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1.0 INTRODUCTION

1.1 Purpose

This Final Status Survey Plan (FSSP) provides the approach and methods for
demonstrating compliance with U.S. Nuclear Regulatory Commission (NRC)
regulation in 10 CFR 50.82(b)(4)(iii) and the unrestricted use criteria in 10 CFR
20 Subpart E (25 mrem/yr plus ALARA). The requisite ALARA analysis
methodology is described in the “Decommissioning Plan for the Plum Brook
Reactor Facility” (Decommissioning Plan), section 2.2.3.2. The Final Status
Survey Report (FSSR) submitted in accordance with this FSSP will seek to
demonstrate that the facility and site are suitable for release in accordance with
10 CFR 50.82(b)(6)(ii) and allow the termination of licenses TR-3 and R-93.

The FSSP is based on guidance provided in NUREG-1575, “Multi-Agency
Radiation Survey and Site Investigation Manual” (MARSSIM); NUREG 1757,
“Consolidated NMSS Decommissioning Guidance”; NUREG-1727, “NMSS
Decommissioning Standard Review Plan”; and DG-4006, “Demonstrating
Compliance with the Radiological Criteria for License Termination™.

The graded approach described in NUREG-1575 (MARSSIM) is followed to
ensure that survey efforts are maximized in those areas having the greatest
potential for residual contamination. The FSSP was developed to work in
conjunction with the programmatic plans that are currently in place to safely and
effectively decontaminate and dismantle the Plum Brook Reactor Facility
(PBREF) as described in the Decommissioning Plan.

Guidance contained in NUREG-1727, and NUREG-1757 was used as an
information source during FSSP development. NUREG-1727 replaced DG-
4006 and NUREG 1757 has replaced NUREG 1727 as the guidance for
implementing requirements set forth in 10 CFR Part 20, Subpart E. NUREG
1727 and NUREG 1757 contain additional decommissioning guidance and
information. However, the Final Status Survey Plan (FSSP) for the PBRF is
based on DG-4006 as stated in the Decommissioning Plan.

1.2 Site Description

The FSS primarily includes remaining structures, surface soil, and embedded
pipe (EP) that are identified as contaminated or potentially contaminated as a
result of licensed activities. Other media to be surveyed include subsurface soil,
buried pipe, asphalt, surface water and other foundation/concrete structures.

The PBRF is a complex of buildings that housed two nuclear reactors. The
National Aeronautics and Space Administration (NASA) currently has two 10
CFR Part 50 facility licenses to “possess but not operate” two reactors within the
Reactor Building (Building 1111).

NRC license TR-3 is for the 60-megawatt research test reactor and NRC license
R-93 is for the 100-kilowatt swimming-pool type Mock Up Reactor (MUR).
The reactors were used to perform irradiation testing of fueled and non-fueled
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experiments for space nuclear program applications.

The PBRF complex of buildings is within a 27-acre fenced area in the northern
portion of NASA’s Plum Brook Station (PBS). The PBS is located about 6
kilometers (km) (4 miles (mi)) south of Sandusky, Ohio, about midway between
Cleveland and Toledo, and just north of the Ohio Turnpike. Farmlands and low
density housing surround the PBS. Approximately 5400 acres of the PBS are
enclosed within a high security fence with 1000 acres outside the fence to act as
a buffer zone. The topography in the area slopes gently northward toward Lake
Erie. The Huron River and its branches constitute the major surface water
system. Eleven streams cross PBS, the largest of which are Pipe Creek, Kuebler
Ditch, Ransom Brook, and Plum Brook. Streams generally flow northward and
converge into Ransom Brook, Storrs Ditch, Plum Brook, and Sawmill Creek and
eventually flow north into Lake Erie approximately 6 km (4 mi) to the north.
Seventeen isolated ponds and reservoirs are located on PBS. The average slope
of the land is less than 6%. Elevation ranges from about 191 to 207 m (625 to
680 ft) above sea level. The elevation at the PBRF is about 191 m (625 ft)
above sea level. The site layout is shown on Figures 1-1 and 1-2.

The PBRF complex includes the Reactor Building, a seven-cell Hot Laboratory
complex (Building 1112) and several support facilities. These support facilities
include the Reactor Office and Laboratory Building (Building 1141), the
Primary Pump House (Building 1134), the Fan House (Building 1132), the
Waste Handling Building (Building 1133), the Hot Retention Area (Building
1155), the Cold Retention Basins (Building 1154), the Hot Pipe Tunnel and
other general support facilities such as the Reactor Services Equipment Building
(Building 1131), Cryogenic and Gas Supply Farm and Building (Buildings 1195
and 9837), Compressor Building (Building 1136), and Gas Services Building
(Building 1135). Areas of environmental contamination include earthen
structures and soil that were contaminated as a result of past operations
including the Emergency Retention Basin, a drainage system, the Reactor Water
Effluent Monitoring Station (Building 1192), the Pentolite Ditch, and known
past spill areas (see sections 2.3.1 and 2.3.2 for a description of spill areas).

The PBREF area is drained by Pentolite Ditch which has been extensively
modified for drainage. The ditch is characterized by steep banks (2 to 1 slope)
and vegetated with a mixture of grasses, herbaceous weeds, and shrubs. The
channel is relatively straight because of past dredging activities. Surface water
flow is intermittent in the summer and fall with small isolated pools. The only
surface water discharge from the PBRF during decommissioning activities is
surface runoff.

PBS is underlain by an overburden aquifer and two principal bedrock aquifers.
A fractured limestone aquifer occurs in the western portion of Erie County, and
groundwater flow in this aquifer is to the north. A fine-grained shale aquifer to
the east of the limestone aquifer has low yields, and the Ohio Department of
Natural Resources (ODNR) has delineated three groundwater zones based on
well yield. The PBRF overlies the fractured limestone aquifer. Wells
completed in the fractured limestone aquifer have yields ranging from 19 to 95
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liters (5 to 25 gallons) per minute. The bedrock aquifers are overlain by
unconsolidated deposits of glacial origin. These unconsolidated deposits
comprise the overburden aquifer. The thickness of the overburden ranges from
less than 1.5 m (5 ft) to greater than 8 m (25 ft). The overburden is the thickest
in the vicinity of the PBRF where it is thought to fill in a depression in the
underlying bedrock surface.

A site wide groundwater investigation at PBS is being conducted by the US
Army Corps of Engineers (USACE) under the Defense Environmental
Restoration Program formerly utilized sites. The PBRF area has been included
in this investigation. A total of ten wells have been installed at the PBRF as part
of this program since it was initiated in 1997. Four wells have been installed in
the bedrock aquifer and the remaining six wells are installed in the overlying
overburden aquifer. A second groundwater investigation is being conducted
under the Resource Conservation and Recovery Act (RCRA) program in the
PBRF area. The elevation of the groundwater surface is measured quarterly and
the groundwater quality is measured semiannually as part of the site wide
groundwater investigation.

Refer to the PBRF Decommissioning Plan for further operational history
information.
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1.3 . Decommissioning Process

As stated in the Decommissioning Plan, NASA has decided that the PBRF
should be decontaminated, remaining radioactive structures and materials
properly dispositioned, the 27-acre PBRF area released for unrestricted use and
its NRC licenses terminated. The decommissioning activities will be conducted
in accordance with the Decommissioning Plan requirements, facility licenses,
and approved technical specifications.

NASA evaluated a range of alternatives for decommissioning the PBRF before
selecting decontamination to allow release for unrestricted use according to 10
CFR 20.1402 criteria. The Decommissioning Plan Section 2.1,
“Decommissioning Process™, describes the project as being comprised of three
major milestones: decontamination, FSS to provide documentation for license
termination, and demolition of the remaining facilittes. However, the
Decommissioning Plan allows the flexibility necessary to alter the order in
which these milestones are accomplished. An overview of the planned
decommissioning process is described below.

e The first step will be to remove all potentially contaminated equipment and
decontaminate the PBRF structures and remediate soils to residual
contamination levels that are below the site-specific Derived Concentration
Guideline Levels (DCGL). Equipment and systems to be removed include the
reactor tank and its internals, the MUR, the material in the Hot Dry Storage
area, and contaminated equipment and piping in PBRF buildings and
structures. Concrete and other structural surfaces will be decontaminated by
scabbling or other methods and contaminated soil in areas surrounding the
PBRF will be excavated. Waste generated during decontamination will be
properly disposed of offsite.

e After decontamination is complete in each designated FSS area, an FSS will
be conducted to demonstrate that the residual contamination is below the site-
specific DCGL. Documentation will be developed describing the survey
methods and results obtained (see section 10.3). This documentation will be
the basis of the report submitted to the NRC to demonstrate compliance with
the unrestricted use criteria and to support license termination. Confirmatory
surveys will be performed by regulatory agencies as appropriate.

o The final step will be to demolish decontaminated buildings and structures to
3 feet below grade. This will be performed after the PBRF licenses have been
terminated. Below-grade foundations will be backfilled with demolition
debris that satisfies the site-specific DCGLs and clean fill. Soil excavations
will be backfilled and compacted with clean fill.

PBRF anticipates that both the NRC and the State of Ohio Environmental
Protection Agency (OEPA) may choose to conduct confirmatory measurements
in accordance with applicable laws and regulations. Timely and frequent
communications with these agencies will ensure that they are afforded sufficient
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opportunity to perform confirmatory measurements prior to PBRF implementing
any irreversible decommissioning actions that have an impact on the FSS (e.g.,
building demolition, excavation backfill).

1.4 FSS Overview

There are 5 major steps in the final survey process: survey preparation, survey
design, data collection, data assessment, and documentation of survey results.

1.4.1 Survey Preparation

Survey preparation is the first step in the final survey process and occurs
after any required remediation or decontamination is completed. The area
to be surveyed is isolated and/or controlled to ensure that radioactive
material is not reintroduced into the area from ongoing demolition or
remediation activities nearby and to maintain the final configuration of the
area. An inspection of the area will be conducted by FSS personnel to
ensure that all work is complete and that the area is ready for FSS.
Control of activities is transferred from the area manager to the
FSS/Characterization group. The isolation and control measures that will
be employed until the area is released for unrestricted use are described in
section 11.3. Materials not needed to support survey activities will be
removed unless authorized by Project Management. Routine access,

~ material storage and personnel transit through the area will be carefully
controlled in accordance with project procedures.

In areas where remediation was required, a post-remediation radiological
survey or “turnover” survey will be performed to confirm that remediation
was successful prior to initiating final survey activities. A turnover survey
may be performed using the same process and controls as a FSS so that
data from a turnover survey may be used as part of the final survey data.
In order for turnover survey data to be used for FSS, it must have been
designed and collected in accordance with the requirements of sections 5.0
through 7.0 of this FSSP and the area controlled in accordance with
section 11.3. Following the turnover survey, the FSS is performed.

1.4.2 Survey Design

The survey design process establishes the methods and performance
criteria used to conduct the survey. Survey design assumptions are
documented in “Survey Package Design Process” (see section 5.4.3).

The site land, structures, EP, and other media are organized into survey
areas and classified by contamination potential as Class 1, Class 2 or Class
3 (see section 2.0) in accordance with the guidance provided in NUREG-

1575 (MARSSIM).

Survey unit size is selected in accordance with Table 4-1. The percent
coverage for scan surveys is determined (section 5.1). The number and
location of structure surface measurements and soil samples are
established (see sections 5.2 and 5.4). Investigation levels are also
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established. (see section 7.1).

Replicate measurements are performed as part of the quality process
established to identify, assess, and control errors and uncertainty
associated with sampling, survey, or analytical activities. This quality
control process, described in section 11.0, provides assurance that the
survey data meets the precision and reliability requirements necessary to
support the decision to release or not release a survey unit.

1.4.3 Survey Data Collection

After preparation of a survey package, the final survey data are collected.
Trained and qualified personnel perform the necessary measurements
using calibrated instruments in accordance with approved procedures and
instructions contained in the survey package.

1.4.4 Survey Data Assessment

Survey data assessment is performed to verify that the data are sufficient
to demonstrate that the survey unit meets the unrestricted use criterion
(i.e., the Null Hypothesis may be rejected). Statistical analyses are
performed on the data, if necessary, and the data are compared to
investigation levels. Depending on the results of an investigation, the
survey unit may require further remediation, reclassification, and/or
resurvey. Graphical representations of the data, such as posting plots or
histograms, may be generated to provide qualitative information from the
survey or to support investigations. The assumptions and requirements in
the survey package are reviewed. Additional data needs, if required, are
identified during this review. :

1.4.5 Survey Results

Survey results are documented by Survey Unit in “Survey Packages". The
data is reviewed, analyzed, processed and the results summarized in a
“Release Record”. The Release Record provides the information
necessary to support the decision to release the survey unit for unrestricted
use.

A Final Status Survey Report (FSSR) is prepared that provides the
necessary data and analyses from the Survey Packages and Release
Records, and is submitted to the NRC to support license termination.
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2.0

CLASSIFICATION OF AREAS

Area classification ensures that the number of measurements and the scan coverage are
commensurate with the potential for residual contamination to exceed the unrestricted use
criterion. Classifications include Class 1, Class 2, and Class 3 as described in section 2.2.

In the Decommissioning Plan, the facilities and grounds were divided into survey areas
and assigned initial area classifications based on data from the 1985 and 1998
characterization surveys. Additional characterization performed after Decommissioning
Plan approval has provided data to support a change, both increasing and decreasing, in a
number of the initial classifications. The current classifications are provided in Tables 2-
1 and 2-2.

Amendment No. 11 of License No. TR-3, Section 3, Part A.1.h, states that an area
classification may not be decreased (i.e., impacted to non-impacted; Class 1 to Class 2;
Class 2 to Class 3; or Class 1 to Class 3) without first seeking NRC approval. This FSSP
is being submitted as a license amendment request. The proposed decreases in
classifications provided in Tables 2-1 and 2-2 comply with License Condition A.1.h since
NRC approval of this FSSP, including Table 2-1 and 2-2, is being requested.

2.1  Non-Impacted Areas

Non-Impacted areas have no reasonable potential for residual contamination
because there was no known impact from site operations. These areas are not
required to be surveyed beyond what has already been completed as a part of
site characterization to confirm the area’s non-impacted classification. As part
of the initial area classifications presented in the Decommissioning Plan, several
buildings and large components were classified as non-impacted. These
structures were as follows: :

e Reactor Service Equipment Building (1131)

e Reactor Gas Service Building (1135)

* Reactor Water Tower (1151)

e Reactor Substation (1161) |

¢ Reactor Security Building (1191)

¢ Reactor Compressor Building (1136)

e Reactor Cryogenic and Gas Supply Farm and Building (1195 & 9837)
e Reactor Gas Storage Structure (1196)

Since the development and approval of the Decommissioning Plan, PBRF has
determined that all structures within the licensed area that will be intact at the
time of license termination will be classified at a minimum as a Class 3 structure
and will be subjected to FSS. Subsequently, there are no non-impacted areas
within the 27-acre fenced area that comprises the licensed PBRF complex.
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Any structure demolished prior to license termination will be subjected to
release surveys under the current PBRF Radiation Protection Program and
appropriately disposed of offsite. Demolition debris released in this manner
shall not be used as backfill.

In addition to the licensed area, PBRF is also assessing several areas outside of
the licensed facility on the PBS site that may have been impacted by facility
operations. These areas include the Pentolite Ditch and open land areas adjacent
to the facility fence. Characterization surveys shall be performed in these areas
to ascertain the presence and concentration of any licensed radioactive material.
Areas outside the licensed area where licensed radioactive material is positively
identified will be classified accordingly and added to the FSS scope.

2.2 Impacted Areas

Impacted areas may contain residual radioactivity from licensed activities.
Based on the levels of residual radioactivity present, impacted areas are further
divided into Class 1, Class 2, or Class 3 designations. All Class 1 open land
areas will have a Class 2 or Class 3 buffer zone between the Class 1 area and
any non-impacted area. This may result in additional impacted areas outside of
the facility fence. '

e Class 1 Areas - Areas that have, or had prior to remediation, a potential for
radioactive contamination (based on site operating history) or known
contamination (based on previous radiation surveys) above the DCGLw.!
Examples of Class 1 areas include: 1) site areas previously subjected to
remedial actions, 2) locations where leaks or spills are known to have
occurred, 3) former burial or disposal sites, 4) waste storage sites, and 5) areas
with contaminants in discrete solid pieces of material and high specific
activity.

¢ Class 2 Areas - Areas that have, or had prior to remediation, a potential for
radioactive contamination or known contamination, but are not expected to
exceed the DCGLw. To justify changing the classification from Class 1 to
Class 2, there should be measurement data that provides a high degree of
confidence that no individual measurement would exceed the DCGLyw. Other
justifications for reclassifying an area as Class 2 may be appropriate based on
site-specific considerations. Examples of areas that might be classified as
Class 2 for the final status survey include: 1) locations where radioactive
materials were present in an unsealed form, 2) potentially contaminated
transport routes, 3) areas downwind from stack release points, 4) upper walls
and ceilings of buildings or rooms subjected to airborne radioactivity, 5) areas
handling low concentrations of radioactive materials, and 6) areas on the
perimeter of former contamination control areas.

¢ Class 3 Areas - Any impacted areas that are not expected to contain any residual

1 The “w” in DCGL,, refers to the Wilcoxon Rank Sum test per MARSSIM (NUREG-1575, page 2-3) but generally
represents the uniform level of residual contamination that results in the dose limit, regardless of the statistical test
used.
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radioactivity, or are expected to contain levels of residual radioactivity at a
small fraction of the DCGLw, based on site operating history and previous
radiation surveys. Examples of areas that might be classified as Class 3
include buffer zones around Class 1 or Class 2 areas, and areas with very low
potential for residual contamination but insufficient information to justify a
non-impacted classification. :

2.3 Previous and Continuing Characterization

The PBRF Decommissioning Plan describes the operational history of the PBRF
and summarizes the radiological status of the PBRF. The Decommissioning
Plan also discusses routine and non-routine events that occurred during the
PBRF’s operational history that contributed to facility radioactivity and
contamination levels as well as presenting information from a characterization
survey conducted in 1985 and a confirmatory survey conducted in 1998.

The “Final Environmental Baseline Survey Report for the Plum Brook Reactor
facility Decommissioning Project, Tetra Tech, Inc. (EBS)”, also summarized the
results of the radiological surveys and hazardous material or non-radiological
contaminant surveys conducted at the PBRF. Major historical facts, as stated in
the Decommissioning Plan, relevant to decommissioning were:

e there 1s no fuel in the reactors,

o there was the possibility of a few small suspected fuel cladding leaks during
reactor operations, and

» the PBRF previously underwent a program of waste removal and
decontamination following shutdown.

2.3.1 Previous Characterization Efforts

A radiological survey of the PBRF was conducted in 1985 and a
confirmatory survey was conducted in September 1998. The major
conclusions from the 1985 characterization survey were as follows:

e The majority of the radionuclide inventory at the PBRF was in two
locations: (1) the reactor tank and its internals and (2) in stored waste
in the Hot Dry Storage Area of the Hot Laboratory.

e Most of the contamination inside the buildings resided in piping and
equipment internals. Other than the internal piping and equipment
contamination, residual contamination in the facilities was limited to
locations where piping or equipment has leaked (e.g. the Hot Pipe
Tunnel and evaporator in the Waste Handling Building).

o In the reactor tank (exclusive of reactor internals) and the primary
cooling system, Co-60 was the dominant gamma-emitting nuclide
based on analysis of material samples.

e The isotope Co-60 and fission products Cs-137 and Sr-90 were
detected in the canal and quadrant drains, hot sumps, resin pits, Hot
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Retention Area, and Cold Retention Basins.

e Co-60 and fission products were detected in areas of suspect
environmental contamination.

e Residual radiation levels in the MUR ranged from 1.5 mrem/hr to 13
mrem/hr with no significant alpha activity.

The 1998 confirmatory radiological survey (presented in the
Decommissioning Plan, Appendix A) was only conducted in portions of
the PBRF to support the planning for decommissioning and license
termination activities. The results from the 1998 confirmatory survey
generally confirmed the findings from the 1985 survey for the areas
surveyed. However, the 1998 survey identified six additional
contaminated areas as follows:

e Four laboratories (Rooms 207, 209, 210 and 213A) in the Reactor
Office and Laboratory Building;

e An area of contamination on the - 4.6 m (-15 ft) basement level of the
Reactor Building; and

e Contamination on the pavement near the west entrance to the Reactor
Building.

Within the Emergency Retention Basin (ERB), the 1998 confirmatory

survey identified a high Cs-137 concentration of 200 pCi/g while the 1985

high concentration of Cs-137 was 90 pCi/g. The gamma characterization

information from the 1998 survey showed that the dominant gamma

sources are Cs-137 and Co-60.

The characterization surveys indicated that surface soils having residual
contamination are present at the Emergency Retention Basin, Pentolite
Ditch, Waste Handling Building (Building 1133) concrete pad, south of
the Primary Pump House (Building 1134) and at the west entrance to the
Reactor Building (Building 1111). Iscotopic analysis indicated the
radionuclides of concern for surface soil were Co-60, Sr-90, and Cs-137.
Low levels of contamination were identified in rooms located on the
second floor of the Reactor Office and Laboratory Building (Building
1141), while higher levels were identified in the Reactor Building
(Building 1111) subsurface structures.

2.3.2 Continuing Characterization Efforts

Additional site characterization was initiated in September 2002 in
accordance with MW-PL-02-004, PBRF Characterization Plan.
Characterization performed under this plan initially focused on loose
equipment and materials. Survey packages were developed and executed
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for the characterization of these items in all buildings with the exception
of the Primary Pump House. Follow up surveys were performed as
necessary to meet waste characterization objectives. The characterization
of loose equipment and materials included Total Surface Contamination
(TSC), removable contamination, wet tritium, contact gamma
measurements and off-site radiological analyses to comply with the
assessment of radionuclide inventory in accordance with 10 CFR Part 61.

In late July 2003, the characterization of fixed equipment and structural
surfaces was initiated. The open land areas scope of work was initiated in
October 2003. As of November 2004, the following results have been
reported:

Detectable contamination has been identified in several systems where
contamination was not expected to be found: specifically the
Deionized Water (DI) and the Process Water systems. Total
contamination up to 200,000 dpm/100 cm? B and 500 dpm/100cm’ @
was observed in the DI system and total contamination up to 8,000
dpm/100cm? B was observed in the Process Water System.

