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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:

e 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).

o 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.

e 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 m® (3,000 y°)] of exhumed soil in the northwest corner 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.

e 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.

e 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 (SSHP) address the defined Scope of Work.

DAAA09-00-G-0002, DO-36, Mod1 CABRERA SERVICES, INC. Page 1 of 48
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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 III 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 (Nal) gamma
spectroscopy.

In addition, a buried sound powered phone jack, containing radium was found below ground
level near the south east corner 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.

DAAA09-00-G-0002, DO-36, ModI CABRERA SERVICES, INC. Page 2 of 48
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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:

e 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).

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

Soil Pile:

¢ Elimination of the 1ar§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 y3 )] in the northwest comner of the site using a MARSSIM-
based FSS on 0.30 m (1ft) soil lifts with the exception of the lower 0.30 m (1 ft).

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

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

e 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-8179) indicated that 1,826,153 pounds of
monazite containing 9.226% of ThO, 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 uR/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.

DAAA09-00-G-0002, DO-36, ModI CABRERA SERVICES, INC. Page 5 of 48
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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 =
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 frisking 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.] North Fence Area (NFA)

The NFA Class 1 area is north of the warchouse and is approximately 1,200 m? 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. 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).

The removal of material in this area is anticipated to encompass only shallow subsurface soils
in the uppermost 0.30 m (1 ft), 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 m’® (100 y°). 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,

DAAA09-00-G-0002, DO-36, Mod1 CABRERA SERVICES, INC. Page 7 of 48
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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 fi) 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 (1ft). 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 (55 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.

DAAA09-00-G-0002, DO-36, Mod1 CABRERA SERVICES, INC. Page 8 of 48
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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 from 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 uR/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 from the workers breathing zone, will be used for
evaluation of the hazard.

No environmental releases or exposures to unmonitored personnel are anticipated. Routine
monitoring for environmental exposures will be performed using low volume air samples
placed in areas of maximum potential exposure. Gamma scan surveys of the areas around the
Survey Unit will be performed daily during the remediation to ensure the spread of
contamination is minimized. Equipment used for remediation will be surveyed and
decontaminated as necessary to minimize the spread of contamination to areas surrounding
the Survey Unit.
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4.7 Detailed Work Description
4.7.1 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 refresher training prior to
beginning work at the Site. Site personnel shall read and understand the contents of this work
plan and the site-specific health and safety plan prior to any physical work on site. Each team
member will complete a sign-off sheet indicating his or her understanding of and agreement
to the provisions of both plans. These sheets will be filed in the project file.

The 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 m’ 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. Nal) and Ludium 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 RASO 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 free 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 (113 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 1), 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 from 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 Nal) and a Ludlum
Model 2221 scaler/ratemeter, 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 RASO 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-018
“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
RASO Project Manager on every lift of the SP prior to the remediation of that 0.30 m (1 ft)
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:
e Gross gamma fluence (count rate) measurements
e Systematic soil sampling and analysis

e 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 AIMC, 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 ft) 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 ft) 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 2.1.0, was run twice for DCGL assessments, once for thorium
and once for radium. The first DandD run titled, “Great Lakes 17, 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 mrem/year 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 mrem/year 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 Pcyy = 0.05).

The DandD Summary of Results for Ra-226 provides for 90% of calculated TEDE values that
are less than 41.1 mrem/year. The Ra-226 and progeny 95 % Confidence Interval for the 0.9
quantile value of TEDE is 38.8 to 42.7 mrem/year. 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
mrem/year 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 Py, = 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 from 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-1505). 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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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.

Summary of Reference Area Sample Results

Parameter Result
(pCi/g Th-232)
Average 1.1
Standard Deviation 0.3
Maximum 1.7
Minimum 0.6

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 m? 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 m’ in
size. The NFA 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 m”. Class 2
land areas may range in size from 2,000 to 10,000 m? 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 1ift above the 0.30 m (1 ft) lift remaining on the ground level (characterization lift), of
approximately 520 m® (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 m? 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.

(4) 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 PB) 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.

DCGL, - LBGR
A/ w
Vo= 5

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

concentration at the lower bound of the gray region. The LBGR
is the concentration to which the survey unit must be cleaned in

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

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

(1) DCGL

The soil DCGL for this survey is specified 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 (i.e., the DCGL = 1.0 pCi/g, so the LBGR =
1.0 pCi/g x 0.5 = 0.5 pCi/g).

(3) Sigma (o)

For the purposes of this survey, the sigma values are drawn from data collected during
the 2000 characterization survey. The standard deviation (o) 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 ¢ used will be 0.45.

Based on the preceding, the values for relative shift are calculated for each area to be
surveyed. The A/c value for the NFA and the SPis 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  errors discussed in Section 5.11.6, the N for the
NFA and each SP survey unit is 28. The o and {3 values associated with the Type I and Type
II 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 m?, and 19 m? for the 0.30 m (1 ft) 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 6.21 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 RESRAD dose (15.06 mrem/y) are: 43 square
meters (7.02 mrem/y) resulting in an area factor of 2.1; and 19 square meters (5.736 mrem/y)
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
6.21. 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.

3.6.4 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 DCGLgmc for evaluation of acceptability. The
DCGLgmc has been determined from the area factor for the soil pile, SP, to be DCGLgymc =
(area factor) x (DCGLw) =2.6 x 1 =2.6 pCi/g Th-232. Likewise, the DCGLEgymc for the North
Fence Area is DCGLgmc = (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 DCGLgmc. Areas that exceed background by more than
the DCGLgmc will be considered unacceptable (i.e., will require remediation).

(4) 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 5.11.5(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 celevated 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 “Z” Scores exceed 3.0 (see Section
5.11.5(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:

e GPS Rover: Trimble Pathfinder Pro - XRS (or equivalent)

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

e 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).

o 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
ratemeter/scaler will be automatically logged into the GPS unit every one second. After
completion of the survey, the raw data will be downloaded from the GPS and sent to a data
processing specialist for export into a geospatial software program. After completion of data
processing, an electronic file with the contoured results of the survey will be returned to the
on-site Project Engineer for evaluation.

5.7.2 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 (o 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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e Hand auger
e Large stainless steel mixing bowl

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

e Sample containers and chain of custody forms/seals

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
corners of survey units will be identified and clearly marked. Additionally, to facilitate the
walkover survey process, intermediate markings may be installed to mark the start and end
points of planned survey lines. Use of GPS obviates the need for marking small grid
intervals.

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).
Lo A
0.866 x N

square grid spacing for survey unit

Where: L
A

area of survey unit

DAAA09-00-G-0002, DO-36, Mod1I CABRERA SERVICES, INC. Page 23 of 48



Great Lakes Naval Training Center FINAL Remediation and Final Status Survey Work Plan

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. ’

5.11 Data Quality Objectives for NFA and SP Final Status Surveys
5.11.1 Step 1: 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 from 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
from 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: Identify the Decision

(4) 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: Identify Inputs to the Decision

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

(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 free 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
from 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: Define 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 ft) 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 frame to which the decision applies:

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

(2) Time for data collection:

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

(D) 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 investigation/remediation.

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

(E) Constraints on Data Collection:

Data collection activities can be constrained due to excessive moisture or rain, which can have
an adverse effect on field instrumentation and volumetric sample collection. Extremely cold
weather can also inhibit data collection, due to its effects on both equipment and project
personnel.
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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 and/or remediation efforts, while also ensuring that
project DQOs are met. Graphical and statistical approaches to data analysis are included in
the Data Quality Assessment (DQA) process, which is the, “... scientific and statistical
evaluation of data to determine if the data are of the right type, quality, and quantity to
support their intended use.”

For the purposes of this Final Status Survey, the action level used for data comparison is 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.

(D) Decision Inputs

Geospatial modeling of position-correlated GWS data will provide a graphical view of surface
gamma radiation levels and will be updated as the survey progresses. This 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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(1) Spot-Check Gamma Scans During Survey Unit Delineation

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

(2) Field Measurements of Survey Unit Dimensions

The dimensions of the survey units will be determined using GPS data, downloaded
and interpreted in AutoCad. At a minimum, the corners of the survey units will be
logged using the GPS system. The area of each survey unit will then be calculated
in units of m®. This data will be used to determine grid spacing and ensure that
survey units do not exceed the maximum size recommended by MARSSIM.

(3) GWS in NFA and SP Survey Units

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

o 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.

e 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.

e 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.

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

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

versus the alternative:

Alternative Hypothesis (H,): 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 m’ 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

e 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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e If any of the sample results for the survey unit exceeds the DCGL, perform the
WRS test. If W, 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 (W, 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 o. Considered in light of Hy used for this
site (discussed above), this error could result in higher potential doses to future site occupants
than prescribed by the dose-based criterion.

The second type of decision error, called a Type II error, occurs when the null hypothesis is
not rejected when it is actually false. A Type II error is sometimes called a "false negative."
The probability of a Type II error is usually denoted by B. The power of a statistical test is
defined as the probability of rejecting the null hypotheses when it is false. It is numerically

DAAA09-00-G-0002, DO-36, Mod1 CABRERA SERVICES, INC. Page 30 of 48



Great Lakes Naval Training Center FINAL Remediation and Final Status Survey Work Plan

equal to 1-B where P is the Type II error rate. Consequences of Type II errors at the Site
include unnecessary remediation expense and project delays.

For the purposes of the NFA and SP final status survey, the acceptable error rate for both
Type I and Type II errors is five percent (0.05).
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6.0 METHODOLOGY AND APPROACH TO PERFORMING SURVEYS
6.1 Gamma Walkover Survey Utilizing GPS
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 Nal 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 from 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 Setup

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 his/her 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 layout 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. Technicians, with guidance from the Project Engineer, plan the survey around area
features (i.e., decide where survey lines should start and stop, how to survey around
obstacles, etc.).

4. 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).

5. The corners of the designated survey area are located to bound the area.

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

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

8. 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 return to the flagged area and collect
supplementary data. These supplemental surveys will be designated in the data dictionary,
and annotated on the field map.

Using proper survey technique expedites the survey process and assists post-processing
specialists. Additional useful instructions include the following:
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e 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.

e 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.

e 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.

e 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.

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

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

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

e 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 from 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 CABRERA
Project Engineer, logging filters may be temporarily overridden 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
6.2.1 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-212
at 238.6 keV, Ac-228 at 911.2 keV and others, assuming secular equilibrium.

Should Ra-226 be encountered, the short-lived equilibrium daughters of radium may be used
to determine radium-226 concentrations in the soil. Unfortunately, once the soil is disturbed,
these short-lived daughters must be allowed to grow back in. The parent of these daughters,
Rn-222, has a moderate half life of 3.8 days, therefore requiring at least two to three weeks of
progeny ingrowth to reestablish equilibrium. Since the purpose of establishing the 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 weighing 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, Hy, 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 W;, of the ranks of the
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ranked reference measurements is greater than the critical value, Weyii, Ho is rejected. The
general approach to applying the WRS test is summarized below.

Obtain the adjusted reference area measurements, Z;, by adding the DCGLW to each
reference area measurement, X; . Z; = X; +DCGLw

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

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

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

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

Obtain the value of W, from Table I-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, Wy, from the following:

/4

crit

=m(n+m+1)/2+ z./nm(n+m+1)/12

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

Table 1:
Percentiles of Standard Normal Distribution
o z

0.001 3.09

0.005 2.575
0.01 2.326

0.025 1.960

0.05 1.645

0.1 1.282
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Note that, for this investigation, the value of W, for the SP soil lift survey units is 390, while
the Wri; value for the NFA survey unit is 444.

¢ Compare W, with the critical value for the appropriate values of n, m, and a. If W, is
greater than W, 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 (i.e., 6 additional soil samples), and 10% samples for QC
comparison (i.e., 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
future reference. While some types of project events have specific forms on which they are
documented, many events occur on a routine basis during survey field activities that must be
documented as they occur. Additionally, project data transactions must also be recorded as
they occur. To provide a practical means of capturing this information, project logbooks will
be used. At a minimum, the two logbooks described below will be initiated upon project
commencement.

6.6.1 Project Data Logbook

Data transactions involving electronic project data shall be recorded in the Project Data
Logbook. Electronic project data includes GWS data files, GPS files, hand collected gamma
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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).

6.7.1 Limits if radium present above DCGL
a) 100 dpm/100 cm?, averaged over not more than 1 m*
b) 300 dpm/100 cm?, maximum.
¢) 20 dpm/100 cm’ removable.

6.7.2 Limits if radium not present above DCGL

a) 1,000 dpm/100 cm?, averaged over not more than 1 m

b) 3,000 dpm/100 cmz, maximum.
¢) 200 dpm/100 cm?® removable
6.8 Project Electronic Data
6.8.1 Data Backup

Electronic data collected during the day will be backed-up at the end of the same day on
which it was collected (e.g., to CD, zip drive, or equivalent), before processing or editing.
This is an archive of the raw data and, once created, it shall not be altered. More than one
day's data may go on a single tape or zip disk. Field computer(s) used to store project data
will be backed up weekly, as a minimum. Raw archived data will be stored in a different
location from weekly backups. Electronic data will be provided daily to data processing
specialists and 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 fluctuations/interferences in the GPS signal. Data
processing specialists will inform the Project Engineer of any identified deficiencies and will
make corrections as directed. Conversions, errors, corrections, and/or adjustments to project
data shall be documented in the data logbook.
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7.0 SURVEY QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

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

(4) 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

e Equipment identification (model and serial number)
e Manufacturer

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

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

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

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.

7.2.1 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

7.3.1 Duplicate Samples

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

equation:
,__Is-0l

Joi +o}

Where: S, D, = value of (S)ample and (D)uplicate measurements; and,

DAAA09-00-G-0002, DO-36, Mod1 CABRERA SERVICES, INC. Page 44 of 48



Great Lakes Naval Training Center FINAL Remediation and Final Status Survey Work Plan

G = one sigma error associated with (S)ample and
(D)uplicate measurements.

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

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

¢ the standard deviations, os and op, represent the true standard deviation of the measured
population

7.3.2 Laboratory Spike Analyses

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

% Difference = (Cs —Cu). 100

S

Where:  Cs = Concentration of spike analyte added to sample

Cum = 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

DAAA09-00-G-0002, DO-36, Mod1 CABRERA SERVICES, INC. Page 45 of 48



Great Lakes Naval Training Center FINAL Remediation and Final Status Survey Work Plan

the presence of contamination above the detection limit, or results are not qualified, data
should not be used.
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ATTACHMENT A
2” X 2” Nal 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 defined by AOSC Basic Ordering Agreement Document DA A A09-00-G-
0002, Delivery Order 0036, dated 30 September 2001.

Thorium present at the site is assumed to be derived from naturally occurring 22Th in 50-year
secular equilibrium with its progeny. The Great Lakes site will be scanned for potential
thorium contamination utilizing a Ludlum 44-10 (2”x 2” Nal scintillation detector). Scans of
the subject area will be accomplished by a walking speed (1.5 ft/sec) walkover by the
surveyor at a detector height of approximately 2-4 inches above the ground surfaces. Results
will be tallied by counts per minute (CPM).

1.1 Objectives

The objective of this technical memorandum is to determine the scan sensitivity of the
Ludlum 44-10 (2 inch x 2 inch) Nal 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
progeny. A 50-year equilibrium has been chosen for the soil containing small amounts of
32

Th.

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

The computer code Microshield was used to model the presence of a normalized 1 pCi/g total
thorium with its 50-year decay progeny in soil with the further assumption that the activity is
uniformly distributed to a depth of 15 cm and spread over a disk shaped area with a diameter
of 56 cm. The uncontaminated soil cover thickness has zero thickness (contamination on the
surface) and there is a 0.051 cm aluminum shield simulating the cover of the Nal 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/uR/hr) to be
calculated.

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

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

The fluence rate to exposure rate (FRER) may be approximated by:
FRER ~ (1 pR/AD/(E ) (Ke/P)air

Wherea,

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

(Uer/P)air = the mass energy absorption coefficient for air, cmz/g

And in tabular form:
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TABLE 1
Energy,, keV {UenlD)air, €M’/g FRER
40 0.064 0.3906
60 0.0292 0.5708
80 0.0236 0.5297
100 0.0231 0.4329
150 0.0251 0.2656
200 0.0268 0.1866
300 0.0288 0.1157
400 0.0296 0.0845
500 0.0297 0.0673
600 0.0296 0.0563
800 0.0289 0.0433
1,000 0.0280 0.0357
1,500 0.0255 0.0261
2,000 0.0234 0.0214
3,000 0.0205 0.0163

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

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

Probability (P) = 1-¢ (WPINaIXXpNaD
Where
(1/p)nat = the mass attenuation coefficient for Nal

X = the thickness through the bottom edge (end facing the soil) of the Ludlum 44-10 2”x2"
Nal crystal, 5.1 cm
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p = the density of the Nal crystal, 3.67 g/cm’

And in tabular form:
TABLE 2

Energy,, keV (o)1, cM/g P
40 18.3 1.00
60 6.23 1.00
80 2.86 1.00
100 1.58 1.00
150 0.566 1.00
200 0.302 1.00
300 0.153 0.94
400 0.1 0.87
500 0.0904 0.82
600 0.079 0.77
800 0.0657 0.71
1,000 0.0576 0.66
1,500 0.0464 0.58
2,000 0.0412 0.54
3,000 0.0367 0.50

33 Relative Detector Response (RDR)

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

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

And in tabular form:
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TABLE 3

Energy,, keV ERER P RDR
40 0.3906 1.00 0.3906
60 0.5708 1.00 0.5708
80 0.5297 1.00 0.6297
100 0.4329 1.00 0.4329
150 0.2656 1.00 0.2656
200 0.1866 1.00 0.1859
300 0.1157 0.94 0.1091
400 0.0845 0.87 0.0737
500 0.0673 0.82 0.0549
600 0.0563 0.77 0.0435
800 0.0433 0.71 0.0306
1,000 0.0357 0.66 0.0236
1,500 0.0214 0.58 0.0124
2,000 0.0214 0.54 0.0115
3,000 0.0163 0.50 0.0081

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

The equivalent FRER, P, and finally RDR may be calculated for a Nal 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 44-10 Nal
response is 900 CPM/uR/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 Nal are interpolated from tables in the Radiological Health
Handbook, Revised Edition January 1970, pages 139, and 140.
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FRER Energy,, keV (1onf0 ), /g
0.0514 662 0.0294
And
Eneray,, keV (1p)ng1, /g P
662 0.0749 0.75

And Cesium-137 RDR (662 keV) = 0.0387

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

CPM/uR/Mr, E; = (CPMcs-137) X (RDREi) / (RDRcs-137)
= (900) x (RDRg;) / (RDRcs-137)

and in tabular form:
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TABLE 4
Fidler Nal Detector, E;,
Energy,, keV RDRg; cpm per uR/hr
40 0.3906 9078
60 0.5708 13264
80 0.5297 12309
100 0.4329 10060
150 0.2656 6172
200 0.1859 4320
300 0.1091 2536
400 0.0737 1712
500 0.0549 1277
600 0.0435 1010
662 0.0387 900
800 0.0306 711
1,000 0.0236 548
1,500 0.0124 288
2,000 0.0115 267
3,000 0.0081 188
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The measured reference area (RA) average count rate (Cabrera 2000) was 9158 CPM using a
2 x 2 Nal 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 uR/hr, a count rate to
exposure rate ratio of 1800 - 900 CPM/uR/hr is calculated. This range agrees with the
manufacturer’s typical value of 900 CPM/uR/hr for a 2 x 2 Nal response to '*’Cs energy.

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

TABLE 5
MicroShield Exposure Rate,
pR/hr (with buildup, 1 pCi/g Percent of Nal
keV 227h) cpm/uR/hr | cpm/uR/hr (weighted) | detector response
40 3.957E-05 9078 0 0.0%
60 6.309E-05 13264 1 0.1%
80 7.110E-03 12309 91 10.9%
100 1.815E-03 10060 19 2.3%
150 2.134E-03 6172 14 1.6%
200 4.142E-02 4320 187 22.4%
300 3.261E-02 2536 86 10.3%
400 4.042E-03 1712 7 0.9%
500 2.979E-02 1277 40 4.8%
600 8.114E-02 1010 85 10.3%
800 1.058E-01 71 78 9.4%
1000 2.360E-01 548 135 16.2%
1500 7.559E-02 288 23 2.7%
2000 2.136E-03 267 1 0.1%
3000 3.396E-01 188 66 8.0%
Total 9.593E-01 833 100%
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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, b; = CPM/60

For the Ludlum 2 x 2 Nal scintillation detector and the measured RA background count rate
of 9158 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 (b)™ x (60 sec/1 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 60%, b; equals 153 counts, is
based on the RA background counts in the interval, and 60 seconds/l minute is a conversion

factor and

MDCR = (1.38) x 12.37 x (60 sec/l min) = 1024 CPM
The Minimum Detectable Count Rate for the surveyor is given as
MDCRjurveyor = 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

MDCRsurveyor = 1024/0.707 = 1448 CPM

The Minimum Detectable Exposure Rate for the surveyor is obtained from the MDCRurveyor
divided by the Table 5 weighted count rate to exposure rate value of 833 CPM/uR/hr for
thorium and its progeny is

(1448 CPM) /(833 CPM /uR/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 Throtal conc) X (Exposure Ratesurveyor)/(Exposure Rateqomalized Th conc )

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

4.0 CONCLUSION

The Ludlum 44-10 2”x2” Nal Scintillation scan MDC, for Th 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 ***Th 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 uncontrolied 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

2.2

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

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

3.1.1

3.1.2

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

Large area smears may be used to augment (but not replace) the
100 cm? 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.

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.

OP-004
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3.2

3.14

3.1.6

3.1.7

3.1.8

3.1.9

3.1.3.4 Daily Instrument Calibration Log.

The release document shall include the following information:
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
release survey.

3.1.4.5 The evaluator of the material for release.

3.1.4.6 The release approval of the RSO or duly authorized
representative.

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.

Radiation/contamination 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.

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.

3.1.11 items presented for release shall be direct scanned in an area of low

background.

Limitations

3.21

The maximum probe speed during direct scan surveys of surfaces
shall be 3 cm/sec.

