONSTANT(d/kg)

Default value used Value 8.00E-01

Po:Eggs Egg transfer factor for Po CONSTANT(d/kg)

Default value used Value 7.00E+00

Rn:Eggs Egg transfer factor for Rn CONSTANT(d/kg)

Default value used Value 0.00E+00

Ra:Eggs Egg transfer factor for Ra CONSTANT(d/kg)

Default value used Value 2.00E-05

Ac:Eggs Egg transfer factor for Ac CONSTANT(d/kg)

Default value used Value 2.00E-03

Th:Eggs Egg transfer factor for Th CONSTANT(d/kg)

Default value used Value 2.00E-03

Tl:Factor Bioaccumulation factor for Tl in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 0.00E+00

Pb:Factor Bioaccumulation factor for Pb in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 1.00E+02

Bi:Factor Bioaccumulation factor for Bi in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 1.50E+01

Po:Factor Bioaccumulation factor for Po in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 5.00E+02

Rn:Factor Bioaccumulation factor for Rn in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 0.00E+00

Ra:Factor Bioaccumulation factor for Ra in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 7.00E+01

Ac:Factor Bioaccumulation factor for Ac in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 2.50E+01

Th:Factor Bioaccumulation factor for Th in fish CONSTANT(pCi/kg wet-wt fish per pCi/L 
water)

Default value used Value 1.00E+02

Parameter One Parameter Two Correlation  



Summary Results:  

90.00% of the 100 calculated TEDE values are < 2.30E+01 mrem/year . 
The 95 % Confidence Interval for the 0.9 quantile value of TEDE is 2.24E+01 to 2.59E+01 
mrem/year  

Detailed Results: 
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.9 quantile value  

Concentration at Time of Peak Dose: 
 
 

Pathway Dose from All Nuclides (mrem) 
 

Radionuclide Dose through All Active Pathways (mrem) 
 

Coefficient
KSDEV:Permeability 
Probability 

BDEV:Parameter "b" 
Probability -0.35 

Default value used 

NDEV:Porosity Probability BDEV:Parameter "b" 
Probability -0.35 

Default value used 

Nuclide Soil Concentration 
(pCi/g)

Water Concentration
(pCi/g)

232Th 1.00E+00 4.15E-12
228Ra 1.00E+00 1.09E-08
228Ac 1.00E+00 1.09E-08
228Th 1.00E+00 2.89E-09
224Ra 1.00E+00 3.03E-09
220Rn 1.00E+00 3.03E-09
216Po 1.00E+00 3.03E-09
212Pb 1.00E+00 3.03E-09
212Bi 1.00E+00 3.03E-09
212Po 6.41E-01 1.94E-09
208Tl 3.59E-01 1.09E-09

All Pathways 
Dose Agricultural Drinking 

Water
Surface
Water External Inhalation Secondary 

Ingestion Irrigation

2.59E+01 1.67E+01 8.33E-09 1.28E-08 6.53E+00 6.65E-01 7.05E-02 1.39E-08

Nuclide All Pathways 
Dose

232Th 1.04E+01
228Ra 5.24E+00



Dose from Each Nuclide through Each Active Pathway (mrem) 
 

228Ac 2.52E+00
228Th 1.53E+00
224Ra 1.44E+00
220Rn 1.01E-03
216Po 4.44E-05
212Pb 5.08E-01
212Bi 4.92E-01
212Po 0.00E+00
208Tl 3.17E+00
All Nuclides 2.59E+01

Nuclide Agricultural Drinking 
Water

Surface
Water External Inhalation Secondary 

Ingestion Irrigation

232Th 8.87E+00 5.23E-12 1.21E-11 2.53E-04 5.48E-01 3.87E-02 1.07E-11
228Ra 5.21E+00 7.22E-09 1.08E-08 0.00E+00 1.60E-03 2.03E-02 1.15E-08
228Ac 7.86E-03 1.09E-11 1.63E-11 2.51E+00 1.03E-04 3.06E-05 1.73E-11
228Th 1.30E+00 5.29E-10 1.13E-09 3.80E-03 1.14E-01 5.60E-03 1.16E-09
224Ra 1.23E+00 5.12E-10 7.65E-10 2.39E-02 1.05E-03 5.18E-03 1.09E-09
220Rn 0.00E+00 0.00E+00 0.00E+00 1.01E-03 0.00E+00 0.00E+00 0.00E+00
216Po 0.00E+00 0.00E+00 0.00E+00 4.44E-05 0.00E+00 0.00E+00 0.00E+00
212Pb 1.54E-01 6.37E-11 1.36E-10 3.30E-01 5.64E-05 6.44E-04 1.36E-10
212Bi 3.60E-03 1.49E-12 3.17E-12 4.89E-01 7.21E-06 1.50E-05 3.17E-12
212Po 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
208Tl 0.00E+00 0.00E+00 0.00E+00 3.17E+00 0.00E+00 0.00E+00 0.00E+00



 

 

 

 

 

 

 

 

 
Attachment E 
RESRAD Results 















































































































 

 

 
 
 
 

 
 
 

Attachment F 
Instrumentation Calibration 

Certificates 
 



~ I t P d t 24937 Avenue Tibbitts
-50 ope ro UC 5 Valencia, California 91355

laboratories
Tel 661.309.1010

An Eckert & Ziegler Company Fax 661.257.8303

CERTIFICATE OF CALIBRATION
GAMMA STANDARD SOURCE

Radionuclide: Eu-152 Customer: CABRERA SERVICES, INC.
Half-life: 4933 ;t 11 days P.O. No.: 01-414
Catalog No.: GF-152 Reference Date: 15-0ct-01 12:00 PST

Source No.: 812-99-2 Contained Radioactivity: 0.9640 pCi 35.67 kBq

Physical description:
A. Capsule type: D
B. Nature of active deposit: Evaporated metallic salt
C. Active Diameter: 5 mm

D. Backing: Epoxy
E. Cover: Acrylic

Radioimpurities:

Gd-153 = 2.25%; Eu-154 = 1.30% on 15 Oct 01

Method of Calibration:

This source was prepared from a weighed aliquot of solution whose activity in IJCi/g was determined

using gamma ray spectrometry.
Peak energy used for integration: 344.3 keV

Branching ratio used: 0.266 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: ;t 0.7 %

B. Type B (systematic) uncertainty: ;t 3.0 %

C. Uncertainty in aliquot weighing: ;t 0.6 %

D. Total uncertainty at the 99% confidence level: ;t 3.1 %

Notes:
-See reverse side for leak test(s} performed on this source.

-IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability

for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference

Materials (As in NRC Regulatory Guide 4.15).

-Nuclear data was taken from IAEA- TECDOC-619, 1991.

-This source has a working life of 5 years.

a:= u _Jftt~- .2..6 -)4 -(;) (
Quality Control Date Signed IPL Ref. No.: 812-99

ISO 9001 CERTIFIED

Medical Imaging Laboratory Industrial Gauging Laboratory

24937 Avenue Tibbitts Valencia, California 91355 1800 North Keystone Street Burbank, California 91504



(i] Designer and ~anufacturer LUDLUM MEASUREMENTS, INC.

I~ Scientific and Industrial

CER7iIFICA7iE OF CALIBR 'I\ 7i/ON POST OFFICE BOX 810 PH. 325-235-5494
~ Instruments r\ 501 OAK STREET FAX NO. 325-235-4672

SWEETWATER, TEXAS 79556, U.S,A.

CUSTOMER CABRERA SERVICES.. ORDER NO. 219320/283295

Mfg. Ludlum Measurements. Inc. Model" 2929.', Serial No. I (P 3 8 _2 7"
Mfg. LudlY!I! Measurements. Inc. Model , 43-10-1 Serial No. P ~- t 7 I 3 2- 2 .

Cal. Date 22-Jul-04 Car Due Date 22-Jul-05 Cal.lnterval 1 Y~ar Meterface 202-014

Check mark r:?J applies to applicable Instr. and/or detector lAW mfg. spec. T. Z3 of RH 50 % Alt 699.8 mm Hg

0 New Instrument Instrument Received 0 Within Toler. +-10% 010-20% 0 Out of Tol. ~Ing Repair 0 Other-See comments

l!f Mechanical ck. F!S Window Operation

~ Audio ck.

F!S Meter Zeroed Alpha Sensitivity 175 mV Beta Sensitivity 4 mV Beta Window -00- mV

0 Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.

Instrument Volt Set q, fJQ V = 3. (, on High Voltage dial. High Voltage set with detector connected.

~ HV Readout (2 points) Ref./lnst. 500 / ,"SO 8 V Ref./lnst. 2000 / .2c> ,2.(, V

COMMENTS:
4 Pi efficiencies 9refer to plateau sheets at slected voltage for details):
Th-230 = .3 3~ ' Tc-99 =.)3fcJ , Ni-63 =t12fq , SrY-90 = 40~

2. ,vol:>

Gamma Calibration: GM detectors positioned perpendicular to source except for M 44-9 In which the front of probe faces source.

REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING*

Alpha Channel
Digital Readout 400K com tJ! A- ~ 00 8 2. W)

40Kcpm 4oo<:'f (0)

4Kcpm 40 I ~)

400 cpm Lf()(CJ)

40 cpm l1' (0)

REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING*
Beta/Gamma Channel
Digital Readout 400K cpm ~ / A- ~() I ~, Lo)

4QK cpm ~ 00 5Ct")

4K cpm l-{OIt,'L:;- ~""'TT

, 400cpm YO (0)

40 cRm L-f ~)

'Uncertalnty within:!: 10% C.F. within:!: 20%

Ludlum Measurements. Inc. certifies that the above Instrument has been calibrated by standards traceable to the National Institute of Standards and Technology, or to the collbratlon faclllt1es of
other Internat1onal Standards Organization members, or hove been derived from accepted values of natural physical constants or hove been derived by the rat1o type of callbrat1on techniques.

The callbrat1on system conforms to the requirements of ANSI/NCSL Z540-1-1994 and ANSI N323-1978. State of Texas Calibration LIcense No. LO-1963

Reference Instruments and/or Sources:

cs-'3jGammaS/N 01162 OGl12 OM565 05105 OT1008 OT879 OE552 OE551 0720 0734 01616 0 Neutron Am-241 BeS/NT-304

[!] AlphaS/N ~O.20-()3 r!J BetaS/N A1;t3"-t~17 ~,'J.'(;-'iD'1, T~.1f AJs-E\l 0 Other

r!f m 500 SIN Oscliloscope SIN r!f Multlmeter SIN 80040300

Calibrated By: Date :2:l" Jv It -(;J4,.