Surveys in the Water Effluent Monitoring Station (WEMS) bulldmg
indicated total contammatlon levels up to 8,998 dpm/100cm? B and
254 dpm/1 00cm a. Loose contarmnatron was observed at levels up to
316 dpm/lOOcm B and 9 dpm/100cm’ a.

Surveys of materials stored in the Reactor Service Equipment Building
(SEB) have pr rovided indications of total contamination up to 91,375
dpm/100cm” B on contact with the concrete floors and up to 75,000
dpm/100cm?® B on several pieces of loose equipment.

Surveys in the Cold Pipe Tunnel exhibited total contamination levels
of up to 92,897 dpm/100cm” fixed B on contact with the floor.
Isotopic analysis of a sediment sample that was acquired out of the
trench drain indicated the presence of Co-60 at 65.84 pCi/g and Cs-
137 at 0.9345 pCi/g.

In the Primary Pump House, total contamma’aon was observed to
levels up to 5.3 x 10° dpm/100cm? B and 598 dpm/ 100cim® o on
contact with the concrete pump-support structure. Loose
contamination was observed at levels up to 79,500 dpm/100cm® B and
104 dpm/100cm?® a. More recent surveys in this area have indicated
loose contamination of up to 99,534 dpm/100cm? B.

Surveys of the Reactor Office and Laboratory Building (ROLB)
indicated total contammatlon on various surfaces on the second floor
of up to 251,682 dpm/100cm? B and 22,678 dpm/ 100cm? o and loose
surface contammatlon up to 85,849 dpm/100cm? B and 19,003
dpm/100cm’® 0. In the New Fuel Vault in the basement, total surface
contamination was observed at levels up to 38,865 dpm/ 100cm? B and
36,233 dpm/100cm? o and loose surface contamination up to 2,573
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dpm/100cm? B and 9,475 dpm/100cm? a. Subsequent off-site analysis
of smear samples taken from the New Fuel Vault and the second floor
of the ROLB indicate that the majority of the activity was from U-
234/U-235. Since the time this survey was performed,
decontamination of the vault has occurred. However, additional areas
exhibiting elevated alpha activity have been identified on the second
floor of the ROLB as laboratory hood ductwork has been removed. As
part of the nuclide distribution determination, a core sample was taken
from the vault floor and sent for isotopic analysis. The results of the
analysis did not indicate the presence of U-234/U-235, but exhibited a
mixture consistent with the other Balance of Plant (BOP) samples.
Additional characterization will be performed in this area as necessary
to ensure the nuclide mixture in this area is consistent with the BOP
mixture and is not unique.

Surveys in the Waste Handling Building indicated total surface
contamination in several floor drains at levels up to 350,000
dpm/100cm’ B. Additionally, lead was discovered embedded in one
drain with total surface contamination levels of 300,000 dpm/100cm?
B and a contact dose rate of 85 uR/hr. A core bore sample was taken
and analyzed for isotopic content. Cs-137 was detected in
concentrations up to 3,150 pCi/g.

Prior to demolition, surveys of the Fan House Stack indicated fixed
contamination of up to 30,000 dpm/100cm? B in the base and 7,000
dpm/100cm? B at a height of 35 feet. Subsequently, the upper portion
of the Fan House Stack was demolished using appropriate operational
controls and disposed of as radioactive waste. The lower concrete
base still remains.

As aresult of scan surveys performed during recent radiological
characterization activities, a buried suspected irradiated bolt was
discovered in the open land survey area adjacent to the Waste
Handling Building. The bolt exhibited dose rates of up to 960 uR/hr.
No loose contamination was detected on the bolt. The bolt was
properly dispositioned as radioactive waste. No isotopic analysis was
performed on the bolt prior to disposal.

Surveys of open land areas have indicated the presence of elevated
concentrations of Co-60 and Cs-137 adjacent to and south of the
Waste Handling Building, to the south of the Primary Pump House and
to the north of the Emergency Retention Basin (ERB). These areas
were acknowledged in previous historical assessments as areas where
possible spills of radioactive material had occurred. Scan surveys
detected areas of elevated activity near the waste storage pad and in
the storm drain catch basin above the existing water level. Scan
surveys indicate that the spill area identified south of the Waste
Handling Building is significantly larger than previously reported.
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Additionally, Cs-137 and Co-60 were positively identified in the
survey areas adjacent to the Waste Handling Building and to the north
of the ERB. A scan survey conducted of the concrete pad south of the
Waste Handling Building indicated that the pad, or the soil under the
pad, is highly contaminated. Static measurements up to 63,289
dpm/100cm® B were observed. Surface soil samples indicated Cs-137
concentrations of up to 208 pCi/g. The elevated radiological
indications within the ERB were expected, however not to the extent
discovered. Co-60 was detected in samples up to 5.6 pCi/g and Cs-
137 was detected in samples up to 54.2 pCi/g. To the east of the ERB
berm adjacent to the east fence and north of the Water Effluent
Monitoring Station (WEMS) structure, several surface soil samples
have been taken that indicate radiological soil contamination in excess
of the surface soil DCGLs. Additional characterization is being
performed to bound this area. ’

e Historical site assessment provided by NASA contained information
_that the storm drain system is radiologically contaminated. The storm
drain system consists of an arrangement of reinforced concrete pipe
that is located approximately four feet below grade in multiple survey
- units to the south and east of the Reactor complex. This system was
placed on top of an open trench system that was previously used as the
facility drain system prior to the installation of this piping. The system
empties into the WEMS. The presence of radiological contamination
has been verified by survey results in several of the catch basins.
However, the extent of the contamination was not been determined as
of the writing of this document.

e Recent survey results from the Pentolite Ditch are summarized. The
Pentolite Ditch was the primary effluent release pathway for the Plum
Brook Reactor Facility, receiving water from the Water Effluent
Monitoring Station and draining into the Plum Brook about 2/3 mile
east of the PBRF. Areas of elevated activity were identified within the
ditch and in the vicinity of the ditch. Twenty five of 64 sediment
samples collected from the ditch itself contained measureable activity
with concentrations of up to 7.3 pCi/g Co-60 and 519 pCi/g Cs-137.
Thirty nine of 58 surface soil samples collected from the ditch banks
and vicinity contained measureable activity with concentrations of up
to 16.7 pCi/g Co-60 and 1020 pCi/g Cs-137.

2.4 Area Classification

In the Decommissioning Plan, the facilities and grounds were divided into
survey areas and assigned initial classifications based on data from the 1985 and
1998 characterization surveys. Tables 2-1 and 2-2 list the initial FSS areas and
the initial and current classifications of structures and land areas.

After the approval of the Decommissioning Plan, characterization surveys have
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shown that some areas were assigned overly conservative classifications.
Additional characterization has also provided more representative results in
other areas, resulting in an increase in classification. Any changes in
classification from the Decommissioning Plan are shown in Tables 2-1 and 2-2.

An explanation of the information and data in Tables 2-1 and 2-2 follows: The
first column lists the FSS survey areas. In Table 2-1, the survey areas are
organized by building with each building further subdivided by major
operational or physical attributes. The survey area floor sizes (second column)
were taken from drawings in "Plans of Buildings and Structures, Lewis
Research Center, Plum Brook Station, Sandusky, OH," dated June 1974. Note

 that the designated survey areas are for preliminary design and planning
purposes. The final survey area configurations will be determined during the
implementation of FSS and will be controlled by an FSS Implementing
procedure. The final survey area boundaries may differ from those listed in
Table 2-1. The open land survey areas in Table 2-2 were based on a division of
the restricted area into roughly 10 equal survey areas and the emergency
retention basin.

An estimate of the total survey area size, including all surfaces (floors, walls and
ceilings for structures) was calculated for each survey area and is provided for
informational purposes in the fourth column of Table 2-1. The total survey area
size is only estimated and is based on the product of the floor size multiplied by
a conversion factor designed to account for the wall and ceiling surfaces. As
part of the survey package design process described in section 5.4.3, the
FSS/Characterization Engineer will calculate surface areas for each FSS survey
unit, including walls and ceilings from project engineering drawings and field
measurements. The estimated total area for open land areas is reported in the
third column of Table 2-2.

Survey areas that exceed the maximum survey unit size as described in Table 4-
1 will be sub-divided into smaller survey units during the survey design process.
Each sub-divided survey unit within each of these survey areas is supported by
the same operational history and characterization data listed for the survey area
as a whole.

Accordingly, the sub-divided survey units will use the same classification and
sigma for FSS design. Sigma is used in the FSS survey design process and is
discussed further in section 5.2.3.2. The source of classification and sigma

values used will be described in the FSS Survey Package for each survey unit.

For operational efficiency, some of the survey areas listed in Table 2-1 and
Table 2-2 that are equal to or smaller than the maximum size listed in Table 4-1
may be subdivided into multiple survey units. Smaller survey units may be
necessary to enhance the efficiency of data collection, processing, and review
and serve to better support the decommissioning schedule. Conversely, some
adjacent areas may be combined to form larger survey units (Table 4-1 size
limits will be maintained). The fifth column in Tables 2-1 and the fourth column
in Table 2-2 list the current classification of the survey area.
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Some survey areas have been assigned more than one classification based on the
levels of activity found on floors, lower walls, upper walls and ceilings. During
the FSS design process, lower walls will typically be included and surveyed
with the floor area as a survey unit. If the upper walls and ceiling surface area is
of a different classification than the floor surface and lower walls (typically <2
meters), the upper walls and ceilings will be surveyed as a separate survey unit.
Upper walls and ceilings in multiple adjacent survey units where the floor and
lower walls are a higher class than the upper walls and ceilings may be
combined into a single survey unit. Administrative controls within the Survey
Data Management System (SDMS) will ensure that each survey unit will have
only one classification. The use of the SDMS system is further discussed in
section 5.4.3.1. The sixth column in Table 2-1 and the fifth column in Table 2-2
provide the initial classification of the survey area as stated in the
Decommissioning Plan.

The seventh, eighth and ninth columns of Tables 2-1 and 2-2 present
summarized characterization data and an estimate of the variability within the
survey area, or sigma. The characterization data provided are the basis for the
classification of the survey areas. In several Class 1 areas, particularly areas
where major remediation activities will be performed, minimal or no
characterization has been performed. In these cases, and in cases where current
characterization data result in an unacceptably high value for sigma, the sigma
values will be determined by remediation support or turnover surveys. See
section 5.2.3.2 for additional detail. In survey areas where characterization has
not yet been performed, the last three columns in Tables 2-1 and 2-2 state
“Characterization Pending”. The classification provided for areas with
characterization remaining to be performed is the initial classification presented
in the Decommissioning Plan. Prior to performing FSS in these areas, the
classification will be verified based on the pending characterization. NRC
approval is required if an area classification is lowered. Illustrations of survey
areas are presented in Attachment A.

Survey areas for structures that are demolished prior to license termination will
either be applied to remaining foundation or the remaining footprint (if the
foundation is removed). The need to FSS soil in excavated building footprints
before backfill will be evaluated on a case by case basis and documented in each
respective FSS Survey Package.

2.4.1 Changes in Classification

Classification of site areas is based on historical information and site
characterization data. Data from continuing characterization surveys,
operational surveys in support of decommissioning, routine surveillance
and any other applicable survey data may be used to increase survey area
classifications (from Class 3 to Class 2 and from Class 2 to Class 1), up to
the time of commencement of FSS, as long as the classification reflects
conditions that existed prior to remediation. After the FSS of a given
survey unit begins, the basis for any reclassification will be documented in
the Survey Package. If during the conduct of a FSS survey sufficient
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evidence is accumulated to warrant an investigation and reclassification of
the survey unit in accordance with section 7.4, the survey may be
terminated without completing the respective survey unit package.
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Table 2-1 — Survey Area Classification
Estimated
Floor Floor Total FSS Initial Sigma ¢ Mean Net Maximum Net
Facility or Survey Area Area Area Surface Classification iee c 2 Total Beta Total Beta
(ft) * (m?) Areza b Classification (dpm/100cm®) (dpm/100cm?) (dpm/100cm?)
(m?)
Reactor Building (Building 1111):
Inside Containment Vessel
* Area 2 - Work Space inside CV @ 0' - . .
(C1110 106Cx) 4,019 374 2,244 Class 1 Class 1 Char Pending Char Pending Char Pending
« Area 17 - Test Area Inside CV at -25'
(C1110 105Cx) 1,350 126 756 Class 1 Class 1 Post Decon Post Decon Post Decon
* Area 18 - Canal E (C1110 111Cx) 1,281 120 720 Class 1 . Class 1 Post Decon Post Decon Post Decon
+ Area 23 - Quad A (C1110 107Cx) 803 75 450 Class 1 Class 1 Post Decon Post Decon Post Decon
* Area 24 - Quad B (C1110 108Cx) 813 76 456 Class 1 Class 1 Post Decon Post Decon Post Decon
* Area 25 - Quad C (C1110 108Cx) 803 75 450 Class 1 Class 1 Post Decon Post Decon Post Decon
* Area 26 - Quad D (C1110 110Cx) 637 60 360 Class 1 Class 1 Post Decon Post Decon Post Decon
*+ Area 29 - Sub-Pile Room (C1110 101Cx) 157 15 90 Class 1 Class 1 Post Decon 38,108 78,775
+ Area 30 - Elevator Pit and Stair Well . .
(C1110 102Cx/103Cx/104Cx) 210 20 120 Class 1 Class 1 Char Pending Char Pending Char Pending
Additional Information
* Quad A Loose and Fixed Equipment
(E1111 101Cx) 21,355 28,047
* Quad C Loose and Fixed Equipment
(E1111 102Cx) 431,717 3,653,248
* Quad D & Lily Pad Loose and Fixed Equip.
(E1111 103Cx) 25,040 554,678
* Quad B Loose and Fixed Equipment
(E1111 104Cx) 133,778 . 1,887,744
* Quad D Loose and Fixed Equipment 120,355 1,728,637
(E1111 105Cx) 88,824 158,320
10,073 | 941 | 5,646 |
Reactor Building (Building 1111):
Outside Containment Vessel
*» Area 1 - General Floor Area @ grade . . .
(G111 207Cx) . 9,449 878 5,268 Class 1/2 Class 2 Char Pending Char Pending Char Pending
* Area 3 - Canals
o Canal F (C1111 104Cx) 382 36 216 Class 1 Class 1 Post Decon Post Decon Post Decon
> Canal G (C1111 105Cx) 580 54 324 - Class 1 Class 1 Post Decon 687,144 6,107,314
> Canal H (C1111 103Cx) 455 43 258 Class 1 Class 1 Post Decon 13,212 54,926
+ Area 4 - Shop Area (C1111 203Cx)
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Table 2-1 — Survey Area Classification
Estimated
Floor Floor Total FSS Initial Sigma ¢ Mean Net Maximum Net
Facility or Survey Area Area Area Surface Classification . . e 2 Total Beta Total Beta
() ° m?) Are.;a b Classification {dpm/100cm®) (dpm/00em?) (dpm/400cm?)
{m’)
> Rooms 102 &103, Exp Ctrl Annex 806 75 450 Class 3 Class 2
o Room 104, Office 400 38 228 Class 3 Class 2 220 144 551
> Room 105, Office 441 41 246 Class 3 Class 2
* Count Rooms (C1111 204Cx)
» Room 5, Experiment Control Room 1,156 108 648 Class 3 Class 2
> Room 6, Counting 80 8 48 Class 3 Class 2
> Room 7, Janitor Closet 124 12 72 Class 3 - Class 2
> Room 8, Restroom 498 47 282 Class 3 Class 2 608 335 1952
o Room 9, Locker 197 19 114 Class 3 Class 2
- Room 10, Personnel Decontamination ° 120 12 72 Class 3 Class 2
+ Area 11 - Office Area Mezzanine
(C1111 208Cx)
° Room 15, Reactor Control Room 872 82 492 Class 2 Class 2
» Room 16, Restroom, +12 Elevation 80 8 48 Class 2 Class 2
= Room 28, Storage 87 9 54 Class 2 Class 2
» Rooms 202/203, Elec Equip & Parts Storage 806 75 450 Class 2 Class 2
o Room 204, Office 400 38 228 Class 2 Class 2
> Room 205, Office 441 41 246 Class 2 Class 2 6,254 2,957 17,749
> Room 206, Office 171 16 96 Class 2 Class 2
» Room 207, Office 171 16 96 Class 2 Class 2
> Room 208, Office 171 16 96 Class 2 Class 2
> Room 209, Office 171 16 98 Class 2 Class 2
° Pipe Chase 46 5 30 Class 2 Class 2
» Area 20 - Work Area @ -15' (C1111 202Cx)" 7,790 724 4,344 Class 1 Class 2 Char Pending Char Pending Char Pending
+ Reactor Bldg Sub-basement (C1111 201Cx)
> Area 21 - Work Area @ -25' 3,013 280 1,680 Class 1 Class 2
o Area 22 - Pump Room Area + Roof 1,366 127 762 Class 1/2 Class 2 7,720 6,280 25,058
* Penthouse Areas (C1111 209Cx) .
> Room 31, East Penthouse N/A N/A N/A N/AT Ciass 2 . . "
= Room 32, West Penthouse N/A N/A N/A NA Class 2 Char Pending Char Pending Char Pending
+ Area 33 - Air Lock 1 & 2 (C1111 206Cx) 121 12 72 Class 1 Class 1 Char Pending Char Pending Char Pending
30,840 2,878 17,268 - .
» Building Exterior (C1111 301Cx) I
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Table 2-1 — Survey Area Classification
Estimated
Floor Floor Total FSS Initial Sigma ° Mean Net Maximum Net
Facility or Survey Area Area Area Surface Classification AT 2 Total Beta Total Beta
(%) ® m?) Areza b Classification {dpm/100cm”) (dpmi100cm?) (dpm/100cm?)
(m?)
» Building Roof 28,084 2,609 2,609 Class 2 N/A . . "
> Building Exterior Walls 13,110 | 1,218 1,218 Class 3 N/A Char Pending Char Pending Char Pending
Additional Information
* Reactor Bidg Loose and Fixed Equipment
(C1111 101Cx) 1,061 148,117
* Rx Bldg & Canal E Loose and Fixed Equip
(C1111 106Cx) 252,936 13,079,207
82,107 | 7,646 | 26,741 |
Hot Laboratory (Building 1112):
* Hot Cells (C1112 107Cx)
> Room 1, Hot Cell #1 342 32 192 Class 1 N/A
> Room 2, Hot Cell #2 138 13 78 Class 1 N/A
> Room 3, Hot Cell #3 96 9 54 Class 1 N/A
> Room 4, Hot Cell #4 64 6 36 Class 1 N/A Post Decon 1,547,828 11,664,262
> Room 5, Hot Cell #5 64 6 36 Class 1 N/A
> Room 6, Hot Cell #6 64 6 36 Class 1 N/A
° Room 7, Hot Cell #7 64 6 36 Class 1 N/A
* Mezzanine above Hot Cells 1-2
(C1112 109Cx) 1,000 93 558 Class 1 Class 1/2 Post Decon 151,979 597,660
+ Mezzanine above Hot Cells 3-7 g
(C1112 110Cx) 1,005 94 564 Class 1 Class 1/2 Post Decon 989,411 4,462,502
+ Cold Work Areas (C1112 203Cx)
> Room 8, Cold Work Area + Air Lock 2,219 207 1,242 Class 1 Class 2
» Room 8A, Vestibule 44 5 30 Ciass 2 Class 2
- Room 8, Manipulator Repair Shop 309 38 228 Class 1 Class 2 Post Decon 11,398 288,801
> Room 10, Office 117 11 66 Class 2 Class 2
* Lavatory Areas (C1112 205Cx)
o Room 11, Locker Area 217 21 126 Class 1 N/A
> Room 12, Cold Lavatory 142 14 84 Class 1 N/A
o Area 13 - Pipe Space 61 6 36 Class 1 N/A _
> Room 14, Change Room 183 18 108 Class 1 N/A Post Decon 11,834 78234
o Room 15, Hot Lavatory 279 26 166 Class 1 N/A
> Room 15A, Closet 24 3 18 Class 1 N/A
» Room 16, Hot Work Area (C1112 202Cx) 2,155 201 1,206 Class 1 N/A Post Decon 628,257 1,667,274
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Table 2-1 — Survey Area Classification
Estimated
Floor Floor Total FSS Initial Sigma Mean Net Maximum Net
Facility or Survey Area Area Area Surface Classification " ¢ 2 Total Beta Total Beta
(ftz) a (m?) Ar eza b Classification (dpm/100cm”®) (dpm/100 cm?) (dpm/100 cm?)
(m")
» Hot Handling Area (C1112 106Cx)
> Room 17, Hot Handling Room 692 65 390 Class 1 Class 1/2
> Area 26 - Valve Pit 184 18 108 Class 1 N/A Post Decon Post Decon Post Decon
» Area 18 - Canal J (C1112 105Cx) 435 41 246 Class 1 Class 1 Post Decon Post Decon Post Decon
« Hot Dry Storage (C1112 103Cx)
° Room 19, Hot Dry Storage 900 84 504 Class 1 N/A
~Room 19A, Off-Gas Clean-up 174 17 102 Class 1 N/A Post Decon Post Decon Post Decon
* Room 19, Removable Slabs & area above
HDS (C1112 111Cx) 793 74 444 Class 1 N/A Post Decon Post Decon Post Decon
* Area 20 - Canal K (C1112 104Cx) 799 75 450 Class 1 Class 1 Post Decon Post Decon Post Decon
» Decontamination Areas (C1112 204Cx)
> Room 21, Storage + Roof 246 23 138 Class 1 Class 1/2
> Room 22, Repair Shop 646 61 366 Class 1 Class 1/2 :
» Room 23, Decontamination Room 387 36 216 Class 1 Class 1/2 Post Decon 396,111 1,602,360
= Room 24, Storage 591 55 330 Class 1 Class 1/2
* Hot Pipe Tunnel (C1112 108Cx)
> Area 25A - Hot Pipe Tunnel 1,413 132 792 Class 1 Class 1
> Area 25B - Hot Pipe Tunnel 1,474 137 822 Class 1 Class 1 Post Decon Post Decon Post Decon
> Area 25C - Hot Pipe Tunnel 1,112 104 624 Class 1 Class 1 :
» Room 27, Mezzanine (C1112 112Cx) 1,412 132 792 Class 1 Class 1/2 Char Pending Char Pending Char Pending
+ Building Exterior (C1112 301Cx)
> Building Roof 14,134 1,313 1,313 Class 2 N/A
o Building Exterior 14,047 1,305 1,305 Class 3 N/A 265 360 o7
Additional Information
« Hot Cells Loose Equipment & Material
(C1112 101Cx) 10,691,780 61,910,893
» Hot Lab Loose Equipment & Material 412,081 33,401,830
(C1112 201Cx) 60,008 205,752
48,126 | 4,487 13,832 |
Reactor Service Equipment Building (1131)
» SEB First Floor Areas (D1131 403Cx) .
> Area 1 - Shop & Equipment 2,218 207 1,242 Class 1/3 Non-Impacted 321 545 1,134
> Room 1, Chem. Lab & Record 394 37 222 Class 2/3 Non-Impacted
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Table 2-1 — Survey Area Classification
Estimated
Facility or Survey A eon | Area | sudece | Classificat Initial Sigma ° Tott Bote N otal Bota
acility or Survey Area rea rea urface assification g o 2 otal Beta otal Beta
(ft) ® (m?) Arez a b Classification (dpm/100cm”) (dpm/100cm?) (dpm/100cm?)
{(m) .
° Room 2, Counting 143 14 84 Class 2/3 Non-Impacted
> Room 3, Office 173 17 102 Class 2/3 Non-Impacted
> Room 4, Corridor 104 10 60 Class 2/3 Non-Impacted
» Room 5, Office 87 9 54 Class 2/3 Non-Impacted
> Room 6, Locker 162 16 96 Class 2/3 Non-Impacted
> Room 7, Janitor's Closet 28 3 18 Class 2/3 Non-Impacted
» Room 8, Restroom Vestibule 16 2 12 Class 2/3 Non-Impacted
° Room 9, Vestibule 52 5 30 Class 2/3 Non-Impacted
> Room 10, Corridor 195 19 114 Class 2/3 Non-Impacted
> Room 11, Control Room 1,083 101 606 Class 2/3 Non-Ilmpacted
> Room 12, Chlorine 105 10 60 Class 2/3 Non-impacted
» Room 13, Water Treatment 3,752 349 2,094 Class 2/3 Non-impacted
> Room 15, Boiler 1,667 155 930 Class 2/3 Non-Impacted
» Room 16, Parts and Storage 290 27 162 Class 2/3 Non-impacted
> Room 17, Vertical Lift 149 14 84 Class 2/3 Non-Impacted
> Room 18, Engine Room 5,372 500 3,000 Class 2/3 Non-Impacted
* SEB Mezzanine Areas (D1131 404Cx)
o Room 1A, Instrument Repair 221 21 126 Class 3 Non-Impacted
o Room 2A, Instrument Repair 270 26 1566 Class 3 Non-Impacted
° Room 3A, Instrument Repair 320 30 180 Class 3 Non-Impacted 1,819 1,564 4,859
> Area 14 - Mezzanine 358 34 204 Class 2/3 Non-Impacted
> Room 19, Chemical Storage 1,626 142 852 Class 2/3 Non-Impacted
» Room 19A, Chemical Storage 393 37 222 Class 1/3 Non-impacted Post Decon 12,791 91,375
+» Cold Pipe Tunnel(D1131 406Cx)
> Area 23 - CPT (under SEB) 1,890 176 1,056 Class 1 Class 3
° Area 23 - CPT (from 1131 to 1152) 1,098 103 618 Ciass 1 Class 3
° Area 23 - CPT (under 1152) 570 53 318 Class 1 Class 3
> Area 23 - CPT (from 1151 to 1152) 366 35 210 Class 1 Class 3 Post Decon 21,824 92,897
o Area 23 - CPT (under 1151) 111 11 66 Class 1 Class 3
° Area 23 - CPT (from 1111 to 1131) 2,347 219 1,314 Class 1 Class 3
« SEB Basement Areas (D1131 402Cx)
> Room 20, Auxiliary Equipment . 1,020 .95 570 Class 3 Non-Impacted 319 501 1,021
° Room 21, Water Treatment Pump 1,543 144 864 Class 3 Non-Impacted
o Area 22 - Clear Well 423 40 240 Class 3 Non-Ilmpacted
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Table 2-1 — Survey Area Classification
Estimated
Faciityor Survey A Aron | Area | Surface | Ciassificai nita Sigma Total Beta |  Total Beta
acility or Survey Area rea rea urface assification e e - 2 otal Beta otal Beta
y y () m?) Areza b Classification (dpm/100cm”?) (dpm/100cm?) (dpm/100em?)
(m)
» Area 24 - Generator/Compressor Pit 460 43 258 Class 3 Non-Impacted
= Room 25, Electrical & Batteries 914 85 510 Class 2/3 Non-Impacted
> Area 26 - Pit 88 9 54 Class 3 Non-Impacted
> Closet, Basement 40 4 24 Class 3 Non-Impacted
+ Building Exterior (01131 405Cx)
° Building Roof 16,985 1,578 1,578 Class 2 N/A 199 467 699
> Building Exterior Walls 4,123 383 383 Class 3 N/A
Additional Information
+ SEB Loose Equipment & Material 204 74,070
(D1131 401Cx) 75 2,071
51,056 | 4,763 | 18,773 |
Fan House Building (1132):
* First Floor Operating Area (C1132 201Cx)
> Room 1, Operating Area 2,772 258 1,548 Class 1 Class 1/2
* Room 2, Restroom 94 9 54 Class 1 Class 1/2
> Room 3, Janitor's Closet 55 6 36 Class 1 Class 1/2 Char Pending Char Pending Char Pending
» Room 4, Deionizer 155 15 90 Class 1 Class 1/2
> Room 5, Office 64 6 36 Class 1 Class 1/2
* Basement Areas (C1132 102Cx)
° Room 8, Air Monitor 174 17 102 Class 1 Class 1
° Room 7, Sump Room 217 21 126 Class 1 Class 1
> Room 8, Equipment Room 2,906 270 1,620 Class 1 Class 1 :
> Area 9, Tunnel to Rx Bidg 1111 420 40 240 Class 1 Class 1 Post Decon Post Decon Post Decon
° Area 10, Stairwell 96 9 54 Class 1 Class 1
o Resin Pit 136 13 78 Class 1 Class 1
° Pipe Trench 183 18 108 Class 1 Class 1
+ Building Exterior (C1132 301Cx)
° Building Roof 3,897 362 362 Class 2 N/A 186 99 580
> Building Exterior Walls 4,445 413 413 Class 2 N/A
15,614 1,457 4,867 ‘
Waste Handling Building (1133):
* Operating Areas (C1133 104Cx) . -
° Room 1, Operating Area 1,951 182 1,092 Class 1 Class 1/2 Post Decon Post Decon Post Decon
° Room 2, Decontamination 414 39 234 Class 1 Class 1/2
Plum Brook Reactor Decommissioning Project 2-15 Revision 0 December 3, 2004