OP-004
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3.22

3.2.3

3.24

3.25

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 % inch of the surface being
surveyed for alpha radiation, and within %z 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

e 10CFR20 Standards for Protection Against Radiation

o AP-001 Record Retention

e AP-010 Personnel Protective Equipment

e AP-012 Radiation Work Permits

e OP-001 Radiological Surveys

e OP-009 Use and Control of Radioactive Check Sources

e OP-019 Radiological Posting

e OP-020 Operation of Contamination Survey Meters

e OP-021 Aipha-Beta Counting Instrumentation

e OP-023 Operation of Micro-R Survey Meters

¢ NUREG-1556 Consolidated Guidance About Material Licenses (Vol.11)

e Reg 1.86 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 (uCi).

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 pa

rticle or gamma ray emitting radionuclides.

OP-004
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53

54

5.5

56

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

7.2

7.3

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.

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.

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.

OP-004
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7.4 Health Physics Technicians (HPT) — The HPT are responsible for
performing the surveys described in this procedure.

8.0 INSTRUCTIONS

8.1 Release Limits for Gross Activity (Unknown Isotopes)

EMISSION REMOVABLE | TOTAL (Fixed and Removable)
dpm/100 cm? dpm/100 cm?
Alpha 20 100
Beta-Gamma 200 1000
NOTE: If all of the constituents of the contamination are known and 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 uniess
evaluated by a designated evaluator who authorizes and documents
the release.

8.2.2 The following guidance will be used when performing evailuations:

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 or stored shall be reviewed.

8.2.2.4 Use of gamma radiation sensitive detectors such as Nal(Tl)
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
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8.4 Survey Exempt Materials

8.4.1 ltems 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).

8.5.2.1 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 cm? 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: Iltems presented for release shall be direct scanned in an area of low
background. Preferably < 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 cm? 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 8.5.10

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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8.6

8.7

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.

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

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 cm? 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 cm? beta-gamma
8.6.3.2 220 dpm/100 cm? alpha.

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

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

9.0 QUALITY ASSURANCE/RECORDS

9.1

Quality Assurance

9.1.1 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

OP-004
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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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OP-004-01
UNCONDITIONAL RELEASE OF EQUIPMENT AND ITEMS LOG

Project Name Project Number
Item/ Comments Survey # Date
Equipment Released
Reviewed By: Date:
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Revision 0 Decontamination of E quipment and T ools

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-
019.

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 solvent/solutions 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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3.24

3.2.5

3.26

3.2.7

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.

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.

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

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-012
AP-013
AP-014
OP-001
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

5.2

5.3

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

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

MSDS - Material Safety Data Sheet provide safety information and
limitations and are issued by the manufacturer of the product.

OP-018
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5.4 Radiation Work Permit (RWP) - A document generated by Health Physics
to provide:

e A description and scope of the work to be performed.

e Existing radiological conditions in the work area.

e Limitations placed upon the scope of work.

e Maximum radiological limits allowed.

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

e Period of time the RWP is valid.

e 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

8.1.3

8.1.4

8.1.5

A radiological survey shall be performed by a HPT on any item or
object, which is to be removed from a controlled area.

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-
012.

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.

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

8.21

8.2.2

8.2.3

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 ALARA
consideration section of the RWP.

NOTE: All possible engineering controls shall be utilizes when feasible to
minimize the need for respiratory protection equipment.
o Safe, sturdy workstations with contamination resistant surfaces.
Tables that will support decontamination attempts on heavy pieces of
equipment.
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¢ Adequate supply of overhead light, adequate electrical/compressed
air supply for the operation of electrical/pneumatic driven
decontamination equipment.

e Overhead lifting equipment, if applicable.

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

. Light duty decontamination equipment such as paper wipes, paper

towels, massliin towels, etc.

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

Fully stocked hand tool kit for disassemble of contaminated equipment.
Power tools, such as drills, saws, electric screwdrivers, etc.
Radioactive material storage bags, stickers, etc.

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

Blotter paper or sorbent, if applicable.
Approved absorbent material such as oil dry, etc., if applicable.

Storage drums/bags for the storage of contaminated protective clothing
under direction of Health Physics.

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

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

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

OP-018
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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:

o Position the wrapped item so that the written information on the
label/wrapping is visible.

NOTE: Junior Health Physics/Decontamination 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.

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

» Anitem 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.-

¢ 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:

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

e Decontamination shall be performed in a safe, effective manner.
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e 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).

e 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.

+ 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.

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

* 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:

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

¢ 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.

e 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.

¢ 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

Decontamination of E quipment and T ools

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 solutions/solvents (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.

e 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.
Remove as much smearable contamination as possible.

Re-survey.

OP-018
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8.3.8 Power tool decontamination shall be performed in the foliowing
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.

e 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:

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

e 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.

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

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

¢ 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.

s 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

843

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.

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:

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.

s 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

9.1.1

Quality Assurance

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.

OP-018
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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. (CABRERA) in @ 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 presentedin 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 Prior to performing any system measurements, detector should be
covered with a thin, clear (i.e., see-through) plastic bag.

3.4.2 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.

3.4.3 When filling an ISOCS detector (Big Mac) dewar with liquid nitrogen
(LN2), only use LN, 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

3.4.4 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.

3.4.5 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.

3.4.6 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.

3.4.7 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 LN, to avoid frostbite. Always use proper
eye and skin protection, including heavy gloves and eye protection
when handling LN,.

3.5.2 Ensure there is proper ventilation of the area when transferring LN;
from one dewar (container) to another or when venting LN; dewars
using pressurized air or gas.

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

4.1.2 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.

4.1.3 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.

4.1.4 When using a large dewar with a dip-stick type detector, note the
following procedures: Before attempting to fill the dewar with LN,
ensure all LNz 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 LN;
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 LN, 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
LNz 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 LN,
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 aiready 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 11.0.

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 Eu-152 source, unless otherwise specified
by the ISOCS Manager. The ISOCS Manager will provide the method for
use of source measurement results.
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4.3.1 Prior to setting detector into collimator, perform a ten-minute
measurement of the NIST 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-1521ftmmddyy.cnf’ (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.cnf” into the
project “initial measurements” folder, as presented in Section 11.0.

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.

44.1 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 NIST traceable volumetric source onto the detector.
Collect source spectra for a thirty-minute time period. Save this file

to the project “initial measurements” folder (see Section 11.0) in the
following format: “NIST Source mmddyy.cnf”. Select Calibrate, then

Efficiency, and then By Certificate file. Select the certificate file
provided specifically for the project NIST 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.

445 Save the efficiency calibration file by selecting Calibrate, Store and
using the following format: “Project Name Laboratory Efficiency.cal”.
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446 Save a copy of the generated efficiency calibration (.cal) file from
C:\Genie2k\Calfiles into the project “initial measurements” folder (see
Section 11.0).

4.4.7 Reopen the file saved in Section 4.4.2, and load the new calibration
file (.cal). 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, twe nty 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 “qc01.cnf”, “qc02.cnf”,
through “gc20.cnf”. These files will be saved into the project “initial
measurements” folder as presented in Section 11.0.

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 resuits are
summarized as follows:
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QC Calibration Parameter Description Acceptable Range of Results
Low energy photopeak centroid channel Within fixed channel limits®
High energy photopeak centroid channel Within fixed channel limits*
Low energy photopeak FWHM"™ Mean £ 2 std. deviations*
High energy photopeak FWHM Mean % 2 std. deviations™
Low energy photopeak net counts/second Mean * 2 std. deviations™
High energy photopeak net counts/second Mean + 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 £ 2 std. dev.] and “action level” range of [mean t 3 std. dev.]. The
mean and standard deviation shall be updated every 10 counts.

** . FWHM stands for Full Width at Half Maximum. [t 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 + 1.0 keV of
theoretical (approx. + 3 channel limits)

5.3 Specific Instructions for Daily Source QC Measurements

1) Perform QC source measurement using the appropriate count time and source
2) Save and re-open the QC file (“gaddmmyy.cnf’)

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

gecmmddyy.cnf file.

5) Choose Results, Report Last Measurement and check mark “screen” and
“printer”. If “page one” is check marked, then uncheck “page one” and check
mark “new file”.

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
deviationfflags section show “IN” or “AC”, then select File, Save and QC is
complete.

7) If one or more of the analysis results under the deviation/flags section show
“IN”, then perform an additional measurement (save that measurement as
“qcmmddyyb.cnf’) and transfer to 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(s) 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 presented 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 areain preparation for
screening measurements. Perform the following sample receiving tasks:

e 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 9.170.

¢ 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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7.2.1 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.

7.2.2 Save the week’s blank file as “SugarBKGD.cnf” into the project “Daily
Blanks” folder (see Section 11.0).

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

7.3.2 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.

7.3.3 When performing measurements, make sure to record all necessary
information into the information box as per Section 9.10.

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

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

7.3.6 Save file using the proper naming convention (see Project Manager)
and into the proper file location as per Section 11.0.

7.4 Performing Spectral Analysis
7.4.1 Open the spectral file (.cnf) 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 shalil
be reported unless authorized by the CABRERA Project Manager
and ISOCS Manager.

7.5 Energy Drift and Data Recording/Logging

An excel spreadsheet, or equivalent method, should be used to track each
sample by recording Sample ID, Weight, Date/Time 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.

7.6 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 (i.e.,
approximately 1000 counts in each peak used for the calibration).

7.6.3 Select Calibrate, then Energy Recalbration.

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.
7.7 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 (i.e., 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 GenieZ2k folder.
These two folders will be copied over daily with the most current data.

7.8 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.

8.1.1 Remove any radiological check sources from the vicinity of the
detector.

8.1.2 Perform a sixty-minute 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. DETO1).

9.3 Applying High Voltage to the Detector

Caution: Ensure that the detector has been properly cooled with liquid
nitrogen (i.e. for approximately 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 Wait signal
has disappeared, select the On button and exit from the Adjust box by
single-clicking on the Exit button.
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9.4 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.

9.5 Starting/Stopping 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.

9.6 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 (i.e. excluding background) is present or increases above 15% when
a known radiological source is being measured, then contact the ISOCS
Manager for evaluation.

9.7 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 nhumber corresponding to the
location of the cursor, as well as the total number of Counts at that energy
level, and the Elapsed/Preset 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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Figure 2. GAA Screen with Marker Info Displayed
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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 NIST 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 £ 1.0 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
photopeaks.

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 + 1.0 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.

CABRERA SERVICES, INC.

Gamma Spectroscopy Laboratory Procedure Page 16 of 21



COMPANY CONFIDENTIAL
9.10 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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9.11 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) inthe
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.

9.12 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
CALFILES.

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 energy/shape 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. Nex, 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, uniess otherwise specified by the Project
Work Plan or CABRERA Praject 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.

e 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 (.cnf) 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:

o 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 “gammddyy.cnf” (for example qa010102.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:

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

e Folder Level 2 - “Daily Blanks” — Files saved into this folder will be the daily
sugar background bianks 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.
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The following is an example of the proper file as presented in the steps above:

12.0 ATTACHMENTS

None
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File: FGR 13 Morbidity

GreatL.RAD

Current Parameter
Menu Parameter Value Default Name
y t — $
Dose gonversion factors for inhalation, mrem/pCi
Ra-228+D 5.080E-03  5.080k-03 DCF2¢ 1)
Th-228+4D 3.4508-01 3.450E-01 DpCr2( 2)
Th232 1.6408+00 1.640E+08 DCF2{ 3)
Dose conversion factors for ingestion, mrem/pCi
Ra-228+D ' ' 1.440E-03  1.440E-03 DCF3( Ir
Th-228+p 8.080E-04 8.0808-04° DCF3( 2)
Th~232 2,730B-03  2.7308-03 DCF3( 3)
D-34 Food transfer factors:
D-34  Ra-228+D , plant/soil concentration ratio, dimensionless 4.000E-02 4.000K-02 RTF( 1,1}
D-34¢ Ra-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-03 1.000E-03 RTF( 1,2)
D-34  Ra-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-03 1.000E-03 RTF( 1,3)
D-34
D-3¢ Th-220+D , plant/scil concentration ratio, dimensionless 1.000E-03 1.000E-03 RTF( Z.g.)
D-34  Th-2284D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.0008-0¢  1.0008-04  RTE( 2.4
D-34  Th-2284D , milk/livestock-intake ratic, (pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 2,$
D-34
D-34 1H-232 , plant/soil concentration ratio, dimensionless 1.,000E-03 1.000E-03 RTF{ X} 1)
D-34  THS232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-0¢  1.000B-0¢ RTF( 3,3)
D-34  Th-232 , milk/livestock-intake ratic, (pCi/L)/(pCi/d) 5.000E-06 5.000E-06 WRIF( %3)
D-5 Biocaccumulation factors, fresh water, L/kg
Ra-2284D , fish 5.000E+01 'S,000K+01 BIOFAC( 1,1)
Ra-2784D , crustacea and mollusks 2.500E+02  2.500B+02 BIOFAC( 1,2)
D-5 Th-228+D , fish 1.000E¢02 1.000E+02 BIOFAC( 2,1}
Th-228+D , crustacea and mollusks 5.0008402 5.000E+02 BIOFAC( 2,2}
Th-232 , fish 1.000E+02 1.000E+02 BIOFAC( 3,1)
5.000E+02 BIOFAC{ 3,2)

b-5 Th-232 , crustaceaz and mollusks

Y

5.000E+02
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Summary : Great Lakes RESRAD Default Parameters for Th322 File: GreatL.RAD

Site-Specific Parameter Summary

User | Used by RESRAD Parameter
Menu Parameter Input Default | (If different from user input) Name
—+ —+ } + —

RO11  Area of contaminated zone (m**2) 1.0008+04  1.0008+04 | AREA
RO11 Thickness of contaminated zone (m) 2,000E+00  2.0008+00 { THICKO
RO11 Length parallel to aquifer flow (m) 1.000E+02 1.000‘002 | LczeaQ
RO11  Basic radiation dose limit (mrem/yr) 2.5005+01  2,500£401 { BRDL
RO11  Time since placement of material (yr) 9Q.000E+00 0.066}:000 | 11
RO11 Times for calculations (yr) 1,000E+00  1.000E+00 { T¢ 2)
ROI1  Times for calculations (yr) 3.000E400.  3.000E+00 |13
RO1) Times for calculations {yr) 1.000E+01  1.000E+01 } e 4
RO11 Times for calculations (yr) 3,000E+01  3.G00E+01 IETEY)
ROl Times for calculations tyzy - 2.Q00E+02  '1.0008402 )| TC6)
nd;x Times for calculations (yt) 3.0005+02 1000:402 et
RO11 Times for calculations (yx) '1.800E+03  1,dpOBeor ! T8
R011 Times for calculations (yr) not used  0.0008#DY { T09).
RO11 Times for calculations (yz) . not used  0.008E+Q0 | Tax0)
RO12 Initial principal radionuclide (pCi/g) Ra-228 1.00_0‘&00 0.0008000' 81{ 1)
R012  Initial principal radionuclide (pCL/g) Th-228  1.000£+00  0.000E+00 s1(2)
RO12 Initial principal radionuclide (pCi/g) Th-232 1.000E+00  0.000E+0Q sty
RO12 Concentration in groundwater {(pCi/L} Ra-228 not used 0.000E+00 Wi 1)
ROIZ Concentration in groundwater (pCi/L) Th-228 not used 0.000E+00 wl{ 2}
RO12 Concentration in groundwater (pCi/L) Th-232 not used 0.000E+00 Wl{ 3)
RO13  Cover depth (m) 0.080E+00  0.000E+00- | covero
R013  Density of cover material (g/cm**3j not used  1.S00E+00 | pENSCV
RO13 Cover depth erosion rate (m/yr) pot used  1.000E-0¥ | wev
RO13  Density of contaminated zone (g/cm**3) 7;5008+00  1.500E+00 | peNscz
RO13 Contaminated zone ercsion rate (m/yr) 1.000E-03 1.0008-03 ] vcz
RO13  Contaminated zone total porosity 4.000£-01  4.0008-01 | TrC2
RO13 Contaminated zone fleld capacity 2.000E-Pp1  2.000%~01 | Fece
RO1) Contaminated zone hydraulic conductivity (m/yr) 1.000E+01  1.000E+01 { mece
RO13 Contaminated zone b paraseter 573&5000 5.3002+00 | BCE
RO13  Average annual wind speed (m/sec) 1.080E+00 2,0008400 | wWIND
ROI3. Humidity in air (g/m**3) ot ‘used  '8.000E«0Q | momrp
RO1) Evapotranspiration coefficlent $.000E-01  5.000E-0% | EVAPTR
RO13} Precipitation (m/yr) 1.090E+00 1.@0@»0&; | PRECIP
RO13 Irrigation (m/yr) 2.000E-01 2.000E-01 | RI
RO13 Irrigation mode overhead  overhead 1 1DYITCH
R013  Runoff coefficient 2.000E-D1  2.000E-01 | RUNOFF
RO13  Watershed area for nearby stream or pond (m**2) 1.000E+0€ 1.000!‘.40‘ | WAREAR
RO13 Accuracy for water/soil computations ‘1.000E-03  1.000E-0% | EPS
MO14. Denaity of saturated zone (g/cm**3) 1.500E+08. lml DENSAQ
RO14 Saturated zone total porosity 4.0008-01  4.000£-01 1 TPSL
RO14 gaturated zone effective porosity 2,000E-01  2.000E-0% } £PST
RO14 Saturated zone field capacity ' 2.000E-0L z.ooos-ot*( Fcse
RO1¢ Saturated‘ zone hydraulic conductivity (m/yr) 1.000E+03  1.0008+02 | HCS2
RO14 Saturated zone hydraulic gradient 2.000E-02  2.000E-02 | RGWT
RO14  Saturated zone b parameter §.300E+00  5.300E+00 | BSZ
RO14 wWater table drop rate (m/yr) 1.000E-03 1.000E-03 | VWT
RO14 Well pump intake depth (m below water table) 1.000E+01  1.000E+01 | DWIBWT

MODEL

RO14 Model: Nondispersion (ND) or Mass-Balance (MB) ND ND
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Summary : Great Lakes RESRAD Default Parameters for fnzz File: GreatL.RAD

Site-Specific Parameter Summary (continued

User Used by RESRAD Parameter
Menu Parameter Input Default (If different from user input Name
—+ 4 e + : ———
ROIN  Well pumping rate (m**3/yr} 2.500E+02  2.5008+D2 oW
RO18  Number of unsaturated zone atrata |1 1 | NS
RO1S  Unsat. zone 1, thickness (m) | 4.000B+00  4.000E+00 | R(1)
RO1S Unsat. zone 1, soil density (g/cm**3) | 1.5008400 1.500E+00 | DENSUZ (1)
RO15  Unsat. zone 1, total porosity | 4.000!-!!1 4.0008-01 | TPUZ(1)
A015 Unsat. zone 1, effective porosity ) 2.0008:01  2.000%-01 | EPUS {1}
ROYS  Unsat. zone 1, field capacity | 2.000’3;61' 2.000E-a1.| FOUE(1)
A015  Unsat. zone 1, soil-specific b parameter | 5.300E+00  5.300E+00 | BUE(1)
RO15  Unsat. zone 1, hydraulic conductivity (m/yz) | 1.0008+01 1.000E+Q} | HOUS ¢ %)
ROLS | Distribution coefficients for Ra-228
AOYS.| Contaminated zone (ca*+3/g) 7.000E+01  7.000E+01 poNoee( 1)
M01§ | Unsaturated zone 1 (cm**3/g) 7.000E+01  7.000E+01 -, DCNUCT( 3,
ROLE | Saturated zone (cm**3/g) 7.000E+01  7.000E+01 -— peNUCS { )
RO16 | Laach rate (/yr) 0.000E+00  0.000E+00 2.3748-03 ALEACH({ T
loi‘ | Solubility constant 0.0008+00 0.000K+00 not used sSoLuUBK( 1)
RO16 Distribution coefficients for Th-228
RO16 Contaminated zone (cm**3/g) 6.000E+04 | 3.0008+04 | —— DCNUCC( 2)
RO16E Unsaturated zone 1 (cm**3/g) 6.000E+04 | i.000E+04 P e DCNUCU{ 2,
RO36 Saturated zone (cm**3/g) 6.000E+04 | ;.000E+04 TR DONUCS( 2)
RO16 Leach rate (/yr) 0.000E+00 | ).000E+00 2.778E-06 ALERCH( 2)
RO16 Solubility constant 0.000E¥0¢ }- 1.000E+400 not used SOLUBK( 2)
R016 Distribution coefficients for Th-232
RO16 Contaminated zone (cm**3/g) 6.000E+04  6.000E+04 DCWUCC( 3).
RO16 Unsaturated zone 1 (ca**3/g) 6.000E+04  6.000E+04 L DCNUCU( 3,3)
ROYE Saturated zone (cm**3/g) 6.000E+0¢  6.000E+04 S _?" DCRUCS( 3)-
RO1E Leach rate (/yr) 0.000E+00  0.000E+00 2.776E-06 ALEACH( 3)}
RO16 Solubility constant 0.000E+00  0.000E+00 not used SOLUBK( 3}
Inhalation rate (m**3/yr) 8.400E+03  9.400E+03 INHALR
RO17 Mass loading for inhalation (g/m**3) 1.000E~04 1.000E-04 MLINH
=AY Exposure duration 3.000E+01  3.0008+01 £D
m' Shielding factor, inhalation 4.000E-01 4.000E-01 SRFI
l&l‘l. Shielding factor, external gamma 7.000E-01  7.000B-01 SHF1
RO17 Fraction of time spent indoors 5.000E-01 5.000E-01 | —— FIND
RO17 Fraction of time spent ocutdoors (on site) 2.5008-01 2.500E-01 - FOTD
1.000E+00 1.000E+00 >0 shows circular AREA. Fs

R0O17  Shape factor flag, external gamna
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Summary : Great Lakes RESRAD Defsult Parameters for fhﬁé File: GreatL.RAD

Site-Specific Parameter Summary {oéeitinued;

User Used by RESRAD Parameter
Menu. Parameter Input Default If different from user input) Name
+ - - ——t : t

