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1.0 INTRODUCTION 

The U.S. Army Joint Munitions Command (AJMC) has contracted Cabrera Services, Inc. 
(CABRERA) to provide a Remediation Work Plan describing the methodology, equipment, 
instrumentation, sample frequency, and sample analysis for the remediation and final status 
survey (FSS) of soils located within the boundaries of the Great Lakes Naval Training Center 
(Site), 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 sands, a thorium- 
bearing material. The Scope of Work (SOW) is defined by AJMC Basic Ordering Agreement 
Document DAAA09-00-G-0002, Delivery Order 0036, dated 28 September 2001, and 
CABRERA proposal 02-129, revision 1, modification I, dated September 27,2002 to comprise: 

Removal of soil north of the warehouse having activity concentrations of Th-232 greater 
than 1 pCi/g above background. This area is referred to as the North Fence Area (NFA). 

Design and performance of a post-remediation, MARSSIM-based Final Status Survey 
(FSS) for unrestricted release of the NFA. Soil activity concentrations of Th-232 greater 
than 1 pCi/g above background will be disposed of as unimportant quantities of source 
material (less than 0.05% by weight of mixture and equivalent to 55 pCi/g of soil) as 
necessary. 

Elimination of the large dirt pile [30.48 m x 15.24 m x 4.88 m (100 ft x 50 ft x 16 ft), 
approximately 2,267 m3 (3,000 $)I of exhumed soil in the northwest comer of the site. 
This excavated soil is referenced to as the Soil Pile (SP). The pile contains suspect levels 
of Th-232 and may additionally have discrete radium instruments and articles 
(technologically-enhanced naturally occurring radioactive material or TENORM) buried 
at the base of the pile as necessary. 

Design and performance of a post-remediation, MARSSIM-based Final Status Survey 
(FSS) for unrestricted release of the SP in one-foot lifts for soil above the lower 1-foot 
above ground surface. Soil activity concentrations of Th-232 greater than 1 pCi/g above 
background and Ra-226 greater than 2 pCi/g inclusive of background will be removed and 
disposed of as low-level radioactive waste quantities of source material (less than 55 
pCi/g) and TENORM respectively. 

Performance of a characterization survey on the lower foot of the SP and the ground soil 
directly beneath the SP. 

Characterization surveys performed by CABRERA in 2000 were documented in the 
Characterization Report (CABRERA 2000). This document forms the baseline on which the 
project is designed, however, the data contained therein will be supplemented with remedial 
action control surveys during the field effort. This Remediation Work Plan and associated 
Site Safety and Health Plan ( S S H P )  address the defined Scope of Work. 
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1.1 Project Background 

The Site is located in the Naval Training Center Great Lakes, Illinois. The portions of the Site 
included in this project are shown in Figure 1 (i.e., the Monazite Sand Area). In 1974 the 
Atomic Energy Commission (AEC) granted a license (license number STE-8179) to 
Engelhard Minerals & Chemical to package and ship a strategic stockpile of monazite sand 
from the Great Lakes Naval Training Center and two other sites in Illinois and Ohio. 
According to records, Engelhard shipped the monazite ore to Holland in 1974. No records 
have been found indicating that Engelhard or DLA conducted a closeout survey of the area. 
The monazite sand encompasses approximately 90,000 square yards (300 yards x 300 yards) 
in the former tank farm area. As stated in the preceding section, in 2000, characterization 
surveys were performed on the entire 90,000 square yards and documented. 

1.2 Radiological History 

The U.S. Nuclear Regulatory Commission (NRC) Region I11 conducted an inspection on 
January 19, 2000, which revealed several areas of elevated gamma activity on the north side 
of the former monazite sand storage areas. A one-day scoping survey performed by CABRERA 
on March 8, 2000 also identified areas of elevated gamma activity and determined that 
thorium-232 daughter radionuclides were present using sodium iodide (NaI) gamma 
spectroscopy. 

In addition, a buried sound powered phone jack, containing radium was found below ground 
level near the south east comer of the large soil pile (SP). The device was found by CABRERA 
in 2000 during the site characterization survey. While no definitive information surrounding 
the particulars of the discovered radium-containing device is available, it may be surmised 
that other radium-containing devices could exist at this location. Natural physical processes 
may have caused the release of radium from the device into the surrounding soil matrix. 

1.3 Hazardous Materials 

During the characterization survey, six chemical analyses were performed on SP and NFA 
soil samples to provide information regarding chemical contaminants that could affect 
disposal options. TCLP analyses for metals, mercury, semi-volatiles, volatiles, chlorinated 
herbicides, and organochlorine pesticides were performed. The results of TCLP analyses 
were below 40 CFR Part 261 limits, indicating that no hazardous chemical contamination was 
identified. 
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2.0 PROJECT SCOPE AND PURPOSE 

The Scope of Work covers the following six tasks associated with two distinct areas at the 
Site: 

North Fence Area: 

0 Removal of soil north of the warehouse having soil activity concentrations of Th-232 
greater than 1 pCi/g above background. Ra-226 is not considered a radionuclide of 
potential concern (ROPC) in this area. This area is referred to as the North Fence Area 
(NFA). 

Design and performance of an approved post-remediation, MARSSIM-based FSS for 
unrestricted release of the NFA. 

Soil Pile: 

0 Elimination of the lar e SP [30.48 m x 15.24 m x 4.88 m (100 ft x 50 ft x 16 ft), 
approximately 2,267 m (3,000 $)] in the northwest comer of the site using a MARSSIM- 
based FSS on 0.30 m (lft) soil lifts with the exception of the lower 0.30 m (1 ft). 

!i 

0 Transport of released SP material to a location on base within 5 miles of the project site. 

0 Characterization of the lower 0.30 m (1 ft) of the SP and the soil directly beneath the pile. 

0 Provide for off-site disposal of slightly contaminated soil as identified during MARSSIM 
surveys of the NFA and SP. Radium contaminated soils potentially found at the SP will 
be disposed of at a separate facility authorized to receive such material if necessary. 

Figure 3 presents the two sites and the proposed sample grid layout. 
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3.0 BACKGROUND 

The general portion of the Great Lakes Naval Training Center in which this project will take 
place is shown in Figure 1. 

3.1 Historical Site Assessment 

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 5-7 % of radioactive thorium 
and 0.1 to 0.3% of uranium. Isotopes from the thorium series dominate. A major fraction of 
any identified soil contamination in these areas would therefore be expected to have 
contamination resulting from the storage of monazite sands. 

The former AEC license (license number STE-8 179) indicated that 1,826,153 pounds of 
monazite containing 9.226% of ThOz was held at the Great Lakes Site prior to shipping to 
Holland in 1974. There is limited information on the extent of residual contamination 
resulting from this operation. During a scoping survey performed by the NRC in January 
2000, surface dose rates as high as 80 pR/h were observed along the north fence line of the 
construction zone. A scoping survey by CABRERA in March 2000 identified several areas of 
elevated gamma activity and confirmed the presence of Th-232 daughter radionuclides. 
Gamma radiation levels above the ambient level were identified in the construction zone, 
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 scoping 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. Th-232 concentrations in the samples 
ranged from 0.93 pCi/g to 64.31 pCi/g, with an average activity concentration of 
approximately 17 pCi/g. 

Samples were also collected in a reference area, in an attempt to characterize natural 
background concentrations of Ra-226 and Th-232. In that area, the range of combined Ra- 
226/Th-232 concentrations was 1.6 pCi/g to 5.1 pCi/g, with a mean value of 2.4 pCi/g and a 
standard deviation of 0.63 pCi/g. It should be noted that, in the reference area, due to the 
methodology used in quantifying radium, concentrations of Ra-226 may have been slightly 
underreported. 
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4.0 REMEDIATION ACTIVITIES 

For the purposes of segregating clean material from contaminated material during this project, 
the derived concentration guideline level (DGGL) is 1 pCi/g for Th-232 above background for 
the NFA and the SP. This value corresponds to NUREG/CR-5512 Table 6.91 soil 
concentration equivalent to 25 mrem/year for Th-232 in equilibrium with progeny at a P,it = 
0.05. In addition, the DCGL for the SP has a 2 pCi/g total activity guideline for Ra-226 
including background. Ra-226 is not expected to be found in areas being 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 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, affected areas will be posted as a “Radioactive Materials Area”, 
“RWP 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 fkisking station for personnel 
contamination monitoring will be setup in the area. 

4.2 Removal of Soil in Contaminated Areas 

Soil removal will generally be accomplished using an excavator, front-end loader, or 
equivalent, and removed material will be packaged for transportation in end dump trucks, 25- 
yard roll-off intermodal containers, 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. 

4.2. I North Fence Area (NFA) 

The NFA Class 1 area is north of the warehouse and is approximately 1,200 m2 in size (98 m 
x 12.3 m). The perimeter of the NFA is shown in Figure 1. 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 ass. A Class 2 area surrounds the Class 1 area. The Class 2 area is 
approximately 965 m in size (4 m width perimeter around the Class 1 area). B 
The removal of material in this area is anticipated to encompass only shallow subsurface soils 
in the uppermost 0.30 m (1 fi), asphalt, or gravel. Thorium-232 surface concentrations as 
high as 9.5 pCi/g (CABRERA 2000) were noted in this area. The material volume to be 
removed from this area is not expected to exceed 76.46 m3 (100 9). The removed materials 
will be placed directly into 25-yard intermodal containers and staged onsite until the job is 
complete and the waste shipment is scheduled. The intermodal containers will be surveyed 
prior to transport and disposal at US Ecology TECO facility, Robstown, TX, a licensed 
disposal site for this waste classification. After loading the container and prior to shipment, 
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on site sample analysis of these soils will be completed. Although unlikely, should Ra-226 
concentrations in excess of 30 pCi/g in waste soils be identified, the soils would not be 
eligible for disposal at TECO due to limitations in the waste stream acceptance criteria to 
meet State of Texas land disposal requirements. In this event, these wastes would be shipped 
via exclusive use truck to a U.S. Ecology facility in either Grand View, ID, or Hanford, WA, 
depending upon activity levels as described in Section 4.2.2. 

.... 
4.2.2 Soil Pile (SP) 

The SP covers an area approximately 30.48 m (100 ft) by 15.24 m (50 ft) and is 
approximately 4.88 m (16 ft) high. It is located to the west of the warehouse in the former 
construction zone (Figure 1). The north and west sides of the SP have relatively steep sides, 
along with small portions of the east side. The south side is graded to allow heavy machinery 
access to the top of the pile. Some flattening of the pile will occur prior to beginning removal 
activities to facilitate remediation/removal activities. 

The SP will be removed in its entirety down to the last 0.30 m (lft). This will occur 
incrementally, with each removal iteration eliminating approximately a one-foot lift of soil 
from the pile. Total SP volume is expected to be approximately 3,000 cubic yards. Each lift 
will receive a FSS with 100% coverage of accessible areas with a gross gamma walkover 
survey (GWS), along with volumetric soil sampling. Prior to removing each lift, evaluation 
of gamma fluence measurements and laboratory gamma spectroscopy results will be 
completed. If FSS identifies radioactivity above the DCGL remediation will occur. These 
evaluations will be transmitted via a standard approval form to the NAVSEADET RASO 
Project Manager, who will approve the form before lift removal begins. 

Material removed from the SP will be disposed in one of two ways, depending on analytical 
results of samples obtained from each lift. Clean material with less than 1 pCi/g will be 
placed on a temporary stockpile of soil next to the SP. When sufficient quantities of the clean 
temporary stockpile have accumulated to permit cost-effective transportation, the temporary 
stockpile will be loaded into end-dump trucks. The end-dump trucks will deposit the clean 
soil at a location on base within 5 miles of the SP. 

Contaminated volumes of soil, in which the Th-232 concentration exceeds 1 pCi/g above 
background (and less than 55 pCi/g), or the Ra-226 concentration exceeds 2 pCi/g including 
background (and less than 30 pCi/g), will be placed directly into 25-yard intermodal 
containers and staged onsite until the job is complete and the waste shipment is scheduled. 
No soil is expected to contain Th-232 concentrations exceeding unimportant quantities of 
source material ( 5 5  pCi/g). The intermodal containers will be surveyed prior to transport and 
disposal at TECO. CABRERA assumes that no more than 140 cubic yards of material in this 
category will be removed. 
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4.3 Packaging of Waste Materials 

The waste materials exceeding DCGLs will be removed from the NFA and SP areas and 
placed into 25-yard, hard top roll-off intermodal containers. The intermodal containers 
provide continuous protection from the elements during storage and transportation. Water 
absorbing materials 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. 

Radium is not expected to be encountered during the remediation activities. If Ra-226 is 
encountered soil with levels exceeding the TECO limit of 30 pCi/g Ra-226 may be packaged 
in B-25 containers or intermodal containers. Such containers will be staged onsite until job 
completion and waste shipment has been scheduled. 

Prior to shipment, the containers will be surveyed and then loaded on an exclusive-use flatbed 
truck for transport to either US Ecology Grand View, ID if Ra-226 levels are less than 220 
pCi/g or to the US Ecology Hanford site if the Ra-226 is greater than 220 pCi/g, for ultimate 
disposal. CABRERA assumes that no more than 14 cubic yards of material containing greater 
than 30 pCi/g Ra-226 will be excavated and shipped to either Grand View or Hanford. Water 
absorbing materials (e.g., Waterworks America SP-400 or equivalent) will be added as 
necessary to assure that no freestanding water is present within the container. 

Soil removed from the NFA and SP areas that is determined to be below the DCGL will be 
removed by excavator, loader, and end-dump truck, and transported, and placed at the pre- 
identified on-site storage location 

4.4 Shipment and Disposal of Waste Materials 

Radiological analysis of waste materials to determine their disposition will be performed in 
the on-site laboratory. While the soils from the SP were chemically characterized during the 
2000 characterization survey, additional profiling information to meet TECO waste criteria is 
likely for both the NFA and the SP due to the time interval between the initial chemical 
characterizations and the disposal action. 

The plan is to ship waste materials compliant with the TECO waste acceptance criteria from 
the NFA and SP to the disposal facility, shortly after loading. As described above, the 25- 
yard intermodal containers will be used to transport the containerized contaminated soil via 
truck for transport and ultimate disposal at TECO US Ecology Robstown, TX Site. 

Radium-contaminated soil exceeding TECO acceptance criteria will be packaged in B-25 or 
intermodal containers and loaded onto an exclusive-use flatbed truck for transport to the US 
Ecology Grand View, ID or Hanford, WA disposal facility. 

CABRERA will use an JMC-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. The Government reserves the right to reject any vehicle or driver, which, in the 
opinion of the Government, does not meet the requirements of the Department of 
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Transportation. CABRERA will coordinate shipments directly with the approved processor or 
disposal facility, prior to the containers leaving Great Lakes Naval Training Center property. 

The intermodal and B-25 containers used during this remediation removal effort will be 
inspected for container integrity, surveyed, weighed and required labeling affixed prior to 
shipment. 

The CABRERA JMC-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 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-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 fiom the site. 

The radiological criteria for unconditional release of equipment from the site are stated in 
Section 5.3. 

4.6 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 pR/h 
at 1 m from the ground surfaces. One hot spot of 90 pR/h was noted by a recent NRC walk 
down. 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 amounts 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 fiom the workers breathing zone, will be used for 
evaluation of the hazard. 

No environmental releases or exposures to mon i to red  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. 
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4.7 Detailed Work Description 

4.7. I Pre-requisites and Precautions 

Project personnel will complete and present evidence of having received OSHA 40 hour 
HAZWOPER training and/or have current 40 hour HAZWOPER refkesher 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 immediate work area will be posted as “Radioactive Materials Area”, “RWP 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. 

Prior to beginning work, a Radiation Work Permit (RWP) will be prepared that will specify 
the activities to be performed and radiological safety requirements for the 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 the 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 

(A) North fence Area 

Areas of the soil identified in the CABRERA 2000 Characterization Report as exceeding the 
DCGL of 1 pCi/g for Th-232 above background will require removal. The immediate areas 
of concern are identified on Figure 1. 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. 

The Field Lead will ensure that prerequisites are completed. Step off pads, along with clearly 
delineated radiological 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, depending on site-specific 
conditions, to ensure the movement of soils from the NFA to the intermodal container is 
minimized. 

Soil removal will be commenced using a backhoe loader or equivalent. The contamination 
has been identified in the upper 6 to 12 inches (approximate). Removal of the top 12 inches 
of the soil, asphalt and gravel present should be sufficient to effect remediation in the NFA. 
This may be done in one or two lifts. Hand tools may be used to assist in the removal of 
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small amounts of material near fencing, storm drains, utilities, etc. where machinery may be 
unwieldy. Soils will be loaded into the appropriate waste container. 

Following initial soil removal, a local area gross gamma scan survey will be carried 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 background, 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. 

The above methodology will be repeated for subsequent land sections until the entire NFA 
has 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 the survey results documented specifying the particular equipment and 
verifying that release criteria have been met. 

A MARSSIM-based FSS, as described in Section 5.0, will be performed on the entire NFA 
after remediation has been completed. This FSS will include 100% gross gamma scans and 
systematic soil sample collection and analysis to support unrestricted radiological release of 
the NFA. 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 place 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 with a “field operations laboratory” gamma spectroscopy 
system and as a minimum will duplicate 10% of the samples by sending them to an 
independent third party laboratory. The laboratory used to analyze soil samples will be 
certified by the State of Utah. Section 6.2 provides details of the field operation gamma 
spectroscopy system. 

’ 

Following approval from the NAVSEADET U S 0  Project Manager, the excavated area will 
be backfilled to rough grade using imported or local clean soil. Soil used for backfill will be 
sampled and analyzed to ensure that it is fiee of contamination. 

(B) Soil Pile (SP) 

The SP was characterized by performing a gamma walkover and collecting and analyzing 
discrete soil samples (CABRERA 2000). The SP contains suspect levels of Th-232 and 
potentially has discrete radium instruments and articles at the base of the pile. The SP has 
dimensions of approximately 30.48 m x 15.24 m (100 ft x 50 ft) and is approximately 4.88 m 
(16 ft) high (Figure 1). The SP will be removed in its entirety except for the final 0.30 m (1 
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ft) portion of the SP above the ground surface. Most of the SP is not expected to be 
contaminated. 

The SP will be barricaded off with construction fencing and or caution tape to create a buffer 
zone to ensure unauthorized personnel do not enter the area when removal operations 
commence. This buffer zone will also serve as a restricted area and the boundary of the 
survey area created after removal of the SP. Assuming a 2 m wide buffer zone, it is expected 
to increase the dimensions of the base ground-level SP survey unit to approximately 34.44 m 
x 19.20 m (1 13 ft x 63 ft). Step off pads, along with clearly delineated radiological postings 
that indicate the locations of personnel entry and egress from the work area, will be set up. 

The initial remediation task in the SP area will be to remove radium-contaminated soil at the 
location where a discrete contaminated object was identified during characterization. During 
the 2000 survey, at approximate coordinates 626159.4 north, 337824.0 east (see Figure l), a 
sound powered phone jack emitting substantially elevated gamma radiation was identified. 
This sound powered phone jack buried at the base of the SP (ground level) under some debris 
and soil and was carefully removed and bagged. During this investigation, elevated loose 
radioactivity was identified on the object. Soils in this area were identified as containing 
elevated radium concentrations and will be removed. 

Prior to any soil removal, some “leveling” of the soil pile will occur. The leveling is required 
to flatten the soil pile so that the pile can be divided into one-foot lifts to support a MARSSIM 
survey. The leveling essentially changes the shape of the pile from conical to trapezoidal. 
Soil removal will be in one-foot lifts with a FSS being performed on each lift as per section 
5.0. The lower limit of each individual lift will be marked on the soil pile with surveyor 
stakes, or other effective marking method, prior to removal of the topmost one-foot layer. As 
each active lift is being removed it can be checked using these surveyor stakes and string lines 
to ensure no more than one foot of material is being removed. The surveyor stakes or other 
marking will then be reset for the next lift. It is expected that no more than 12 lifts will be 
required. Note that no lift will be removed until approved, as described below, by the 
NAVSEADET RASO Project Manager. 

Prior to any soil removal fiom the SP, a MARSSIM-based FSS (see Section 5.0) will be 
performed on each one-foot lift. This will include a 100% scan walkover on the upper surface 
of the SP lift being addressed, as well as soil sampling and analysis. The scan will be 
accomplished using Ludlum Model 44-10 gamma scintillator (2 in x 2 in NaI) and a Ludlum 
Model 2221 scalerlratemeter, or equivalent detection system, with output directed to a GPS 
receiver. The GPS will provide precise geospatial correlation of gross gamma data. Areas 
exhibiting gross gamma count rates exceeding background will be subject to additional 
remedial effort. 

Soil samples will be performed on each lift prior to removal, as specified in Section 5.6. The 
samples will be located with the GPS to ensure reproducibility of the sample locations. Soil 
samples will be taken to a depth of one foot to correspond to the soil lift thickness. The 
volume of collected soil will be well mixed and placed into one-liter marinelli type sample 
containers. Any unused soil will be placed back into the location from which it was taken. 
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Soil samples will be analyzed in the on-site gamma spectroscopy laboratory and, as a 
minimum, 10% of the samples will be sent to an independent third party laboratory as a 
quality assurance measure. Section 6.2 provides details of the field operation gamma 
spectroscopy system. 

If any areas exceed the Th-232 DCGL of 1 pCi/g above background the soil will be removed 
and promptly placed in an intermodal container that is staged immediately adjacent to the 
work area. This will ensure that the contaminated soils are contained without delay and that 
environmental exposure to exposed suspect soils is minimized. Duplicate samples associated 
with the suspect soil will be promptly packaged and sent to the independent third party 
laboratory for verification. 

Additionally, in the event that Ra-226 is found in any lift above the 1 foot portion of the SP 
immediately above ground, operations will immediately cease and RASO will be informed. 
Any devices containing Ra-226 uncovered during the remediation process will be promptly 
placed in a polyethylene bag or other containment that will prevent the spread of Ra-226 from 
the device. The bag or containment system will be dose rated and tagged. The Field Lead 
will take control of the bagged device and promptly notify the NAVSEADET RASO Project 
Manager and CABRERA management concerning ultimate disposal. 

Upon completion of required remediation and evaluation of gamma fluence measurements 
and laboratory gamma spectroscopy results, FSS results will be transmitted via a standard 
approval form to the NAVSEADET U S 0  Project Manager, who will approve the form 
before lift removal begins. 

Following completion of any contaminated soil removal actions, equipment used during the 
effort will undergo release surveys in accordance with CABRERA field operations procedure 
OP-004 “Unconditional Release of Materials From Radiological Control Areas”. Should 
equipment require decontamination, CABRERA field operations procedure OP-0 18 
“Decontamination of Equipment and Tools” will be utilized. Equipment released for 
unrestricted reuse shall have the survey results documented specifying the particular 
equipment and verifying that release criteria have been met. 

Following approval by the NAVSEADET RASO Project Manager, one-foot soil lifts passing 
the FSS criteria will be removed and placed on a temporary stockpile of soil next to the SP. 
The temporary stockpile will be placed in a segregated area such that it is unlikely to become 
cross-contaminated by subsequent remediation efforts. When sufficient quantities of the 
clean temporary stockpile have accumulated to permit cost-effective transportation, the 
temporary stockpile will be loaded into end-dump trucks. The end-dump trucks will place the 
clean soil at an on-site location within 5 miles from the SP. 
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5.0 RADIOLOGICAL FINAL STATUS SURVEY 

Final Status Surveys will be performed and reviewed with approval by the NAVSEADET 
R4SO Project Manager on every lift of the SP prior to the remediation of that 0.30 m (1 fi) 
portion of the SP. These surveys are designed to meet the guidance provided in the 
MARSSIM (NRC 2000). The methods and procedures to be used for the FSS are described in 
this section. 

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 
the MARSSIM (NRC 2000). 

For soil sample data, non-parametric statistical methodologies (Wilcoxon rank sum test), 
described below, will be utilized to compare the post-remediation site conditions with the 
naturally occurring background thorium. 

5.2 Derived Concentration Guideline Limits 

The established site soil DCGL for this work, specified by the AJMC, is 1 pCi/g Th-232 
activity above background. Radium is not a radionuclide of potential concern at the NFA or 
the SP except for the lower 1 foot and ground beneath the SP. Characterization of the lower 
0.30 m (1 fi) and the ground beneath the SP will be performed as per section 6.5. The 
potential for Ra-226 in the lower 0.30 m (1 fi) of the SP and the ground beneath the SP will be 
determined by the characterization survey. 

Details supporting the DCGL derivation are provided in the following paragraphs. 

The NRC DandD Code, version 2.1 .O, was run twice for DCGL assessments, once for thorium 
and once for radium. The first DandD run titled, “Great Lakes l”, provides an estimate for 
Th-232 dose. The code was run for a normalized soil concentration of 1 pCi/g with the setting 
“nuclide concentrations are NOT distributed among all progeny” and code default settings for 
the residential scenario. The second run titled, “Great Lakes 2”, provides an estimate for Ra- 
226 dose. The code was run for a normalized soil concentration of 1 pCi/g with the setting 
“nuclide concentrations are NOT distributed among all progeny” and code default settings for 
the residential scenario. 

The DandD Summary of Results for Th-232 provides for 90% of calculated TEDE values that 
are less than 23 mrem/year. The Th-232 and progeny 95 % Confidence Interval for the 0.9 
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quantile value of TEDE is 22.4 to 25.9 mrem/year. This analysis provides a single 
radionuclide DCGL, based on 25 mredyear for Th-232 of approximately 1.08 pCi/g. This 
value is in agreement with NUREG 5512 Volume 3 Table 6.91 soil concentration equivalent 
to 25 mredyear for Th-232+C when adjusted for the soil concentration of 10 pCi/g from the 
11 nuclides in the chain (listed as 10.4 pCi/g at a Pedt = 0.05). 

The DandD Summary of Results for Ra-226 provides for 90% of calculated TEDE values that 
are less than 41.1 mredyear. The Ra-226 and progeny 95 % Confidence Interval for the 0.9 
quantile value of TEDE is 38.8 to 42.7 mredyear. This analysis provides a single 
radionuclide DCGL, based on Ra-226 of approximately 0.6 pCi/g. This value is in 
agreement with NUREG 5512 Volume 3 Table 6.91 soil concentration equivalent to 25 
mredyear for Ra-226+C when adjusted for the soil concentration of 9.03 pCi/g from the 10 
nuclides in the chain (listed as 5.16 pCi/g at a Pcdt = 0.05). 

5.3 Radionuclides of Potential Concern (ROPCs) 

Results from the laboratory gamma spectroscopy of soils analyzed as part of the 
characterization survey in 2000 reveal confirmation that residual Th-232 in site soils is in 
secular equilibrium with its daughter radionuclides. There is no evidence of chemical or 
physical processes that could disturb this equilibrium, but measurements will be performed to 
confirm the assumption of secular equilibrium in the thorium series chain. Based on the 
composition of monazite sands described in Section 3.1, uranium series radionuclides are 
expected to be present but in significantly lower concentrations than thorium series 
radionuclides and will not be considered during the FSS. 

5.4 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 fi-om a reference area (RA) to define 
background radionuclide concentrations. 

The RA selected during previous characterization work (CABRERA 2000) is also used to 
establish the typical background concentrations for this remediation effort. The use of this 
RA is valid since the RA was sampled recently (calendar year 2000) and no additions of 
potentially radioactive material have occurred at the NFA or the SP. 

The RA was selected from a non-impacted area similar in physical, geological, biological, and 
natural radiological conditions to the NFA and the SP. 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 (reference NUREG-1 505). The RA approximates the individual sizes 
of the NFA and SP Class 1 Survey Units. Figure 2 shows the RA location on the site base 
map, with the results of the RA gross gamma survey count rate performed during the 2000 
characterization survey. 
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Maximum 

Minimum 

New RA samples shall be taken and analyzed for Th-232 and a percentage shall be sent to an 
independent laboratory. Sample results for Th-232 from the RA during the 2000 
characterization survey are summarized below. The total number of samples taken is 33. 

1.7 

0.6 

Summary of Reference Area Sample Results 

Result 
@CY, Th-232) Parameter 

I 1.1 I Average I 
I Standard Deviation 1 0.3 1 

5.5 Identify Survey Units 

The two areas identified with this remediation effort are broken into multiple survey units. 
The NFA comprises a Class 1 and a Class 2 survey unit, while each lift on the soil pile is an 
individual survey unit. Since each area has a reasonable likelihood of containing radionuclide 
concentrations in excess of the DCGL, the areas are considered as either a Class 1 or a Class 2 
Impacted area, as defined in the MARSSIM. 

5.5.1 North Fence Area 

The NFA is north of the warehouse and is approximately 1,200 m2 in size (98 m x 12.3 m). 
The perimeter of the NFA is shown in Figure 1. 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. 

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

A Class 2 area surrounding the NFA Class 1 area has been added. The perimeter of the Class 
2 area is shown in Figure 1. The Class 2 area is created by including a surrounding parcel of 
land 4 m’s in width around the entire Class 1 area. This results in the creation of a Class 2 
area approximately equal in size to the Class 1 area and is approximately 965 m2. Class 2 
land areas may range in size from 2,000 to 10,000 m2 as suggested by MARSSIM guidance, 
This survey unit will be referred to as NFA-SU-2. 
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5.5.2 Soil Pile 

The SP covers an area of approximately 30.48 m x 15.24 m (100 ft x 50 ft) and consists of a 
mound of soil approximately 4.88 m (16 ft) high. It is located to the west of the warehouse in 
the former construction zone (Figure 1). The north and west sides of the SP have relatively 
steep sides, along with small portions of the east side. The south side is graded to allow 
heavy machinery access to the top of the pile. 

A 2 m buffer around the SP, as described in section 4.7.2, will result in a maximum area for 
the first lift above the 0.30 m (1 ft) lift remaining on the ground level (characterization lift), of 
approximately 520 m2 (ellipse with dimensions of 34.5 m x 19.2 m). The MARSSIM 
provides suggested areas for Class 1 land areas as being up to 2,000 m2 in size. This area is 
consistent with the MARSSIM guidance. The upper individual 0.30 m (1 ft) lifts will be 
smaller in area than the 0.30 m (1 ft) above ground level lift and will therefore also be smaller 
than the MARSSIM guidance with respect to survey unit size. Each lift will consist of a 
single survey unit. As a naming convention, the SP survey units will be referred to 
sequentially as SP-SU-1, SP-SU-2, . . . , SP-SU-N, where N is the total number of soil lifts 
removed from the soil pile. 

5.6 Number of Sample Locations and Survey Coverage 

5.6.1 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 
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 
(a and p) established in Section 5.11.6. 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 the MARSSIM. 

Where: DCGL,,, = the derived concentration guideline level (ie., 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 
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0 - - 

(1) DCGL 

order to have an acceptable probability of passing the statistical 
tests. The LBGR effectively becomes the survey’s action level. 

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) 

The soil DCGL for this survey is specified for soil at 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 NFA and SP 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, the MARSSIM 
recommendation of setting the LBGR to 0.5 times the DCGL is used to calculate the 
number of required measurement locations (Le., the DCGL = 1.0 pCi/g, so the LBGR = 
1.0 pci/g x 0.5 = 0.5 pCi/g). 

For the purposes of this survey, the sigma values are drawn from data collected during 
the 2000 characterization survey. The standard deviation (0) of Th-232 concentrations 
in the reference area (CABRERA 2000) from that survey is 0.3 pCi/g. To assure sufficient 
samples are taken the thorium is assumed to have a standard deviation 50% above the 
measured standard deviation. For the purposes of this survey, the 0 used will be 0.45. 

Based on the preceding, the values for relative shift are calculated for each area to be 
surveyed. The A h  value for the NFA and the SP is 1.1. 

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

The Wilcoxon Rank Sum (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 the 
MARSSIM. Using the acceptable a and p errors discussed in Section 5.1 1.6, the N for the 
NFA and each SP survey unit is 28. The a and p values associated with the Type I and Type 
I1 errors are five percent (5%). 
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5.6.2 Additional Samples to Meet EMC Criterion 

MARSSIM states that in cases where scanning sensitivity is not sufficient to detect small 
areas of elevated radioactivity, additional samples may be necessary. In such cases, an area 
factor is used 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 listed in section 5.5.2.4 of the MARSSIM for determining 
the necessary scan sensitivity when incorporating the area factor: 

Scan MDC (required) = (DCGL,) 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 criterion is satisfied. 

In the case of this investigation, the scanning sensitivity has been determined to be 1.8 pCi/g 
for Th-232. The Area Factor described above may be calculated utilizing the 28 samples 
taken for each survey unit from the NFA and SP. The average area covered by each sampled 
area in the NFA survey unit is 43 m2, and 19 m2 for the 0.30 m (1 A) above ground level lift 
(largest area) of the SP. Utilizing Table 5.6 of MARSSIM and interpolating for area, the 
calculated area factors for Th-232 is 2.2 and 2.8 for the NFA and SP survey units respectively. 

Application of the area factor results in a minimum scan MDC sensitivity not greater than 2.2 
pCi/g for Th-232 compared to the MDC of 1.8. Thus scan MDC is adequate. 

RESRAD version 6.2 1 was run in the deterministic mode with default parameters and Th-232 
in equilibrium with its daughters. The code was run to include the “unlimited area” 
(RESRAD 10,000 square meters default), a 43 square meter area and a 19 square meter area. 
The area factors based on the maximum R E S W  dose (15.06 mredy) are: 43 square 
meters (7.02 mredy) resulting in an area factor of 2.1; and 19 square meters (5.736 mredy)  
resulting in an area factor of 2.6. These values are similar to and substantiate the MARSSIM 
interpolated values of 2.2 and 2.8 respectively. This evaluation verifies the area factors 
shown in Table 5.6 of MARSSIM for Th-232 for the area size of concern. MARSSIM table 
5.6 was developed utilizing RESRAD version 5.6 which has since been refined by version 
6.2 1. This is the likely cause of the minor differences in the derived area factors. 

The summary results of the RESRAD code output is included as Attachment C of this Work 
Plan. 

5.6.3 Gamma Walkover Coverage (GWS) in NFA and SP 

The NFA and each lift of the SP will be surveyed as MARSSIM Class 1 areas, receiving 
100% GWS coverage. 

5.6.4 Sampling Coverage in NFA 

As discussed previously, 28 systematic soil samples will be obtained in the NFA survey unit. 
Samples will be obtained at 0 to 0.15 m (0 to 6 in) below ground surface (bgs) after removal 
action has occurred. 
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Biased sample results will be compared to the DCGLEM~ for evaluation of acceptability. The 
DCGLEMC has been determined from the area factor for the soil pile, SP, to be DCGLEMC = 
(area factor) x (DCGLw) = 2.6 x 1 = 2.6 pCi/g Th-232. Likewise, the DCGLEMC for the North 
Fence Area is DCGLEMC = (area factor) x (DCGLw) = 2.1 x 1 = 2.1 pCi/g Th-232. 

Each sample point will be evaluated to determine if it is greater than background by the 
DCGL.  The average of the reference area data will be considered the site “background” for 
this determination. When a sample result exceeds 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 (Le., will require remediation). 