Final Status Survey Plan
Table 2-1 — Survey Area Classification
Estimated
Facility or Survey A ren | A | Surinee | Classimeati Initial Sigma ° Tota) Bote el Beto
acility or Survey Area rea rea urface assification . ¢ 2 otal Beta otal Beta
(ft) ® (m?) Areza b Classification {dpm/100cm®) (dpm/100cm?) (dpm/100cm?)
(m’)
» Area 16 - Stair Housing 97 10 60 Class 1 N/A
* Laundry Area (C1133 201Cx)
» Room 3, Laundry 222 21 126 Class 1 Class 1/2
> Room 4, Clean Clothing 171 16 96 Class 1 Class 1/2
° Room 5, Storage 85 8 48 Class 1 Class 1/2
> Room 6, Laboratory 155 15 90 Class 1 Class 1/2
> Room 7, Office 150 14 84 Class 1 - Class 1/2
> Room 8, Corridor 121 12 72 Class 1 Class 1/2 . .
° Room 9, Janitor's Closet 19 2 12 Class 1 Class 1/2 Char Pending Char Pending Char Pending
° Room 10, Closet 15 2 12 Class 1 Class 1/2
° Room 11, Contaminated Change 122 12 72 Class 1 Class 1/2
> Room 12, Clean Restroom 120 12 72 Class 1 Class 1/2
> Room 13, Corridor 127 12 72 Class 1 Class 1/2
> Pipe Chase 21 2 12 Class 1 Class 1/2 .
* Room 14, Boiler Rogom (1133 202Cx) 411 39 234 Class 1 Class 1/2 Char Pending Char Pendin Char Pendin, !
+ Basement Work Areas (C1133 102Cx)
= Room 15, Access & Work Area 1,563 146 876 Class 1 Class 1
> Room 19, Access Tunnel 347 33 198 Class 1 Class 1 Post Decon Post Decon Post Decon
+ Evaporator Work Areas {(C1133 103Cx)
» Room 17, Preparation 406 38 228 Class 1 Class 1 )
> Room 18, Evaporator 406 38 228 Class 1 Class 1 Post Decon Post Decon Post Decon
* Mezzanine (C1133 105Cx)’ 1,350 126 756 Class 1 N/A Char Pending Char Pending Char Pending
+ Building Exterior (C1133 301Cx)
* Building Roof 4,726 439 439 Class 2 N/A 164 16 349
» Building Exterior Walls 3,821 355 355 Class 2 N/A
14,869 1,391 4,376
Primary Pump House (1134)
+ Interior Rooms (C1134 201Cx)
° Room 1, Pump 171 16 96 Class 1 Class 2
° Room 2, Pump 171 16 96 Class 1 Class 2
° Room 3, Pump 171 16 96 Class 1 Class 2 Post Decon 1,052,432 5,288,932
> Room 4, Heat Exchanger 1,073 100 600 Class 1 Class 2 1,046,611 -4,986,792
° Room 5 149 14 84 Class 1 Class 2 i
» Room 6, Bypass Deionizer 257 24 144 Class 1 Class 2
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Table 2-1 — Survey Area Classification
Estimated
Facility or Survey A on | Aea | sutce | Classifiat Initial Sigma ° Total Bote e Pt
acility or Survey Area rea rea urface assification e ¢ 2 otal Beta otal Beta
Y y ) ° ) Areza b Classification {dpm/100cm’) (dpm/100cm?) (dpm/100cm?)
(m’)
+ Exterior Rooms (C1134 202Cx)
° Room 7 636 60 360 Class 1 Class 2
> Room 8 990 92 552 Class 1 Class 2 Post Decon 6,998 275,028
° Mezzanine 544 51 306 Class 1 Class 2
* Resin Pit (C1134 203Cx) 136 13 78 Ciass 1 Class 2 Post Decon Post Decon Post Decon
* Building Exterior (C1134 301Cx)
» Building Roof’ 5,220 485 485 Class 1 N/A 294 115 713
> Building Exterior Walls 4,316 406 4086 Class 1 N/A
13,834 1,293 3,303
Reactor Office and Laboratory Building (1141)
+ Area 1, Northeast Stair Hall (C1141 203Cx) 291 28 168 Class 2 Class 2 631 818 ] 1,576
* Elevator Areas (C1141 202Cx)
> Area 2, Elevator & Shaft 60 6 36 Class 2 Class 2 380 249 941
o Area 3, Elevator Machinery 143 14 84 Class 2 Class 2
* Vault Areas (C1141 206Cx)
> Area 4, Cold Test Area 2,491 232 1,392 Class 1 Class 2
° Area 5, Airway 700 66 396 Class 1 Class 2
o Area 8, Vestibule 99 10 60 Class 1 Class 2
> Area 9, Restroom 82 8 48 Class 1 Class 2
> Area 10, Janitor's Closet 38 4 24 Class 1 Class 2 8,234 3,204 38,865
> Area 11, Building Service Equipment 1,767 165 990 Class 2 Class 2 400 586 2,155
o Area 14, Tool Crib 265 25 150 Class 2 Class 2 )
= Area 15, General Shop Area 813 76 456 Class 2 Class 2
> Area 16, Telephone Exchange 303 29 174 Class 2 Class 2
o Area 17, Vault 188 18 108 Class 1 Class 2
+ Area 6, Sump (C1141 208Cx) 530 50 300 Class 1 Class 2 321 209 781
+ Area 7, Crawl Space (C1141 210Cx) 3,782 352 2,112 Class 3 Class 2 121 450 608
« Instrument Areas (C1141 207Cx)
» Area 12, Counting Rooms 357 34 204 Class 2 Class 2
o Area 13, Electronic Shop 317 30 180 Class 2 Class 2 880 715 2,589
o Area 13A, Calibration Room 177 17 102 Class 2 Class 2
» Utility Tunnel (C1141 209Cx) ¥ . 2,064 192 192 Class 1 " N/A ._Post Decon Post Decon Post Decon
+ First Floor Offices (C1141 211Cx)
= Lobby 505 47 282 Class 3 Class 2 565 263 | 1,664
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Table 2-1 — Survey Area Classification
Estimated
Floor Floor Total FSS Initial Sigma ¢ Mean Net Maximum Net
Facility or Survey Area Area Area Surface Classification Classification © (dpm/100cm?) Total Beta Total Beta
() (m?) Area e p {dpm/100cm?) (dpm/100cm?)
(m?)
> Room 100, Office 214 20 120 Class 3 Class 2
> Room 101, Office 214 20 120 Class 3 Class 2
° Room 102, Office 214 20 120 Class 3 Class 2
> Room 103, Office 209 20 120 Class 3 Class 2
» Room 104, Office 176 17 102 Class 3 Class 2
> Room 105, Office 191 18 108 Class 3 Class 2
- Room 1086, Office 176 17 102 Class 3 - Class 2
> Room 107, Office 214 20 120 Class 3 Class 2
> Room 108, Office 197 19 114 Class 3 Class 2
= Room 109/110/111, Classroom 653 61 366 Class 2/3 Class 2
> Room 121, Conference 484 45 270 Class 2/3 Class 2
» Room 122, Office 300 28 168 Class 2/3 Class 2
» Room 123, Office 197 19 114 Class 2/3 Class 2
» Room 124, Office 200 19 114 Class 2/3 Class 2
> Room 125, Office 200 19 114 Class 2/3 Class 2
> Room 126, Office 212 20 120 Class 2/3 Class 2
° Restroom, Men's, +0 Elevation 177 17 102 Class 2 Class 2
o Restroom, Women's +0 Elevation 158 15 2 Class 2 Class 2
- Lavatory, +0 Elevation 32 3 18 Class 2 Class 2
> Janitor's Closet, +0 Elevation 30 3 18 Class 2 Class 2
> Pipe Chase, +0 Elevation 39 4 24 Class 2 Class 2
o Hallways, +0 Elevation North/South 307 29 174 Class 3 Class 2
+ First Floor Work Areas (C1141 212Cx)
>~ Room 112, First Aid 303 29 174 Class 2 Class 2
- Room 113, Office 100 10 60 Class 2 Class 2
- Room 114, Health & Safety Operations 406 38 228 Class 2 Class 2
o Room 115, Office . 341 32 192 Class 2 Class 2
o Room 116, Receiving 209 20 120 Class 2 Class 2 1,028 528 3,026
> Room 117/118, Electronic Laboratory 768 72 432 Class 1/2 Class 2
> Room 119/120, Electronic Laboratory 642 60 360 Class 1/2 Class 2
 Hallways, +0 Elevation East/West 1,725 161 966 Class 2 Class 2
» Middle Stairwell (C1141 204 Cx) 196 19 114 Class 2 Class 2 436 . 497 .- 1,527
+ Southeast Stairwell (C1141 205Cx) 196 19 114 Class 2 Class 2 2,080 1,490 6,438
» Second Floor Offices (C1141 213Cx)
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Table 2-1 — Survey Area Classification
Estimated
Facility or Survey A ‘ ';x'oor I;\Ioor sT(r)ftal ci Fi:s ti Initial Sigma © TM ol BN? M'?”Xitmluén tN o
acility or Survey Area : rea rea urface assification -, c 2 otal Beta otal Beta
y y ) (m?) Areza b Classification (dpm/100cm®) (dpm/100cm?) (dpm/100cm?)
(')
> Room 200, Office 202 19 114 Class 3 Class 2
> Room 201, Office 214 20 120 Class 3 Class 2
° Room 202, Office 214 20 120 Class 3 Class 2
> Room 203, Office 214 20 120 Class 3 Class 2
> Room 216, Office 214 20 120 Class 3 Class 2
° Room 217, Library 480 45 270 Class 3 Class 2
> Room 218, Office 214 20 120 Class 3 - Class 2
> Room 219, Office 214 20 120 Class 3 Class 2
» Room 220, Office 214 20 120 Class 3 Class 2 742 305 3,564
° Room 221, Office 214 20 120 Class 3 Class 2
» Room 222, Office 523 49 294 Class 3 Class 2
» Room 223, Office 214 20 120 Class 3 Class 2
> Restroom, Men's, +12 Elevation 134 13 78 Class 2 Class 2
- Restroom, Women's +12 Elevation 45 5 30 Class 2 Class 2
o Janitor's Closet 1, +12 Elevation 28 3 18 Class 3 Class 2
» Hallways, +12 Elevation North/South 727 68 408 Class 3 Class 2
* Second Floor Work Areas (C1141 214Cx) ,
> Room 204, Materials Laboratory 345 33 198 Class 1 Class 2
= Room 205, Materials Laboratory 301 28 168 Class 1 Class 2
> Room 206, Materials Laboratory 345 33 198 Class 1 Class 2
° Room 207, Chem. Lab Storage 352 33 198 Class 1 Class 2
= Room 207A, Counting 160 15 90 Class 1 Class 2
» Room 208, Office 164 16 96 Class 1 Class 2
° Room 208A, Darkroom 133 13 78 Class 1 Class 2
o Room 208B, Darkroom 133 13 78 Class 1 Class 2
° Room 209, Chem. Laboratory 312 29 174 Class 1 Ciass 2 65,994 39,099 293,254
° Room 210, Chem. Laboratory 312 29 174 Class 1 Class 2
> Room 211/212, Chem. Laboratory 695 65 390 Class 1 Class 2
_° Room 213, Chem. Laboratory 349 33 198 Class 1 Class 2

> Room 213A, Chem. Laboratory 362 34 204 Class 1 Class 2
o Room 214/215, Chem. Laboratory 417 39 234 Class 1 Class 2
o Janitor's Closet 2, +12 Elevation 23. 3 18 . Class 1 Class 2 .
o Pipe Chase, +12 Elevation 33 4 24 Class 1 Class 2
» Hallways, +12 Elevation East-West 855 80 480 Class 1 Class 2
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Table 2-1 — Survey Area Classification
Estimated
Floor Floor Total FSS Initial Sigma ® Mean Net Maximum Net
Facility or Survey Area Area Area Surface Classification Classsification ¢ « m?‘l 00cm? Total Beta Total Beta
igN (m?) Area " P ) (dpm/100cm?) (dpm/100cm?)
(m%)
* Building Exterior (C1141 215Cx)
» Building Roof 11,540 1,072 1,072 Class 2 N/A
~ Building Exterior Walls 18,675 1,735 1,735 Class 3 N/A 366 595 1,093
Hot Retention Area (1155)
+ All Areas (C1155 102Cx) 4050 | 377 ] 2,262 | Class 1 | Class 1 [ CharPending [ CharPending | Char Pending
Reactor Security Building (1191)
s Al Areas (D1191 401Cx) :
e Room 100, Visitor Contro! 470 44 264 Class 3 Non-Impacted
. Room 101, Utility 28 3 18 Class 3 Non-Impacted 222 177 523
+  Room 102, Furnace 52 5 30 Class 3 Non-impacted
s Lavatory 34 4 24 Class 3 Non-impacted
s Building Exterior (C1191 402Cx) 1,701 158 158 Class 3 Non-Impacted 91 -12 138
2,285 214 494 | o S e T e B R e
2Note:  The majority of the numerical values provided in the floor areas (ft°) column were taken from Plans of Buildings and Structures, Lewis Research Center, Plum Brook Station, dated
June 1974. In locations where that document did not provide numerical values for the “floor” areas, drawings were used to estimate the “floor” surface areas.
®Note:  Unless otherwise noted Class X/Y designates the floors, and lower walls are Class X while the upper walls and Ceilings are Ciass Y.
®Note: Initial Classifications derived from table 4-2 of the Decommissioning Plan.
INote:  Large Sigma values for areas specified in this table shall be recalculated using post decontamination survey information.
®Note:  Portions of the ROLB Roof supported ventilation blowers from the laboratories below. The area (East/West Section) where the blowers were removed shall be treated as Class 1.
All other areas shall be treated as Class 2.
“Note:  Structure demolished or expected to be demolished prior to FSS. Any concrete structure remaining shall be classified according to the classification of the open land survey areps
containing the structure and surveyed appropriately.
9 Note:  Area classification increased based on a review of the historical use of the area as an area for the decontamination of contaminated personne!.
" Note: Area classification increased due to contaminated systems being removed the areas resulting in a personnel contamination event.
i Note:  Area classified as a Class 1 area due to the contamination area posting present during the early phases of the project.
JNote:  Area classified as a Class 1 areas due to the removal of highly contaminated components from the pump house rooms through the roof penetrations and the discovery of discrele
particles during the initial scoping surveys.
“Note: Area classified as a Class 1 area due to the high contamination area posting present during the early phases of the project.
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Table 2-2 — Environmental Survey Area Classification
Survey Survey Sigma® Mean Maximum
PBRF Survey Area Area Area i . ob TS Isotope . Measurement | Measurement
() (m?) Classification Classification (pCilg) (pCilg) ( Ci/g) |

Emergency Retention Basin

* All Areas (A2100 101Cx)

60,000

5,575

Effluent Pathways

. 0.56406
¥cs 9.7326 13.079 37.653
®Co 1.727 2.149 7.610
s 18.690 37.72 81.940
“Co 0.1143 0.7049
137Cs