RO1¥ | Radii of shape factor array (used if FS = -
RO17 | Outer snular radius (m), ring 1: [ ‘not used  5.400€+01 RAD_SHAPE( 1)
RO17 )  Outer annular radius (m), ring 2: | not used 1611:00& RAD:SHAPE( ]
RO2? | ~Outer annular radius (m), ring 3: | not used 0.000E+00 RAD_SM( 3)
RO17 | Outer annular radius (m), ring &: | not used  0.000E+00 RAD_SHAPE( 4)
8017 | Outer annular radius (m), ring 5: | not used 0.0008+00 RAD_SHAPE { 55
RO17 | Outer annular radius (m), ring 6: } not used  0.000E+00 RAD_SHAPE( 6)
ROL7 | Outer annular radius {m), ring 7: ' { mot used  0.000E+00 RAD_SHAPE{ 7)
R017 | oOuter annular radius (m), ring. 8: | not used 0.0008+00 RAD_SHAPE( §)
RO17 | Outer annular radius (m}, ring 9: | not used 0.0008+00 RAD_SHAPE { ‘)
RO17 | oOuter annular radius (m}, ring 10: | not used 0.000E+00 RAD_SHAPE (10)
RO17 | Outer annular radius (m), ring 11: {'dot used 0.000E+00 RAD_SHAPE (13)
RO1T |  Outer annular radius (m), ring 12: 1 pot used 0.000E+00 w_smttli)
RO1?  Fractions of annular areas within AREA:
RO1T Ring 1 not used 1.0082+00 | FRACA( 1)
RO17 Ring 2 not used 2,732E-01. | FRACA( 2)
RO17 Ring 3 not used  0.000E+0R | FRACA{ 3)
roiz Ring 4 not used 0.000E+00 — | FRACA( 4)
rQ17 Ring 5 not used 0.000E+00 -—— | FRACA! §)
RO17 Nng 6 not used  0.000E+00 | ERACA( 6)
RD!.? Ring 7?7 not used 0.000E+00 | FRACA( 7)
RO17 Ring 8 not used  0.000K+00 | FRACA( 8)
X017 King 9 not used 0.000E+00 | FRACA( 9)
W17 Ring 10 not used  0.000E+00 | FRACA(10)
RO17 Ring 11 not used  .0.000E+00 | FRACA(11)
RO17 Ring 12 not used  0.000E+00 | FRACA(12)
RO18 | Fruits, vegetables and graln consumption (kg/yr | 1.600E+02 1.6008+02 DIET(1)
RO18 | Leafy vegetable consumption (kg/yr) | 1.400E+401  1,400E+01 DIRT(2)
RO18 | Milk consumption (L/yr) | 9.200E+01 9.200E+01 DIET(I)
R018 | Meat and poultry consumption (kg/yr) | 6.300E+01  6.300E401 DIET (4)
RO18 { Fish consumption (kg/yr) | 5.400E+00 5.400E+00 DIKT(5)
R0O48 .| Other seafood consumption (kg/yr) | 9.0008-01 9.000£-01 DIET(6)
lb? | Soil ingestion rate (g/yr) | 3.650E401 3.€50E+01 SOIL
RO18 “| Drinking water intake (L/yr) | 5.100E+02 5.100E+02 2.} 4
%014 | Contamination fraction of drinking water | 1.000E+00 1.000E+00 FDN
RO18 | Contamination fraction of hossehold water | not used 1.000E+00 FHIN
RO18 | Contamination fraction of livestock water { 1.000E+D0  1.000E+00 F1w
ROJ8 | Contamination fraction of irrigation water | 1.000E+00  1.0008+00 FIRW
ROlﬂ_l Contamination fraction of aquatic food | 5.000E-01 5.000E-01 —— FR9
Rﬁlj. | .Contamination fraction of plant food |-1 -1 0m FPLANT
RO1® | ‘Contamination fraction of meat {-1 -1 O.SO&‘OQ FMEAT
RO18 | Contamination fraction of milk f-1 -1 0.5008+00 MILK
NIQ Livestock fodder intake for meat (kg/day) 6.800E+01  6.800E+01 LELS
RO19 Livestock fodder intake for milk (kg/day) 5.500E+01 5.500K+01 LF16
nO19 Livestock watar intake for meat (L/day) 5.000E+01 5.000E+01 INIS
RO}9 Livestock water intake for milk (L/day) 1.600E+02 1.6008+02 LNI6
R013 Livestock soil intake (kg/day) 5.000E-01  $.000E-01 1St

MLFD

RO1Y Mass loading for foliar deposition (g/m**3) 1.000E-04 1.000KE-04
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File: GreatL.RAD

Site-Specific Parameter Summary (continued)

User Used by RESRAD Parameter
Menu Parameter Input Default (If different from user input) Name
1 + + et ~—+

RO19 Depth of soil mixing layer (m) 1.500E~-01 1.500E-0}- 2]
RO  Depth of roots (m) 9.000E-03  9.000E-01 DROOT
RO19 Drinking water fraction from ground water 1.000E+00 1.000E+00 FGWDM
lOl’ Rousehold water fraction from ground water not used 1.000E+00 FGWHH
ﬁ91!' Livestock water fraction fyrom ground wator. 1.000E+00 1.000E+00 FGWLN
RO1$ Irrigation fraction from ground water 1.000E+00- '1.000E+00 FOWIR
R198B. Wet weight crop yield for Non-Leafy (kg/m**2} 7.000E-G1  7.000E-01 | Yvi1) ;
_uggli Wet weight crop yleld for Leafy (kg/m**2) 1.S00E+00  1.500E+00 | iz
RISB  Wet weight crop yield for Fodder (kg/m**2}) 1.100E+00 1.100E+00 | Vi3
ni9B Growing Season for Non-Laafy (years) 1.700E-01  1.700E~01 | TE(1)
RL9B  Growing Season for Leafy (years) 2.500E-01 2.5008-01 | 18(2)
R!QB Growing Season for Fodder (years) 8.000E-02 8.000E-02 | TE(3)
RI9B  Translocation Factor for Non-Léafy 1.0008-01  1.000E-01 | vl
R199- Translocation Factor for Leafy 1.000E+00  1.000E+00 I TIV(2)
RléB‘ Translocation Factor for Fodder 1.000E+00 1.0008+00 | TIv(3)
R198 Dry Foliar Interception Fraction for Non-Leafy 2.500E-01 2.500E-01 | RDRY(1)
R19B Dry Folisr Interception Fraction for Leafy 2.5005-0!‘ 2.500E-01 { RDRY(2}
RISE  Dry Foliar Interception Fraction for Fodder 2.500E-01  2.5008~01" | RDRY(3)
R19B Wet Foliar Interception Fraction for Non-Leafy 2.5008-01. 2.500E-01 | RWET(1)
vl'tsa Wat Foliar Interception Fraction for Leafy 2.500E-01- 2.500E-01 | RWET(2)
‘R18B  Wet Foliar Interception Fraction for Fodder 2.500E-01  2.500E-01 | RWET(3)
R1SB Weathering Removal Constant for Vegetation 2.000E+01  2.000E+01 | WLAM
C14 | =12 concentration in water (g/cm**3) not used  2.000E-05 C12WTR
cu | ‘é-.12 concentration in contaminated soil (g/q) not used 3.000E-02 ci2ce
Cld¢ | Fraction of vegetation carbon from soil not used 2.000E-02 CSOIL
Cl4 | Fraction of vegetation carbon from air not used 9.800E~01 CAIR
Cl4 | C-14 evasion layer thickness in soil (m) not. used 3.000E-01 DMC
cie | C-14 evasion flux rate from soil (1/sec) not used 7.000E-07 EVSN
€14 .| C-12 evasion flux rate from soil {l/sec) not used 1,000E-10 REVSN
Cl4 | Fraction of grain in beef cattle feed not used 8.000E~01 AVFG4
Cl4 | Fraction of grain in milk cow feed not uaed 2.000E-4). AVFGS
Cl4 | DCF correction factor for gaseous forms of Cl4 not used B8.894EWR CO2F
STOR | Storage times of contaminated foodstuffs (days)
STOR | Fruits, non-leafy vegetables, and grain 1.400E+01  1.400E+01 STOR_T{1)
STOR | Leafy vegetables 1.000E+00 1.000E+00 STOR_T(2)
STOR | Milk 1.000E+00  1.000E+00 STOR_T(3)
STOR | Meat and poultry 2.000E+01 2.000E+01 STOR_T (4)
STOR | Fish 7.0008+00 7.000E+00 STOR_T (5]
STOR | Crustacea and mollusks 7.000E+00  7.000E+00 STOR_T(6)
STOR | Well water 1.000E+00 1.000E+00 STOR_T(7)
STOR | Surface water 1.000E+00  1.000E+00 STOR_T(8)
STOR | Livestock fodder 4.500E+01 4.500E+01 STOR_T(9)
RO2} Thickness of building foundation (m} not used 1.500E-01 FLOOR1
2821  Bulk density of building foundation (g/cm**3) not used  2.400E+00 DENSFL
:oax Total porosity of the cover material not used 4.000E-01 TPCV
mzx Total porosity of the bullding foundation not used 1.000E-01 TPFL

Volumetric water content of the cover material not used  5.000E-02 PH20CV

RO21
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Summary : Great Lakes RESRAD Default Parameters for mﬁz File: GreatL.RAD

Site-Specific Parameter Summary (continued]

User Used by RESRAD | Parameter

Meny Paramete: Input Default {It different from user input) | Name

t - e —— 4
RO21 Volumetric water content of the foundation not used 3.000E-03 PH20FL
R0O21 Diffusion coefficient for radon gas (m/sec)
RO21 in cover material not used | 2.000E-06 DIFCV
RO21 in foundation material not used | 3.000E-07 DIFFL
RO2 in contsminated zone 201l not used | 2.000E-06 DIFCE
R0Z1 Radon vertical dimension of mixing (m) not used | 2.000E+00 HMIX
RD21 Average building air exchange rate (1/hr) not used | 5.0008-01 REXG
RO21  Height of the building {room) (m) not used | 2.500E+00 HRM
RO21  Building interior area factor not used |} 0.000L+00 FAI
R0O21 Building depth below ground surface (m) not used [-1.000E+00 DMFL
ROl Emanating power of Rn-222 qas not used | 2.500E-01 EMANALL)
RO21 Emanating power of Rn-220 gas not used | 1.5008-01 EMANA (2)
TITL Number of graphical time points 32 NPTS
TITL Maximum number of integration points for dose 17 LYMAX
TITL Maximum number of integration points for risk 257 KYMAX

Summary of Pathway Selec!

Pathway User Sslection
o aa
1 -- external gamma active
2 -~ inhalation {w/o radon) active
3 ~-- plant ingestion v active
4 ~- meat ingestion active
S -- mllk ingestion active
6 -~ aquatic foods active
7 «- drinking water active
8 -- soil ingestion active
9 ~- radon suppressed
Find peak pathway doses active
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Summary : Great Lakes RESRAD Default Parameters for Th322 File: Greatl.RAD

Contaminated Zone Dimensions Initial 804l Concentrations, pCi/g
Area  10000.00 square meters Ra-228 1.000E+00
Thickness 2.00 meters Th-228 1.000E+00
Cover Depth 0.00 meters ™-232 1.000E+00

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 2.500E+01 mrem/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t (years)  0.000E+00 1.000E+00 . 3.000E+00! 1.000E+01 3.000E+01 1.0008+02 3.000E+02 1.000E+0Y
TDOSE(t)  1,506E+01 1.504E+01 1.500E+01) 1.48BE+01 1.480E+01 1.479E+01 1.478E+01 1.475E+01
M(t) 6.025E-01 6.017£-01 5.9998-01'-8.953E-01 5.919E-01 5.915E-01 5.912E-01 5.900E-01

Maximum TDOSE(t 1.506E+01 mrem/yr at t = 0.00DE+00 years
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

later Independent Pathways {(Inhalation excludes radon)

Ground Inhalation Radon Plant

Meat Milk Soil

Ragie-

taclide mrem/yr frant. mramsyr fract, mrem/yr  fract. nrem/yr fract.

mrem/yr fract. mrem/yr  fract. wrem;/yr tract

Ra-228 :4.071K+00 0.2703. 3.718E-03 0.0002 0.000E+00 §.0080. d.755K+00 0.3157
Th-228 :4.840E+00 0.3213 1.852E-02 0.0012 0.000E+00 0.0800 '5.904E-02 0.0039
Th-232 ' 2.3315-01 0.018$ 1.051E-01 0.0070 0.000E+00 0.pOGY. '5.124E-01 0.0340

1.3928-01 0.0092 1.6856-PI70.0112 4.031K-02.0.0027
1.2138<03 0.0001 6.656E-08 $.0000 1.8568-02-0.0012
1.112802 0.0007 '§.870E-P3 0:0006 7.7168-02 0.0051

Total  9.143E+00 0.6070 1.274E-01 0.0085 0.000E+00 0.00Dd:*

. 326R400 0.3538

1.5168901 0.0101 4:774k~b1 2.0128 1.3628-01 0.0090

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

Water Dependent Pathways

Water Fish Radon Plant

Meat Milk All Pathways*

Ragiv-

Nuc¢lide mrem/yr fract, mrem/yr  fract. mrem/yr fract. nrem/yr fract.

nrem/yr fract. mrem/yr fract. mrem/yc fract

Ra-226 6.0008+00 0.000A; 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-228 0.000£+0C 0.0000: O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-232 0.0008+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.00DE+00, 0.0000 “0.000E+00 §.0000. 9.177E+00 B.8093
0.000E+00:'0.000Q *0.0008+00 0.0000 4.937E+0d 0.3278
0.000E+00 0.0000, '0.000E+00 0,0000 9.477E-0 0.0%29

Total  0.0008+00 0.0000 ‘0.0600R+00 0.0000 0.000E+00 0.0000 0,000E+00 0.0000

of all water independent and dependent pathways

'6.0004+00° 0.0000 0.000E+00 ‘6:0000 1.506E+01 1,0000
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Susmary : Great Lakes RESRAD Default Paramweters for -mm File: GreatlL.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr snd Fraction of Total Dose At t = 1.000E+0C years
itar Independant Pathways (Inhalation excludes radon)
Ground ‘nhalation Radon Plant Meat Milk [ 133
AagIa-
HuClice: srem/yr  fract. mroen/yr frecet., mtem/yr  fract, rres/yz  frace, meen/yr fract. mren/y:  ftact, arom/yr  fract
Ra-226 4.979E+00 0.3310 #8.565E-03 0.0006 O.000E+00 0.0000 4.226E+00 0.2010 1.237E-01 0.0082 1.490:-01:0,p6§0 4.111E-02 0.0027
Th=2207 3.3659E+00 0.2240 1.289E-02 0.0009 O0.000E+00 0.0000 4.110E-02 0.0027 8.446E-04 0.0001 6.025E-05 t.é?do 1.292E-02:0.0009
™-233. -7.850E-01 0.0522 1.059E-01 0.0Q07C 0.00CE+00 0.0000 1.0S0E+00 0.0698 2.657E-02 0.0018 2.767E-02 6.‘06'1) 8.210E-02:0,005%
Total  9.132B400 0.6072  2735-01 0.0085 0.000E+00 0}0000 5.31E+0D 0.3535 1.511K-01'4.9300 1.767E-0170.d4%18 1.361E-0} 0.009:
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p]
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years
Water Dspendent Pathways
Water Radon Plant Meat Milk All Pathways*
430iC~
Suclitge mres/yr Srace., mremiys  fract. wmenn/yr  frect. mrem/yr fract. rrem/yr  fract, meemlyr  fract. mran/yes  frack

0.0000
0.0000
¢.0000

Ra-228 0.000E+00
Th-228 0.000E+00
Th-232 ' 0.000E+00

0.000R+00 0.0000
0.000E+00 0.0000
0.0008+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0,000%:
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000
0.0008+00 0.0000

9.527E+00 0.6334
3.436E+00 0.228S
2.078E+00 0.1381

Total  0.000K+00 §.0000

*Sum of all water indep

0.0008+00 0.0000

. 3 "
and dep

0.000E+00 0.0000

t pathways.

0.000E400 ©0.0000

0,000E+00 0.0000

0.000E+00 0.0000

1.504E+01 1.0000
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File: GreatL.RAD

Total Dose Contributions TDOSE(i,p,t} for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

iter Independent Pathways {Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Hartio~-
Wuznliige nmremdyr  fract. mrem/yr  frant. arem/yr fracr. wrem/yr £ract., mrem/yr fract. mrem/yr  fract. wremSyr fracn
Ra-228 5.411B¢00 0.3608 1.250E-02 0.0008 0.000E+00 0}“;” 3.324E+400 0.2216 9.713E-08 -0_‘.60‘5 ' i.lGGE-OI :0..,00?! 'A3.797B—'02‘ 0.002§

Th-220 1.632E+00 0.1088

6.246E-03 0.0004

0.000E+00 0.0000

1.991E-02 0.0013

4.0926-04 6.0000. 2.919£-05 . 0000,

6.230R-03 0.0004

Th-232 Z.064B490°0.1377 1.08SE-01 0.0072 0.000E+00 0.0000 1.956E+00 0.1304 5.306E-02 0,0035' . 5.952E-02 0:0040 9.171E-02 0.0081,
Total #:1078+00 0.4873-:1.273E-01 0.0085 0.000E+00 §.0000°-5.300E+00 0.3534 1.506E-01 0.0100 ''1.761E-0170/8117 1.359E-01 0.0091
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i} and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
Regio~
Huslicr  =rem/yr  frac:. mrez/yr  Lract. mrem/yr  fract, mrems/yr  frave., mee=/yr  frocth, mrex/yr  frace. syem/yr teract
Ra-228 0.000§+00 0.0000" 0.000E+00 0.0000 0.000E+0D 0.0000 0.000E+Q0 0.0000 0.000E+0U 0.0000 0.000E+00 0.0000 8.998E+00 b.8$000
Th~220 0.0008+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+G0 0.0000 0.0005+00 030060 0.000E+00 9.0000 1.665E+00 0.1310
Th-232 0.0008+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 O0.000K+0D 04,8000 0.000E+00 $.0000 ¢.334E+00 0.2890
Total 0.000£+00 0.8000 0.000E+00 0.0000 0.000K#00 0.0080: 0.D00E+00 0:0000 0.000E+00 0.000: $.000E+00 0.0000 1.5008+01 150000

‘Sum of all water independent and dependent pathways.
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Summary : Great Lakes RESRAD Default Parameters for -rnhz File: GreatL.RAD

Total Dose Contributions TDOSE(4,p,t) for Individual Radionuclides (i) and Pathways (p}
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

later Independent Pathways (Inhalation excludes radon}

Griound ‘nhalation Radon Plant Meat Milk

“adio=

Soil

Hurlide mres/yr  frace. mrem/y:r fraee. mrem/yr  ftact. mrem/yr fract., mres/yr  frace. mrem/yr  fracs.

wrem/y: fzact

Ra-228 %;3.138E+00 ¢.2108 8.539£-03 0.0006 0.000E+00 0.0000 1.416E+00 0.0951 ¢.129£-02 0,028 4.932E-02 0.9033
Th-226-.1.292E-0170,0087 4:945E~04 0.0000 0.000E+00 0.0000 1.$76E-03 0.0001 3.240E-0% Q.0080' 2.311E-06 0.0000
Th-232 5.7676+00,9,3875 1.161E-01 0.0079 0.0008+00 0.0000 3.845E+00 0.2583 1.062E-01 0,60V 1.255E-01-0.9084

1.9326-02 0.00§3
4.9548-04 0.0009
1.157E-01 0.0078

9.034E+00 0.6070  271E-01 0.0085 0.000E+00 0.0000 5.263E+D0 0.3536 1.495E-02 0.PI00 1.748E-01 d.0417
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Psthways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years :
Water Dependent Pathways

Water ‘ish Radon Plant Meat Milk

1.355E-01 0.009:

All Pathways*

Xadio-
vaclido mremfyr Iract, mrem/yr  fxact, meom/ve  fract. mren/vr  frackt. mrem/yr fract. =eam/yr  frast.

neem/yr  €ract

Ra-228 0.0008+00.'8.0000 0.000E+00 0.0000 0.000E+00 0.0000 . 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 .6,0000

Th-220° - 0.000K+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 G.w 0.000E+00 ooooo
Th-232 ..°.m 'Q.OOOO 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0:‘000 0.000K+00 0.0000

4.672E+00 0.3139:
1.318E-0% 0.0009
*
1.008E+01r 0,673

Tota.  0.000%+00- ¢.0000 0.000E+00 0.0000 0.000E+00 (50000 0.000E+00 0.0000 0.000E+0d.D;DOO® “0I000E+00 0,0000

jum of all water independent and dependent. pathways

1.486E+01 1.0080
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Tt Limit = 0.5 year
Summary : Great Lakes RESRAD Default Parameters for Th322
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File: GreatL.RAD

Total Dose Contributions TDOSE{i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years

iter Independent Phthwayl {(Inhalation sxcludes radon}

Ground Inhalation Radon Plant Meat Milk Soi:
ARILT~ —
Suslisds mrondye  tract.  srem/yr fract. mrem/yr  fract. mrem/yr fcact, orem/yr fraci.  mres/yr  fracs, mzemiy:  CLras
Ra-228 2.8818-01 _q.ou‘m. 7.942E-04 0.0001 0.000C+00 0.0000 1.214E-01 0.0082 3.530E~03 D;D00T 4.220E-03 o;fo:po'a' 1.~1i¢§nf_e.odb1
Th-228 9.:2058-08'0.0008 3.524E-07 0.0000 0.000E+00 0.0000 1,123E-06 0.0000 2.309E-08 0.0000 1.647E-03 0.000O0 ~$.5338-07 0.0000
Th-232 6.691E+00 0.3873 1.261E-01 0.0085 0.000E+00 0.0000 5.116E+00 0.3457 1.4525-01 0.008¢ 1.697E-01 4.0815 - 1.334E-01 .0.0090
Totsl 8.976E+00 0.6066 1.269E-01 0.0086 0.0OCE+00 §5000@°(5.237E+00 0,3539  488K-01 0.010 1.739B-01 0.0318 1.3SIE-0f 0.0091

)tal Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
Water Dependent Pathways