Reviewed By: 3--

This cert1ficate shall except In full, without the written approval of Ludlum Measurements. Inc t) and Continuity Test

FORM C25 11/26/2003

-"



e LUDLUM MEASUREMENTS, INC.
.\II Designer and ~anufacturer POST OFFICE BOX 810 PH. 325-235-5494
~ Scientific and Industrial 501 OAK STREET FAX NO. 325-235-4672

Instruments SWEElWATER, TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector 43-10-1 Serial No. P R 111 3.2. 2 Order #. 219320/283295

Customer CABRERA SERVICES Alpha Input Sensitivity 1 7 -5 mV

Counter 2929 Serial No. t f# ~ B 2. I Beta Input Sensitivity ~ mV

Count Time 1 Minute Beta Window ~ () mV

Other Distance Source to Detector IV'~ ¥

Isotope ~ i .fI '3 Isotope!1 t Y .~ 0 Isotope T ~ -Cf q
High Background Size 2.., J ~ 180,}p", Size (, I , q,j...5 clp'" Size 2.. 2 ,(,(IWftt\

Voltage Alpha Beta Alpha Beta AI h Beta Alpha Beta

7

-")'

C('-.5

D Gas Proportional detector count rate decreased S 10% after 15 hour static test using 39" cable.

D Gas proportional detector count rate decreased S 10% after 5 hour static test using 39" coble and alpha/beta counter.

Signature 111~ j~~~~ = Date 22-Ju¥ -tJ~

FORM C4B 04/~/2003 .Serving The Nuclear Industry Since 1962 .



Iii) LUDLUM MEASUREMENTS, INC.
1\18 Designer and ~anufacturer POST OFFICE BOX 810 PH. 325-235-5494

~ Scientific and Industrial 501 OAK STREET FAX NO. 325-235-4672
Instruments SWEETWATER, TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector 43-10-1 Serial No. PR 1113.2 2 Order #. 219320/283295

Customer CABRERA SERVICES Alpha Input Sensitivity , 1 5 mV

Counter 2929 Serial No. '~3 8 1. 1 Beta Input Sensitivity 11 mV

Count Time 1 Minute Beta Window ~ 0 mV

Other , Distance Source to Detector T yO\. ¥

Isotope In -23g Isotope Isotope
High Background Size \.S J 30 d ptCo\ Size Size

Voltage Alpha Beta Alpha Beta Alpha Beta

-7

D Gas Proportional detector count rate decreased S 10% otter 15 hour static test using 39" cable.

D Gas proportional detector count rate decreased ~ 10% after 5 hour static test using 39" cable and alpha/beta counter.

Signature '.h1d--,/1.1JL~~~,,:: ==== Date 12 -JC;{Y -() Lf

FORM C4B 04/09/2003 .Serving The Nuclear Industry Since 7962 .





[ii) LUDLUM MEASUREMENTS, INC.
IVI Designer and Manufacturer POST OFFICE BOX 810 PH,325-235-5494

L:: S ' t'
ti odf I d t ' I 501 OAK STREET FAX NO, 325-235-4672

clen I can n us na
Instruments SWEETWATER, TEXAS 79556, U,S,A,

,

, Bench Test Data For Detector

Detector 43-10-1 Serial No. PR 2. 0' I II- ~ Order #." 208017
,

Customer CABRERA SERVICES,:..," Alpha Input Sensitivity "., , I ~ mV

,c

Counter 2929 Serial NO. I g" 8 3 0", Beta Input Sensitivity "':...:, LJ mV

Count T"lme 1 Minute B t W" d ' ~"O Vc""'!:"",,;, "':' e a In ow .;;J v m
"c:':cc': :::' , "

Other".. .:;,;: cc: \.. Distance Source to Detector T" ~ A ,,/
..-, :".'::..'...,

Isotope c. .4 Isotope P II. "J..3tt Isotope i L qq

High Background Size 1-S'.$.i. ~ e.p~ Size ,~ I ~ & b tp ~ Size I ~ 1 3 00 ~'IC\

Voltage Alpha Beta Alpha Beta Alpha Beta Alpha Beta

0

0

:0 Gas Proportional detector count rate decreased ~ 10% after 15 hour static test using 39" cable"

0 Gas proportional detector count rate decreased ~ 10% after 5 hour static test using 39" cable and alpha/beta counter,

Signature Date 1.5~.tJ-t.c. ~ 0.3

FORM C4B 04/09/2003
.Serving The Nuclear Industry Since 1962 .

-



~ Designer and ~anufacturer LUDLUM MEASUREMENTS, INC.

IVI Scientific and Industrial

CER7ilFICAT E OF CALlaR ' A TION POST OFFICE BOX 810 PH. 915-235-5494
L:: Instruments II r\ II 501 OAK STREET FAX NO. 915-235-4672

SWEETWATER, TEXAS 79556, U.S.A.

CUSTOMER CABRERA SERVICES ORDER NO. 215984/281641

Mfg. Ludlum Measurements. Inc. Model 3 Serial No. I 3 ~ " , t.

Mfg. Ludlum Measurements. Inc. Model!, 44-9 Serial No. p~ 1 ¥ S".z ;Z~

Cal. Date 13-Ma~-04 Cal Due Date 13-Ma~-05 Cal.lnterval 1 Year Meterface 202-002

Check mark [:If applies to applicable Instr. andlor detector lAW mfg. spec. T. 76 of RH 52 % Alt 694.8 mm Hg

0 New Instrument Instrument Received rYf'withln Toler. +-10% 010-20% 0 Out of Tol. 0 Requiring Repair 0 Other-See comments

~ Mechanical ck. ~ Meter Zeroed 0 Background Subtract 0 Input Sens. linearity

~ FIS Resp. ck ~ Reset ck. 0 Window Operation ~ Geotropism

~ Audio ck. 0 Alarm Setting ck. ~ Batt. ck. (Min. Volt) 2.2 VDC

fitJ Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.
3 Q ~ Q Threshold mV

Instrument Volt Set 900 V Input Sens. ...) 0 mV Det. Oper. 900 V at J Q mV Dial Ratio =

0 HV Readout (2 points) Ref./lnst.~ I V Ref./lnst.1 V

COMMENTS:

-~Ii br4-toeJ l.c.,$iIlJ /P' co-b(e,

Gamma Calibration: GM detectors ndicular to source exce t for M 44.9 in which the front of robe faces source,

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

X 100 400kcQm ~~ '/1<

X 100 100kcQm ~t, I"

=~f==~ ~;~~; : ~ t.. ~ t
X 1 1 kcQm I K II<.

X 0.1 400com ~ ~ ~ /(

X 0.1 100cQm \ I k II(..

..

'Uncertainty within % 1 ~ C.F. within % ~ ALL Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING'

Digital log
Readout Scale

,

Ludlum Measurements. Inc, certifies that the above Instrument has been calibrated by standards traceable ta the National Institute af Standards and Technology. or ta the calibration facilities af
ather International Standards Organization members. or have been derived from accepted values of natural physical constants or have been derived by the ratio type of calibration techniques,
The calibration system conforms to the requirements of ANSI/NCSLZ540-1-1994 and ANSI N323-1978 State of Texas Calibration Ucense No. LO-1963

Reference Instruments and/or Sources:
Cs-137 Gamma SIN 01162 ~G112 0 M565 05105 0 Tl008 OT879 DE552 ~E551 0 Neutron Am-241 BeS/NT-304

0 Alpha SIN 0 Beta SIN 0 Other

[;}; m 500 S/NI~~~i;~~; 0&0"'=: 5/N=====4 0 Oscilloscope SIN [;}; Multlmeter ,SIN 84260 131

Calibrated By: Date /3 'IYI~' O~

Reviewed By: ~ ~l£t.j ~ P' Date 13 )7'1A 'r' 0'1

This certificate shall nat be reproduced except In full. without the written approval of Ludlum Measurennents. Inc. AC Inst. 0 Passed Dielectric (H1-Pot) and ContInuIty Test
FORM C22A 10/31/2001 Only 0 Failed:



~~.. Designer and Manufacturer LUDLUM MEASUREMENTS, INC.
.1 of POST OFFICE BOX 810 PH. 915-235-5494

Scientific and Industrial 501 OAK STREET FAX NO. 915-235-4672

Instruments SWEETWATER, TEXAS 79556. U.S.A.

CONVERSION CHART

Customer CABRERA SERVICES Date 13-May-Q4 Order #. 215984/281641

Model 3 Serial No,- 1 35" to, L, Detector Model 44-9 Serial No. f~ J4s--,.,.t

Source Cs-137 194.6 mCI Cs-137 20 mCI High Voltage 900 V

Input Sensitivity 'S t mV

"As Found" Readings (CPM): After Adjustment Readings (CPM):

Reference Point Meter Reading Range/Scale Meter Reading Range/Scale

150mR/hr 3.7/L X 100 3.7 X (00

50 mR/hr ,. r:;l)"~ 100 } ~ ,I;:/C }{ (00

-15 mR/hr tf, 7"- X 10 Lf. 7 ~ X I C>

5 mR/hr 5" K. )C , D 1,75".K.. X , 0

1.5 mR/hr Lf .15 X , L/. 7 ~ J!- )( 1

1.0mR/hr 3, 'Z IL )( , 3,2 K X ,

,

Signature: -Li """- ~ 1.J11, Date I 3. ""A:~. 0 ~

FORM C17-1A OS/20/98I' .Serving The Nuclear Industry Since 1962 .
.-



(iJ Designer and ~anufacturer LUDLUM MEASUREMENTS, INC. 1\18 Scientific and Industrial

CER T 1FIC "' 7iE OF CALlaR '" T ION POST OFFICE BOX 810 PH. 325-235-5494

L:: Instruments , I r\ r\, I 501 OAK STREET FAX NO. 325-235-4672

SWEElWATER, TEXAS 79556, U.S.A.