(A) Biased samples 

If areas of elevated radioactivity are identified during the GWS, biased samples will be 
collected and analyzed to facilitate evaluation of elevated area radionuclide concentrations 
against MARSSIM elevated measurement comparison (EMC) criteria. In addition, bias 
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 the 
NFA 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 5.1 lS(E)(2)). 
Because the GWS has not yet been performed and limited data is available regarding the 
radiological status of the NFA, it is difficult to estimate the total number of biased samples 
that will be required. Notwithstanding this, it is assumed that approximately two biased 
samples will be collected and analyzed as part of the final status survey from each survey unit. 

5.6.5 Sampling Coverage in SP 
As discussed above, 28 systematic soil samples will be obtained for each 0.30 m (1 ft) soil lift 
(i.e., SP survey unit). Samples will be obtained at 0 to 0.30 m (0 to 12 in) bgs. 

(A) Biased measurements 

If areas of elevated radioactivity are identified during the GWS, biased samples will be 
collected and analyzed to facilitate evaluation of elevated area radionuclide concentrations 
against MARSSIM elevated measurement comparison (EMC) criteria. At a minimum, one 
biased soil sample will be collected in each 0.30 m (1 ft) lift of the SP survey units at the 
location of the highest gamma walkover reading. In addition biased samples may be obtained 
in the area of the previously identified buried discrete radium source. Biased samples may 
also be collected at locations where GWS data “2” Scores exceed 3.0 (see Section 
5.1 1.5(E)(2)). Because the GWS has not yet been performed and limited data is available 
regarding the radiological status of the SP, it is difficult to estimate the total number of biased 
samples that will be required. Notwithstanding this, it is assumed that approximately 30 
biased samples will be collected and analyzed as part of the final status survey. Figure 3 
presents an example of the sample spacing to be used for the survey units. For the purposes 
of this work plan the number of samples is assumed to be the same for each lift of the SP. In 
reality, the area will change as the lifts are removed and the sample locations will be spaced 
accordingly. 
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5.7 Survey Instrumentation and Survey Techniques 

5.7.1 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/gram for Th-232 
in secular equilibrium with its radioactive daughter products (see Attachment A). The 
detection sensitivity is based on surficially deposited 0 to 0.30 m ((0 to 6 in) isotopes. 
Equipment required for performing the GWS survey includes the following: 

0 GPS Rover: Trimble Pathfinder Pro - X R S  (or equivalent) 

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

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

0 Software: Trimble Pathfinder Office, AutoCAD (or equivalent CAD software) with 
coordinate geometry capability. 

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 
ratemetedscaler 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. 

5.7.2 Soil Sampling 

Surface soil samples will be collected in the NFA survey unit NFA-SU-1, NFA-SU-2, SP 
survey unit SP-SU-N, and 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 0.15 m (0 to 6 in) in the NFA and 0 to 0.30 m (0 to 12 in) in the SP survey 
units. The reference area soil samples (CABRERA 2000) were collected at depths of 0.15 to 
0.30 m (6 to 12 in) to better approximate NFA sample depths, as approximately the top 0.15 
m of the NFA will be remediated. Additional reference area soil samples will be taken in the 
same reference area as calendar year 2000 as part of this field effort. A total of at least 28 
reference area soil samples will be taken. This number is based upon MARSSIM table 5.3 
and input as previously described in Section 5.7.1 .The following equipment (or equivalent) 
will be required for this task. 

~~ 
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Handauger 

Large stainless steel mixing bowl 

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

0 Sample containers and chain of custody formsheals 

5.8 Preparation of Survey Units 

The NFA and SP 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 the 
AJMC Site Project Manager and NAVSEADET RASO. The AJMC Project Manager and 
NAVSEADET RASO 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. 

5.9 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). At a minimum, the 
comers 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. 

5.10 Specify Sampling Locations 

Systematic sample locations in NFA and SP 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. This is especially true for the SP which is irregular 
in shape and has angled perimeter walls resulting in each lift being of slightly larger area than 
the lift above it. 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). 