*» Drainage Systems (Storm Sewers)

Co .
(A2200 101Cx) N/A N/A 1975 Char Pending | Char Péending Char Pending
« Pentolite Ditch & Environs (A2300 574.000 53.327 ®Co 1.737 1.120 16.65
101Cx) ’ ’
_'cs 37.51 1,019

Environmental Areas

®Co 0.01326 0.05172 0.08278
Wes 0.10468 0.29297 0.48578
80,
- South Southwest Unit (A2400 301Cx) | 125,000 11,613 137%03 8:;22;2 8:;2?; g:i:?gi
®Co 0.02906 0.06827 0.08004
¥es 0.07320 0.09891 0.2587
®co 0.01164 0.04291 0.06650
« South Southeast Corner (A2400 ¥cs 0.07518 0.23082 0.36748
302Cx) ®Co 6.0365 1.8708 37.151
oo B pov e porvong o s ana | oo | AT Wes | 30250 16.327 217.90
west ERB berm. 0Co 0.03374 0.07008 0.1639
¥cs 0.7132 0.2687 5.293
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Table 2-2 — Environmental Survey Area Classification
Survey Survey FSS Initiat Si d Mean Maximum
PBRF Survey Area Area Area e L p 1tia ¢ | Package D | lIsotope gma Measurement | Measurement
(#2) (m?) Classification Classification {pCilg) (pCilg) (pCilg)
o1 ¥co 0.00181 0.04259 0.04662
Wes 48.003 19.657 150.58
South Unit (& o c2 ¥co 0.09183 0.09689 0.22770
* Southwest Unit (A2400 303Cx) 137,
Note: Contains portions of the WHB Spill 125,000 11,613 Class 1/2/3 Class 1/3 5 Cs 95.371 110.51 207.50
Area and the Waste Storage Pad. ca mCo 0.03692 0.07894 0.1263
Cs 26.73 0.08724 153.2
ca “Co 0.02039 0.05180 0.09207
_ s 2.566 0.6389 2252
c1 ®Co 0.00741 0.04558 0.06258
es 0.08350 0.26198 0.42556
* Southeast Unit (A2400 304Cx) 80,
Note: Contains the north ERB berm and 105,895 | 9,838 Class 1/2 Class 3 c2 20 0.01652 0.07273 0.08990
portions of the east and west ERB berm. Cs 0.1658 0.2793 1.060
c3 ®co 0.02478 10.05683 0.08088
¥Cs 0.4235 0.2109 2.606
80,
- Northwest Unit (A2400 305Cx) _ c 13%; g‘giggg g'g‘:’gzg 01‘15021021
Note: Contains the HRA, WHB, FH, portions : Z z
of the Hot Lab, and portions of the WHB spill 108,608 10,001 Class 1/2 Class 1/3 c2 %o 0.02459 0.07325 0.1377
area. “TCs 0.2784 0.3151 1.449
o1 ®Co 0.01475 0.04701 0.07637.
* Northeast Unit (A2400 306Cx) ¥es 0.09803 0.23683 0.38934
Note: Contains the CRA's and ERB Spill 117,542 10,921 Class 1/2 Class 3 o 0.05800 0.1199 0.3239
Areas . - :
C2
W¥ics 1.261 0.5769 8.185
1 ¥co 0.00421 0.03420 0.03973
137,
- North Northwest Unit (A2400 307Cx) wgs g'ggg‘: g'iggg g'ggggg
Note: Contains the Rx Bidg, ROLB, PPH, (o] . A .
portions of the Hot Lab, and PPH resin spill 74,626 6,933 Class 1/2 Class 1/3 c2 Wes 0.02758 0.05655 0.12184
area. c3 ®Co 132.0 86.46 604.8
¥Cs 0.1697 0.365 0.7686
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Table 2-2 — Environmental Survey Area Classification
Survey Survey d Mean Maximum
PBRF Survey Area Argaa Area Clas s'i:f?csati on® | Cla s:;g::a;ﬁ on® Package ID | Isotope ?;%?;;) Measurement | Measurement
(F)° (m?) : (pCilg) {pCilg)
o1 o 0.00404 0.04431 0.05089
Refel 0.11521. 0.26315 0.43784
* North Northeast Unit (A2400 308Cx) &
Note: Contains the SEB, and portions of the 121,072 11,248 Class 1/2 Class 3 Cc2 137CO 0.7439 1.216 4.914
Sludge Basins and Precipitator. Cs 24.50 4.595 162.3
‘ c3 ®¥Co 0.01902 0.05014 0.06873
¥Cs 0.05269 0.08165 0.3466
o1 ®Co 0.01073 0.04560 0.07090
+ Northern Unit (A2400 309Cx) : 7 0.09318 0.23966 0.
Note: Contains portions of the Precipitator 110,287 10,246 Class 1/2/3 Class 3 = Cs 39998
and portions of the Sludge Basins. c2 Co 0.01325 0.04299 0.05908
Wes 0.1390 0.2868 0.7121
o ®Co 0.00925 0.04903 0.06385
137 . .
+ Far Northern Unit (A2400 310Cx) mgs g'ggggg ' g'ggsg Oﬁ(;;f
Note: Contains the Compressor Bldg, Gas . 0 . - y
Storage Structure and Cryogenic and Gas 89,817 8,345 Class 3 Class 3 c2 W¥eg 0.1667 0.3156 0.7604
Supply Farm, c3 %Co 0.01718 0.04392 0.05579
®Cs 0.06154 0.09394 0.2161
« Open land areas outside the PBRF 60
0 0.7930 0.6555 4 567
Fence (A2500 301i1) 1,524,748 | 141,649 Class 1/3° NA C1
Note: Areas to serve as buffer zones to g 4.036 2108 19.080
impacted areas inside the fence (estimated) . i _ L : )
: i 13,259,486 | 302,816 | LR L e

Area estimated from facility drawings. .
Characterization Survey Units are not necessarily reflective of the FSS survey unit breakdown.
Initial classifications taken from Table 4-2 of the Decommissioning Plan.

Large Sigma values for areas specified in this table will be reevaluated prior to:establishing values for final status survey design (using supplemental characterization or post remediation survey
information).

e o
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3.0 RADIOLOGICAL CONTAMINANTS AND DCGL

The goal of the PBRF decommissioning project is to release the site for unrestricted use
in compliance with the NRC’s annual dose limit of 25 mrem/yr plus ALARA. The NRC
dose limits apply to residual radioactivity that is distinguishable from background.

Site-specific dose assessments were performed to calculate the DCGL for surface soil,
structures, and embedded pipe. The surface soil DCGL may conservatively be applied to
subsurface soil. RESRAD 6.21, RESRAD 6.0, RESRAD-BUILD 3.22, and the
Microshield code were used for these dose assessments. Model input parameters were
developed and justified for each assessment.

During the development of the FSSP, it was determined that a modification of the
previously approved Building Reuse and Subsurface Structure dose assessments and
DCGL calculations was necessary. The dose assessments and DCGL calculations for
surface soil, Building Reuse and Subsurface Structure scenarios are described in detail in
Attachment B, “Approach and Basis for Development of Site-Specific Derived
Concentration Guideline Levels (DCGL)” of this FSSP. Any future changes to modeling
parameters will be made in accordance with the license conditions that govern revisions
to the Final Status Survey Plan.

3.1  Site-Specific DCGL for Soil and Structures

The DCGLs for surface soils and structures are listed in Tables 3-1 and 3-2, respectively.
The DCGLs listed in Tables 3-1 and 3-2 will not be increased without first seeking NRC
approval.

Table 3-1 DCGL:s for Surface Soils

Radionuclide DCGL

(pCi/g)
Co-60 3.8
Sr-90 5.4
Cs-137 14.7

The structure DCGLs (designated as DCGL;) are listed in Table 3-2. The DCGLs are the
surface activity level in dpm/100 cm? that will be used during FSS to determinie
compliance with the 25 mrem/yr unrestricted use criterion.
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Table 3-2 Structure DCGLs

Radionuclide DCGLg
(dpm/100 cm?)

Co-60 11,000
Sr-90 33,100
Cs-137 | 40,500
Fu-154 4,500
H-3 9.1E+06
1-129 14,900
U-234 | 31,500
U-235 27,100
U-236 33,200

3.2 DCGL for Other Media

Other media that will undergo FSS include subsurface soil, remaining concrete
foundation pads (for buildings that are released in accordance with the
operational release program), and possibly buried pipes such as storm drains.
Note that current plans call for the removal of storm drains. The DCGL for
foundation pads and buried piping (if present) will be the same as BOP structure
DCGL. Buried pipe is any pipe not encased in concrete, such as the storm
drains.

The DCGL for any sediment and/or sludge will be the same as the surface soil.
The DCGL for subsurface soil will be the same as surface soil.

3.3 Radionuclide Mixture for FSS

The radionuclides listed in Tables 3-1 and 3-2 were selected after a detailed
evaluation of the current characterization data including concrete core samples
and smears collected for 10 CFR Part 61 analyses. The evaluation of
radionuclide mixtures and the relevance of the mixtures to implementing FSS
are described in Attachment A, “Radionuclide Distribution Basis for DCGL
Determination, and FSS of PBRF”. Based on this evaluation, those
radionuclides that were less than 10% in aggregate of the total dose for both
structural scenarios and soils were eliminated and the mixtures were readjusted
to 100% based on the relative fractions of the radionuclides remaining after the
insignificant radionuclides were removed. The adjusted FSS mixtures, and the
corresponding DCGL listed in Tables 3-1 and 3-2 were used to calculate
surrogate and gross beta DCGL for structural surfaces and surrogate calculations
for volumetric analysis of soils. While it is believed that the nuclide mixtures
and distributions presented in Attachment A and summarized in the following
sections are comprehensive and indicative of the nuclide distributions present at
the facility, future characterization may result in additional distributions and/or
modifications to isotopic mixtures. In this event, any resulting revisions to this
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Final Status Survey Plan, Attachment A and adjusted gross DCGL calculations
will be submitted for NRC review (and approval) if required by license
conditions.

3.3.1 Soil Mixture

For soil, the doses from all radionuclides other than Cs-137, Co-60, and
Sr-90 totaled 0.5 mrem/yr. Because this dose is 2% of the 25 mrem/yr
limit, all of the radionuclides other than Cs-137, Co-60, and Sr-90 were
eliminated from further consideration. To ensure the 25 mrem/yr criterion
is met, any open land survey unit where the mean of FSS results indicates
that the dose may be greater than 24.5 mrem/yr shall be reviewed for
compliance with the unrestricted use limit. This review will be -
documented as part of the survey unit release record. The final
radionuclide mixture to be used for DCGL determination is provided in
Table 3-3.

_Table 3-3 Radionuclide Mixture for Soil

Radionuclide Mixture Distribution
Cs-137 0.890
Co-60 0.026
Sr-90 ’ 0.084

3.3.2 Structure Mixture

Based on data reviewed to date and considering the PBRF operational
history, there appear to be three distinct radionuclide mixtures represented
in the on site structures. The first applies to the Hot Laboratory, the
second to the remaining structures designated as BOP and the third to the
Reactor Office and Laboratory Building (ROLB). All mixtures were
evaluated.

The results of all RESRAD-Build runs, i.e. BOP, ROLB and Hot Lab
mixtures in the Subsurface Structure and Building Reuse scenarios
indicate that for the smear sample population, the aggregate dose from six
radionuclides, i.e., Cs-137, Sr-90, Co-60, H-3, Eu-154 and I-129 resulted
in 94% or more of the 25 mrem/yr limit in all BOP cases, the aggregate
dose from five radionuclides, i.e., Cs-137, Sr-90, Co-60, H-3, and Eu-154
resulted in 93% or more of the 25 mrem/yr limit in all Hot Lab cases and
the aggregate dose from seven radionuclides, i.e., Cs-137, Sr-90, Co-60,
H-3,1-129, U-234 and U-235 resulted in 93% or more of the 25 mrem/yr
limit in all ROLB cases (see Attachment A). Therefore, all remaining
radionuclides were eliminated.

For the core sample population, the aggregate dose from four
radionuclides, i.e., Cs-137, Sr-90, Co-60 and H-3, resulted in 90% or more
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of the 25 mrem/yr limit in all BOP cases and the aggregate dose from
three radionuclides, i.e., Cs-137, Sr-90 and Co-60 resulted in 92% or more
of the 25 mrem/yr limit in all Hot Lab cases (see Attachment A).
Therefore, all remaining radionuclides were eliminated. A nuclide _
distribution based upon core sample analysis results can not be calculated
for the ROLB due to the fact that no posmve core sample results were
available for the ROLB.

While acknowledging that the DCGL calculations do include an
assumption that up to 10% removable contamination will be present,
which is best represented by the smear sample mixture, the radiological
nuclide distribution found in concrete core samples is more representative
of the actual condition of structures that will remain and be subjected to
FSS because the majority of loose contamination will be removed during
remediation. Therefore, it is concluded that the nuclide distributions
derived from the cores samples are appropriate and conservative when
applied to structural surfaces outside of the ROLB. As no positive core
sample results were available for the ROLB, the smear nuclide distribution
for the ROLB was used.

The lowest total aggregate dose from the remaining radionuclides was
90% of the 25 mrem/yr criterion, which means that radionuclides
potentially representing a dose of 2.5 mrem/yr were eliminated. To ensure
the 25 mrem/yr criterion is met, any structural survey unit where the mean
of FSS results indicates that the dose may be greater than 22.5 mrem/yr
dose should be reviewed for compliance with the unrestricted use limit.
The FSS radionuclide mixtures, as established in Attachment A, are listed

in Table 3-4.
Table 3-4 FSS Radionuclide Mixtures for Structures
Hot Laboratory | BalanceofPlant |  ROLB

Co-60 .0079 .0784 0101
Cs-137 .8345 4145 1729
H-3 ND 3535 3971
1-129 ND ND 0282
Sr-90 1577 .1536 0417
U-233/234 ND ND 3382
U-235/236 ND ND 0119

*ND — Not Detected

3.4  Surrogate DCGL, Gross Beta Activity and the Unity Rule

Difficult-to-detect radionuclides (non-gamma emitters for soil and non-beta
emitters for structures) will be addressed by using a surrogate relationship to
another detectable radionuclide as recommended in NUREG-1575 (MARSSIM).
A common example would be to relate a specific radionuclide, such as cesium-
137, to one or more radionuclides of similar characteristics such as Sr-90. This
directly applies to PBRF as gamma spectroscopy will be used to assess
volumetric soil samples in comparison against the DCGL for soil. In such cases,
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to demonstrate compliance with the release criteria for the survey unit, the
DCGL for the surrogate radionuclide, in this case Cs-137, must be scaled to
account for the fact that it is being used as an indicator for an additional
radionuclide, Sr-90. The result is referred to as the surrogate DCGL.

For structural surfaces, the final DCGL for FSS design and implementation will
be a gross beta DCGL that represents the unrestricted use criterion of 25
mrem/yr. There are two steps required to determine the gross beta DCGL; 1)
perform a surrogate calculation to account for radionuclides that cannot be
readily measured by a beta detector (e.g., plastic beta scintillation, gas
proportional) with typical efficiency; and, 2) perform a gross activity DCGL
calculation on the surrogate DCGL values and other beta emitting radionuclides
determined to be present in significant fractions. The equations to be used were
derived in NUREG-1505, “A Nonparametric Statistical Methodology for the
Design and Analysis of Final Status Decommissioning Surveys” and are listed
below.

3.4.1 Surrogate Equation

The surrogate DCGL is computed based on the distribution ratio between
the difficult-to-detect radionuclides and the easy-to-detect radionuclides.
The surrogate DCGL is computed as follows:

1

Surr ogateDCGL =
( ] ( ) [ : ) .... { ¢ }

Where:DCGLsg,r = Surrogate radionuclide DCGL
DCGL,3..n = DCGL for radionuclides to be represented by the surrogate

R, = Ratio of concentration (or nuclide mixture fraction) of radionuclide
“n” to surrogate radionuclide

For soils, using the DCGL presented in Table 3-1 and the soil nuclide
distribution presented in Table 3-3, the following surrogate calculations
can be performed; '

1

DCGLgs-131y =
.0836
[ 1 ]1{0 4;908”

=11.71 pClg

14.7cs13m) 5.4(sr-90)

For structural surfaces, using Cs-137 as a surrogate for H-3 and I-129, the
nuclide mixtures for structures presented in Table 3-4 and the structure
DCGL presented in Table 3-2, the following surrogate calculations can be
performed;
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3.4.1.1 Balance of Plant }
1

( 1 )+ '353%1145

4.05E cmm 9.10E

34.12 ROLB (Beta)

1
DCGLyg-1m =
3971 .0282
l( 1 ]+[ /1729]{ /1729}}

4.05E(c-im) | 9.10E(s-s) 1.49 {11

DCGLyca = =4.03E" dpm /100em®

=2.79E" dpm/100cm’

3.4.2  Gross Beta and Alpha Equation
1

( /, J+( e )+[ /s j+ ...... [__. f, ]J

DCGL, DCGL. DCGLs DCGL,

Where: DCGLgp = gross beta (or alpha) DCGL

f, = mixture fraction of radionuclide “n” and

DCGL, = DCGL of radionuclide “n”.

Note 1: The gross beta equation may also be used to calculate a gross
alpha DCGL for application in areas where DCGLs are established for
alpha emitters. '

DCGLe = I:

Note 2: Mixture fraction of a surrogate radionuclide is the equal to the
fraction of the surrogate radionuclide alone.

Note 3: The value of 1 in the numerator is replaced by the actual fraction
of beta (or alpha) emitters if less than 100% of the mixture.

Using the surrogate calculation presented above for Cs-137 and the
nuclide mixtures for structures presented in Table 3-4 and the structure
DCGL; presented in Table 3-2, the following gross beta calculations can
be performed;

3.4.2.1 Balance of Plant

DCGLa = (.64652w-nudide~jmction:{nolc2}) = 29,329 dpm /100cm’
[ 4145 J{ 0784 +( .1536 )
4.03Eican ) \1.10E{crs) \3.31E(s-50

3.4.2.2 Hot Laboratory
1.00

DCGLe = =38,341 dpm /100cm’
( 8345 ) (0079 ) (_.1577 J
4, OSE:a-m 1.1 OE:Co—w) 33 1E?Sr—9o)
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3423 ROLB
Beta

DCGLa = (.22472«1/‘~nudid¢~jmclim {noleZ}) =2 6,798 dpm /1 Oo'cmz
1729 . .0101 - .0417
2.79Eicn) \1.10Ecos) \3.31E(sm

Alpha

DCGLei= (’350120&7Lm]£d2~fmdiw{nol¢2}) =31327 dpm /loocmz
( 3382 +[ 0119 ]
3.15E y-2mm) 2.7152,,-35,2,6)

3.4.3 Unity Rule Equation

The unity rule is typically used as the first test to evaluate compliance with
radiological criteria for license termination when more than one
radionuclide has been determined to be potentially present. In lieu of a
single gross beta (or alpha) DCGL, a unity rule calculation is used to
demonstrate compliance with the structure surface unrestricted use limit.
The unity rule is also typically be used as the first test to demonstrate
compliance with surface soil limits. A surrogate DCGL, if applicable,
would be used in the unity rule calculation. The unity rule is:

Cl + C2 Cn

DCGL: DCGL, "
Where:

C, = concentration of radionuclide n and
DCGL, =DCGL of radionuclide n.

Due to the fact that two adjusted gross DCGLs (one for alpha and one for
beta) will be used in the ROLB, the unity rule must be applied to
demonstrate compliance. In the event that the unity rule test fails, i.e., the
calculated sum of fractions is > 1, then evaluation of individual
radionuclide concentrations against their DCGLs may be performed.

<I,
DCGL,

3.5 Area Factors

Area factors (AF) for soil and structures were developed using the Surface Soil
and Building Reuse scenarios. The Building Reuse AF also applies to the
Subsurface Structure DCGLgg values. The AF was calculated using Co-60 to
ensure the values are conservative for all radionuclides. The AF for the direct
exposure pathway is lower than that of either the ingestion or inhalation
pathways and Co-60 generates the highest direct exposure per pCi/g or dpm/100
cm’. A detailed description of the AF calculations is provided in Attachment B.

The AFs for Surface Soil were calculated by first running the RESRAD code
with the Surface Soil parameters and a source area of 2,000 m*. The 2,000 m*
source area was selected since this is the maximum survey unit size for a Class 1
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area. RESRAD was then run by using source areas ranging from 1 m? to 250 m?
to represent the elevated area sizes. The AF was calculated by dividing the dose
result for the 2,000 m? source area by the dose results for the smaller elevated
areas. The Surface Soil area factors are shown in Table 3-5.

The area factors for Building Reuse were calculated in an analogous manner
except that an initial source area of 75 m” was selected to represent the floor
area for the room size used in the RESRAD-BUILD modeling for the Building
Reuse scenario. The elevated areas evaluated ranged from 0.25 m? to 50 m’.
The Building Reuse AF is listed in Table 3-6. Use of Area Factors is further
discussed in Section 7.3.

Table 3-5 Surface Soil Area Factors

Elevated

Area 1 2 | 3 5 10 15 25 100 | 250 | 2,000
2

m’)

Area 104 | 62 | 47 | 34 | 23 1.9 1.6 1.2 1.1 1
Factor .

Table 3-6 Building Reuse Area Factors (Structures)

Elevated :

Area 0251050 1 2 4 6 8 |10 15| 25| 50 | 75
2

m")

Area 4021208 |111] 62 | 36|28 | 24121171141 11] 1
Factor

3.6  Embedded Piping DCGL and Area Factors

The PBRF contains a number of pipe runs that are embedded in concrete. PBRF
has performed an assessment of safety, dose and cost associated with the
removal of the embedded pipe. PBRF has concluded that the increased risk
from industrial safety, the time and associated dose from the physical logistics
of removing the piping would justify leaving the piping in place. In addition,
the cost of removing the pipes is high and far more costly than justified by
NRCs $2000/person-rem ALARA criterion. Therefore, designated sections of
embedded pipe (EP) will be remediated in place, undergo FSS, and then filled
with grout. '

A description of the EP to remain, the cost estimate for removing the pipes, the
methods to be used for remediation and FSS, and the dose assessment and
adjusted gross beta DCGL calculations for the EP and attached floor drains are
presented in Attachment C.