CUSTOMER CABRERA SERVICES ORDER NO. 219320/283295

Mfg. Ludlum Measurements. Inc. Model 2221 Serial No. tQO 1.0$

Mfg. Blcron Model '," G1 Serial No. Co &of 3 to E.-

Cal. Date 23-Jul-Q4 Cal Due Date 23-Jul-05 Cal.lnterval 1 Year Meterface 202-159

Check mark ~ applies to applicable Instr. andlor detector lAW mfg. spec. T. 73 of RH 50 % Alt 699.8 mm Hg

0 Newlnstrument Instrument Received ~nToler.+-10% 010-20% 0 Out of Tol. 0 Requiring Repair OOther-Seecomments

~ Mechanical ck. ~ Meter Zeroed 0 Background Subtract ~ Input Sens. LInearity

~ FIS Resp. ck ~ Reset ck. ~ Window Operation ~ Geotropism

~ Audio ck. 0 Alarm Setting ck. ~ Batt. ck. (Min. Volt) 4.4 VDC

~brated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated in accordance with LMI SOP 14.9 rev 02/07/97.

Threshold mV

InstrumentVoltSetCommc~V InputSens. lOmV Det.Oper.t'~8fJ~v at 1()mV DlalRatlo =

~ HV Readout (2 points) Ref./lnst. 500 I 4 ~ 6 V Ref./lnst. 2000 I 1 cr q 0 V

COMMENTS:

C Lt 't 3 f:: 6l. ~ Lot '&~ £ ; 8ot:>v

FlrmW'Are;: 2.(g 10 27
Cat, bra-ted W,fk 1::t f&>t Ca.hl~.

Gamma Calibration: GM detectors sltloned er ndlcular to source exce t for M 44-9 in which the front of robe faces source.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

X 1 K 400 Kcpm "'00 Lf(K,)

X 1 K 100 Kcpm 100 I ()()

X 100 40 Kcpm '100 't/)D

X 100 10 Kcpm 100 /PD

X 10 4 Kcpm ~(X) ~DO

X 10 1 Kcpm 'CO 'O~

X 1 400 cpm "I1JtJ I.Ib~

Xl 100 cpm lbb I b()

'Uncertainty wtthin:t 1~ C.F. wlthln:t ~ ..4/1 Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT

CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING'

Digital Log LI ~ /"\ k
Readout 400 Kcpm L.faO8~(o) 'fOO8(.(p) Scale 500 Kcpm ,tJL..fI' '1661'{.

40 Kcpm C-(008(o) 'Ioo8lt» 50 Kcpm 60 ~ ~tt
4 Kcpm &..fOO(.O) IfOO(P) 5 Kcpm Sf.( 6 k

400 cpm "toto} '10(.0) 500 cpm l.5QO ~

40 cpm 'of (0) &1(,(;) 50 cpm 6j ~5

Ludlum Measurements. Inc. certifies that the above Instrument has been calibrated by standards traceable ta the National Institute of Standards and Technology. or to the calibration facilities of
other Intematlonal Standards Organization members. or have been derIved from accepted values of natural physical constants or have been derIved by the ratio type of calibration techniques
The calibration system conforms to the requirements of ANSI/NCSL Z540-1-1994 and ANSI N323-1978 State of Texas Callbratian LIcense No. LO-1963

Reference Instruments and/or Sources:
Cs-137GammaS/N 01162 OGl12 OM565 05105 OT1008 OT879 OE552 OE551 0720 0734 01616 0 Neutron Am-241 BeS/NT-304

0 AlphaSIN 0 BetaS/N ~ther Am-2..~l ~ ().71ud;

~ m 500 SIN Oscilloscope SIN ~ Multimeter SIN 80040300

Calibrated By: Date "-3- Jc)l~ -c>~\; ,

Reviewed By: Date ;13- U -lJi

This certificate shall n d except In full. without the written approval of Ludlum Measurements. Inc. AC Inst. 0 Passed Dlelectl1c (HI-Pot) and Continul1y Test

FORM C22A 11/26/2003 Only 0 Failed:



~ LUDLUM MEASUREMENTS. INC.
1\18 Designer and ~anufacturer POST OFFICE BOX 810 PH. 325-235-5494

I.:: Scientific and Industrial 501 OAK STREET FAX NO. 325-235-4672
Instruments SWEETWATER. TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector G 1 Serial No. C 4 Lf '6 £

Customer CABRERA SERVICES Order #. 219320/283295

Counter 22~1 Serial No. 1 ~ () 2..tJ .S Counter Input Sensitivity I 0 mV

Count Time {p 6ec Distance Source to Detector 6()r~c.~

Other

High Isotope Am -2. 41 Isotope Isotope Isotope
Voltage Background Size ~(). 17uc,' Size Size Size

Signature 21i~ lA'~ 1.1dLd- 4-- Date ~~ "'JtJ{¥ -()';t

FORM C4A 04/09/2003 .Serving The Nuclear Industry Since 7962 .



(i) LUDLUM MEASUREMENTS, INC.
1\18 Designer and ~anufacturer POST OFFICE BOX 810 PH. 325-235-5494

~ Scientific and Industrial 501 OAK STREET FAX NO. 325-235-4672

Instruments SWEETWATER, TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector G1 Serial No. Co 4'3 toE

Customer CABRERA SERVICES Order #. 219320/283295

Counter 2221 Serial No.1 q 0 1..tJ S Counter Input Sensitivi1y I 0 mV

Count Time (p 5 ec. Distance Source to Detector I.. ~(J rf ~r tP

Other

High Isotope ~_~.2~( Isotope Isotope Isotope
Voltage Background Size ~ ~o. 7'(lt, Size Size Size

Signature niuLd ddl~ -Date 23-Jul¥-O'f

FORM C4A 04/09/2003

.Serving The Nuclear Industry Since 7962 .



[iJ Designer and ~anufacturer LUDLUM MEASUREMENTS, INC. ~ Scientific a~d Industrial CERTIFICA TE OF CAL/BRA TION POST OFFICE BOX 810 PH. 325-235-5494

Instruments 501 OAK STREET FAX NO. 325-235-4672

SWEETWATER, TEXAS 79556, U.S.A.

CUSTOMER CABRERA SERVICES ORDER NO. 219012/283117

Mfg. Ludlum Measurements. Inc. Model 3 Serial No. ~~.3

Mfg. Ludlum Measurements. Inc. Model 44-9 Serial No. PI. ()8~Z81-

Cal. Date 12-Jul-Q4 Cal Due Date 12-Jul-05 Cal. Interval 1 Year Meterface 202-560

Check mark ~ applies to applicable Instr. andlor detector lAW mfg. spec. T. 73 of RH 50 % Alt 697.8 mm Hg

0 New Instrument Instrument Received 0 Within Toler. +-10% r£10-2O% 0 Out of Tol. 0 Requiring Repair 0 Other-See comments

~ Mechanical ck. ~ Meter Zeroed 0 Background Subtract 0 Input Sens. LInearity

~ F/S Resp. ck ~ Reset ck. 0 Window Operation ~ Geotropism

~ Audio ck. 0 Alarm Setting ck. ~ Batt. ck. (Min. Volt) 2.2 VDC

0 Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. ~ Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.
Q --Threshold mV

Instrument Volt Set t u u V Input Sens. .l Z mV Det. Oper. 'I D I) V at 2 7 mV Dial Ratio =

0 HV Readout (2 points) Ref./lnst.1 V Ref./lnst.1 V

COMMENTS:
4 pi efficiency for Tc99 when placed on face of 44-9 detector ~ 23"
Tc99 SIN fJ 3S/,3
Background ~ .$ 0 cop-
Tc99 Source Count ~ EJ.5 00 C f "'"'

Tc99 Source Activity ~ I~ 300 Cop""

Gamma Calibration: GM detectors dicular to source exce t for M 44-9 in which the front of robe faces source.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING.

X 100 150 mR/hr , I. If I. ~

X 100 50 mR/hr Q. ~ 0.5

X 10 15 mR/hr J -1/ J ..1

X10 5mR/hr 0.6 O.~~

X 1 1.~ ~f}!~~~ lilt"/) ~/D "'" J. .3.5 1- -,

X 1 1 .0 mR/hr' a .q I ."

XO.1 ~lf' cQm L.~ J.~

XO.1 J~9 cpm D._~ n.~..

'.'

'Uncertaintywithln:l: 1~ C.F. within:l:2O% X 0.1 Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT

CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING"

Digital Log
Readout Scale

! ,

Ludlum Measurements. Inc. certifies that the above Instrument has been calibrated by standards traceable to the National Institute of Standards and Technology. or to the calibration facilities of
other International Standards Organ~atlon members. or hove been derived from accepted values of natural physical constants or have been derived by the ratio type of calibration techniques.

The calibration system conforms to the requirements of ANSI/NCSLZ540-1-1994 and ANSI N323-1978 State of Texas Calibration LIcense No. LO-1963

Reference Instrum,"fs and/or Sources:
Cs-137GammaS/N [!]1162 OG112 OM565 05100 OT1~ OT879 ~552 0E551 0720 0734 01616 0 Neutron Am-241 BeS/NT-304

f'
'" 0 Alpha SIN 0 Beta SIN 0 Other

" [;f m 500 SIN 189506 0 Oscilloscope SIN [;f Multimeter SIN 57390613"

Calibrated By: :_l\~ ~ ~(~e.~J' Date' .

Reviewed By: ()~ ~11~ J Date 'Z,:j~,~ 0"'\

This certificate shall not be reproduced except In full. without the written approval of Ludlum Measurements. Inc. AC Inst. 0 Passed Dielectric (Hl-Pot) ond Continuity Test
FORM C22A 11/26/mJ Only 0 Falied: ,.

L'



~ Designer and i:tanufacturer LUDLUM MEASUREMENTS, INC. 1\18 Scientific and Industrial

C ERTIFI C A TE OF CALlaR ' A T ION POST OFFICE BOX 810' PH. 325-235-5494

~ Instruments , I r\, I 501 OAK STREET FAX NO. 325-235-4672

SWEETWATER, TEXAS 79556, U.S.A.

CUSTOMER CABRERA SERVICES ORDER NO. 213034/280188
,.. if Mfg. Ludlum Measurements. Inc. Model 2224-1 , Serial No.

Iplo~ L.z. i~~ ~... ~
Mfg. Ludlum Measurements. Inc. Model 43-93 Serial No. '7 0 ~

Cal. Date 29-Mar-Q4 Cal Due Date 29-Mar-05 Cal. Interval 1 Year Meterlace 202-848

Check mark f?f applies to applicable Instr. and/or detector lAW mfg. spec. T. 71°F RH 20 % Alt Zll.8 mm Hg

0 New Instrument Instrument Received riwlthln Toler. +-10% 010-20% 0 Out of Tol. 0 Requiring Repair 0 Other-See comments

~ Mechanical ck. ~ Meter Zeroed 0 Background Subtract 0 Input Sens. LInearity

0 F/S Resp. ck ~ Reset ck. ~ WIndow Operation ~ Geotropism

~ Audio ck. 0 Alarm Setting ck. ~ Batt. ck. (Min. Volt) 2.2 VDC

~ Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordanc~ with LMI SOP 14.9 rev 02/07/97.