0.866 x N 

square grid spacing for survey unit 

area of survey unit 

- - Where: L 
A - - 

~~~ ~~ 
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N = number of sample locations 

A random start point will be generated and systematic sample locations will be marked in an 
equilaterial 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 elevated measurement 
comparison (EMC) criteria. Biased sample locations will be selected based on the results of 
the GWS, as well as other factors as described in Section 5.6. At a minimum, one biased 
sample will be collected in each survey unit at the location of the highest gamma walkover 
measurement. 

5.1 1 Data Quality Objectives for NFA and SP Final Status Surveys 

5.1 I .  I Step I :  State the Problem 

(A) Problem Description 

The objective of final status survey activities in the NFA and SP 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 fiom former operations and potential for 
discrete radium sources in the SP. 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 
fiom the AJMC and NAVSEADET RASO. 

(B) Primary Decision Maker 

The ultimate decision regarding site disposition will rest with NAVSEADET RASO, in 
consultation with its regulators. As such, NAVSEADET RASO, in consultation with the 
AJMC Project Manager, and contractor, will make decisions for the final status survey 
activities. 

(C) Available Resources and Relevant Deadlines 

Sufficient resources are available through the combined staff of the AJMC, CABRERA, Naval 
Training Center, Great Lakes, and NAVSEADET RASO to perform and complete work 
required achieving final status survey objectives. 

5.11.2 Step 2: Identijj the Decision 

(A) Principal Study Question 

Do ROPC concentrations in the NFA and SP survey units exceed background concentrations 
by more than the DCGL and, if so, what are those concentrations and where in the survey 
units are they located? 
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(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 DCGL. Decision Statements 
should be evaluated sequentially, as shown. 

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

(2) Based on sample results, if ROPC concentrations exceed background 
concentrations by more than the DCGL, perform required remediation. 

5.11.3 Step 3: Identi3 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. 

(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 NFA and the SP: 

This information will allow determination as to whether or not the survey units are likely to 
be suitable for fi-ee 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 in the NFA and SP as determined 
fiom onsite lab analyses: 

Volumetric sample analysis and gamma walkover survey (GWS) data will provide sufficient 
information to enable determination of NFA and SP radionuclide Concentrations. 

5.11.4 Step 4: Dejne the Study Boundaries 

(A) Population of Interest Defining Characteristics: 

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

The population of interest for the SP is the Th-232 concentrations above background in the 
0.30 m (1 A) soil lifts with the exception of the lower 0.30 m remaining above the ground that 
the SP covers. 
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(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 1). The vertical study area extends from the land surface to the depth of up 
to 0.15 m (6 in) bgs for the NFA and the SP ground level. 

(C) Temporal Boundaries of the Decision Statement 

(1) Time kame 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. 

(0) Scale of Decision Making: 

The NFA Class 1 and 2 area 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 areas and could require additional sampling points. 

All class 2 areas must be below the DCGL. Any Class 2 area greater than the DCGL will be 
flagged for further investigationhemediation. 

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. 
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5.11.5 Step 5: State 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. 

(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 andor 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 0.5 
pCi/g above background for Th-232, a value corresponding to the Lower Bound of the Gray 
Region (LBGR). The LBGR concept is discussed in more detail in Section 5.5.1. 

(0) 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 will serve as the 
primary decision input during performance of the fieldwork because data will be reduced soon 
after collection, in comparison to the longer turn around time associated with sample analysis. 

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. 
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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. 

Field Measurements of Survey Unit Dimensions 

The dimensions of the survey units will be determined using GPS data, downloaded 
and interpreted in AutoCad. At a minimum, the comers 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. 

GWS in NFA and SP Survey Units 

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

0 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. 

All data will be evaluated for outliers. CABRERA will plot the measurement 
data by color-coding in the following ranges: below the scan MDC- light 
green; between scan MDC and Action Level - dark green; between the 
action level and the DCGL - orange; and above the DCGL - black. 

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 (32) 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. 

(4) Sample Results: Wilcoxon Rank Sum (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 
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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. 

In using this test, the hypotheses being tested are: 

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

versus the alternative: 

AZternative Hypothesis (HJ: 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 and Ra-226 concentrations as described in 
the 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, the AJMC Project Manager and NAVSEADET 
RASO will be contacted. With their concurrence, the survey unit boundaries will 
be adjusted accordingly. Significantly larger areas may require setting up 
additional survey units. 

(2) GWS in NFA and SP Survey Units 

e 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. 

e If areas exceeding three standard deviations above the RA standard mean are 
observed, 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 
quick laboratory analysis turnaround. 

(3) Sample Results: Wilcoxon Rank Sum (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. 
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0 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 W, 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. Contact the AJMC Project Manager and NAVSEADET 
RASO for any survey units that do not meet the release criteria (Wr for the 
survey unit is greater than the applicable critical value). See Section 6.4 for 
additional discussion of the WRS parameters. 

5.11.6 Step 6: Define Acceptable Decision Errors 

NRC guidance 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 a. Considered in light of Ho 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 I1 error, occurs when the null hypothesis is 
not rejected when it is actually false. A Type I1 error is sometimes called a "false negative." 
The probability of a Type I1 error is usually denoted by p. The power of a statistical test is 
defined as the probability of rejecting the null hypotheses when it is false. It is numerically 
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equal to 1-p where p is the Type I1 error rate. Consequences of Type I1 errors at the Site 
include unnecessary remediation expense and project delays. 

For the purposes of the NFA and SP final status survey, the acceptable error rate for both 
Type I and Type I1 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 

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. 
In a similar fashion, the MDC for Ra-226 in equilibrium with progeny is 2.8 pCi/g for a 
2-inch by 2-inch sodium iodide detector. Attachment A entitled 2 in x 2 in Nu1 MDC 
Technical Memorandum (Rev. 1) 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 fiom side to side. A 1-m path width will be used to perform the survey. The 
total length of travel is approximately 1,200 m for the Class 1 areas and a somewhat smaller 
distance for the Class 2 area. 

6.1.2 GPS Set up 

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

In order for the GPS unit to achieve sub-meter accuracy, differential position correction is 
necessary. The units used for this project will achieve realtime differential correction using 
the Omnistar satellite service. Each technician will carry hisher own rover unit operating 
both the detector and GPS (making entries into the GPS and checking detector responses). 

A survey is performed by walking straight parallel lines over an area while moving the 
detector in a serpentine motion 0.05 to 0.10 m (2 in to 4-in) above the ground surface. Lines 
will be approximately one m apart. Once a survey (or series of surveys) is complete, 
technicians will return the data files to the data processing specialist. The major steps in 
completing a radiological walkover survey include the following: 

1. Technicians arrive at a site designated for a GWS and observe the Iayout of the area. 

2. Significant site features such as buildings, wooded areas, waste piles, or other obstructions 
are noted on a field map. 
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3. 

4. 

5.  

6. 

7. 

8. 

Technicians, with guidance from the Project Engineer, plan the survey around area 
features (Le., decide where survey lines should start and stop, how to survey around 
obstacles, etc.). 

Guide markers are positioned accordingly to ensure that the surveyor walks straight lines 
and achieves complete area coverage (e.g., pin flags are placed at starting and stopping 
locations). 

The comers of the designated survey area are located to bound the area. 

The technician performing the survey records the survey line numbers, the directions each 
line was walked, deviations around obstructions, etc. 

The positions of major obstacles (buildings, trailers, etc.) are surveyed by orienting the 
GPS unit in comers or other distinct locations and collecting position data. These features 
(called discrete points) are drawn to approximate location and scale in the field notes. 

The data files (containing the walkover survey data and discrete point measurements) are 
turned over 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. Copies of the 
base map on which structures, roads, or other major features have been located will be 
available on-site. Technicians will annotate copies of the base map with information relevant 
to the survey as appropriate. 

Each survey pass will be assigned a line number in the GPS unit's data file. 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. 
Significant from a straight path and non-parallel paths may 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 m 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. At the discretion of the CABRERA 
Project Engineer, the preceding methodology may be modified to enable better efficiency in 
completing the survey. Such modifications will be noted in the project logbook. 

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 retum 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 avoiding 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 to minimize the potential for lost data. 

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 comer of the roof, not the comer of the 
structure. 

Do not round corners to avoid obstacles. 
markers only when necessary and retun to the line as soon as possible. 

Deviate from the imaginary line between 

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 , 

Although major features such as buildings may appear on base and field maps, position data 
still should 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. Discrete points shall be 
recorded in the data collector and annotated onto the field map. 

6.1.3 Survey Limitations 

Although the GPS unit identifies its position using the signals fiom several satellites, GPS 
positioning may be affected by overhead obstructions during the course of survey. A loss of 
satellite signal due to these obstructions may prevent collection of location data, depending on 
the severity of the loss and the positional filter settings in use in the GPS unit. If this occurs, 
data collection will not resume until satellite lock is regained (usually by moving past the 
obstruction) and the positional filter requirements are satisfied. 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. In such cases, due to positional 
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filter settings in the GPS unit, no gamma logging occurs. In that event, gamma readings must 
be taken by hand. The surveyor will need to inform the data processing specialist if the 
gamma count rates between pairs of GPS positional data changes considerably. Such 
information will be logged in project logs as appropriate. At the discretion of the CABERA 
Project Engineer, logging filters may be temporarily ovemdden to enable gamma logging 
without GPS lock for brief periods. In such cases, it is especially important to proceed at a 
constant velocity so that locations for data collected in this manner can be interpolated or 
extrapolated. 

Interpolation and/or extrapolation of gamma data positions beyond good GPS locations 
require 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 or technical problems with the satellite system. 
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 and/or hand surveyed 
and located. 

6.2 Onsite Field Operations Laboratory 

6.2. I General 

The Cabrera Services field team will collect soil samples for subsequent on-site analysis 
utilizing the Field Operations Laboratory (Laboratory) at the Site. The Laboratory analyses 
will be performed using a gamma spectroscopy system utilizing a high purity germanium 
(HPGe) coaxial detector, or equivalent. This system will be calibrated with a NIST traceable 
multiline gamma marinelli standard. 

Soil samples will be collected at selected locations in the NFA and SP 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 
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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 
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-2 12 
at 238.6 keV, Ac-228 at 91 1.2 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 field 
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 field 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 field operation laboratory 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 
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control charts will be generated and evaluated and will be included as part of the final status 
survey report. 

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 rinsing with water and returning the 
rinsate to the ground surface in the location where the sample was collected. 

Duplicate sample analyses will be performed by a third party 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. 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 Paragon Analytics, Inc. laboratory in Fort Collins, Colorado for 
analyses. Paragon Analytics 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 Paragon Analytics the samples will be weighed, dried, and reweighed. The 
sample will be prepared according to Paragon’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 (U-238), Radium-226 (Ra-226), Thorium-232 
(Th-232) by quantifying their radioactive progeny. 

Soil samples will be prepared by drying, sieving and weighmg in accordance with Paragon 
SOP 739, Revision 3, 1999. Analysis by gamma spectroscopy will be performed in 
accordance with Paragon SOP 713, Revision 5 ,  2000, which conforms or exceeds the 
requirements of 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 Wilcoxon Rank Sum (WRS) test. In this test, the 
null hypothesis, Ho, 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 
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ranked reference measurements is greater than the critical value, Wcrit, Ho is rejected. The 
general approach to applying the WRS test is summarized below. 

0 Obtain the adjusted reference area measurements, Z,, by adding the DCGLW to each 
reference area measurement, Xi . Zi = Xi +DCGLw 

0 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. 

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

0 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+l)/(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. 

0 Sum the ranks of the adjusted measurements from the reference area, W,. 

0 Obtain the value of Wc,+ from Table 1-4 of the 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: 

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

Table 1: 
Percentiles of Standard Normal Distribution 

2.326 2.326 

0.025 1.960 E 
I 0.1 1 1.282 I 
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Note that, for this investigation, the value of W,,+ for the SP soil lift survey units is 390, while 
the Wcrit value for the NFA survey unit is 444. 

0 Compare Wr with the critical value for the appropriate values of n, m, and a. If Wr is 
greater than WcAt, reject the hypothesis that the survey unit exceeds the release criterion. 

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

6.5 Characterization of Discrete Soil Pile (SP) Layers 

A characterization survey will be performed for two soil layers in the SP of one foot depth 
each. The first soil layer is located from one foot above ground surface to the ground surface 
(i.e., the last remaining one foot depth of the SP) and the second layer from the ground 
surface to one foot bgs. These soils will be characterized, instead of performing a FSS due to 
the potential presence of Ra-226 contaminants in the soil at these discrete depths. 

The characterization survey will encompass a 100% GWS on the surface of the remaining SP. 
The characterization GWS will be performed using the same methods as described for the 
FSS GWS in Sections 5.7 and 6.1. During the GWS, the coordinates of 3 discrete locations 
showing the most elevated activity will be recorded using the GPS and used as the locations 
from which to collect bias soil samples. 

The characterization survey will also encompass the collection of a total of 69 soil samples. 
Soil samples will be collected using the same methods as described for the FSS soil sampling 
in sections 5.7 and 6.3. The 69 total soil samples include 28 systematic soil samples from 0 to 
0.30 m (0 to 12 in) depth and 28 soil samples at the same locations from 0.30 to 0.60 m (12 to 
24 in) depth (i.e., representing the bottom 0.30 m (1 ft) SP layer and the ground surface to one 
foot bgs layer), 10% bias samples @e., 6 additional soil samples), and 10% samples for QC 
comparison (Le., 7 duplicate samples). 

Note: At least four of the seven QC samples should be from bias samples and all of the bias 
samples will be collected at the locations presenting the most elevated count rates recorded 
during the GWS. 

6.6 Field Records 

For surveys of all types, it is essential that significant events be documented and retained for 
fbture 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. 

6.6. I 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 
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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. 

6.6.2 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. 

Like the Project Data Logbook, 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. 

6.6.3 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. 
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6.7 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). 

6.7. I Limits if radium present above DCGL 

a) 100 dpd100 cm2, averaged over not more than 1 m2 

b) 300 dpd100 cm2, maximum. 

c) 20 dpd100 cm2 removable. 

6.7.2 Limits ifradium not present above DCGL 

a) 1,000 dpd100 cm2, averaged over not more than 1 m2 

b) 3,000 d p d l 0 0  cm2, maximum. 

c) 200 d p d l  00 cm2 removable 

6.8 Project Electronic Data 

6.8. I 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 NAVSEADET 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. 

6.8.2 Data Processing 

Data processing specialists will convert daily GWS/GPS data to state plane coordinates, as 
necessary, and review the data for errors to fluctuationslinterferences 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 (QNQC) 

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. The records will 
include, at a minimum, the following: 

e Name of the equipment 

Equipment identification (model and serial number) 

Manufacturer 

Data of Calibration 

e Calibration Due Date 

Instrumentation will be maintained and calibrated to manufacturer’s specifications to ensure 
that required traceability, sensitivity, accuracy and precision of the equipmenthstruments are 
maintained. Instruments will be calibrated at a facility possessing appropriate NRC and/or 
Agreement State Licenses for performing calibrations using NIST traceable sources. 

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 (ie., not expired). Written records of daily checks will be maintained 
and filed in the project file. 

(B) Source and Background Checks 

Prior to and after daily use, instruments will be quality control (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. 
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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 fiom these surveys will be 
used to monitor gross fluctuations in background gamma fluence (e.g., fiom 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 fiom 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 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 fkom 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. 

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 
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. 
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One or more GPS calibration points will be established prior to beginning fieldwork. At each 
calibrations 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. On a daily basis, prior to beginning and following completion of 
surveys, technicians shall collect position data at the appropriate calibration points. Data may 
also be collected at a calibration point at any point during 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. 

7.2. I Daily Reviews 

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 calibration 
benchmark point described previously. Measurements differing from the average by more 
than one meter will be investigated and corrective measures will be implemented as 
appropriate. 

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 comer 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. I 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: 

Where: S, D, = value of (S)ample and (D)uplicate measurements; and, 
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CT = one sigma error associated with (S)ample and 
@)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: 

0 the sample measurement and duplicate or replicate measurement are of the same normally 
distributed population 

the standard deviations, OS and OD, represent the true standard deviation of the measured 
population 

e 

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: 

O h  Difference = (CS ~ -c”)*,oo 

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. 

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 
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the presence of contamination above the detection limit, or results are not qualified, data 
should not be used. 
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Great Lakes Work Plan 2x2 NaI MDC Technical Memorandum 

ATTACHMENT A 
2” X 2” NaI MDC TECHNICAL MEMORANDUM (REV 1) 

1.0 INTRODUCTION 

The U.S. Army Operations Support Command (AOSC) has issued Cabrera Services, Inc. 
(CABRERA) a delivery order to provide a Remediation Work Plan describing the methodology, 
equipment, instrumentation, sample frequency, and sample analysis for the remediation of 
soils located within the boundaries of the Great Lakes Naval Training Center (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 defrned by AOSC 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 44-1 0 (2”x 2” 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 4 - 1 0  (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 diameter of 56 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 
rogeny. A 50-year equilibrium has been chosen for the soil containing small amounts of 

f32l-h. 

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 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 -1 507, 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/pR/hr) to be 
calculated. 

The following sections provide tabulated data based upon the NUREG-1 507 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: 

Wherea, 

E, = energy of the gamma photon of concern, keV 

(C(en/P)air = the mass energy absorption coefficient for air, cm2/g 

And in tabular form: 
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Energy,. keV 

TABLE 1 

~llmle~l,, cm'h - FRER 

100 

150 

200 

300 

0.064 I 40 

0.0231 0.4329 

0.0251 0.2656 

0.0268 0.1 866 

0.0288 0.1157 

0.3906 

600 

800 

1,000 

1,500 

60 0.0292 

0.0296 0.0563 

0.0289 0.0433 

0.0280 0.0357 

0.0255 0.0261 

0.5708 

3,000 

0.0236 I 0.5297 I 80 I 

0.0205 0.0163 

0.0296 I 400 I 0.0845 

I 500 I 0.0297 0.0673 

I 2,000 0.0234 0.0214 

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: 

Where 

(CL/P)M = 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 
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I Enerw,. keV 

p = the density of the NaI crystal, 3.67 g/cm3 

And in tabular form: 

wp/ cm2/g - P 

80 

1 00 

150 

200 

300 

I 40 

2.86 1 .oo 
1.58 1 .oo 

0.566 1 .oo 
0.302 1 .oo 
0.153 0.94 

18.3 

2,000 

3,000 

1 .oo 

0.0412 0.54 

0.0367 0.50 

6.23 I 60 I 1 .oo 

0.1 1 I 400 I 0.87 

I 500 0.0904 0.82 

0.079 

0.0657 

1,000 0.0576 0.66 

I 1,500 I 0.0464 0.58 

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 = F E R  (table 1) x P (table 2) 

And in tabular form: 
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60 

TABLE 3 

0.5708 1 .oo 0.5708 

1 Enerav,. keV I 

80 

FRER 

0.5297 1 .oo 0.5297 

- P 

100 

1 50 

200 

300 

I 40 I 0.3906 I 1 .oo I 0.3906 I 

0.4329 1 .oo 0.4329 

0.2656 1 .oo 0.2656 

0.1866 1 .oo 0.1 859 

0.1157 0.94 0.1091 

400 

500 

0.0845 0.87 0.0737 

0.0673 0.82 0.0549 

800 

1,000 

0.0433 0.71 0.0306 

0.0357 0.66 0.0236 

I 600 I 0.0563 I 0.77 I 0.0435 I 

2,000 

3,000 

0.0214 0.54 0.01 15 

0.0163 0.50 0.0081 

1 , 5 0 0  ~ 0.0214 0.58 0.01 24 I I I 

3.4 Determination of CPM per pR/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 pR/hr at the cesium-137 energy. This point allows 
one to determine the CPM per pR/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 4 - 1 0  NaI 
response is 900 CPM/pR/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 Enerav,, keV b / o h  cm2/g 

0.0514 662 0.0294 

And 

Enerav,. keV - 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 

and in tabular form: 
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Energy,, keV 

40 

60 

80 

TABLE 4 

RDREi 

0.3906 

0.5708 

0.5297 

500 

600 

662 

800 

1,000 

Fidler Nal Detector, Ei, 
cpm per pRlhr 

0.0549 1277 

0.0435 1010 

0.0387 900 

0.0306 71 1 

0.0236 548 

9078 

2,000 

3,000 

13264 

0.01 15 267 

0.0081 188 

12309 

r--loo I 10060 I 0.4329 

I 1 50 0.2656 I 61 72 

I 200 0.1859 4320 I 
I 300 0.1091 2536 

I 400 0.0737 1712 

0.01 24 288 I 
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1000 

1500 

2000 

3000 

Total 

The measured reference area (RA) average count rate (Cabrera 2000) was 9158 CPM using a 
2 x 2 NaI scintillation detector. The associated standard deviation for the 9472 measurements 
gathered during the RA scan was 571 CPM (6.2% of the mean). Based on a the measured RA 
background CPM and an expected background exposure rate of 5-10 pwhr, a count rate to 
exposure rate ratio of 1800 - 900 CPWplUhr is calculated. This range agrees with the 
manufacturer’s typical value of 900 CPM/pR/hr for a 2 x 2 NaI response to 13’Cs energy. 

2.360E-0 1 548 135 16.2% 

7.559E-02 288 23 2.7% 

2.136E-03 267 1 0.1% 

3.396E-01 188 66 8.0% 

9.593E-01 833 100% 

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. 
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3.5 Scan MDC Value 

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

The average number of background counts in a one second interval, bi = CPW60 

For the Ludlum 2 x 2 NaI scintillation detector and the measured RA background count rate 
of 9 158 CPM the calculated background counts in the interval is: 

bi= (9158 CPM) / 60 = 153 counts 

The minimum detectable count rate, MDCR is 

MDCR = (d’) x (bi)’.’ x (60 sed1 min) Equation 1 

Where d’, equal to 1.38 from table 6.1 of NUREG-1507, represents the rate of detections at a 
95% true positive proportion with a false positive proportion of 6O%, bi, equals 153 counts, is 
based on the R4 background counts in the interval, and 60 seconds/l minute is a conversion 
factor and 

MDCR = (1.38) x 12.37 x (60 sed1 min) = 1024 CPM 

The Minimum Detectable Count Rate for the surveyor is given as 

MDCRsWeyor = MDCR/(p)’.’ 

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 

MDCRsWey0, = 1024/0.707 = 1448 CPM 

The Minimum Detectable Exposure Rate for the surveyor is obtained fiom the MDC&,eyor 
divided by the Table 5 weighted count rate to exposure rate value of 833 CPM/pR/hr for 
thorium and its progeny is 

(1448 CPM)/(833 CPM/pR/hr) = 1.74 pR/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 
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~ 

Scan MDC = (Normalized Th~~ta l  Cone) x (Exposure RatesweyOr)/(Exposure Rateno-iizd n cone ) 

Scan MDC = (1 pCi/g) x (1.74 pR/hr)/(9.593E-l pR/hr) = 1.8 pCi/g 

4.0 CONCLUSION 

The Ludlum 4 - 1 0  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 value computed is indicative of a sensitive instrument that agrees with scan MDC data 
presented in NUREG 1507 and MARSSIM Table 6.7 for 232Th in 50-year equilibrium with 
Progeny 
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Revision 0 Unconditional Release of Material from Radiological Control Areas 

1.0 PURPOSE 

The purpose of this procedure is to specify requirements for releasing material 
from controlled areas and to minimize the potential for unintentionally releasing 
contaminated items to uncontrolled areas in accordance with the provisions 
stated in Section 4.0, References. This procedure sets forth the specific 
requirements for release of materials from controlled areas applicable to Cabrera 
Services, Inc. (CABRERA) field projects. 

2.0 APPLICABILITY 

2.1 This procedure provides instructions for CABRERA personnel while 
performing release surveys of items controlled as contaminated or 
potentially contaminated with radioactive materials. 

2.2 The procedure will be used to ensure by survey that materials released 
from contaminated or potentially contaminated areas will meet the release 
criteria applicable to the license conditions, facility requirements, or as 
specified in regulations or guidance provided by applicable regulatory 
agencies of the federal or state government. 

3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 

3.1 Precautions 

3.1 .I Instruments used to perform release surveys shall be operated in 
accordance with the respective operating procedure. 

3.1.2 Large area smears may be used to augment (but not replace) the 
100 cm2 smear survey. Large area wipes may be counted with the 
Ludlum Model-3 or equivalent. Large area smears are used to 
obtain immediate information concerning loose contamination for the 
purpose of radiological protection and to minimize time spent 
performing disc smears on an item easily identified as contaminated. 

3.1.3 A release document package, at a minimum, shall include the 
following forms: 

3.1.3.1 The Health Physics daily log. 

3.1.3.2 Material Release Log. 

3.1.3.3 Radiation and Contamination Survey or an Unconditional 
Release of Equipment or Items Survey and/or Sample 
Calculation Worksheet. 
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3.1.3.4 Daily Instrument Calibration Log. 

3.1.4 The release document shall include the following information: 

3.1.5 

3.1.6 

3.1.7 

3.1.8 

3.1.9 

3.1.4.1 The date of the release survey. 

3.1.4.2 The number of the release survey. 

3.1.4.3 A description or identification of the item. 

3.1.4.4 The identity of the Health Physics Technician performing the 

3.1.4.5 The evaluator of the material for release. 

3.1.4.6 The release approval of the RSO or duly authorized 

Surveys performed for the release of material shall be documented 
on a Radiation and Contamination Survey and/or on an 
Unconditional Release of Equipment or Items Survey. 

Radiationkontamination surveys shall be performed in accordance 
with OP-001. 

Items identified as radioactive during the release survey shall be 
controlled in accordance with OP-019. 

Personnel performing release surveys shall be logged in on a 
Radiation Work Permit in accordance with AP-012 (if applicable). 

Audible response instruments must be used during direct scan 
surveys. 

release survey. 

representative. 

3.1.10 The instruments used for release surveys shall be within current 
calibration and shall have had a response check performed daily or 
before use in accordance with the instrument’s operating procedure. 

3.1.1 1 Items presented for release shall be direct scanned in an area of low 
background. 