Based on the analyses, adjusted gross beta DCGL for EP was selected to
represent 1 mrem/yr. The 1 mrem/yr value is arbitrary and the dose goal for EP
and drains may be adjusted at the discretion of PBRF, either generically or
individually. The adjusted gross beta DCGL for EP documented in Attachment
C and provided in Table 3-7 would be adjusted accordingly if the dose goal were
set at a value other than 1 mrem/yr. For survey units that contain embedded
piping, the structure adjusted gross beta DCGL require adjustment to account for
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the 1 mrem/yr (or other selected dose goal) contribution from embedded pipe.
For example, the gross beta DCGL for BOP structures of 29,329 dpm/100cm?
would require adjustment to represent 24 mrem/yr versus 25 mrem/yr to account
for a 1 mrem/yr embedded piping dose. The adjusted gross beta DCGL would
be 28,156 dpm/100cm? (29,329 dpm/100cm? x 24/25).

Table 3-7 Embedded Pipe and Drain DCGLs

Adjusted Gross beta DCGL at 1
Embedded Pipe or Drain mrem/yr Dose Goal
(dpm/100cm’ Gross Beta)

Embedded Pipe (Worst-Case) 50,500

Individual Floor Drain (Check 1) 45,000

Two 5586 Drains in Quadrant C 45,900

(Check 2)

Two Drains in Hot Dry Storage 36,300

(Check 5)

Cut Open Ends of PWPs in Primary 19,100

Pump House (Check 7)

The average length of the EP sections to remain is 19 m (63 feet). The area
factors were developed using methods that are directly analogous to those
recommended for structures in NUREG-1575 (MARSSIM). First, the dose from
a 19-meter (63-foot) length of 10-inch pipe was calculated. Additional dose
assessments were performed at lengths ranging from 0.08 m (0.25 feet) to 6.1 m
(20 feet). The ratio of the dose at 19 m (63 feet) to the dose at each smaller
length is the area factor.

Table 3-8 lists the EP area factors. As an additional control, the number of
elevated areas will be limited to ensure that the total inventory remaining in each
EP will be maintained at the level that would be present if the entire pipe were
contaminated at the DCGL level.
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Table 3-8 Embedded Pipe Area Factors

B Pipe Length mrem/hr Area Factor

m (feet) o

19 (63) 2.59E-11 1.00E+00
6.1 (20) 2.59E-11 1.00E+00
3.0 (10) 2.49E-11 1.04E+00
1.5 (5) 1.91E-11 1.36E+00
0.61 (2) 9.18E-12 2.82E+00
0.30 (1) 4.74E-12 5.46E+00
0.15 (0.5) 2.39E-12 1.08E+01
0.08 (0.25) 1.20E-12 2.16E+01
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4.0 ESTABLISHING SURVEY UNITS

4.1 Survey Unit

Each survey area listed in Tables 2-1 and 2-2 may be divided into discrete
survey units. Survey units are areas that have similar characteristics and
contamination levels. Survey units are assigned only one classification. The
site and facility are surveyed, evaluated, and released on a survey unit basis.

4.1.1 Survey Unit Size

Survey units are typically limited in size to ensure each area is assigned an
adequate number of data points. The survey unit sizes for PBRF are
provided in Table 4-1. Note that the maximum survey unit size for Class

1 structures is 75 m?, which is smaller than the 100 m? recommended in
NUREG-1575 (MARSSIM). The 75 m* maximum was required to be
consistent with the site-specific building reuse dose assessment
assumptions.

Per NUREG-1575 (MARSSIM), section 4.6, special considerations will
be given to survey units with structure surface areas less than 10 m* or
land areas less than 100 m®. In these cases, the number of data points
obtained from the statistical tests is unnecessarily large and not
appropriate for smaller survey unit areas. Instead, some specified level of
survey effort will be determined on a case-by-case basis. The data
generated from these smaller survey units will be obtained based on
judgment, rather than on systematic or random design, and compared
individually to the DCGL.

Table 4-1 Survey Unit Areas for PBRF FSS

Class Recommended Survey Unit Area
Structures Land
1 up to 75 m* up to 2000 m*
2 75 to 1000 m? 2000 to 10,000 m?
3 to 10,000 m* to 100,000 m”

* includes floor only
4.1.2 Site Reference Coordinate System (Reference Grid)

A reference coordinate system is used for impacted areas to facilitate the
identification of the location of measurements and samples within the
survey unit. The reference coordinate system is basically an X-Y plot of
the site area referenced to an established fixed point monument. Once the
reference point is established, grids may be overlaid parallel to lines of
latitude and longitude.
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5.0 SURVEY DESIGN

This section describes the methods and data required to determine the number and
location of measurements or samples in each survey unit, the coverage fraction for scan
surveys, and requirements for measurements in background reference areas. The design
activities described in this section will be documented in a survey package for each
survey unit. Survey design includes the following:

e Scan Survey Coverage

e Sample Size Determination

¢ Background Reference Areas, as necessary

¢ Reference Grid and Sample Location

Section 5.4.3 describes the process for designing, developing and reviewing survey
packages.

5.1 Scan Survey Coverage

The area covered by scan measurement is based on the survey unit classification
as described in NUREG-1575 (MARSSIM), section 5.5.3. A 100% accessible
area scan of Class 1 survey units will be required. The emphasis will be placed
on scanning the higher risk areas of Class 2 survey units such as soils, floors and
lower walls. Scanning percentage of Class 3 survey units will be performed on
likely areas of contamination based on the judgment of the FSS/Characterization
engineer.

Table 5-1 Minimum Scan Survey Coverage

Scan Measurements

Class 1 Class 2% Class 3

Scan Coverage 100% 10 to 100% Minimum of 10%

* For Class 2 Survey Units, the percentage of scan coverage will be proportional
to the potential for finding contamination that is close to the DCGL in accordance
with NUREG-1575 (MARSSIM), section 5.5.3. PBRF will use the
characterization results to correlate contamination levels to scan coverage levels.

5.2 Sample Size Determination

NUREG-1575 (MARSSIM), section 5.5.2 describes the process for determining
the number of survey measurements necessary to ensure that a data set is
sufficient for statistical analysis. Sample size is based on the relative shift, the
Type I and II errors, and the specific statistical test used to evaluate the data.

Alternate processes may be used if those processes gain NRC and industry
acceptance between the time this plan is adopted and the commencement of final
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survey activities. However, any new technologies must still meet the applicable
requirements of this plan for calibration, detection limit, areal coverage, operator
qualification, etc.

5.2.1 Determining Which Test Will Be Used

Statistical tests will be used, as necessary, to determine if the FSS results
are below the DCGL. See Tables 9-1 and 9-2 for the criteria to be used to
determine if a statistical test is required and which test is to be used. The
Sign test or Wilcoxon Rank Sum (WRS) test will be implemented using
unity rules, surrogate methods, or combinations of unity rules and
surrogates, as described in NUREG-1575 (MARSSIM) and NUREG-1505
chapter 11.

The Sign test is expected to be the most appropriate test for PBRF FSS
results because background is expected to constitute a small fraction of the
DCGL. If a situation is encountered where background is a significant
fraction of the DCGL, the Wilcoxon Rank Sum (WRS) test may be used.
An alternative to the WRS test is to subtract material specific and/or
gamma background from each FSS direct measurement and apply the Sign
test to the net results. The material specific background would be the
average value for a given material as determined from a reference area
survey unit. The subtraction of a material background is not anticipated to
be used at PBRF. The subtraction of the gamma background is more
likely.

The gamma background may be determined by either location specific
direct shielded measurements or general area ambient backgrounds.

Direct shielded background measurements would be collected concurrent
with and at the same location as the static survey measurement. A shield
is placed over the detector window to shield beta contributions to the
measurement. The resulting instrument response will be due to gamma
radiation only and will be subtracted from the combined unshielded beta-
gamma reading resulting in a beta only measurement.

An alternative to using the direct shielded background value is to use the
ambient background, which would be measured at a location within a
given survey area or survey unit that is of sufficient distance (or
attenuation) from the surfaces to eliminate beta particles that originate
from the surfaces from reaching the detector. At such a location, the
instrument response will be due only to gamma radiation and will be used
as the background component of all surface measurements in the survey
unit. The ambient background location would be selected to be
representative of the entire survey unit. If a representative location cannot
be found then the direct shielded background method should be used.
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Establish Decision Errors

The probability of making decision errors is controlled by hypothesis
testing. The survey results will be used to select between one condition
(the null hypothesis) and an alternate condition (the alternative
hypothesis). These hypotheses, chosen for NUREG-1575 (MARSSIM),
scenario A, are defined as follows:

e Null Hypothesis (Hp): The survey unit does not meet the release
criteria.

e Alternate Hypothesis (H,): The survey unit does meet the release
criteria. '

A Type I decision error would result in the release of a survey unit
containing residual radioactivity above the release criteria. It occurs when
the null hypothesis is rejected when it is true. The probability of making
this error is designated as “a”. A Type II decision error would result in
the failure to release a survey unit when the residual radioactivity is below
the release criteria. This occurs when the Null Hypothesis is accepted
when it is not true. The probability of making this error is designated as
6‘B7,.

Appendix A of NUREG 1757 recommends using a Type I error
probability (o) of 0.05 and states that any value for the Type II error
probability (B) is acceptable. Following the NUREG 1757 guidance, o
will be set at 0.05. The Type I decision error will not be increased without
prior NRC approval. The J for this project initially has been chosen to be
0.10, or 10 percent probability based on site specific considerations. Since
the P is the licensee’s risk, the PBRF project may choose to vary this value
from 0.25, or 25 percent to 0.05 or 5 percent after evaluating the resulting
change in the number of required survey measurements and the risk of
unnecessarily investigating and/or remediating survey units that are truly
below the release criteria.

5.2.3 Relative Shift

The relative shift (A / o) is calculated as follows:
A _(pCGL.,~-LBGR)

o o

Delta (A) is equal to the DCGL,, minus the Lower Boundary of the Gray
Region (LBGR). Calculation of sigmas is discussed in section 5.2.3.2 and
values are provided in Table 2-1. The sigmas used for the relative shift
calculation may be recalculated based on the most current data obtained
from post-remediation or post-demolition surveys; or from background
reference areas (for Class 3 areas), as appropriate. The LBGR is initially
set at 0.5 times the DCGL,,, but may be adjusted to obtain an optimal
value for the relative shift of normally between 1 and 3.
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5.2.3.1 Lower Boundary of the Gray Region

The Lower Boundary of the Gray Region (LBGR) is the point at which the
Type II (B) error applies. The default value of the LBGR is set initially at
0.5 times the DCGL. If the relative shift is greater than 3, then the number
of data points, N, listed for the relative shift values of 3 from Table 5-5 or
Table 5-3 in NUREG 1575 (MARSSIM) will normally be used as the
minimum sample size. Use of a relative shifi greater than 3 requires
approval by the FSS/Characterization Manager. ‘

5.2.3.2 Sigma

All available scoping and characterization survey results were used to
determine the estimated standard deviation, or sigma value for FSS design
in accordance with NUREG 1575 (MARSSIM) section 5.5.2.2. The use
of the sigma values from the characterization data will be conservative for
the sample size determination since any recalculated post-remediation
sigma(s) are expected to be smaller.

NUREG 1575 (MARSSIM) recommends a survey population of 5 to 20 as
sufficient to successfully establish this parameter. For performance of
characterization surveys at PBRF, a minimum survey population of eight
sample locations was chosen. For Class 2 and 3 survey units, the
measurement and sample locations chosen were biased to areas with the
highest potential for contamination based upon scan results. If scan results
indicated no contamination, eight randomly selected locations were
chosen.

For Class 1 survey areas/units, to the extent that ambient dose rates
allowed, the degree of scan surveys performed were sufficient to allow for
the adequate bounding of areas of radiological contamination within these
areas, and to provide sufficient radiological information to develop waste
volume estimates and remediation plans. Subsequently, in many Class 1
areas, the measurement and sample locations were biased to areas with the
highest potential for contamination. Consequently, the sigma values for
these areas are not presented in Tables 2-1 and 2-2 because they are
unacceptably large. This applies to several survey areas in the Reactor
Building, Hot Laboratory and Primary Pump House. After these areas are
remediated, the sigma values are expected to be significantly lower.

Following remediation in these areas, new sigma values will be calculated
by taking post-remediation measurements in the survey area at about 5 to
20 locations as recommended in section 5.5.2.2 of NUREG 1575
(MARSSIM). The sigma value determination will be documented in the
Survey Package for each survey unit. For the purpose of making post-
remediation measurements for sigma determination, multiple survey areas
may be combined if the areas have similar pre-remediation contamination
characteristics.
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The sigma values for survey areas listed in Table 2-1 that contain survey
units with two different classifications will be evaluated to ensure that the
survey area sigma conservatively represents the contaminant distribution
of each associated survey unit. Otherwise, a specific s1gma value may be

“developed for each survey umnit.

5.2.4-Wilcoxon Rank Sum (WRS) Test Sample Size

The number of data points, N, to be obtained from each reference area or
survey unit are determined using Table 5-3 in NUREG-1575
(MARSSIM). The table includes the recommended 20% adjustment to
ensure an adequate sample size.

5.2.5 Sign Test Sample Size

The number of data points is determined from Table 5-5 in NUREG 1575
(MARSSIM) for application of the Sign Test. This table includes the
recommended 20% adjustment to ensure an adequate sample size. Table
5-5 would also be used to determine sample size if net measurement result
values are used after background subtraction.

5.2.6 Elevated Measurement Comparison (EMC) Sample Size Adjustment

If the scan Minimum Detectable Concentration (MDC) in a Class 1 survey
unit is greater than the DCGLyw, the sample size will be calculated using

the equation provided below. No adjustment is required in a Class 2 or 3
survey unit. If Ngmc exceeds the statistically determined sample size (N),
Nemc will replace N.

A
Eme A EMC

Where: Ngyc = elevated measurement comparison sample size

A = survey unit area and

Agmc = area corresponding to the area factor calculated using the MDCyean
concentration.

53 Background Reference Areas

Background reference area measurements are required when the WRS test is
used, and background subtraction may be used with the Sign test, under certain
conditions. Details pertaining to the use of this approach are provided in
section 5.2.1.

As part of the site characterization process at PBRF, background reference areas
were selected and surveyed in accordance with characterization procedure
PBRF-CS-016, Material Background Determination. In accordance with the
procedure, the FSS/Characterization group identified known material types
within the PBRF facility that will comprise the structures or open land areas
anticipated to be surveyed during FSS. The structural and soil reference areas
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selected were comprised of material and soil types similar to those found at the
PBREF site. The background reference areas selected included the Space Power
Facility (SPF) and PBS Engineering Building for structural materials and the
open lands adjacent to Fox Road for soils and sediment. Both of these areas are
away from the PBRF facility and were not impacted by its operation.

The reference area measurements were collected using instrumentation, methods
and protocols required for a Class 3 final survey unit. The results of the material
background surveys are documented in characterization survey packages
(G9000-401B1 and H9000-401B1.

No significant variations in material background were observed during the
performance of the background study described. Should it become necessary to
acquire additional background measurements and if significant variations are
encountered, then appropriate evaluations will be performed. As noted in
NUREG 1727, Appendix E, Section 3.4, the Kruskal-Wallis test can be
conducted in such circumstances to determine that there are no significant
differences in the mean background concentrations among potential reference
areas. If material background subtraction is performed, the sigma value used
will take into account the variability of material background. '

54  Sample Grid and Sample Loci(a,tibn

Sample location is a function of the number of measurements required, the
survey unit classification, and the contaminant variability.

5.4.1 Sample Grid

The reference grid is primarily used for reference purposes and is
illustrated on sample maps. Physical marking of the reference grid lines in
the survey unit will only be performed when necessary. For the sample
grid in Class 1 and 2 survey units, a randomly selected sample start point
will be identified and sample locations may be laid out in a triangular
measurement or sampling grid pattern® at distance, L, from the start point
in both the horizontal and vertical directions. The sample and reference
grids are illustrated on sample maps and may be physically marked in the
field. For Class 3 survey units, all sample locations are randomly selected,
based on the reference grid.

Global Positioning System (GPS) instruments may be used in open land
areas to determine reference or sample grid locations within the survey
area. In addition, digital cameras may be employed to provide a more
permanent record of survey location within the survey unit. When used,
these photographic records will be linked to landmark and directional
information to ensure reproducibility.

Note that both NUREG 1575 and 1505 recognize both the rectangular and the triangular grid pattern
grid method as acceptable.
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Note that GPS is only one method that could be used to locate land survey
points. PBRF has employed a site reference grid based on the
establishment of fixed reference points and use of distances and angles
from the fixed reference points to locate survey points. This method may
also be used for FSS.

5.4.2 Measurement Locations

Measurement locations within the survey unit are clearly identified and
documented for purposes of reproducibility. Measurement locations may
be identified by tags, labels, flags, stakes, paint marks, geo-positioning
units, photographic record, referencing to maps included in the survey
package, or other methods. :

NUREG-1575 (MARSSIM) allows for the use of both triangular and _
rectangular reference grid to determine measurement or sampling patterns
and spacing. The triangular grid is generally more efficient for locating
small areas of elevated activity, however the use of either triangular or
rectangular grid patterns is acceptable. The type of grid pattern selected
will be at the discretion of the FSS/Characterization Manager.

In a triangular grid, the spacing (L) between data points is determined by:

A
0.866 N

Where A = Survey unit Area in square meters and

N =Number of data points required.

In a rectangular grid, the spacing (L) between data points is determined
by:
A

==
N

Where A = Survey unit Area in square meters and
N = Number of data points required.

To simplify the designation of data points while assuring a sufficient
number of data points are obtained for statistical purposes, the value of L
is rounded to the next lowest whole meter unless the calculated value is
less than one. If the systematic pattern does not provide sufficient data
points to satisfy the number determined, additional data points will be
identified, using a random-number technique.

For Class 1 and Class 2 survey units, after the number of measurements
and the grid spacing are determined, a starting point for the survey will be
established for each survey unit. This will be accomplished by selecting a
reference point for the survey unit, such as the corner of the room, and
using a random number generator to provide a random number between 0
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and 1, for an initial offset from the reference point in both the x and y
coordinates. The random number pair will be multiplied by the calculated
grid spacing, providing the offset from the reference point for the first
location sampling/measurement. Upon establishing the first location, the -
calculated spacing will be used to establish a pattern throughout the survey
unit. If the survey unit includes the floor, walls and ceiling, the pattern
will be extended to all surfaces from the initial points. Once established, a
check is performed to ensure that the number of grid locations satisfies the
calculated number of data points that are to be performed. If not, smaller
spacing will be used to ensure the minimum number of
measurements/samples is obtained. If a systematic survey sample point
cannot be surveyed due to physical constraints, the sample point will be
relocated to the closest accessible surface. '

For Class 3 survey units, locations will be randomly selected. This
requires generating the appropriate quantity of random number pairs that
fall within the confines of the survey unit.

5.4.3 Survey Package Design Process

A FSS Package is produced for each survey area or each survey unit at the
discretion of PBRF. A Survey Package will contain the following:

o Survey Package Cover Sheet & Table of Contents
e Survey Area History

e Survey Unit Description

e References |

e Listing of Applicable Procedures

e Safety Instructions

e Support Instructions

o General Instructions

e Specific Survey Instructions

e Location Codes

Survey Packages are prepared by or under the direct supervision of the
FSS/Characterization Engineer. Survey Packages are reviewed and
approved by the FSS Manager or designee prior to implementation and
Quality Control (QC) review.

5.4.3.1 Survey Package Initiation

Each survey unit and Survey Package is assigned a unique identification
number. The SDMS has been developed to assist the PBRF
decommissioning team in developing survey packages and managing the
data generated during post remediation and FSS. To facilitate database
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queries and reporting utilizing the SDMS, each final status survey unit,
measurement and collected sample will have a unique survey
measurement location code (LC) associated with the measurement or
sample.

The survey measurement LC convention provides the ability to uniquely
code each surface to be surveyed during the PBRF FSS for each survey
area and/or survey unit. The LC system will also provide for
measurement traceability back to a specific location on a survey area
drawing and a marking at the location of the survey measurement or
sample. A combination of the first two location codes becomes the
designation for the survey unit and the location of the measurement. The
four remaining 5 character sections designate the area classification, the
material to be surveyed, the type of surface, the type of measurement and
the detector used.

5.4.3.2 Review of Historical Site Assessment, Characterization Surveys

The FSS/Characterization Engineer shall perform a FSS Survey Area
Historical Use Assessment for each survey unit, or reference a previously
completed Historical Use Assessment prior to the design of the FSS for
each survey unit.

5.4.3.3 Survey Area Walkdown

A FSS/Characterization Engineer shall perform a walkdown of the area to
be surveyed to gather information about the physical characteristics of the
survey area.. The walkdown provides the FSS/Characterization Engineer
an opportunity to determine if any physical or personnel safety related
interferences are present that may affect survey design or survey
implementation, and to determine any support activities necessary to
implement surveys. The walkdown is documented as part of the area
turnover and control process. As part of the walkdown, the
FSS/Characterization Engineer shall ensure the following:

e All decommissioning and remediation activities in the survey unit
have been completed.

e All tools and equipment not required to perform survey activities have
been removed.

e Housekeeping and cleanup of the survey unit are completed and
satisfactory. ’

¢ Engineering controls, as necessary, to prevent recontamination by
adjacent decommissioning activities, have been put in place.

Plum Brook Reactor Decommissioning Project 5-9 Revision 0 December 3, 2004



Final Status Survey Plan

e Location of physical constraints for survey performance such as
painted surfaces, standing water, oil, cracks or deep crevices in the
surfaces to be surveyed, areas that cannot be surveyed due to detector
geometry or size and other conditions that may affect survey
performance. Following the walkdown, representative maps of the
survey unit are prepared. :

5.4.3.4 Survey Design

Survey Design is the process of determining the number, type and location
of survey measurements or samples required for each survey unit. The
various aspects of survey design are documented and filed in the survey
package. The survey design process is controlled by approved procedures.
Computer codes such as VSP™, “Visual Sample Plan,” may be used in
the survey design process.