1 (::- 0 A -L -"7 r-i"'IO L Threshold mV

Instrument Volt Set \1 V Input Sens. to -.., {;j mV Det. Oper. f a v V at ~ ~~ mV. Dial Ratio =

~ HV Readout (2 points) Ref./lnst. 500 / 5" 00 V Ref./lnst. 1000 / I O(): 0 V

COMMENTS:
Alpha threshold = 120 mV
Beta threshold = 3.5 mV
Beta window = 30 mV
Firmware: 390094
BV set with detector not connected.
OL set to simulated light leak.
Cal'd with 6 foot cable.

Gamma Calibration: GM detectors dicular to source exce t for M 44-9 in which the front of robe faces source.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

xl 000 800KcQm 800. S 00

xlOOO.~ 200KcQm ,,"00 '-co

xlOO 80KcQm ~oo goo

xlOO 20KcQm ~~ go "-.on
;

xlO..'; 8KcQm ~oo .goo

xlO 2KcQm ;2.00 ~O

xl~ 800cQm ~OtO ~OO

xl 200cQm ~O ~Olt)

.
'Uncertainty wlthln:l: 1~ C.F. wlthln:l: ~ ALL Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING'

Digital - ~~~¥-" n Log .
Readout 800KcQm 003 ~I (006"1,8 Scale !P'!

80KcQm gooS'""g ioo~~

8KcQm foo'"1 io07

800cQm goo too

80cQm io gO

Ludlum Measurements. Inc. certifies that the above Instrument has been calibrated by standards traceable to the National Institute of Standards and Technology. or to the calibration facilities of
other International Standards Organization members. or have been derived from accepted values of natural physical constants or have been derived by the ratio type of calibration techniques.
The calibration system conforms to the requirements of ANSI/NCSLZ540-1-1994 and ANSI N323-1978 State of Texas Calibration LIcense No. LO-1963

Reference Instruments and/or Sources:
Cs-137GammaS/N 01162 OG112 OM565 05105 OT100s OT879 OE552 OE551 0720 0734 01616 0 Neutron Am-241 Be S/N T-304

~ AlphaS/N P'l~~.~1~~Ol .~ BetaS/NTa.~qq-tJI-£\J,S:(V-qo-qO(' 0 Other .

~ m 500 SIN 132899 0 Oscilloscope SIN ~ Multlmeter SIN 82080087

Calibrated By: q- C sl ~(j.s +00 "'" Date 1. q MQ(' () 'f. .

Reviewed By: ~._~ ~~ Date ~- IY\J"-D~

This certificate shall not be reproduced except In full. without the wrttten approval of Ludlum Measurements. Inc. AC Inst. 0 Passed Dielectric (H1-Pot) and Continuity Test
FORMC22A 11/26/2003 Only 0 Foiled:

~



~ LUDLUM MEASUREMENTS, INC.
IVI Designer and ~anufacturer POST OFFICE BOX 810 PH. 325-235-5494

~ Scientific and Industrial SOl OAK STREET FAX NO. 325-235-4672
Instruments SWEETWATER, TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector 43-93 Serial No. e R i ~ 2. 'f 0.3 Order #. 213034/280188

Customer CABRERA SERVICES Alpha Input Sensitivity I ? 0 mV

Counter 2224-1 Serial No. t la 2 ~ s--' Beta Input Sensitivity ~. S- mV

Count Time 1 Minute Beta Window :3 0 mV

Other Distance Source to Detector Su.r~ e.

Isotope P'<., 1'3't Isotope ~.:~~ Isotope SI"" -q 0
High Background Size l7.loooC'~,... Size I~too~fl"" Size "'+3~lq(1f~
Voltage Alpha Beta Alpha Beta Alpha Beta Alpha Beta

-'>

0 Gas Proportional detector count rate decreased S 10% after 15 hour static test using 39" cable.

0 Gas proportional detector count rate decreased S 10% after 5 hour static test using 39" cable and alpha/beta counter.

(fj
Signature J 0 ~ L B o( fa h Date 7- ~ r1 'tr 0 ~

FORM C4B 04/09/2003
.Serving The Nuclear Industry Since 7962 .



(i] Designer and ~anufacturer LUDLUM MEASUREMENTS, INC.

IVI Scientific and Industrial

CER7ilFICA~E OF CALIBR 'A T1ON POST OFFICE BOX 810 PH. 325-235-5494
L:: Instruments r\ II 501 OAK STREET FAX NO. 325-235-4672

SWEETWATER, TE~S 79556, U.S.A.
,.

CUSTOMER CABRERA SERVICES ORDER Nd. 210602/279002

Mfg. Ludlum Measurements, Inc. Model 3 .Serial No. ') '55 ~

Mfg. 'Ludlum Measurements. Inc. Model 44-9 ; Serial No. PB (t) of .5 ~ q (

Cal. Date 11-Feb-04 Cal Due Date 11-Feb-05 Cal.lnterval 1 Year Meterface 202-002

Check mark r:?f applies to applicable Instr. andlor detector lAW mfg. spec. T. 74 of RH 20 % Alt 704.8 mm Hg

0 New Instrument Instrument Received ifwlthln Toler. +-10% 010-20% 0 Out of Tol. 0 Requiring Repair 0 Other-See comments

~ Mechanical ck. ~ Meter Zeroed 0 Background Subtract ~ Input Sens. LInearity

~ FIS Resp. ck ~ Reset ck. 0 Window Operation ~ Geotropism

~ Audio ck. 0 Alarm Setting ck. ~ ~ott. ck. (Min. Volt) 2.2 VDC

~allbrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.
? ? p Threshold mV

Instrument Volt Set 900 V Input Sens. ~ mV Det. Oper. 900 V at "",:2 mV Dial Ratio =

0 HV Readout (2 points) Ref./lnst. I V Ref./lnst. I V

COMMENTS: Cc.)'J. 115'11\~ (,' C o.~

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

X 100 400kcQm 4ft 'II<.,

X 100 100kcQm Ik IJ<.

X 10 40kcQm 'It: tI«

X 10 10kcQm 1M. '"

X 1 4kcQm.1. ~ It q(

X 1 1 kcQm 0 .~J( Jk:-

X 0.1 400cQm ~.I k «I(

X 0.1 l00cQm I JC IX'
",,..,

'Uncertalnty wlthln:t 1~ C.F. wlthln:t ~ ALL Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING'

Digital Log
Readout Scale

: ,,"'

:
Ludlum Measurements. Inc. certifies that the above Instrument has been calibrated by standards traceable ta the Notional Institute of Standards and Technology. or to the calibration facilities of
other International Standards Organization members. or hove been derived from accepted values of natural physical constants or hove been derived by the ratio type of calibration techniques.
The calibration system conforms to the requirements of ANSI/NCSLZ540-1.1994 and ANSI N323-1978 State of Texas Calibration LIcense No. LO-1963

Reference Instruments and/or Sources:
Cs.137GammaS/N r;l:1162 D G112 0 M565 05105 OT1008 OT879 [;zrE552 OE551 0720 0734 01616 0 Neutron Am-241 BeS/NT-304

0 Alpha SIN 0 Beta SIN 0 Other

r;I: m 500 SIN 189509 0 Oscilloscope SIN r;I: Multlmeter SIN 80820360

Calibrated By: -~~~~~~~ f~fA -Date 1/- ~otJr-o y

Reviewed By: ~)1e~ Date jlr£dOlt

This certificate shall not be reproduced except In full. without the written approval of Ludlum Measurements. Inc. AC fnst. 0 Passed Dielectric (HI-Pot) and Continuity Test
FORM C22A 11/26/2003 Only 0 Failed:

.



~~.. Designer and Manufacturer LUDLUM MEASUREMENTS, INC.
.1 of POST OFFICE BOX 810 PH. 325-235-5494

Scientific and Industrial 501 OAK STREET FAX NO. 325-235-4672
Instruments SWEE1WATER, TEXAS 79556, U.S.A.

CONVERSION CHART

Customer CABRERA SERVICES Date 11-Feb-04 Order #. 210602/279002

Model 3 Serial No. ~ 'Is'S do Detector Model 44-9 Serial No. (J~ Ogs,lil

Source Cs-137 150 mCi Cs-13721 mCI High Voltage 900 V

Input Sensitivity 'J'R mV

"As Found" Readings (CPM): After Adjustment Readings (CPM):

Reference Point Meter Reading Range/Scale Meter Reading Range/Scale

150 mR/hr ()

50 mR/hr O.~ J( .((00 0

15 mR/hr ~ /...l C/k

5 mR/hr ~ t(O I. t8 Jc ..r I

1 .5 mR/hr 3. ( ( l. sit ...t

1.0 mR/hr c?~ 7..2

Signature: ~ r "'~,~- Date .11- -a\ofJr. -0'1

FORM C17-1A 04/09/2003 .Serving The Nuclear Industry Since 7962 .







~ Designer and ~anufacturer LUDLUM MEASUREMENTS, INC. 1\18 Scientific and Industrial

CER7ilFICA~E OF CALIBR 'A T ION POST OFFICE BOX 810 PH. 325-235-5494

~ Instruments r\ t I 501 OAK STREET FAX NO. 325-235-4672

SWEElWATER, TEXAS 79556, U.S.A.

CUSTOMER CABRERA SERVICES ORDER NO. 219320/283295

Mfg. Ludlum Measurements. Inc. Model 2221 Serial No. lfo.3~ 73

Mfg. Ludlum Measurements. Inc. Model ..c 44-10 Serial No. P ~ ,~~ 2. &ticS; "

Cal. Date 23-Jul-04 Cal Due Date 23-Jul-05 Cal.lnterval 1 Year Meterface 202-159

Check mark ~ applies to applicable Instr. andlor detector lAW mfg. spec. T. 73 OF RH 50 % Alt 699.8 mm Hg

0 Newlnstrument Instrument Received ~lnToler.+-10% 010-20% 0 Out of Tol. 0 Requiring Repair OOther-Seecomments

r:lI Mechanical ck. r:lI Meter Zeroed 0 Background Subtract r:lI Input Sens. LInearity

r:lI FIS Resp. ck r:lI Reset ck. r:lI Window Operation r:lI Geotropism

r:lI Audio ck. 0 Alarm Setting ck. r:lI Batt. ck. (Min. Volt) 4.4 VDC

~d~ated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated in accordance with LMI SOP 14.9 rev 02/07/97.