3.2 Limitations 

3.2.1 The maximum probe speed during direct scan surveys of surfaces 
shall be 3 cmisec. 
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3.2.2 

3.2.3 

3.2.4 

3.2.5 

A response check shall be performed at the completion of the 
workday for instruments used for direct scan surveys in accordance 
with the instruments operating procedure. 

The probe face shall be held within l-4 inch of the surface being 
surveyed for alpha radiation, and within W inch of the surface being 
surveyed for beta-gamma radiation. 

If an instrument used to perform release surveys fails any 
operational check, it shall be removed from service. All data 
collected during the period of instrument failure must be evaluated by 
the RSO or duly authorized representative. 

Posting and access control of controlled areas shall be performed in 
accordance with OP-019. 

3.3 Requirements 

None 

4.0 REFERENCES 

10 CFR 20 
AP-001 
AP-01 0 
AP-012 
OP-00 1 
OP-009 
OP-0 1 9 
OP-020 
OP-02 1 
OP-023 
NUREG-1556 
Reg 1.86 

Standards for Protection Against Radiation 
Record Retention 
Personnel Protective Equipment 
Radiation Work Permits 
Radiological Surveys 
Use and Control of Radioactive Check Sources 
Radiological Posting 
Operation of Contamination Survey Meters 
Alpha-Beta Counting Instrumentation 
Operation of Micro-R Survey Meters 
Consolidated Guidance About Material Licenses (Vol. 1 1 ) 
Termination of Operating Licenses for Nuclear Reactors 

5.0 DEFINITIONS AND ABBREVIATIONS 

5.1 Activity - The rate of disintegration (transformation) or decay of radioactive 
material. The units of activity for the purpose of this procedure are 
Becquerel (Bq) or micro-Curies (pCi). 

5.2 Contamination - Deposition of radioactive material in any place where it is 
not desired. Contamination may be due to the presence of alpha particle, 
beta particle or gamma ray emitting radionuclides. 
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5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

Restricted Area - An area to which access is controlled to protect 
individuals against undue risks from exposure to radiation and radioactive 
materials. 

Fixed Contamination - Radioactive contamination that is not readily 
removed from a surface by applying light to moderate pressure when wiping 
with a paper or cloth disk smear, or masslinn. 

Minimum Detectable Activity (MDA) - For purposes of this procedure, MDA 
for removable radioactive contamination is defined as the smallest amount 
of sample activity that will yield a net count with a 95% confidence level 
based upon the background count rate of the counting instrument used. 

Release for Unconditional Use - A level of radioactive material below which 
it is acceptable for use without restrictions. Under normal circumstances, 
authorized limits for residual radioactive material are set equal to, or below, 
the values specified in Regulatory Guide 1.86, Termination of Operating 
Licenses for Nuclear Reactors. 

Survey - is defined as an evaluation of the radiological conditions and 
potential hazards incident to the production, use, transfer, release, disposal, 
or presence of radioactive material or other sources of radiation. 

Survey Exempt Materials - The contents of sealed containers which remain 
unopened while in a controlled area are exempt, the outside surfaces are 
not exempt. 

6.0 EQUIPMENT 

None 

7.0 RESPONSIBILITIES 

7.1 Project Manager (PM) - the PM is responsible for ensuring that personnel 
assigned the task of surveying materials are familiar with this procedure, 
adequately trained in the use of this procedure, and have access to a copy 
of this procedure. 

7.2 Radiation safety Officer (RSO) - The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in the use of 
contamination survey meters described in this procedure. 

7.3 Radiological Field Supervisor (RFS) - During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented. When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 
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EMISSION REMOVABLE 
dpm/100 cm2 

7.4 Health Physics Technicians (HPT) - The HPT are responsible for 
performing the surveys described in this procedure. 

TOTAL (Fixed and Removable) 
dpm/lOO cm2 

8.0 INSTRUCTIONS 

8.1 Release Limits for Gross Activity (Unknown Isotopes) 

Beta-Gamma 200 1000 

NOTE: If of the constituents of the contamination are known documented on 
the release documents, the release limits of Table 1 of Regulatory Guide 1.86, 
Termination of Operating Licenses for Nuclear Reactors applies. 

8.2 Inaccessible Surfaces 

8.2.1 Items with inaccessible surfaces should be disassembled as 
completely as possible to facilitate release surveys. Items with 
inaccessible surfaces will not be unconditionally released unless 
evaluated by a designated evaluator who authorizes and documents 
the release. 

8.2.2 The following guidance will be used when performing evaluations: 

8.2.2.1 A history of the item should be reviewed. 

8.2.2.2 The actual release survey shall be reviewed. 

8.2.2.3 Determination of the radiological conditions in the area the 
item has been used o r  stored shall be reviewed. 

8.2.2.4 Use of gamma radiation sensitive detectors such as Nal(T1) 
or equivalent should be considered. (These detectors may 
indicate internal contamination that a beta sensitive detector 
may not detect due to the beta detector's lack of sensitivity 
to photon emissions as well as the inability of beta emissions 
to penetrate through many surfaces). 

8.3 Materials considered dangerous, fragile, or not readily smearable due to 
their physical or chemical nature shall not be unconditionally released 
unless evaluated on a case by case basis for release in a manner 
consistent with Section 8.2.2. Evaluation for release shall be performed by 
a designated evaluator only. 

OP-004 CABRERA SERVICES, INC. Page 5 of 10 



Revision 0 Unconditional Release of Material from Radioloqical Control Areas 

8.4 Survey Exempt Materials 

8.4.1 Items such as briefcases, pens, papers, personal clothing, etc., are 
exempt from the Health Physics release survey requirements of this 
procedure, unless deemed appropriate by the HPT. 

8.4.2 Individuals shall survey the exempt items in the same manner as a 
whole body frisk when leaving a controlled area or have a Health 
Physics Technician perform the survey. 

8.5 Survey Procedure 

8.5.1 Upon receipt of an item presented for release, attempt to determine 
the history: 

8.5.1.1 Purpose of item. 

8.5.1.2 The current and past use of the item. 

8.5.1.3 The location(s) in which the item was used or stored. 
8.5.1.4 If the item was ever used for work with radioactive material 

or used in an area where radioactive material was used or 
stored. 

NOTE: This knowledge of the item history should provide the surveyor with 
information helpful in performing the release survey. 

8.5.2 Using protective clothing such as gloves, perform large area smears 
of 100% of the accessible surfaces of the item using large area 
wipes (e.g. masslinn). 

8.5.2,l Determine if transferable (loose) radioactive material is 
present by measuring the amount of activity on the surface 
of the cloth. 

8.5.2.2 If the presence of radioactive material is indicated by a count 
rate above background, the item shall be treated as 
contaminated until the results of the disc smear survey are 
obtained and determination is made concerning the actual 
100 cm2 loose contamination levels. The material shall be 
controlled in accordance with OP-019. 

8.5.3 Perform a direct scan of 100% of all accessible areas of the item, in 
accordance with the instrument’s operating procedure, and OP-001. 

NOTE: Items presented for release shall be direct scanned in an area of low 
background. Preferably I 100 CPM. The Health Physics Technician 
performing the release survey shall determine if the background is 
acceptable for direct scan of the item. 
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8.5.4 If the scan indicates radioactive material on the surface of the item is 
less than the limits of release for total activity, proceed to 8.5.10. 

8.5.5 If the scan indicates radioactive material on the surface is greater 
than regulatory limits for total activity, the item cannot be released. 

8.5.6 During the direct scan of the accessible surfaces of the item, a static 
measurement shall be taken: 

8.5.6.1 If an increase in the audible count rate is detected. 

8.5.6.2 After each minute of scanning. 

8.5.6.3 When the Health Physics Technician determines that an 
indication of fixed activity in an area less than ten square 
centimeters may be present. 

8.5.6.4 During the static measurement, the meter probe shall be 
held at the proper distance from the surface being surveyed 
for the proper response period to allow the meter reading to 
stabilize, in accordance with the instrument’s operating 
procedure. 

8.5.7 Perform disc smears which are representative of 100% of the 
effective surface area. 

8.5.7.1 100% of the effective accessible surface means performing 
a 100 cm2 disc smear on all accessible areas of the item 
suspected of being contaminated. 

8.5.8 Count the smears in accordance with reference OP-001 and/or OP- 
021 as appropriate. 

8.5.8.1 Record smear data on the Radiation and Contamination 
Survey. 

8.5.8.2 If the smear results indicate transferable activity below the 
release limits, proceed to Step 8.5.1 0 

8.5.8.3 If the smear results indicated transferable activity above the 
release limits, the item cannot be released 

8.5.9 If item has internal or inaccessible surfaces, CABRERA personnel will 
disassemble the item and repeat Steps 8.5.2 through 8.5.5 or have 
the item evaluated for release by a designated evaluator. 
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8.5.10 If the item meets the release limits or is evaluated as meeting the 
unconditional release criteria, complete form OP-004-01. The RSO 
or duly authorized representative must review the release documents 
and approve the release before allowing the item to leave the 
controlled area. 

8.5.1 1 If items are identified as radioactive during the release survey, 
contact the RSO or duly authorized representative. 

8.6 Action level 

8.6.1 If direct frisk beta-gamma instrument readings exceed 100 cpm 
above background (with background less than 200 cpm) or 25 cpm 
alpha, those areas shall be surveyed as follows: 

8.6.1.1 Perform a smearable contamination survey using 100 cm2 of 
affected areas, and count the smears for beta-gamma and 
alpha contamination to determine if contamination is 'fixed" 
or "removable." 

8.6.2 Any vehicle with removable contamination exceeding the site limits 
listed below shall be brought to the attention of the RSO or duly 
authorized representative and handled appropriately. 

8.6.3 Any vehicle with removable contamination exceeding the DOT limits 
listed below shall be brought to the attention of the RSO or 
authorized representative for release or acceptance approval. 

8.6.3.1 2,200 dpm/100 cm2 beta-gamma 

8.6.3.2 220 dpm/100 cm2 alpha. 

8.6.4 Dose rate surveys, which exceed 0.2 mWhr, shall be brought to the 
attention of the RSO or duly authorized representative for release or 
acceptance approval. 

8.7 The results of the survey shall be documented on Radiation and 
Contamination surveys. 

9.0 QUALITY ASSURANCE/RECORDS 

9.1 Quality Assurance 

9.1 .I Instrumentation used for surveys will be checked with standards 
each day prior to use and verified to have current valid calibration. 

9.1.2 When releasing a large volume of materials, a program may be 
established under the discretion of the RSO or duly authorized 
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representative to ensure by second check that no radioactive 
material has been released to the public or the environment. 

9.1.3 The health physics technician performing the survey shall review 
Form OP-004-01 and any other applicable forms for accuracy and 
completeness. 

9.2 Records 

9.2.1 Documented information shall be legibly written in ink. 

9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means. Incorrect entries shall be corrected by striking a single 
line across the entry. The correction shall be entered, initialed, and 
dated. 

9.2.3 The health physics technician performing the survey shall ensure 
that this procedure is the most current and approved revision. 

9.2.4 Entries on Form OP-004-01 and any other pertinent forms must be 
dated and initialed by the health physics technician performing the 
survey to be valid. 

9.2.5 The RSO or duly authorized representative shall review any 
applicable completed forms. The review shall be for accuracy and 
completeness. 

10.0 ATTACHMENTS 

OP-004-01 Unconditional Release of Equipment or Items Report 
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OP1004-01 
UNCONDITIONAL RELEASE OF EQUIPMENT AND ITEMS LOG 

Project Name Project Number 

Reviewed By: Date: 
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Revision 0 Decontamination of Equipment and Tools 

1.0 PURPOSE 

This procedure establishes the requirements for decontamination of equipment, 
material, and tools used at Cabrera Services, Inc., (CABRERA) field projects that 
become contaminated with radioactive material. 

2.0 APPLICABILITY 

This procedure will be used to identify proper decontamination methods, provide 
instruction for the decontamination of equipment, material, and tools. Each 
decontamination operation is unique; thus, this procedure provides general, 
effective domination techniques and guidelines to be use by CABRERA field 
personnel. This document applies to all CABRERA PERSONNEL involved in the 
decontamination process. 

3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 

3.1 Precautions 

3.1.1 Decontamination of contaminated tools or equipment shall be 
performed under the direction of a HPT. The HPT shall provide 
direction in accordance with this procedure, and the Radiation Work 
Permit (RWP). 

3.1.2 Decontamination activities shall be performed within a controlled 
area established in accordance with the provisions of procedure OP- 
01 9. 

3.1.3 Controls to contain the spread of loose contamination during the 
decontamination activity shall be planned and established prior to the 
decontamination of equipment, material, and tools. 

3.2 Limitations 

3.2.1 Protective clothing worn by the personnel involved in 
decontamination activities shall be determined in accordance with 
the RWP. 

3.2.2 Decontamination cleaning solventlsolutions shall only be used in 
accordance with the directions and limitations listed on the 
manufacturer supplied MSDS. 

3.2.3 Respiratory protection devices required by the RWP for 
decontamination operations shall be selected and used in 
accordance with the provisions of AP-006. 
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3.2.4 A pre-job briefing shall be held to instruct Decontamination 
Technicians of the conditions of the RWP. All personnel performing 
work in the decontamination work area shall sign the RWP prior to 
work. 

3.2.5 Every effort should be made by CABRERA personnel to avoid re- 
contamination of decontaminated materials. contamination controls 
shall always be observed throughout a decontamination process. 

3.2.6 Radiation and contamination surveys shall be performed in 
accordance with the provisions of procedure OP-001. 

3.2.7 Release of equipment, materials, and tools from the decontamination 
work area shall be performed in accordance with the provision of 
procedure OP-004. 

3.3 Requirements 

None 

4.0 REFERENCES 

RSP 
AP-001 
AP-006 
AP-0 12 
AP-0 1 3 
AP-0 14 
OP-00 1 
OP-004 

OP-019 
OP-020 
OP-021 
OP-023 

Radiation Safety Program 
Records Retention 
Respiratory Protection Program 
Radiation Work Permits 
Packaging Radioactive Material 
Classifying Radioactive Waste 
Radiological Surveys 
Unconditional Release of Material from Radiological Control 
Areas 
Radiological Posting 
Operation of Contamination Survey Meters 
Operation of Alpha-Beta Sample Counting Instrumentation 
Operation of Micro-R Survey Meters 

5.0 DEFINITIONS AND ABBREVIATIONS 

5.1 Decontamination - The processes whereby contamination can be safely 
and effectively removed from equipment, tools and materials, to levels 
required by Reg. Guide 1.86. 

5.2 Herculite - A plastic or polyethylene floor covering and containment material 
use for decontamination operations. HERCULITE is a brand name. 

5.3 MSDS - Material Safety Data Sheet provide safety information and 
limitations and are issued by the manufacturer of the product. 
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5.4 Radiation Work Permit (RWP) - A document generated by Health Physics 
to provide: 

0 

0 

Maximum radiological limits allowed. 

0 

A description and scope of the work to be performed. 

Existing radiological conditions in the work area. 

Limitations placed upon the scope of work. 

Measures to be employed to protect the worker(s). 

Period of time the RWP is valid. 

Special instructions to workers and HP personnel for the work. 

6.0 EQUIPMENT 

None 

7.0 RESPONSIBILITIES 

7.1 Project Manager (PM) - The PM is responsible for ensuring that personnel 
assigned the task of decontamination are familiar with this procedure, 
adequately trained in the use of this procedure, and have access to a copy 
of this procedure. . 

7.2 Radiation Safety Officer (RSO) - The RSO is responsible is responsible for 
training of personnel in decontamination techniques and performing 
radiation surveys described in this procedure. The RSO ensures that 
decontamination technicians are qualified by training and experience to 
perform the requirements of this procedure. 

7.3 Radiological Field Supervisor (RFS) - During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented. When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 

7.4 Health Physics Technicians (HPT) - The HPT is responsible for performing 
the surveys of decontaminated items, and ensuring that radioactive material 
is not released to the public or the environment. 

8.0 INSTRUCTIONS 

8.1 Pre-Decontamination Preparation 

8.1.1 The RFS shall initiate decontamination work instructions. 
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8.1.2 A radiological survey shall be performed by a HPT on any item or 
object, which is to be removed from a controlled area. 

8.1.3 If radiological survey results indicate that an RWP is required for 
decontamination, the RSO or duly authorized representative shall 
write the RWP in accordance with the provisions of procedure AP- 
01 2. 

8.1.4 If a survey indicates that decontamination is required, the item 
should be bagged, wrapped, or contained under the direction of 
health physics. The HPT shall label the item with all pertinent 
information. 

8.1.5 The RFS shall approve or disapprove the decontamination operation 
based on conditions of the RWP and the cost effectiveness of the 
operation versus disposal costs. 

8.2 Establishment of the Decontamination Work Area 

8.2.1 

8.2.2 

8.2.3 

0 

0 

0 

0 

NOTE: 

0 

The RSO or duly authorized representative and the RFS shall 
determine a location for decontamination area. 

Once a location has been established, the decontamination area 
shall be set-up by the HPT under the direction of the RFS. 

The decontamination area should consist of the following: 

Covered (or equivalent) floor surfaces. A double layer of Herculite 
(or equivalent) may be laid on the floor at the direction of Health 
Physics. 

Covered (Herculite or equivalent) wall surfaces, if applicable. 

Engineering controls (HEPA ventilation, vacuum cleaners, 
containment tent walls glove bags, etc.), if applicable. 

Engineering controls shall be determined on the basis of the A U R A  
consideration section of the RWP. 

All possible engineering controls shall be utilizes when feasible to 
minimize the need for respiratory protection equipment. 

Safe, sturdy workstations with contamination resistant surfaces. 
Tables that will support decontamination attempts on heavy pieces of 
equipment. 
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0 Adequate supply of overhead light, adequate electrical/compressed 
air supply for the operation of electricaVpneumatic driven 
decontamination equipment. 

0 Overhead lifting equipment, if applicable. 

0 Adequate supply of CABRERA approved cleaning solutions and 
solvents; adequate supply of decontamination equipment such as: 

1. Light duty decontamination equipment such as paper wipes, paper 
towels, massllin towels, etc. 

2. Medium to Heavy-duty decontamination equipment such as scrub pads, 
wire brushes steel wool, files, sandpaper, etc. 

3. Fully stocked hand tool kit for disassemble of contaminated equipment. 

4. Power tools, such as drills, saws, electric screwdrivers, etc. 

5. Radioactive material storage bags, stickers, etc. 

6. Buckets, barrels or drums for the storage of contaminated liquids, 
sludges, or slurries, if applicable. 

7. Blotter paper or sorbent, if applicable. 

8. Approved absorbent material such as oil dry, etc., if applicable. 

Storage drumslbags for the storage of contaminated protective clothing 
under direction of Health Physics. 

Proper surveillance instruments (air monitorlsampler, contamination 
monitor, friskers, dose rate meter, etc.) in accordance with the RWP. 

0 Adequate supply of personal protective clothing gloves respiratory 
equipment, etc. 

0 Step-Off or Double Step-Off Pad in accordance with the provision of the 
RWP. 

A designated area within the decontamination area for the segregation 
of radioactive waste. 

Fire extinguisher(s), if required 
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8.2.4 Once the decontamination area has been established and stocked 
for operation, the bagged and/or wrapped contaminated or controlled 
equipment should be placed in the decontamination work area by the 
decontamination technician under the direction of the RFS and the 
HPT. Contaminated or controlled items should always be escorted 
under the direction of a HPT to the decontamination area. 

8.3 Decontamination 

8.3.1 After the decontamination area has been posted, and area access 
controls established, all requirements of the RWP shall be observed. 

8.3.2 The preparation for decontamination of a particular tool, material, or 
piece of equipment shall be performed as follows: 

0 Position the wrapped item so that the written information on the 
IabeVwrapping is visible. 

NOTE: Junior Health PhysicdDecontamination Technicians may operate 
survey instruments for decontamination monitoring purpose. HPTs 
shall oversee Junior Health Physics/Decontamination Technicians 
when survey instruments are in use. 

CAUTION: Survey instruments to be used in a known or suspected contaminated 
area should be protected (wrapped in plastic, poly, etc.) against 
possible contamination before use. 

0 The HPTs shall direct the removal of the item from the wrapping in 
such a manner (rolling plastic, poly, etc.) to control the spread of 
contamination. 

0 An item that is highly contaminated with smearable contamination 
should be misted with an approved liquid such as demineralized water 
The water vapor will wet down the particulate contamination and help 
prevent the possibility of generating airborne contamination. 

0 Once the item has been removed from the wrapping and has been 
properly positioned, discard the wrapping as radioactive waste. 

8.3.3 The following decontamination techniques should be considered for 
the decontamination of equipment, materials, and tools: 

0 Any equipment with inaccessible areas shall be dismantled so that 
all surfaces are accessible for decontamination and for survey. 

0 Decontamination shall be performed in a safe, effective manner. 
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0 The HPT shall be notified immediately if the job conditions change 
(e.g. suspected asbestos found, presence of mercury in a switch or 
a light bulb, a fluid leak, or any other special circumstances). 

0 An HPT (or qualified individual) shall be assigned as a fire watch if 
any spark creating decontamination techniques (grinding, etc,) are 
used and there are combustible materials in the area. There shall 
be a dedicated fire extinguisher located within the decontamination 
work area. 

0 In order to secure a safe cleaning surface, the item should be 
positioned on the worktable (if size and weight permits) and locked 
into a vise or secured by other approved methods as determined by 
the RFS. 

0 The decontamination area shall remain organized and free of debris. 
The HPT shall enforce the "clean-as-you-go" policy whenever 
necessary. 

0 A HEPA vacuum cleaner may be used during the decontamination 
operation. 

8.3.4 Smearable Contamination Removal 

When the item is properly positioned for decontamination and the pre-survey 
has been completed, perform the following: 

0 Moisten the surface of the item with an approve liquid (e.g. 
demineralized water). 

0 Fold a paper or cloth wipe into sections, using one surface of the 
wipe gently and wipe contamination off in one direction away 
from the user's body. This should reduce the possibility of 
personnel contamination. 

0 Re-fold the paper or cloth wipe so that a clean surface is 
available (this should prevent cross-contamination) and continue 
until item is ready for survey. 

0 For some materials, duct tape will effectively remove smearable 
contamination. Wrap the duct tape loosely around the gloved 
hand. Adhesive side out. Roll the tape over the contaminated 
area. Re-survey. 
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8.3.5 Fixed Contamination Removal 

There are many techniques that can be use to remove fixed contamination. 
The general idea is to remove the material, which is fixing the activity to the 
surface, or remove a very thin layer of the surface material. The techniques 
selected for a particular decontamination operation is at the discretion of the 
RFS and the HPT. The techniques can be divided into the following 
categories: 

Light hand decontamination 

Abrasive hand decontamination 

Power tool decontamination 

Machine decontamination (use of abrasive bead blasters, grit blasters, high 
pressure water wash systems, etc.). The specific implementation of these 
techniques is not included within the scope of this procedure. 

Cleaning solutionsholvents (use of ultrasonic cleaners, acid baths, 
electropolishing, etc.). The specific implementation of these techniques is 
not included within the scope of this procedure. 

8.3.6 Light hand decontamination consists of using many of the same 
techniques as 8.3.4 of this procedure. 

8.3.7 Abrasive hand decontamination shall be performed in the following 
manner: 

Remove as much smearable contamination as possible. 

0 Moisten the surface of the item(s) to contain contamination. 

CAUTION: Abrasive measure should only be applied to surfaces, which are not 
critical for operation of devices, which must be restored to working 
condition. Abrasion of machined surfaces should be minimized if the 
device is intended to provide its designed operation. 

Use an abrasive cleaning tool (e.g. sandpaper, steel wool, steel brush, 
hand grinder, etc.) to loosen fixed contamination. Clean in one direction 
only and clean Away from the body to prevent personnel contamination. 

Continue to moisten the surface of the item(s) to contain contamination. 

e Remove as much smearable contamination as possible. 

0 Re-survey. 

OP-018- ~ CABRERA SERVICES, INC. Page 8 of 11 



Revision 0 Decontamination of Equipment and Tools 

8.3.8 Power tool decontamination shall be performed in the following 
manner only under the direction of the HPT. 

NOTE: When using power tools, always consider the potential of injury due to 
the hazards involved. Power tools shall be use cautiously and in 
accordance with the manufacturer's recommendations. 

Some of the electric power tools that can be use in decontamination 
operations are: 

- Drills - used to drill out contaminated areas, to disassemble 
contaminated components and when used with grinding wheels or 
disks, may be used as an abrasive tool. 

- Saws - used to separate contaminated pieces from clean pieces. 

- Grinders - used to grind fixed contamination form surfaces. 

- Electric screwdrivers - used in the disassembly of component parts 

8.3.9 Power tool decontamination shall be performed in the following 
manner: 

Remove as much smearable contamination as possible as per Section 
8.3.4 of this procedure. 

Moisten the surface of the item lightly to contain contamination. Use a 
spray bottle for moistening. 

CAUTION: Do not use electric power tools on a wet working surface. Keep liquids 
away from electric power tools. 

0 Whenever feasible the use of containment device (e.9. glove box, etc.) 
should be used to contain the spread of contamination when using power 
tools for decontamination operations. 

0 Use the power tool to remove fixed contamination. Clean in one direction 
only and clean away from the body to prevent personnel contamination. 

0 Re-survey. 

8.4 Post Decontamination 

8.4.1 If the decontamination was successful, the decontamination 
technician shall notify the HPT who shall perform a release survey in 
accordance with OP-004. 

0 If the item satisfies the criteria for release as in OP-004, remove the item to 
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a holding area for disposal and document results. When prepared for 
disposal, ensure compliance with the provisions of AP-014 and AP-013. 

If the item remains contaminated, attempt a second decontamination. 

If the item remains contaminated, attempt a third decontamination only at 
the direction of the RSO or duly authorized representative. 

8.4.2 If an item cannot be effectively or economically decontaminated, the 
RFS may direct the CABRERA work crew to volume-reduce (reduce to 
component parts) the equipment, material, or tools as much as 
possible. If the item is expendable, the individual parts may be 
surveyed and released in accordance with step 8.4.1. 

8.4.3 If an item is volume-reduced to its component parts and 
decontamination is not feasible, and the item is not needed, the item 
parts shall be considered radioactive waste. Radioactive waste is to 
be segregated into similar material for shipment purposes by the 
direction of the Project Manager. The RFS shall direct the 
segregation of radioactive waste into the following categories: 

a 

Steels, hard metals 
Wood 
Fiber products 
Paper 
Rubber 
Cloth (duct tape is considered a cloth) 
Aluminum, soft metals (brass) 
Glass 
Questionable items (e.g. light bulbs pipe with lead solder, 
electronic component parts) which could be considered mixed or 
hazardous waste. 
Other categories, if applicable. 

8.4.4 After all decontamination operation have been completed a HPT 
shall perform a release survey of the decontamination area and de- 
post the area in accordance with procedures OP-001 and OP-019. 

9.0 QUALITY ASSURANCE/RECORDS 

9.1 Quality Assurance 

9.1.1 Instrumentation used in the surveys will be checked with standards 
daily and verified to have current valid calibration. 

9.1.2 Operations conducted using this procedure shall be reviewed for 
compliance at least annually. 
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9.2 Records 

9.2.1 The records generated by the use of this procedure are documented 
in accordance with the provisions of referenced CABRERA 
procedures. No new records are created. 

9.2.2 Documented information shall be legible written in ink. 

9.2.3 Data shall not be obliterated by erasing or using white-out. Incorrect 
entries shall be corrected by striking a single line across the entry. 
The correction shall be entered, initialed, and dated. 

10.0 ATTACHMENTS 

None 
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1.0 PURPOSE 

The purpose of this procedure is to provide the methods to be used for setup, 
routine operation and maintenance of a high purity germanium gamma 
spectroscopy system (gamma system) owned or leased by Cabrera Services, 
Inc. (CABRE@ in a laboratory setting. 

2.0 APPLICABILITY 

This procedure describes general measurement and analysis methods to 
perform gamma emissions analysis of volumetric samples using high resolution 
intrinsic germanium gamma spectroscopy via the Gamma Acquisition and 
Analysis (GAA) application within standard, PC based Genie-2000 software. 
This procedure also encompasses methods of operation and quality assurance 
procedures for gamma spectroscopy system operation in a mobile laboratory 
setting. The procedures presented in this document pertain to the use of a 
gamma spectroscopy system used to generate reportable sample activity results. 
Algorithms used by Genie-2000 software can be referenced in the Genie-2000 
Customization Tools Manual. 

3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 

3.1 Personnel Qualifications 

Individuals performing measurements with any gamma spectroscopy 
system owned or leased by CABRERA shall be familiar with the requirements 
established in the current and approved version of this procedure. 
Individuals who operate the system shall have a general knowledge of its 
principles of operation. 

3.2 Quality Assurance 

Data collected using the gamma system is considered invalid unless 
compliance with the quality assurance requirements stated herein is 
demonstrated and documented. 

3.3 Instrument Limitations 

3.3.1 The instrument shall not be operated in environments where the 
ambient temperature exceeds 50" C (122" F) or is less than -10" C 
(14" F). 
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3.4 Requirements 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

3.4.5 

3.4.6 

3.4.7 

Prior to performing any system measurements, detector should be 
covered with a thin, clear (Le., see-through) plastic bag. 

The instrument is sensitive to temperature changes. Energy 
calibrations and/or gain adjustments shall be performed when 