Water Fish Radon flant Meat Milk All Pathways*
Radiu~
suclicse mrem/ye  fract. meen/yr  ftoct, nrem/yr  ftack. mren/yr  frsct. mram/yr  fract. mrex/yr frace, mramlyr fract
Ra-228 - 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.9000 4.167E-01 o_.iiz',ci
Th-228 [0.000E+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 G}0000 0.000E+00 §.0000 9.394E-05 0.0900
Th-232 . 0.0005+00 0.0808} 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 G;BOGD 0.000E+00 0.0600 1.438E+0L 0.9718
Total 0:000E+Q0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.480E+01 1.0000
‘Sum of all water ind dent and dependent pathways.
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Summary : Great Lakes RESRAD Default Parameters for THA2 File: GreatL.RAD
Total Dose Contributions TDOSE(i,p,t) for Individusl Radionuclides (1) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
iter Independent Pathways (Inhalation excludes rsdon)
Ground Inhalation Radon Plant Meat Milk Soil
AR&ILO~
Hoeline  moenmiyr trace. =rem/yr  fract. mraz/yr  frace. nrem/yr  fraecy, rrem/yr  fract., wrem/yr  Tract, meen/ys  Iregt

Ra-228 5.226E-03 0.G000 1.457E-07 0.0000 0.000E+00 0.0000 2.2255-05 0.0000 6.484E-077050000 7.735E-07 0.G000. 3.147E~DT 0.0000,
: Lk } : g
Th-228 8.902E-16 0.0000 3.407E-18 0.0000 0.000E+00 0.0000 1.086E-17 0.0000 2.2328-1’ 0.0“9 1.592E-20 0.‘0_00 3.413E-18 0.0_0’9
Th-232 8.969E+00 0.6065 1.269E-01 0.0086 0.000E+00 0.0000 $.234E+00 0.3539 1.487g-01 0.9181 1.738E-01 L0518 1.350E-01 0.0091
8.969E+00 0.6065 1.269E-01 0.0086 0.000E+00 0.0000 S5.234E+00 0.3539 1.487E-01 0.0h’i 1.736E~01 0.0118 1.350E-01 0.0591
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways*
Hadin-
Sucolde mrest/yr fract, rmcem/yr CrAct. mremlyt  f(ract. mrem/ye  fract. mren/yr frect. wren/yr frace, mram/yr tract
Ra-226" 0,0008+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0:00PD 0.000E+00 0.0000 7.641E-0S. 0.0p00
Th-228"° 0.000K+00 0.0000 0.000E+00 0.0000 ©.000E+0C 0.0000 0.000E+0C 0.0000 O©.00QE+00 0.0000 0.000E+0D 0.0000 9.0812-16.0.‘000‘0
‘l'h—232._”_b.60“500".w, © 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0Q0E+00 0.0000 0.000E+00 0.0000 1.479E+01 1.0000
otal  0.0008¢00 0.0008 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.479E+0% 3.0000
*Sum of all water ind dent and depend pathways
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Summary : Great Lakes RESRAD Default Parameters for ThI2} Flle: GreatL.RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mren/yr and Fraction of Total Dose At t = 3.000E+02 years

Water Independent Pathways {Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil

{agLo-

Suciide  mpam/yve frsce, mremfyr  frace. srem/yr  frace. azem/yer  Ifrace, prem/yr  f[tact. mrem/yr  fract. meanfyr  fract

Ra-228 - 1.1008-15 0.0000 3.066E-18 0.0000 0.000E+00 0.0000 4.683E-16 0.0000 1.365E-17 0.0000 1.628E-17 $.0000 6.6245-18 Q.0080
Th-228 - 0.000R+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+003:0.0080 0.000E+00 0.4800 '0.000E+0C .0006
Th-232 6.9645+00 0.6065 1.268E-01 0.0086 0.000E+00 0.0000 $5.231E+00 0.3539 1.486E-01 0,810% 1.737E-01 §.0418 1.350E-01 0.0091

Total 8.964E+00 0.6065  268E-01 0.0086 0.000E+00 0:0000 5.231E+00 0.3539 1.4B6E-GL: ;0101 '1.737E-01 0,0118 ~1.3505-03 0.00%1
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

tadio-
haclide mrensyr fract.  mrendyr fract. mrem/yr  fract,  mres/ys  fract.  meee/yr  fract, o mreem/yr fract.  wrem/yr fract

Ba-22¢ 0.000E+00 ¢.0000 0.COOE+00 0.0000 0.000E+00 0.0000 0,0008+00 0.0000 0.000E+Q0 0.0000 0.000E+00 coooo 1.600E-19 69,0000
Th-220 0.000§+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 $.0000 ‘0.0005+00 0.0000 0.000E+0Q 0.0000

Th-232 '0.0008+00 9.0000 0.00DE+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00:0:D000 0.000E+00 B.0000 1.478E+01 1.0000

Tota.  0.0088+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00-&§.0060 0.000E+00 ¢.0008 - 0.000E+00 9.0000  478E+0Y 1.0000

jum of all water ind dent and dependent pathwaya
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Summar : Great Lakes RESRAD Default Parameters £ Thi2a File: GreatL.RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p]
As mrem/yr and Fraction of Total Dose At t = 1,000E+03 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Ra
Ny de mrem/yr fract mrem/yr fract mrem/yr fract mrem/yr fract arem/yr fract mrem/yr fract mrem/yr

Ra-228 ‘0.000E+00 0.0000 0.000E+00 0.0000 0.0005+00 0.0000 0.000£+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000
Th-228 0.000EB+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-232 6.946E+00 0.6065 1.266E-01 0.0086 0.000E+00 0.0000 5.221E+00 0.3539 1.483E-01 0.0101 1.734E-01 0.0118 1.347E-01 0.0091

Total  8.946E+0Q 0.6065 !66E~01 0.0086 0.000E+0C 0.0000 5.2215+00 0.3539 1.483E-01 0.0101 734E-01 0.0118 1.347E-01 0.00%1
:al Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p.
As mres/yr and Fraction of Total Dose At t ~ 1.000E+03 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radta-
Bogllde sremfer fraoe. mremsyy fract, cremfiyr fract. erex/yr  fract, wrea/yr  fraet. mren/yr  frare. nremfy:  tract

Ra-220 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-228 0.000K+00 0.0000 0.000E+00 0.0000 O©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000%+00 0.0000
Th-232 1.206E-3C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 1.475E+01 1.0000

206E-30 0.0000 0.000E+00 0.0000 0.0005+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 000E+00 0.0000 1.4758+01 .0000

*Sum of al dependent and dependent pathways
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Summary : Great Lakes RESRAD Default Parameters for Th3i22 Flle: GreatL.RAD

Dose/Source Ratios Summed Over All Bathways
Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Branch DSR{j,t) (mrem/yr)/(pCl/g}. ,

(1) (3)  Fraction* t= D.000E+P0" 1,0088+00 3.000E+0¢ 1.000E+01 3.000E+01 1.000£302 3.000E+02 1.0008+03
Ra-228 ‘Ra-228  .000E+00  ©.2365+00 7. 285E+00 5.698E+00 2.4108+00 2.0628-03 3.7668~0% 7.9835-16 0.000THO0
Ra-228 Th-228 .000E+00 9.390E-01 2.242E+00 3.301K+00 2.262K+00 2. 1osﬁ: .1 B61E-08: 1278-16 o.ooon{»oo
Ra-228 EDSR{3) 9.177E+00 9.527E+00 8.998E+00 4.‘723000 4.167E~01 7 641E-05 1.6088~18 0. ooo:}oo

Th-228 Th-226 1.0008%0b  4.937E+00 3.436E+00 1.6638+00:1.31i8K-01 9.394E-08, 9.061E-1% 0.0Q0K+00 ¢.000E}00

Th-232 Th-232 1.000E+CO 4.2308-01 ¢.230E~01 4.230E-01 4.230E-01 “.23@&01 4.229E-01 4.227E-01 4.218E-01

Th-232 Ra-228 1.0008+00  4.84B8E-01 1.416E+0D 2.973E+00 §.197E+00 6.357E+00 8.558E+00 8.553E+0D '8.537E+00
Th-232 Th-228 100“400 3.996E-02 2.391E-01 9. 3795-01 3.460E+00 5.601E+00 §.806E+00 5. 903“00 5 792E+00
Th~232 IDSR(J 9.477E-01 2.078E+00 4.334E+00 1.006E+01 1.438E+01 1.479E+01 1. 470300‘1~} 475E+0L
*Branch Fraction is the cumulative factor for the j‘t principal radionuclide daughter: CUMBRF(J) =~ BRF(1)*BRF(2}* BRF(1)

The DSR includes contributions from associated (half-life £ 0.5 yr) daughters.

Single Radionuclide Soil Guidelines Gii,t) in pCi/g
Basic Radistion Dose Limit = 2,500E+01 mrem/yr

Nuclide
1) t= 0.000B+00 1.0008+00  3.000E+0D lmi 3.000E+01‘ 1.000E+02 3.0008+02 1.000E+03

S

Ra-238 2.724E+00  2.624E+00 2.778E+00 5.351K+00 5.999E+01  3.272E+05 #2.726E+14 *2.726E+1d
Th-2290 5.064E+00  7.275E+00° 1.502E+01 1.897E+02 2.661E+05 *8.192K+14 *8.192E+14 +8.192E+14
T™-232 2.63BE+01 1.203E+401 5.769E+00 2.480E+00 1.73BE+00 1.691K+00 1.692E+00 1.695E+00

*At specific activity limi:

Summed Dose/Source Ratios DSR({,t) in (mrem/yr)/(pCi/q)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g
at tmin = time of minimum single radionuclide soil guideline
and at tmax = time of naxlﬁul total dose = 0.000E+00 years

Nuclide 1Initial tmin DSR(i,tmin) G{i,tmin) DSR(i,tmax) G(i,tmax)
(1) (pCi/g) (years) (pCi/q) (pCi/g)

Ra-22¢ f.00BE+00  1.168  0.08Z 9.533E+00 2.622E+00 9.177E+00 2.724E+00
Th-228. 1.0008+00 0.000E+00 4.937E+00 5.064E+00 4.937E+00 5.064E+00
Th-232  1.000R+00 87.4 £ 0.2 1.479E+01 1.691E+00 9.477E~01 2.63BE+01
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Summary :

Nuclide Parent

(B }]

BRF{1)
(1)

T Limit = 0.5 year
Great Lakes RESRAD Default Paramaters for Th322

06/02/2003 12:23 Page 18
File: GreatL.RAD

Individual Nuclide Dose Susmed Over All Pathways
Parent Nuclide and Branch Fraction Indicated

3 DOSE(J,t), mrem/yr
te 0.000E+00 1.060K+00 3000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+OR 1.000E+03

Ra-228
Ra-228
Ra~228

Th-226
™-228
Tn-228
™-228

Th-232

Ra-228  1.0008+0D
Th-232 1.0008+60
EDOSE(3)

Ra-228 1.000E+00
Th-228. 1.000E+00
Th-232  1.000E+00
IDOSE (3}

Th-232 1.000E+00

£.2388+00 7.285K+00- §.€96K+00 2.410E+00 2. oszs-op’j 760E-05 .7.985E-16 6.,0008+00
4.8488-Q1 x.umoo 2. 971‘000 6.197E+00 6.357E+400 8.556E+00 o.um 8.5319400
8.7238+00 6. 701.4-00 I.‘G‘)m ‘ 607E+00 8.564E+00 8.556E+00 ':S!&OOO [ B S378+00

9.390E-01 2.242E+00 3.301E+00 2.262E+00 2.105E-01 3.861E-05 §.1278-16 0.000E+00
4.937E400 3.436E+00 1.6658+00 1.318E-01 9.394E-05 9.081E-16 9.D00E+00 0.000E+00
3.996E-02 2. 3915—91 $.3795-01 3.460E+00 5.601E+00 5.B06E+00 }.8035000 5.792E+00
5.916E+00 S.917K+00 5.904E+00 5.B54E+00 5.811E+00 5.806E+00 ‘.‘03!7000 5.792E+00

4.230E-01 4.230E-01 4.230E-01 4.230E-01 4.230E-01 4.2298-01 4.227E-01 4.218E-01

BRF({} is the bratch fraction of the parent nuclide

Nuclide Parent

(W)}

Ra-228

Ra-228"

Ra-228

Th=228
Th~228
T™-220

Th-220

Th-232

BRF (1)
t1)

Ra-228
™=232
£3(3):

"1,000E+00
1.000E+00

Ra-22¢
Th-22¢
: Th=23;
£s)):

1,000E+00
1.000E+00
1.000£+00

Th-232 1.000E+00

Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated

8(3,t), pci/g

t= 0.000E+00 1.0000000 3.000E+00 1.000E+01 3.000E+0) ‘Y.000E+02 3.000E+02:4.000E+03

9.657E-17 0.000E+00
9.799E-01 9.760E-01
9.799E-01:9.780E-01

6.916E-01 2.9258-01 2.503Z-02 4.588E-06
3.0255-01 6.938E-01 9.561E-01 9.804E-01
9.940E~01 9.863E-01 9.811E-01 9.804E-01

1.000E+00 8.843E~01
0.000E+00 1.134E-01
1.000E+00 9.978E-01

1.461E~16"0. 0008400
0.000£+09. 8. C0DRND0
9.799E-0%.9.780£-01
9.799L-0% 9.780E-01

5.363£-01 4.023E~01 3.785E-02 6.943E-06
3.372E-01 2.670E-02 1.903R-05 1.83%E-16
1.2402-01 5.599E-01 9.435E-01 9.804%E-01
9.976E-01 9.890E-01 9.814E-01 9.804E-01

0.000E+00 2.843E-01"
1.000E400 6.961E-01
0.000E+00 1.€635-02
1.000E+00 '9.996E-01
9.992E-01 9.8$72-01

1.000E+00 1.000E+00 1.00OE+00 1.000E+00 9.999E-01 9,997E-01

BRF(i) is the branch fraction of the parent nuclide.

RESCALC.EXE execution time =

1.35 seconds
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Dose Conversion Factor (and Related] Parameter Summary
File: FGR 13 Morbidity

i i

Current Parameter
Menu Parameter Value Dafault Name
] J

B-1 Dose conversion factors for inhalation, mrem/pCi
»-1 Ra-228+D 5.0008-03 5.0008-03 DCF2( 1)

Th-2284D 3.450E-0] 3.4508-01 DCF2( 2)
B-1  Th-232 1.640E+08  1.6408F00  DCF2( 3)
D-1 Dose conversion factors for ingestion, mrem/pCi
D-1 Ra-228+D ' 1,440E-03  1.440E-03 DCF3(.1)
D-1 Th~2284D 8.080E-04 8,080E-04° DCF3( 2)
N1 Th-233 - 2.7308-03  2.730E-03 DCF3({ ¥»
D-34 Food transfer factors:
D-34 Ra-228+D , plant/soil concentration ratio, dimensionless 4.0005-02 4.000%-02 RTF{ 1
D-34 Ra~228+D , beef/livestock-intake ratio, (pCi/kg)/{(pCi/d) 1.0008-03  1.000E-03: ari(: L3
D-34 Ra-228+D , milk/livestock-intake ratio, (pCi/L}/(pCi/d) 1.000E~03 1.000E-03 RTF( 1,3)
p-34
D-34 Th~228+D , plant/soil concentration ratio, dimenslonlpu 1;’,()00:—03 1.000E-03 l"l"l‘(. 2_, 1)
D-34 Th-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-04  1.0008~04 RIT( 2,2)
p-34 Th-228+D , milk/livestock-intake ratio, (pCi/L}/(pCi/d) 5.000E-06 5.000E-06 ®¥¥{ 2,3)
D-34
D-34 Th-232 , plant/soil concentraticn ratio, dimensionless 1.000E-03 ?1-60“-93 RTF( 3,1)
D-3¢ Th-232 , baef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E~04 l.m RTFi 3,2)
p-34 Th-232 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5,000E-06 6.00“*0‘ RTF( 3,3)
D=5 Biocaccumulation factors, fresh water, L/kg:
D5  Ra-2284D , fish 5.0008+01 5.000E+01 BIOFAC( 1,1)
-5 Ra-~-228+D , crustacea and mollusks 2.500E+02 2.5003#05 BIOFAC( 1;2)
D-5
D-5  Th-226+D fish : 1,000E402  1.000E402 BIOFAC( 2,1
D-5 Th-2284D crustacea and mollusks 5'.900t+02 5.000‘1&& BIOFAC( 2,2
D=5 )
D-5 Th-232 , tish . 1.000E+02 | 1.000E+02 BIOFAC( 3_,'1;
DS Th-232 . crustacea and mollusks §,000B+02 | 5.000E+02 BIOFAC{ 3,53‘
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SMry ¢ Great Lakes 19 sq meter area RESRAD Default Parameters for Th322
File : GreatL2.RAD
Site-Specific Parameter Summary
User Used by RESRAD Paramet:
Menu Parameter Input Default (If different from user input) Name
¥ - - —+ et t
RO11  Area of contaminated zone (m*+2) 1.900E+08  1.0008+0¥. | AREA
RO%1 Thickness of contaminated zone (m) 2.000E+00 2.000E+00 | rRICKO
RO11 Length parallel to aquifer flow (m) 4.360E400  1.0008402 | LczPAQ
RO11  Basic radiation dose limit (mrem/yr) 2.5008401  3,500+01 { BROL
RO11  Time aince placement of material (yr 0.000E+00  0.000E+00 | 11
’011 Times for calculations (yr) 1.000£+00 1.000E+00 11t 2)
RO11 Times for calculations (yk) 3.000E+0p-  3.000E+00 l_'l’(~ 3)
RO11 Times for calculations (yr) 1-00050-0!‘ 1.000E+01 (IR A }]
RO11 Times for calculations (yr) 3.000E+01  3.000E+01 T %)
R011 Times for calculations (yr) 1.000E+02 1.000BE+02 | T &
RO1X Times for calculations (yr) 3.000E+02  3.000E+02 ] ¢
RO11 Times for calculations (yr} 1.000E+03  1.000E+03 | Tt 8)
RO11  Times for calculations {yr) not used  0.000K+00 | Tem
2011 Times for calculations (yr) not used  0.000E+00 | T
"o12 Initial principal radionuclide (pCi/q) Ra-228 1.0008+00 0.000E+00 ()
RO12 1Initial principal radionuclide (pCl/q) Th-220 1.0008+00 0.000E+00 Jl( 2)
®012 Initial principal radionuclide (pCi/g) Th-232 1.000E+00 0.000E+00 31( 3)
R012 Concentration in groundwater {pCi/L) Ra-220 not used 0.000E+00 wi{ 1)
M012 Concentration in groundwater (pCi/L) Th-226 not used 0.000E+00 w1l( 2)
RO32  Concentration in groundwater (pCi/L} Th-232  not used  0.000E+00 w3
RA13 Cover depth (m) 0.000E+00  0.C00E+00 | COVERO
RO13 Density of cover material (g/cm**3) not used 1.500E+00 | DENSCYV
ROIS Covaer depth erosion rate (m/yr) not .used 1.000E-03 | vcv
l@;) Density of contaminated zone (g/cm**3). 1.500E+00 1.500E+00 } DENSCZ
RO1} Contaminated zone erosion rate (m/yr) 1.000E-03  1.000E-03 | vcz
X013 Contaminated zone total porosity 4.000E-0f  4.000E-0% | — TPCZ
ROL3 Contaminated zone field capacity 2.000!—01'; 2.000E-01 | e FCCZ
R013  Contaminated zone hydraulic conductivity (m/yx) 1.000E+01  1.000E+01 | HCCZ
K011 Contaminated zons b parameter 5.300B+00  5.300E+00 | BCZ
RO13 Average annual wind speed (m/sec) 2.000E+00  2.000B+00 | WIND
RO1}3  Humidity in air (g/m**3) not used 8.000E+00 | HUMID
N013. Evapotranspiration coefficient 5.000E-01 %.000E-01 | EVAPTR
RO13  Precipitation (m/yr) 1.0008+00  1.000E+00 | PRECIP
K013 Irrigation (m/yr) 2.0008-01  2.000E-01 | RI
R013  Irrigation mode overhead  overhead | IDITCH
R013  Runoff coefficient 2.000E-~01 2.000E-01 | RUNOFF
RO13 wWatershed area for nearby stream or pond (m**2} 1.000E+06 1.000E+06 | WAREA
RO13  Accuracy for water/soil computations 1.000E-03  1.000E-03 | EPS
RO1¢ Density of saturated zone (g/cm**3) | 1.500E+00 1.500E+00 | DENSAQ
RO14 Saturated rone total porosity | 4.000E-01  4.000E-01 | TPSZ
a4 Saturated zone effective porosity { 2.0008-01 2.000E-01 | zesz
2014  Saturated zone field capacity | 2.000E-01 2.000E-01 | Fese
ROI4  Saturated zone hydraulic conductivity (m/yr) | 1.000E402 1.000E+02 | Hcsz
RO14  Saturated zone hydraulic gradient | 2.000E-02 2,000E-02 | HGwT
RO14  Saturated zone b parameter | 5.3008+00 5.300E+00 | Bsz |,
RO14  Water table drop rate (m/yr} | 1.0008-03 1,.000E-03 | vt
RO14 Well pump intake depth (m below water table) | 1.000E+01 1.000E+01 | owiewT
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Site-Specific Parameter Summary {continued)