,. ---A. ,,-, Threshold mV
InstrumentVoltSetc..oM"'C'flQV InputSens.CoWl~~~V Det.Oper.4"'~4It~v atCcm~mV DialRatlo It>o = IC> ~ HV Readout (2 points) Ref./lnst. 500 I to( ~ 7 V Ref./lnst. 2000 I I qq , V

COMMENTS:
Peak settings Gross Counts Model 2221 currently set

High Voltage: 733" 10001/ for 6-vo.s S c.ou~"~
Threshold dial: 642 100 (10mv) High voltage set with detector

Window dial: 40 n/a connected.
Window Position: "IN" "OUT"

Resolution for Cs137: ., 10.'1 % n/a Firmware: 1(, to 27
C41, br4+ed Wit", .ste-t e~bt~

Gamma Calibration: GM detectors itioned er ndicular to source exce t for M 44-9 in which the front of robe faces source.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

Xl K 400 KcQm &.fOt) 1.1 00

Xl K 100 KcQm jOC) 101:)

X 100 40 KcQm ItO/) 'to()

X 100 10 KcQm ItJ() '06

X 10 4 KcQm "0() £tfJO

X 10 1 KcQm 100 I~

X 1 400 cQm 4"(J LlUJ

Xl 100 cQm 100 , "I)

'Uncertainty wlthln:t 10% C.F. wlthln:t 20% Q U: Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING'

Digital Log .~/'\/') '-

00Readout 400 KcQm ~()IJ7 (,p) 4013'7(0) Scale 500 KcQm aDo t(: ; VVV'\

40 KcQm toto 11lo) L.{bll[o) 50 KcQm 00 K \.~~ k

4 KcQm ~ 01 (0) LfDI(P) 5 KcQm 0 k ..5 tc

400 cQm Yo (P) '-toft» 500 cQm MO \SOD

40 cQm '-(I_D) 4(.9) 50 cQm ~60 \!;O

Ludlum Measurements. Inc. certifies that the above Instrument has been calibrated by standards traceable ta the National Institute of Standards and Technalogy. or to the calibration facllll1es of
other Intematlonal Standards Organization members. or have been derived from accepted values of natural phySicol constants or have been derived by the ra110 type of calibration techniques.
The calibration system conforms to the requirements of ANSI/NCSL Z540-1-1994 and ANSI N323-1978 State of Texas Calibration Ucense No. LO-1963

Reference Instruments and/or Sources:
Cs-137GammaS/N 01162 OG112 OM565 05105 OT1008 OT879 OE552 OE551 0720 0734 01616 0 Neutron Am-241 BeS/NT-304

0 AlphaS/N ~ 0 BetaS/N ~ther AM -24 '~(.), 77l.c~..

r:J m 500 SIN SIN r:J Multlmeter SIN 80040300

Calibrated By: Date -:2 3 -~C.I(¥ :: 04

Reviewed By:

This certificate shall nat be reprodu dlum Measurements. Inc. AC Inst. 0 Passed D electric (Hl-Pot) and Continuity Test
FORM C22A 11/26/2003 Only 0 Failed:

,



(ii) LUDLUM MEASUREMENTS, INC.
M Designer and ~anUfacturer POST OFFICE BOX 810 PH. 325-235-5494

Scientific and Industrial 501 OAK STREET FAX NO. 325-235-4672
Instruments SWEETWATER, TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector 44-10 Serial No. PR 1(,(, .2. ~.5

Customer CABRERA SERVICES Order #. 219320/283295
--~TT

Counter 2221 Serial No. Aq.!~-~3.t{, 3(,73 Counter Input Sensitivity IDmV

Count Time fa Sec- Distance Source to Detector ..su r+ ~ ~~

Other

High Isotope ~ t)( -2. it I Isotope Isotope Isotope
Voltage Background Size ~b. 17LA~ Size Size Size

-:>

t1.50 q 2.(., ll( ~l(,

Signature 211 Aol'it \1 4lmA--- Date;2 J ~v I ¥ ..~ 4-

FORM C4A 04/00/2003
.Serving The Nuclear Industry Since 7962 .











































e Designer and Manufacturer LUDLUM MEASUREMENTS, INC. ~ of POST OFFICE BOX 810 PH. 325-235-5494

~ Scientific and Industrial CERTIFICA TE OF CAL/BRA TION 501 OAK STREET FAX NO 325-235-4672
Instruments .

SWEE1WATER, TEXAS 79556, U.S.A.

CUSTOMER CABRERA SERVICES ORDER NO. 219320/283295

Mfg. Blcron, Model MICRO REM Serial No. c'B5"l F -

Mfg. Model Serial No..

Cal. Date 23-Jul-04 Cal Due Date 23-Jul-05 Cal. Interval 1 Year Meterface o-200ureml

Check mark E?f applies to applicable Instr. and/or deJ9ctor lAW mfg. spec. T. 75 of RH 50 % Alt 702.8 mm Hg

0 New Instrument Instrument Received ~Ithln Toler. +-10% 010-20% 0 Out of Tol. 0 Requiring Repair 0 Other-See comments

r;z; Mechanical ck. r;z; Meter Zeroed 0 Background Subtract 0 Input Sens. LInearity

0 F/S Resp. ck r;z; Reset ck. 0 Window Operation 0 Geotropism

1f~ Audio ck. 0 Alarm Setting ck. r;z; ~. (Min. Volt) VDC" 
0 Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. ~allbrated in accordance with LMI SOP 14.9 rev 02/07/97.

Threshold mV
Instrument Volt Set V Input Sens. mV Det. Oper. V at mV Dial Ratio =

D HV Readout (2 points) Ref./lnst. / V Ref./lnst. / V

COMMENTS:

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

x 1000 150 mR/hr ISO lo-D
x 1000 50 mR/hr .50 .,s-tJ
x 100 15 mR/hr I L~O I ~-O
x 100 5 mR/hr J'LJ J'()
x 10 1500uR/hr 1,_<0 ISO
x 10 500 uR/hr ~ Jc>
xl 150uR/hr 16C1 I~ ,
xl 100uR/hr IO~ IPC>,
xO.1 15uR/hr I ~-O loCi
xO.1

.Uncertainly withln:t laK. C.F. wlthln:t 2OK, Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING" CAL. POINT RECEIVED METER READING"

Digital Log
Readout Scale

,

Ludlum Measurements. Inc. certifies that the above Instrument has been calibrated by standards traceable to the National Institute of Standards and Technology. or to the calibration facilities of
other Intemotlonol Standards Organ~atlon members, or have been derived from accepted values of natural physical constants or have been derived by the ratio type of calibration techniques.
The calibration system conforms to the requirements of ANSI/NCSLZ540-1-1994 and ANSI N323-1978 State of Texas Calibration Ucense No. LO-1963

Reference Instruments and/or Sources:
Cs-137GammaS/N 01162 ~G112 ~M56S OSI05 OT1~ OT879 OE552 ~E551 072:> 0734 01616 0 Neutron Am-241 Be S/N T-304

0 Alpha SIN 0 Beta SIN 0 Other )

0 m 500 SIN 0 Oscilloscope S/N.,. 0 Multlmeter SIN

Calibrated By: Date 2. 3 ..~ u '1 ..0 If

Reviewed By: '..? -

This certificate shall n except In full. without the written approval of Ludlum Measurements. Inc. AC Inst. 0 Passed Dielectric (H1-Pot) and Con1lnul1y Test
FORMC22A 11/26/2003 Only 0 Failed:

c



~ RSA Laboratories, Inc.
CERTIFICATE ~ 21 Pendleton Drive, P.O. Box 61
OF CALIBRATION Hebron, Connecticut 06248
(AIR SAMPLER) (860) 228-0721 Fax (860) 228-4402

Customer and Contact: Cabrera Services, Inc., Attn: Larry Pawlm (860) 289-1885
Customer Address: 809 Main Street, East Hartford, CT 06108

Inst. Mfr. F&J Specialty Products Inst. Model LV-l Inst. sin 002591
Reference Inst. F&J Venturi D-812 Inst. sin 2541

Cal. Date 17 June 2004 Due Date 17 June 2005 Cal. Interval 1 year

Barometric Press: Actual 29.38 in. Hg Corrected to: 29.54 in. Hg
Temperature: Actual 68°F Corrected to: 67.1°F
Filters Used: -Particulate DCharcoal/silver zeolite DOther:

Measurement Air Sampler Flow Rate Ref. lost. Flow Rate Percent
(LPM) (LPM) Deviation

1 19.59 19.93 1.71

2 39.17 39.85 1.71

3 48.97 49.82 1.71

4 58.76 58.79 0.04

5 78.35 76.72 -2.12

6

7

8

9

10

11

12

**Average percent deviation across the range = 0.61

This is to certify that RSA Laboratories, Inc. of Hebron, Connecticut, has on this date certified this air sampler to be within
the accuracy specified above. The Reference Flow Device bears Letters of Certification traceable to the National Institute of
Science and Technology. RSA Laboratories, Inc. ill# 8955.

Calibrated by: Kurt D. Newton~::=:!:~::::~=7 ~ /'7=T:::~=S~::~#:::::~ --Date: 17 June 2004

Reviewed by: Jay R. DockendOrff~=~~~~:~~~;:::Z~::~:::~::: :::= Date: 17 June 2004

Page 1 of 2
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~ RSA Laboratories, Inc.
CERTIFICATE ~ 21 Pendleton Drive, P.o. Box 61
OF CALIBRATION Hebron, Connecticut 06248
(AIR SAMPLER) (860) 228-0721 Fax (860) 228-4402

Customer and Contact: Cabrera Services, Inc., Attn: Larry Pawlus (860) 289-1885
Customer Address: 809 Main Street, East Hartford, CT 06108

Inst. Mfr. F&J Specialty Products Inst. Model LV-l Inst. sin 002590
Reference Inst. F&J Venturi D-812 Inst. sin 2541

Cal. Date 17 June 2004 Due Date 17 June 2005 Cal. Interval 1 year

Barometric Press: Actual 29.38 in. Hg Corrected to: 29.53 in. Hg
Temperature: Actual 68°F Corrected to: 66.9OP
Filters Used: BParticulate DCharcoal/silver zeolite DOther:

Measurement Air Sampler Flow Rate Ref. lost. Flow Rate Percent
(LPM) (LPM) Deviation

1 19.59 19.93 1.71

2 39.18 39.86 1.71

3 48.97 48.82 -0.30

4 58.76 56.79 -3.47

5 78.35 73.73 -6.36

6

7

8

9

10

11

12

**Average percent deviation across the range = -1.34

This is to certify that RSA Laboratories, Inc. of Hebron, Connecticut, has on this date certified this air sampler to be within
the accuracy specified above. The Reference Flow Device bears Letters of Certification traceable to the National Institute of
Science and Technology. RSA Laboratories, Inc. ID# 8955.