necessary as stated herein to ensure that the accuracy of 
measurement results is not compromised. 

When filling an ISOCS detector (Big Mac) dewar with liquid nitrogen 
(LNp), only use LN2 systems delivering liquid at pressures between 5 
psi and 25 psi. An empty, warm Big Mac dewar should not take 
longer than 45 minutes to fill. Do not attempt 

Detector should be allowed to cool for a sufficient time period prior to 
applying high voltage. This time period will be at least 6 hours for an 
internal Big Mac dewar and 12 hours for a large dewar with a dip- 
stick type detector. Guidance should be sought from the ISOCS 
Manager for ensuring the necessary cooling time. 

Authorization and guidance of the ISOCS Manager will be needed 
prior to warming the germanium detector to room temperature. 
When allowing a germanium detector to warm, ensure the bias 
voltage is turned off. 

Ensure that the outlet of the tubing connecting the liquid nitrogen 
(LN2) cylinder to the detector’s dewar is clear of dirt prior to refilling 
the dewar. 

No adjustments should be made to the detector high voltage unless 
authorized by the ISOCS Manager. 

3.5 Safety Precautions 

3.5.1 Avoid skin contact with L& to avoid frostbite. Always use proper 
eye and skin protection, including heavy gloves and eye protection 
when handling L&. 

3.5.2 Ensure there is proper ventilation of the area when transferring LN2 
from one dewar (container) to another or when venting LN2 dewars 
using pressurized air or gas. 
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3.5.3 When a cryostat exhibits signs of vacuum failure, such as heavy 
moisture or ice formation on the surface or extremely high LN2 loss 
rate, stop using the unit immediately. Due to explosion hazard, tie a 
blanket or other large, heavy cloth around the entire unit, including 
the endcap. Do not allow the unit to warm up. Notify CABRERA 
Project Manager and contact the ISOCS Manager for further 
instructions. 

3.5.4 Ensure that all sample containers (i.e., Marinelli beakers, etc.), tools, 
etc. are clean and dry prior to use. Wash all items to remove all 
traces of any previously contained material. Any items that will not 
clean adequately should be discarded (as per the Laboratory 
Manager) to prevent reuse and the possibility of cross- 
contamination. 

3.5.5 Appropriate AURA measures shall be used to minimize the 
potential for contamination and unnecessary dose when in the 
presence of radiological material. 

4.0 INITIAL SETUP PROCEDURES 

4.1 Initial Setup of Detector 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

Initial setup shall be performed, or directly supervised, by a qualified 
Radiological Engineer under the guidance of the ISOCS Manager. 

Manufacturers' safety precautions should be reviewed and followed 
during setup of the system. Refer to Canberra's User Manual, and/or 
other relevant system manuals for complete instructions. 

The germanium system should be in a location that minimizes 
vibration, electro-magnetic (EM) and radio frequency (RF) 
interferences. The location shall provide for adequate ventilation and 
temperature consistency. 

When using a large dewar with a dip-stick type detector, note the 
following procedures: Before attempting to fill the dewar with LN2, 
ensure all LN2 connections are made correctly. An extension of 
sufficient length should be added to the vent tube to direct cryogenic 
gases away from personnel and equipment. The vent tube should 
be directed into an appropriate overflow container. Fill the dewar 
and allow the detector to cool for at least 12 hours. Monitor the LN2 
level, as there is substantial loss during initial cool down. 
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4.1.5 When using an internal Big Mac dewar (CABRERA ISOCS system), 
note the following procedures: Initial filling of the dewar with L N  may 
be performed outside of the collimator as per normal filling 
procedures. Allow to cool for at least 5 hours, then top off dewar and 
allow to cool for 1 more hour. Following the source measurement 
referenced in Section 4.3, place dewar in the collimator in the 
uplooking position on the supplied dewar stand and ensure proper 
LN2 connection is made. Seek guidance from the Laboratory 
Manager or ISOCS Manager for the proper line to connect with on 
the back side of the dewar. When disconnecting from the dewar, 
ensure that the line to the Big Mac dewar is plugged, otherwise LN2 
leakage will occur. 

4.2 Initial Setup of Spectroscopy System 

Prior to setting up Quality Control trends and measurements, the 
system must be fully calibrated by, or under the direct supervision of, 
a qualified Radiological Engineer. Contact the ISOCS Manager to 
ensure that the system has already been properly calibrated and is ready to 
collect spectra. 

The stabilizer should be set up (following system setup) by setting the gain 
centroid (select MCA, adjust, stab) at the channel equivalent to1460.8 keV. 
Gain spacing will be approximately 2 channels and gain window will be 
approximately 4 channels. Contact the ISOCS Manager for guidance, as 
needed. 

Set up (create) the proper file structure folders on the gamma spectroscopy 
computer system as presented in Section 1 1 .O. 

4.3 Initial Quality Control Source Measurement 

Long-term detector efficiency trending is being performed on CABRERA 
ISOCS systems. Therefore, this section only applies to detectors belonging 
to a CABRERA ISOCS system (i.e., Big Mac dewar). 

Long-term efficiency trending will be performed on CABRERA ISOCS 
detectors using a NIST traceable E e l  52 source, unless otherwise specified 
by the ISOCS Manager. The ISOCS Manager will provide the method for 
use of source measurement results. 

CABRERA SERVICES, INC. 

Gamma Spectroscopy Laboratory Procedure Page 4 of 21 



COMPANY CONFIDENTIAL 

4.3.1 Prior to setting detector into collimator, perform a tenminute 
measurement of the NlST Eu-152 button source. Ensure that no 
other check sources are present in the area around the detector 
area. The source can be taped to a wall and the detector must be 
center-line to the source and positioned at exactly one-foot from the 
detector face. Save this file as "Eu-152lftmmddyy.cnP' (where 
mmddyy is the current date) into the project "initial measurements" 
folder, as presented in Section 11.0. 

4.3.2 Additionally, remove the source from the wall and perform a ten- 
minute measurement prior to moving the detector for a background 
reference. Save this file as "Eu-152bkgdmmddyy.cnP' into the 
project "initial measurements" folder, as presented in Section 11 .O. 

4.4 Efficiency Calibration 

An efficiency calibration must be performed using a source traceable to the 
National Institute of Standards and Technology (NIST) as specified by the 
ISOCS Manager. Detector should be placed in collimator prior to this 
measurement. See Section 9.0 for general guidance in using Gamma 
Acquisition and Analysis. If sample measurements are for screening 
purposes only, then efficiency calibration may not be necessary as per the 
consent of the ISOCS Manager. Ensure that no other check sources are 
present in the area around the detector area. 

4.4.1 An efficiency calibration will be performed by, or under the direct 
supervision of, a qualified Radiological Engineer and under the 
guidance of the ISOCS Manager, as follows: 

4.4.2 Place the proper NlST traceable volumetric source onto the detector. 
Collect source spectra for a thirtyminute time period. Save this file 
to the project "initial measurements" folder (see Section 11 .O) in the 
following format: "NET Source mmddyy.cnf". Select Calibrate, then 
Efficiency, and then By Certificate file. Select the certificate file 
provided specifically for the project NET traceable source by the 
ISOCS Manager. 

4.4.3 The Efficiency Calibration box will appear. Perform the efficiency 
calibration by choosing Auto. Evaluate the efficiency curve by 
choosing Show. Choose OK when efficiency calibration has been 
completed. 

4.4.4 Save changes using the disk on the tool bar 

4.4.5 Save the efficiency calibration file by selecting Calibrate, Store and 
using the following format: "Project Name Laboratory Efficiency.ca1". 
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4.4.6 Save a copy of the generated efficiency calibration (.cal) file from 
C:\Genie2k\CaIfiles into the project "initial measurements" folder (see 
Section 1 1 .O). 

4.4.7 Reopen the file saved in Section 4.4.2, and load the new calibration 
file (.tal). Analyze the file and ensure that the source concentration 
is within tolerance under the guidance of the ISOCS Manager. 

5.0 QUALITY CONTROL 

5.1 Initial Quality Control Source Measurements 

During initial system setup procedures and following the efficiency 
calibration, twenty initial Quality Control (QC) source measurements must 
be performed, using a source jig containing a Co-60 and Cd-109 source, or 
as otherwise specifically specified by the ISOCS Manager, to setup 
baseline data for daily QC trending. The Cd-109 and Co-60 sources in this 
source jig (referred to hereafter as Co-Cd source) should not be removed 
from the source jig and should be kept stable, so as to allow for a 
reproducible geometry during future source measurements. These source 
measurements will be analyzed and then transferred into the QA Editor for 
establishing baseline trend data. Follow the steps in Section 5.3, except 
the name of each saved measurement will be "qcOl .cnP', "qcOZ.cnf", 
through "qc20.cnf". These files will be saved into the project "initial 
measurements" folder as presented in Section 11 .O. 

Between measurements, stabilize using No-Salt (see Section 7.1 ), as 
needed. Also, remove and replace the source jig between each initial 
source measurement. 

Following these twenty measurements, collect one additional source 
measurement for the current day's QC (if samples are to be analyzed that 
day), as per Section 5.2. 

5.2 Daily Quality Control Source Measurements 

A Daily QC Source check is performed using the Co-Cd source at the start 
of each day on which field measurements will be performed. Source 
measurements will be performed using the same source and geometry as 
used for the initial QC measurements. Specific instructions for the 
performance of Daily QC measurements are presented in Section 5.3. The 
specific QC parameters evaluated and the acceptable ranges of results are 
summarized as follows: 
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QC Calibration Parameter DescriDtion 
Low energy photopeak centroid channel 
High energy photopeak centroid channel 
Low energy photopeak FWHMg* 
High energy photopeak FWHM 
Low energy photopeak net counts/second 
High energy photopeak net counts/second 

Acceptable Range of Results 
Within fixed channel limits' 
Within fixed channel limits' 
Mean f 2 std. deviations* 
Mean f 2 std. deviations* 
Mean f 2 std. deviations* 
Mean k 2 std. deviations* 

* : The mean and standard deviation values for these QC parameters are 
established by performing a set of 10 initial counts. Subsequent count 
results are then compared to the established "investigation level" range of 
[mean f 2 std. dev.] and "action level" range of [mean f 3 std. dev.]. The 
mean and standard deviation shall be updakd every 10 counts. 
** : FWHM stands for Full Width at Half Maximum. It is the width of the 
energy peak, in keV, at one half of the peak amplitude, or height. 
# : Observed peak centroids should typically be within f 1 .O keV of 
theoretical (approx. f 3 channel limits) 

5.3 Specific Instructions for Daily Source QC Measurements 

I) Perform QC source measurement using the appropriate count time and source 

2) Save and re-open the QC file ("qaddmmyy.cnB) 

3) Analyze spectra using the "ISOCS QA and BKGD" analysis sequence then 
save and close file. 

4) Transfer the file into the QA Editor by opening the QA Editor, then opening the 
project ".QAF" file, and choosing Results, Transfer. Choose current 
qcmmddyy.cnf file. 

"printer". If upage one" is check marked, then uncheck "page one" and check 
mark "new file". 

5) Choose Results, Report Last Measurement and check mark "screen" and 

6) In the QC report generated from the previous step, ensure that the 
"Measurement Date" is correct. Then, if none of the analysis results under the 
deviationmags section show "IN" or "AC", then select File, Save and QC is 
complete. 

7) If one or more of the analysis results under the deviatiodflags section show 
"IN", then perform an additional measurement (save that measurement as 
"qcmmddyyb.cnf") and transfer b QA Editor by following the previous steps. 
Then, go to step 9. 
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8 )  If one or more of the analysis results under the deviation/flags section show 
“AC”, then shut down the system and contact the ISOCS Manager for 
evaluation. 

9) If none of the QC results which failed in step 7 show “IN” in the current last 
measurement report, then go to the next step. Otherwise, if any of the QC 
result@) fail again which previously failed in step 7 (i.e., show “IN” or “AC“), 
then shut down the system and call the ISOCS Manager for evaluation. 

10)Reject the second count for any QC results that PASSED the first count using 
Results, Edit Values. The QC results that initially failed in step 7 should NOT 
be rejected. 

11)Perform necessary signing and posting of QC data results as preseded in the 
following paragraphs: 

QC parameter results from these daily QC Calibration Check counts are stored in 
a QC file and can be tabulated and plotted for long-term trending. Daily QC data , 

results will be printed each day, as instructed in step 5 above. These daily 
reports will be initialed and dated by the Laboratory Manager each day and then 
faxed to the ISOCS Manager. Trend plots will be printed at the end of each week 
of work, initialed and dated by the Laboratory Manager and faxed to the ISOCS 
Manager. Trend plots are generated by choosing Results, Show Chart, 
Connect Data Points, and then selecting each of the 6 trends and selecting print 
under each resulting graph. Printed reports and trend plots will also be retained 
in a readily accessible folder for review. The Laboratory Manager and/or ISOCS 
Manager shall review the trend data weekly for biased results. These printouts 
are intended to provide a record of stable system performance, or alert the user 
to possible system problems. 

In the steps above “IN” signifies the need for an investigation, and “AC” signifies 
the need for an action. 
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6.0 SAMPLE RECEIVING 

Soil samples will be received by the gamma laboratory in pre-selected containers 
(e.g., 1 -liter Marinelli beakers) and on each container will be printed a unique, pre- 
determined lab sample number. If no naming convention is specified in the site Work 
Plan, see the CABRERA Project Manager for the proper naming convention to be 
used. Soil samples will be stored in the soil sample storage area in preparation for 
screening measurements. Perform the following sample receiving tasks: 

Weigh each sample as per relevant operating procedures and record 
the weight of each sample into the logbook and also into the 
information box in the Gamma and Acquisition Program as per 
Section 9.7 0. 

Use a thin plastic bag to hold the sample prior to placing the sample 
container over the detector. 

7.0 DAILY MEASUREMENT PROCEDURES 

Once the system has passed Daily Quality Control measurements as presented in 
Section 5.0, the following sections will be used to perform proper sample 
measurement procedures. 

7.1 Spectral Stabilization 

The No-Salt measurement from the previous evening should be stopped, 
then select save, then clear, and a five-minute No-Salt measurement 
should be performed. 

The measurement of potassium chloride (No-Salt) will be performed 
throughout the day and night, as needed, so that the stabilizer can use the 
1460.8 keV peak of K-40 for purposes of spectral stabilization. 

When energy drift occurs beyond the 0.5 keV tolerance, No-Salt should be 
measured until the K-40 peak is between 1460.5 keV and 1461.1 keV. 
Select ctrl L and ctrl R to put markers around the peak and then see Marker 
Info for peak information. 

7.2 Blank Measurement 

Following QC analysis on the first day of each week, a weekly blank 
measurement shall be performed using a laboratory sugar blank. This 
blank will be a container filled with sugar and water, or equivalent matrix as 
per the Laboratory Manager, and will have a sample weight equivalent to 
the average weight of the project samples to be analyzed. 
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Perform a measurement on the blank using a 30-minute 
measurement time, or other measurement time specified by the 
ISOCS Manager. Ensure that no check sources are present in 
the area around the detector area. 

Save the week's blank file as "SugarBKGDmf" into the project "Daily 
Blanks" folder (see Section 11.0). 

Re-open the file and analyze this file using the "ISOCS QA and 
BKGD" analysis sequence. Select File, Save. Then select File, 
Save As, and save the file as "SugarBKGDwklymmddyy.cnf" into the 
same file folder as above, and then close the file. 

7.3 Sample Measurements 

7.3.1 

7.3.2 

7.3.3 

7.3.4 

7.3.5 

7.3.6 

See Section 6.0 for instructions for proper receipt of soil samples. 

Perform measurements for each sample using Section 9.0 for 
guidance. Ensure that no check sources are present in the area 
around the detector area. 

When performing measurements, make sure to record all necessary 
information into the information box as per Section 9.70. 

Ensure dead time falls into guidelines as presented in Section 9.6. 

Ensure that the count time is of  significant length to reach applicable 
minimum detectable concentrations (MDCs) as per the guidance of 
the ISOCS Manager. 

Save file using the proper nqming convention (see Project Manager) 
and into the proper file location as per Section 1 1 .O. 

7.4 Performing Spectral Analysis 

7.4.1 Open the spectral file (.cn9 to be analyzed. 

7.4.2 Load the proper calibration file using Section 9.12 for guidance. This 
calibration file should be created prior to commencement of sample 
measurement activities either by using the efficiency calibration 
presented in Section 4.4 or by creating an ISOCS model and 
generating a mathematical efficiency calibration file. Do not load 
any calibration files not specific to the project unless authorized 
by the ISOCS Manager. 
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7.4.3 Perform data analysis using the "ISOCS Subtract BKGD" analysis 
sequence and guidance from Section 9.13. No data results shall 
be reported unless authorized by the CABRERA Project Manager 
and ISOCS Manager. 

Energy Drift and Data Recording/Logging 

An excel spreadsheet, or equivalent method, should be used to track each 
sample by recording Sample ID, Weight, Datemime of sample 
Measurement, the collector's initials, and result for a specific high energy 
and low energy peak of known energies (to track peak drift). The high and 
low energy peaks will be chosen under the guidance of the ISOCS 
Manager. If the energy of either peak drifts by greater than 0.5 keV from 
the true peak energy, then stabilization should be performed as presented 
in Section 7.1. Contact the ISOCS Manager for guidance, as needed. 

Energy Recalibration 

Energy recalibrations may be performed only with permission of the ISOCS 
Manager. 

7.6.1 Only a qualified Radiological Engineer may perform energy 
recalibrations. 

7.6.2 Collect a significant number of counts in the spectra (Le., 
approximately 1000 counts in each peak used for the calibration). 

7.6.3 Select Calibrate, then Energy Recatbration. 

7.6.4 Choose the appropriate Certificate file (contact ISOCS Manager). 
Ensure that all peaks are listed, and select Auto. 

7.6.5 Save changes using the disk on the toolbar. 

Data Storage (Back-up) 

At the end of each day, back-up (i.e., COPY) the entire project folder and 
also the Genie2k folder onto an external disk (he., PCMCIA or other 
equivalent method). This disk should be stored separately from the system 
computer until the next back-up is to be performed. The back-up disk 
should only contain two folders, the project folder and the Genie2k folder. 
These two folders will be copied over daily with the most current data. 

No-Salt Measurement 

When the stabilizer is in use, stabilization will be performed throughout 
each night by changing the measurement time sufficient to count No-Salt 
throughout the night. See Section 7.1 for details. 
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8.0 PERFORMANCE OF WEEKLY BACKGROUND MEASUREMENT 

A background measurement will be performed weekly to identify potential significant 
deviations in background activity. This measurement should be performed at the end 
of the day (to avoid interfering with project schedules), if possible. 

8. I. 1 Remove any radiological check sources from the vicinity of the 
detector. 

8.1.2 Perform a sixtyminute measurement. Save the measurement into 
the project QA folder; named as "WeeklyBKGDddmmyy.cnf" 

8.1.3 Re-open file and analyze using ISOCS QA analysis sequence. 

8.1.4 Peaks appearing in the Peak Analysis Report should be evaluated, 
under the direction of the ISOCS Manager, for the identification of 
potential radiological contamination of the detector. 

9.0 REFERENCE FOR GENERAL GAMMA ACQUISITION OPERATION 

The following steps are presented for assistance in operating the Gamma and 
Acquisition Program (subset program of Canberra Genie-2K Suite). 

9.1 Launching GAA 

GAA can be opened from the Windows desktop by double-clicking on the 
GAA Icon or by choosing Start, then Programs, then Genie 2000, then 
GAA. Before opening the detector, the Inspector must first be switched on. 
The switch is located on the left side of the Inspector. 

9.2 Opening the Detector 

Choose File (located on the menu bar), then Open. Open file type 
Detector and select the specific ISOCS detector (e.g. DETOI). 

9.3 Applying High Voltage to the Detector 

Caution: Ensure that the detector has been properlv cooled with liquid 
nitrogen 0.e. for approximatelv six hours) before performing this step 

Choose MCA (located on the menu bar), then Adjust. A box will appear in 
the lower portion of the screen. Select the HVPS tab. After the Walt signal 
has disappeared, select the On button and exit from the Adjust box by 
single-clicking on the Exit button. 
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Selecting the Appropriate Count Time 

Choosing the appropriate count time can be accomplished by using the edit 
icon located on the shortcut menu bar or by selecting MCA, then Acquire 
Setup from the menu bar. Enter the appropriate time where prompted. 
Count time must be entered as live time for the instrument dead time 
correction to function properly. 

Starting6topping Data Acquisition 

Pressing the Start key under Acquire will cause data acquisition to begin. 
The Start button will no longer be bold face when the acquisition begins. 
Acquisition can be stopped at any time by pressing the Stop button located 
immediately to the right of the start button. If acquisition is stopped and a 
preset time is entered (see Section 9.4), pressing the Start button will 
resume acquisition, which will continue until the preset time is reached. 

Dead Time Check 

In the Time Info section of  the GAA display window can be found the Dead 
Time. If the dead time increases to above 5% when no known radiological 
source (Le. excluding background) is present or increases above 15% when 
a known radiological source is being measured, then contact the ISOCS 
Manager for evaluation. 

Clearing Spectrum Data 

Pressing the Clear key under the Start and Stop buttons under Acquire will 
erase the spectrum data. Remember to save current detector settings by 
choosing the save disk icon on the tool bar before clearing data. 
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9.8 Information from the Spectrum Display 

In the Spectrum Display, the left and right arrow keys will move the 
spectrum cursor. The information bar above the Spectrum Display, will 
indicate the energy level (keV) and channel number corresponding b the 
location of the cursor, as well as the total number of Counts at that energy 
level, and the ElapsedlPreset time. In Figure 1 , the acquisition had been 
completed, therefore, the elapsed time was 1800 seconds and the preset 
time was 1800 seconds (1800/1800 is shown in Figure 1). If the instrument 
had only reached 200 seconds of the preset 1800 seconds, then the display 
would show 200/1800. 

Pressing the left and right arrow keys will move the cursor up and down the 
energy spectrum. The cursor can also be moved via the mouse by single- 
clicking in the area of interest. 

The spectrum display vertical scale automatically adjusts when counts in 
any channel exceed the current vertical scale. The initial vertical scale is 
64. The spectrum Vertical Full Scale (VFS) display scale can be expanded 
or contracted by pressing the up and down arrow, respectively. 
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9.9 Adjusting Amplifier Gain and ADC Zero 

Prior to the start of each counting session the system alignment should be 
checked. If the energy gain or ADC zero is beyond acceptable limits, they 
must be adjusted. 

To check and adjust the amplifier gain and ADC zero settings, a suitable 
check source should be placed near the detector during spectral data 
acquisition. This check source should emit photons with emission rates 
sufficient to produce readily detectable photopeaks. A NlST traceable 
source may be used for this purpose. 

The centroid channel and corresponding energy value for each reference 
photopeak should be compared to the expected values. Observed 
photopeak centroids should typically be within f 1 .O keV of the expected 
energy values. Adjust the vertical full scale of the displayed spectrum and 
use the Expand On button, as appropriate, to view the reference 
photopea ks. 

From the MCA window, click Acquire ON and note the position of the 
photopeaks in the spectrum (specific to the source being used). If 
necessary, amplifier gain and/or ADC zero settings can be changed by 
selecting Adjust from the MCA menu. This will display the Adjust dialog 
box. 

The scroll bars in the Amp Fine gain, Amp S-fine gain, and ADC Zero 
sections of this dialog box should then be used to make the appropriate 
changes. After each change, clear any previous spectral data and start a 
new acquisition to evaluate the new settings. 

When spectral data acquisition using the traceable source indicates that the 
centroid channel of each reference photopeak is within f 1 .O keV of the 
expected energy values, the new settings are deemed acceptable. Select 
the Exit button to exit the Adjust dialog box. 

To save the new parameter values, select File in the GAA window menu 
bar, then select Save from the File menu. 
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9.1 0 Identifying Sample Spectra 

Descriptive information is entered to uniquely identify each acquired 
spectrum. This can be done while data acquisition is in progress, or after 
acquisition has stopped and prior to saving the spectra. 

Select Edit in the GAA window menu bar, then select Sample info from the 
Edit menu. This will display the Edit Sample Information dialog box, which 
includes descriptive fields for: Sample Title Collector Name, Sample 
Description, Sample ID, Type, Units, and Sample Geometry. 

Editable fields are also provided for Quantity, Uncertainty, Random Error, 
and Systematic Error. Select the None button in the Buildup Type section, 
and leave the Sample Date fields blank unless informed otherwise by the 
ISOCS Manager. 

Make sure to enter the following information for every sample analysis in 
the fields of the Edit Sample Information dialog box: 

1) The Sample Title should be entered showing the Sample ID and this ID 
should be exactly the same as the file name. 

2) Collector Name 

3) Sample Description should present any notes regarding this sample. 

4) The detector number, for example "ISOCS 7078", should be entered 
into the box named Type. 

5) The Quantity box should present the sample weight minus the 
container tare weight in grams. 

6) The Units box should have "gram" in it. 

Select the OK button to save the information and exit this dialog box. 
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9.1 1 Saving a Spectral Data File 

After spectral acquisition has stopped, the spectral data and related 
information can be saved in a file. This step is required before analyses of 
the acquired spectrum can be performed. 

Select File in the GAA window menu bar, then select Save as from the File 
menu. This will display the Save As dialog box. Enter the desired name, 
up to eight characters followed by the .CNF extension in the File name field. 

Enter an appropriate supplemental text string (up to 32 characters) in the 
Description field. Enter text that will be helpful in selecting this file when 
attempting to identify it at some later time. 

Select the OK button to save the file and exit the Save As dialog box. The 
default directory used to store these files is GENE2K\CAMFILES. 

To collect additional spectra, clear existing spectral data from the graphics 
region of the GAA window. 

9.1 2 Loading ISOCS Calibration Parameters 

ISOCS Calibration Software must be used to generate an efficiency 
calibration file appropriate for the object being assayed. The desired 
ISOCS calibration parameters can be loaded and saved with the spectral 
data. The spectral data file can then be analyzed to determine nuclide 
activity concentration. 

From the GAA window menu, choose Calibrate. Select Load from the 
Calibrate menu. This will display the Load Calibration dialog box. The File 
Names section in this dialog box will contain a list of all calibration files 
currently stored in the directory specified by the environment variable 
CALF1 LES. 

When the Load Calibration dialog box is first displayed, the boxes labeled 
Energy/Shape and Efficiency will contain a check mark, select the box 
labeled Energy/Shape to remove the check mark from this box. This will 
allow new efficiency calibration parameters to be loaded without changing 
the original energykhape calibration parameters, which is appropriate for 
ISOCS measurements. 

Use the vertical scroll bar in the File Names section until the desired ISOCS 
calibration file name is shown then double click on that file name. This will 
exit the Load Calibration dialog box, and load the efficiency calibration 
parameters from the selected file into the open CAM file data source. 
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9.13 Analyzing a Spectral Data File 

After opening a CAM file data source and loading the appropriate ISOCS 
efficiency calibration parameters, spectral data analysis can be performed. 
The Analyze options in the GAA window menu bar can be used to perform 
these analyses. 

Choose Analyze in the GAA window menu bar to display the Analyze 
menu. Next, choose Execute Sequence and select the sequence 
specified by the ISOCS Manager. Usually, only one analysis sequence will 
be used at each work site. 

9.14 Exiting the GAA Application 

When all spectral data analyses have been completed, select File in the 
GAA window menu bar. Select Close from the File menu. If a data source 
with unsaved changes was still open in the GAA window, a message 
screen will be displayed asking whether the latest changes should be 
saved. Respond appropriately to any such message. 

Before completely exiting from GAA, turn off the high voltage to the 
detector by reversing the steps for applying high voltage in Section 9.3. 

10.0 QUALITY ASSURANCE 

10.1 Quality Control 

Quality Control guidelines are presented in Section 5.0. 

10.2 Duplicate Measurements 

Duplicate sample measurements will be performed for 10% of gamma 
system sample measurements, unless otherwise specified by the Project 
Work Plan or CABRERA Project Manager. 
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11.0 PROPER WINDOWS FILE STRUCTURE 

The proper Windows file structure to be used during CABRERA projects for files 
related to gamma spectroscopy is as follows: 

All files presented below are saved to the D: drive, (if drive is partitioned), otherwise 
use C: drive. 

Folder Level 1 - "XYZ Site Gamma Laboratory" - The first folder will be named 
as the Project Name and then Gamma Laboratory (example name is 
provided). Files saved into this folder will be sample measurement (.cn9 files 
(see Section 7.3). These files will be named as per the naming convention 
setup for the project. Also in this folder will be another folder as follows: 

Folder Level 2 - 'Quality Control"- Files saved into this folder will be 1) The 
Quality Assurance Editor File for the project (.QAF); and 2) daily QC 
measurement (.cnf) files (see Section 5.2). The daily QC measurement files 
will be named "qammddyy.cnf" (for example qaOlO102.cnf for a QC source 
measurement performed on Jan 1,2002). If more than one QC measurement 
is collected in one day, then suffixes will be used a, b, c, etc. (for example 
"qa010102a.cnf"). Also in this folder will be another folder as follows: 

Folder Level 3 (inside Quality Control folder)- "Initial Measurements" - Files 
saved into this folder will be the ten initial source measurement (.cn9 files 
collected to setup the system QC trending (see Section 5.1 ). 

Folder Level 2 - "Daily Blanks" - Files saved into this folder will be the daily 
sugar background blanks as presented in Section 0. 

Folder Level 2 - "Reference Files" - Miscellaneous reference files related to 
the gamma spectroscopy laboratory may be saved into this file. 

CABRERA SERVICES, INC. 

Gamma Spectroscopy Laboratory Procedure Page 20 of 21 