The sizé and number of survey units for a survey area is determined based
on area classification and the layout of the survey area. The
FSS/Characterization Engineer will divide the area into discrete survey
units as appropriate. The FSS/Characterization Engineer provides a
description of the survey unit including survey unit size, classification and
location. The types of material (i.e. soil, concrete, etc.) found in the
survey unit and survey measurement and/or sampling methods are
identified.

The FSS/Characterization Engineer calculates the number of
measurements or samples required for each survey unit in accordance with
section 5.2. The FSS/Characterization Engineer also calculates required
investigation levels for survey measurements in accordance with Section
7.0 and Table 7-1.

The FSS/Characterization Engineer determines measurement/sample
locations based on the classification of the survey unit and in accordance
with Tables 2-1 and 2-2. A survey map is prepared of each survey unit. A
sample and/or reference grid is superimposed on the map to provide an
(x,y) coordinate system. '

- The FSS/Characterization Engineer generates random numbers, between 0

and 1, which are multiplied by the maximum x and y axis values of the
sample grid. This provides coordinates for each sample location, or a
random start location for systematic grid, as appropriate. The
measurement/sample locations are plotted on the map. Each
measurement/sample location is assigned a unique identification code as
discussed in section 5.4.3.1. '

The FSS/Characterization Engineer determines the appropriate
instruments and detectors, instrument operating modes and survey
methods to be used to collect and analyze data.
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Using the SDMS, the FSS/Characterization Engineer will prepare written
survey instructions that incorporate the requirements of the survey design.
Direction is provided for selection of instruments, count times, instrument
modes, survey methods, required documentation, investigation levels,
investigation actions, background requirements and other appropriate
instructions. The instructions also direct the appropriate instrument set up
to ensure collected survey data is saved and downloaded to the appropriate
files. In conjunction with the survey instructions, survey data forms,
indicating desired measurements, are prepared to assist in survey
documentation.

The FSS/Characterization Engineer reviews the survey design, instructions
and calculations. The FSS/Characterization Engineer ensures that
appropriate instruments, survey methods and sample locations have been
properly identified. Once approved, the survey demgn and 1nstruct10ns are
filed in the survey package.

The FSS/Characterization Manager reviews the survey package, verifies
all calculations and authorizes survey implementation.

5.4.3.5 Survey Area Turnover

Prior to performing FSS, the FSS/Characterization Engineer will
coordinate with the appropriate area manager to ensure decommissioning
activities, area remediation, and housekeeping is complete. In accordance
with an approved implementing procedure, the area will be appropriately
posted to indicate that the area is controlled for the performance of FSS.
A turnover survey shall be performed in all areas subjected to remediation
activities, or at the discretion of the FSS/Characterization Engineer, to
verify that the area meets the radiological criteria for performance of the
FSS. Access controls are implemented to prevent contammatlon of areas
during and following FSS.

5.4.3.6 Survey Implementation

Survey areas and/or locations are identified by gridding, markings, or flags
as appropriate. The FSS/Characterization Engineer performs a pre-survey
briefing with the survey technicians during which the survey instructions
are reviewed. The technicians gather instruments and equipment as
indicated and perform surveys in accordance with the survey package
instructions and appropriate procedures. Technicians are responsible for
documenting survey results and maintaining custody of samples and
instrumentation. At the completion of surveys, technicians return
instruments for downloading and prepare samples for analysis.

Survey instruments provided to the technicians are prepared in accordance
with appropriate procedures and the survey instructions. Instruments are
performance checked prior to and following surveys. Any data collected
in data logging instruments is downloaded and a hard copy printed out.
The download hard copies, surveyor’s data sheets and sample counting
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reports are reviewed and forwarded for inclusion in the survey package.
The FSS/Characterization Engineer is notified of any data that exceed
investigation criteria so that appropriate investigation surveys and
remediation can be performed as necessary.

Several quality control measures and features have been developed for the
implementation phase of the FSS program. These elements typically
include:

e Pre-implementation briefings between FSS design and implementation
~ personnel,

e Pre-implementation area walkdowns,
e Survey location verification,
o Daily survey area background measurements,
¢ Instrument source checks before and after survey activities
5.4.3.7 Data Evaluation

The FSS/Characterization Engineer reviews survey data, data downloads -
and counting reports to verify completeness, legibility and compliance
with survey design. The FSS/Characterization Engineer performs the
following:

e Converts data to reporting units

e Calculates mean, median and range of the data set
e Reviews the data for outliers

e (Calculates the standard deviation of the data set

e (alculates MDC for each survey type performed

e (Creates posting, frequency or quantile plots for visual interpretation of
data, if necessary.

To ensure the 25 mrem/yr criterion is met, any open land survey unit
where the mean of FSS results indicates that the dose may be greater than
24.5 mrem/yr shall be reviewed for compliance with the unrestricted use
limit. For structures, any survey unit where the mean of structure FSS
results indicates that the dose may be greater than 22.5 mrem/yr will be
reviewed for compliance with the unrestricted use limit. This review will
be documented as part of the survey unit release record.

The FSS/Characterization Engineer reviews and verifies the statistical
calculations, verifies the integrity and usefulness of the data set and
determines the need for further data. The FSS/Characterization Engineer
will direct investigations as necessary. Once satisfied that the data are
valid, the FSS/Characterization Engineer will perform the appropriate
statistical test, if necessary, and make a decision on the radiological status
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of each survey unit. The data evaluation process is documented and filed
in the survey package.

5.4.3.8 Quality Control Surveys

QC surveys (replicate surveys, sample recounts, etc.) will be performed in
accordance with the frequency specified in section 11.2.3. QC
measurement results are compared to the original measurement results. If
QC results do not agree with the original survey, an investigation is
performed in accordance with section 11.2.3.3. Following investigation,
the FSS/Characterization Engineer will determine data validity.

5.4.3.9 Release Record

Following data evaluation, The FSS/Characterization Engineer prepares a
Release Record. The Release Record describes the survey area, survey
design, survey unit, surveys performed and instruments used. The Release
Record summarizes survey results and data evaluation. The Release
Record is reviewed and approved by the FSS/Characterization Manager
and the QC Manager. '
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6.0 SURVEY METHODS AND INSTRUMENTATION
6.1 Survey Measurement Methods

Survey measurements and sample collection are performed by personnel trained
and qualified in accordance with the applicable procedure. The techniques for
performing survey measurements or collecting samples are specified in approved
procedures. Final status survey measurements include surface scans, direct
surface measurements, and gamma spectroscopy of volumetric materials. Table
6-1 presents a brief summary of these techniques. In-situ gamma spectroscopy or
other methods not specifically described may also be used for final status surveys.
If so, PBRF will notify the NRC and request approval if required by license
conditions. '

Table 6-1 Survey Techniques

Measurement Instrument Type

Scanning:

e Alpha A e Gas proportional, Zinc Sulfide scintillation

* Beta e Gas proportional, Geiger-Mueller, Plastic
scintillation

e Gamma e Nal (T1) scintillation

Direct (Gross) Activity:

e Alpha e  Gas proportional, Zinc Sulfide scintillation

e Beta e  Gas proportional, Geiger-Mueller, Plastic
scintillation

Radionuclide-specific:

e Alpha ¢ Radiochemical separation and alpha spectroscopy

e Beta e Liquid Scintillation

e Gamma e HPGe* detector based gamma spectrometer

*HPGe — High Purity Germanium.

On-site lab facilities will be used for gamma spectroscopy and gas proportional
counting in accordance with applicable procedures. Off-site laboratories will be
USACE validated to perform requested sample analyses and will be used, as
necessary. Regardless of which facilities are used, analytical methods will be
administratively established to detect levels of radioactivity at 10% to 50% of
the DCGL value.
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6.1.1 Structures

Structures will receive scan surveys, direct measurements and, when
necessary, volumetric sampling. ' '

6.1.1.1 Scan Surveys

Scanning is performed in order to locate small areas of residual activity
above the investigation level. Beta scans will be performed over
accessible floor, wall and ceiling interior surfaces and exterior walls, roof
and asphalt and concrete paved areas. Additionally, alpha scans will be
performed in areas where alpha contamination has been observed. Floor
monitors, large area gas-flow proportional detectors (typically 580 cm?)
may be used for floor and other larger accessible horizontal and vertical
surfaces. Hand-held scintillation and/or gas-flow proportional detectors
(typically 125 cm?) may be used for surfaces not accessible by the floor
monitor.

Beta scanning will typically be performed with the detector position
maintained within 1.27 cm (0.5 inch) of the surface and with a scanning
speed of one detector width per second. Alpha scanning will typically be
performed with the detector position maintained within 0.635 cm (0.25
inch) of the surface and with a scanning speed of one detector width every
two seconds. If surface conditions prevent scanning at the specified
distance, the detection sensitivity for an alternate distance will be
determined and the scanning technique adjusted accordingly. Scanning
speed will be calculated to assure the MDCsc,y, is appropriate for the stated
objective of the survey. Adjustments to scan speed and distance may be
made in accordance with approved procedures. Whenever possible,
technicians will monitor the audible response to identify locations of
elevated activity that require further investigation and/or evaluation.

6.1.1.2 Direct Measurements

~ Direct measurements are performed to detect total surface activity levels.

Direct measurement of surface activity will be performed at designated
locations and at locations of elevated activity identified by surface scans
on the structural surfaces of the buildings and on concrete or asphalt paved
areas within each survey unit. These measurements may be performed
using 125 cm? scintillation detectors, 125 cm? gas-flow proportional
detectors, or smaller detectors as accessibility requires.

Direct measurements are conducted by placing the detector on or very
near the surface to be counted and acquiring data over a pre-determined
count time. A count time of one minute is typically used for surface
measurements and generally provides detection levels well below the
DCGL. (The count time may be varied provided the required detection
level is achieved). Instrument count times will be adjusted as appropriate
to achieve an acceptable MDCypaic.
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6.1.1.3 Activated Concrete

The current decommissioning strategy for PBRF calls for the removal of
activated portions of the concrete bioshield and disposition of the activated
concrete as radioactive waste. Any activated concrete remaining in place
will be evaluated for residual radioactive contamination volumetrically
using the subsurface structure DCGLs. :

6.1.1.4 Volumetric Concrete Measurements

Volumetric sampling of contaminated concrete, as opposed to direct
measurements may be necessary if gross beta measurements are not
sufficient. Volumetric concrete samples will be analyzed by gamma
spectroscopy. The results will either be evaluated by 1) calculating the
derived total gross beta cpm/100 cm? in the sample and comparing the
gross beta results directly to the gross beta DCGL or, 2) by using the
radionuclide specific results to derive the surface activity equivalent and
determine compliance using the unity rule. Use of the unity rule will
require the use of a surrogate calculation to account for the radionuclides
in the mixture not identified by gamma spectroscopy. This will be
accomplished using the appropriate nuclide mixture listed in Table 3-4.

Volumetric samples analyzed by gamma spectroscopy will detect the
presence of radioactivity below the surface. Such sampling is typically
performed following removal of paint and other surface coatings during
remediation. After analysis, the data may be converted to equivalent
surface activity for analysis of surface activity in cracks or fissures.

6.1.1.5 Removable Contamination Surveys

Removable beta contamination or smear surveys will be performed to
verify loose surface contamination is 10% or less of the DCGLw
consistent with assumptions made during dose modeling for structural
DCGL development. A smear for removable activity will be ;)erformed at
each direct surface activity measurement location. A 100 cm” surface area
will be wiped with a circular cloth or paper filter, using moderate pressure.
Smear samples will be evaluated for gross beta activity (and gross alpha in
the ROLB). Each survey unit with smear results exceeding the building
reuse 10% modeling assumption will be evaluated on a case-by-case basis
to determine if the 25 mrem/yr limit is met (see Attachment B).

6.1.2 Soil

In this context, surface soil refers to outdoor areas where the soil is, for
purposes of dose modeling, considered to be uniformly contaminated from
the surface down to a depth of 15 cm (6 in). These areas will be surveyed
through combinations of sampling, scanning, and in-situ measurements, as
appropriate. Subsurface soil refers to residual radioactivity that is
underneath structures such as building floors/foundations or material that
is covered with clean soil or some other non-contaminated layer.
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Subsurface soil (greater than 6 inch depth) in an area that also has
contaminated surface soil will be evaluated on a case-by-case basis to
determine the proper treatment of the subsurface soil.

The historical site assessment should be reviewed to identify those survey
areas where the potential exists for sub-surface radioactivity. Such areas
can include, but are not limited to: soils under buildings; soils adjacent to
building foundations or components where leakage was known or
suspected to have occurred in the past; and areas where known spills of
radioactive materials have occurred. Data from both the historical site
assessment and any pertinent characterization data should be used to
establish a bounding depth profile for any potential sub-surface
radioactivity.

Subsurface soil will be sampled by collecting core samples from 15 cm (6
in) below grade to the required depth and homogenizing over each one
meter of depth. The number of samples required is determined via the
methods of section 5.2 of this Plan. The area factors derived for surface
soil will be applied to subsurface soil in Class 1 areas.

Surface soil will receive scan surveys at the coverage level described in
Table 5-1 and volumetric samples will be taken at designated locations. In
accordance with DG-4006, scanning is not applicable to sub-surface
activity assessments. Surface and sub-surface soil samples will be
collected and prepared in accordance with approved procedures.

6.1.2.1 Scans

Gamma scanning will be performed over land surfaces to identify
locations of residual surface activity. The gamma emitters are used as
surrogates for the difficult to detect radionuclides. Nal gamma
scintillation detectors ( typically 27 x 2”) will be used for these scans.
Scanning may be performed by moving the detector in a serpentine
pattern, while advancing at a rate not to exceed 0.5 m (20 in) per second.
The distance between the detector and the surface will be maintained
within 15 cm (6 in) of the surface. Audible signals should be monitored
and locations of elevated direct levels identified for further investigation.

6.1.2.2 Volumetric Samples

Samples of soil, sediment, and sludge will be obtained from designated
locations of land areas and at locations of elevated direct radiation
identified by gamma scans. An appropriate volume of soil will be
collected at each sampling location using hand trowels, bucket augers, or
other suitable sampling tools.

If contamination below 15 cm (6 inch) is suspected, GeoProbe®, split
spoon sampling or other methods may be used for the final survey unless
the area has already been excavated and remediated. If an area containing
subsurface contamination has been remediated, the excavated area, in

Plum Brook Reactor Decommissioning Project 6-4 Revision 0 December 3, 2004



Final Status Survey Plan

most cases will be treated as a surface soil area.

Sample preparation includes removing extraneous material and
homogenizing and drying the soil for analysis. Separate containers are
used for each sample and each container is tracked through the analysis
process using a chain-of-custody record. Samples are split when required
by the applicable FSS Quality Control requirements.

6.1.2.3 Stored Excavated Soil

In several areas, clean overburden soils may be removed and stockpiled on
site for use as backfill materials. The primary area where this is expected
to occur is the excavation of the storm drain system. These areas are
primarily Class 3 areas; however the excavation and stockpile of soils
from Class 2 areas is possible. Control of excavated soil and overburden
materials will be maintained in accordance with approved procedures or
work execution plans.

Prior to the use of stockpiled excavated soils as backfill, the soil will be
subjected to FSS in accordance with the classification of the area from
which it had originated. Scanning requirements and soil sample frequency
shall also be determined in accordance with the classification of the area
where the soil had originated.

6.1.3 Embedded Piping (EP)

It has been determined that because of industrial safety concerns and
ALARA, it is not justified to remove all EP. Designated sections of EP
may remain in place and undergo FSS. A detailed description of the EP
designated to remain is provided in Attachment C. Embedded pipe will be
remediated by hydrolazing or other methods, undergo FSS, and then filled
with grout. Compliance with the DCGL developed for EP and presented
in section 3.6 will be assessed through the acquisition of direct
measurements using “pipe-crawling” technology and/or in-situ gamma-
spectroscopy provided adequate instrument efficiencies and detection
limits can be achieved. Radiological evaluations for EP that cannot be
accessed directly will be performed via measurements made at traps and
other appropriate access points where the activity levels are deemed to
either bound or be representative of the interior surface activity levels.

6.1.4 Specific Areas and Conditions
6.1.4.1 Cracks, Crevices, Wall-Floor Interfaces and Small Holes

Surface contamination on irregular structure surfaces (e.g., cracks,
crevices, and holes) are difficult to survey directly. Where no remediation
has occurred and residual activity has not been detected above
background, these surface blemishes may be assumed to have the same
level of residual activity as that found on adjacent surfaces. The
accessible surfaces are surveyed in the same manner as other structural
surfaces and no special corrections or adjustments have to be made.
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In situations where remediation has taken place or where residual activity
has been detected above background, a representative sample of the
contamination within the crack or crevice may be obtained or an
adjustment for instrument efficiency may be made if justifiable.

If an instrument efficiency adjustment cannot be justified based on the
depth of contamination or other geometry factors, volumetric sam;ales will
be collected. The calculated derived total gross beta dpm/100 cm
contained in the volumetric sample that is attributable to the beta emitting
radionuclides used to determine the DCGL will be compared directly to
the gross adjusted beta DCGL. As an alternative, radionuclide specific
analysis, coupled with application of the unity rule may be used. In this
case, the DCGL applied would be the volumetric values for the subsurface
structure scenario contained in Attachment B, Table 5-14.

6.1.4.2 Paint Covered Surfaces

Final status surveys will consider the effect of painted surfaces. Gross
measurements will not be used exclusively in areas covered by thick .
painted surfaces that are not remediated. The surfaces will be
volumetrically sampled or the coating will be removed prior to survey.
No special consideration must be given to wall or ceiling areas painted
before plant startup and which have not been subjected to repeated
exposure to materials that would have penetrated the painted surface.

6.1.4.3 Pavement-Covered Areas

The survey design of parking lots, roads and other paved areas will be
based on soil survey unit sizes since they are outdoor areas where the
exposure scenario is most similar to direct radiation from surface soil.
The structure DCGLs presented in Table 3-2 are applicable to paved areas
because the dose pathways and source geometry i.e.. area source, are
essentially the same as those assumed in the Building Reuse scenario. In
addition, the agricultural pathways are not applicable. The structure
DCGLs are conservative since the direct dose from a 2000 m” outdoor
area is less than the dose from the Building Reuse scenario. An outdoor
occupancy time of 963 hrs is used in the Surface Soil dose assessment,
whereas in the Building Reuse scenario, an occupancy time of 2340 hrs is
assumed. Also, dose from the resuspension of radionuclides from paved
surfaces will be less than in the Building Reuse scenario because the
effective air exchange rate in an outdoor area is expected to be much
higher than that seen in buildings. Scan and static beta surveys are made
as determined by the survey unit design. If sub-surface contamination is
suspected under paved or other covered areas, sub-surface volumetric
samples will be collected. Paved areas may be separate survey units.
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6.2 Instrumentation

Radiation detection and measurement instrumentation for the FSS is selected to
provide both reliable operation and adequate sensitivity to detect the
radionuclides identified at the site at levels sufficiently below the DCGL.
Detector selection is based on detection sensitivity, operating characteristics and
expected performance in the field. ' :

Commercially available portable and laboratory instruments and detectors are
typically used to perform the three basic survey measurements: 1) surface
scanning; 2) direct surface contamination measurements; and 3) spectroscopy of
soil and other bulk materials, such as concrete. Specific implementing
procedures control the issuance, use, and calibration of instrumentation.

Records supporting the instrumentation program are maintained by Document
Control.

6.2.1 Selection

Radiation detection and measurement instrumentation is selected based on
the type and quantity of radiation to be measured. The instruments
selected for direct measurements should be capable of detecting the
radiation of concern to a MDC of 50% of the applicable DCGL. The use
of 50% of the DCGL is an administrative limit only. Any value below the
DCGL is acceptable in Class 1 or 2 survey units. MDCs of less than 50%
of the DCGL allow detection of residual activity in Class 3 survey umnits at
an investigation level of 0.5 times the DCGL. Instruments used for scan
measurements in Class 1 areas are required to be capable of detecting
radioactive material at less than the DCGL,..

Instrument MDCs are discussed in section 6.2.4. Instrumeritation and
nominal MDC values currently proposed for use in the FSS are listed in
Table 6-2. PBRF follows instrument manufacturers’ recommendations
and/or supporting basis documents for considerations such as temperature
dependency.

As the project proceeds, other measurement instruments or technologies,
such as in-situ gamma spectroscopy, use of alarm rate for scan surveys
versus audible response, or continuous data collection scan devices, may
be found to be more efficient than the survey instruments proposed in this
plan. The acceptability of such an instrument or technology for use in the
final survey program would be justified in a technical basis document.
The technical basis document would include among other things the
following: (1) a description of the conditions under which the method
would be used; (2) a description of the measurement method,
instrumentation and criteria; (3) justification that the technique would
provide equivalent scan coverage for the given survey unit elassification
and that the scan MDC is adequate when compared to the DCGLgpc; and
(4) a demonstration that the method provides data that has a Type I error
(falsely concluding that the survey unit is acceptable) equivalent to 5% or
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less and provides sufficient confidence that the DCGLgwmc criterion is
satisfied. The PBRF will notify the NRC and request approval of the
associated technical basis document if required by license conditions.