User Used by RESRAD Parameter
Menu Parameter Input Default (If different from user input) Name
RO14 Model: Nondispersion (ND) or Mass-Balance (MB) ND ND MODEL
RO14  Well pumping rate (m**3/yr) 2.5008#0Z7  2.500E+02 oW
RO15 Number of unsaturated zone strata 1 1 NS
RO1S Unsat. zone 1, thickness (m) 4.000E+00  4.000B+00 H(1)
RO15 OUnsat. zone 1, soil density (g/cm*+*3) 1.500E+00 1.500E+00 DENSUZ (.
RO15 Unsat. zone 1, total porosity 4.000E-01  4.0008-01 TPUE(1)
RO15 Unsat. zone 1, effective porosity 2.000e-01  2.000E-01 EPUZ(1)
R015 Unsat. zone 1, tield capacity 2.000[—0# 2.000E-01 FcUz(l)
RO1S Unsat. zone 1, soil-specific b parameter 5.300:#00” 5.300E+00 BUZ (1) '
R015 Unsat. zone 1, hydraulic conductivity (m/yr) 1.000E4+01 1.000E+01 RCUZ (1)
RO16 Distribution coefficients for Ra-228
RO16 Contaminated zone {cm**3/q) 7.000E+01  7.000E+01 pawuce( 1)
RO16 Unsaturated zone 1 (cm**3/q) 7.000E+01  7.000E+01 DCNUCU( 1, 8)
RO16 Saturated zone (cm**3/g) 7.0008+01  7.000E+01 - DONUCS { ll“:‘
RO16 Leach rate (/yr) 0.000E+00  0.000K+00 2.374E-03 ALEACH( 1} :
RO16 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK({ 1) -
RO16 Distribution coetficlents for Th-228
RO16 Contaminated zone (cm**3/g) 6.000E+04 6.000E+04 DCNUCC { l}
R0AE  Uneaturated zone 1 (ca**3/q) 6.000B+0¢  6.000E+04 —- DaNUCU ( 2, 1)
KOAE  Saturated zone (cm*+3/g) 6.000E+08  6.000E+D4 — pawucs( gy,
RO'I'G Leach rate (/yr) 0.000K+00 0.000E+00 2.778:—06 ALEACH ( u
N1 Solubility constant 0.000K+00  0.000E+00 not used SOLUBK( 2},
R01§ Distribution coefficients for Th-232
W0J§  Contaminated zone (ca**3/g) 6.000E¢04  6.0005+04 - pawvcc( 3)
RI®  Unsaturated zone 1 (cme+3/g) 6.000E+04  6.000E+04 . poNucu( 8,31
A016 Saturated zone (cm**3/g) 6.000E+04  6.000E+04 i pcNucS ( 8)«
RO16 Leach rate (/yr) 0.000E+00 0.000E+00 2.778E-06 ALEACH( J)
RO16 Solubility constant 0.000E+00 0.000R+00 not used SOLUBK{( 3)
RO17 Inhalation rate (m**3/yr) 8.400E+03  8.400E+03 INHALR
RO17 Hass. loading far inhalation (g/m**3) 1.0008-04 1.000K-04 MLINK
M1T  Exposure duration 3.000R+01  3.000E+01 ED
m’l Shielding factor, inhalation 4.000E-01 4.000E-01 SHF3
RO17  Shielding factor, external ga=mma 7.000E-01  7.000B-01' SHF1
RO17 Fraction of time spent indoors $.0008-01  5.000E-01 -— FIND
RO17 Fraction of time spent outdoors (on site) 2.500E-01 2.500K-01 —— FOTD
RO17 Shape factor flag, external gamma 1.000E+00 1.000E+00 >0 shows circular AREA. 3]
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Site-Specific Parameter Summary (continued)

User Used by RESRAD Parameter

Menu Parameter Input Default (If different from user input Nape
%017 Radii of shape factor array (used if FS = «1)
l@l? Outer annular radius (m), ring 1: not used 5.000E+01 RAD_SHAPE( 1}
f 12 Outer annular radius (m), ring 2: not used  7.071E+01 RAD_SHAPE( 3).
p&y Outer annular radius {m), ring 3: not used 0.000K+00 RAD_SHAPE 5)
lﬂ}!j Outer annular radius (m), ring 4: not used 0.0008+00 RAD_SHAPE ( ll
RO17 Outer snnular radius (m), ring 5: not used 0.000E+00 RAD_SHAPE( S}
RO17? Outer snnular radius (m), ring 6: not used 0.000E+00 RAD_SHAPE( 6}
RO17 Outer annular radius (m), ring 7: not -used 0.000E+00 RAD_SHAPE ( 1‘)
R017 Outer annular radius (m), ring 8: . not used 0.000E+00 RAD_SHAPE( B)
RO17 Outer annular radius (m), ring 9: not used  0.000E+00 — RAD_SHAPE ( 9)
RO17 Outer annular radius (m), ring 10: not used 0.000K+00 - RAD_SHAPE {10)
w017 Outer annular radius (m), ring 11: not used 0.000£+00 : RAD_SHAPE (11)
rory Outer annular radius (m}, ring 12: pot used  0.000E+00 . RAD_SHAPE (12)
RO17  Fractions of annular areas within AREA:
RO17 Ring 1 not used 1.0008+00 FRACA( 1)
013 Ring 2 not used  2.7326-01 FRACA{ 2)
nod ¥ Ring 3 not used  0.000E+00 FRACA( 3)
RO17 Ring ¢ not used 0.0008+00 FRACA( 4)
RO17 Ring 5 not used 0.000K+00 FRACA( 5)
RO17 Ring ¢ not used  0.0008+00 FRACA( 6)
RO17 Ring 7 not used  0.000E+00 FRACA( 7}
RO17 Ring 8 not used 0.000E+00 FRACA( 8)
RO17 Ring 9 not used 0.000E+00 FRACA( 9)
RO17 Ring 10 not used  0.0005+00 FRACA (10)
RO1? Ring 11 . not used 0.0008+00 FRACA(11)
RO17  Ring 12 not used  0.000E+00 FRACA{12)
RO18 | Fruits, vegetables and grain consumption (kg/yr)} | 1.600E+02 1.6008+02 DIET(1)
R018 | Leafy vegetable consumption (kg/yr) | 1.400E+01  1.400E+0L DIRT(2)
RO1B | Milk consusption (L/yr) ’ | 9.200E+01  9.2008+01 DIET(3)
RO18 | Meat and poultry consumption (kg/yr) | 6.3008+01  6.300E+01 DIET (4)
RO18 | Fish consusption [kg/yr) | 5.400E+00  5.400E+00 DIET(5)
RO18 | Other seafood consumption (kg/yr) | 9.0008-01  9.000E-01 DIET(6)
RO16 | Soil ingestion rate (g/yr) | 3.650E+01  3,6508+01 80IL
R018 | Drinking water intake (L/yr) } 5.1008402 5.1008+02 oW1
RO18 | Contamination fraction of drinking water | 1.0008+00 1.0005+00 FDW
RO18 | Contamination fraction of household water | not used 1.000E+00 FHEW
RO18 | Contamination fraction of livestock water | 1.000E+00  1.000E+00 - FLN
RO18 | Contamination fraction of irrigation water { 1.0008+00  1.0008+00 .- FIRW
R018 | Contamination fraction of aquatic food. | 5.000£-01 5.000E-01 —— FR9
RO18 | Contamination fraction of plant food- -1 -1 0.9502-02 FPLANT
RO18 | Contamination fraction of meat -1 128 0.950E-03 FMEAT
RO18 | Contamination fraction of milk }-1 415, 0.950E-03 FMILK
RO19 Livestock fodder intake for meat (kg/day) 6.800E+01 6.800E+01 LFIS
RO19 Livestock fodder intake for milk (kg/day) 5.500E+01 5.500E+01 LFI6
RO19 Livestock water intake for meat (L/day) 5.000E+01  5.000E+01 IMIS
RO19 Livestock water intake for milk (L/day) 1.600K+02 1.6008+02 LN16
' LsI

RO19 Livestock socil intake (kg/day) 5.0008-01 5.000E-01
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Site-Specific Parameter Summary (coantinued)

User Used by RESRAD Parameter

Menu Parameter Input Default (If different from user input) Name
+ : :
RO1S Mass loading for foliar deposition (g/m**3) 1.000E-04 1.000E-04 MLFD
RO19 Depth of soil mixing layer (m) 1.500!-01 1.500E-01 ™
RO19 Depth of roots (m) $.000E-01  9.000E-01 DROOT
RO19 Drinking water fraction from ground water 1.000E+00 1.000E+00 FGWDN
R0O19 Household water fraction from ground water nét. used 1.000£+00 FGWHH
RO19 Livestock water fraction from ground water 1.0008+00 1.0008+00 FGWLN
RO19 Irrigation fraction from ground water 1.000E+00 1.000E+00 FGWIR
R19B Wet weight crop yield for Non-Leafy (hq/!"'l’) 7.0008-01 7.000E~01 V(1) .
R19B  Wet mith crop yield for leaty (kg/m**2) 1.500E+00  1.500E+00 wi2)
R19B Wet weight crop yield for Fodder (kg/m**2) 1.100E+00 1.100E+00 YV(3)
R19B Growing Season for Non-Leafy (years) 1.700B~01 1.700E-01 TE(1)
R19B Growing Season for leafy (years) 2.5008-01  2.500E-01 TE(2)
RI9B  Growing Season for Fodder  (years) 8.000E-02  8.0008-02 15(3)
R19B Translocation Factor for Non-Leafy 1.0008~01  1.000E-01 TIV(1)
R19B  Translocation Factor for Leafy 1.000E+00  1.000E+00 TIV(2)
R198 Translocation Factor for Fodder 1.000E400  1.000E+00 TIV(3)
R198 Dry Foliar Interception Fraction for MNon-leafy 2.500E-01 2.500E-01 RDRY (1)
R198B Dry Foliar Interception Fraction for -hlfy 2.500E-01  2.500B-01 RDRY (2)
R19B Dry Feliar Interception Fraction for l‘oddc:r 2.500E-01  2.500E-01 RDRY {3)
R198  Wet Follar Interception Fraction for MNon-Leafy 2.5601-01 2.>500l-0i' RWET(1)
R198B Wet Foliar Interception Fraction for Leafy 2.500K~01  2.500E-01 RWET (2)
R19B Wet Foliar Interception Fraction for Fodder 2,500%<01 2.500E-01 RWET (3)
R19B Weathering Removal Constant for Vegetation 2.000E+01 2.000B+01 WLAM
Cl4 C-12 concentration in water (g/cm**3) not used 2.000E-0S | C12WTR
cl4 C~12 concentration in contaminated soil (g/g) not used 3.0008-02 | c12ce
c14 Fraction of vegetation carbon from soil not used 2.000E-02 | CSOIL
Cl4 Fraction of vegetation carbon from air not used 9.800E-01 } CAIR
Cl4 .C~14 evaasion layer thickness in soil (m) not used 3.000E-0% | oM
Cl4 C-14 evasion flux rate from soil (1/sec) not used 7.000E07 | EVSN
Cl4 C-12 evasion flux rate from soil (1/sec) not used 1.000E-10 | REVEN
cl4 Fraction of grain in beef cattle feed not used 8.000E-01 | AVFG4
c14 Fraction of grain in milk cow feed not used 2.0005-01 | AVIGS
Cls DCF correction factor for gaseous forms of Cl4 not used 8.894K+01 | COo2F
t

STOR Storage times of contaminated foodstuffs (days)
STOR Fruits, non-leafy vegetables, and grain 1.400E+01  1.400E+01 sron_rur:-
STOR Leafy vegetables 1.000E+00  1.000E+00- STOR_T(2)
STOR  Milk 1.000E+00  1.000E+00 STOR_T(3)
STOR Meat and poultry 2.000E+01  2.000E+031 STOR_T(4)
STOR Fish 7.000E+00 7.000E+00 BTOR_T(5)
STOR Crustacea and mollusks 7.000E+00 7.000%+00 STOR_T(6)
STOR Well water 1.000K+00 1.000B+00 8TOR_T(7)
STOR Surface water 1.0008+00 1.000E+00 STOR_T(8)
STOR Livestock fodder ¢.500E+01  4.500E+01 STOR_T(9)
R021 Thickness of building foundation (m) not used 1.5008-01 | FLOOR1
RO21  Bulk density of building foundation (g/ca**3) not used 2.400K+00 | DENSFL
RO21  Total porosity of the cover material not used 4.000E-01 | TPCV
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Site-Specific Parameter Summary (continued)

User Used by RESRAD Paramet:

Menu Parameter Input Default (If different from user input) Name
+ — } + — ’ .
RO21 Total porosity of the building foundation not used 1.000%-01 TPFL
R021 Velumetric water content of the cover material bﬁt used 5.000!-62 PH20CV
R021 Volumetric water content of the foundation not used 3.000E~02 PH20TL
RO21 Diffusion coefficient for radon gas (m/sec):
RO21 in cover material nbt used 2.000x-06 pIIFCcV
RO21 in foundation material not used 3.000%-07 DIFTL
RO21 in contaminated zone soil not used 2.000E-06 DINCZ
RO21 Radon vertical dimension of mixing (m) not used 2.060!4-00 HNIX
R021 Average building air exchange rate (1/hr) not used  §,000E-01 REXG
RO21 Height of the building (room) (m) not used 2.5008+00 HRM
RO21  Building interior area factor not used  0.000E+00" FAI
R021 Building depth below ground surface (m) not used -1,000E+00 DMFL
RO21 Emanating power of Rn-222 gas not used  2,.500E<01 EMANALL)
RO21 Emanating power of Rn-220 gas not used 1.,5008-01 EMANA (2)
TITL Number of graphical time points . 32 NPTS
TITL Maximum number of integration points for dose 17 LYMAX
TITL Maximum number of integration points for risk 257 KYMAX
1 e I

Summary of Pathway Selections

Pathway User Selection

1

1 -- external gasma ] active

2 -= inhalation (w/o radom)| active

3 -- plant ingestion | active

4 -- meat ingestion J active

5 -- milk ingestion | active

6§ -- aquatic foods | active

7 -- drinking water i active

8 -- soil ingestion | active

9 -~ radon | suppressed

Find peak pathway doses § active
.
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Summary : Great Lakes 19 8q meter area RESRAD Default Parameters for Th322

File : GreatL2.RAD
Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
Area 19.00 square meters Ra-229 1.000E+00
Thickness 2.00 metera Th-228 1.000E+00
lover Depth 0.00 meters Th-232 1.000E+00

Total Dose TDO'SE(t), mrem/yr
Basic Radiation Dose Limit = 2.500E+01 mrem/yr
Total Mixture Sum M{t) = Fraction of Basic Dose Limit Received at Time (t.

. {years) 0.000E+00 1.000E+00 3.000E+00 1.000K+01 3.0008+01 1.000E+02 '3.0008+02| 1.000E+03
TDOSE(t) 5.736E+00 5.730K+00 S5.714E+00 S.6698200. 5.6338+00 5.620K8+00 5.6258400 | 5.614E+00
M({t)  2.295E-01 2.292E-01 2.2868-01 2.267R-01 2.233E-D1 2.251%-01 2.250E-01| 2.246E-01

Maximum TDOSE(t}) 5.736E+400 mrem/yr at t = 0.000E+00 years
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Summary : Great Lakes 19 sq meter srea RESRAD Default Parameters for Th322

File : GreatL2.RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides ) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0,000E+00 [years
Water Independent Pathways {(Inhalation excludes ndd\)
Graound Inhalatian Raden Plant Heat Miik $0il

Radlio-

Hucl tdn mremfyr {ract. nrem/ye Tact. mren/yr frace. mremtyr  ilract, mremlyr  lroct. mrom?yr  fract., mree/yr LrEct
Ra-220 2.4928+00 0.4344 1.920E-03 0.0003 0.000E+00 0.0000 9.034E-02 0.0157 2.645E-04 0.0000 3.200E-04 0,0001 7.697E-04 0.0001
Th-228 - 2.9316+400 0.5110 9.563E-03 0.0017 0.000E+00 0.0000 1.121E-03 0.0002 2.305E-06 0.0000 1.644E-07 0.0000 3.525E-04 0.0001
Th-232 1.428E-01 0.0249 5.428E-02 0.0095. 0.000E+00 0.0000 9.7328-03 0.0017 - 2.112E-05 00000 1.685E-05 0.0000 1.466E-03 0.0003
Total 5.566E+00 0.9703 €.576E-02 0.0115 0.0008+00 0.0000 1.012KE-01 0.0176 . 2.879E-04 0/.000. 3.371E~04 0.0001 2.588E-03 0.0005

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 jears
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways*

Radio-
Nuclide mrem/yr fract mrem/yr fract mrem/yr fract mrem/yr fract. mrea/yr fract mrem/yr fract.
Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 00000 2.586E+00 0.4507
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 o.ooo:'+oo 0.0000 0.000E+00 0/0000 0.000E+00 0.0000 2.942E+00 0.5129
Th~232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 . 0.000E+00 0.0000 0.000%+00 0,0000 0©.000E+00 0.0000 2.083E-01 0.0363
Total 0.000E+00 0.0000 0©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 . 0.0Q0E+00 0!.0000 0.000E+Q0 0.0000 5.736E+00 1.0000

*Sum of all water independent and dependent pathways
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Summary : Great Lakes 19 sq meter area RESRAD Default Parameters for Th322

File  : GreatL2.RAD )

Total Dose Contributions TDOSE(4,p,t) for Individual Radionuclides ||1) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years
Water Independent Pathways (Inhalation excludes udc*nl
Ground Inhalation Radon Plant Meat Milk Soil

Fadio-

¥uclide arem/yr Iract. mrem/yr fract. srem/yr fracr. mrem/yr frace. mrem/yr fract. mrem/yr  fract. nrem/yr  fract
Ra-228  3.039£+00 0.5304 ¢.423£-03 0.0008 0.0002+00 0.0000 8.030E-02 0.0140 2.350E-04 {.0000 2.831K-04 0.0000 7.611X-04 0.0001
Th-228 2.0408+00° 0.3561 6.657E~03 0.0012 0.000E+00 0.0000 7.804E-04 0.0001 _;_-.604!—06 .0000 1.145E-07 0.0000 2.434E-04 0.0000
Th-232 4.8018-01 0.0838 5.467E-02 0.0095 0.000E+00 0.0000 1.9952-02 0.0035- $.047E-05 (.0000 5.257K-05 0.0000 1.5608-03 0.0003
Total 5.5608+00 0.9703 6.5755-02 0.0115 0.000K+00 0.0000' 1.010E-01 0.0176 2.871E-04 4.0001 3.3566-04 0.0001 2.566E-03 0.0005

Total Dose Contributions 1’008!(1';’.;') for Individual Radionuclides } and Pathways (pi
As mrem/yr and Fraction of Total Dose At t e 1.000E+00 lyears
Water Dependent. Pathways
Water Fish Radon Plant Meat Milk All Pathways*

Hadla-

Rucildn  mremdyr  fract. meemiyr  {rack, rrem/yr  rract,  mgemfyr  fradl. meen/y: [ract, mrom/yr  fract. mram/yr {roct
Ra-228 0.000E+00 0.0000 0.C00E+00 0.0000 0.000E+00 ©.0000 0.56@000 ©.0000 . 0.0008+00 00000 . .0.000E+00 0,0000 3.125B+00 0.3454
Th-228 0.000E+00 0.0000 0,000E+00 0.0000 - 0.000K£+00 0,0000' 0.0008+00 0.0000 . 0,000E+00 '0.0000 0.0005+00 o].oooo 2.048K+00 0.3575
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 -0.000E+00 0.0000 0.00E+00 0,0000 0.000E+00 0.0000 5.564E-01 0.0871
Total 0.0008+00 0.0000 0.000E+00 0.0000 0.000£+00 0.0000 0.000E+00 0.0000 0.0008+00 040000 ©0.000E+00 0;0000 S.730E+00° 1.0000

1t

*Sum of all water indep

1t and dep

pathways
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Swmmary @ Great Lakes 19 sq meter area RESRAD Default Parameters for Th322
File : GreatL2,.RAD :
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrea/yr and Fraction of Total Dose At t = 3.000E+00 years
Water Independent Pathways (Inhalation excludes radon:
Ground Inhalation Radon Plant Meat Mlk Soi.
Haa (o~
Haolide oremfyr  fiack. mres/yr  fr3ast. mreenjze  Lraci. wmeem/yr foack. sromlyr fract, crem/yt  fract. wrentys  fract
Ra~-228 3.29SE+00 0.5768 6.456E-03 0.0011 0.000£+00 0.0000 . 6.3158-02 0.0111 1.845E-04 (.0000 2.215E-04 0.0000 7.2148-04 0.0001
Th-226 9.886E-01 0.1730 3.225E-03 0.0006 0.000£+00 0.0000 3.761E-04 0.0001 7.7738-07 (.0000 S5.545E-08 0.0000 1.189E-04 0.0000
Th-232 1.260E+00 0.2205 5.604K-02 0.0098 0.000E+00 0.0000 3.7178-02 0.006S 1.008K-04 (.0000 1.131E-04 0.0000 1.743£-03 0.0003

Tota 5.544E+00 0.9703 6.572E~02 0.0115 " 0.000R+00 0.0000 1.0078-01 0.017¢ -2.861K-04 d.ooo: 3.346E-04 0.0001 2.583E-03 0.000%
‘otal Dose Contributions TDOSE({!,p,t) for Individual Radionuclides (i) and Pathways (p.
As mrem/yr and Fraction 9r.fo;u Dose At t = 3.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Psthways*
Radio- > -
Nuclide mrea/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr firact. mrem/yr fract. mrem/yr fract

Ra-228 .0.000E+00 0.0000

Th-226 0.000E+00 0.0000

Th-232 0.0008+00 0.0000

0.000E+00 0.0000

0.000K+00 0.0000 .