Calibrated by: KurtD. Newton -~::=~~==~4~'~:==~::~::~~~:::~===:~--- Da 17 June 2004

ReVieWedbY:JaYR.DockendOrff~~~;~~~::~:~ ~~~r~.d~k~/ Date: 17 June 2004

Page 1 of 2
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Naval Station Great Lakes Remediation and Site-Wide  FINAL 
Final Status Survey Work Plan Addendum 

DAAA09-02-D-0024/30 CABRERA SERVICES, INC. Page 1 

1.0 INTRODUCTION 

The United States (U.S.) Army Joint Munitions Command has contracted with Cabrera Services, 
Inc. (CABRERA) to provide this Remediation and Site-Wide Final Status Survey Addendum 
(Addendum) to the Naval Station Great Lakes Remediation and Site-Wide Final Status Survey 
Work Plan (Remediation Work Plan) (CABRERA, 2004a).  The purpose of this Addendum is to 
describe the methodology for the remediation and Final Status Survey (FSS) of soils located 
within the area of concern referred to as the Public Private Venture area at the Naval Station 
Great Lakes in Great Lakes, Illinois. Specifically, remediation and FSS activities will be 
conducted in Public Private Venture areas 3A, 3B, 3C and 3F, shown in Figure 1, as detailed in 
this Addendum. 

CABRERA will perform remedial actions, as necessary, in the Public Private Venture areas 
described in this Addendum. Additional radiological surveys and/or sampling may be performed 
at other Public Private Venture areas to further characterize the extent of radiological 
contamination in soil as determined necessary by the Navy.  CABRERA may also perform 
additional soil remediation in other Public Private Venture areas as directed by the Navy.  

This Addendum allows for the sampling, remediation and Final Status Survey at any Public 
Private Venture area of the Naval Station Great Lakes and addresses the expanded scope of work 
necessary to complete this action.  Unless specifically addressed in this Addendum, all other 
requirements and specifications in the Remediation Work Plan remain unchanged, specifically 
Sections 5 through 8.  

Remediation of Public Private Venture area 3C is scheduled to be conducted in the spring of 
2007.  It is anticipated that several weeks will be required to complete the excavation, Final 
Status Survey, and site restoration field activities.  The schedule for the remediation of other 
Public Private Venture areas (i.e., Areas 3A, 3B, and 3F) will be defined as funding is made 
available. 
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2.0 BACKGROUND 

Radiological surveys of the Public Private Venture areas were performed by CABRERA in 
August, 2006 (CABRERA, 2006).  These surveys consisted of a gamma walkover survey (GWS) 
of selected locations of suspected elevated radiological activity in soil (MACTEC, 2006).  The 
GWS was performed in accordance with CABRERA standard operating procedures (SOPS) listed 
in Table 2-1 using a sodium iodide (NaI) detector coupled to a Ludlum Model 2221 survey 
instrument capable of storing multiple radiological survey points. 

Table 2-1: Relevant CABRERA Standard Operating Procedures 

Number Procedure Topic 

AP-005 ALARA 

OP-001 Radiological Surveys 

OP-004 Unconditional Release of Materials 
from Radiological Control Areas 

OP-009 Use and Control Radioactive Check 
Sources 

To associate radiological data to specific locations, a global positioning system (GPS) was used 
in conjunction with the survey instruments, providing location coordinates for each radiological 
measurement electronically recorded.  The GWS was performed by passing the NaI detector over 
the surface of the soil at a height of 6 inches, while progressing at a speed of approximately one-
half meter per second.  Location coordinates and radiological survey data were collected at a rate 
of one measurement per second.  Radiological data were collected and recorded in units of 
counts per minute.  The data obtained during the August 2006 radiological survey were used to 
support development of the remediation approach described in this Addendum.   

2.1 Radiological Survey Results  

A GWS was performed at six selected property locations within the Public Private Venture area, 
identified as Public Private Venture areas 3A, 3B, 3C, 3D, 3E and 3F (CABRERA, 2006).  The 
GWS results, shown in Figure 1, are discussed below. 

• Public Private Venture Area 3A: This survey consisted of a GWS of surface soil in the 
vicinity of a 4-unit housing complex. The radiological survey results indicated two areas 
of elevated radioactivity in soil. One area of approximately 200 square meters on the 
north side of the housing unit and a smaller area of approximately 100 square meters on 
the east side of the same housing unit, in the vicinity of a carport, were identified.    

• Public Private Venture Area 3B: This survey consisted of a GWS of surface soil in the 
vicinity of a ball field. The radiological survey results indicated a large area of 
approximately 1,500 square meters with elevated radioactivity in soil. The most 
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significant radioactivity was found on the northwest side of the ball field in an area where 
a creek borders the survey area.  

• Public Private Venture Area 3C: This survey consisted of a GWS of surface soil on the 
east and west sides of Great Lakes Drive. The radiological survey results indicated three 
locations of elevated radioactivity on the west side of Great Lakes Drive, between the 
pavement and sidewalk.  Collectively, these areas cover approximately 100 square 
meters.  A second, smaller area of elevated radioactivity, approximately 25 square 
meters, was found on the east side of the street. 

• Public Private Venture Area 3D: This survey consisted of a GWS of surface soil 
surrounding a duplex housing unit. The radiological survey results indicated an area of 
elevated radioactivity on the southwest side of the structure, approximately 50 square 
meters in size.  

• Public Private Venture Area 3E:  This survey consisted of a GWS of surface soil in the 
southeast corner of the housing area property boundary. The radiological survey results 
indicated an area of elevated radioactivity, approximately 200 square meters in size, 
exists on the downward slope of this area. 

• Public Private Venture Area 3F: This survey consisted of a GWS of surface soil on the 
west side of a creek, south of the area identified in Survey Area 3B. The radiological 
survey results indicate this area of elevated radioactivity covers approximately 200 
square meters. 

In January 2007 CABRERA performed additional soil sampling and analysis in the six Public 
Private Venture areas to determine if the elevated radioactivity from the GWS was due to the 
presence of licensed material (monazite sand) in soil (CABRERA, 2007).  The results of this effort 
concluded that the elevated soil radioactivity in Public Private Venture areas 3A, 3B, 3C and 3F 
was most likely due to the presence of monazite sand.  However, the report concluded that 
elevated radioactivity in Public Private Venture areas 3D and 3E was not due to the presence of 
licensed radioactive material.  Therefore, the Public Private Venture areas of concern addressed 
in this Addendum are limited to 3A, 3B, 3C and 3F. 

2.2 Radiological Contaminant of Concern  

Thorium-232 (232Th) is the radiological contaminant of concern in Public Private Venture areas 
3A, 3B, 3C and 3F.  Soil sample analysis in these areas confirmed the presence of 232Th in 
secular equilibrium with radioactive decay progeny due to the presence of monazite sand in soil 
(CABRERA, 2007).  There is no evidence of chemical or physical processes that could disturb this 
equilibrium.  Based on the composition of monazite sands and laboratory analyses, uranium 
series radionuclides are expected to be present, but in significantly lower concentrations than 
thorium series radionuclides and are not considered radiological contaminants of concern.   
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2.3 Soil Derived Concentration Guideline Values 

The derived concentration guideline level (DCGL) for 232Th, established by the Naval Sea 
Systems Command Detachment, Radiological Affairs Support Office (RASO), for the Naval 
Station Great Lakes is 1.0 picocurie per gram (pCi/g) above background for 232Th (and decay 
products) in surface soil (CABRERA, 2004a).  This DCGL value is used for determination of 
survey, sampling, and remediation requirements specified in this Addendum. 
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3.0 REMEDIATION ACTIVITIES  

As discussed previously, the DCGL for 232Th in soil is 1.0 pCi/g above background.  The area 
factor table, obtained from MARSSIM (NRC, 2000) Table 5.6 and applicable to the Public 
Private Venture areas, is provided below.  If the FSS results of soil sample analyses indicate 
failure of the Wilcoxon Rank Sum (WRS) test, or if elevated 232Th concentrations exist in excess 
of the applicable elevated area DCGL (DCGLEMC) in Table 3-1, soil remediation (removal) will 
be required. 

Table 3-1: 232Th Area Factors And DCGLEMC Values 

Area 1 m2 3 m2 10 m2 30 m2 100 m2 300 m2 1000 m2 3000 m2 10000 m2 

Area Factor1 12.5 6.2 3.2 2.3 1.8 1.5 1.1 1.0 1.0 

DCGLEMC 2 12.5 6.2 3.2 2.3 1.8 1.5 1.1 1.0 1.0 
1 Area factors are unitless values which, when multiplied by the DCGLw, provide the DCGLEMC. 
2 DCGLEMC values are in units of pCi/g. 

3.1 Area Preparation 

The estimated boundaries of the Public Private Venture areas will be designated using the results 
of the previous GWS (CABRERA, 2006).  Excavation areas will be clearly demarcated prior to 
commencing work.  Notification of Joint Utility Locating Information for Excavators (JULIE) 
will be coordinated through the installation Environmental Office before the start of any 
earthwork, to mark out and identify any conflicting underground utilities. 

Prior to beginning work, areas to be remediated will be posted as “Access Controlled Area,” 
“RWP [Radiation Work Permit] Required for Entry” and “Authorized Personnel Only.”  Barrier 
tape or rope will be utilized to define the active work areas.  Each posted area will be restricted 
to a single ingress/egress point and a personnel and equipment frisking station will be setup in 
the area. 

3.2 Removal of Soil in Public Private Venture Contaminated Areas 

Depending on the anticipated area and depth of soil to be removed, removal will accomplished 
using the most efficient tools; small areas may be excavated manually, whereas larger areas of 
soil may be removed using an excavator, front-end loader, or equivalent.  Removed material will 
be packaged for transportation in an appropriate transport container, such as an intermodal 
container or a supersac-type container.  Hand tools may also be utilized in size-restricted areas 
and areas near large stationary features that power machinery cannot readily access.   