COMPANY CONFIDENTIAL 

The following is an example of the proper file as presented in the steps above: 

12.0 ATTACHMENTS 

None 

CABRERA SERVICES, INC. 

Gamma Spectroscopy Laboratory Procedure Page 21 of 21 
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S-ry : Great L a X h  RlSilAD Default Parametarr for Th322 Flle:  GreatL.RM 

Table of C a n t a t a  

Part I: Mlxture S w  and Single R.dionuclida Guidelines 

Dose Conversion Factor (and Ralatod) Parameter Srmary  
Site-Speclfic Parameter 6-ry ...................... 
S-ry of Pathway Salectlon8 ........................ 
Contamhated Zone and Total Doae Slrmary ............. 
Total Dose Colponents 

Tire - 0.000Ei00 ................................ 
Time - 1.6oo1i+oO ................................ 
T i r e  - 3.-+00 ................................ 
T h o  - l.OOW*Ol ................................ 
T i r e  - 3.000LiOl ................................ 
T i w  - l.ook+o2 ................................ 
Time - 3.#00&02 ................................ 

Dose/Source kt108 S u u d  Over A l l  Pathmy. .......... 
Sinqle Iladlonucllds Soil Guid . l ln8  .................. 
DOM Per Nuclld. S t m u d  Over A l l  Pathways ............ 
Soil Concentratlon Per Nucllda ....................... 

Tim - 1.0008+03 ................................ 
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S - r y  : Great hkem RESRAD Dafault Paramotera for d 2 2  Fkle: 0rutL.M~ 

Doee Convermion Factor (urd Relatad) Parameter S-ry 
File: FGR 13 Morbidity 

Current Parameter 

Menu Parruter Value Dofault Ni38lO 
I I .  . I 
I I I 

D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
0-34 

D-5 

D-5 

D-5 

Dose Qnvsrsion factor. for inhalation, u d p c i  
Ra-22ad 
Th-220+D 
ThL232. 

Dose converaion factors for ingestion, r r d p C i  

Ra-228tD 1 
Th-2284 
Th-232 

Food tranafeC factorst 
U-ZZB+D , plant/soil concentration ratlo, diunsionlese 
Ra-Z2B+D , beef/llvestock-intake ratio, lpCi/kgl/IpCi/dl 
Ra-Z28+D , rilk/livemtock-intake ratio, (pCi/L)/(pCi/d) 

Th-220+1) , plant/soil concentration ratio, dimoneionleas 
m-ZZO+D , beaf/livastock-intake ratio, (pCi/lrgl/ (pCi/d) 
Th-22kD , lilk/li%atock-intakte ratio, (pCI/L) / IpCi/d) 

-232 , plantlaoil concantration ratio. dknaionla8s 
zli-232 , beef/llt.mtack-intak ratio, (pCi/kp)/ (pCi/dl 
Th-P2 , milk/livestock-intake ratlo, lpCi/L)/(pCi/d) 

Bioaccrrwlation f8ctorm, froah water, L/kq 
Ra-ZZB+D , fish 
Ra-228+0 , crumtacoa and molluska 

Th-22BtD , fish 
Th-Z28+D . crwtacoa and rolluska 

5.080E-03 
3.450E-01 
1.640E400 

1.4401-03 
8.08OC-04 
2.73015-03 

4.000E-O? 
1. ooot-03 
1. oooe-03 

1.OOOC-03 
1.000L-04 

5.OOOE-06 

1.000E-03 
1.000E-04 
5.0008-06 

5.0008t01 
2.500tt02 

1.000ct02 
S.O00L*02 

1.000Et02 
5.000E+02 

5.080&0b i k  
3.45OE-01 DCRI 21 
1.64OP+Oo XriC 3) 

4.000~-02 mi( i , i)  
l.OOOL-O$ RTF( 1,2J 
1.OOOE-03 RTF( 1,3), 

1.000E-03 RTF( 
1.OOOE-04 RTFI 2!?11 
5.000E-06 RTF( &$J 

1.000Et02 BIOCAC( 2;U 
5.OOOEt02 BIOPU: ( e,$) 

l.OOOEt02 BIOFAC( 3,l) 
5.0006+02 BIOFAC( 3,2) 
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S-ry : Great h k e a  ~ s R A D  Default Paramaterr for ?MZ2 File: GreatL.RAD 

Site-Specific Parumtar S-ry 

User I Used by RESIUD Parameter 
Manu Par~moter Input Default I (If different f r m  user input) Ilw 

I .  I I I 
I I ' I 

no1 1 
no11 
no11 
no1 i 
no11 
M I  1 
a01 I 
Roll 
Roll 

loll 
Roll 
no11 
1011 
no1 I 

1012 
1012 
1011 
no12 
1012 
no12 

80l3 
R013 
R013 
RO13 
nola 
8013 

R013  
R013  

8013 

R013 
11013 
MI3 
Roll 
RO13 
R013 
W13 
R013 
R013 

1014 
R014 
R014 
R014 
m i d  
R014 
R014 

R014 
R 0 1 4  

R014 

Area of contarinated tone (m**2j  

Thickness of contaminated zone 11) 
hnqth parallel to aquifer flow (1) 

Etasic radiation dose limit (mrdyr) 
T i w  alncs plaamont of aatorial (yr) 
Timos for calculations (yr) 
T i n s  for calculations (yr) 
Times for calculations (yrj 
T i n s  for calculation8 (yr) 
Time8 for calculations (yri . 
~irws for calculations (yr) 
Times for calculations (yrr 
T i m a  for calculation8 (yrJ 
T i m a  for calculations (yrj 

Initial principal radionuclide lpCi/g) 
Inltial principal radlonuclib (PCl/g) 
Initial principal radionuclide (pCi/g) 

Concsntratlon in groundwater (pCi/L) 
Concontration in groundwater (pCi/L) 
Concentration in groundwater (pCi/L) 

Fu-228 
rh-228 

Th-232 
Fu-228 
Th-228 
m-232 

Cowr depth (a) 
Daruity of cover material (9/m**Si 
Cowr depth erosion rate (dyr) 
Density of Contuinated zono (g/ca**3) 

Contaminated zone erosion rata tdyr) 
Contaminated ZOM total porosity 
Contaminated zona field capacity 
Contaminated zona hydraulic conductivity (dyr)  

Contaminated zone b par-ter 
AVOrJ9. annual wind s p w d  (dsecj 
timidity In air (9/a**3) 
Evapotranspiration coefficient 
Precipitation W y r )  
Irrlgation W y r )  
Irrigation Iod. 

Runor f cosf ficient 
Watershed area for nearby atream o r  pond (n+'Z) 

Accuracy for w~tor/soil carputations 

Density of saturated zone (g/mc*3) 
Saturatod zone total porosity 
saturated zone effectivo poroaity 
Saturated zona field capacity 
Saturated zona hydraulic conductivity (dyr) 

Saturated zone b paruter 
Water tabla drop rate W y r j  

n0d.l: N011di8p.t~iOn (ND) or WsS-BalJna (MBl 

Saturated Zor). hydraulic 9rJddlOllt 

Yell plnp htJk0 bpth (1 klW Water t8bl.l 

1.0001+04 

~,oooe+oo 
1.000%+02 
hS00C+01 
4.000%+00 
i.eooE+oo 
l.O00E+00 
1 .*oOP+ol 
3~000E+Ol 

3.000c+02 
Loooe+o3 
not used 
not used 

,2~900E+02 

1 .aOq+04 
2.oomteo 
l.aoor*O~ 
2 * Mgfi+Ol 
0.000E+00 
1. ooos+oo 
3.oooe+oo 
1.000P+01 
3.WOWOl 
1.aowfo2 
3.- 
r.&omQ& 
e.-* 
a.Q-+ 

l.boo1100 0.000E+~ 

1.0003+00 O.O#E+OQ 

not used O.OOOe+OO 
not used 0.000%+00 

1 . 9 "  0 . OOOE+OO 
not u 8 d  O.OOOE+OO 

o . ~ e + e o  
lmt used 
pot used 
1.mc+00 

4 .oooc-m 
1 .OOOS-O3 

2.OOOE-01 
I.mEt01 
1+OOS+w) 

&e(loEtoO * used 
I .QOOE-Ol 
i .vE+OO 
2.000E-01 
overhad 
2.000%-bl 
I.WE+M 
i.000e-03 

I. 5009+08 

4.000*& 
2.0001-01 
2.000L-01 
1.000s+02 

2.oooE-02 
5.3OOE+OO 
1.OOOS-03 
1. oooc+o1 
ND 

O.OOOE+Od 
1.5OOE+OO 
1.OOOE-09 
1.500E+00 
1. O O O G S p  

4.0001-01 
2. O O O W l  

1.000E+O1 
5.3008@0 

2.000tso 
'a .000E+00 

5.000L-01 
1. &oE+oq 
2.000E-01 
omrhoad 
2 .000~-01 

1.000E+OI 
1 .OOOE-Ot 

1,Sbol+q9-( 

2.000s-01 J 
2.0001-01 t 

2.oooe-07 I 

4.0̂ oOS-01 I 

1.0006+02 I 

5.3009+00 I 
1.000L-03 I 
1.0009+01 I 
ND I 
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S - r y  : Great Lakes RESRAD Default Paramotors for b 2 2  F i l e :  GreatL.RAD 

Site-Spocific Paramator S-ry (mntinwd 

User Used by Re8RhD Parameter 
N.le W n u  Parameter Input Default (If different fm w a r  input 

I 4 I L n 
1 I I I 

itoir 

R016 
It016 

noic 
ROl6 
R016 

1016 

ROlC 
RO16 
nOl6 
ROl6 
R016 

RU16 

Roll 
.n*w 

-1 
Ilo't7 
R017 
no17 
no1 7 

I 

NII.ber of wsaturatod zone strata 
Unsat. zone I, thickness (I) 
Unrat. zono 1, .oil density (q/a**31 
Unsat. tono 1, total porosity 
Unnrat. sono 1, offoctlvo pomrity 
Unsat. ZOM 1, fiold capacity 
Unrat. zone 1, nroil-shcific b parameter 
unsat. zone 1, hydraulic conductivity (m/yr) 

Distribution crwfficiantr for Ra-228 
Contdnatod zone lcr**3/9) 
Unmaturatod zono 1 (m**3/9) 
Saturated zone (a**3/91 
Uach rate (/yr) 
Solubility conrtant 

Distribution ecnfficionts for Th-228 
Contdnated zone (cl**3/9) 
unsaturated zone 1 (cm**3/gl 
saturotod zone (o**3/9) 
Leach rate ( / y r l  

Solubility constant 

Distribution coofficiontm for Th-232 
Contaminated tono (cm**3/91 
Onsaturated zono 1 (a**3 /9)  
Saturated zona (0**3/9) 
kach rat. (/yr) 
Solubility canatant 

Inhalation rate (r**3/yrl 
Mass loadin9 for inhalation (9/m**3) 
Exposure duration 
SNoldlnp factor, inhalation 
Shielding factor, external gama 

Frsctlon of t h o  rpent indoors 
Fraction of tima spent outdoors (on rite) 
Shape factor flag, external gama 

I 1  
I 4.0OOP+OO 
I 1.500koO 
I 4.000&-?1 

I Z.OOOp41 
I 5.30&+00 

I Z.OOOf* 

I i.oooe+oi 

1 I 
4.000P+00 I 
l.U)OE+OO I 
4.OOoL-01 I 
2.ooot-01 I 
2.0OOE-9L I 
5.3OOE+OO I 
1 . 0 O O E ~  1 

7.OOOE+Ol l.OOOE+Ol 
7.000e+oi i.ooos+oi 
1.ooot+o1 7.000t+01 
O.OOOS+OO O.OOOt+OO 
o.ooot+oo 0.000t+00 

6.0001+04 I ;.000t+04 
6.000t+04 t ;.000E+O4 

0.000#+00 I I .  OOOE+OO 
6.000E+04 I i . OOOC+04 

0.00064W 4 J.OOOE+OO 

- 
--- , 

2.374t-03 
not unrod 

c 

4: 

2.77St-06 
not unrd 

8.400E+03 

3.0001+01 
1. WOE-04 

4.000L-01 
1. ooo8-01 
5.oooe-01 
2. sooe-01 
1 . 00OE+OO 

8.400L+03 
1,. OOOP-04 

3.0001+01 
4 .OOOt-Ol 
7 .OM)O-Ol 
5.0009-oi - 
2.5006-01 --- 
1.000M00 >O show# circular ARPA 

1- 
mWB 

SD 
sacj 
SET1 

nm 
FOPD 

Fs 
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s-ry : Great Lakes R E S W  Dmfault Parameters fat clksii File: GroatL.RAD 

Site-specific Parameter s-ry -hued: 

User Used by RESRAD Parameter 
Parameter Input Ddault If different from urer input) N U 0  )lanu 

I I I I .  
4 I I 1 

ROlV I Radii of shape factor array 
11017 I Outer annular radius ( = I ,  ring 1: 
ROO17 I Outmr annular radius (11, ring 2: 
101Y I 'Outor annular radius (I), ring 3: 
Rolf I Outer annular radiw (a), ring 4: 

1017 I Outer annular radius ( I ) ,  ring 5: 

11017 I Outer aMular rsdiur (I), ring 6: 
11017 I Outer annular radius (a), ring 7: 
11019 J Outer annular radius (11, ring 8: 
ROlt I Outer m u l a r  radius (m), ring 9: 
ROl7 I outer annular radiU6 (m), ring 10: 
a17 1 Outer annular radlua (at. ring 11: 
Roll I Outer annular radius ( = I ,  rin9 12: 

i f  FS - -: 

11017 
ROl? 
ROl? 
ROl? 
R o i l  
nQ17 
noif 
R017 
1017 
no11 
RO17 
ROO17 
RO17 

Fractions of annular areas within APM: 

R i n g  1 
~ i n g  2 
Ring 3 
Ring 4 
Ring 5 

wng 4 

R i n o e  
yq 9 
m@a 10 

Ring 7 

Ring 11 
Ring 12 

not Us& 
not wed 

not uaed 
not ured 
not w e d  
not wd 
not u r d  
not ured 
not used 

not w e d  
not u r d  
not u r d  

11018 I Leafy vegetable coneraption (kg/yr) 
RO18 I nilk consumption (L/yr) 
1018 I h a t  urd poultry a m s m t i o n  (kg/yr) 
11018 1 Fish  consumption (kg/yrl 
ROII I Other eeafood constnoption (kp/yr) 
no+ I soil ingestion rate (q/yr) 
ROl8 I Drinking water intake (Wyr) 
MN I Contamination fraction of drinking water 
ROlO I Contamination fraction of hourohold water 
Role 1 Contamination fraction of livestock water 
R@?& I Contamination fraction of irrigation water 
Roll I Contamination fraction of aquatic food 
Role. 1 bntdnation fraction of plant food 
Roil I 'Contamination fraction of n a t  
MU I Contamination fraction of rilk 

M I #  Llvestock fodder intake for m a t  (kg/d.y) 
RO19 Llvestock fodder intake for rilk (kq/d.y) 
1019 Livestock uator intaka for u t  (L/d.y) 
ROE9 Livestock water intake for milk (L/d.y) 
p(119 Livestock roil intake (kg/by) 
m i 9  ).lass loading for foliar doposition (g/n**31 

I 1.4009+01 

I 9.200E+01 
I 6.3001+01 
I S.4OOL+OO 
I 9.0009-01 
I 3.650E+01 
I 5.1001+02 
I l.OOOE+OO 
I M t  ured 
1 l.OOOE+OO 
I 1.000st00 
I 5.ooOP-01 

5 d W + V l  
7. *+ak 
0. OOOEMO 
0.000E+00 

0. 000~+00 

0. oooe+oo 
0.000~+00 

0.0001+00 

0 .OOOE+00 
0.0009+00 

0 .OOOE+OO 
O.OOOE+Ob 

1.00(6+00 
2.732L-01 
O . o o O ~ + b b  

0.000E+00 
0. ooos+oo 
0. OooE*OO 

0.0001+00 

0.  M)OC+OO 

0.  0001+00 
0 .  oooc+oo 

.o . OM)E+Oo 
0.000E+00 

1.600P+02 
1.4OOE+Ol 
9.200E+Ol 
6.3009+01 
S .IOOS+00 
9.000s-01 
3.650E+01 
5.100Et02 
1 . OOOE+OO 
1 . OOOE+OO 
1.000E+00 
1 . OOOE+OO 
5.000s-01 

1-1 -1 
1-1 -1 
1-1 -1 

6.800c+01 6.8009+01 
5.500E+Ol ,5.5001+01 
5.0009+01 5.000E+01 
1.600E+02 1.6009+02 
5.OOOE-01 S.OOOC-01 
1.OOOC-04 1.0001-04 

L m  
LFI 6 
WIS 
W16 
LSI 
WLFU 
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Sumary : Grent lakes REBRAD Dofault Parnmeters for Mt F i l a :  GroatL.RAD 

Site-Specific Parnotor S - r y  (continued) 

Parama t a r W e d  by RESW Usor 

P a r ~ t o r  Inpot Default (If difforont fraa urer input) I4.w nenu 
I I I 1 
I 

1 
1 -  1 I 1 

Depth of 8011 mixing layer In) 
Depth of roots In) 
Drinklng water fraction t r a  ground wator 
Rousehold wator fraction f r a  ground wator 
Liventock water fraction from p r o u d  wator 
Irrigation fraction f r a  ground wator 

Wet weight crop yield for Non-hafy (kg/r**?) 
Wet weight crop yield for Loafy (kg/r**2) 
Wet weight crop yield for Rd&r (kg/m**2) 
Growing Season for Non-hafy [yearn) 
Growing Season for Lufy (years) 
Growing Soanon for Fodder lyanrr) 
Tramloution Factor tor Non-hafy 
Tramlocation Factor for Lufy 
TraMloatiOn Factor for Fodd.r 

Dry Foliar Intorcoption Fraction for 
Dry Folinr Intercoption Fraction for Loafy 
Dry Foliar Interaption Raction for Fodder 
Net Foliar Interaption Frection for Won-Leafy 
Wet Foliar Interception Fraction for Loafy 
Wet Foliar Intercaption Fraction tor Fodder 

Weathering Removal Constant for Vogetation 

Non-Leafy 

C-I2 concentration in ntor lg/cn**3) 
C-12 concentration in contdnatod soil 19/91 
Fraction of vogotation arbon f r a  .Oil 
Fraction of qmtation carbon f r a  mlr 
C-14 avanion layer thicknona in soil In) 
C-14 evasion flux rate from roil ll/8.c) 
C-12 evasion flux rate I r a  m i l  tl/sec) 
Fraction of grain in boof cattle f e d  
Fraction of grain in milk CQV food 
DCF correction factor for g a m a  forma of C14 

Storage t-8 O f  at.lliMtod foodrtuffir (&yB) 

Fruits, non-loafy .rq.tablaa, and grain 
kafy vepetAb1.s 
nil k 
neat md poult- 
Fish 
CrUstaCOa M d  - 1 l U s k 8  

We11 water 
Surface wator 
Livestock fodd.r 

Thicknoas of building foundation 1.1 

Bulk density of building foundation l g / o r 4 3 )  
Total poronity of tho c0I.r utorial 
Total porosity of the building foundation 
Volrtatric water content of tho m r  material 

1.5006-01 1, 5006-0$. 
9.OOOE-Ol 9.OOOE-01 
l.OOOE*OO 1.0006*00 
not UI.6 l.OOOK+OO 
l.OOOE+OO l.WOK+OO 
1.000&+00. 1 .OOOE+OO 

7.OOOE-01 
1.5OOE+OO 
1.1001+00 
1 .1009-01 
2. MOC-01 
8.0009-02 
1.0009-01 
1.oooc+oo 
1.woE+oo 
2.5Wg-01 
2. SOOE-01 

2.500E-01 
2.500s-01. 
2.5009-01. 
2. SOOE-01 
2 .OOOE+Ol 

not used 
not uaed 

not used 

not used 
not used 

not used 

not used 

not wed 
not used 

not wed 

1.400K+01 
1. 000E+00 
l.OOOE+OO 
2. ooos+o1 
7. 000~+00 
1.000f+00 
l.OM)L+OO 
1 .000~*00 
4.5009*01 

7 .OWE-O1 
1. SOOE*OD 
1 . lOOE+OO 
1.700f-01 
2.5Oot-01 
8.0001-02 
1. WOE-01 
1.000t*OO 
1.000s+00 
2. 5OOC-01 
2.500s-01 
2. S O O E - O ~ '  

2.5 WE-01 

2.500L-01 
2.5006-01 
2.000P+01 

2.OOOE-05 
3. WOK-02 
2. WOE-02 
9.8006-01 
3. WOE-01 
7. WOE-07 

1 .OOO&-10 
8. 0009-01 
2. oooca). 
8.694Ew 

1.4OOE+Ol 
1.0009*00 
1.000~+00 
2.000~*01 
7.OOOE+OO 

7. 000~*00 
1.00Oz+OO 
1.00Oz*00 

4. 5009+01 

not urod 1.5OOL-01 
not wed 2.4006+00 
not used (.OWE-01 
not urod 1.OOOE-01 
not u n d  5.000L-02 

Moil1 
m s n  
TPCV 
TPTL 
PB2ocv 
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S-ry : Great Laker RESRAD Default Parammters for  Tl&2 File: GreatL.RAD 

S i t e - S p c i f i c  Paraneter s-ry (cont inudl  

Mnu P a r m t e i  
U s e d  by RESMD I Parmtmr urer 

Input Default (If diffOMnt frm usef input)  I Name 
I L ,  . , .  . I 1 
I I 1 -  I v 

1021 Volmetr ic  water content of the foundation not u r d  ~.ooos-oa Pn20PL 
RO21 Diffuaion coeff ic ient  for radon gar Lm/sec) 
R021 i n  cover material not u r d  I 2.OOOe-06 DICCV 
RBZl i n  foundation material not wed  I 3.OOOE-07 DI WL 

Rol l  i n  contu ina tod  zone r o i l  no t  ud 1 2.Ow1-06 DIKZ 
Re21 Rdon v e r t i c a l  di.en#ion of r ix inp  (11 not und I 2.000~+00 I M I X  

RD21 Average building a i r  exchange r a t e  ( l /h r )  not wad I 5.OOOE-01 nExG 
Ml Height of the building (ma)  (m) not u a d  I ~ . ~ O O E + O O  m 
R o l l  Building i n t e r i o r  area fac tor  not w d  I o.ooor+oo IAI 
R021 Building depth below ground surface fr) not u r d  I-1.0ooo*00 mn 
MZ.1 h a n a t i n g  pocnr of Rn-222 gar not WUJ I 2.50ot-01 -<1\ 
no21 Emanating pomr of Rn-220 gas M t  u a d  I 1.500E-01 MIUu(Z1 

TITL Number of graphical tima point8 32 WPTS 

TITL ~aximum n u k r  of intograt ion point. for Qre 17 LylRx 

TItL wximm number of integrat ion pointr  for rirk 257 KylAx 

s-ry of Pathway Solea 

Pathway Qrer Selection 
.~ 

1 -- e x t e n u 1  g- 
2 -- inhalat ion ( d o  radon) 

3 -- plant i n q m t i o n  
4 -- maat inp.at ion 
5 -- milk ingoation 
6 -- a w t i t  fwd. 
7 -- drinking water 
8 -- soil ingert ion 

9 -- radon 
rind peak pthway dorer 

act ive 
active 

a c t i n  
a c t i n  
active 
8 C t i V O  

a c t i n  
act ive 

ruppre#rod 
activm 



RESRAD, Veraion 6.21 T* L i m i t  - 0.5 year 06/02/2003 12:23 Pap. 8 
Suraary : Great Lakes RESRM Default Parmoterr fo r  TU22 File: Gr#tL.RAD 

Contaminated Zone DlMMlOnr Initlal blll bncmtrationr,' pCi/g 

Area ~oo80.00 nquan meterr 
TNcknenr 2.00 mater3 

Cover h p t h  0.00 motera 

R.-228 l.OOOEi00 
Thl228 1 .OOOCiOO 

m-232 1. woEtoo 

t [yearrl 0.000EiW l.OOOE+OO 3.0OOEiOO' ~.OOOS+Ol 3.0008+01 1.0001+02 3.000E+O2 1.OOOEiO) 
TDOSE[t) 1.506EiOl 1.5OlEiOl 1.5OOEiOl!, 3.48BEi01 1.480EiOl 1.419Ei01 1.1?86+01 1.4?5E+Ol 

n(t) 6.025~-01 6.017~-01 ~.999~-0i/ ~ . ~ s ~ E - o I  5.919~-01 5.915~-01 s.9ize-oi 5.9oom-oi 

KaxiP\lm TDOSEIt 1.5069i01 u d y c  a t  t - 0.00DEt00 yearn 



RESRAD, Version 6.21 
S-ry : Great Lakes RESRM Default P a r m t e r s  for File: GreatL.RAD 

T* Linit - 0.5 year 

Total Doae Contributions T W E ( i . p , t )  for Indlvidrul i ldlonucl idee (1) and Pathways (pl 
Aa -/yr and Fraction of Total Do80 At t - O.OOOE+OO years 

later Independent Pathways (Inhalation exc1ud.s radon) 

lu-228 ,~.OS~L*OO 0.210~ 3.718~-03 0.0002 
~ h 4 2 a  .u.84~3+00 o.ml 1.8521-02 0.0012 
ra-232 p.33a.q-01 o.oiss ~ . o s ~ E - o ~  0.0070 --- - 
Total 9.143EMO O.CO?O 1.2746-01 0.0085 

k40. Plant 

r:cx/?-r f r ac t .  c:rco/kr f rac t .  

0.0006*00 b.*%",A.755E+00 0.3157 
0.000E+00 0.- L.904C-02 0.0039 
O.OOOE+OO O$@ "5.124E-01 0.0340 

0.000E+00 0 . 0 f i .  8 . 3 Z W O O  0.3531 

-7- 

---- 

Tot.1 Dose Contributions mOSE(l,p,t) for Individual R.dionucl1d.s f i l  and Pathulys (PI 
ha mra/yr and Fraction of Total Dome A t  t - O.OOOE+OO years 

Water Dopondant Pathways 

water Piah 
&IC:-- - 
N.:C1!d?P m-cm/yr :!act, ~ r e a / y ~  f r a r t .  

--- - 
Ra-qF 6.oooC+OO O.ooOq., 01000E+OO 0.0000 
Th-22b b.0001+06 0 . w ~  (hOOOE+OO 0.0000 

M-232 o.ooo1+oo 0;ooOo 0.000E+00 0.0000 

TOM1 0.000H40 o.Oo60 0 . ~ 0  0.0000 

----- 

k d o n  

rntc-dyr f ract . 

0.000E+00 0.0000 

0.000P+00 0.0000 

O.OOOE+OO 0.0000 -- 
0.000E+00 0.0000 

of a11 water independent and +pendent pathways 

Plant mat 

arem/yt fract .  mrm/yr f r n c t .  

O.OOOS+OO 0.0000 0 . 0 0 O E t ~ p . b o o o  

0.000E+00 0.0000 0.000E+00 0.0000. 

---- 

0 . OOOC+OO 0.0000 O . O O O E + ~  @;obos 

---- 
O.OOOE+OO 0.0000 6:&$+@@ b.Oab0 

Soil 

M i l k  A l l  Pathways, 

sreniyr Irdct. m z e w / > c  C r n r  

'O.OOOP+OO '0.oPPe 9.177EW 0.1093 

- ---- 

~.OOOB+OO goes ~ 4.937~06 a.m# 
'0.000E+W b 0 0 0  9.477E4r 0.0&9 --- 
,0 .000~+00 6 . ~ 0 0  1.506E+Ol l.Oqo0 



RESRAD, Veraion 6.21 PI Limit - 0.5 year 06/w/p003 12:23 Page 10 
S-ry : Great Lake8 RESRAD DeZault P u m t a r a  for'- F i l e :  CrutL.RAD 

T o t a l  Do.* Cartrlbutiona TDOsE(1,p.t) for Individual Radtonuc1Ld.r (1) and Pathway. (PI 
As m r d y r  and Fraction of Total Doam At t - l.OOOE+OO y e u a  

:nhalation 

s r a d y r  erect .  - 
e.565~-03 0.0006 

i.2~9~-02 o.ooo9 
1.059E-01 0.0070 - 
273P-01 0.0085 

R.dMI 

rnrmtyr rcact. 

o.o00ctoo o..oooo 
0.000Et00 0.0000 
O.OOOEtO0 0.0000 

-- 

- 
o.o*+oo ospooo 

P l a n t  

ffrentpr Ccdct . 
4.226EtOO 0.2810 

-- 
4.11OE-02 0.0027 
1.050LtOO 0.0698 -- 
5.318Et00 0.3535 

neat 

r e e d y :  frect .  

1.~3m-01 o.ooe2 
8.446E-04 0.0001 
2.617L-02 0.0018 -- 
1.51lC-01~$.9&00 

Milk 

mren/y: Cram. 

1.4906-01 0,pdSB 
6.025E-05 8 . e  
2.7676-02 b:PqU 

1.767E-d.'%.&$19 

-- 

-- 

Total Dono Contributions TDOBG(i,p,t) for Individual Radionuclides (il .nd Pathway. (p) - 1.000E+00 p a r a  A. u d y r  and h a c t l o n  of Total DOae At t 

water D.p.ndent Pathnys 

Hatar 
*.JdiC-  

i w 1 : f : "  mraz/p:  f r 9 c t .  ?.%m/yz f e b e t .  - -I 7- 

b-228 O.OOOE+OO 0.a6bo o.oaos+oo a.oooo 

rn-232 O.OOOE~OO o.oooo o.oooetoo o.woo 

Total O . O b o r 4 0  0.0000 0.000Et00 0.0000 

-221 '0.000Et00 0.0000 O.OOOEtO0 0.0000 

--- - 
*sum of a11 water independent urd dependent 

Plant 

m t n n l y t  frecf . 
_I_- 

0.000B*00 o.wo0 
0.0OOP*OO O.Ooo0 
O.OM)E*M) 0.0000 

O.OOOEtO0 0.0000 

pathways 

. ra /yt  I I UCt .  

7- 

O.OOOE+OO 0.0000 
0.000~*00 0.0000 
O.OOOEtO0 0.0000 

O.OOOE*OO 0.0000 

neat 
__--- 
arar/yr frmx . - 

0 .  ooos+oo 0 .  O q ;  

o.oooctoo 0.0000 
O.OOOEtO0 0.0000 

0.000st00 0.0000 

Nilk 

arrmlyr fract. - 
0.000~*00 0.0000 
0.000~+00 0.0000 
0.000Et00 0.0000 

o.ooostoo 0 . m  

4.111E-02 0.0027 
1.292E-02 9.0699 
8.210642 :6.eOss -- 
I. 361E-m 0.009 

9.527C+OO 0.6334 
3.436E+OO 0.2285 
2.0786+00 0.1381 -- 
1.504C+01 1.* 



RESRAD, Version 6.21 VI U t  - 0.5 year os/o?/too3 i2:23 page ii 
S - r y  : Great Lakes RESRAD Default Parameters fof yh4st File: GreatL.RAD 

Total Dole COntribUtlOM TDOSE(i,p.t) for Individual Radionuclides (1) and Pathways (p) 

Aa mrdyr and Fraction of Total Dose At t - 3.OOOE+00 years 
Iter Independent Pathways (Inhalation ucludes radon) 

Geolrnd Inblatim kQn Plant m a t  Mllk soil 

nrei./;i ::&CY. *:G y :  f i a d .  mtcrn:ys i r x : .  r r tn / i r  t : ? - t .  m e n  y :  I:+:- --- --- ------- 
~.-at~ b.4~1~00 0.~6oe I.Z~OE-O~ 0 . 0 0 0 ~  O.O~~E+OO ~,gap 3.3z~e+oo 0.2216 9.713~-01 e.ma 1.166~-01 e . w s  3.797~42 0.002s 
Th420 1.a.2Ea O.lv8 6.2469-03 0.0004 O.OOOE+OO 0.0000 1.9919-02 0.0013 4.092E-01 6. 

T b 4 3 2  2464DtW 0 . u 7 7  1.08%-01 0.0072 O.OOOE+OO 0.0000 1.956E+00 0.1304 5.306E-01 0,  

Total D o ~ e  Contributionr Tu)SE(i,p,t) for Individual Radionuelidea (1) and Path-ys (p) 

Fish 

AE u m / y r  and Fraction of T o t a l  Dose At t 

Water Dopondant Pathways 

nlce.9 j x  L;-&ct, - 
O.OOOE+OO O.OOO0 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 -- 
0.000E+00 0.0000 

Radon 
_I__ 

trae/yr S t + r t . .  -- 
O.OODE+OO 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 -- 
O.OQOti96 o.Wo'3- 

'Sum of a11 water independent ud dopendant pathways. 

Plant 
~ 

m x h / y r  Eract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
o.oooc+oo 0.0000 -- 
o.oooe+oo 0 . w  

O.WOB+Od 0.OOob 
0.000P*00 0 3 h  

0. OOOL*OD @A000 

8.oooc+oo o.go04 
-- 

All Pathnys' 

zrarlrr i f a c t  

8.998E*00 b.- 
1.665EMO O.lU0 
4.334E+00 0.2890 - 
1.5001*01 l o W  



RESPAD, Veralon 6.21 T% I i imit  - 0.5 year 06/0qt003 12:23 Page 12 
S-ry : Great Lakea RESRAD Dofault Parmetera for T l h !  Pilo: GreatL.MD 

Total Don. Contribution8 tDOsE(i,p,t) for Individual hdionuclidoa (I) ud Pathnya (PI 
A. u d y r  and Fraction of Total Doae A t  t - l.OOOE*Ol year8 

k t e r  Inkpondant Pathmyo (Inhalation exclud.8 radon) 

:nha1ation Radon Plant h a t  

mrra,/yr Irere. nrnalyr tract. mrewpr fmct. arer/yr Iract .  ------- 
6.539E-03 0.0006 0.000EtOO 0.0006 1.4166*00 0.0951 4.129c-02 OrbO28 
1.9453-04 0.0000 0.00OEtOO 9.0000 1.576E-03 0.0001 3.24OE-O$ 
1.161E-01 0.0079 O.OOOE*OO 0.0000 3.645E*00 0.2583 1.0826-01 0.606 

~~ ~~~ ~ 

271s-01 0.0065 0.000E*00 O.OOO0 5.263E+OO 0.3536 1.495E-~~0.~lbO 

water 
b r J I r r  

J.~cl :do nrca/yr $race.  - 
Ra-226 O . ~ t O @ ' ~ ~ O O O O  

T h - Z Z b  . o.o00r+b0 9.0000 

m-232 o.& o.oooo 

Tota. O . ~ + O O  'a.0000 

Total DO.. Contribution0 TDOSE(i,p,t) for Individual ic.di0nuclid.a (i) and 
Am u w / y r  and Craction O f  Total Dou At  t 

U h  

n.rmtP)vt € a f t .  

O.OOOE+OO 0.0000 
0.000Et00 0.0000 
0.000B*00 0.0000 - 
0.000Et00 0.0000 

irn of a l l  water indemndsnt and d8obndant 

Water Dependant Pathnya 

Radon Plant 

azwJvr fract. mrcslvr f r a e .  

0.000Et00 0.0000 O.OOOEt00 0.0000 
O.OOOEtO0 0.0000 0.000Et00 0.0000 
0.000EtOO 0.0000 0.OOOEtOO 0.0000 ---- 
0. oooc+oo ~ . Q O O O  0. oooctoo 0.0000 

- 1.OOOEtO1 y a r n  

% i l k  

4.9323-02 Q.6033 
2.31lE-06 0.0000 

i.zss~4i 0.0064 - 
1.746E-01 k - 7  

nil k 

ar(((II/vr IracL. - 
0 .  oooc+oo s,owo 
o.oooc+oo o.Oo60 
0.000E*00 0.0000 

O~OOOE+OO O g O O O  

- 

8011 

nrcalyi I:&:: 

1.932E-02 0 .'mu 
4.954E-04 0.005 
1.157E-01 0.007t 

-- 

- 
1.355E-01 0.009 



RESRAD, Version 6.21 ‘Rc U t  - 0.5 year 06/OlclpOl 12:23 p.Cr 13 
S-ry : Great Lakes RESRM) Dofault Paraaetera for Th322 Pilo: GrutL.MD 

Total Do80 Contributions mOSEli,p,t) for Individual Rdionucl1d.a ti) and Pathways lp) 
As m / y r  and Fraction of Total D o n  At t - 3.000E+01 yoarm 

itor Indepondant Pathways (Inhalation ucludoa radon) 

m a t  Milk soi . Inhalation 

srm/yc t r rcc .  

Radon Plant 
- 

araalyr frsr;:. nrenlyt f ract .  

---- 
o.oooc+oo 0.00oo i.ms-oi o.ooez 
o.oooetoo o.oo00 i.i23~-06 0.00oo 
0,OOOEtOO 0.0000 5.116EtOO 0.3457 

7.9429-04 0.0001 
3.5249-07 0.0000 
1.261E-01 0.0085 -- 
1.269E-01 0.0086 O.OOOEtO0 63~’~)5.237St00 0.3539 

Ita1 Do80 Contribution. TDOSB(i,p,tl ,for Individual hdlonuclidoa (1) ud Pathways lp) 
A. a d y r  and Fraction of Total Dose At t - 3.00OL+Ol yoars 

Hator Depondmt Pathways 

Milk All Pathuays* Plant 

ctedyr frsct. 

Fish 

larcd;/vr frost .  mrwml’yr Cram 

4.167E-01 0 -3- 
9.394E-04 0.- 

i.43ectoa ~ . H L I  - 
1.48OCtOl 1.0000 

O.OOOEtO0 0.0-  
O.OOOE+OO 0- 

O.OOOEtO0 ~8OW -- 
o.ooot+oo 0.0000 

b-228-* b.000Et00 0.0000 
Th-22I ,“O.OOOE+OO 010000 
TI%-232 0.000Et00 0.- --- 
Total 0:- 0.m00 

0.0009t00 0.0000 
O.OOOEtO0 0.0000 
O.OOOE+OO 0.0000 -- 
O.OOOE400 0.0000 

O.OOOPt00 0.0000 
O.OOOEtO0 0.0000 
0.000Et00 0.0000 
-7 

O.OOOEtO0 0.0000 

0.000Et00 0 . F  
0.MW)EtOO d&OOO 

0.0009+00 0. liboc -- 
0.000E+00 0.0000 

O.OOOE+OO 0,0000 

O.OOOEt00 0.0000 
O.OOOEt00 0.0000 - 
0.00ost00 0.0000 

‘Sum of all water indamndent and depondmt mthwavs. 



RESRAD, Version 6.21 l'h Limit - 0.5 year 0(/82/2003 12:23 Pago 14 
$-ry : Great Lakes RESRAD hfault Paranetera for Tldf2 Pile: -U.RM 

Total Doao contribution# toOsEIi,p,t) for Individual Radionucl1d.l (1) and Pathways fpj 
&I uIp/yr and Fraction of Total Dose At t - 1.000EtO2 yearn 

iter Indopuidont Pathway. (fnh#lation ucludea rdonl 

Gmurd 

A d i l l U .  

%:cI~Q~ R Z ~ Y ~ V :  : r a c t .  
--- 
RS-22e s.zze~+ o.qooo 
Th-228 8.902E-l4 0.0000 
Th-232 8.969Et00' 0.6065 --- 

8.969E+OO 0.6065 

Inhalation 

m a i a l y r  f s r c t .  -- 
1.4573-07 0.0000 
3.407~-ie o.0000 
1.269E-01 0.0086 -- 
1.2693-01 0.0086 

Radon 

mrttdyr Iract. -- 
0.000EtOO 0.0000 
0.000E+00 0.0000 
o.oooctoo 0.0000 -- 
0.000EtOO 0.0000 

P l a n t  

rnreuvyr fr 'ae .  -- 
2.225E-05 0.0000 
i.ou~-n 0.00oo 
5.234Et00 0.3539 -- 
5.234Et00 0.3539 

total Doam Contribution8 TDOSE[l,p,t) for Indlrldual R.dionucl1d.s (1) and Pathway. (PI 
h d y z  and hactlon of ~ o t . 1  Dose At t 

Water Dspondent Pathways 

?ish Radon Plant 

FIKCQ/YT :LJCt. - 
O.00OEtOO 0.0000 
0.000Et00 0.0000 

0.000ct00 0.0000 -- 
O.OOOEtO0 0.0000 

'sum of all water independent and dep.nknt 

m r k a l y t  fract. 
__.__- 

O.OOOE+OO 0.0000 
O.OOOEtO0 0.0000 
0.000Et00 0.0000 -- 
0.00OEtOO 0.0000 

D.thnya ' 

- 1.000Et02 yearn 

neat Milk 

er+m/yr fract. -- 
0.000Et00 0.0000 
O.OOOE+OO 0.0000 
0.000Et00 0.0000 -- 
0.000Et00 0.0000 

aru. /yr ! t a c t .  
-- 
0.000Et00 0;- 

O.OOOE+OO 0.0000 
o.oQo3too 0.0000 -- 
o.oooptoo 0.0000 

m r w y :  irrrt. 

O.OOOE+OO 0.0000 
O.OOOEtO0 0.0000 
o.oooetoo 0.0000 

0.0009+00 O.@O 

- 

1.3503-01 0.0691 

N1 Pathway.. 

1.479EtOI t.0000 



RESRAD. Version 6.21 Ipr Lialt - 0.5 year 06/OuZagl 1293 Pam 15 
S-ry : Great Lakes W R A D  Default P . r w t e r 8  for  Yh32t File: GmatL.RAD 

Total Do80 Contributions TDOSEli,p,tl fo r  Ind lv ldwl  R.dlonucl1d.a ( 1 1  .nd Pathway8 (pl 
As u a n / y r  urd Fraction of Total Do#. A t  t - 3.000Et02 p a r a  

Witor Indopmndent Pathway8 IInhalation ucludo# radon) 

oraund 
<oa:z -  

<uc:.d.. mrtvc/$*r f rac t .  

Ra-228 1.lOBD-lS O.Ood0 
Th-228 O.OOOC+oO 0.6000 

Th-232 8.964- 0.6065 --- 
Total 8.964E+00 0.6065 

Inhalation Radon Plant 

3.066E-18 0.0000 
O.OOOE+OO 0.0000 
i . m ~ - o i  0.0086 - 
268E-01 0 .0086 

0.000Et00 0.0000 
0.000t+00 0.0000 
O.OOOE+OO 0.0000 -- 
0.0009+00 c.* 

4.6839-16 0.0000 
0.0001+00 o.Ooo0 
5.231E+00 0.3539 -- 
5.231EtOO 0.3539 

Milk 

mrihdyr iract. 

1.628E-17 'a. WOQ 
O.OOOE*OO 0 . p  

1.737E-01 0,0118 

1.7379-01 $&&8 

- 
1. 

Water 
?Adlo- --- 
h c l  ice crm/ys I rhc: . 

Total DO8e Contributions TWSE(l,p,tl for Individual R.dionuc1id.s (11 and P a t h a p  lp) 
A8 e y r  and Fraction of %tal DOae A t  t - 3.000Bt02 year8 

Water Dependent Pathways 

su-228 o.oooc*oo 0.0000 

Th-228 O.OOOq+ob 0.0000 

??I-231 Pi- 0.0000 --- 
Tots 0 . M -  0.0000 

o.ooomoo o.oooo o.ooostoo o.oooo 
O.OOOPt00 0.0000 0.000Et00 0.0000 
O.OOOE+OO 0.0000 0.00OEtOO 0.0000 --- 
O.OOOC+OO 0.0000 O.OOOE+OO 0.0000 

Im of a11 water independmt ud dependent pathway8 

Plant M a t  Milk 
I 

Dtqr.Jyr  fracr. urrs/yr tract. cz*m/yr frazt. 

O.OOOE+OO 0.0000 O.OOOE+OO O.Oba0 0.0WEt00 0.6oOo 
O.OOOE+OO 0.0000 0.000E+00 S.Ooq0 'O.OOOEtO0 0.- 
O.OOOEtO0 0.0000 0.00OEtoO 0 . e  O.OOOEtO0 ,b;& 

----I_ 

Soi l  

ermlvr tract 
-- 
6.624B-18 9.- 
b .000~+00 0 .WQ 
1.35OB-01 0 .QOBl 

1.35OE-01 0.0bh 
-- 



RESRAD 'ersion 6.21 Ps L i m i t  - 0.5 p a r  06/02/2003 12:23 Pam 16 
g u a r  : G r u t  Lakes RESRAD Default Parameters f n J 2 a  pi le:  - i i u t L . m  

Total Dose Contributions TDOSE(i,p,tJ fot Individual R.dionuc1id.s f i l  and Pathnyr  (p1 
&I armdyr and Fraction of T O W  Doe. At  t - 1.0009+03 parr  

Ground 

R a t  

Yo de u r l y r  fract 
--- -- 
Ra-zzi 'o.ooo~+oo 0.0000 

~11-232 e.946~+00 0.6065 

Th-228 O.OOOB*OO O.OOO0 

--- 
Total 8.946E+oO 0,6065 

Water 
P *diu- 

!icC:.:l?c !-re:/**- ,- ::*:: 

Ra-2211 o.ooos+oo 0.0000 

--- 
rh-2211 O.OOOE+~~ o.oooo 
Th-232 1.206c-30 O.OOO0 --- 

206B-30 0.0000 

Water Inchpondsat Pathways LInhalatlon excludes radon) 

1nh. la t ion 

m r d y r  frsct 

0.000P+00 0.0000 
O.OOOE*OO 0.0000 

-- 

1.266~-01 0.0086 -- 
!66E-Ol 0.0086 

-0 

m r d y r  f r a c t  -- 
0.000E+00 O.oo00 
0.000E*00 0.0000 
0.000EtOO 0.0000 
-7 

o.ooos+oo o.oo00 

P18nt 

u d y r  fract 

o.oooe+00 o.Ooo0 
0.0009+00 0.0000 
5.2216+00 0.3539 -- 
5.2219+00 0.3539 

that 

u a / y r  f r a c t  -- 
0.0003*00 0.0000 
o.ooos+00 o.ooO0 
i . ~ e m o i  o.0101 -- 
1.483P-01 0.0101 

:a1 Dose Contributions TDOSC(i,p,t) for Individual Rdionuclide. (i) and 

Water Depondont Pathways 

Fish Plant 
~ 

m t c t f y r  : r a c t .  
-- 

O.ooo9+OO O.oo00 
O.OOOE*OO 0.0000 

o.ooos+00 o.ooO0 

o.o00L+00 o.ooO0 

* S u  of a: ndopondont and depandent 

~ 

crww y f  frac: . -- 
o.oooL+oo 0.0000 

O.OOOE+OO 0.0000 

0.000#+00 0.0000 

o.ooos*oo o.ooO0 

pathways 

- ~~ 

atca/y: ir+ct. 

o.ooos+00 o.ooO0 
0.000~+00 0.0000 

O.o001+00 0.0000 

-- 

0.000E*00 0.0000 

- 1.000L*03 yurr  

nmt 
___ 

a r m l y r  fcacr . -- 
O.oO00+00 0.0000 

0.000P+00 0.0000 
o.ooQI*oo o.oo00 -- 
0.000s+00 0.0000 

M i l k  

e y r  fract 

o.ooo1+oo 0.mm 
0.00Oc+00 o.ooo4 
1. W E - 0 1  0.0118 -- 
734E-01 0.0111 

P a t m y s  (p: 

M l k  

SSWIYYL t r n r t .  -- 
o.ooos+oo o.oo00 
0.000s+00 0.0000 

O.OOOC+OO 0.0000 

000#*00 0.0000 

um/yr -- 
o.o001*oo 0.0000 
o.OOoc+00 o.ooQ0 
1.347s-01 0.0091 

1.347E-01 0.00)l 

A l l  Pathw8yr' 

nrcnlvr Itoc: 

-- 
o.OOos+00 0.0000 
o.o00s*00 o.OoQ0 
1.415L*Ol 1.oooO 

1.475E*Ol .OOOO 

-- 

c 
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summary : Groat Lakes RES- Default Parameter8 for Tit322 N l m :  GroatL.RAD 

Doadsource Ratios Sumed 0p.r All pthwaylr 

Paront uui Progeny Principal Radionuclib. Contrlbutioru 1ndicat.d 

-232 Th-232 l.OOOEtO0 4.230s-01 4.2309-01 4.2309-01 4.230E-01 6.23W-01 1.2291-01 4.2213-01 4.218E-01 
Thh-232 RA-228 1.ooQTtOO 4.848E-01 1.416EtOO 2.973Et00 6.197Et00 8.357EtOO ~.5586+00 8.553EtOb 8.537EtOO 
rn-192 Th-228 1 . m W  3.996E-02 2.39lE-01 9.379E-01 3.460EtOO 5.60lEtO~ &.EO6E+OO 5.803%00 6.792Et00 
Th-232 P R ( j  9.477E-01 2.078EtOO 4.334StOO 1.008EtOl 1.438Ct01 1.479EtOl 1.4?0S+O'ifi.475EtOl, 
--I ------- 
'Branch Fraction is  the cutuulatlvo factor for tho 3't principal radionuclidm daughter. 
the DSR includom aurtributioh. f r a  araoclated lhalf-lifo S 0.5 yr) dauqh-ra. 

CUIBRFlJ) - aRF(1)*BRFt2)D BRP(j) 

Single mdionuclida Soil Wdelinei  Gli,t) in pCi/g 
Basic Radiation Doam Limit -.2.500Et01 a r d y r  

-lido 
( i )  t- 0 . ~ 0 0  r.oooi+oo 

Il.-ZH 2.724E+00 2.624EtOO 
Th-ZZI) 5.064EtOb 7.275EtM 
M-232 2.638Et01 1.203E+01 

7 

*At spocific activity l i d 1  

3.moEtM) 1 . q l  3.000l5+01' 1.0001+02 3.000S*02 
~~ 

2.778gt.00 
1.502Et01 
5.769g+OO 

5.351140 5.999Et01 
1.897Bt02 2.661Et05 
2.48o~too i.73actoo 

3.272Lt05 

1.691CtOO 
*a.i92cti4 

*2.726Ct14 
*8.192Ct14 
1.692Ct00 

S d  Doao/~urm Ratio# DsR ti, t) i n  f u a / y r l /  (pCi/gl 
and Sinqle Radionuclido & i L  Guidmlims G(i,t) in pCi/g 

at tmin - t i m  of minima ainple tadionuclido soil guldaline 
and at tmax - time of maxinor total Qmo - O.OOOEtO0 flats 
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S - r y  : Great Lkes RESRAD Dafault P a r a t e r n  for th322 File:  GroatL.FIAD 

Individual Nuclide Dono S u m d  Olnr A l l  Pathway. 
Parent Nuclide and Branch Fraction 1Ddicat.d 

Th-228 Ra-228 1.000E+00 9.390E-01 2.242E+OO 3.301E+OO 2.2628+00 2.105E-01 3.8616-05 @.'U?k-l6 O.OOOE+OO 
Tb-218 Th-228 1.000E+00 4.937E+00 3.436E+00 1.6659+00 1.318E-01 9.394E-05 9.081s-16 Q.#OE+OO O.OOOE+OO 

W 2 2 E  Th-232 1.000E+OO 3.996E-02 2.391E-01 9.379E-01 3.460E+00 5.6dlE+00 5.806E+OO 5;B03E+OO 5.7921+00 
Th-228 m~cjj 5.9163+00 5.91'13tOO 5,904E+OO S.B54E+00 5.811E+OO 5.806E+00 &,403E+00 5.792E+00 

Th-232 Th-232 1.000E+00 4.230E-01 4,230E-01 4.230B-01 4.23OE-01 4.230'2-01 4.229&01 4.227E-01 4.2189-01 --- s------ 

BRFill is the branch f ract ion of t h e  parent nuclide 

Individual Nuclide So i l  Concontration 
Paront Nuclldo and Branch h a c t i o n  Idcatad 

Nuclide Parent BRF(i1 S ( j r t ) r  Pci/g 
t j )  ti) t- 0 . OOOE+OO 1. -00 3.0009+00 l .OOOE+Ol  3.000E+Ol I. 000E+02 3.000E+& 1.000E+03 ------ 

Rd-228 M-228 1.000E+00 l.OOOE+OO 8.843K-01 6.916E-01 2.92%-01 2.50X-02 4.SOt)E-06 9.657E-I7 O.OOOE+OO 
Ra-220' rneu ~ . O O O E + O O  O.OOOE+OO 1.n1e-01 3.d25g-01 6.938E-01 9.561P-01 9.804c-oi 9.799c-01 9.7806-01 