0.000E+00 0.0000

0.000E+00 0.6000
0.000E+00 Q.0000
0.000£+00 0.0000

0.000£+00 0.0000 -

0.000E+00 0.0000
0.0008+00 0.0000

0.000B+00
0,000%5+00
0.0008+00

.0000
.0000

,0000

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

3.366£+00 0.5891
9.9232-01'0.1737
1.3555+00 0.2372

Total 0.000£+00 0.0000

‘Sum of all water indep

d

0.000E+00 0.0000

t and depend

0.000K+00. 0.5000

t pathways

0.000%+00 0.0000

0.000E+00 0.0000

0.000%+00 00000

5.714E+00 1.0000
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Summary : Great Lakes 19 sq meter area RESRAD Default Parameters for Th322
File ¢ GreatL2.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years
Water Independent Pathways (Inhalation excludes radon)
iround Inhalation Radon Plant Meat Milk Soil
Pagio~
Bacllde =mgem/fvr  frarme. meem/yr  frant. mxem/ys  frack, mres/yr lragt. wrea/yr  {ract, acomiyr frace., orem/ys  frace
Ra-228 '1.908E+00 0.3366 4.409K-03 0.0008 0.000E+00 0.G000 2.691K-02 0.0047" ¥.346E-05 .0000 9.370E-05 0.0000 - 3.6708-04 0.0001
Th-228 7.8286E-02 0.0138 2.5538~04 0.0000 0.000K+00 0.0000 -2.993K-05 O.OOOOW 6,1532-08 0.0000 ¢.3908-09 0.0000 9.4128-06 0.0000
Th-232 3.513E+00 0.6198 6.096E-02 0,0108 0.0008+00 0.0000 7,3058-02 0.0129 2.0555~04 9.0000 2.384E-04 d.0000 2.197E-03 0.0004
Total  5.500E+00 0.9702 0.000E+00 0.0000 9:9968-02 0.0176 2.841E-04 0.0001 3.321E-04 0.0001 2.574E-03 0.0005

6.563E-02 0.0116

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (ﬁ)
As mrem/yr and Fraction of Total Dose At t = 1,000E+01 years

Water Dependent Pathways

Water Radon Plant Meat Milk All Pathways®*
R e
Nuciide wmramfee fracr. mromive  fract. mrom/yr  fracs. myemive  fsact, mren/yr  fract. mrex/yr  frace, srem/yr  fract
Ra-228 0.000E+00 0.0000 0.000E+00 0.0000. 0.000E+00 00000 0:000!000 0.0000". ~.'0.000!¢0'0 +00Q0: 0.?)90!000 0;6000 1.940E+00 0.342)
Th-228 0.0008+00 0.0000 0.000E+00 0.0000 0.0008+00 00000 ;Q.OOO.I*OO 0.0000‘ 0.000K+00 /.0000 0.000%+00 0.0000 7.856E~02 0.0139
Th-232 0.0008+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 0.000K+00 0.000Q 0.000E+00 0.0000 0Q.000R+00 0,0000 3.6508+00 0.6439
Total 0.0008+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000£+00 0.0000;"0.0'00!“)0 o{.oooo Q.000E+00 0,0600 5.§6985+00 1.0000
*Sum of all water indepsndent and dependent pathways
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Summary : Great Lakes 19 sq meter area RESRAD Default Parameters for Th322
File : GreatL2.RAD
Total Dose Contributions TDOBE(i,p;t) for Individual Radionuclides (1) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
Water Independent Pathways (Inhalation excludes radbn

Groand Iohalation Radon Plant Meat Milk Soil
Radio-
Nuclide atms/ye  fracrt. meem/yT  fract. mrem/yr  fract, nrram/ys  Tract. wrom/yy  fract. nrem/yr  lract. srem/y:  Lract

. . ) .
Ra~-228 1.7332-01 0.0308 4.101E-04 0.0001 0.000X+00 0.0000 2.3068-03 ©.0008 : -6.721%~06 0.0000 8.018E-06.0.0000 3.281E-05 0.0000
Th-228 §.S78E-05 0.0000 1.820£-07 0.0000 0.0001+_00 0.0000 2.133e-08 0.0000  4.3868-11 0.0000 3.129E-12 0.0000 6.708E~09 0.0000
Th-232 5.291E+00 0.93%4 6.5138-02 0.011¢ 0.000E+00 0.0600 9:120!-02 0.0173 2,759E-04 §.0000 3,224E-04 0.0001 2.5345-03 0.0004
Tota. 5.4645+00 0.9701 $.5542-02 0116 0,000E+00 0.0000 9.950E-02 8.0177 . 2.8278-04 é.ooo: 3.3038-04 q.ooox 2.567E-03 0.0005
Total Dose Contributions TDOSE(,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction qf Total Dose At t ‘s 3.0008+01 'years
Water Dependent Pathways

Wate: Radon Plant Milk All Pathways*
Xaglc-
suclide mrosiye  trach. rerem/yr fract, ngem/yr  fract., mren/yr lract. mremdfyr frach, npemiyr  Lract. mrem/yr fract
Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000F+00 0.0000 0.0008+00 0.0000 ~0.000K+00 d.0000 0.0008+00 0,0000 1.761E-01 0.0313
Th-228 0.0008+00 0.0000 0.0005+00 0.0000 0.000K+00 0.0000 - 0.0008+00 o.oqpo 05.000R+00 0.0000 0.0008400 0,0000 $5.599£-05 0.0000
Th-232 0.—6008000 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 -0.0008+60 0.0000 . 0.000E+00 .0000 ' 0.000E+00 0,0000 S.457E+00 0.9687
Total 0.000E+00 0.0000 0.000K+00 0.0000 0.000E+00 0.0000. 0.0008+00 0.0000 ' 0.0008+00 0,0000 0.000E+00 0,0000 5.633E+00 1.0000

*Sum of all water independent and dependent pathways
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Summary : Great Lakes 19 sg meter area RESRAD Default Paramsters for Th322
File : GreatL2.RAD

ital Dose Contributions TDOSR{i,p,t) for Individual Radionuclides {1) and Pathways (p)

As mren/yr and Fraction of Total Dose At t = 1,000E+02 years
Water Independent Pathways (Inhalation excludes rud{m)

Ground Inhalation Radon Plant Meat

Milk

Soil

2adio-
duclige =zewlyr  Iract. mram/yr  Iract. mrem/yr  tract, mren/yr fract. nrex/yr lract,

eremfyr fralt.

zam/y:r  fraut

Ra-228 3.179E-05 0.0000 7.521X-08 0.0000 0.000K+00 0.0000 -4.237E-07 0.0000 " 1.232£-09 0.0000
Th~228  5.392B-16 0.0000 1.759€-18 0.0000 0.000K+00 0.000Q  2.062E-19 0.0000"' 4.2408-22 9.0000
Th-232 5.460E+00 0,9701 6.552E-02 0.0116 0.000E+00 0,0000. -9.94¢E-02 0.0177 2.8258-0¢ (.0001

1.4702-09 4.0000
3.025-23 .0000
3.3026-04 (.0001

$.979%-09 0.0000
6.4858-20 0.0000
2.5668~03 0.0005

Total 5.460E+00 0.9701 6.3532E-02 0.0116 0.000E+00 0.0000 9.944E-02.0.0177 . 2,8256-04 6.0001

3.302E-04 0.0001

2.565£-03 0.000%

Total Dose Contributions TDOSE(1,p,t) for Individual Radionuclides (i) and Pathways (p:
As mrem/yr and Fractisa of Totel Dose At t = 1.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways®*
iggioe
vursioe  mrem/yr  tract. mrem/yr  fract.  wmeon/yr  fract. srem/yy  frect, mremfyr  fvact. mren/yr  fradct. myom/ve fract

Re-228 0.000€+00 0.0000 . 0.000K+00 0.0000 .0.000£+00 0.000D 0.0003400 0.0000 “0,0008+00 d.0000
T5-228 0.0008+00 0.0000 0.000E+00 0.0000 0.0008+00. 05000 0.0008+00 0.0000 0.0005+00 4.0000
Th-232 0.0008+00 0.0000 0.C00E+00 0.0000 0.0GOR+00 0.0080 i 0.000R+00 0.%000 0.000%+00 d.0000

0.000E+00 0i. 0000
0.000E+00 0}.0000
0.0005+00 0.0000

3.229%-05 0.0000
5.4128-16 0.0000
5.620K+00 1.0000

otal  0.000K400 ©.0000 0.000E+00 0.0000 0.000E+000.0000 -0.000K+00 0.0000 0.0008+00 G.0000

«Sum of all water independent and dependent pathways

0.000E+00 0: 0000

5.620R+00 1.0000
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Summary : Great Lakes 19 sq meter area RESR} Defa Parameters for Th322
File : GreatL2.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (p)
‘ As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Independent Pathways .nhala sxcludes rad

iround Inhalation Radon Meat

Radio-

Nuclide mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

arem/yr fract.

nrem/yr fract.

mrem/yr fract.

mrem/yr t:acé .

Ra: '8 6.6918~16 0.0000 1.563E-18 0.0000 0.000%+00 o.oooo. 9.0978-18 0.0000 2.593E-20 0.0000 3.0935-20 0.0000 1.2598-19
Th- '8 0.0008+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.900:000 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 .0000
Th 12 5.457B+00 0.9701 6.548E-02 0.0116 0.000E+00 0.0000 §.9388-02 0.0177 2.823E-04 0.0001 3.301E-04 0.0001 2.564E-03 .0005
Total 5.457E+00 0.9701 6.548E-02 0.0116 0.000E+00 0.0000 9.938E-02 0.017T7 .823E-04 0.000  3.301E-04 0.0001 2.564E-03 0005
Total Dose Contributions TDOSE(i,p t) for Individual Radionuclides (i) and Pathways (p
As mrzem/yr and Fractim of Total Dose At t = 3.000E+02 years
Water Dependent Pathways

Water Radon Milk Pathways*
KP: D SRV
duaciide  mremiyc Iragi, mremfye  fract. mreasyr  Itact. mremfyy  IrEct. rReax/ys  frace. Srest/yr  tract, nren/yr  fracs
Ra '8 0.0008+00 0.0000 O©.C00R+Q0 0.0000 O.000E+00 0.0000 O0.000E+0: 3.0000 { ,0008+00 '.0000 '.000E+00 .0000 6.797E-16 0.0000
Th- '8 0.000E+00 0.0000- 0.000E+00 0.0000 0.000E+00 0}.0000' 0.0008+0¢ 1.0000 ( ,0008+00 '.0000 '.00QE+00 0.0Q0E+00 0.0000
Th- 42 0.000K+00 0.0000 - 0.000E+00 010000 0.0008+00 0.0000 0.000E+0( ).0000 (,000E+00 ).0000 '.000E+00 5.6256+00 1.0000
Total .0008+0 0.000E+00 0.0000 0.000E+00 0.0000 . 0.000E+00 0.0000 0.0008+00 0.0000 0.0008400 0.0000 5.625E+00 1.00!

*Sum of all water ndependent and dependent pathways
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Summary : Great Lakes 19 sq meter area RESRAD Default Parameters for Th322

File : GreatL2.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual m‘.omcndu {{) and Pathwaya (p)
As mrem/yr and Fraction of Total Dose At t = 1 000!003 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radlo-~
aoliges  wrexfvr  frarcr. rremfysr  Iract. mtem/yr  frace. meen/pr  fradt. meesz/yr  ffact. mram/yr  fp&cl. meen/yr  {ract

Ra<228 0.0008+00 §.0000 ©0.000E+00 0.8000 . 0.009K+00 0.0040 °0.000E¢00_0,0000 0.00DE¢00 00000 0.000EF00 0.0000 ©.0008+00.0.0000
Th-228 0.000K+00 0.0000 0.000E¢00 0:0B09 ~0.000E+00 0.0000° 0.000R00 00000 0.9008+000.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-232 [5.446R400 0.9701 6.536E-02 0:0138 0.000E+00 6940: 5.9196-020.0177 2.818E-04 0.0001 3.29¢E-04 0.0001 2.5608-03 0.0005

Total  5.4488+00 0.9701. -6.536E-02 0,011€ 0.0008+00 0,0080 9.9198-02 0.0177 2.818E-04 0.0001 3.294E-04 0.0001 2.560E-0Y 0.0005
Total Dose Contributions TDOSE (i,p,t} for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1,000E+03 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radljo= ——

Nuclide mreessyr  fraot, mrem/yr  froct. srem/yr  fract, wremdye  fract,  mresiyr  fract.,  =zyes/yr  fragi, mremfyr f3act

Ra-228 ' 0.0005+00 0.0008 ‘0. 0008+00-0, oooo : °. ,000R+00 0,000 o.omoo 00008 0. oouoop 0.0000 0.000E+00 0.0000 0.000E+0Q 0.0000
th-228 0.0008+00 9.0000 " 0. 000R+30 o. .0008+00 0, oqoo; 0.000&+00 o.om'-o 0008+00 0.0000 0.0005+00 0.0000 0.000E+00 0.0000
™-232.°0. ooouoo 0. ooou :0.000E+08" o,oooo 0.0008¢00 6.0000 0.0008+0Q 0.0000  0.0Q0&+00 09,0000 GU.000E+00 0.0000 5.614E+00- 1.0000

Total 08008400 0.0000 ©:000E+00 0.0000 0.000£+00 0. oooo 9 000E+00 0.0000 0. 0008408 0. /0000 0.000R¢00 0.0000 5.614E+0Q 1.0000

*Sum of all water independent and depend pathways




RESRAD, Version 6.21

‘T Limit = 0.5 year 06/02/2003 - 12117 Paqe 17

Summary : Great Lakes 19 sq meter area RESRAD Default Parameters for ™J22

File : GreatL2.RAD
Dose/Source Ratios Summed Over All Pathways
Parent and Progeny P;anlpal Radionuclide Contributions Indicated
Parent Product Branch DSR{j, t) (nun/yt)l(pc.th)

(11 {3}  Fraction* t= 0. oomoo 1.D00E+00 3.600E+00 1.000E+01 3. oooroo; 1.0008+02 3.0008+02 1.000E+03
Ra-228 I } 1.000E400  2.043K+00 1.B07E+00 1.4138+00 5. 9768-01 '5.114B-02 $.373E-06 1.973E-16 O, .000E+00
Ra-228 - 1 ) 1.0008+00 5.4268-01 1.31&:000 19538400 1. 38400 1. 2508-01 2.2928-05 4.824E-16 0.D00E+00
Ra-228 § ] 2.5088+00 3. 125lm 3. 366X400. 1. 940E+00 1. uu—oa 3.229%8-08 6.7975-16 0.000E+00
Th-228 Th-228 1.0008500  2.942E+00.2.0488+00 9.923k-01 1#568-02 $.5996-03 §.412E-16 0.000E+00 0.000E+00
Th-2! I Th-23  1.0008+00 6.034E-02 6. uaboz 6,0345-02 6.033E-02- $. osu-oz %, paz:-oz 6.029E-02 6.017K<02
Th=2:t Mas33  1.0008400°  1.2538-02 3. '$708-01 7.432E-01 1,543E+00 2.078E+00 2. xquooo 2.127E+00 2.1238+00
Th~2!! Th-22 1.0008+00 2.2708-02 1.3912-01 5.51€E-01 2.047E+00 3.318E+00 3.4408+00 FAAIBEH00 3. 431E+00
Th-2: @ FDSR( 2.083K-01 §,5648~011.355€+00 3.650K400 5.4575+00 S.620R+00 5.6256+00 S.614E+00

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter

The DSR includes contributions from uloc.latod (half-1ife £ 0.5 yr) daughters.

Single Radionuclide Soil Guidelines G(i,t) in pCi/g

Basic Radiation Dose Limit = 2,500E+0] mrem/yr

Nuclide.

0:000B+00 1.00084+00 3.0008+00 1.0008+01° 3.DO0G+0)  [.COOE+CY  3.000KsC2  |,C0CE-0F
Ra-228 9. 669€+00 7.4275400 14208402  7.742E-D5  2.72EE413  *7.Y26E+14
Th-228 8. 4968400 2.519g+01 A.46SERUS  UH.I2E.13  CBLISZE-14 *B.192E+13
Th-232 1.2008+02 1.845E+0% .SB2BHQD L 442E~00  4.444Ee0D 44838400

‘At specific activity limit

Summed Dose/Source Ratios DSR{i,t) in (mrem/yr)/(pCi/g}
and Single Radionuclide Soll Guidelines G{i,t) in pCl/g
at tmin = time of minimum single radionuclide soil guideline

and at tmax = time of wmaximum totsl dose - 0.000E+00 years

CUMBRF () = BRF(1)*BRP(2)*

Muclide Initial tmin DSR(i,tmin) G(i,tmin) DSR(4,tmax) G(1, tmax)
(£ %] (pCi/g) (years) {pC1/9g) (pCi/g)

n—zzl 1.0008+00 2. ‘03 £ 0.008 3.3778¢00 7.402E+00 2. 5368+00 Q “m
Th-228 1.0088400 o.ﬁoolooo 29428400 8.496E400 2. 942E+00 8, 4963400
™-232 1.0008+00 8.6 2 0.2  5.6285400 4.442B400 2.083E-0} ,.1.2008402

BRF(])
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Summary -: Great Lakes 19 sq meter area RESRAD pefault Parameters for Th322

File : GreatL2.RAD
[}
Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated
Nuclide Parent BRF(i) : . M(j.t), lrn/yr :
(3). (1) t= 0. M 1 ooouoo 3. OMM 1 mwx 3. ooowt 1.00“002 3. 000l402 1. OOMB

Ra-228 Ra-228 1.0008+00 2.0438400 1.6078300 1. Ilm“ LT ’753-03 9. uu-az 9.3738-06 1.973E~16 0. OOOI#OO
Ra-228 Th-232 . 1.0008+00 1.233-01 3. 570801 7. 4m~01 l 5(3‘0'00 2, 07!!400 2.128£+00 2.127%+00 2. 1238+00
Ra-228 YDOSK (1) 2. 16“-000 2.1648+00_2. 1smoo 2.140E+00 2.1308+00° 2. 12"000 2.127X+00 2.123K+00

Th-228 Ra-220 1.000K+0Q 5.426E-01 1.3188+00'1, 9535400 - 1 :mnoo 1. asu-ol 2. 2928-08 4. 824K-16 0, oooz+oo
Th-226 Th-228°  1.000E+00 2.942E+00 2.048E400 3, 923-01° 1. ss‘tnoz ‘5, s’u-os 5.6128-16 0.0008+00. 0. ooo:coo
Th=228 Th-232 1.0008460  2.270E-02 1.391E-01 8, 515:-01 2.047E+400 3. 3188400 3. uosm 3.43€%+00 3.431E+00
Th=228 TDOSE (3) 3.5088+00 3.506E+00 3.497E+00 3.468E+08 3.443R+00 3.440E+00 3, 4395+00 3.4318+00

Th-232 Th-232 1.0008+00  6.034E-02 §.0348-02 6.034E-02 40338502 6.033K-02 6.0328-02 6.029%-02 6.0178-02

'éarm is the branch fraction of the parent ducud..

Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated

luclide Parent BRF(4) * 8¢3,%), PCi/g
N (1) t= 0.000K+00 1.000£+00 3. ooqw. oonmox 3.000E+03 ¥.008%+02 1.0008+02 1.0008+03

Ra-228 Ra-22 .1.000E400  1.000E+00 8.843E-O01 §.916R-01 2.925E-01 2.5038-07 4.5068~06 9.6578-17 0.0008+00
Ra-228 Th-23 1:000E400  0.000E+00 1.134E-01 3.025E-01 6,930E-0j79.561R-01 9.804£-01 9.7995-01 9.780¢-01
Ra-220 3813} 1.000£+00 9.9768+01 9.940B-01"9.0636-01"9.6118-01 9.8045-01 $.798€-01 9,780K~-01

Th-228 Ra-228 '1.000E+00 0.000E+00 2. 8495-01 S. 353.-01 4-023E—01 3 7'5.—02 6.943E-06 1. C‘u-'l‘ 0 ooowoc
Th-228 Th-228 1.000E+00 1.000E+00 6.961E-01 J 3"22-01 2, 6705-02 1.!03!!»05 1,.839E-16 0. -0b0%+00 0 000K +00
Th+-228 Th-232 1.000E+00 0.000E+00 1.863E-02 1. 300!’01 5.599E-01 9.435E-01 9.604E-Q1 !.79”-01 3.7908-01
Th-228 £sS(J): 1.000E+00 9.996E-01 9. 976E-01 9.890E-01 9.814E-01 9. 804E-01 9. 7958~01 5.7008-01

Th-232 Th-232 1.000E+00  1.000E+00 1.000E+DO 1.000E+001.000E+00 $:9998-01-9 987501 8.9928~61 9.9728-01

BRF(1) is the branch fraction of the parent nuclide

RESCALC.EXE execution time = 1.00 seconds



RESRAD, Version 6.21 ™ Limit = 0.5 year 06/02/2003 12:24 Page
Summary : Great Lakes 43 sg meter area RESRAD Default Parameters for Th322
File ¢ GreatL3.RAD
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Summary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322
File : GreatL3.RAD
Dose Conversion Factor (and Related) Parameter Summary
File: FGR 13 Morbidity
Current Parameter
Menu Parameter Value Default Name
+ - ' } +

8-1 Dose conversion factors for inhalation, mrem/pCi
B~-1 Ra-228+D ’ 5.080E-03  5.080E-03 DCF2( 1)
B-1  Th-2204D 3.4508-01 3.4S0E-03 DCF2( 2)
B-1 Th-232 1.640E+00 1.640E+00 DCF2( 3)
D-1 Dose conversion factors for ingeation, mrem/pCl
-1 Ra-228+D 1.4408-03 1.4(0!h [ DCF3{ 1)
p-1 Th-228+D 8.080E-04 B.0BOE- | DCF3{.2)
D=1 Th-232 2.730E-03  2.730E- | DCF3(-J)
D-34 Food transfer factors:
D-34 Ra-228+D , plant/soil concentration ratio, dimensionless 4.000E-02 c.qo'ot-o‘_z RTF( 1,1}
D-34 Ra-228+D , beef/livestock-intake ratio, (pCi/kg}/(pCi/d) 1.000E-03 1.0088:03 RTF( 1,2}
D-34  Ra-226+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000B-03 1.000R~Q3 RTF{ 1,3)
D-34
D-34  Th-2328+D , plant/soil concentration ratio, dimensionless 1.000E-03 t:uﬁ-o.'l RTF( 2,1f
D~ 'rh—22.8+b , beef/livestock-intake ratlo, (pCi/kg}/(pCi/d) 1.000E-04 x.m-& RTE( 2,7)
D-34  Th-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.0005-06 5.0008-06 RTF( 2,3)
D-34
D~34 Th-232 , plant/soil concentration ratio, dimanaionless 1.000E-03 | 1.000E-03 RTF( 3;1)
D-3¢ Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-04 | 1.000E-04 RTF( 3,2)
D-34 Th-232 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 | 5.000E-06 RTF( J,_i)
D-5 Bioaccumulation factors, fresh water, L/kg
D=5 Ra-228+4D , fish 5.000E+01 5.000E+0} BIOFAC( 1{_1)
D-$ Ra-228+D , crustaces and mollusks 2.500E+02 2.500E+02 BIOFAC( ‘ij?)