The materials designated for removal may be temporarily staged on and covered with 
polyethylene sheeting (poly).  It is estimated that a maximum of 115 cubic yards of contaminated 
soil from Public Private Venture area 3C may require removal and off-site disposal.  The soil 
remediation volume estimate is qualitative, based on calculation from elevated readings from the 
previous GWS.  The volume estimates are not based on quantitative soil laboratory analysis. 
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On-site or off-site analysis of these soils will be completed before the containers are shipped off-
site.  Shipping containers will be surveyed prior to transport and disposal at a disposal facility, 
such as U.S. Ecology, in Grand View, Idaho. 

3.3 Packaging of Waste Materials 

As discussed previously, if the FSS results of soil sample analyses indicate failure of the WRS 
test, or if elevated 232Th concentrations exist in excess of the applicable DCGLEMC in Table 3-1, 
soil remediation (removal) will be required in the subject area.  If necessary, excavated soil may 
be temporarily staged on and covered with plastic sheeting.  The excavated soil will be placed 
into the appropriate transport/disposal containers and, if necessary, water-absorbing materials 
such as cellulose may be added to assure that no freestanding water is present within the 
container.  The loading of the containers will be controlled to ensure that applicable U.S. 
Department of Transportation requirements are met. 

Soil removed that is determined to be below the remediation criteria will be used as backfill 
material in the general area from which the soil was removed.  

3.4 Shipment and Disposal of Waste Materials 

Existing soil sample results and, as necessary, additional soil sample analysis will be used to 
determine waste disposition.  Soil will be chemically characterized during the field effort, as 
needed, for profiling information to meet the designated disposal site waste acceptance criteria.  
Waste profiles previously accepted by a disposal site for past Site waste shipments may be re-
activated, as possible, for the shipment of waste during this remedial effort.   

Waste materials will be shipped from the Site to the disposal facility shortly after loading.  All 
containers used during the remediation effort will be inspected for container integrity and the 
required marking and/or labeling.  All containers will also be surveyed and weighed prior to 
shipment.  

CABRERA will use a Naval Station Great Lakes approved broker to ship the low-level radioactive 
waste.  CABRERA will provide for exclusive-use vehicles for the shipments.  CABRERA will 
coordinate shipments directly with the approved processor or disposal facility and Naval Station 
Great Lakes personnel, prior to the containers leaving Naval Station property.   

The broker will prepare necessary U.S. Department of Transportation and procedurally required 
forms (Radioactive Shipment Record, Bill of Lading, etc.).  A second quality assurance check of 
the container marking and/or labeling shall be performed to ensure compliance.  Full, marked 
and/or labeled containers shall be placed in a designated storage area until shipment.   

3.5 Demobilization Activities 

Equipment and materials used on the project within radiological control areas will be surveyed 
for release and decontaminated as necessary in accordance with CABRERA field operations 
procedure (OP) OP-004 "Unconditional Release of Materials from Radiological Control Areas".  



Naval Station Great Lakes Remediation and Site-Wide  FINAL 
Final Status Survey Work Plan Addendum 

DAAA09-02-D-0024/30 CABRERA SERVICES, INC. Page 7 

Postings and barriers will be removed and materials and support equipment (office facility, 
equipment, etc.) will be removed from the site. 

3.6 Personnel ALARA Considerations 

Dose rates, and the total amount of radioactive materials at the site, indicate that direct external 
exposure to radiation will be minimal during work activities.  Measurements of radiation 
exposure show maximum dose rates in the area are generally well below 40 microroentgen per 
hour (μR/h) at 1 meter above the ground surfaces.  Personnel exposures are not anticipated to 
exceed 5 millirem total effective dose equivalent (TEDE) for the job duration. 

The potential for internal exposure is slight due to the amount of radioactive material present, the 
type of material that is mixed with the radioactive materials, and the method utilized for removal 
of the soils.  Continuous sampling, using low volume air samplers, along with breathing zone air 
samples obtained from the breathing zone for the worker closest to the sampling or remediation 
area, will be used for evaluation of potential internal exposure.   

No environmental releases or exposures to unmonitored personnel are anticipated.  Routine 
monitoring for environmental exposures will be performed using low volume air samples placed 
in areas of maximum potential exposure.  Gamma scan surveys of the areas around the 
excavation will be performed daily during the remediation to ensure the spread of contamination 
is minimized.  Equipment used for remediation will be surveyed and decontaminated as 
necessary to minimize the spread of contamination to areas surrounding the excavation. 

3.7 Detailed Work Description 

3.7.1 Removal of Contaminated Soils 

Public Private Venture soil areas identified as failing the WRS test, or if elevated 232Th 
concentrations exist in excess of the applicable DCGLEMC in Table 3-1, require remediation.  
Specific work areas inside the overall controlled area may be prepared in sections of 20 to 40 
square meters at a time for ease of area set-up and control of the soil resulting from the removal 
actions.  Larger areas may be needed to accommodate machinery when used.  

Clearly delineated postings that indicate the locations of personnel entry and egress from the 
work area will be set up.  Approved waste transport containers will be staged immediately 
adjacent to the work area or as close as practically achievable, as dictated by site-specific 
conditions, to ensure the distance soils must travel from the soil staging area to the container is 
minimized. 

Soil removal may be performed in 0.5 to 1 foot depth increments to minimize the volume of 
waste requiring disposal.  Hand tools may be used to assist in the removal of small amounts of 
material near foundations, fencing, storm drains, utilities, etc. where machinery may be 
inappropriate.  Soils will be direct loaded into the shipping container.  The remediation area will 
be initially surveyed with a Ludlum Model 44-10 gamma scintillator (2 inch x 2 inch NaI 
detector) and Ludlum Model 2221 ratemeter/scaler or equivalent.  The gamma scan detection 
system will be configured to a GPS receiver to facilitate precise geo-spatial correlation of the 
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gamma data.  If analytical capabilities are available on-site, soil samples will be obtained and 
analyzed for the radiological contaminant of concern.  A comparison of the gamma scan and 
analytical results may be performed to establish a correlation factor to be used for further 
remediation control gamma scan surveys.  If the gamma scan or analytical results exceed the 
DCGL or the DCGLEMC, as appropriate, remediation will proceed by removing the next 0.5-foot 
layer of soil.  This process will be repeated, as necessary, until the radioactivity in soil is below 
the DCGL or applicable DCGLEMC. 

Following completion of soil removal actions, equipment used during the effort will undergo 
release surveys in accordance with approved procedures.  Equipment released for unrestricted 
use shall have documented survey results specifying the particular equipment and verifying that 
applicable release criteria have been met. 

3.7.2 Final Status Survey 

A FSS will be performed on all subject areas following the completion of remediation activities 
using the guidance provided in MARSSIM (NRC, 2000).  This FSS will include 100 percent 
gross gamma scans and systematic soil sample collection and analysis to support unrestricted 
radiological release of the subject areas.  Additional soil samples will be included at biased 
sample locations, concentrating on areas of greatest contamination potential (rough cracked 
surfaces, drainage pathways, fence lines, wind breaks, etc.), as well as areas in which the highest 
gross gamma count rates are observed.  The volume of sampled soil will be well mixed and 
placed into appropriate sample containers.  Any unused soil will be placed back to the location 
from which it was taken.  FSS activities are discussed in greater detail in Section 4.0. 

3.7.3 Laboratory Analysis 

The soil samples may be analyzed using an on-site laboratory, if available, or shipped to an off-
site laboratory for analysis.  If an on-site laboratory is used, a minimum of 10 percent of the 
samples will be shipped to an off-site laboratory for analysis and comparison with on-site 
laboratory analysis results.  The offsite laboratory used to analyze soil samples will be certified 
by the State in which it operates. 

3.7.4 Backfill/Restoration 

Following approval and authorization, the excavated area may be backfilled roughly to grade 
using imported or local clean soil, verified to meet Naval Station Great Lakes requirements.  The 
backfill will be compacted using four passes of the backfilling equipment and the area surface 
will be hydro-seeded upon completion of backfilling. 
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4.0 RADIOLOGICAL FINAL STATUS SURVEYS 

CABRERA will perform a FSS following completion of remediation of Public Private Venture 
areas.  The FSS is designed to meet the guidance provided in MARSSIM (NRC, 2000).  The 
methods and procedures to be used for the FSS are described in this section. 

4.1 Detection Methods 

The following radiation detection methods will be used during the radiological surveys of 
outdoor Public Private Venture areas:  

• Gross gamma fluence (count rate) measurements 

• Systematic soil sampling and analysis 

• Biased soil sampling and analysis  

Field survey methodology, techniques, and terminology are based on guidance contained in 
MARSSIM (NRC, 2000).   

For soil sample data, non-parametric statistical methodologies (i.e., WRS test), described below, 
will be utilized to compare the post-remediation site conditions with the naturally occurring 
background thorium.  If all sample results are less than the DCGL, use of the WRS test may not 
be necessary to prove that a survey unit passes FSS release criteria. 

4.2 Representative Reference (Background) Area 

CABRERA will use the reference area GWS results from previous FSS work to establish the 
background count rate for this remediation effort (CABRERA, 2004b).  This reference area GWS 
resulted in an average of 10,211 counts per minute, with a standard deviation of 803 counts per 
minute.  Background 232Th soil activity will be determined from surface soil samples obtained 
from the reference area.  These background sample results may be from the previous FSS work 
at the Site or additional surface soil samples may be obtained from the reference background 
area at random locations.  

4.3 Survey Units 

As previously indicated, the DCGL applicable to the Public Private Venture areas is 1.0 pCi/g 
232Th above background.  To evaluate smaller elevated areas of 232Th activity in soil, the area 
factors and DCGLEMC values in Table 3-1 will be used.  The FSS approach for survey units in 
Public Private Venture areas 3A, 3B, 3C and 3F is described in the following paragraphs. 

4.3.1 Public Private Venture Area 3A 

Public Private Venture Area 3A contains two separate areas of contamination, designated 3A1 
and 3A2. 
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Public Private Venture Area 3A1 consists of elevated radioactivity in soil on the east side of a 4-
unit housing complex, in the vicinity of a carport, with an estimated area of 100 square meters.  
The maximum estimated remediation volume at this location is 92 cubic yards.  One Class 1 
survey unit will be established for the 100 square meter area.  A single Class 2 survey unit will 
be established around the Class 1 area, extending 2 meters from the outer edge of the Class 1 
survey unit.  