Ra-228 n(j,r l.OOOE*OO 9.978E-01 9.940E-01 9.863E-01 9.811E-01 9.804E-01 9.7999-01-*¶.780E-01 

Tb-228 h-221 l.BoO~+OO O.OOOE+OO 2.849E-OT 5.363E-01 4.0236-01 3.785E-02 6.943E-06 l.46lE-l4'b.O0QhOO 
Tb-228 Th-221 l.OoQE+OO l.OOOE+OO 6.961E-01 3.372E-01 2.61OE-02 1.903B-05 1.8391-16 0.000CtOf r.0- 
Th-2H s Th-23; 1.-+00 0.000E40 1.863E-02 1.240C-01 5.5996-01 9.43%-01 9.8045-01 9.799E-02'.8.180t-01 
lla-228 S t j )  l.OOg+OO a.996C-01 9.976g-01 9.890E-01 9.814E-01 9.8048-01 9.799C-01 9.78Og-03 

Th-232 Th-232 l.OOOE+OO l.OOOE+OO l.OOOE+Oo 1 . e + O O  l.OOOC+OO 9.999E-01 9.997E-01 9.992E-03 9.q2E-01 -- ---- 
BRF(i1 is t he  bran& fract ion of tha  parent nuclide. 

RESCN42.W execution t h e  - 1.35 S.cond8 
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S-ry : Great Lakes 19 eq mater area RESRAD Default Parameters for Th322 
File : GreatL2.W 
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Sumnary : Great Lakes 19 sq meter area R E B W  Default Parawtars for Th322 
File : GroatL2.W 

Dose Conversion Factor (and Ro1at.d) Paramtar Sumary 
Fila: FGR 13 lbrbidity 

Current Paranter 

Menu Paramotor Value D.f.ult N8B@ 
I # I 1 

8-1 Dose conversion factors for inhalation, d p c i  
D-1 RA-228tD 

Th-22BtD 
%1 Th-232 

D-1 Do60 conversion factors for  inpostion, mr.r/pCi 
0-1 R.-228*D 
D-1 Th-22WD 
n-' *2m 

0-34 lbod transfer factors: 
D-34 Ra-22B+D , plant/aoll concentration ratio. diwnsionlosa 
0-34 R.-228tD , baaf/livestock-intake ratio, (pCl/kg) / (pCi/d) 
0-34 Ra-228tD , rilk/livostock-intake ratio, (pCi/L)/(pCi/d) 
-34 
0-34 Th-228tD , plmt/wil concentration ratio, dimensionloas 
0-34 Th-228tD , baaf/livo8tock-intake ratio, (pCi/kg) / (pCi/d) 
D-34 Th-228tD , mi1Wlivortock-intake ratio, (pCi/L)/(pCi/d) 
D-34 
0-34 Th-232 , plant/soil concentration ratio, diunrionloss 
D-34 Sh-232 , hef/llwstock-intako ratio, (pCi/kg)/lpCi/d) 
D-34 Th-232 , milk/live6tock-intako ratlo, (pCi/L) / (pCi/d) 

D-5 Bioacnrulation factors, fresh water, Wkq: 
D 4  III-228+D , fiah 
0-5 R1-228tD, cruatacea and rolluak6 
D-5 

D-5 Th-228tD fiah 
D-5 Th-228tD crustacaa and mlluska 
0-6 
0-5 Th-232 , fish 
ws Th-232 , crustawa and mllurka 

1.4409-03 1.440s-03 DCF3( 1) 
8.08OS-04 8.0806-04 Den( 2) 
2.730s-03 2.73OE-03 DCF3( 3) 

~.OOOE-OZ ~.OOOB-QZ n m  a.1) 
1.0001-03 1.0008-01 RTI! 14) 
1.OOOE-03 1.OOOE-03 RTFf li0) 

J3000E-03 1.000B-03 e( 2 , l )  
1.000B-04 l.OOOE-O( 2,2) 
5.0009-06 5.OOOE-06 RWr 213)  

1.0009-03 S.&k*3 RTFI & I )  
1.000E-04 RTFI w) 
5.000E-06 4.00&06 RTFI 3;3) 

5.000Et01 S.OOOE+O? BIOFAC( &1) 
2.500Et02 2.500BtO2 BIOFACI Liz) 

l,bOOEtO2 1.ooomp BIoml 2.1 
$.*00E+02 5 . O O O H D Z  BIOFAC ( 2,2 

1.000Bt02 I 1.0009tfS BIOCACI $;l 
5.OOOEtO2 I 5.0006+w BIOPU:( 3 , j  

I 
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S-ry : Great L a h a  19 mq meter area W R A D  Dofault P a r w t e r a  fo r  TU22 
F i l e  : GreatI.2.RAD 

Site-specific Par-tar Sumary 

Uaod by R E S W  Parameta Uaar 

N A M  nonu Par8mot.r Input Default (If different f r o  u i e r  input)  
I , I 
3 

I I 
I I I I 

~ 0 1 1  Aroa of con tu ina tod  zone (m**2) 
not$ rhiclmraa of c o a t d n a t o d  ZOM In) 

no11 
noaa 
aoi 1 

PQfl 
n o l i  
Roil 
11011 
Roll  
R D l l  
noti 
11011 
no11 

m 1 2  
no12 

Wl2 
a012 
M€Z 
ROM 

RQ13 
1013 
M13 

mu 
no13 
BO13 
ROW 
UOlt 
11013 
8013 
IO13 
R013 
K O 1 3  
Rot3 
ROO13 
R o l l  
mr3 

rbt3 

RO14 

R o l l  

rQ14 
R O H  
ROM 
R O l 4  

R O l 4  

ROl4  

R o l l  

Length p a r a l l e l  to  aqu i f e r  flow (a) 
Basic radiat ion doae l i m i t  ( u W y r )  

T i m e  a i n a  p l a a w n t  of material  (yr 

T h s  fo r  calculat ions (yr) 

Times fo r  calculat ion8 (ye) 
~ i - 8  for calculat ions (yrl 
T a r  fo r  calculat ions (y?) 
T a a  f o r  calculations (yr)  
~ i w s  f o r  calculat ions iyr) 
~ f w a  f o r  calculat iona ( y r j  
T i ~ a  f o r  u l c u l a t i o n a  (yr) 
Times for calculat ions (yr l  

I n i t i a l  pr incipal  radionuclide (pCi/q) R1-226 
I n i t i a l  pr incipal  radionuclido (pCi/9) Th-226 
I n i t i a l  principal radionuclidr tpCi/9) m-232 
Concentration i n  groundwater (pCi/L) RJ-226 
Concontration i n  groundwater (pCi/L) rh-226 
Concentration i n  groundwater (pCi/Lt Th-232 

c0I.r depth (n) 
Donaity of comr mater ia l  (g/m**31 

cover dopth eroaion r a t a  W y r )  
Dursity of w n t o l n a t d  zone (9/cr**3) 
Cont8mlnat.d zone e r w i o n  r a t a  W y r )  
c o n t d n a t o d  zone total  po ro i i t y  
&fIt&Mt.d Z O M  f i d d  CJpCi ty  
C o n t d n a t o d  ZOM hydraulic conductivity (dyt! 

C o n t a M t o d  zo(H b param0t.r 
Avorag0  annual wind spami ( d a d  

Humidity i n  air  (g/r**3) 
Evapotrmapiration coe f f i c i en t  
Precipi ta t ion W y r )  
I r r iga t ion  W y r )  
I r r iga t ion  mode 

Runoff cea f f i c i en t  
Watershed arm f o r  nearby atream or pond (a**Z) 
m a c y  for water / ioi l  c m p u t a t i m a  

Wnaity of saturated zone ( ~ / a * ~ 3 )  

Saturatod zone t o t a l  poroai ty  
&turat .d zone a i fuc t ive  poroai ty  
S a t u r a t d  zone field capaci ty  
5.turat.d zone hydraulic conbuct i r l ty  ( d y r )  
Saturatod tone hydraulic gradient  
Saturated zone b parameter 
Water t a b l e  drop r a t e  W y r )  
Well pump intake dopth [m k l w  water t ab le )  

1.90OEtOt* 
2.000E+08 
4.360CtOb 
2. S00Ct01 
0. ooostoo 
1. oooctoo 
3. ooostop 
1. O D O s t o ~  
3.0009t01 
1.000EtO2 
3.000E+O2 
1,0OOS+03 
not uaod 

not Ua.d 

1. ooosto4 

l.W* 
2.000~t00 

q .  IBpe+Ol 
o.ooo9too 
1. ooostoo 
3.000EtOO 
1. ooosto1 
3.0009t01 
1.000~t02 
3, OOOEtO2 
1.000~+03 
0. oooc+oo 
0.000E+00 

l.OOOE+OO O.OOOStOO 

1.000P+00 0.000Et00 
1.000Et00 o.ooos*oo 
not u a d  0.000Et00 

not U8.d o.aooc+w 
not u i d  O.OOOE*OO 

0.000Lt00 
not uaod 
not U8.d 

1.500Bt00 
1.OOOE-03 
4 .000E-O$ 
2 .OOOE-Ol' 
l . O O O E t O 1  
5.3009tOO 
2 .  OOOEtOO 

not wod 

5.0008-01 
1.0009t00 
2.0001-01 
overhwd 
2.0001-01 
1.000Et06 
1.OOOt-03 

O.OOOEtO0 I 
1.5OOEtOO I 
1.0009-03 I 
1.500s+00 I 
1.0001-03 I 
4.OOOE-01 I 
2.OOOE-01 I 
1.000E+01 I 

2.000s+00 I 
6.0009t00 I 

1.ooostoo I 
2.oooc-01 I 
overhoad I 
2.0009-01 I 
l.OOOEt06 [ 

5.300stOO I 

5.OOOP-01 I 

1.000E-03 I 

I 1.500B+00 1.5009tOO 
I 4.0001-01 4.OOOC-01 
I 2.0000-01 2.0006-01 
I 2.000c-01 2.0009-01 
I 1.000Et02 1.000ct02 
I 2.000E-02 2.000s-07 
I S.JOOE+OO SL300C+00 

I 1.000L-03 1 .OOOE-O3 
I 1.OOOEtO1 1.OOOEtO1 
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S-ry : Great Lakos 19 m q  motor a r m  RPSRM Dofault Parllutmts for Th322 
File : GroatL2.RAD 

User U8.d by RESRAD Paramtcr 
Parameter Input hfault (If different from uror input) N.re m n u  

I 1 I I 
I I 

I I 1 '  4 -  

Roll 
ROl4 

R015 
R01S 
ROl5 
R015 
ROlS 
R015 
ROlS 
R015 

R016 
R016 
ROl6 
R016 
R016 
R016 

R016 
RO16 

* r  
%4 

now 

Mi'i 

R016 

motc 

R016 
R016 
ROl6 

Roll 
Roll 
UN7 

-7 
RQ17 
R017 
R017 
Roll 

Wodolr kndispersion (ND) or Mams-Balanco (m) 
No11 pumping rate (m**3/yr) 

Numbor of un8aturst.d zono strata 
Unsat. zono 1. thicknoma (mt 
Unsat. rono 1, soil donsity (g/a**3) 
Onaat. LOn. 1, total poroaity 
UMat. ZonO 1, OffeCtiVa porosity 
Unrat. tono 1, fiold capacity 
UNat. rono 1, moil-mpecific b paramtor 
Unaat. LOM 1, hydraulic conductivity (m/yrl 

Distribution coefficionta for h-228 
COIlt~MtOd ZQI. (cl14'3/9) 
Unmaturatod zono 1 (a*43/9) 
6.turat.d Lon. (a4*3/g) 

Loach rat. (/yr) 
Solubility conmtant 

Dimtribution ccwfficionts for Th-228 
cDIlt.liMtOd Z O M  lm**3/g) 
Unsaturated zone 1 (ca4*3/g) 
Satur8t.d zone (a**3/9) 
Luch rat. (/yr) 

solubility canstant 

Distribution cocfficionts for m-232 
Contadnated zona (a**3/9) 
Unsaturated ZOM 1 (a*43/9) 
Saturated zone lan**3/g) 

hach rat. (/yr) 

Solubility wnatutt 

tnhllation rata (~**3/yr) 
Has5 loading far inhalation 19/m+*3) 

Shielding factor, inhalation 
Shielding factor, o x t e ~ l  gua 
E'raction of time spent indoors 
mction of tias spent outdoors (on rite) 
Sham factor flag, external gamm 

Exposuro dur.tiWI 

ND ND 

2. SOO~& 2.5009+02 

1 
4. ~ + O O  
l.SOOEt00 
4 .000S-01 
2 .00oe-o1 
2.OOOK-0 f 
5.30OE+OO 
1. ooot+o1 

1 

4 .OOOE+OO 
1.500P+00 
4.0009-01 
2.0006-01 
2.000s-01 
5.300Et00 
l.OOOE+Ol 

7.0009+01 7.00OC+Ol 

l.OOOS+Ol 7.0WS+01 
O.OQOE+OO 0. ooaE*oo 

0.000C+00 0.0009+00 

7.OOOK+O1 1.000L+01 

6.000C+04 6.0008tO4 
6.0001+04 6:000E+04 
6.0001+04 6.000S+01 
0.000~+00 0.000L+00 
0.0001+00 0.000E+W 

6.000Et04 6.000Et04 

6.0001+04 6.000L+O4 
0.000E+00 0.000E+00 
0.000E+00 0.0001*w 

6.080Ct04 6.0006+04 

e.40mt03 
1.0001-04 
3.00(x+01 
4.OOOC-01 
7 .  oooe-01 
ti. 0006-01 
2.5OOE-01 
1.ooo1*00 

I ) .  400c*03 
1.OOOK-04 
3.000L401 
4.OOOC-01 
7.000S-01 
5.000s-01 
2.5ooC-01 
l.OO08+OO 

--- 
2.37413-03 
not u r d  

c 
c .  

, +  

2.778s-06 
not w o d  

-.. 
--- 

n o m  
W 
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S - r y  : Groat h k o s  19 sq motor a r m  WluD Dofault Paramtors  for Th322 
File : GroatL2.RAD 

Sito-Sp.cif ic  Parameter S-ry (cantirwd) 

Usor Used by W R A D  Parameter 

Menu Parameter Input Default ( I f  d i t f a e n t  f m  uner input  Naat 
L 1 I I 
I 

I 
I 1 I I 

a017 
11017 
COX7 

*ej7 

J$> 
R017 
R017 
R017 

rqL? 
~ O i 7  

a017 

R017 

R O N  

R017 
R017 

aoy 

R017 
ROl7 
ROl7 
R017 
R017 
R017 
RO17 
R017 
R017 

ROlE I 

Wii of .hap. fac tor  array (wad i f  t - ~  - -$] 
Outor annular radium (I), rln9 1: 
Outor annular ridium r ing 2: 
Outor annular radius  (I). ring 3: 
Outor wulu r.dlus (rJ, rinq 4: 

Outor annular radius  (a), ring 5: 

Outor annular rmliw (I), rinq 6: 
Outor annular radius (I), ring 7 :  

Outor annular radiw (11, rinq 8:  

Outor annular radius  (11, ring 9: 
Outor annular rablua (11, rinp 10: 
(klter annular radius (I), rinp 11: 
Outer aMU1.r radius (I), r ing  12: 

Fractions of annular areas  within mr 
Mn9 1 
Rln9 2 

Ring 3 
Bin9 4 
Uno 5 
Iung 6' 

Ring 7 

Mn9 9 
Rlnq 10 
Ring 11 
Ring 12 

~ l n 9  a 

not u r d  

not wed 
not usod 
not W d  

not usod 
Dot U6ed 
Mt Used 
not u s d  
not used 
not u s d  

not used 
not used 

not uasd 
M t  wed 

not used 

not used 
not used 
not usod 

not used 
not usod 
not used 
M t  u r d  

not used 
not used 

ROlE I h a f y  ragetablo c w l l p t i o n  [kq/yrl 

ROlB I M i l k  conowtion (Wyr )  
Role I k a t  Md poult ry wnsuqCion (kq/yr) 
ROlB I Fish consuption (kp/yrJ 

ROlE I Other sufood coruuqt ion  otp/yr) 
Role I Soil inqostion rat. (g/yrJ 

ROl8 I Drinking m t o r  intake (WyrJ 

R01E I Contadnat ion fraction of drinking m t o r  
ROLE I Contamination fraction of houubold wator 
R018 I Contadrut ion f rac t ion  of l ivestock r t o r  

RO18 I Contadnation fraction of i r r i p f i o n  *.tor 
ROl8 I Contadnation fraction of .Quatic food 
R018 I Contamination f rac t ion  of p l m t  food. 
Role I Contamination f rac t ion  of m a t  
ROlE I Contamination fraction of r i l k  

ROl9 Livestock f e r .  intake for m a t  (kq/d.y) 
R019 Livertock fodd.r intake for  rilk (bp/day) 

R019 Livoatock water i n t a b  for m a t  (I/d.y) 
R019 Livortock water intako for r i l k  (L/&y) 

R019 Livostock soil intake (k9/d.y) 

I 1,4MM+Ol 
I 9.200E+01 
I 6.7001+01 
I 5.400E+OO 
1 9.0001-01 
I 3.55OE*01 
I 5.1001+02 
I 1.oO0E+oo 
I aat u 8 d  
I 1.0009+00 
I 1.00oe*Oo 
I 5.oooL-01 

5. 0003to1 
7.0719+01 
o.oO0t+M) 

0.000L*00 

0. oom*oo 
0.0003+00 

0.0003+00 
0. oooT*oo 
0. 000~+00 
0. ooot+oo 
0 . OOOE+OO 
0.000E+00 

1.000~*00 
2.732s-03 
0.0001+00 

0.000E*00 
o.ooos*w 
0.0009*00 
0. 000~*00 

0.0001*00 

0. ooomoo 
O.OM)L*00 
0.000L*00 
0 . 00OE+OO 
1.6009*02 
1.400E+01 
9.200E+Ol 
6.300E+Ol 
5.4OOB+OO 
9.0001-01 
3.650t*01 
5.1001*02 
1.0001+00 

1. M)OE+OO 
1, 000e+oo 

l.oooE+Oo 
5 .  00oE-01 

6.aoo~+oi 6.aoo~toi 
5.500C+01 5.50OC*Ol 
~.oo~t+oi s.oooe+oi 
1.6&1+02 I .  6009*02 
5.0001-01 5.OOOE-01 

--- 
--- 
--- 

0.95Ot-02 
0.9508-03 
0.9506-03 

LFf5 
LtI6 
Lwr5 
WI 6 

LSI 
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S u a v r y  : G n a t  Labs 19 sq mater u o a  ResRAD Dofault Paramtors fo r  Th322 
P i lo  : GroatL2.W 

S i t o - S p c i f i c  Paramter S-ry (cocitinuod) 

Psor Used by RESRAO Paramtor 
Menu Pa ram t a r  Input Default (If d i f f e ren t  fraa usor input )  N.lpe 

I - . - . . . - t , 
1 I I I 1 

R019 
1019 
R019 
R019 
1019 

R019 
R019 

R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R198 
R19B 

R190 
R l 9 B  

Rl9B 
R19B 
R190 
R19B 
R19B 
R198 

C14 
C14 

C14 

C14 

C14 

C14 

C14 

C14 

C14 

C14 

STOR 
STQR 

STOR 

STOR 

SrUR 

STOR 

STOR 

STOR 

m 
m 

RO2l 
RO2l 
R O 2 l  

Maas loading for  f o l i a r  deposition Ig/m**31 
m p t h  of soil mixing layor 11) 

of roots  (I) 

DrinMng water traction f r a  9ruund n t e r  
H o w h o l d  water f r ac t lon  f m  ground a t o r  
Livestock mter frmctlon frm 9 m m d  m t o r  
I r r iga t ion  t r ac t ion  fm proand wator 

Wet weight crop yiold for uon-kary (~g/m*+2) 
W e t  m i g h t  crop y lo ld  Cor Loafy (k9/m**21 
Wet weight crop y i d d  for fbdder ()ro/m**2) 

Growing Saaeon for  Yon-Lufy (yoars) 
Grorfng Season for h a f y  lyoars) 
Growing Soason for hddor (years) 
T r u u l o a t i o n  hctor for Non-Lufy 
T r m s l o a t i o n  n c t o r  for I u f y  
Trana loa t ioa  Factor f o r  Fodd.t 

Dry Follar In te rcsp t ion  Craction f o r  Won-Loafy 
Dry Fol ia r  I n t o r a p t i o n  Fraction for Loafy 

Dry Fol ia r  I n t o m p t i o n  Fraction f o r  bdder 

wot Fol ia r  Intoraption hactlon f o r  Uon-Laafy 
Not Fol ia r  In tmrap t ion  Ractlon f o r  h a f y  
Wet Folia= I n t o r a p t i o n  Fraction for Fodder 
Weathering R-val Conetant for Vogotation 

c-12 cODOUltration in water (g/ca**3) 

c-12 concontration i n  contaminated r o i l  19/91 
Fraction of vegetation carbon from .oil 

h a c t i o n  of vegetation carbon from air 
C-14 marion 1ay.r thickness i n  so l1  (11 
c-14 O T U i C U I  f l u  rat. from s o i l  (I/HC) 

C-12 ovadon flux r a t e  frcm moil ( l /sec)  
Fraction of grain i n  boef c a t t l e  foed 
Fraction of grain i n  m i l k  Q)y feed 
DCF correction f ac to r  f o r  gaseous foru of C14 

Storage times of contaminated foodatutfs (days) 

Frui ts ,  non-leafy vepetabler, and grain 
Leafy vegetables 
U i l k  

h a t  a d  poultry 
Fish 
Crustscoa and rollus*. 
W e l l  water 
Surface water 
~ i v o r t o c k  fodder 

Thickness Of building foundrtion 1.1 
Bulk donsity of building foundatim (g/a**3) 

Total porosity of the  cover material  

1.0009-04 1.0009-01 
1.5009-01 1.500C-01 
9.0009-01 9.0009-01 
1.0001+00 1.oooetoo 
not w d  l.OoOL*oo 
1.0001*00 1. oooe+oo 
1.0009too 1.000t*00 

7.0001-01 
1.5009+00 
1.100L+00 
1.7oOg-01 
2. soo1-01 
8. oom-02 
1. woe-01 
1.oo(g+oo 
1 a 000B+00 
2.5009-01 
1. SOOE-01 
2.5009-01 
2.5001-01 
2.5001-01 
2 * sooe-01 
2.000L+01 

noc used 
not used 
not urod 

not u s d  

not used 
not used 
not used 

not used 
not uaed 

not used 

1.400E+01 
1.000m00 
1.0041+00 
2.woe+01 
7. 00Qc*w 
7. 0009*00 
r .oooe+oo 
1. oopztoo 
4 .SOM*ol 

not used 

not urod 

not used 

l.OOOE-01 
1.500c*00 
1.10oLt00 
1. 7006-01 
2.5ooc-01 
e. 0001-02 
1. e m - 0 1  
1.000Et00 
1. OOOEtOO 

2.5001-01 
2. SWH-01 
2.5009-01 
2.500L-01 
2. sooc-oi 
2.5ooc-01 
2.OM)ll+Ol 

2.00OE-OS I 
3.0001-02 I 
2.OOOE-02 I 
9.8008-01 I 
3.000B-01 I 
7.00OE47 I 
1.0009-10 I 

2.Oooc-01 I 
8.000E-01 I 

8.894E+01 1 
I 

1.400E+01 
1.0006+00 
1. oo&too 
2.0006t01 
7.000t+00 
7 .OOM+oo 

1. ooot+00 
1. 00ot+oo 
4. 5ooEto1 

1.5001-01 I- 
2.4001t00 I 
4.OOOE-01 I 
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S-ry : Great hkor  19 sq meter a r m  REBRAD Dofault Par.utora for T U 2 2  

File : GreatLZ.IAD 

Sito-Spociflc Paraamtor Stunary tooatlnud) 

Paramet4 Used by R C S W  uaor 

M n u  Parametor Input Dofault (If different f m  uaer input) N U a  
1 I I I 
I 

1 
I I I 1 

ROZl 
ROZl 
R021 

ROZ 1 

ROZl 

R02 1 

ROZl 

ROZl 
R021 

ROZl 
ROZL 
R O Z l  

R021 

R O Z l  

TITL 
TITL 
TITf 

T o t a l  poromity of tho bulldinq foundation 
Volmetric water content of tho cover material 
Voluwtrlc mtor content of tho foundation 
Diffusion coefficient for radon gas ( m / H c ) :  

in cover material 
in foundation material 
in contaminated zone roil 

Radon vertical dimension of mixing (mJ 
Average bullding air exchange rate (l/hrJ 
Height Of the building (room) (mJ 
Buildinq Interior area factor 
Build- &pth below ground autface (mJ 
Emanating powat of Rn-222 ma 
Emanating power of Rn-220 gas 

H e r  of graphlcal time points 
Maximum number of integration pinta for do80 
Naximm number of integration point. for rlrk 

not cued 
nbt w o d  
not uaod 

nbt U8.d 
not usod 

Dot used 
not usod 
not uaed 
not uaed 
not used 
Dot Used 

aot we4 
not wad 

32 
17 

251 

1.0001-01 

I. 0001-02 

3.OOOP-02 

1-0001-06 

S .OOOS-O7 

z.0001-06 
Z.OOOB+OO 

5, WOE-01 
2.500NOO 
0. OOOEtM 

-1.000Pt00 
?.WOE-01 
1.500L-01 

S-ry of Pathway Solectlona 

Pathway User Seloctlon 

I 

1 -- external gama I act1vo 
2 -- inhalation (w/o radam)I active 
3 -- plant lnqoatlon I active 
4 -- moat ingoation I active 

6 -- aquatic foads I actiou 
5 -- milk lngertion I actit0 

1 -- drinking water I active 
a -- soil ingestion I active 
9 -- radon I aupprosrod 
Find peak pathway do808 I active 



RESRAD, Version 6.21 L i m i t  - 0.5 year 06/02/2003 12:17 Paw 
Summary : Great Labs 19 sq mater area IUBm Default parameters for Th322 
F i l e  : GreatL2.W 

: (ymaro) O.OOOI*oo l.M)01*00 3.0oW*Oo l.oooe+o1 3.oQmtOl 1.000LtM 3.00[Ip+02 
momit) 5.736~+00 5.noetoo S.?I~L+OO 5.669ctoo S.~UE+OO 5.62epm ~.62se+oo 

M c t l  2.2953-01 2.2921-01 2.286WO1 2.2671-01 2.2538-01 2.2518-01 2.2508-01 

Contaminated 20- Dhensiosu In i t ia l  8011 Cocrurtrations, pci/p 

Arm 19.00 square meters Ra-228 1.000~t00 

Thickness 2.00 meters ~h-228 1. oooetoo 
bvor Dapth 0.00 meters Th-232 1.OOOEtOO 

1.000et03 
s . ~ ~ ~ c + o o  
2.246E-01 

Total Dons TtJljSElt), m r d y r  
Basic Radiation Dose *it - 2.500E+01 mrem/yr 

Total Mlxture Sum Hit)  - Fraction of Basic Dose L i m i t  Received a t  T h e  (t 

Haximrnn TDoS&(tl 5.736lC+OO uap/yr  at t - 0.0001tOO years 



RESRAD, Version 6.21 W# lirit - 0.5 p a r  06/02/2003 12:17 Pago 

Sumnary : Groat Lahr 19 rq wtar a n a  REBRAD bfault Parametorm for th322 
Filo : GraatLZ .RAD 

Total 008. Contributiona TDOSE(i,p,t) for Individual Radionuclibm ) and Pathways (p) 
A. u u / y r  and Fraction of  Total Dosa At t - 0,00OC+OO ear6 t 

Water Indepandont Pathway. (Inhalation orcludea rad+) 

Gtou:d 

R.idl 0- 

:hac1 rdn r m l y :  frast. - 
~a-228 2.492~+00 0.4344 

~h-232 1.42tm-01 0.0249 

Total 5.566C+OO 0.9703 

Th-228 2.931E+00 0.5110 

--- 

laden r1 mt 

nrcmlrr frsct. - 
1.92OE-03 0.0003 
9.5631-03 0.0017 
5.42BC-02 0.0095. - 
6.576C-02 0.0115 

rare?/ yr i :act, -- 
0.0001+00 0.0000 

0.00OE+oo o.oo00 
o.o0oE+,oo o.oo00 

o.M)(lt+oo 0.OOOl 
- 

nrealy; !met. -- 
9.034C-02 0.0151 
1.121E-03 0.0002 
9.7321-03 0.0011. -- 
1.012L-01 0.0116 

2.6451-04 0.0000 3.2005-04 0.0001 
2.3056-06 .OOOO 1.644E-01 0.0000 

2.112C-05 0000 1.6tISE-05 O.OOO0 - i -- 
2.819~-04 01.000: 3.3m-04 o.oooi 

Water 
h d i o -  
Nuclide mredyr fract --- 
Ra-228 0.000E+00 0.0000 
Th-228 O.OOOC+00 0,0000 
Th-232 O.OOoP*oO 0,0000 --- 
Total O.OOOC+OO 0.0000 

Total Dole Contribution8 TDOSE(i,p,t) for Individual Radionuclldor ( ) and Pathways (pl 

Aa nrao/yr and Fraction of Total Dose At t - O.OOOE+OO t arm 
Water Dependent Pathwayr 

Plant 

n r d y r  fract 

0.000C+00 0.0000 
-- 
o.oooe+oo 0.0ooo 
o.oooP+Oo 0.0000 

0.000C+00 0.0000 

-- 

mr.n/yr i r e  -- 
o.oooc+oo 0.0000 

o.00oc+oo o.Ooo0 
O.O00E+OO o.oOo0 -- 
O.OOOC+OO 0.0000 

*Sum of all water independent and dependent pathwaya 

mrem/yr fr8ct. -- 
0.0001+00 0.0006 

O.OOOL+OO 0.0000 
O.OQOE+OO O.OOO0 -- 
0.0001+00 0.0000 

Heat Hilk 

r r d y r  fract - 

7- - 
O.OOOE+OO 0[0000 0.000g*00 0.0000 

1.6971-04 0.0001 
3.525E-04 0.0001 
1.466S-03 0.0003 -- 
2.5801-03 0.0005 

All Rthways" 

u r / y r  fract. - 
2.5m+oo 0 . 1 ~ 0 1  

2.0831-01 0.0363 
2.942E+00 0.5129 

-- 
5.736p+oo 1.0000 
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S-ry : Great L a b s  19 sq meter area RES- Default Parametera for -22 
F i l e  : GrsatL2.RAD 

Total Dom Contributions TDOSE(i,p,tl for Individual Radionuclidm 11) and Pathways (p) 
Aa r r d y r  and Fraction of Total Dose At t - 1.000C+OO :years 

wator Independent Pathnya (Inhalation exclud.. raddnl 

lu-228 3403su+oo 0.6304 

~11-232 4.801s-01 0.0838 

Th-228 2.040E40 0.3561 

--- 
TOtd 5.56OL+OO 0.9103 

Inhalmtion 

nren/yr tract .  

4.4m-03 o . m e  
6.657E-03 0.0012 
5.4671-02 0.0095 - 
6.575C-02 0.0115 

eraniyr  f racf . 

0 . O O ~ t o o  0.0000 
0.0006*00 o.ooO0 
o.oMK*M) o.ooq0 

o.oooc+M) 0 . ~ 0  

-- 

Plant neat 

nrecn/;r frart. rorem:yr f r a n c .  

0.0301-02 0.0140 2.35OE-04 .OOOO 

7.804C-04 0.0001 1.604L-06 .0010 

1.995S-02 0.0035. S.04lE-05 3 .OOOO 

l.OlOB-01 0.0116 2.87lL-04 4.0001 

---- 

Milk 

?Il:m/;.r ::a,--. 

2.03U-04 O.OOO0 
l.UsE-O? o.oo00 
5.257B-05 O.oo00 - 
3.3se.e-04 o.oooi 

soil 

sr.n/yt f;a."t 
-- 
7.eii~-04 o.0001 
2.454E-04 0.0000 

1.56OC-03 0.0003 

Z.5OfX-03 0.0005 

Total Dose Contribution# ?W(i,p,t) for Zndividual Rdionuclidu 1 and Pathway8 (p) 
As rrr/yr and hactloa of Total Dose At t l.OOOB+OO ears t 

Water Dependent Pathways 

Ustar Fish Radon P1.nt neat nilk All Pathways' 

t ; ~ c ; ! +  7rnr.iyr tr.i.:t. prcnr'yt : f a c t ,  crealyt ftbct.  ertm/a/yt Z L ~ C L .  mrlrrlyr rrac t .  s r r d y r  f r w t .  nr.Jp/yr friicc 
--- - --- 
a-228 o.ooot+oo o.ooao O.OOOE+OO o.oooo o.ooo~+oo ~.ow~ o.o&+oo o . 0 0 ~  o.oOo6+oo o 0000 O.OOOE+OO o+oow 3 . 1 2 5 ~ + ~  0.5454 
m-228 o.ooo~+oo o.0000 o.mc+oo o.0000 O.OOOE+OO o , ~  o.oocs+oo o.0000 orooae+oo~o 0400 o.oooc+oo oioooo 2.04m+oo 0.3575 
Th-232 O.OOOC+OO 0.0600 0.000Pt00 O.Ooa0 , O . O O ~ + O O  O.OoU, O . , ~ + O O  0.0000 0 . w O o  0 0000 0.004*00 O.'oOOO 5,5648-01 0,0971 

~ ~~ ~- 

Total O.OOo1L+OO O.ooo9 O.OOOE+OO O.oo00 O.ooot+OO 0.0000 0 . 0 0 0 1 ~ 0  0.000b B.OOoL+OO 0 ~ 0 0 0 0  O.M)oIc+OO 0;oOoQ 5.7301+00 1.OOOO 

'Sum of all water independent and dependant pathways 
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Summary : Groat Lakos 19 sq metor area llESRA0 Dofault Paramater; lor Th322 
F i l e  : GrsatL2.W 

Total Dose Contributions rDOSg(i,p,t) lor Individual Radionudidos (i) and Pathways (pi 
A. m r d y r  and Fraction of Total Dose A t  t - 3.OOOE+OO years 

Water Indapendent Pathways (Inhalation excludes radon: 

T o t s  5.544Lt00 0.9703 6.572C-02 0.0115 O.oooiL+OO 0.0000 l .OO?L-Ol 0.0176 1.11611-04 4.006: 

%ta l  Do60 Contributions TWSE(i,p, t) for I d i r i d u a l  Radionuclidea (11 and 

An mrwn/yr and Fraction of Total Do6e A t  t - 3.000E+00 p a r a  

Water 
h d l o -  
Nuclide nrea/yr t r a c t .  
--- 
Ra-228 .O.OOOE+OO 0.OOOO 
m-22e O.OOOB+OO o.oo00 
Th-232 0.0001+00 0.0000 --- 
f o u l  O.OOOB+OO 0.0000 

Fish 

arr/yt  l r a a .  

0.006~+00 O.oOO0 
0.0001+00 o.oO0o 
o.oooL+oo o.oo00 - 
Q.OOOB+00 0.0000 

Water Dependent Pathways 

Radon 

arem/yr f r ac t .  

0 . 0 0 ~ + 0 0  0.8000 

0.000E+00 Q.0000 
o.oooE+oo 0.ow 

-- 

-- 
O.OOOK+OO 0.8oOo 

'Sum of a11 water i ndepndur t  Md dopor~lant &thways 

Plant 

mrar/yr fract . 
o.ooo1+oo 0.0ooo 
0.0001+00 0.0000 
o.00oL+oo o.oo00 

-- 

-- 
o,pm+00 o.oo00 

neat  

u a / y r  &act. 

U.QOOBt00 .Po00 

o.oo(u+oo .oooo 

-L_ 

0.0001+00 1 .ow0 - 
0.000B+00 4.0000 

M l k  

rrsmlyr !:xi. -- 
2.2151-04 0,. 00aO 
5.545C-01 O'.OOOO 

1.131P-04 ~ . O O O O  

3.34SE-04 O:.OOOl 

Pathways (p: 

Wilk 

rrcdyr fract. 

o.00oc+oo 0.0000 

O.OOOE+OO 0.0000 

0.00M+00 0!0000 

- 

-- 
O . O O ~ + O O  o.oo00 

901: 

mrrm/yr fracr - 
7.2148-04 0.0001 
1.10%-04 0.0000 

1.74%-03 0.0003 - 
2.5m-03 o.ooos 

A l l  Pathways. 

mredyr  fract 

3.366.+00 0.5091 

1.385C+OO 0.2372 

- 
9.9232-01 0.1737 

-- 
5.7141+00 1.OOOO 
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Sumnary : Great Lakes 19 sq meter area RESlw Default Paramaterr for Th322 
File : &08tL.2.m 

Total Dose Contributiona TDOSE(i,p.t) for Individual Radionwlidos (i) and Pathways (PI 
A. mredyr and Fraction of Total Dose At t - l.OOOE+Ol year. 

Water Indopondent kthwayi (Inhalation excludes radon1 

iramd 
?au:-- 

! i d c i l &  z.re;*zr frnrt. 

--- 
R.-228 1.906c*00 0.3366 
Th-228 7.826K-02 0.0136 
Th-232 3.51%+00 O.CLB8 

Inhalation Radon 

satesly: I r s r t .  

4.4091-03 O.OOO1 
2.553L-04 Q. 0000 

6.006E02 0.0100 - 
6.563E-02 0.01111 

=z*mnlyt Itmt. 
-- 
O.OoOE+00 0.0000 

O.O00K+00 0.0000 

o.ooor+oo o . m a  -- 
0.000L*00 o.oo00 

U i l k  sol 1 

a r m i y r  f r d c t ,  w e m f y t  fr-ar- 

~- 
9.3’101-os o.oooo 3.6’1oe-0( 0.0001 
4.3908-01 0.0000 9.41%-06 0.0000 
2.364E-04 d . o m  2.19’18-03 0.0004 ---- 
3.321E-04 0.0001 2.574K-03 0.0005 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides 1) and Pathwp. (e) 
As m r d y r  and Fractiim of mu1 Dose At t - 1.000E+Ol years 1 

Water Dopendent Pathways 

Water Radon Plant nest M l k  All Pathways* 

‘Sum of all water independent and dependont pathways 
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SIPaary : Great Lakes  19 sq mater area RESRAD Default Parametera tor TM22 
File : GreAtLZ.RA0 

total ~ o s e  Contributions TWBltl,p,t) for Individual Radionuclides (1) and Pathways (pi 

A. nrem/yt and R a f u i n  of Total Dose At t - 3.WoCt01 years 

Water Independent Pathmyl (Inhalation exclubis radb 

Gmond 

Radio-. 
N u c l i d .  a t m / y r  tract. 

1u-228 1.73%-01 0.0308 

Th-228 5.5789-05 0.0000 

Thy232 5.29lctOO 0.9394 --- 
tota 5.4C45+00 0.nOI 

Plant 

m c t d y r  ::act. 
-- 
4.10lC-04 0.0001 
1 . e 2 0 ~ 1  o.0000 
6.513S-02 0.0116 - 
6hS54S-02 0116 

x e n f  yr f tact . 
-- 
o.oooxt00 0,oOoo 
0.0001*00 0.0000 
0.0006tW 0.08oO 

o.OOOE+oo o.oQ#) 

-- 
2.3W-03 O.ooo1 
2.1331-01 0.0000 
9.72oL-02 0.0173 3 -- 
9.9SOC-02 b.0171 

neat 

mraalyr tract.  -- 
6 . M l c - 0 6  .woo 
4.306t-11 .OW0 
2.159C-04 I .OOW 
-7 

2. a m - 0 4  4. ooo 

-- 
e. oiaB-Ofi d .oooo 
3,129C-12 O.oo00 
3.2246-04 d.0001 -- 
3.3039-04 9.0001 

total Dose Contributions TWSE(l,p,tl fy, Indlvldual R+&mudid.. (I)  and Pathways (p) 
As u u / y r  and FraoUoa qf Tot81 Dose At t '0 3 . 0 0 ~ 0 1  'years 

Water Dependent Pathway8 

WatOl Radon 

mvrnly:  f rac t .  z f ~ . l / y r  Iract. 

0.00dc+00 o.OoO0 o.ooo1*oo o.oo00 
o.oobt+00 o.oO0o o.oooko6 o.ooo6 
0.0001+00 0.oOw o.oooL*oo o.oo00 

--___I_- 

.Sum of a11 uater indsp.ndent and &pendent pathrnyr 

Plant - 
men/ yr Czacc. 

0.0001400 O.oo00 
0.0001~00 o.ooO0 
0.OoQLtm 0.0000 

o.6ooB+oo 0.0090 ' 

- 

-- - 

Milk 

acr%$yc f r i r t .  r r m / y t  Kx~ct.. _---- 
0.000~too .woo o.oO09;oo 0 ~ 0 0 0 0  

p.rmec+Do .ow0 o.oooL+oo 0 ~ 0 0 0 0  

O.OOOEt00 .OOOO O.OWEt00 010000 

b.DaoStO0 O(.OOOO 0.000Et00 O ~ p O a O  

3 ---- 

soil 

B P M I / ~ ~  fracr 
-- 
3.2611-05 0.0000 

6.?09~-00 0.0000 
2.534143 0.0004 -- 
2.569s-03 0.0005 

All Pathways. 

m r a d y r  crac1 
.-- 

1.7C16-01 0.0313 
5.599B-05 0.0000 
5.457CtOO 0.9687 -- 
5.633m00 1.0040 



RESRAD, Vorsion 6.21 n Limit - 0.5 year 06/02/2003 12:17 tags 
Sunnary : Groat Lakern 19 sq meter aroa RESRAD Default Paramtem fo r  Th322 
F i l e  : GroatL2.RAD 

2tal Dose Contributions TD3SS(i,p,t) for Individual R.dionut2id.s ti) and Pathways (p) 
As m r d y r  and h8ction of Total Dose At  t - 1.000L+02 years 

Water Indopandent Pathways (Inhalation excludes r a h )  

Ground Inhalation R.da, Plant m a t  Hi1 k Soil 
?JJIO- -___ - .-I__ 

* I u c L h % ~  =:rtl/y: :r~ct. rarely: tract.  mrenlyr tract. u a = l y r  rram.. n c m l y i  Itact. nrmlvr Crsrt.  t a : W y :  :ravt 

----------- --- 
R.-228 3.1791-0s 0.0000 7 . 5 2 u - o ~  o.oo00 o.ooos+OO 0.0006 4 . m - 0 7  o.0000 t.2m-09 .oooo i.47m-09 q.oo00 5.979~49 0.0000 

Th-228 5.392P-16 0.0000 1.75m-18 O.oo00 O.OOOE+W 0.w' 2.062S-19 0 . e '  4.2401-23 .oo0O 3.02s-23 d.0000 6.485L-20 0.0000 

Th-232 5.46OL+OO 0.9'101 6.552L-02 0.0116 O.ooo1+OO 0,odOp 9.9445-02 0.0177 2.b25S-04 -0001 3.3026-04 Q.0001 2.5661-03 0.0005 

?otd bee  Contributions ~~os~(1,p.t) for IndLTidual Udionucl iew (1) and Pathways (P: 
Aa umn/yr and FraQ+ ai Petri Dose At  t - 1.0009+02 pars 

Water mpendont Pathway9 

Water 

5azro- 

Wc. :6? rroz/yr tract. 

R.-228 o.ooo(+oo o.oo00 
m - 2 n  0.0OOHOO o.oo00 
th-232 0.00&+00 O.oo00 --- 
'otal O.ooot+W 0.0000 

R.doa Plant mat Milk  All p.th*.ym* 

*Sum of a l l  water inclopendent 8nd dependent pathrrys 



RESRAD, Cr*ion 6.21 Limit - 0.5 pa l :  ;/02/2003 12:17 Pam 
S-ry : Groat Lab. 19 89 motor arw llllsBl Dofa. Paramotor. for Th322 
File : GroatL2.MD 

Total DOH Contributlon8 TDOSE[i,p,t) for Individual Radi0nuclido.r (il and Path*.y# (p) 
k u d y r  and Fraction of Total Doem At t - 3.0009+02 w r s  

Water Indepndont Pathway# :&la udud.8 rad 

Ra !B 6.69lS-16 0.0000 

m. !e o.ooo1too o.0000 
Ih I2 5.457.+00 0.9701 --- 
Total 5.457640 0.9701 

xnh.lat1011 

u W y r  fract . 
i . 5 8 3 ~ - i e  o.0006 

6.54m-02 0.0116 
0.00OPt00 O.OOO0 

-- 
6.5481-02 0.0116 

-/yr fract. 

0.0001440 0.- 

-- 
0.00omoo 0.- 

O.OOOE+OO O.oo00 -- 
0.000L+O0 0.0060 

Total h a 0  Contribution. roosP(i,p t) for Individual R.dlonuclido. (i) and PaLhrpya (p 

k u W y r  urd F r a c t l m  of Total Doma At t - 3.0001+02 war8 

Water Dopondont Pathway. 

0.0001+00 o.oo00 o.Oom+00 0.oOOo 
o.ooo.+oo o.oo00 O.o001+00 0.o000 

o.oooc+0O o.oo00 0.0O01+00 0.6000 

O.OOOE+OO 6 . m  O.OOOL+OO 0 . m  

---- 
*Sum of a11 water ndepondent and dopendent pmthwym 

Wilk  

~ 

0.000B*00 o.oo00 o.oobL+00 o.oo00 0.0001*00 0.0000 

Pathway.' 
- .- 

x u l f y r  : r d < :  

-- 
6.797L-16 0.0000 
0.00OEtOO 0.0000 
5.625Et00 l . O O O 0  -- 
5.625EtOO 1.001 



RESRAD, Version 6.21 l'h Limit - 0.5 year 06/02/2003 12:lj Pa9e 16 
S-ry : Great Lakes 19 sq metar area FSSRM Dmfault Parrmaters for Th322 

F i l e  : GreatL2.W 

Total Dose Contributions TDOSE(i,p,t) for Individual R u i i d L b a  (I)  and Pathways Ip) 
As rrenlyr and Fraction of ~ot.1 Doae At t - 1.000C+03 years 

Water Independent Pathways (Inhalation oxclubs radon) 

IU-226 O.WUS*oo 0 . W  
m-220, o.o6ol+oo o.riep0 
*-23s , s . t r q a O  O.*?Ql 
-I__- 

Total 5.446840 O.P?Ol 

Inhalation 

e ~ r m r ' y r  i r n c r .  

O.OOOE+OO O,Wr@ 

0,00OE+00 0- 

6.536E-02 O A l #  

6.W6E-OO 0,Otld 
-- 

Plant M i l k  Boil 

mraelyr  irrcr 
- _-- 
e . ~ * o o  o.ooO0 
O.owe+oo 0 . 0 0 ~ 0  

2.5-43 0.0005 
__L- 

2.Sm-03 0.0005 

Total Dose Contributions TDOSEIi,p,tl for Individrul R.dionuc1id.B (11 and Pathways (PI 
As m r d y r  and Fraction of Total Dore At t - 1.000E+03 years 

Water Dependent Pathways 

*Sua of a11 water indsp.ndent and d e p o h n t  pathways 



RESFtAD. Version 6.21 L W t  - 0.5 yoar 06/02/2003 12817 Paqe 17 
-ry I Great Lakes 19 sq r a t o r  a r m  RESRM Default --tor* tor m322 
Fi l e  : -0JtLz.RAD 

Doss/(iwrce Ratios 9- h r  All Pathway8 
Parent and Progony Principal Radionuclide contributions I n d i u t o d  

*Branch Fraction i r  tho m u l a t i r e  f ac to r  fo r  t he  j ' t  prlncipal radionuclide daughter 
The DSR includea contr ibut ions trm aarociatod (half-l ifo L 0.5  yr) daughtors. 

CmreRFfj) - BRF(I)*IIV(2)* BRF(j) 

'At spec i f i c  a c t i v i t y  l h l t  

S u m d  DoadSourca Ratios DSR(1.t) i n  fmrodyr)/(pCi/g) 
and Singlo h d i o n u c l i b e  Sol1 Guidedinor G 1 i . t )  in pCi/g 

and a t  t r r x  - t h  of U X ~ U  tots1 doso - O.OOOE+OO -18 at h i n  - t i u  of r l n i r u  8 i n g l O  radionuclido soil quidoline 



RGSRM, Version 6.21 T* Limit - 0.5 yaar 06/02/2003 12:17 Page 18 
Summary : Great b k a s  19 m q  matar a r m  R E s W  p f a u l t  Paramtor8 for Th322 
F i l o  : GreatLZ.RAD 

a 
Individual Nuclide Doaa -d Over Nu1 Pathway8 

Parent Nuclide and Branch Fraction Indicated 

Individual Y u d i d .  Soil Concentration 
Parent hclid. and Branch Fraction Indicated 

hclid. Parent BRFIi) 
f j )  (1) 

--.. ----- 
R.-228 ita-22 I.OOOE+OO ~.OOOE+OO 8.843~-01 4.91UIQ1 2.925~-01 p.so&t: l . h O 6  S..&78-1? 0 . m ~  

Ra-228 Th-23 l.OOOE+OO O . O O O E 4 0  1.134E-01 3.025E-01 6.938E-04TS.5&+1 S.mbol 9.79%-01 9.1805-01 
xa-22. &rji l.aOOE+OO #.971cLO1 9.94OE-O#.$.8636-dl ¶.UlU-Ol 9 . 0 0 4 ~ 0 1  *.79W-O1 9.70k-01 

m-228 na-m ~.OOOE+OO o.oooB+oo 2.849g-01 s . 3 m - a  4.0231~~1 6.943E-06 1.4IU+16 O . O o Q M 0  

Th-228 Th-228 l.OOOE+OO 1.000Et00 6.961E-01,3.3fzE-01 2.670s-02 i.e39~-16 O~OOOWOO o . o ~ o r w  
m a 8  ~11-232 L.OOOE+OO O.OOOE+OO i.863~-02 4.04- 5.599~-01 9.435~-01 9.8049-01 ?.79#-41 0.78Oc-01 
m-zr, pcj,: 1.000Ei00 9.996E-01 9.976E-01 9.8903-01 9.814E-01 9,804E-Ql g.79441 9 . 7 W 8 4 1  

BCSCA~C.EXE execution timo - 1600 seconb. 



RESRAD, Veraion 6.21 l% Limit - 0.5 year 06/02/2003 12:24 Page 

S - r y  : Great Iaker 43 rq meter area WRM Dafault Paraaeters for Th322 
File : GreatL3.RAD 

Tabla of Contents 

Past I t  IUrture Susr urd Single RadiomJCllde Guideline6 

Dose Converaion Factor (and Related] Parantar S\DIory 
Site-Specific Paruetar S - r y  ....................... 
S-ry of Pathway Seloctionr ......................... 
Contaminated Zone and Total Dore Sumnary .............. 
Total Dose Collponentr 

T t w  - 0.000E+00 ................................. 
T i r e  - 1.0001+0Q ................................. 
Time - 3.-*OQ ................................. 
Time - 1.0-'+01 ................................. 
Time - 3.000E*01 ............................ ;.... 
Time - 1.000S+02 ................................. 
Tine - 3.GoQc,02 ................................. 
Time - 1.000E+03 ................................. 

Doae/Source Ratlor SI.l.d Olnr All Pathways ........... 
Single Rdlonuclida Soi l  Md.linas ...................... 
Dose Per Nuclide Q\pp.d 0v.r A l l  Pathway. ................ 
soil Concentration Per Nuclide ........................ 



RGSRAD, Version 6.21 ‘PI Limlt - 0.5 year 06/02/2003 12:24 Page 

S-ry : Great Laker 43 sq meter area RESIUS Default Parawtern for Th322 
Fila : GreAtL3.RAD 

Dose Conversion Factor (and Related) Perustor 8-ry 
File: FGR 13 Morbidity 

Current Parwter 

Menu Parameter Value Dotauit N w  
I I * 
I I I I 

6-1 Dose conversion factors for inhalation, mrWpCi 
B-1 R.-228+D 
b-1 Th-228+0 
B-1 Th-232 

0-2 mse conversion factors tor ingestion, a r d p C i  
D-1 R.-228+D 
0-1 Th-22hD 
D-1 Th-232 

D-34 