Th-228+D fish 1.000B+02 1.000E+02 BIOFAC( 2,1)

Th-228+D cruuao..a and mollusks 5.000E+02 5.000E+02 BIOFAC( 2,2)

Th-232 , fish 1.000E+02 1.000E+02 BIOFAC( %;1)

Th-233 , crustacea and mollusks 5.000E+02 5.000E+02 BIOFAC( 3 Q)

e
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Summary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322

File : GreatL3.RAD
iite-Specific Parameter Summary
User Used by RESRAD Parameter
Menu Parameter Input Default (If different from user input) Name
—- +— +— + -+
RO11 Area of contaminated zone (m**2) ) 4.300E+01 1.000E+04 | AREA
RO11 Thickness of contaminated zone (m) | 2.000E+00. 2.000E+00 | THICXO
RO11 Length parallel to aquifer flow (m) | 6.550E+00 1.000E+02 | LCIPAQ
RO11 Basic radiation dose limit (mrem/yr) } 2.S00E+01 2.500E+01 } BRDL
RO11 Time since placement of material (yr) | 0.000£+00 0.000E+00 | I
RO11 Times for calculations (yr) : | 1.000B+00 1.000E+00 | T( 2)
RO11 Times for calculations (yr) | 3.0008+00 3.000E+00 | ¢ 3I)
RO11 Times for calculations (yr) | 1.000E+01 1.000E+01 | T( 4)
RO11 Times for calculations (yr) | 3.0008+01  3.000E+01 | TS
RO11 Times for calculations {yr) ] 1.000E+02 1.000K402 | T( 6)
RO11 Times for calculations (yr) | 3.0002+02 3.000E+02 | T(7)
RO11 Times for calculations (yr) ] 1.0008+03 1.0008+03 | Tt 8)
RO11 Times for calculations (yr) | not used 0.0008+00 | (9
R011 Times for calculations [yr) | not used  0.000E+00 | (10}
R012 | Initial principal radionuclide (pCi/qg) Ra-228  1.000E+00 | 0.000K+00 | 81( 1)
RO12 | Initial principal radionuclide (pCi/g) Th-228 1.000E+00 | 0.000E+00 | 81( 2)
RO12 | Initial principal radionuclide (pCi/g) Th-232  1.0008+00 | 0.0005+00 | 8L( 3)
RO12 | Concentration in groundwater (pCi/L) Ra-228 not used | 0.000E+00 | wi{ 1)
RO12 | Concentration in groundwater (pCi/L} Th-220 not used | 0.000E+00 | ul{ 2)
R012 | Concentration in groundwater (pCi/L} Th-232 not used | 0.000E+00 | wi{ 3)
RO13 | Cover depth (m) { 0.000E+00 | 0.000E+00 | COVERO
RO13 | Density of cover material (g/cm**3) | not used | 1.500E+00 | pexscv
R0O13 | Cover depth erosion rate (m/yr) | not used | 1.000E-03 | vev
RO13 | Density of contaminated zone (g/cm**3) | 1.500E+00 | 1.500E+00 | pENscZ
R0O13 | Contaminated zone erosion rate (m/yr) | 1.000E-03 | 1.0008-03 | vez
RO13 | Contaminated zone total porosity | 4.000E-01 | 4.000E-01 | Tecs
RO13 | Contaminated zone field capacity | 2.000E-01 | 2.000E-01 { rccz
RO13 | Contaminated zone hydraulic conductivity (w/yr) | 1.000E+02 } 1.0008+01 | meee
RO13 | Contaminated zone b parameter ~ | 5.300E+00 | 5.300E+00 | BCZ
RO13 | Average annual wind speed (m/sac) | 2.000E+00 | 2.000E+00 | wimp
RO13 | Humidity in air (g/m+**3) | not used | 8.000E+00 { 80MID
RO13 | Evapotranspiration coefficient | 5.000E-01 |} 5.000E-01 | EVAPTR
RO13 | Preclpitation (m/yr) | 1.000E+00 | 1.000E+00 | emrecIp
RO13 | Irrigation (m/yr) | 2.000E-01 | 2.000E-01
RO13 | Irrigation mode | overhead | overhead IDITCH
RO13 | Runoff coefficient | 2.0008-01 | 2.000E-01 RUNOFF
RO13 | Watershed area for nearby stream or pond (m*+2) | 1.0008+06 | 1.000E+06 WAREA
RO13 | Accuracy for water/soil computations | 1.0008-03 | 1.000E-03 EPS
RO14 | Density of saturated zone (g/cm**3) 1.500E+00 | 1.500E+00 | | DENSAQ
RO14 | Saturated zone total porosity 4.0008-01 | 4.000E-01 | | Tese
RO14 | Saturated zone effective porosity 2,000E-01 | 2.000E-01 | ) EPSZ
RO14 | Saturated zone field capscity 2.0008-01 | 2.000E-01 | | Fcsz
RO14 | Saturated zone hydraulic conductivity (m/yr) 1.000K+02 | 1.000E+02 | | HcSZ
RO14 | Saturated zone hydraulic gradient 2.0008-02 | 2.000E-02 | | newr
RO14 | Saturated zone b parameter 5.3008+00 | 5.3008+00 | | BsZ
RO14 | Water table drop rate (m/yr) 1.000E-03 | 1.0008-03 | | vt
RO14 | Well pump intake depth (m below water table 1.0008+01 | 1.0005+01 ) | DwIBwt
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Summary : Great Lakes 43 sq meter area RESRAD Default Farameters for Th322

RO17 Shape factor tliq, external gamma

File : GreatL3,.RAD
Site-Specific Parameter Summary (continued)
User Used by RESRAD i Parameter
Menu | Parameter Input Default (If different from user 1n$ut) Name
t . s + +
Mi14 Model: Nondispersion (ND) or Mass-Balance (MB) ND ND MODE!
‘B014  Well pumping rate (m**3/yr) 2.5006+02 2.500E+02 oW
RO15 | Number of unsaturated zone strata 1 NS
r015 | Unsat. zone 1, thickness (m) 4.000»0& 4.000E+00 H(1)
RO1S | Unsat. zone 1, soil density {(g/cm**3) 1.500E+00. 1.500E+00 DENSUZ (1)
RIS | Unsat. zone 1, total porosity ’ 4.0008-0%  4.000E-01 TPUZ (1) i
RDO15 | Unsat. zone 1, effective porosity 2.000!-0!; 2.000E~01 EPUZ(1)
‘R01S | Unsat. zone 1, field capacity 2.0008-01  2.000E-01 FCUz (1
4;015'| Unsat. zone 1, soil-specific b parameter $.300E+00 5.300E+00 auzui
nbx_s | Unsat. zone 1, hydraulic conductivity (m/yr) 1.000E+01 1.000E+01 HCUZ (1)
ROI6 Distributjon coefficients for Ra-228
RO1$ Contaminated zone {(cm**3/q) 7.000E+01 7.000E+01 | pcwoect 1)
Rol,‘ Unsaturated zone 1 (cm**3/g) 7.000E401  7.000E+01 -, | pcwucu( 1.1'))
RO16  Saturated zone (cm**3/q) 7.000E¢01 7.000E+01 — |. bavocs ¢ 1)
ROIC Leach rate (/yr) 0.000E+00 0.000E+00 2.374£-03 | ALEACH( 1)
RO16 Soclubility constant 0.000E+00  0.000E+00 not used | sowuBK( 1)
I
RO1§ Distribution coefficients for Th-228
*016 Contaminated zone (cm**3/g) 6.000E+04 6.000E+04 DONUCC( 2)
uois Unsaturated zone 1 {cm**3/g) 6.000E+04 6.000K+04 - DCNUCU { '2",1)
W16  Saturated zone (ca**3/g) 6.0008+04  6.000E+04 LA pawocs( 7
RO16 Leach rate (/yr) 0.000E+00  0.000E+00 2.778E-08 ALEACH( 2} -
2016  Solubility constant 0.000E+00  0.000E+00 not used SOLUBK{ 2)
RO16 Distribution coefficients for Th-232
‘RQ1E Contaminated zone (cm**3/g) | 6.000E+04 6.000E+04 | pcwuec( 3)
ri1¢ Unsaturated zone 1 (cm**3/g) | 6.000E+06  6.000E+04 | pcNuco( 3.39
R016  Saturated zone (cm**3/g) | 6.000E+04  6.000E+04 -—- | bowucs( 3)
no86 Leach rate (/yr) | 0.000E+00  0.000E+00 2.7762-06 | ALEACH( 3}
IOI‘ Solubility constant | 0.000E+00  0.000E+00 not used | SOLUBK{ 3)
RO17 Inhalation rate (m**3/yr) '8.400E+03  8.400E+03 INHALR
RO17 Mass loading for inhalation (g/m**3} 1.000E-04  1.000E-04 had MLINK
RO17 Exposure duration 3.000E+01 3.000E+01 ——— D
RO17 Shielding factor, inhalation 4.000E-01 4.000E~01 e SHF3
Idl‘) Shielding factor, external gamma 7.0008~01 7.000E~01 SHF1
RO1%  Fraction of time spent indoors 5.0008-01 5.000E-01 FIND
2017 Fraction of time spent outdoors (on aite) 2.500E-01  2.500E-01 -— FOTD
1.000E+00 1.000E+00 >0 shows circular AREA. S
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Summary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322

File : GreatlL3.RAD
Site-Specific Parameter Summary {(continued)
User Used by RESRAD Parameter

Menu Parameter Input Default {1f different from user inént) Name
no17 f Radii of shape factor array {(used i{f FS = -1}
Rp17 | Outer annular radius (m), ring 1: not used 5.000E+01 RAD_SRAPE( 1)
M017 |  Outer annular radius (m), ring 2: not used  7.071E+01 RAD_SHAPE ( 2)
RO17 | Outer annular radius (m), ring 3: not used 0.000E+00 RAD_SHAPE( 3)
RO17 } Outer annular radius (m), ring 4: not used 0.000E+00 RAD_SHAPE( d¢)
R017 7 Outer annular radius (m}, ring 5: not used  0.000E+00 RAD_SHAPE( )
RQ3T | Outer annular radius (m), ring 6: not used  0,000E+00 RAD_SHAPE( 6€)
RO17 f Outer annular radius (m}, ring 7: not used 0.000E+00 RAD BHAPE( T)
RO1? | Outer annular radius (m), ring 8: not used 0.000E+00 RAD_SHAPE ( 8)
lo1'7 | Outer annular radius (m), ring 9: not used 0.000E+00 RAD_SHAPE( 9}
m‘l_’} Outer annular radius (m), ring 10: not used 0.000E+00 RAD_SHAPE (10)
RGL7 | Outer annular radius (m), ring 11: not used  0.000E+00 RAD_ SHAPE (13}
RO17 || Outer annular radius {m), ring 12: not used  0.000E+00 RAD_SHAPE (12}
R021?7  Fractions of annular areas within AREA:
R017 Ring 1 not used  1.000E+00 -~ FRACA( 1)
RO17 Ring 2 not used 2.732E-01 — FAACA( 2)
RO17 Ring 3 not used  0.000E+00 o FRACA( 3)
ROL? Ring 4 not used 0.000E+00 - FRACA{ ¢)
ROLT Ring § not used  0,000E+00 ‘— FRACA( §)
n17 Ring 6 not used 0.000E+00 o— FRACA{ 6)
R01¥  Ring 7 not used  0.000E+00 - FRACA( 7)
R01T  Ring -8 not used  0.000E+00 - FRACA( 8)
a0d?  Ring 9 not used  0.000E+00 —— FRACA( 9F
roi’d Ring 10 not used  0.000E+00 mc}b)?
R}I7T  Ring 11 not used  0.000E+00 FRACA {11},
R17 Ring 12 not used  0.000E+00 FRACA{12)
ROIS Fruits, vegetables and grain consumption (kg/y®j | 1.600E+02  1.600E+02 — DIET(1)
RO1®  Leafy vegetable consumption (kg/yr} | 1.400R401  1.400E+01 e DIET(2)
f018 Milk consusption (L/yr) | 9.2008+01  9.200E+01 - DIET(3)
K018  Meat and poultry consumption (kg/yr) | 6.300E+01  §.300E+01 — DIET(4}
RO18  Fish consumption (kg/yr) | 5.400E+00 5.400E+00 DIET{5)
ROI¥ Other seafood consumption (kg/yr) | 9.000B-01  9.000E-D1 DIET(6)
R018 Soil ingestion rate (g/yr) ] 3.650E401  3.650E+01 SOIL
RolS Drinking water intake (L/yr) | 5.100E+02 5.100E+02 NI
Aﬁ' Contamination fraction of drinking water | 1.000E400 1.000E+00 Fow
2018 Contamination fraction of household water | not used 1.000E+00 FHEW
RO18  Contamination fraction of livestock water {.1.000E400 1.000E+00 1M
K018  Contamination fraction of irrigation water | 1.000E+00  1.000E+00 FIRM .
A018 Contamination fraction of aquatic food } 5.000E-01 5.000E-01 ——- FR9
RO01® Contamination fraction of plant food . |-1 -1 0.2158-01 FPLANT
RO18 Contamination fraction of meat |-1 -1 0.2158-02 FMEAT
RO18 Contamination fraction of milk )1 -1 0.215E-02 PMILK
Mi19 Livestock fodder intake for meat (kg/day) 6.800E+01  6.B800E+01 LFIS
RO19 Livestock fodder intake for milk {kg/day) 5.500E+01 5.500E+01 LFI6
RO19 Livestock water intake for meat (L/day) 5.0008+01  5.0008+01 WIS
RO1® Livestock water intake for milk (L/day) 1.600E+02 1.600E+02 N16

5.000E~01 5.000E-01 1s1

RO1Y

Livestock soil intake (kg/day)



RESRAD, Version 6.21 Tt Limit = 0.5 year 06/02/2003 12:24 Page
Suomary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322

mu Total porosity of the cover material not used 4.000E~01

File : GreatL3.RAD
Site-Specific Parameter Summary (continuved)
User Used by RESRAD Parameter

Menu Parameter Input Default (It different from user input) Name

-+ ‘ t+ ——s + frommiten
R019 | Mass loading for foliar deposition (g/m*¢3) 1.000E-0¢ 1.Q00E-04 MLFD
R019 | Depth of soil mixing layer (m} ' 1.500E-01 1.5008-01 o
RO19 | Depth of roots (m) ) 9.000E-01 9.000E-01 ——— DROOT
RO19 | Drinking water fraction from ground water 1.000E+00  1.000E+00 - rewow
RO19 | Household water fraction from ground water not used 1.000E+00 - FGWHH
RO19 | Livestock water fraction from ground water 1.000E+00 1.000E+00 - FGULN
019 | Irrigation fraction from ground water 1.000E+00 1.000E+00 —— FGWIR
R19B Wet wsight crop yield for Non-Leafy (kg/m**2) 7.000E-01  7.000E-0}
R19B  Wet weight crop yleld for Leafy (kg/m**2) 1.500E¢00  1.5008+00 Yv(2)
iu}ss Wet weight crop yx.c_ld for Fodder {kg/m**2) 1.1008+00 1.100E+00 v(3)
RI9B  Growing Season for Non-Leafy (years) 1.7008-01  1.700E~01 TE(1)
R198  Growing Season for Leafy (years) 2.500E-01 2.500B-01 TE(2)
RI98  Growing Season for Fodder (years) 8.000E-02  8.000E~02 TE(3)
R198 Translocation Factor for Non-Leafy 1.000E-01 1.000E-01 TIV{1l):
#198  Translocation Factor for Leafy 1.000E+00  1.000E+00 TIV(2) -
l):SB Translocation Factor for Fodder 1.000E+00  1.000E+00 TIV(3)
R19B Dry Foliar Interception fraction for Non-Leafy 2.500E-01 2.500E-01 RDRY (1)
%198  Dry Folisr Interception fraction for Leafy 2.5008-01  2.500E-01 RDRY (2}’
R19B  Dry Follar Interception Fraction for Fodder 2.500E~01 2.500E-01 RDRY (3}
8198 Wet Foliar Interception Fraction for Non-Leafy 2,500E-01  2.500EK-~01 RWET (1)
-81;93 Wet Foliar Interception Fraction for Leaty 2.500E~01 2.500E-01 RWET (2)
R1SB Wet Foliar Interception Fraction for Fodder 2.500E-01  2.500E-01 RWET(3)
N1SB Weathering Removal Constant for Vagetation 2.000B+01 2.000E+01 WLAM
£14 C-12 concentration in watar [g/cm**]) not used 2.000E-05 C12WTR
Cl4 C-12 concentration in contaminated soll (g/g) not used 3.0005-02 cla2cz
Cl4 Fraction of vegetation carbon from soil not used 2.000E-02 cso1L
€14  Fraction of vegetation carbon from air not used  9.800E-01 CAIR
Cle C~14 evasion layer thickness in soil (m) not used 3.000E-01 DMC
Cl4 C-14 evasion flux rate from soil (1l/sec) not used 7.000E-07 EVSN
Cl4 C-12 evasion flux rate from soll (1l/sec) not used 1.000E-10 REVSN
Cc14 Fraction of grain in beef cattle feed not used 8.000E-01 AVEG4L
Ccl4 Fraction of grain in milk cow feed . not used 2.000E-01 AVFG5
cl4 DCF correction factor for gaseous forms of Cld not used B.894E+01 CO2F
STOR Storage times of contaminated foodstuffs (daya)
STOR Frults, non-leafy vegetables, and grain 1.4008+01  1.400E+01 | STOR_T(1)
STOR Leafy vegetables 1.000E+00  1.000E+00 | STOR_T (2}
STOR Milk 1.000E+00 1.000E+00 | STOR_T{3)
STOR Meat and'poultry 2.000E+01 2.000E+01 | STOR_T(4)
STOR Fish 7.000E400  7.000E+00 | STOR_T(5)
STOR Crustaces and mollusks 7.0008+00  7,.000E+00 | STOR_T(6)
STOR Well water 1.0008400 1.000E+00 | STOR_T(7)
STOR Surface water 1.000E+00 1.000E+00 | STOR_T(8)
STOR Livestock fodder 4.500E+01 4.500€+01 | STOR_T(9)
RD021  Thickness of building foundation (m) not used 1.500E-01 FLOOR1
ROZ1  Bulk density of building foundation {(g/cm**3) not used 2.400E+00 DENSFL

T2V
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File : Greatl3.RAD
Site-Specific Parameter Summary (continued)
User Used by RESRAD : Parameter
Menu Parameter Input Default (If different from user .ln#'ut) Nanme
—+ . 1 — et —
RO23 Total porosity of the building foundation not used 1.000g-01 TPFL
ROZ1 Volumetric water content of the cover material not used 5.000E-02 PH20OCV
‘K021 Volumetric water content of the foundation not used 3.000E-02 PH20TL
K021 Diffusion coefficient for radon gas (w/sec):
w21 in cover material not used | 2.0008-06 DIFCV
RO21 in foundation material not used | 3.000E-07 ——— DIFFL
lQ2i in contaminated zone soil not used |'2.000E-06 - DIFCZ
R021  Radon vertical dimension of mixing (m) not used | 2.000E+00 —— HNIX
RO21  Average building air exchange rate (1/hrf not used ' 5.000B-03 — REXG
RO21 Height of the building (room) (m) not used 2.500E+00 ——— HRM
R021  Building interior area factor not used  0.000E+00 -~ FAI
RO21  Bullding depth below ground surface (m) not used ~1,0005+00 — DMFL
iozl‘ Emanating power of Rn-222 gas not used 2.500E-01 EMANA(1)
RO21 Emanating power of Rn-220 gas not used 1.500E-01 EMAMA (2)
TITL Number of graphical time points ) 32 NPTS
TITL Maximum number of integration points for dose 1?7 LYMAX
TITL Maximum number of integration points for risk 2%7 KYMAX

Surmary of Pathway Selections

Pathway User Selection
—
-~ external gasma | active
~- inhalation (w/o radon)| active
-- plant ingestion | active

active
active
active

-- meat ilngestion )
milk ingestion {
-~ aquatic foods |
~- drinking water ] active
-=- soil ingestion | " active
-~ radon |

!

i

Find peak pathway doses

W B 9 NP E W N =
[]
]

suppressed
active
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Summary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322
File : GreatL3.RAD

Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
Area: 43.00 square meters Ra-228 1.000E+00
Thickness: 2.00 meters Th-228 1.000E+06-
Cover Depth: 0.00 meters Th-232 1.000E+00"

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 2.500E+01 mrem/yr
Total Mixture Sum M{t) = Fractlon of Basic Doss Limit Received at Time (t)

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3,000E+01 1.000E+02 3.000E+02
TDOSE(t): 7.020E+00 7.011E+00 6.992E+00 6.937E+00 6.893E+00 6.B887E+00 6.884E+00
M(t)s' 2.808K-0Fr 2.805E-01 2.797E-01 2.7758-01 2.757E-01 2.755E-01 2.753E-01

Maximum TDOSE (t) 7.020E+00 mrem/yr at t = 0.000E+00 years

1.000E+03
6.8708+00
2.748E-01
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Summsry : Great Lakes 43 sq meter ares RESRAD Default Parameters for Th3i22
File ¢ GreatL3.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (#:)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years '
Water Independent Pathways {Inhalation excludes radon

Ground Inhalation Radon Plant Meat Milk Soi
Fadiue
Huctivie mremiyy  frast mrassy: ftact. mremlyr frace., wres/yr fract. mresiyr  fract. myem/yr  $ract. Teemiy:  trace
Rs-22¢ 2.9998+01 0.4272 096E-03 0.0003 0.000E+00 0.0000 2.045E-01 0.0291 5.986E-04 0.0001 7.243E-04 .0Q01 742E-03 0.0002
Th-228 3.541E+0( 0.5045 044E-02 0.0015 0.000E+00 0.0000 2.S537E-03 0.0004 5.216E-06 0.0000 3.721E-07 .0000 9798-04 0.0001
Th-232 1.718E-0. 0.0245 .927E-02 0.0084 O.000E+00 0.0000 2.203E-02 0.0031 4.760%-05 0.0000 3.814E-05 - .0000 318E-03 0.0005
Tota 6.712E+00 0.9561 7.181E-02 0.0102 0.0008+00 0.0000 2.290E-01 0.0326 6.516E-04 0.0001 7.6285-04 0.0001 5.858E-03 0.0008

Total Dose Contributions TDOSE(i,p,t)} for Individual Radionuclides (i) and Pathways (:‘
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years
Water Dependent Pathways

Water Radon Plant Meat Milk All Pathways*
RaQine
gaelide  rpremsivr fravu, nremfyr  fraRcL. eramiyr  trarck. syem'yr fract, meemfps fract. mren/yr  frace. srem/yr  fract
Ra-228 0008+00 0.0000 000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000C 0.000K+00 0!.0000 3.208E+00 0.4570
Th-~-228 .000E+00 0.0000 ,000E+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 0.000E+00 otoooo 3.555E+00 0.5064
Th-232 .000E+00 0.0000 .000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0008+00 0.000( 0.000E+00 0.0000 2.565K-01 0.036%
Total 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0L0000 7.020E+00 1.0000

*Sum of all water

independent and dependent pathways
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Summary : Great Lakes 43 sq meter ares RESRAD Default Parameters for Th322