Table 6-2 Instrument Types and Nominal MDC

Nominal Detection Sensitivity

MDCscan MD Cstaﬂc1

Detector Model’ Meter Model | Application (dpm/100cm®) | (dpm/100cm?)
Ludlum 44-9 Ludlum 2350-1 | B static & scan 2900 985
Ludlum 43-5 Ludlum 2350-1 | o static & scan 150 75
Ludlum 43-68 § mode Ludlum 2350-1 | B static & scan 1050 330
Ludlum 43-68 o mode | Ludlum 2350-1 | o static & scan 170 70
Ludlum 44-116 Ludlum 2350-1 | B static & scan 1300 415
Ludlum 43-90 Ludlum 2350-1 | o static & scan 130 55
Ludlum 44-10 Ludlum 2350-1 |y scan 3.5 pCi/g ®°Co N/A

6.5 pCi/g *'Cs
Ludlum 43-37 Ludlum 2350-1 | B scan 1000 N/A
Packard Tri-Carb 2900 | N/A B smear N/A 40 (Tritium)
TRLSC
Canberra S5X1B or N/A a and/or B N/A 18
Protean IPC-9025 smear
HPGe Gamma N/A v Analysis N/A Varies
Spectroscopy System

1. Based on 1-minute count time; and default values for surface efficiencies, €, as specified in
Internal Standard, ISO 7503-1.
2. Functional equivalent instrumentation may be used
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6.2.2 Calibration and Maintenance

All instrumentation used for FSS (Table 6-2), including the gamma
spectroscopy system, will be calibrated for normal use under typical field
conditions and for the radiation types and energies of interest at the site at
the frequency specified by vendor instructions or by approved PBRF
procedures (at least annually not to exceed fifteen months). Calibration
typically includes:

e High Voltage calibration,

¢ Discriminator/threshold calibration,

e Window calibration,

e Alarm operation verification, and

e Scaler calibration verification. |

The detector calibration includes:

¢ Operating voltage determination,

e (Calibration constant determination, and
e Dead time ‘correction determination.

All instrumentation used for FSS will be operated and maintained in
accordance with approved procedures. PBRF employs a vendor service to
perform calibration and repair of radiological instrumentation. These
services were procured in accordance with purchasing requirements for
quality related services.

Radioactive sources used for calibration will be traceable to the National
Institute of Standards and Technology (NIST) or equivalent standards and
have been obtained in standard geometries to match the type of samples
being counted. The calibration sources used for beta survey instruments
are Tc-99 or Cs-137 because the average beta energy approximates the
range of beta energy for the radionuclides found on surfaces on site. The
alpha calibration sources are Am-241 or Th-230. Gamma scintillation
detectors are calibrated using Cs-137.

Calibration labels showing the instrument identification number,
calibration date and calibration due date will be attached to all portable
field instruments. At a minimum, the calibration certificate and response
test documentation for the current calibration cycle will be kept in the
instrument history file. Documentation from previous calibration cycles
may be removed from the instrument history file and transferred to
Document Control.
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6.2.3 Response Checks

Instrumentation response checks are conducted to assure proper
instrument response and operation. An acceptable response for field
instrumentation is an instrument reading within +20% of the established
check source value. Laboratory instrumentation standards will be within +
3 sigma and not to exceed + 20% as documented on a control chart.
Response testing of portable radiological instrumentation and/or detectors
used for FSS shall be performed prior to use and following use. If an
instrument and/or detector are to be used for a continuous time frame
greater than a standard work shift, the instrument and/or detector will be
subjected to a response test prior to the end of that shift. If an instrument
fails a response check, it is labeled appropriately and is removed from
service until the problem is corrected in accordance with applicable
procédures. Data obtained with that instrument since its previous
acceptable performance check, will be evaluated for acceptability. The
results of this evaluation shall be documented.

6.2.4 Minimum Detectable Concentration (MDC)

Minimum Detectable Concentration (MDC) is defined as the smallest
amount or concentration of radioactive material that will yield a net
positive count with a 5% probability of falsely interpreting background
responses as true activity from contamination and a 5% probability of
interpreting a result at the MDC level as being background. The MDC is
dependent upon the counting time, geometry, sample size, detector
efficiency and background count rate. As previously discussed in section
6.2.1, the MDCs will be set to approximately equal to or less than 50% of
the applicable DCGL. There are two different MDCs that will be used,
one for direct beta surface contamination measurements, MDCgarie and
one for field beta scanning of surfaces, MDCgcan. These are calculated
differently and each will be incorporated into the operating procedures.
The equation to be used for calculating the MDCgtaric for direct beta
measurements using field instrumentation is as follows:

34329 /Bk-zs-(1+j—5)
MDC,,. = ”

b

static | L. %6
Where: MDCiue = Minimum Detectable Concentration (dpm/100 cm?),
Br =Background Count Rate (cpm),
% =Background Count Time (min),
ts = Sample Count Time (min),
A =Detector Area (cm?) and
Eor = Total Efficiency.
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Total Efficiency (E,,) is equal to Detector Efficiency (£;) multiplied by
the applicable Surface Efficiency (£).

The equation that will be used to calculate the beta scan MDCge,y, for
surfaces is as follows:

rx [T %60
d \/Z,*‘i

scan A L]
R *
S S TVP T

Where: MDCgen  =Minimum Detectable Concentration (dpm/100 cmz),

d’ =Decision error taken from Table 6-5 of
NUREG -1575 (MARSSIM),

i=0Observation counting interval (scan speed divided
by the detector width),

b; =Background count per observation interval
e;=Detector Efficiency (c/d),

es=Surface Efficiency (typically around 50% for beta
contamination on concrete),

p =Surveyor Efficiency (typically 50%) and
A =Detector Area (cm?).

For scanning soil with a sodium iodide gamma detector, the MDCgcan
values presented in Table 6.7 of NUREG -1575 (MARSSIM) will
typically be used. According to NUREG-1727, these values provide an
acceptable estimate of MDCscay for the survey. Separate MDCgean values
may be calculated for individual sodium iodide detectors configured and
calibrated to detect specific radionuclides (such as Cs-137).

The MDC for the gamma spectral analysis of soil will be based on sample
count times sufficient to detect a minimum of 10% of the DCGLs for the
radionuclides of concern or for best sensitivity achievable. The gamma
spectroscopy system planned for the project may include an ORTEC
HPGe detector based system with GammaVision™ software.

The MDC for the beta counter for analysis of removable beta
contamination when applicable will be based on sample count times
sufficient to detect at 10% or less of the adjusted gross beta DCGL for the
radionuclide mix appropriate for the survey area or for best sensitivity
achievable. The verification that 10% or less of the adjusted gross beta

DCGL for the radionuclide mix appropriate for the survey area will be
maintained and provided in conjunction with each sample analysis.
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6.2.5 Detection Sensitivity

The nominal detection sensitivity of some of the detectors that may be
used for surface contamination surveys has been determined and is
provided in Table 6-2.

Count times are instrument-specific and are selected to ensure that the
measurements are sufficiently sensitive for the DCGL. For example, the
count times associated with surface activity surveys and gamma
spectroscopy of volumetric materials are administratively manipulated to
achieve MDCygayic values less than the DCGL. The MDCggy values may
not always be less than the DCGLw, but will be less than the DCGLgyc.

6.2.6 Pipe Survey Instrumentation

EP designated to remain and be subjected to FSS will be surveyed to
ensure residual remaining activity is less than the DCGL. Pipe crawlers
(survey instruments) are typically used for surveys of pipe with diameters
between 2 and 24 inches. Radiological surveys will consist of scanning
and direct measurements with detection sensitivity (or MDA) adequate to
detect 50% of the most limiting DCGL for EP as specified in section 3.6.
In cases where piping diameters and other variables are such that there is
no easy access to the piping interior, other indirect methods, such as in-
situ gamma spectroscopy and/or other methodologies may be required. In
these cases, PBRF will submit an associated technical basis document to
the NRC 1in accordance with license condition requirements.
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7.0 INVESTIGATION LEVELS AND ELEVATED AREAS TEST

During survey unit measurements, levels of radioactivity may be identified by an increase
in count rate or an elevated sample result that warrant investigation. Elevated
measurements may result from discrete particles, a distributed source, or a change in
background activity. Depending on the results of the investigation, the survey unit may
require no action, may require remediation, and/or may require reclassification and
resurvey. Investigation levels and the investigation process are described below.

7.1 Investigation Levels

NUREG 1727 (Table E.2) and NUREG 1575 (Table 5.8) provide investigation
levels for scan surveys. In addition to investigation levels for scan surveys,
direct measurement survey investigation levels have also been developed.

These additional investigation levels include a very conservative value for Class
3 survey units as shown in Table 7-1.

7.2  Investigation Process

Technicians will respond to indications of elevated areas while surveying. Upon
detecting an increase in audible response, the technician will reduce the scan
speed or pause and attempt to isolate the elevated area. If the elevated activity is
verified to exceed the established investigation level, the area should be bounded
(marked or flagged and measured to obtain an estimated affected surface area).

Representative direct measurements are obtained as determined by the
FSS/Characterization Engineer. The collected data is documented on a
Radiological Survey Form.

The size and average activity level in the elevated area is determined to
demonstrate compliance with the area factors. If any location in a Class 2 area
exceeds the DCGL, scanning coverage in the vicinity is increased in order to
determine the extent and level of the elevated reading. If the elevated reading
occurs in a Class 3 area, the scanning coverage is increased and the area is re-
evaluated for classification.
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Table 7-1 Investigation Levels

Classification | Scan Investigation Levels’ | Direct Investigation Levels
Class 1 >DCGLEMC >DCGLgMmc
Class 2 >DCGL,, or >MDCyyy, if >DCGLy
MDCyean 1s greater than
DCGL.
Class 3 >DCGLy or >MDCyap if >0.5 DCGL,,
MDCcan is greater than
DCGLy,.

Investigations should consider: (1) the assumptions made in the survey unit
classification; (2) the most likely or known cause of the contamination; and (3)
the possibility that other areas within the survey unit may have elevated areas of

* activity that may have gone undetected. Depending on the results of the
investigation, a portion of the survey unit may be reclassified if there is
sufficient justification. The results of the investigation process are documented
in the survey area Release Record. See also section 7.4 for additional discussion
regarding potential reclassification of the survey unit.

7.3 Elevated Measurement Comparison (EMC)

The elevated measurement comparison may be used for Class 1 survey units
when one or more scan or static measurements exceed the investigation level if
remediation 1s not performed. The EMC provides assurance that unusually large
measurements receive the proper attention and that any area having the potential
for significant dose contribution is identified. As stated in NUREG-1575
(MARSSIM), the EMC is intended to flag potential failures in the remediation
process and should not be considered the primary means to identify whether or
not a survey unit meets the release criterion.

Locations identified by scan with levels of residual radioactivity which exceed
the DCGLgmc or static measurements with levels of residual radioactivity which
exceed the DCGLg)c are subject to additional surveys to determine compliance
with the elevated measurement criteria. The size of the area containing the
elevated residual radioactivity and the average level of residual activity within
the area are determined. The average level of activity is compared to the
DCGLy based on the actual area of elevated activity. (If a background
reference area is being applied to the survey unit, the mean of the background
reference area activity may be subtracted before conducting the EMC).

* Must be calculated a priori
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The initial DCGLgmc is established during the survey design and is calculated as
follows:

DCGL gy = Area Factor x DCGL

The area factor is the multiple of the DCGL that is permitted in the area of
elevated residual radioactivity without remediation. The area factor is related to
the size of the area over which the elevated activity is distributed. That area is
generally bordered by levels of residual radioactivity below the DCGL and is
determined by the investigation process. The method for calculating the area
factors is provided in Attachment B and the resulting area factors are listed in
Tables 3-5 and 3-6. '

The actual area of elevated activity is determined by investigation surveys and
the area factor is adjusted for the actual area of elevated activity. The product of
the adjusted area factor and the DCGL,, determines the actual DCGLgpc. If the
DCGLgMc is exceeded, additional investigations are performed.

The results of the elevated area investigations in a given survey unit that are
below the DCGLgyc limit are evaluated using the equation below. If more than "
one elevated area is identified in a given survey unit, the unity rule can be used
to determine compliance. If the equation value is less than unity, no further
elevated area testing is required and the EMC test (shown below) is satisfied:

o . (average concentration in elevated area — &)
DCGLw (Area Factor)(DCGL,, )

<1.0,

Where: § is the average residual activity in the survey unit.

When calculating § for use in this inequality, measurements falling within the
elevated area may be excluded provided the overall average in the survey unit is
less than the DCGL,,.*

For embedded piping, the number of elevated areas will be limited to ensure that
the total inventory remaining in each EP will be maintained at the level that
would be present if the entire pipe were contaminated at the DCGL level.

Compliance with the soil DCGLgmc will be determined using the FSS gamma
spectroscopy results and a unity rule approach. These general methods will also
be applied to other materials where sample gamma spectroscopy is used for
FSS. The application of the unity rule to the elevated measurement comparison
requires area factors and corresponding DCGLgwmc to be calculated for Cs-137,
Co-60, and any other gamma emitter identified during FSS, separately.

The methods used to calculate the nuclide specific soil area factors are presented
in Attachment B. These area factors are used to determine DCGLgpmc for Co-60,
Cs-137, and any other identified gamma emitter, for each elevated area being

MARSSIM, NUREG-1575, Revision 1, (June 2001), Section 8.5.2, per the EPA website at
www.epa.gov/radiation/marssim/docs/revision].
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evaluated during FSS. The surrogate radionuclides will be conservatively
accounted for through the application of the Cs-137 area factor to the surrogate
Cs-137 DCGL since the difficult to detect radionuclides have higher area factors
than Cs-137. The DCGLEpc are used as follows to determine compliance with
the elevated measurement comparison. Background could be subtracted from
each radionuclide concentration if necessary:
Cs—-137 Co-60 R,

( )+( )+(
Cs—=137p0g. .~ Co~60pcs, .~ DCGLyy,c

)<1.0

Where:
Cs-137 and Co-60 are the gamma spectroscopy results from FSS,

DCGLy,,., is calculated for the size of the elevated area being evaluated,

Ry is any other gamma emitter identified during FSS, and
DCGLye, is the DCGLgmc for radionuclide N.

7.4  Remediation and Reclassification

As shown in Table 7-2, for any classification (1, 2 or 3), areas of elevated
residual activity above the DCGLgyc are remediated to reduce the residual
radioactivity to acceptable levels. Whenever an investigation confirms activity
above an action level listed in Table 7-2, an evaluation of the historical site
assessment, operational history, design information, and sample results will be
performed and documented. The evaluation will consider: (1) the elevated
area’s location, dimensions, and sample results, (2) an explanation as to the
potential cause and extent of the elevated area in the survey unit, (3) the
recommended extent of reclassification, if considered appropriate, and (4) any
other required actions. Areas that are reclassified as Class 1 are typically
bounded by a Class 2 buffer zone to provide further assurance that the
reclassified area completely bounds the elevated area. This evaluation process is
established to avoid the unwarranted reclassification of an entire survey unit
(which can be quite large) while at the same time requiring an assessment as to
extent and reasons for the elevated area.

If an individual survey measurement (scan, direct or material sample) in a Class
2 survey unit exceeds the DCGL, the survey unit or a portion of it shall be
reclassified to a Class 1 and the survey redesigned and re-performed
accordingly. If an individual survey measurement in a Class 3 survey unit
exceeds 0.5 DCGL, the survey unit, or portion of a survey unit, will be
evaluated, and if necessary, reclassified to a Class 2 and the survey redesigned
and re-performed accordingly.
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Table 7-2 Investigation Actions

Action If Investigation Results Exceed:

Class DCGLEMC DCGLW 0.5 DCGLW

1 Remediate and Acceptable Acceptable
resurvey as necessary

2 Remediate, reclassify | Reclassify portions as | Acceptable
portions as necessary | necessary

3 Remediate, reclassify | Increase scan Increase scan
portions as necessary | coverage and coverage and
reclassify portions as | reclassify portions as
necessary necessary
7.5 Resurvey

Following an investigation, if a survey unit is reclassified or if remediation
activities were performed, a resurvey is performed in accordance with approved
implementing procedures. If a Class 2 unit had contamination greater than the
DCGLy it should be reclassified. If the average value of Class 2 direct survey
measurements was less than the DCGLy, the Scanympe was sensitive enough to
detect the DCGLgMc and there were no areas greater than the DCGLgyc, the
survey redesign may be limited to obtaining a 100% scan without having to re-
perform the direct measurements. This condition assumes that the sample
density meets the requirements for a Class 1 area. If the Class 2 area had
contamination greater than the DCGLw, but the Scanypc was not sensitive
enough to detect the DCGLEpmc, the affected area is reclassified and resurveyed
at the sample density determined from the EMC.
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: 8.0 DATA COLLECTION AND PROCESSING

8.1 Sample Handling and Record Keeping

A chain-of-custody record accompanies each sample from the point of collection
through obtaining the final results to ensure the validity of the sample data. -
Chain-of-custody records are controlled and maintained and, upon completion of -
the data cycle, are transferred to Document Control, in accordance with
applicable procedures.

Each survey unit will have a document package associated with it which covers
the design and field implementation of the survey requirements. Survey unit
records are quality records.

8.2  Data Management

Survey data are collected and evaluated from several sources during the data life
cycle. '

QC measurements are not used as FSS data. See section 11.2 for design and use
of QC measurements. '

Measurements performed during characterization, turnover and investigation
surveys can be used as FSS data if they are performed according to the same
requirements as the final survey data. These requirement include: (1) the
representativeness of the survey data to reflect the as-left survey unit condition
untouched by further remediation; (2) the application of isolation measures to
the survey unit to prevent re-contamination and to maintain final configuration;
and (3) the data collection and design were in accordance with FSS methods
(e.g., scan MDC, investigation levels, survey data point number and location,
‘statistical tests, and EMC tests).

Measurement results stored as FSS data constitute the final survey of record and
are included in the data set for each survey unit used for determining compliance
with the site release criteria.

Measurements are recorded in units appropriate for comparison to the DCGL.
The recording units for surface contamination are dpm/100 em? and pCi/g for
activity concentrations. Numerical values, even negative numbers, are recorded.

Document Control procedures establish requirements for record keeping.
Measurement records include, at a minimum, the surveyor’s name, the location
of the measurement, the instrument used, measurement results, the date and time
of the measurement and any surveyor comments. '
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8.3 Data Verification and Validation

The FSS data are reviewed before data assessment to ensure that they are
complete, fully documented and technically acceptable. The review criteria for
data acceptability will include at a minimum, the following items:

Compliance with survey instructions as specified in the survey package

The instrumentation MDC for fixed or volumetric measurements was below
the DCGLy or if not, below the DCGLgmc for Class 1, below the DCGLy for
Class 2 and below 0.5 DCGLy, for Class 3 survey units.

The instrument calibration was current and traceable to NIST standards.

The field instruments were source checked with satisfactory results before and
after use each day data are collected or if unsatisfactory, data obtained with
that instrument since its previous acceptable performance check was evaluated
for acceptability. : :
The MDCs and assumptions used to develop them were appropriate for the
instruments and techniques used to perform the survey.

The survey methods used to collect data were proper for the types of radiation
involved and for the media being surveyed.

“Special methods”™ for data collection were properly applied for the survey
unit under review. These special methods are either described in this FSSP
section or will be the subject of an NRC notice of opportunity for review.

The chain-of-custody was tracked from the point of sample collection to the
point of obtaining results.

The data set is comprised of qualified measurement results collected in
accordance with the survey design, which accurately reflects the radiological
status of the facility.

The data has been properly recorded.

If the data review criteria were not met, the discrepancy will be reviewed and the
decision to accept or reject the data will be documented in accordance with
approved procedures.

8.4  Graphical Data Review

Survey data may be graphed to identify patterns, relationships or possible
anomalies which might not be apparent using other methods of review. A
posting plot or a frequency plot may be made. Other special graphical
representations of the data will be made as needed.
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8.4.1 Posting Plots

Posting plots may be used to identify spatial patterns in the data. The
posting plot consists of the survey unit map with the numerical data shown
at the location from which it was obtained. Posting plots can reveal
patches of elevated radioactivity or local areas in which the DCGL is
exceeded. Posting plots can be generated for background reference areas
to point out spatial trends that might adversely affect the use of the data.
Incongruities in the background data may be the result of residual,
undetected activity, or they may just reflect background variability.

8.4.2 Frequency Plots

Frequency plots may be used to examine the general shape of the data
distribution. Frequency plots are basically bar charts showing data points
within a given range of values. Frequency plots reveal such things as
skewness and bimodality (having two peaks). Skewness may be the result
of a few areas of elevated activity. Multiple peaks in the data may
indicate the presence of isolated areas of residual radioactivity or
background variability due to soil types or differing materials of
construction. Variability may also indicate the need to more carefully
match background reference areas to survey units or to subdivide the
survey unit by material or soil type. :
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(: 9.0 DATA ASSESSMENT AND COMPLIANCE

N
An assessment is performed on the FSS data to ensure that they are adequate to support
the determination to release the survey unit. Simple assessment methods such as
comparing the survey data to the DCGL or comparing the mean value to the DCGL are
first performed. The statistical tests are then applied to the final data set and conclusions
are made as to whether the survey unit meets the site release criterion.
9.1 Data Assessment Including Statistical Analysis
The results of the survey measurements are evaluated to determine whether the
survey unit meets the release criterion. In some cases, the determination can be
made without performing complex, statistical analyses.
9.1.1 Interpretation of Sample Measurement Results
An assessment of the measurement results is used to quickly determine
whether the survey unit passes or fails the release criterion or whether one
of the statistical analyses must be performed. The evaluation matrices are
presented in Tables 9 1 and 9-2.
Table 9-1 Interpretation of Sample Measurements When the WRS
Test Is Used
Measurement Results Conclusion
N Difference between maximum survey unit .

. .. Survey unit meets
concentration and minimum reference area release criterion
concentration is less than the DCGLw ST
Difference of survey unit average 4
concentration and reference average Survey unit fails.
concentrations greater than the DCGLw
Difference between any survey unit
concentrat%on ?nd any reference area Conduct WRS test and
concentration is greater than the DCGLw :

. . elevated measurements
and the difference of survey unit average tost
concentration and reference area average )
concentration is less than the DCGLw
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Table 9-2 Interpretation of Sample Measurements When the Sign
Test is Used '

Measurement Results Conclusion

Survey unit meets

All concentrations less than the DCGLw L
release criterion

Average concentr_aﬁon greater than the Survey unit fails

DCGLw
Any concentration greater than the Conduct Sign Test and
DCGLw and average concentration less elevated measurements
than the DCGLw ' test.
When required, one of four statistical tests will be performed on the
survey data:
e WRS Test
e Sign Test

e WRS Test Unity Rule
e Sign Test Unity Rule

In addition, survey data are evaluated against the EMC criteria as
previously described in section 7.3 and as required by NUREG 1727. The
statistical test is based on the null hypothesis (Ho) that the residual
radioactivity in the survey unit exceeds the DCGL. There must be
sufficient survey data at or below the DCGL to reject the null hypothesis
and conclude the survey unit meets the site release criterion for dose.
Statistical analyses may be performed using a computer software program
or, if necessary, using hand calculations. '

9.1.2 Wilcoxon Rank Sum Test

The WRS test, or WRS Unity Rule NUREG-1505, Chapter 11), may be
used when the radionuclide of concern is present in the background or
measurements are used that are not radionuclide-specific. In addition, this
test is valid only when “less than” measurement results do not exceed 40
percent of the data set.