D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-w 
D-34 
D-34 

Food tranrter factor.: 
R.-228+D , plant/soil concentration ratio, dLwnsionleas 
R.-228+D , kef/liveatock-intrk. retio, lpCi/kgl/ (pCl/d) 
R.-228+D , rllk/live8tock-intAk. ratio, lpCi/L) / (PCi/d) 

T h - m  , plant/.oil concantration ratio, dimensionlera 
Th-228+D , beef/livo.tock-int~km ratio, (pCi/kq) / (pCi/d) 

Th-Z2B+D , lilk/liveatock-intAkO KAtiO. (pCi/L) / lwi/d) 

Th-232 , plant/soil conantration ratio, diwnsionleaa 
th-232 , kef/li~atock-latrko ratio, (pCi/kp) / (pCl/d) 
Th-232 , milk/llvmrtock-intAke ratio, (pCi/L) / (pCi/d) 

D-5 B i o a c d a t i o n  tectora, froah -tor, L/kg 
Or5 R.-228+D , fish 
D-5 Ra-228+D , CN8taC.S M d  lollUSkD 

5.0809-03 5.0WIC-OS. DCF2( 1) 
3.450s-01 3.4506-01 DcF2l 2) 
1.6409+00 1.64OE+00 OCF2( 3) 

1.4401-03 1.440K- I DcF3( 11 
B.O~OE-O~ e.oaoE- I L C F ~ (  2). 
2.7301-03 2.730E- I DCF3( $1 

1.0008-03 fiW-03 RTF( 2,lf 
1.OOOE-04 I.--& RTFI 2,ZI 
5.000s-06 6 . 6 6  RTFI 9,3l 

1.OOOC-03 I 1.000E-03 RTF( 3;l)  
1.000E-04 I 1.000E-04 RTF( 3,2) 
5.000E-06 1 5.b06E-06 R T I I  3,# 

5.000&+01 5.0OOE+Ol BIOFACI %XI 
2.500C+02 2.500E+02 BIOIAC ( $,2l 

1.000L+02 1.0001+02 BIOFACI 2;l) 
5.000Et02 5.0001+02 BIOFAC( 2,2) 



RESRAD, VOrBion 6.21 N L b i t  - 0.5 year 06/02/2003 12:24 Pa90 
S-ry : G n a t  hkos 43 aq motor a n a  RESRM Dofault Par.utora for  Th322 
F i l o  : GreatL3.RM 

lite-Spocific Paramtor Summry 

&nu Paramoter 
1- 

Roll Area Of C0ntuiMtOd Lon. W.2) 
Roll Thicknoar of contaminated zona (m) 
Roll length para1101 t o  aqulfer  flow (m) 
Roll Baaic r&iiJtion dwo  l i m i t  (mra /y r )  
Roll Tim a i n a  pia-t of m t o r i a l  lyr) 

~ 0 1 1  T i n a  fo r  ulculationr (yr) 

Roll TlWa for ulculationr (yrl 
Roll T h o  fo r  crlculatiOM (s) 
1011 Tima for  - l C I l h t i O M  (p) 
it011 Timoo fo r  u l c u l a t i o n r  lyr)  
Roll T h o .  for  u l c u l a t i o m  (y t )  
Roll Timom fo r  calculation. lyr) 

no11 Tima for  u l c u l a t i o r u  (yr) 
1011 Tlnsa fo r  cr lculat ioaa lyr) 

Urer U6.d by MSRAD Parameter 
Input Dofault (If differont  f r a  uror inplt) N m m  

, 
r I 

I 4.3008+01 1.0008tM I AREA 

I 6.5509tOO 1.0008t02 1 =PAq 

I 2.500E+01 2.560Et01 I BRDL 

I 2.00OE+OO. 2.000Bt00 I TEICZO 

I 0.OOOStOO O.OOOE+OO I TI 
I 1.000et00 1.0001+00 I TI 2) 

f( 3) I 3.0009+00 3.0OOZtOa I 
I 1.ooOEtO1 l.OOOE+Ol 1 T (  4 )  

I 3.0001+01 3.0008t01 I T (  51 
I l.00OE+Oo 1.000ct02 I T( 6 )  

I 3.0001+02 3,OooP+02 I T I  7) 

I 1.000Et03 1.OOaL*o1 I T I  El 
T (  9) 

TU01 I not u r d  O.ooom0O 1 
I not u r d  0.0009+00 I 

R013 I Cmor dopth lm) 
R013 I Danaity of comr material  lg/=**3) 

11013 I Cmor dopth oroaion rat. I d y r )  
R013 I Donmity of cont8dnat.d lono lg/cl**3) 

1013 I Contaminated 2000 oroaion rat. ( d y r )  
ROl3 I Contdna tod  zone t o t a l  porori ty  
R013 I Contdna tod  tono f io ld  capacity 

no13 I Contaminstod zone hydraulic conductivity W y r )  
R013 I C o n t d l u t o d  zono b p u u r t o r  . 

R013 I Euridity in a i r  (9/a**3) 
R013 I Evapotruupiration r x o f f i c i m t  
R013 I Prodp i t a t ion  W y r )  

R013 I I r r igat ion W y r )  

R013 I I r r igat ion mode 

Rd.13 I R u n o f f  coo f f i c imt  

ROl3 I Watorahd aroa fo r  n u r b y  atroam o r  pqnd (r**2) 
R013 I Accuracy for  n t o r / s o i l  EQPUtatiOm 

R013 I Avorap UUllMl wind 8w.d (D/MC) 

I 0.000E+oo I o.oooE+00 
I not u r d  I 1.500E+00 
I not u n d  I 1.0001E-03 
I 1.500E+00 I 1.5008+00 

I 1.0001-03 I 1.0009-03 
I 4.000E-01 I 4.0000-01 
I 2.0001-01 I 2.000e-01 
1 l.~OOOE+Ol I 1.OOoLtO1 
I 5.3009*00 I 5.30Og+OO 
I 2.00OP+OO I 2.000E+00 
I n0t .W.d  I 6.00OEtOO 

I 1.ooop*oo I 1.0001*00 
I 5.0001-01 I 5.OODe-01 

I 2.0008-01 I 2.OOOE-01 
l a r h o a d  ( a r b u d  

Il.oaOPt06 I 1.0ooP+06 
I 1.oooP-03 I 1.0009-03 

I 2.0009-01 I 2.0001-01 

R014 I Duui ty  of mturatod zono (9/a**3l 
ROl4 I Saturated zono total poroaity 
1014 

1.500Et00 1 1.50o1+00 I 
4.0001-01 I 4.0001-01 I 

I S a t u r a t d  zono offectivo poroaity 2.0008-01 I 2.OOOE-01 I 
2.0o(n-01 I 2.0001-01 I 
1.0008t02 I 1.oooeto2 I 
2.0001-02 I 2.om-02 I 

R O U  I 5.turat .d zona f io ld  capocity 
11014 I 8aturatd zona hydraulic conductivity W y r )  
R014 
Roll I Saturated tono b parametor 

I 5.turrt.d zone hydraulic gradlont 
5.3009tOO I 5.3001+00 I 

R014 
11014 

Mator tablo drop rat. W y r )  

Yo11 purp intake dopth (I blow water tablo 

1.0008-03 I 1.OOOL-03 
L.OOOL+ol I 1.0001+01 



RESRAD, Version 6.21 Tb Limit - 0.5 year 06/02/2003 12:24 Page 
S - r y  : Great Lakea 43 sq meter area RESRAD Default Parartera for Th322 
File : CreatK4.W 

Site-Spociflc Parameter Sumnary (continuodd) 

a 1 4  nodel: Nondisporalon (Sro) or Wlaa-aalance ( ~ 8 )  ND ND 

no16 
LOIC 
110M 
ROl-6 
no1c 
11016 

nolc 
11016 
R016 
awl6 
R O l C  
loLC 

no14 
Rp16 

R6l6 
ndl6 

-4 
mi 

R017 
R017 
R017 

no17 
ROl? 
it011 
Ira* 
ma7 

I tambar of unaaturated zone atrat. 
I Unaat. zone 1, thicknear (m) 
I Unaat. zone 1, aoil denalty (q/a**3) 
I Uruat. zone 1, total poroaity 
I unaat. zone 1. effective poroaity 
I Unaat. zona 1, field capacity 
I Unlat. zone 1, soil-apociflc b paranter 
I Unsat. zone 1, hydraulic conductivity W y r )  

Di8tribution ccnfficianta for Ra-228 
C o n w M t e d  zone (m**3/q) 
UMaturatod zolw 1 (cl*43/g) 
Saturrtod zone (m**3/g) 
Leach rate (/yrl 
Solubility conatant 

Dlatrlbution mfficienta for Th-228 
Contaminatad zone (a**3/9) 
Unaaturatod zone 1 (0**3/q) 
9.turat.d zona (a**3/q) 
leach rat. (/yr) 
Solubl1ity EOlUtUlt 

Diatrlbution wefticientr for Th-232 
Contamtnatod zona (m**3/q) 
unaaturatod zone 1 (a**3/ql 
5.turat.d zona (cm**3/g) 
h ~ c h  rate (/yr) 
Solubility conatant 

Inh8htiOn rat. (u**3/yr) 
Wlaa loadinq for inhalation (g/m4*31 
Exposun duration 
Shielding factor, inhalation 
Shielding factor, e x t e r ~ l  0- 
Fraction of t i m  apnt inboors 
rraction of t i m  rpmt outdoors (on alto) 
S h a p  factor flaq, external gama 

2.500Et02 2.500St02 

1 
4.000E+OP 4.000Bt00 
1.500Lt0&' 1.500CtOO 
4. OOOP-OL" 4.OOOE-01 
2.000s-OP 2.000E-01 
2.0001-01 2.000L-01 
5.300E*00 5.300PtOO 
1.ooocto1 1.000Lt01 

7.OOOEtOl 7.0006t01 
1.WOCtO1 7.0006t01 
7. oooe+oi .7. ooo~toi 
O.OOOCtO0 O.OOOEtOO 
o.oooe+oo O.OOOB+OO 

6.000Lt01 6.000C+04 

S.OOOEt04 6.0001*04 
6.000E?04 6.OOOCtO4 
0.000~t00 0.000B*00 
B.OOOE+OO O.OOOPtOO 

I 6.000EtO4 6.000E+O4 
I 6.000LtO4 6.000E+04 
I 6.0001t04 6.000St04 

I 0.000E+00 O.OOOEtO0 
I 0.0ws+00 0.0001+00 

'8.400st03 
1.0001-04 
3.000Et01 
4. oooe-01 
7.OOOC-01 
~.oooc-o1 
2.5001-01. 
1. oooEtoo 

8.4 OOEt 03 
1.OOOE-04 
3.000Ct01 
4.OOOC-01 
7.000E-01 
s.oo0c-01 
2 .sooe-oi 
1 .ooostoo 

I --- . 
2.3741-03 
not wod 

not wed 

w --- - 
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S-ry : G r o a t  Laker 43 Oq motor aroa RBSRAD &fault  Par&tors f o r  Th322 
F i l o  : CroatL3.RAD 

Site-Specific Parameter w r y  (continued) 

Roll 

no11 
Roll 
RO17 
ROZ? 
ROl? 

R U T  
Rolf 
no11 
no11 
Roll 

[ hdii of shape fac tor  array (usod If 
I Outor annular radius  (I), ring I: 
J outer annular radius  (I), ring 2: 
1 Outor annular radius (a), ring 3: 
I Outer a ~ u h r  radius (I), ring 4: 

Outor annular radius  (m), r i n g  5: 
I Outer uulul8r radiru (I), r ing 6: 

Outer annular r d r u  (a), r i n g  7: 
I -tor annular radius fa), r ing  8 :  

I Outer a n n u h r  radius (I), ring 9: 
1 h t a r  uuld8r radius [I), ring 10: 
1 Outer annular radius  (I), r ing  11: 
I Outor annular radius (1). r ing  12: 

- -1) 

FractLOM O f  Umd8r areas Uithhin ARM: 

mnp 1 

unp 2 
Ring 3 
Ring 4 
Ring 5 
Ring 6 

Ring ? 

Ring $ 

nLng 9 

mn9 to 
Ring 11 
Ring U 

not  u r d  
not  wod 
not  used 
not usod 
not rU.d 

not God 

not usod 
not usod 

not usod 
not  u s 4  
not u r d  
wt u . d  

Mt U r d  

not U6.d 
not used 
not wod 
Mt U 8 . d  

M t  U.od 

not wod 

not wod 
not wod 

not \I..d 
not wd 
not u#d 

Frul ts ,  vegotablos and gra in  conmaption (kp/*f I 1.600C+02 
Leafy regetable  consumption (kg/yr) 
W l k  c o n s w t i o n  lL/yr) 
Moat and poultry cons-tion (kg/yr) 
Fish c o n s w t l o n  (kg/yr) 
Other seafood consupt ion  (kg/yr) 
soil inqostlon r a t e  19/yr) 

Drinking w8t.t i n t a b  (Wyr)  

Contamination fraction of  drinking water 
Contamination f rac t ion  of howohold uator  
Contamination t rac t ion  of l ivostock uator  
Contamination f rac t ion  of i r r i g a t i o n  -tor 
Contu ina t ion  f rac t ion  o f  aquatic food 
ContWnation f rac t ion  of plant food 
Contamination f rac t ion  of r a t  
Contamination f rac t ion  of m i l k  

I 1.40OC+Ol 
I 9.200CtOl 
I 6.3009+01 
I 5.400E+00 
I 9.000~-01 

I 5.10OE+O2 
I 1.000~t00 
I not u u d  
(.1.000Et00 
I 1.000B+00 
I 5.000L-01 
1-1 
1-1 
1-1 

I 3.650C+01 

Lives tock  foddor intako for m a t  Ikg/d.y) 
Livestock foddor intake for milk lkq/&y) 
Livortock wator intako f o r  m a t  (L/d.yl 
Livestock n t e r  intako for milk (L/d.y) 
Livestock soil Intake (kg/day) 

6.800Et01 
5.500tt01 
5.000L+01 
1.600Ct02 
5.OOOE-01 

5.000Et01 
1.071Et01 
0. oooetoo 
0 .000C*00 
0.000E+00 
0.000~t00 
O.OOOE+OO 
0.0001+00 
0. ooostoo 
0. oooctoo 
0.000E+00 
0.000E+00 

1.000EtOO 
2.132E-01 
0 * 000~+00 

0.000L*00 

0.000Et 00 
0.000Et00 
0.000E+00 
0. 000L+00 
o.oooc+oo 
0. oooc+oo 
0.000B+00 
0.000E+00 

1.600Et02 
1.400E+Ol 
9.200E+01 
6.300E+01 
5.400Et00 
9.0009-01 
3.650Et01 
5.100Et02 
1.000Et00 
1.000Et00 
1.000Et00 
1. ooo~+oo 
5.0001-01 

-1 
-1 
-1 

6.nbostoi 
5.500Ct01 

1.600Et02 
S.OOOL+Ol 

5.OOOE-01 

--- 
0.215L-01 
0.2159-02 
0.2151-02 

LYXS 

LFI6 
UI15 
UII6 
LSI 
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5-ry : Grsat l ake8  43 sq Ytet  area REsiuD Default Paramotors for  Th322 
P i l e  : CreatW.RM 

Sit.-Spocific P a r w t o r  S-ry (cantinuod) 

User U8OdbyRESRAD ' Parameter 
Parameter Input Default (If difforent  frcn user input) n u e  Wenu 

I I 
I 

I .  I I .  
I 1 I I 

aOl9 I Mas8 loading f o r  f o l i a r  doposition fq/m**3) 
BO19 I Depth of Soi l  sirinq layer (a) 
R019 I Depth of r o o t i  11) 
ROl9 I Drinking water f rac t ion  fKm ground n t o r  
R O l 9  1 Household wator f rac t ion  frol ground -tor 
R019 I Livoatock water f rac t ion  f r m  ground water 
Rill9 \ I r r i g a t i o n  f rac t ion  frcm ground n t e r  

R19B 

u 98 
U 9 B  
R19B 
U 9B 
R f 9 B  
111 9B 
h 9 B  
R U B  
lg 98 
a&m 
R19B 

8190 
RGB 
1198 
1198 

C14 
4x4 
C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 

STOR 

STOR 

STOR 

SrOR 
STOR 

STOR 

S l y l R  

STOR 

3 M R  
STOR 

ROZl 
ROZI 
IOU 

Wet m l g t  crop yield Cor mn-Leafy (Irg/m**2J 

Yet WOipht crop y ie ld  f o r  L u f y  (kg/B**2) 
Wet weight crop y i e l d  for Fodder (kg/r*+2) 
Growing Searon for Won-Leafy (yosrs) 
Growing Season for Loafy (yearm) 
Growing Soason Cor Fodd.r (year.) 
T r a m l o u t i o n  Factor f o r  Non-hafy 
Translocation Factor for  Leafy 
Trur8location Factor f o r  FDdd.r 
Dry Foliar Latoroaption Fraction for --Leafy 

Dry Fol iar  Intorcoption Fraction for L u f y  
Dry Fol iar  In t s rcopt im Fraction f o r  Fodder 
Not Fol iar  I n t e r a p t i o n  Fraction for Non-lufy 

Wet Foliar I n t e r w p t i m  Fraction for Laafy 
wet Fol iar  Intercept ion Fraction f o r  Fodder 
Weathering R-a1 CoMtMt for  VegOtatiOn 

C-12 concentration in n t o r  Ig/a**3] 
c-12 Concentration i n  contaminat& .oil lg/g) 
mact lon  of v o 9 e t a t i ~  carbon from soil 
~ r a c t i o n  of vaqotation carbon fm air 
C-14 ovalion layor thicknesm i n  moil 1.1 
C-14 erasLon flux r a t e  f r a  .oil Il/sec) 
C-12 evasion flux r a t e  f r a  .Oil ll/moc) 
Fraction of grain i n  bsf  Cattle f . d  

Fraction of grain i n  milk cow food . 

correct ion factor  f o r  gaasous f o M  of C14 

Storage times of c o n t u i n a t d  foadrtuffm Idaya) 
Wits, non-Xrfy vogotablos, and grain 
Leafy roqetab1es 
Milk 
Meat ud poultry 
Fish  
C r u s t a a a  and mllu8k8 
Woll wator 

Surfaa mter 
L i w m t o c k  fodd.r 

1 : OOOB-04 1 .0006-04 
1.5001-01 1.5OOE-01 
9.OOOE-01 9.0006-01 
1.OOOE+OO 1.0006+00 
not rud 1.oooc*oo 
1.oOOE+oo 1.0006+00 
l.OOOE+OO 1.0001+00 

7.000E-01 7.0006-01 
1.5OOE+OO 1.500E+00 
1.1008+00 l.lO~*OO 
1.7OOE-03 
2.5006-01 
8.0001-02 
1.000E-01 
1.000E*00 
1. o m + o o  
2.5009-01 
2.5001-01 
2.5009-01 
2.500E-01 
2. 5ookoi 
2.500E-01 

2 .ooomo1 

not u r d  
not u a d  
not w d  
not used 

not umed 
not used 
not used 
not U n d  
not u s d  
not usod 

1.4001+01 
1 .OOOE+OO 
1.odoc+oo 
2.0006+01 
1.0001+00 

7.OO01*00 

1.000E+00 
1.000E*00 
~ . ~ O O ~ + O L  

not wed 
not u..d 
not u8.d 

1.7OOL-Ol 
2.500E-01 
e. 000t-02 
1.000~-01 
1 . OOOP+OO 

1 .OOOE*OO 

2. Sooq-01 
2. JOOE-01 
2.500E-01 
2.500E-01 
2.5606-01 
2.5OOE-01 
2.000t+01 

2.OOOE-05 
3.OOOE-02 
2.000E-02 
9.8OOE-01 
3.00OE-01 

7.000E-07 
1. O O O E - ~ O  

e. ooo~-oi 
2.000E-01 
B.BPIEtO1 

1.5006-01 
2.400E+00 
4.000E-01 
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Summary : Great Laker 43 aq motor a r m  RESRAO Dofault Paramoterr for Th322 
F i l e  : GroatLJ.RAD 

Sito-Spocific Paraeeter Summary  (continued) 

Uror Used by RESRAD , Parameter 
lbnu Parantor Input ~ e f a u l t  (IC difforent f m  user inl)Yt) NU~IO 

I 4 1 I I 
I 1 I 

UOZL Total poroaity of the building foundation not urod 1.000s-01 TPFL 
1 

1021 Volrrvtric water contont of tho -or naterial not urod 5.OOOg-02 PtI2ocv 
ROO21 Volumetric uator contont of the foundation not u r d  3.000s-02 ~ m o n  
1021 Diffuaion coofficiont for radon ga6 (./roc): 

RO11 in covor .utorial not wed I 2.0006-06 D I W  
RoFt 
m-21 
RO2l 
RO2l 
RO21 
R O l I  
JWZl 
Ma21 
R02l 

in foundation mataria1 
in contuinatad zona soil 

Radon nrtlal diranrion of mixing (m) 
Averago building air ox- rata (l/tuf 
Height of tho boilding ( r o d  (I) 
Building Interior area factor 
Buildinq depth bdov ground rurfaco (a) 
Eunating p a r  of Rn-222 988 

Emanating m r  of Rn-220 gaa 

TITL Number of graphical t i n  pointr 
TITL Haximum n u k r  of intogration point. for doso 
TITL Haximum number of  integration point. Cor rink 

not wod 
not wod 

not urod 
not urmd 

not urod 

not u..d 
not urod 

not used 

M t  US4d 

32 
17 

257 

3 0009-07 

,2.0006-06 

2 .OOOCtOO 
5.000~-01 

2.500CtOO 
O.O00E+00 
.1.000Et00 
2.500s-ai 
1.5006-01 

1 -- external qama I actira 
2 -- inhalation lu/o radon)) .ctiW 

3 -- plant ingoation I actin 
4 -- m a t  ingestion I active 
5 -- d l k  ingoation I active 
6 -- apurtic food. I rctiv. 
7 -- drinkinq mtor I active 

9 -- radon I ruppr0rr.d 

8 -- roil Lngertion I ' active 

Find paak pathmy do000 I ActiVS 
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Sumary : Great Lakes 43 aq meter area W R A D  Default Parwter8 fo r  Th322 
F i l e  : G m a t W . M D  

Contaminated Zone Diunaions I n i t i a l  8011 Concentrations, 
~ 

Area: 43.00 '.quare maters 
ThlCkneUS: 2.00 metera 

C m r  Depth: 0.00 muter'. 

h-228 1.000Et00 
Th-220 1.OM)E+O(1 
Th-232 1.000EtOO 

TOt.1 Do80 TDOSE (t  1,  UWyt 
Basic itadiation Done LirLt - 2.50OE+01 mredyr 

Total Mixture S u  M ( t )  - Fraction o f  Baric Dore lidt Received at T i m  (tl 

t (years): O.OOOE+OO 1.000EMO 3.0OOE+OO 1.000Ei01 3.0OOC+Ol 1.OOOEt02 3.000E+02 1.000S+03 

TDOSE(t): 7.02OE+OO 7.011E+OO 6.9929+00 6.937E+OO 6.893L+00 6.887E+OO 6.884Et00 6.870Et00 
m(t}r z.aoec-oi 2.805~-01 2.797~-01 2.77seoi 2.757~-01 ~.~SSE-OI 2.753~-01 z.748~-01 

Waxhum TDOSlS(t) 7.020PtOO uWyr a t  t - O.OOOEiO0 p r s  
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S-ry : Great Lake8 4 3  aq motor area WRM Default Parmotera for m322 
F i l e  x GroatW.RAD 

T O t D l  Dose Contributions tWSE(i,p,t) for Individual Radionudidma (1) and Pathway. (PI 
AD u a / y r  and Fraction of Total D ~ M  At t - O.OOOE+OO yurr 

water Indopendont Pathway. IInhalation u c l l d . ~  radon 

Ground 
Fad i", * 

':ll,-! >-le ,.* ert/...t I r a r c  - ---- 
Ra-22€ 2.999StOl 0.4272 
m-228 3.541~+01 0 . ~ 4 5  
Th-231 1.118E-0: 0.0245 --- 
tot& 6.112CtOO 0.9561 

Inhalation 

e r w  Y: i t  ast . - 
096B-03 0.0003 
0449-02 O.OOl5 

.gzits-02 o.ooe4 

7.18ie-02 0.0102 

-- 

CIQX/ y: :ram. 
-- 
O.OOOE+OO O.OOO0 
o.oooe+oo o.0000 
O.OOOE+OO 0.0000 -- 
0.000P+OO 0.0000 

Plant mat 

uretlyr fnc.. rarraiyr frsr: .  ---- 
2.045C-01 0.0291 5.986B-04 0.0001 
2.53lt-03 0.0004 5.21cL-06 O.OOO0 
2.203X-02 0.0031 4.lEm-05 0.0060 

2.29OE-01 0.0326 6.5161-04 0.0001 

Aa d y r  and t'ractioa of tota l  D o n  At t - 0.000X40 y o a r m  

Water Dqmndbnt Pathuays 

Radon P1.nt Moat 

* S u  of a11 water independent and d.p.nd.nt p~thuaya 

7.62EL-04 d.0001 

pathways (4 

&i 

r r w i r :  : r n c  -- 
742t-03 0.0062 

' 9199-04 0.0001 
3186-03 O.OO05 

1 l i 4 w y r  : r x :  

3.208Et00 0.4510 
3.5551+00 0.5064 

--_- - 

2.5651-01 0.0365 
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S - r y  : Groat Lhw 43 sq In te r  arU RESRhD Default Parametera Cor Th322 

F i l e  : GrortL3.PAD 

Total Doso Contributions TOOSEli,p,tl for Individual R.dionucliQs ti) and Pathway. (4) 
As W y r  urd rrmion of Total Dose At t - 1.000E+00 years I 

i 

Water Indopendent Pathways (Inhalation oxeludes radon) 

Ground 
.solo- 

.kr::g~e mte!. ,': rry:t . 
--- 
~a-2213 ~ . ~ E + o o  0.5221 

?@¶z 5.779~-01 0.0824 
Th-228 2.465E+00 0.3516 

.. --- 
Total 6.704CtOO 0.9161 

1nh.l.tion Radon Plant 

cwxdyr  :I~c:. - 
4.1329~-03 0.0007 
7.269g-03 0.0010 
5.97OE-02 0.0085 -- 
7.18OS-02 0.0102 

0.000Et00 0.0000 

O.OOOE+OO 0.4000 

0:000E+00 0.0000 -- 
O.OOOE+OO 0.0000 

r m a / y r  ft BCL. 

-IL 

i.ei7c-01 0.0259 
1.7663-03 0.0003 

4.516L-02 0.0064 -- 
2.286E-01 0.0326 

neat 

p r ~ d y r  frscc . 
-- 
3.319E-04 6.0001 
3.631L-'06 0.0000 
1.142Z-04 0.0000 - 
6.49W-04 0.0001 

Milk 

a.rem/yr C ~ J C L .  

-- 
7.6OOE-04 0(.000l 

Water Dopendent Pathways 

Water 
iiazi,-- 

NJ-.ide mrslriyr f rac? .  
--- 
b-228 o.ooos+oo o.oooo 
Th-228 O.OOOEtO0 0.0000 
T h y 2  O.OOW+OO 0.0000 --- 
Total O.&+OO 0.0000 

crern/yr fzact. - 
0.000Et00 0.0000 
0.00OEtOO 0.0000 

o.00oe*oo 0.0000 -- 
O.OOOEtO0 0.- 

Radon 

3W.PW'YL. f K d C t .  

-- 
O.OOOE+OO 0.0000 
0.000Et00 0.0000 
0.000Et00 0.0000 - 
0.00OEtOO O.OOo0 

fstm of all water independent and dependent pathways 

mrcmr'yr fract .  

o.oooEtoo 0.0000 
O . ~ + O O  0.0000 
o.oooEtoo 0.0000 -- 
O.OOOEtO0 0.0000 

nr+m/yr frazt  

0.0009tw 0.0000 
0.000~t00 0.0000 
0.000t+00 0.0000 - 
0 . OOOE+OO 0.m 

Milk 

mre?J/yr tract. 

o.o00s+oo 0 0000 
0.000Et00 0 0000 
0.000Et00 0~0000 

O.OOOE+OO O/OOOO 

t -- 

soi 1 

1.7686-03 0.0003 
5.554E-04 0.0001 
3.5309-03 0.0005 -- 
5.853c-o3~).oooe 

all Pathwayw. 

cren/yr tract 

3.85OE+OO 0.5492 
2.474E40 0.3529 
6. 1365e.-oi 0.0979 -- 
7.0118+00 -1 .oOOO 
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5-ry : Groat h k o s  43 sq lnter 8-a RE6RM Default Prrmotors for Th322 
F110 : &O.tLJ.RAD 

T o t a l  Do#. Contrlbutiona TLWE(i,p,tI for Indiviwl Radionuclidoi (i) and Pathuaya (+J 
I A6 r r d y r  and Fraction of Total DOH At t - 3.000E+00 yo8ra i 

:nd.pendent Pathway8 (Inhalation ucludos radon 

Inhalation Radon 

Lcrtdyr tract. 

Plant 

nrca/yr f r e x ,  

noat 

u e a / y r  : rscrt . - 
4.176E-04 0.0001 
1.759E-06 0.0000 
2.zea-04 o.oo00 

Mllk set1 - 
mr%-/y: fxilct.  n r n , y ~  :r.v:r. 
---- 

.OW1 1.633E-03 O.ooO2 
.OOOO 2.6919-04 0.m 

.OOOO 3.944E-03 O.OQb6 

Ra-228 3.973E+OO 0.5682 
Th-228 1.194E+00 0.1708 
Th-232 1.518E*OO 0.21'11 --- 
Total 6.6es~+oo 0.9561 

O.OOOE+OO 0.0000 
0.00OE+00 0.0000 
0.000Et00 0.0000 -- 
0.0006+00 0.0000 

1.42%-01 0.0204 
8.5579-04 0.0001 
e.4iu-02 o.0120 -- 
2.279E-01 0.0326 

7.05OE-03 0.0010 
3.522C-03 0.0005 

6.120E-02 0.0088 - 
1m91 0.0103 6.475E-04 O.O* 

~~ 

'9.573E-04 d.0001 5.045S-03 4;0008 

Total Do.. Contribution. TDOSE(i,p,t) for IndiVidrul Radionuclides (i) and Pathmy. t 
An m y r  and Fraction of Total Do60 At t - 3.000E+00 yoare 

Yator Deperrd.nt Pathways 

F h h  Radon Plant Meat Milk All Pathways* Mater 

badin- 
+.:el 1cn mremiyc ::act. 
--- 
R.-228 O.OOOE+OO 0.0000 

Th-220 O.OOOEtO0 0.0000 
Th-232 O.OOOC+OO 0.0000 --- 
Total o.oooe+oo o.oooo 

BKWYYK f s c t .  zram/yr !Fact. nrsxdyt fcicc. --- 
O.OOOE+OO 0.0000 0.0001+00 0.0000 
O.OOOE+OO 0.0000 0.000&+00 0.0000 
o.ooox+oo 0.0000 0.000E+00 0.0000 

m s e t y c  tract.. ; - . m r y s  frrci  
--- 

OOOO l.lZSE+OO 0.5900 

0000 1.199E+00 0.1715 
OOOO 1.668bOO 0.2385 

=:tlliyr I r a = .  - 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOC+OO 0.0000 - 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 -- 
O.OOOE+OO 0.0000 

. ,., 
--d.wOE+OO 0 ~ 0 0 0 0  6.992E+OO 1.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0w; 
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S-ry : Great k k a s  43 aq meter area -RAD Lkfault Parameter8 for Th322 
F i l e  : GreatL3.W 

total ~ o s o  Contributions m ( i , p , t )  for Individual Radionudiden (1) and Pathway. (4) 
Aa arm/yr and Fraction of Total Do18 At t - 1.0006+01 year8 

Water Independent Pathway6 (Inhalation erc1ud.a radon) 

Inhalation Radon 
hm;.:- 
':u:.lfJ+ -rem/'Jr !?set. nrw:yr f ra - t .  nren/vf tsac t .  
--- -I__- 

Ra-228 2.302E+OO 0.3318 4.814E-03 0.0007; b.0006+00 0.0000 
~h-228 9.454~-02 0.0136 2.788~-04 o.oooo O.OOOE+OO o.oooo 
rh-232 4.235X+OO 0.6105 6.657E-02 0.0096 O.OOW+OO 0.0000 

~~ ~~~~~~ 

Total 6.6313+00 0.9560 7,1666-02 0.0103 O.OOOE+OO 0.0000 

Plant 

m d p  f:acz. - 
6.0896-02 0.0088 
6.774E-05 0.0000 
i.6~3~-01 0.0238 -- 
2.2636-01 0.0326 

-at 

mtWx/yt CL*CL. 

1.776E-04 0.0000 
1.393E-07 0.0000 
4.652E-OP I + OOIt ' 

-- 

-- 
6.42%-04 b.&* 

Milk 

s:rralyr f Tact. 

5.3966-04 - 
7.517E-04 Q . b a O l  

Water 
iroic- 
,kcl;dn mrc. /yr  i r a c t .  

Ra-22) ,0.000E+00 0.0000 
Th-228 0.000EMO 0.0000 
Th-232 O.OOOE+OO 0.0000 --- 
TOU: 000E+00 0.0000 

Total Doso Contribution8 TCOSE(i,p,t) for Individual Radlonuclidna (1) and Pathway0 (4) 
A. u r / y r  and Fraction of ~ o t a l '  DOE. At t - 1.000~+01 yearn I 

I 

Water Dapendmnt Pathways 

Fiah 

uzmtyr  Irrm. 
7 

O.OOOE+OO O.OOO0 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Radon 

~rtrmjyr fract. 
I____- 

O.OOOP+OO 0.0000 

0.000E+00 0.0000 
0.0006+00 0.0000 

O.OOOB+OO 0.0000 

*SIP of a11 water indqmndent 8nd dependmnt pathways 

Plant 

o r d y r  cr&cc. -- 
0.0006*00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0 .OOOO -- 
O.OOOP+OO 0.0000 

mat 

m t w y :  i t a m .  

0.000Et00 0.Opoa 

-__. 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 -- 
o.oow+oo 0 . w ;  

Milk 

urcr./y: f ro-< .  

- 
'0. ooos+oo oc 0000 

soil 

RLU.?&/>': I r a ' : L  

-- 
% <  
.e.306g-04 o.oooi 
2.130E-05 0.0000 
4.973E-03 0.0007 -- 
5.8256-03 0.0008 

All Pathways. 

srcrcrlyt frw:' 

2.3696+00 0.3415 

4.4736+00 0.6448 

-- 
9.491E-02 0.0137 

-- 
6.937E+00 1.0000 
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S-ry : Graat l a k e s  43 sq mter area R E S W  Default Parawtar. for TI1322 
F i l a  : GmatL3.IUD 

Total Dose Contributiona TWSE(i,p,t) for Individual RadiMUClide# 11) and Pathway8 lbl 
Aa u r / y r  and h e t i o n  of t o t a l  DOM At  t - 3.000C+01 p a r a  

Wster Indamndent Pathways (Inhalation uclud.r radon 

Ra-228 2.091E-01 0.0303 
Th-228 6.738S-05 0.0000 
Th-232 6.3806t00 0.9256 --- 
Total 6.589EtOO 0.9559 

1nhalatiai 

men/ yf ?racL.  

4.418E-04 0.0001 
1.9813-07 0.0000 
7.ll2L-02 0.0103 -- 
7.1519-02 0.0104 

- P l a t  

arimJyr f r a c t .  rnmmty i  I K ~ C L .  

-___. _- 

---- 
O.OOOE+OO 0.0060 5.219E-03 0.0008 
0.0006+00 0;OOOO 4.8286-08 0.0000 

O.OOOE+OO 0.0000 2.2OOE-01 0.0319 

O.OOOE+OO 0,0000 2.252B-01 0.0321 

m a t  Milk 
-- 

rroc/yr : L e f t .  mrm-tyr ? tac t .  

1.521E-OS O.* 1.815E-05 .OW0 

9.926E-11 O.O& 7.08lE-12 .OOOO 

6.24511-04 0.0003 7.297E-04 4.0001 

- -- 

! 
. .  

---- 
6.3979-04 0.0001 7.479E-04 a(tW1 

Total Dole Contributim6 TOaSB(i,p,t) for Individual R.dionucli&a lib and Pathmy. (4, 
As m r / y r  urd Fraction of Total Dose A t  t - 3.000E*01 para  I 

Water Depmdant Pathways 

Water 

h.14 LO- 
: h c l f O r  aroa/y: tract .  --- 
Ra-228 O.OOOE+OO 0.0000 
Th-228 0.0009+00 0.0000 
Th-232 O.OOOE+OO 0.0000 - - 
Tot.. 0.000E+00 0.0000 

F1.h 

.?rntllyr I t . Y i ' t .  - 
O.OOOE+OO 0.0000 

O.OOOEtO0 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

Radon 

tlrsal y r f r o  c t . -- 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 -- 
O.OOOE+OO 0.0000 

*Sum of a l l  mter lndmpandent and depurd.nt pathway8 

P l a n t  

WQdyK C14Ct. -- 
0.oO0P+00 0.0000 

O.DM)E+OO 0.0000 

0.000ut00 0.0000 -- 
O.OOOE+OO 0.0000 

0.000m00 0.0000 
0.00ot+00 0.0000 
0.0008+00 0.0000 -- 
O.OOOE+OO 0.0000 

0.000Lt00 0 0000 
O.OOOE*OO 0 0000 
0.0009+00 0 t 0000 -- 
0.0009*00 01 0000 

7.38lE-05 0.0000 
i.si8E-m 0.00oo 
5.7369-03 o.oo08 -- 
5.8106-03 0.0008 

A l l  Pathways. 

mrcr?/yr f z a c f  

2.149E-01 0.0312 
6.7656-05 0.0000 
6.6786tOO 0.9688 - 
6.8938+00 0000 
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S-ry : Groat La-8 43 8q mter area RBSIUD Dofault Paramotor. for Th322 
Fllo : Groatl3.MD 

Total Do60 Contributions TDOSE(i,p,t) for tndlvldual W0nuclid.m l i )  and Pathway. tb) 
Aa ura/yr and Waction of T o t a l  & i o  At t - l.OOOE+OZ war8 I 

Watar 1nd.p.ndonF hthtmys (Inhalation ulclud.8 radon1 

OMCad 
H x J d l u -  

‘luc?ldt Z r a n l y r  fcocc. --- 
Ra-228 3.8359-05 0.0000 
m-22e 6.514~-16 0.0000 

Th-232 6.584E+00 0.9559 

Total 6.584E+OO 0.9559 

Inhalation 
-. 

rrt?n/y: ffdi’t, -- 
8.2139-08 0.0000 
1.921t-18 0.0000 
7.154B-02 0.0104 
~ ~ 

7.154P-02 0.0104 

RhQn - ____ 
r:sr/yr F r x t .  
-- 
0.000c+00 0.0000 

0.000~+00 0.0000 

O.OOOB+OO o.oO0o -- 
0.0001+00 0.0000 

Plant Uea t 

mrmlyt f rnet .  -- 
9.5666-07 0.0000 
4.667p-19 0.0000 
2.2501-01 0.0327 -- 
2.2106-01 0.0327 

Z.~~BE-OO o.oooo 
9.5959-22 0.0000 
6.393E-04 0.0001 -- 
6.3936-04 0.0001 

3.326E-09 .OW0 

6.8458-23 .OoO0 
7.4748-04 B .OOO1 
7.4746-04 d.000: 

- 

Water 
trad10- 

!Jw.:l t t l n  etea/yr :race. --- 
Ra-228 0.00M+00 0.0000 
m-228 O.OOOE+OO o.oooo 
Th-232 O.OOOE+OO 0.0000 - - 
Total O.OOOE+OO 0.0000 

Total Dona Contribution8 TDOSE(i,p,t) for Individual R.dionuclid.8 t i )  ud Pathwayn ( 

A. d y r  and Fraction of Total Doma At t - 1.000L+02 year. 

Fi8h PlWt 

a r i u l y r  irazt.  
-- 
O.OOOE+OO 0.0000 

0.000L*00 0.0000 

0.000E+00 0.0000 -- 
0.000E+00 0. Oooo 

r r e d y r  frti.1. - 
o.oooE+oo 0.0000 
O.OOOE+OO 0.0000 
O.DOOE+OO 0.0000 - 
O.OOOE+00 0.0000 

*Sum of a11 -tor independent ud dopendant pathnys 

Prna/pr frac:, 

0.000~+00 0.0000 

0.0009+00 0.0000 

O.O00B+OO 0:0000 

-- 

-- 
0.000~+00 0.0000 

noat 

a.r+a/*r t:acr. 

0.000E+00 0.0000 

0.0009+00 0.0000 

O.OOOE+OO 0.0000 

-- 

-- 
o.oO0c+oo e;*’ 

Milk All Pathway.. 

nrmlyr f m c : .  

- 
.S.OOOE+OO 0~0000 

w e e / y r  x : u :  

3.9401-05 0.0000 
6.5399-16 0.0000 
6.8871+00 1.0000 - 
6.887E+00 1.0000 
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9-ry : Gmat Laker 43 a q  mater a r w  RGSRAD Default Parmterr  for TU22 
F i l e  : GrwtL3.RAD 

Water Independent Pathway. (Inhalation ududor rMon) 

11.-228 8.071L-16 0.0000 
rn-220 o . o m ~ ~ o  o.woo 
Th-232 6.560B+00 0.9559 --- 
rota: 6.5809+00 0.95S9 

Inhalation 

z.rnri;r f :4ct -- 
1.729C-18 0.0000 
0.0009+00 0.0000 
7.1501-02 0.0104 -- 
7.1509-02 0.01Od 

IJCC=/YC frsc::. - 
o.00oc+oo 0.oow 
0.000C+00 0.0000 
0.000~+00 0.0000 -- 
o.oooE+oo o.oo00 

---- 

nil k 

nie-?>,;t irrcr. 

7.00lE-20 ).Do00 
0.000~+00 .oOOo 
7.4701-04 8 .OW1 

soil 

It nc8 vr i r d  -- 
2.848E-19 O.OOO0 
o.OooE+Oo o.Ow0 

5.8041-03 0.0008 -- 
5.8011-03 0.0008 

3ose Contrlbutlons ?DOSE(i,p,t) for Individual h d i O n U d i b B  (i) and PathwaYa (q 
k u u / y r  ud Fraction of Total Dosa At t - 3.000E+02 yoarm 

Water D.pand.nt Pathmyr 

Water FiJl Radon Plant mt N i l k  N1 Pathwanye* 

*Sun or a11 water inb.p.nd.nt and dqmdent pathways 
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S-ry Great Uka* 43 a4 w t o r  arm RESRAD Dofault ParUtmre  f o r  TI1322 
Fi10 G r u t L 3 . W  

Water Independent Pathway# IInhalation 0XClud.B radon 

CroVDd IntN1mtion R.don mat Mlk soil 
*J'rIn- 
Ni~ .? :ce  r r m k  ! Z J X .  mr.!n*yr r:d:t. n:u=lyr Crict .  nreml:.r :ret t .  nrlrmfvr ?r.r.;c. rsrrrhlvz ::.a::. a r m i g z  i r t c .  

R.-220 O.OOOC+*oo 0.0000 0.0003+00 0.0000 0.0001+00 0.OOOO O.O00C+OO 0.0000 O.OOOC+00 0.0000 O.OOOE+OO q.oo00 O.OOOE+OO O.OOO0 
Th-228 0.0008+00 0.0000 O.OOOEtO0 0.OOOO 0.000EtOO 0.0000 0.0009+00 0.0000 0.000CtOO 0.0000 O.OOOC+OO .WOO 0.0001+00 0.0000 
Th-232 6.567Ct00 0.9559 7.137I-02 0.0104 O.OOOCt00 0.0000 2.21511-01 0.0327 C.377P-04 0.0001 7.45SI-04 .OW1 5.793643 0.6000 

--- - ---- -. ------- 

Total 6.567Lt00 0.9559 7.137C-02 0.0104 O.OOOP+OO 0.0000 2.24511-01 0.0327 C.377C-04 0.0001 7.45%-04 0001 5.7938-03 0.0008 

s Tota' Contributioru TDWP(i,p.tj for  Individml R.dimuc1id.e (i) and Pathway. 1 
Aa u e d y r  and Fraction of Total Dose A t  t - 1.00oL+03 yoare 

Water 
-0- 

m r d y r  f rac t  
--- 
R.-228 O.OOOC+OO 0.0000 
Th-220 O.OoOt+OO O.oo00 
Th-232 O.Ooo1tOO 0.0000 --- 
Total O.O00E+OO 0.0000 

Fish Radon 

m r d y r  fract 

0.000E*00 0.0000 

O.OOOE+00 0.0000 

0 . OOOP+OO 0.0000 

- -_ 

-- 
o.oooc+00 0.0000 

u . n / y r  f rac t  

o.ooo1+oo 0.0000 

0.0001*00 0.0000 

o.oooe+oo 0.0000 -- 
0.000Bto0 0.0000 

49- of a l l  water independent and &pnd.at pathways 

m r e d y r  f r a c t  

0.00oct00 0.0000 
O.o001+00 o.oo00 
O . O ~ + O O  o.oOO0 

o.oooc~oo o.oo00 
-- 

Meat 
__._ 

u W y r  f rac t  

0 .0006~00  0.0000 

0.00OE+oo 0.0000 
o.oo0c*oo 0.0000 

_- 
~ 

0.0003+00 0.0000 

All Pathny.4 

ar-/yr &act u d y r  f r a c t  

O.O00E+OO 0~0000 O.OOOB+OO 0.0000 

o.oooctoo 0 0000 o.00oc+oo 0.0000 

__I--- 

0.000Ct00 0 t oo00 6.07OE+OO 1.0000 

0.0M)EtoO Ot0000 6.870E+00 1 
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S-ry : Great h k * s  43 sq moter area RESimn Default Parwtarr for Th322 
F i l e  : GreatL3.W 

Dose/&urca Ratios S-d Ovmr A l l  Pathuayr 
Parent and Progeny Principal Radionuclids Contribution@ 1ndiut.d 

larent Product Branch WR(j, tl (ua/yr)/(pC(/9) I 
t i l  ( j l  Fraction. t- 0 . ~ 0 0  1.000Et00 iOOOBt00 l.OOOE+Ol 3,00OK+Ol 1 ~ ~ + 0 2 . 3 ~ p b O B + 0 2  l.+Ol - - - -----I_ L_I - - P --I__ - _- 

Ra-228 ~a-22 i.oooEtoo 2.ss2moo 2.2576+00 i.765~+00 ~ . ~ ~ s E - o L  6.3~se-o~ 1.ins-os z.r64~-1i o.obos+gp 
h-22s ~h-22 i.oooEtoo 6.56ir-01 i.593~too 2.36o~too i.622etoo 1.~10~-01 z.769~-05 S.SZ~E-I~' o . m m o o  
h-228 -I 3.2089*00 3.85OE+OO 4.125Et00 2.369EtoO 2.149E-01 3.940B-05 8.2941-10 O.OOOg+OO1 

Th-228 Th-228 1.OOOEtOO 3.555CtOO 2.474E+00 1.199EiOO 9.491E-02 6.765t-05 6.539E-16 OOOEtOO 0.0003tOO 

Th-232 Th-232 1.000Bt00 7.287E-02 7.2873-02 7.287P-02 7.286E-02 7.286E-02 7.28%-02 7.2803-02 7.266B-02 
Th-232 R.-228 l.OOOEtO0 1.562E-01 4.4551-01 9.2793-01 1.927E+OO 2.596StOO 2.6589tOO 2.657Bt00 2.652Lt00 
Th-232 Th-228 l.OOOEtO0 2.7463-02 1.681E-01 6.669E-01 2.473EtOO 4.009L+00 4.156Et.00 4.154E+00 4.146CtOO 
fh-232 WR(j) 2.565E-01 6.86%-01 1.668PtOO 4.4738tOO 6.6781+00 6.887E+OO 6.884E+00 6.8706tOO --- ----_I_--- 

.Branch Fraction i n  the cuwlative factor for the j't principal tmdionuclik d.ught*r 
The DSR 1nclud.r contributioni f r a  aaiociatmd (half-life 5 0.5 yr) daughter.: 

CWBRFIjI - BRF(lJ*4F(2). ERFCj) 

Single R.dimucli& 8oi1 Guiddinos G ( i , t )  in  pCi/g 

Basic Radiation m e  Limit - 2.5OOLiOl d y r  

S- h a a / s o u r a  Ratios m(i,t) in (rra/yr)/(p~i/g) 
urd single Radionuclide soil Guidalines G ( i , t l  in pCi/g 

at tmin - tima or minimum ainglm radlonuclida soil puid.lim 
and at t ~ x  - t h e  of maximum total do#* - O.OOOE+OO years 

Nuclide Initial a i n  DSR(1,trFnI G(i,trin) D S R ( i , U r )  G ( i , t u u )  

I i )  (pci/gl (years) (pCil9) (Pci19) -- ---- 
Rd-228 1,OOOCtOO 2.562 t 0.005 4.142E*OO 6.036StOO 3+208S+OO 7.793EtOO 

Th-228 l.OOOS*OO 0.000Et00 3.55SC+Oo' 1.032B:*OO 3.5551tOO ?.032B+00 

Th-232 1.OOOEtOO 88.9 t 0.2 6.887CtOO 3.63OS+OO 2.565E-01 9.746WOl 
7- ---- 
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S-ry : Great l a k e s  43 mq &tar area =RAD Default Parametera for TU22 
File : GreatL3.RAD 

IluClide Parent BRFIi WSIlj,tlr d y r  
Cj) (i) 0001+00 1.000X*00'3.0001*00 1.OOOCtOl 3.0001+01 1.0001+02 3.0001+02 1.0001+03 -- ------- 

rm-228 b-228 ~.OOOE+OO ~ S ~ B M O  z.zsm+oo i.765~+00 ?.465~-oi 6.3aee-02 i.'itlr-os z.me-16 o.oooe+oo 
R.-228 Th-232 1.0009+00 5626-01 4.455E-01 9.2799-01 1.9279+00 2.596S+OO 2.6589+00 2.6571+00 2.6521*00 

R.-228 rpOsg(j) 7089+00 2.702XMO 2.693E+OO 2.6739+00 2.660S+00 2.6588+00 2.6571+00 2.6521+00 

rn-228 R.-ZZB i.oooii+oo 6.561s-01 i.s93~+00 2.36os+oo i.622~+00 ~.SIOE-O~ 2.7691-0s 5.82ge-16 o.ooox+oo 
Th-228 Th-228 l.OOOE+OO 3.555C+OO 2.474WOO 1.1999+00 9.4919-02 6.76%-05 6.53SE-16 O.OOoP+OO O.OOoC+OO 
l'h-228 Th-232 1.000X+O0 2.7469-02 1.6811-01 6.669X-01 2.413p+OO 4.0099+00 4.156p+00 4.154X*OO 4.146E+OO 
th-228 IposK(j) 4.239E+OO 4.2369+00 4.2269+00 4.1919+00 4.1609+00 4.1563+00 4.1541+00 4.146X+OO 

Th-233 )OOC+O1 !WE-02 7.28138-02 2871-02 7.286X-02 7.286t-02 '1.2851-02 !809-02 1661-0: --- ------- 
mii is the branch fraction of the p a m t  nuelid. 

Individual Wclid. 8011 Concentration 
Parent Nuclide and Branch Fraction Indicrted 

--- 
R.-228 R.-22 l.OOOX+OO 
b-228 Th-23 1.000X*00 
R.-228 all) 

Th-ZZB R.-228 1.0009+00 
Th-228 th-228 l.OOOP+OO 
Th-228 Th-232 l.OOOE+OO 
Th-228 SCj): 

Th-232 Th-232 1.000E+00 --- 

8I j , t ) .  PcUS 

OOOX+OO 1.0009*00 3.000EMO l.OOOX+Ol 3.000X+01 .0001+02 3.0OOCtO2 .OOOt*03 
----.---- 

1.0001+00 8.8439-01 6.9161-01 2.9259-01 2.5031-02 4.588X-06 9.6571-17 O.OOM+QO 
0.0009+00 1.134X-01 3.025X-01 6.938X-01 9.561X-01 9.604L-01 9.7999-01 9.7801-01 
l.OOOS+OO 9.978E-01 9.94OE-01 9.863941 9.8119-01 9.8049-01 9.799X-01 9.78OP-01 

O.OOOE+OO 2.849X-01 5.3639-01 4.0231-01 3.785942 6.9431-06 1.46lX-16 0.0000+00 

l.OOOE+OO 6.96lE-01 3.3?29-01 2.670X-02 1.903E-05 1.839X-16 O.OOOE+OO O.OOOE+OO 
o.ooos+oo 1.863a-o~ i.2tos-oi s.sgge-01 s.we-oi 9.804a-01 g.me-01 9.?80.-01 
l.OM)t*OO 9.9963-01 9.976E-01 9.890X-O$ 9.8149-01 9.8011-01 9.7999-01 9.780X-01 

000S+00 1.000E+00 l.OOOX+OO l.OOOE+OO 9.9999-01 9.9979-01 9.992X-01 9.9721. -------- 
BRF(i1 13 the branch fraction I f  the WZWlt nUCli 

itsscaw.ExE emcution tine - 12 8acond. 
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