File : GreatL3.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (ﬁ)
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years |
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
RBULD® et e e e —— . et et
Wemiiae mrem/yey  Fraot, wmyoemiyr  fract. mesm/f/yr frace. mrem/yr fLraft. mrea/ys  frace, mrem/yr Lrack. mromfyr  frace
Ra~228 3.661E+00 0.5221 4.8298~03 0.0007 0.000E+00 0.0000 1.8178-01 0.0259 5.319E-04 0.0001 6.407E-04 0.0001 1.768E-03 0.0003
Th-228 2.465E+00 0,.3516 7.269E-03 0.0010 0.000E+00 0.0000 1.766E-03 0.0003 3,631E-06 0.0000 2.590E-07 (1.0000 5.554E-04 0.0001
m-i:z 5.779E-01 0.082¢ 5.970E-02 0.0085 O0.000E+00 0.0000 4.516B-02 0.0064 1.142E-04 0.0000 1.190E-04 0.0000 3.530E-03 0.000S
Total 6.704E+00 0.9561 7.180E-02 0.0102 0.000E+00 0.0000 2.286E-01 0.0326 6.49B8E-04 0.0001 7.600E-04 o{.oom 5.853E-03 "0, 0008
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p?
As mren/yr and Fraction of Total Dose At t = 1.000E+00 years |
Water Dependent Pathways
Water Raden Plant Meat Milk All Pathways®*
Ragin-
Ruciide mremfyr  fract, rrem/yr fract. mraesyr  fract. mrem/yr fract, nrem/yr frast. aren/yr fract. mrem/yr fract
Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0,0000 3.850E+00 0.5492
Th-228 0.000E+00.0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0}0000 2.474E+00 0.3529
'n\-j'gz 0.C00E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0,0000 6.665E-01 0.0979
Total 0.000E+00 0.0000 0.000E+00 0,000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0Q08 0.000E+00 0/0000 7.011E+00 1.0000

*Sum of all water independent and dependent pathways
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Summary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322
File : GreatL3.RAD

Total Dose Contributions 'rDossu,p,t) for Individual Radionuclides (i) and Pathways (#)
A3 mrea/yr and Fraction of Total Doss At t = 3.000E+00 years ;

‘ndependent Pathways (Inhalation excludes radon

Ground Inhalation Radon Plant Meat Milk 8pil

Ao

Weallder  meom/yr frast, mrom/yr  1ract. srem/yr  fracy. nrem/yr fracr, mgen/ys  lrant. mren/ys  fract, nromiyr  fracth

Ra-228 3.973E+00 0.5682 7.050E-03 0.0010 0.000E+00 0.0000 1.4298-01 0.0204 4.176E-04 0.0001 5.012E-04 '.0001 1.633E-03 0.0002
Th-228 1.194E+00 0.1708 3.522E-03 0.0005 0.000E+00 0.0000 8.557E-04 0.0001 1,.759E-06 0.0000 1.255E-07 §.0000 2.691£-04 O.0600
Th-232 1.518E+00 0.2171 6.120E-02 0.0088 0.000E+00 0.0000 6.411E-02 0.0120 2.282E-04 0.0000 2.559E-04 Q.0000 3.944E-03 0.0006

Total 6.685E+00 0.9561 1772~020.0103 0.000E+00 0.0000 2.279E-01 0.0326 6.475E-04 0.003'1"-'5.573:-01 4.0001 S ,845E-03.0,0008
Total Dose Contributions TDOSE(i,p,t} for Individual Radionuclides (i) and Pathways (@)
As nrem/yr and Fraction of. Total Dose At t = 3,000E+00 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-
suslige mremfye  fract, sremlvr  {racs. mees/yr  fract. mrem/yr  fract, Rrem/yr fract, mremiye  fract., mremiye fract

Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 O 0000 4.125E+00 0.5900
Th-228 0.000E+00 0.0000 0.DOQE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000 0.000E+00 00000 1.199E+00 0.1715
Th-232 0.000E+00 0.0000 O©.000E+00 0.0000 0.0D0E+00 0.0000 0.000K+00 0.0000 0.000E+00 0.0000 0.000E+00 00000 1.668E+00 0.2385

Total 0.0008+00 0.0000 0.000E+00 0.0000 0.000E+0Q G.0000 0.0DOE+O0 0.0000 0.000E+00 0.00§0::'6.B00E+00" 0/0000 6.992E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Great Lakes 43 sq meter area RESRAD Default Psranéters for Th322

File : GreatL3.RAD
fotal Dose Contributions TDOSE(4, p,f.) for Individual Radionuclides (i) and Pathways (ﬁ)
As arem/yr and Fraction of Total Dose At t = 1,000E+01 years
Water Independent Pathways (Inhalation excludes rxadon)
Inhalation Radon Plant Meat Milk Soil
hE: % ERel]
suirlide  =rem/yr  fracy. meemdpr fragt. mremfyr  fralt, mrex/yr  fracz. wmram/ye  (ract, =yem/yr  fracr, mrex/yr  Iract
Ra-228 2.302E+00 0.3318 ¢.814E-03 0.0007. D.000E+00 0.0000 6.089E-02 0.0088 1.776E-04 0.0000 2. 121E-04 ,b',oqq“?:&.aos:-m 0.0001
Th-228 3.454E-02 0.013& 2.788E-04 0.0000 0.000E+00 0,.0000 6.774E-05 0.0000 1. 393g-07 0. 0000 9.935E-09 _,6000 2.1308-05 0.0000
Th-232 4.235B+400 0.6105 6.657E~02 0.0096 0.D00E+00 0.0000 1.653E-01 0.0238 4. sszs~o¢'o 0001 5.396E-04 ~jND§1 4.973E-03 0.0007
Total 6.631E+00 0.9560 7.166E-02 0.0103 0.000E+00 0.0000° 2.263E-01 ©.0326 6.429E-04 0.000f 7.517E-04 0.0001 5.825E-03 0.0008
Total Dose Contributions TDOSE (1,p,t) for Individual Radionuclides (i) and Pathways ‘4)
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years ,
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways*
iagice-
suciide mrex/y: fract. premfyr  f{eact. Tremlyr fract, prem/fyr Eraot, mremfyy  fract. mrerm/yr  fract, sromfyr  {eace
Ra-228 - 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.00@9‘ 0.000E+00 Um 2.369E+00 0,3415

Th-228 0.000E+00 0.0000
Th-232:-0.000E+00 0.0000

©0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.0008+00 0.0000

0.000E+00 0. 0000-
0.000E+00 0;.0000

9.4915-02 0.0137
4.473E+00 0.6448

Tots: O0OE+00 0.0000

*Sum of all water inder

0.000E+00 0.0000

and depend

0.000B+00 0.0000

t pathways

0.000E+00 0.0000

0.000E+00 0,0004;

0.000E+00 O} 0000

6.937E+00 1,0000
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Summary : Great Lakes 43 aq meter area RESRAD Default Parameters foxr Th322

File : GreatL3.RAD
Total Dose cont;ibutiona TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
Az mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
Water Independent Pathways (Inhalation excludes radon
Ground Inhalation Radon, Plant Meat Milk Soil
RED O
delida mrem/yr Lrack. nremfyr  iroct. zronlyr fract. mrem/yt  tract. wron/yr  ltact, mrac/yr  fract. nromfyr  fract

Ra-228 2.091E-01 0.0303 4.478E-04 0.0001 0.000E+00 0.0000 §5.219E-03 0.0008 1.521E-0% 0.0‘-9' 1.8158-05 0.0000 ' 7.381E-0S 0.0000
Th-228 6.738E-05 0.0000 1.987E-07 0.0000 0.000E+00 0:0000 4¢.828E-08 0.0000 $.926E~11 0.0060 7.061E-12 (.0000 1.518E-08 ©0.0000

Th-232 6.380E+00 0.9256 7.112E-02 0.0103 0.000E+00 0.0000 2,200E-01 0.0319 6.2458-04 0.0003 7.297E-04 q.OOOI 5.7368-03 0.0008

Total  6.589E+00 0.9559 7.157E-02 0.0104 0.000E+00 0,0000 2.252B-01 0.0327 6.3976~04 0.0001 7.479E-04 q;opox 5.810E-03 0.0008
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (pi)
As nrem/yr and Fraction of Total Dose At t = 3.000E+01 years - |
Water Dependent Pathways

Water Fish Radon Plant Meat: HMilk All Pathways*

Farila~

daclice nrem/yr  fract. mremfyr  fract.  srew/yr fract, mrzem/yr tract. mrevyr  fracst. rrem/ys fract. mrem/yr fract

Ra-228 0.000E+00 0.0000 O©.000E+00 0.0000 0.000E+00 0.0000 O.000E+CO 0.0000 0.000E+00 0.0000 0.000E+00 0| 0000 2.1496-01 0.0312
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.765E-05 0.0000
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E400 0.0000 ©.000E+00 0,0000 D0.000E+00 0.0000 0,000E+00 0.0000 6.678E+00 0.9688

Tota: 0.000E+00 0.0000 0.00QE+00 0.0000 0.000E+00 0.0000 ©0.000B+00 0.0000 0.000E+00 0.0000 0.000E+00 0!.0000 6.833E+00 0000

*Sum of all water independent and dependent pathways.
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Great Lakes 43 sq meter area RESRAD Default Parameters for Th322

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (*:)
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years i

Water Independent Pathways (Inhalation excludes radon)

‘Greynd Inhalation Radon Plant Meat Milk Soil
Radiu~ -
Nuclide myem/yr  {racg. mrem/yr Cracg, meex/yr TaTL. mram/yr  {ract, mrenfyr  fracu., mremlys  fract. mrem/y: frace
Ra-228 3.835B-05 0.0000 5.213E-08 0.0000 0.000E+00 0.00(’.0 9.566E-07 0.0000 2.788E~09 0.0000 3,326E-09 (.0000 1.3532-08 0.0000
Th-228 6.514E-~16 0.0000 1.921E-18 0.0000 0.000E+00 0.0000 4.667E-19 0.0000 $.595E-22 0.0000 6.845E-23 0.0000 1.468E-19 0.0000
Th-232 6.584E+00 0.9559 7.154E-02 0.0104 0.000E+00 0.0000 2.250E-01 0.0327 6.393E-04 0.0001 7.474E-04 (.0001 5.807E-03 0, 0008
Total  6.584E+00 0.9559 7.154E-02 0.0104 ©.0008+00 0.0000 2.250E-01 0.0327 6.393E-0¢ 0.0001 7.474E-04 d.ooo: 5.801"—63.50.0008
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (1‘
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways*
Padio-
guclide  mrem/yr frack, mromfyr  fract. mren/ys  lrzact. meoo/yr  fracs, oremfyr  fzact. meem/yr  fract. wran/y:  [ract
Ra-228 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 - 0.000E+00 0.0000 ©0.000E+00 0.0000 O0.000E+00 0.0000 3.940E-05 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.539E-16 0.0000
Th-232 (.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0/.0000 6.887E+00 1.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 Q;M%%@.OOOEOOO ot.oooo 6.887E+00 1.0000

*Sum of all water independent and dependent pathways
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File : GreatL3.RAD
Dose Contributions TDOSE({i,p,t) for Individusl Radionuclides (i) and Pathways (P:
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk 8oil
Bafio-
Huolliae  mremlvr  fract. Drem/iyer LTelt. mranive fravi. rmrems/vr fracs. nrem/yr fracs. mremdv:  frant, mrom/fyr fract
Ra-228 8.0718-16 0.0000 1.729K-16 0.0000 0.000E+00 0.0000 2.014K-17 0.0000 5.868E-20 0.0000 7.001E-20 §.0000 2.848E-19 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 0.000E+00 1.0000 0.000E+00 0,0000
Th-232 6.580E+00 0.9559 7.150B~02 0.0104 0.000E+00 0,0000 2,249E-01 0.0327 6.389E-04 0.0001 7.470E-04 0.0001 5.804E-03 0.0008
Tota. 6.5805+00 0.9559 7.150E-02 0.010¢ 0.000E+00 0.0000 2.249E~01 0.0327 6.369E-04 0.000 7.470E-04 0.0001 5.804E-03 0.0008

Jose Contributions TDOSE(i,p,t) for Individusl Radionuclides (i) and Pathways (q
As mrem/yr and Fraction of Total Dose At t = 3,000E+02 years
Water Dependent Pathways

Water Fisl Radon Plant Meat Milk All Pathways*
Rasio~
Mucline nromiyr  fract. mremfyr fragt. mrem/yvzr  fract. mromiyr  frace. mren/y:t  frace. mroeniyr fracT. mrosiyr  fraact
Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.294E-16 0.0000
Th-228 0.0008+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0[0000 0.000E+00 0.0000
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000E+00 0.0000 0.0008+00 0.0000 0.000KE+00 0.0000° 6.884E+00 1.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0005+00 0.0000 0.000E+00 0.0000 6.884E+00 1.000!
*Sum of all water indep t and dependent pathways
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Summary : Great Lakes 43 aq meter area RESRAD Default Parameters for Th322
File GreatL3.RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (P)
As mrem/yr and Fraction of Total Dose At t = 1,000E+03 years :
Water Independent Pathways (Inhalation excludes radon
Ground Inhalation Radon Meat Milk Soil
Radia-
Huclige  eeamdyr Lrace, mramsyr Yrazt.  messtyr frace, areo/yr frack. mremfyr fragc. rrem/yr fract. mremfy:  {rac
Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000KE+00 ¢oooo 0.000E+00 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 3.0000 0.000E+00 0.0000
Th-232 6.567E+00 0.9559 7.137E-02 0.0104 0.000E+00 0.0000 2.245E-01 0.0327 6.377E-04 0.0001 7.455E~04 0.0001 5.793E-03 0.0008
Total 6.567E+00 0.9559 7.137x-02 0.0104 0.000E+00 0.0000 2.2458-01 0.0327 6.377E-04 0.0001 7.455E-04¢ OO001 ' 5.793E-03 0.0008
Tota’ Contributions TDOSE(4,p,t) for Individual Radionuclides (i) and Pathways (q‘
As mrems/yr and Fraction of Total Dose At t = 1,0005+03 years
Water Dependent Pathways
Water Fish Radon Plant Meat All Pathways*
Radio-
mrem/yr fract mrem/yr fract mrem/yr fract mrem/yr fract mrem/yr fract mrem/yr fract mrem/yr fract
Ra-220 0.000B+00 0.0000 0.000E+00 0.0000 0.000£+00 0.0000 0.000E+00 0.0000 0.0005+00 0.0000 0.000E+00 0|.0000 0.000E+00 0.0000
Th-228 0.000K+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0[0000 0.000E+00 0.0000
Th-232 0.0008+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 o,oooo 6.670E+00 1.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0l0000 6.670K+00 1

*Sum of

all water independent and dependent pathways



RESRAD, Version 6.21 T™ Limit = 0.5 year 06/02/2003 12:24 Page 1
Summary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322
File : GreatL3.RAD

Dose/8ource Ratios Sumsed Over All Pathways
Parent and Progeny Principal Radionuclide Contributions Inciicated

‘arent Product Branch DSR(j,t) (mrem/yr)/(pCi/g) o '
(1 {3)  Fractien* t= 0. ooouoo 1.000E+00 3.000E+00 1.000E+01 3,000E+401 1:600:002 3&00!402 1. eoﬁma'

Ra-228 Ra-22 : 1.000E+00 2.5528+00 2.257E+400 1.765E400 7.465E-01 6.388E-~02 1.171E-05 2. 1602-1' 0.@0"0’
Ra-228 Th-22 1.000E+00 6.561K~01 1.593E+00 2.360E+00 1.622E+00 1.510E-01 2.769E-05 5.829E-16 0. 900E+00
Ra-228 ZDSRI 3.208E+00 3.850E+00 4.12SE+00 2.369E+00 2.149E-01 3.940E-05 B.ZDIS-I‘0.000S«'OO]

Th-228 Th-228 1.000E+00 3.555E+00 2,.474E+00 1.199E+00 9.491E-02 6.765K-05 6.53SE-16 OOOE+00 0.000E+00

Th-232 Th-232 1.000E+00 7.287E-02 7.287E-02 7.287E~-02 7.286E-Q2 7.286E-02 7.285B-02 7.280E-02 7,.266E-~02
Th-232 Ra-228 1.000E+00 1.562E-01 4.455E-01 9.279E-01 1.927E+00 2.5965+00 2.6568E+00 2.657E+00 2.652K+00
Th-232 ;Ifh-ZZB 1.000E+00 2.746E-02 1.681E-01 6.669E~01 2.473E+00 4.009E+00 4.156E+00 4.154E+00 4.146E+00
Th-232 ZIDSR(J) 2,565E-01 6.865E-01 1.668E+00 (.473E+00 6,6788+00 6.887E+00 6.884E+00 6.870E+00

*Branch Fraction is the cumulative factor for the j't principsl radionuclide daughter CUMBRF(]) = BRF(U'B#F(Z)'
The DSR includes contributions from associated (half-life £ 0.5 yr) daughters..

Single Radionuclide 80il Guidelines G{i,t} in pCi/g
Basic Radiation Dose Limit = 2.500E+01 mrem/yr

Nuclide

0.000E+00  :.GOVECO 3. 000EHGC L.000E«UL 3.00QE+C1 1.000E+02 3.000E+42 L.GOGE+Q3
Ra-228 7.793E4080  5.483E400 €.G60E+00 1.0508E:01 1,3162E+C2 5.3¢5E40%  *2,726E+1d  *2.72EE+14
Th-2286 7.0325#06' 3. .01QE+CY 2.08%E401 2.8348402 3,696E40%  *R,1%2E+14  *B.18ZE4Id 48 192Ev14
Th-232 9.746E+0L°  3.641E+01 L. A49YE+Ql  5.SE9E400  3,744E+00  3.6308+00 3.63TE40D F.E€39E+0T

specific activity limit

Summed Dose/Source Ratios DSR{i,t) in (mrem/yr)/(pCi/g)
and 8ingle Radionuclide Soil Guidelines G(i,t) in pCi/g
at tmin = time of minimum single radionuclide soil guideline
and at tmax = time of maximum total dose = 0.000E+0Q years

Nuclide Initial tmin DSR(i,tmin) G(i,tmin) DSR{i,twax} G{i,tmax)
(1) (pci/q) (years) (pci/g) {(pCi/g)

Ra-228 1.000E+00 2.562 £ 0.005 4.142E+00 6.036E+400 3.2088400 7.793E+00
Th-228 1.0008+00 0.000E+00 3.555E+00° 7.032E+400 3,555E+00 7.032E+00
Th=-232 1.000E+00 88.9 t 0.2 6.887E+00 3,630E+00 2.565E-01 9.746E+01

BRF(3)
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Susmary : Great Lakes 43 sq meter area RESRAD Default Parameters for Th322
File ¢ GreatL3.RAD
Individusl Nuclide Dose Summed Over All Pathways
h:ent' Nuclide and Branch Fraction Indicated
Muclide Parent BRF (4 DOSE(4,¢t), nr-./y:

1) {1) 000E+Q0 1.000E+00'3.000E+00 1.000E+01 3.000X+01 '1.0008+02 3.000E+02 1.000E+03
Ra-228 Ra-228 1,000E+00 552E+00 2.2578+00 1.765E+00 7.465E-01 6.388K-02 1.1718-05 2.4648-16 0.000K+00
Ra-228 Th-232 1.000E+00 562B-01 4.455E-01 9,2798-01 1.927E+00 2.5965+00 2.658E+00 2.6572+400 2.652K+00
Ra-228 Y$DOSE(j) T08B+00 2.702E+00 2.693E+00 2.673E+00 2.650E+00 2,658E+00 2.657E+00 2.652E+00
Th~-228 Ra-226 1.000E+00 6.361E~01 1.593E+00 2.360E+00 1.622E+00 1.510E-01 2.769E-05 5.829E-16 0.000E+00
Th-228 Th-228 1.000E+00 3.5558+00 2.474E+00 1.199E+00 9.4918-02 6.765E-05 6.5398-16 0.000E+00 0.000E+00
Th-228 Th-232 1.000E+00 2.7468-02 1.681E-01 6.6698~01 2.473K+00 4.009E+00 4.156E+00 4.154E+00 4.146E+00
Th-228 EDOSE({3) 4.239£+00 4.236E+00 4.226E+00 4.191E+00 4.160E+00 4.156E+00 4.154E+00 4.146E+00

Th~23: JO0E+0! ‘87E-02 7.287E-02 2078~02 7.286%-02 7.286E-02 7.285K-02 '80E-02 1668-0;
BRF(4 is the branch fraction of the parent nuclide
Individual Nuclide 80il Concentration

Parent Nuclide and Branch Fraction Indicated
Nuclide Parent BRF(1) 8(3.t), pCi/g

000E+00 1.0008+00 3.000E+00 1.000X+01 3.000E+01 .000B+02 3.0008+02 . O000E+03
Ra-228 Ra-22 1.000E+00 1.000E+00 8.843E-01 6.916E-01 2.9255-01 2.5038-02 4.586E-06 9.657E-17 0.000E+00
Ra-228 Th-23 1.000E+00 0.000E+00 1.134E-01 3.025E-01 6.930E-01 9.561K-01 9.804E-01 9.799E-01 9.780E-01
Ra-228 §S8{3) 1.000B+00 9.978E-01 9.940E-01 9.863E-01 9.911E-01 9.804E-01 9.799K-01 9.780E-01
Th-228 Ra-228 1.000B+00 0.000E+00 2.849E-01 5.363E-01 4.0232-01 3.785E-02 6.943E-06 1.461E-16 0.000E+00
Th~228 Th-228 1.000E+00 1.000E+00 6.961E-01 3.372E-01 2.670K-02 1.903E-05 1.839%-16 0.000E+00 0.000E+00
Th-228 Th-232 1.000E+Q0 0.000E+00 1.8638-02 1.240B-01 5.599E-01 9.435E-01 9.804E-01 9.799E-01 9.7808-01
Th-228 I8(3): 1.000E+00 9.996E-01 9.976E-01 5.8901-01. 9.014E-01 9.804E-01 9.799E-01 9.780K-01
Th-232 Th-232 1.000E+00 000E+00 1.000E+00 1.0005+00 1.000E+00 9.9998-01 9.997E-01 9.992E-01 9.972K

BRF(i) is the branch fraction

RESCALC.EXE execution time =

if the parent nucli

12 seconds
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