Public Private Venture Area 3A2 consists of elevated radioactivity in soil on the north side of the 
same 4-unit housing complex, with an estimated area of 200 square meters.  The maximum 
estimated remediation volume at this location is 183 cubic yards.  One Class 1 survey unit will 
be established for the 200 square meter area.  A single Class 2 survey unit will be established 
around the Class 1 area, extending 2 meters out from the outer edge of the Class 1 survey unit.  

4.3.2 Public Private Venture Area 3B 

Public Private Venture Area 3B consists of elevated radioactivity in soil in the vicinity of an 
existing recreation facility (ball field), with an estimated area of 1,500 square meters.  The 
maximum estimated remediation volume at this location is 1,375 cubic yards.  One Class 1 
survey unit will be established for the 1,500 square meter area.  A single Class 2 survey unit will 
be established around the Class 1 area, extending 2 meters from the outer edge of the Class 1 
survey unit.  

4.3.3 Public Private Venture Area 3C 

Public Private Venture Area 3C contains two separate areas of contamination, designated 3C1 
and 3C2. 

Public Private Venture Area 3C1 consists of three locations of elevated soil radioactivity on the 
east and west sides of Great Lakes Drive between the pavement and sidewalk, in close proximity 
to each other.  The maximum estimated remediation volume at this location is 92 cubic yards. 
Collectively, these three locations cover an estimated area of 100 square meters and will be 
treated as a single survey unit.  One Class 1 survey unit will be established for the 100 square 
meter area.  A single Class 2 survey unit will be established around the Class 1 area, extending 2 
meters from the outer edge of the Class 1 survey unit.  

Public Private Venture Area 3C2 consists of a second, smaller area of elevated radioactivity on 
the east side of Great Lakes Drive, with an estimated area of 25 square meters.  The maximum 
estimated remediation volume at this location is 23 cubic yards.  One Class 1 survey unit will be 
established for the 25 square meter area.  A single Class 2 survey unit will be established around 
the Class 1 area, extending 2 meters out from the outer edge of the Class 1 survey unit.  

4.3.4 Public Private Venture Area 3F 

Public Private Venture Area 3F consists of elevated radioactivity in surface soil on the west side 
of Skokie Creek, south of Area 3B, approximately 200 square meters in size.  The maximum 
estimated remediation volume at this location is 183 cubic yards.  One Class 1 survey unit will 
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be established for the 200 square meter area.  A single Class 2 survey unit will be established 
around the Class 1 area, extending 2 meters from the outer edge of the Class 1 survey unit.  

4.4 Number of Sample Locations and Survey Coverage 

4.4.1 Number of Sample Locations for Each Survey Unit  

MARSSIM (NRC, 2000) provides a method to determine the number of data points required in a 
given survey unit.  A minimum number of measurements are required in each survey unit to 
obtain sufficient statistical confidence that the conclusions drawn from the measurements are 
correct.  For the purpose of this survey, the minimum required number of measurements is based 
on expected radionuclide concentrations in site areas that may be suitable for release for 
unrestricted use.  The following subsections describe the basis for, and derivation of, the 
minimum required measurement locations per survey unit.  The number of required samples is 
determined using the DCGL of 1.0 pCi/g, as shown in the following sections.  This DCGL will 
be applied to each of the Public Private Venture areas of concern. 

(A) Estimation of Relative Shift 

The minimum number of measurements required is dependent on the distribution of site residual 
radionuclide concentrations relative to the DCGL and acceptable decision error limits (α and β).  
The relative shift describes the relationship of site residual radionuclide concentrations to the 
DCGL and is calculated using the following equation, from Section 8.4.3 of MARSSIM (NRC, 
2000).   

σσ
LBGR - DCGL

  w=Δ  

 Where: DCGLw  = the derived concentration guideline level (DCGL), 1.0 pCi/g 

  LBGR  = concentration at the lower bound of the gray region.  The gray 
region represents a range of radioactivity concentration for the 
survey unit where the consequences of making a decision error are 
relatively minor. 

  σ   = an estimate of the standard deviation of the concentration of 
residual radioactivity in the survey unit (which includes real spatial 
variability in the concentration as well as the precision of the 
measurement system) 

(1) DCGLw  

The DCGLw used for this evaluation is 1.0 pCi/g for 232Th.   
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(2) LBGR 

The LBGR is set to 0.5 times the DCGLw and is used to calculate the number of required 
measurement locations (i.e., the DCGLw = 1.0 pCi/g, so the LBGR = 1.0 pCi/g x 0.5 = 0.5 
pCi/g). 

(3) Sigma (σ) 

For the purposes of this survey, a standard deviation (sigma) of 0.3 pCi/g is assumed.  

The values for relative shift for each area to be surveyed are calculated, based on the preceding.  
The Δ/σ value for the Public Private Venture areas is 1.7.  

(B) Determination of N (Number of Required Measurement Locations) 

The WRS statistical test will be used to determine whether portions of the site are suitable for 
release for unrestricted use, since the contaminants being measured are present in background.  
The minimum number of systematic measurement locations required in each survey unit for the 
WRS statistical test is determined using Equation 5-1 in MARSSIM (NRC, 2000).  Using the 
acceptable α and β errors of 0.05 and the relative shift of 1.7, the minimum number of samples 
for each Public Private Venture survey unit is 15.  

4.4.2 Required Scan Sensitivity for Class 1 Survey Unit 

MARSSIM states that in Class 1 survey units, scanning sensitivity must be sufficient to detect 
small areas of elevated radioactivity (NRC, 2000).  MARSSIM utilizes an area factor to evaluate 
the magnitude by which the concentration within a small area of elevated activity can exceed the 
DCGL while maintaining compliance with the release criterion.  The following formula is 
provided in Section 5.5.2.4 of MARSSIM for determining the necessary scan sensitivity when 
incorporating the area factor: 

Required Scan MDC (required) = (DCGLw) x (Area Factor) 

If the actual scan MDC is greater than the required scan MDC, additional samples are required to 
ensure that the dose-based release criterion is satisfied. 

For this investigation, the scan MDC has been determined to be 1.8 pCi/g for 232Th from 
MARSSIM Table 6.7 (NRC, 2000).  Application of the area factor for the MARSSIM maximum 
suggested Class 1 survey unit area of 2,000 square meters results in a minimum scan MDC not 
greater than 1.0 pCi/g for 232Th compared to the MDC of 1.8.  Using the minimum scan MDC 
and MARSSIM Equation 5-4 results in a maximum area factor of 1.8.  From Table 3-1, this 
equates to a survey unit area of 100 square meters.  Therefore, if the survey unit area is greater 
than 100 square meters, the number of samples in the Class 1 survey unit may need to be 
increased.  For example, if the survey unit size is 2000 square meters, then the required number 
of samples is determined by dividing 2,000 by 100.  In this example, the minimum number of 
samples is determined to be 20.  Since this value is greater than the required number of samples 
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determined in Section 4.4.1 above, 5 additional systematic samples are required.  This results in 
20 total systematic soil samples in this survey unit. 

4.4.3 Gamma Walkover Surveys and Biased Samples 

Class 1 and Class 2 survey units will receive 100 percent GWS coverage.  The 100 percent GWS 
will be performed on Class 2 survey units for the purposes of ensuring the identification of any 
small areas of elevated radioactivity; this equates to the performance of a Class 1 survey in this 
Class 2 survey unit. 

If areas of elevated radioactivity are identified during the GWS, biased samples will be collected 
and analyzed.  In addition, biased measurements may be obtained in areas of rough or cracked 
surfaces, drainage pathways, fence line, windbreaks, etc.   

4.4.4 Area Factors and DCGLEMC Values 

As discussed previously, 15 systematic soil samples will be obtained in each of the Public 
Private Venture areas of interest with survey units less than or equal to 100 square meters up to a 
maximum of 20 systematic samples for Class 1 survey units equal to 2,000 square meters.  For 
survey units greater than 100 square meters and less than 2,000 square meters, the total number 
of systematic soil samples required is determined by dividing the survey unit size in square 
meters by 100 (refer to Section 4.4.2).  However, the minimum number of systematic soil 
samples in all survey units, regardless of survey unit size, is 15.  Soil samples will be obtained at 
0 to 30 centimeters (0 to 12 inches) below ground surface (bgs) after the removal action has 
occurred. 
 
The results of systematic soil samples will be used to perform the WRS test unless all systematic 
sample results are less than the DCGL which, in this case, does not require performance of the 
WRS test.  If the systematic samples fail the WRS test, remediation will be performed, otherwise 
each individual systematic and biased soil sample will be evaluated as discussed in the following 
sections. 

(A) Class 1 Survey Unit 

Results of the Class 1 survey units for 232Th exceeding the DCGL will be compared to the 
applicable DCGLEMC in Table 3-1 for evaluation of acceptability.   

Each sample will be evaluated to determine if it exceeds the DCGL for 232Th.  If a sample result 
exceeds background by more than the DCGL, it will be compared to the applicable DCGLEMC in 
Table 3-1.  Areas that exceed background by more than the DCGLEMC will be considered 
unacceptable and remediation required.   
 
Provided the results of smaller elevated areas of radioactivity are resolved, it is still necessary to 
evaluate the average residual radioactivity in the survey unit for the purpose of evaluating 
residual results against risk.  If residual radioactivity is found in an isolated area of elevated 
activity (in addition to residual radioactivity distributed across the survey unit), the unity rule can 
be used to ensure that the total dose is within the final status survey release criterion.  This 
evaluation is performed using MARSSIM Equation 8-2 as follows: 



Naval Station Great Lakes Remediation and Site-Wide  FINAL 
Final Status Survey Work Plan Addendum 

DAAA09-02-D-0024/30 CABRERA SERVICES, INC. Page 14 

 
(d/DCGLw) + ((elevated area average concentration – d)/(Area Factor x DCGLw)) <1 

 
where: 

 
d = average residual radioactivity in the survey unit 

 
Note: The applicable DCGLEMC from Table 3-1 may be substituted for the denominator 

in the above equation (Area Factor x DCGLw). 
 
If there is more than one elevated area, a separate term (for d over the DCGLw) should be 
included for each separate area. 

(B) Class 2 Survey Unit 

If a systematic or biased sample result exceeds background in the Class 2 survey unit by more 
than the DCGL, the survey unit will be reclassified and evaluated as a Class 1 survey unit. 
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Public Private Venture Areas
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