The WRS test is applied as follows:

1. The background reference area measurements are adjusted by adding
the DCGLyw to each background reference area measurement,

X;, Z;= X;+DCGL.

2. The number of adjusted background reference area measurements, m,
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and the number of survey unit measurements, n, are summed to
obtain N, (N =m + n).

3. The measurements are pooled and ranked in order of increasing size -
from 1 to N. If several measurements have the same value, they are -
assigned the average rank of that group of measurements.

4. The ranks of the adjusted background reference area measurements
are summed to obtain W.,.

5. The value of W, is compared with the critical value in Table 1.4 of
NUREG-1575 (MARSSIM). If W, is greater than the critical value,
the survey unit meets the site release dose criterion. If W; is less than
or equal to the critical value, the survey unit fails to meet the
criterion.

9.1.3 Sign Test

The Sign test and Sign test Unity Rule are one-sample statistical tests used
for situations in which the radionuclide of concern is not present in
background, or is present at acceptable low fractions compared to the

-DCGLy. If present in background, the gross measurement is assumed to
be entirely from plant activities. This option is used when it can be
reasonably expected that including the background concentration will not
affect the outcome of the Sign test. The advantage of using the Sign test is
that a background reference area is not needed. The Sign Test may also be
applied to net values after material and/or ambient background subtraction
The Sign test is conducted as follows:

1. The survey unit measurements, Xj, 1= 1, 2, 3, ...N; where N = the
number of measurements, are listed. '

2. Xjis subtracted from the DCGLw to obtain the difference
Di= DCGLW - Xi N i= 1, 2, 3,..., N.

3. Differences where the value is exactly zero are discarded and N is
reduced by the number of such zero measurements.

4. The number of positive differences are counted. The result is the test
statistic S+. Note that a positive difference corresponds to a ,
measurement below the DCGLw and contributes ev1dence that the
survey unit meets the site release criterion.

5. The value of S+ is compared to the critical value given in Table 1.3 of
NUREG-1575 (MARSSIM). The table contains critical values for
given values of N and a. The value of o is set at 0.05 during survey
design. If S+ is greater than the critical value given in the table, the
survey unit meets the site release criterion. If S+ is less than or equal
to the critical value, the survey unit fails to meet the release criterion.
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9.1.4 Unity Rule

The Cs-137 to Co-60 ratio will vary in the final survey soil samples, and
this will be accounted for using a “unity rule” approach as describedin
NUREG-1505 Chapter 11. Unity Rule equivalents will be calculated for
each measurement result using the surrogate adjusted Cs-137 DCGL and
the adjusted Co-60 DCGL, as shown in the following equation:

C/DCGL, + C/DCGL; + ... C/DCGL, < 1

Where:
G

DCGL, = DCGL ofradionuclide n

The unity rule equivalent results will be used to demonstrate compliance
assuming the DCGL is equal to 1.0 using the criteria listed in Tables 9-1
and 9-2. If the application of the WRS or Sign test is necessary, these
tests will be applied using the unity rule equivalent results and assuming
that the DCGL is equal to 1.0.

An example of a WRS test using the unity rule is provided in NUREG-
1505, Page 11-3, Section 11.4. If the WRS test is used, or background
subtraction is used in conjunction with the Sign test, background
concentrations will also be converted to Unity Rule Equivalents prior to
performing this test.

concentration of radionuclide n and

The Sign test will be used without background subtraction if background
Cs-137 is not considered a significant fraction of the DCGL. Note that the
surrogate Cs-137 DCGL will be used for both the statistical tests and
comparisons with the criteria in Tables 9-1 and 9-2. ‘

The same general surrogate and unity rule methods described above for
soil can be applied to other materials if sample gamma spectroscopy is
used for final survey as opposed to gross beta measurements.

9.2 Data Conclusions

The results of the statistical tests, including application of the EMC, allow one
of two conclusions. The first conclusion is that the survey unit meets the
unrestricted use criterion. The data provides statistically significant evidence
that the level of residual radioactivity in the survey unit does not exceed the
release criterion. The decision to release the survey unit is made with sufficient
confidence and without further analysis.

The second conclusion that can be made is that the survey unit fails to meet the
release criterion. The data are not conclusive in showing that the residual
radioactivity is less than the release criterion. The data are analyzed further to
determine the reason for the failure.
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Possible reasons are that:
1. the average residual radioactivity exceeds the DCGL, or

2. the test did not have sufficient power to reject the null hypothesis (i.e., the
result is due to random statistical fluctuation).

The power of the statistical test is a function of the number of measurements
made and the standard deviation in measurement data. The power is determined
from 1-P where B is the value for Type II errors. A retrospective power analysis
may be performed using the methods described in Appendices 1.9 and 1.10 of
NUREG-1575 (MARSSIM). A greater number of measurements increases the
probability of passing if the survey unit actually meets the release criterion. If
failure was due to the presence of residual radioactivity in excess of the release
criterion, the survey unit must be remediated and resurveyed.

9.3 Compliance

The FSS is designed to demonstrate that licensed radioactive materials have
been removed from PBRF facilities and property to the extent that residual
levels of radioactive contamination are below the radiological criteria for
unrestricted use as approved by the NRC. The site-specific radiological criteria
presented in this plan demonstrate compliance with the criteria of 10 CFR
20.1402. '

If the measurement results pass the requirements of Tables 9-1 and 9-2 of
section 9.1.1, and the elevated areas evaluated per section 7.3 pass the elevated
measurement comparison, then the survey unit is suitable for unrestricted
release.
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10.0 REPORTING FORMAT
Survey results are documented in history files, survey unit release records, and in the
FSSR. Other reports may be generated as requested by the NRC.
10.1 History File

A history file of relevant operational and decommissioning data should be
compiled. The history file should consist of relevant historical site assessment
information, Characterization Survey data and the classification basis. The
purpose of the history file is to provide a substantive basis for the survey unit
classification, and hence, the level of intensity of the FSS.

10.2  Survey Unit Release Record

A separate release record is prepared for each survey unit. The survey unit
release record is a stand-alone document containing the information necessary to
demonstrate compliance with the site release criteria. This record includes:

Description of the survey unit

Survey unit design information

Survey unit measurement locations and corresponding data
Survey unit investigations performed and their results

Survey unit data assessment results

O

Documentation of evaluations pertaining to compliance with the unrestricted
use limit of 25 mrem/yr and dose contributions from EP and radionuclides
contributing 10% in aggregate of the total dose for both structural scenarios
and soils. :

7. Results of direct dose calculations pertaining to continuous columns of
contaminated soil from grade to depths greater than 6 inches in accordance
with section 3.2

A check-list may be employed as part of the implementing procedure to ensure
all required information and evaluations are contained within each survey unit
release record. When a survey unit release record is given final approval, it
becomes a quality record.

10.3  Final Status Survey Report

FSS results will be described in a written report to the NRC. The actual
structures, land, or system included in each written report may vary depending
on the status of ongoing decommissioning activities.

The FSS report provides a summary of the survey results and the overall
conclusions, which demonstrate that the PBRF facility and site meet the
radiological criteria for unrestricted use. Information such as the number and
type of measurements, basic statistical quantities, and statistical analysis results
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are included in the report. The level of detail is sufficient to clearly describe the
FSS program and to certify the results. The format of the final report will
contain the following topics:

Overview of the Results
2. Discussion of Changes to FSS
3. FSS Methodology
a. Survey unit sample size
b. Justification for sainple size
4. FSS Results ‘
a. Number of measurements taken
b. Survey maps
Sample concentrations
d. Statistical evaluations, including power curves
e. Judgmental and miscellaneous data sets
Anomalous Data
Conclusion for each survéy unit

Any changes from initial assumptions on extent of residual activity.

© N

Simplified General Retrospective Dose Estimate: For illustrative purposes,
relevant FSS data will be reviewed to determine a gross average of residual
contamination level which will be used to calculate a retrospective dose
estimate. This retrospective dose estimate will be provided in the final report.

10.4  Other Reports

Other reports will be prepared and submitted as requested.

Plum Brook Reactor Decommissioning Project 10-2 Revision 0 December 3, 2004



Final Status Survey Plan

11.0 FSS QUALITY CONTROL (QC)

The objective of QC implementation is to ensure that the survey data collected are of the
type and quality required to demonstrate that the dose from residual contamination is
below the 25 mrem/yr unrestricted use criteria and to support a decision to terminate the
PBRF license. QC ensures that: 1) the elements of the FSS plan are implemented in
accordance with the approved procedures; 2) surveys are conducted by trained personnel
using calibrated instrumentation; 3) the quality of the data collected is adequate; 4) all
phases of survey package design and implementation are properly reviewed, and
oversight is provided; and 5) corrective actions, when identified, are implemented in a
timely manner and are determined to be effective. FSS QC includes the following
aspects of FSS activities.

11.1  Project Management and Organization

NASA'’s Glenn Research Center (GRC) is responsible for overall execution of
the PBRF Decommissioning Project and for public health and safety. As
licensee, GRC provides oversight of the decommissioning effort and has
established a Federal Sector Team comprised of GRC, Argonne National
Laboratory (ANL), and the USACE to execute decommissioning of the PBRF.
GRC is responsible for licensing activities, safety, and interfaces directly with
the U.S. NRC and the public. ANL provides technical support to GRC in the
areas of health physics and environmental safety and health. USACE is
responsible for safety, engineering and design quality assurance, construction
management, radiological, environmental and waste management, and financial
management of the Total Environmental Restoration Contract (TERC). A
combination of the various groups described above comprises the PBRF
decommissioning organization, or “PBRF” as it is used in this document.
Complete details regarding roles and responsibilities of the Federal Sector Team
is provided in Section 2.0 of the Decommissioning Plan.

The decommissioning team will provide the necessary personnel, materials, and
subcontractors to perform all phases of Decontamination Remediation work
including performance of the FSS. Figure 11-1 illustrates the functional FSS
organizational chart. Trained and experienced personnel will perform the FSS
in accordance with the protocols and process presented in this Plan, using
written survey instructions and approved procedures.

Specific members that are directly involved with the FSS:
11.1.1 Project Manager (PM)

The PM is responsible for executing the project in accordance with site
plans and procedures.
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11.1.2 QC Manager

The QC Manager is responsible for the review, approval, distribution, and
implementation of the project Quality Control Plan, all Quality Assurance
Project Plans and all supporting documents that are subject to controlled
distribution requirements. The QC Manager is responsible for
participation in internal planning, technical review, and change control
processes, and for verification of facility and site QC implementation
through the auditing and surveillance processes. The QC Manager reports
to the Project Manager

11.1.3 FSS/Characterization Manager

The FSS/Characterization Manager 1s responsible for the organization,
administration, development, and implementation of the FSS program
under the FSS Plan. The FSS/Characterization Manager is responsible for
ensuring activities conducted as part of the FSS is performed in
accordance with the FSS Quality Assurance Plan. The
FSS/Characterization Manager is responsible for management of
personnel assigned to the FSS section. The FSS/Characterization Manager
is responsible for approving FSS Release Records and ensuring
contractual and licensing obligations are satisfied. The
FSS/Characterization Manager reports to the PM. An additional
responsibility is to appropriately include elements defined in the FSS Plan
into FSS Procedures so that adherence to the project procedures will
assure compliance to this FSS Plan.

11.1.4 FSS/Characterization Engineers

The FSS/Characterization Engineers are responsible for providing survey
“instructions to, and receiving completed surveys from the FSS Team. The
FSS/Characterization Engineers are responsible for the technical direction,
development and implementation of FSS Survey. The
FSS/Characterization Engineers are also responsible for preparing survey
designs and schedules, preparing and maintaining FSS Packages,
supervising data collection, supporting data evaluation, resolving and
documenting any survey design, instruction or performance discrepancies.

11.1.5 FSS/Characterization Supervisors

The FSS/Characterization Supervisors are responsible for control and
implementation of survey packages as received from the
FSS/Characterization Engineers, for coordination of turnover surveys,
final status surveys, survey area preparation (such as gridding and
accessibility needs), for maintaining access controls over completed FSS
survey areas, for coordination and scheduling of FSS/Characterization
Technicians to support the FSS schedule and ensuring all necessary
instrumentation and other equipment is available to support survey
activities, The FSS/Characterization Supervisors report to the
FSS/Characterization Manager.
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11.1.6

11.1.7

Radiological Laboratory Specialist

The Radiological Laboratory Specialist will perform radiological sample
analysis of volumetric material samples for FSS. The Radiological
Laboratory Specialist will operate instrumentation in accordance with
approved procedures and manufacturers’ recommendations, ensuring
instrument QC and MDC requirements are met. During the FFS, The

‘Radiological Laboratory Specialist will report to the FSS/Characterization

Manager and provide direction and support for the project sampling
activities, including sample collection, handling, storage, preservation, and
shipment. Additionally, the Radiological Laboratory Specialist will
interface with the QC Manager for direction and support on analytical
issues.

FSS/Characterization Technicians

The FSS/Characterization Technicians are responsible for understanding
the requirements included in the FSS Plan and the FSS Procedures. The
FSS/Characterization Technicians are responsible for performing work
according to the FSS Procedures. Through compliance with those

- procedures, FSS/Characterization Technicians should implement the

requirements contained in this FSS Plan to assure appropriate quality is
used in the collection of data for FSS decision making.

Figure 11-1 FSS Functional Organization Chart
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11.1.8 Project Description and Schedule

Each area of the site will be divided into survey units and classified as
directed by procedure. The survey measurements for each survey unit will
be determined during the survey design phase. Portions of the FSS will be
performed during decommissioning activities as areas become available
for survey. ‘

11.2  Quality Objectives and Measurement Criteria

11.2.1 Training and Qualification

The PBRF Decommissioning Plan Section 2.5, “Training Program,”
provides detailed descriptions of the training requirements for the PBRF
decommissioning. These training requirements are a prerequisite for all
project personnel performing work during the PBRF decommissioning.
As stated in the Decommissioning Plan, all personnel assigned to work at
the PBRF will meet the NASA training and certification requirements and
any other applicable regulatory requirements. NASA employees and
contractors will receive training on the Decommissioning Plan. More
specific training for workers will be commensurate with their duties and
responsibilities and the magnitude of the potential exposure to specific
hazards.

Specific training to this FSSP will be provided to personnel who are
performing surveys, collecting samples and/or handling radioactive
materials in radiological areas. The training ensures that FSS personnel
have sufficient knowledge to perform work activities in accordance with
the requirements of this FSSP and the PBRF Decommissioning Plan. The
site FSS staff will also receive training developed in support of this FSSP.
At a minimum, personnel assigned to acquire FSS survey data in
accordance with this plan will be trained on the following:

o Initial set-up and pre-use response checks with a data—logger
instrument and associated detectors.

e Proficiency with operating a data-logger instrument and associated
detectors.

e Download survey data from a data-logger instrument.
e Performance of TSC measurements.

e Performance of scanning of structural surfaces and opén land
areas.

e Performance of volumetric material sampling.
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11.2.2

11.2.3

Survey Documentation

Each FSS measurement will be identified by date, instrument, location,
type of measurement, and mode of operation. Generation, handling and
storage of the original FSS design and data packages will be controlled.
The FSS records have been designated as quality documents and, as such,
they will be maintained in accordance with Document Control procedures.

Quality Control Measures

The overall quality control (QC) objective for the FSSP is to collect and
analyze data to demonstrate compliance with the unrestricted release
criteria specified in 10 CFR 20.1402 to the satisfaction of the US Nuclear
Regulatory Commission. Satisfaction of this objective should allow for
the termination of the radioactive materials licenses for this facility.

Replicate surveys and duplicate samples will be collected as quality

‘control samples to assess survey precision, and sample control during

transport.
11.2.3.1 Replicate Direct Field Measurements

Replicate Direct Field Measurements will be used to monitor sampling
precision in the field. A minimum 5% of survey measurements will be

. selected for performance of replicate static surveys. These should

generally include areas from Class 1, Class 2, and Class 3 areas. The
FSS/Characterization Engineer will randomly identify a minimum of 5%
of the survey measurements for replicate direct field measurements.
Qualitative results from replicate scans will be included in FSS Report.

11.2.3.2 Duplicate Soil Sample Analyses

A minimum of one of every twenty soil samples will be fully
homogenized, split and submitted for independent analysis. QC duplicate
samples will typically be analyzed by the on-site laboratory, however, an
independent, USACE-validated, off-site laboratory may be used for QC
duplicate sample analysis at the discretion of the FSS/Characterization
Manager.

11.2.3.3 Compliance with Acceptance Criteria

Acceptance criteria for replicate (or duplicate) measurements and the
equations to be used for assessing precision can be found in Section
11.2.4. Precision for duplicate direct static measurements and sample
analyses will be assessed through the calculation of relative percent
difference (RPD).

If QC replicate measurements or sample analyses fall outside of their
acceptance criteria, a documented investigation will be performed in
accordance with approved procedures; and if necessary, the Corrective
Action Process described in section 11.2.6.2 will be implemented. The
investigation will typically involve verification that the proper data sets
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were compared, the relevant instruments were operating properly and the
survey/sample points were properly identified and located. Relevant
personnel are interviewed, as appropriate, to determine if proper
instructions and procedures were followed and proper measurement and
handling techniques were used including chain of custody, where
applicable. When deemed appropriate, additional measurements are
taken. Following the investigation, a documented determination is made
regarding the usability of the survey data and if the impact of the
discrepancy adversely affects the decision on the radiological status of the
survey unit.

11.2.4 Precision, Accuracy and Completeness Assessments

Analytical data are generated for replicate surveys and duplicate samples
to determine precision and accuracy of the analytical method and sample
preparation.

11.2.4.1 Relative Percent Difference, RPD (defined in SW-846)

The Relative Percent Difference may be used to assess precision related to
the acquisition and comparison of replicate and duplicate analyses or
measurements if required as a part of data evaluation.

The relative percent difference, RPD, between duplicate determinations is
calculated as follows:

RPD = Mx 100 ,
(D;*+ D:)2
where; RPD =Relative Percent Difference
D; = 1% data result, and
D, = 2™ data result.

11.2.4.2 Application of NRC Inspection Procedure 84750

The NRC Inspection Procedure 84750 (IP 84750) will be used to
determine the acceptability of QC Replicate and Duplicate laboratory
sample analyses and direct survey measurements. The IP 84750 critera
are applicable when the sample analyzed is either a single sample
analyzed on two different systems, when a split sample is analyzed on one
system, and when replicate direct survey measurements are performed.
Table 11-1 lists the IP 84750 acceptance criteria.

In addition, duplicate QC measurements are satisfactory if the QC data
supports the same conclusion pertaining to the compliance of the survey
unit with the release criteria as indicated by the original measurements.
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Table 11-1 NRC Criteria for Accepting Sample

Measurements
Resolution | Acceptable Ratio
<4 0.4-2.5
4-7 0.5-2.0
8-15 0.6-1.66
16-50 0.75-1.33
51-200 0.80-1.25
>200 0.85-1.18

Actions to determine the source of deviation for measurements not in
agreement are:

] Review calculations,
e  Review sample geometries and

e  Consider ways the radioanalytical method or measurement may
contribute to disagreement.

11.2.5 Measurement/Data Acquisition
11.2.5.1 Survey Design and Sampling Methods

The site will be divided into survey areas. A survey package may be
developed for each survey area, which may contain one or more survey
units, or a survey package may be developed for each survey unit (at the
discretion of PBRF). Each survey package will specify the type and
number of measurements required based on the classification of each
survey unit.

11.2.5.2 Written Procedures

The FSS of the PBRF will be conducted in accordance with written,
approved procedures that ensure quality and minimize risk to workers, the
public and the environment. Approved procedures will describe the
methods and techniques used for the FSS measurements. Procedures will
be controlled and implemented to ensure that operations are performed in
a consistent, safe, and technically correct manner.

Specific procedures for the following functions will be prepared to further
define FSS activities. These procedures are separated into 3 functional
groups covering FSS Implementation, Instrument Calibration and
Operation, and Sample Preparation. This list includes the currently
required procedures, but procedures may be added or removed, as
appropriate.
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FSS Implementation (100 Series)

PBRF-CS-100, FSS Quality Control A
PBRF-CS-101, FSS Sample Identification and Chain of Custody
PBRF-CS-102, FSS Survey Area Classification

PBRF-CS-103; FSS Survey Area Turnover and Control |
PBRF-CS-104, FSS Survey Data Download

PBRF-CS-105, FSS Survey Data Procéssing and Reporting

PBRF-CS-106, F SS Survey Package Design, Implementation and
Closure

PBRF-CS-107, FSS of Systems, Soils and Structures

PBRF-CS-108, Data Quality Management Guidelines for Off-Site
Laboratories

FSS Instrument Operation and Calibration

PBRF-RP-034, Operation and Calibration of the Eppendorf Pipets

PBRF-RP-035, Operation and Calibration of the Fisher Accu-224
Analytical Balance

PBRF- RP-036, Operation and Calibration of Ohaus Scout i
Electronic Balance

PBRF- RP-044, Operation and Calibration of Ohaus Navigator
Balance

PBRF- RP-015, Measurement of Gross Alpha and Beta Particles
(Protean IPC 9025)

PBRF- RP-056, Measurement of Gross Alpha and Beta Particles
(Canberra SSX1LB)

PBRF- RP-001, Calibration of the ORTEC HPGe Gamma
Spectroscopy System

PBRF- RP-021, Operation of the ORTEC HPGe Gamma Spectroscopy
System

PBREF- RP-020, Operation and Calibration of the Packard Model 2900
TR Liquid Scintillation Analyzer

PBRF-CS-007, Issue, Control and Accountability of FSS
Instrumentation

PBRF-CS-011, Operation of Ludlum Model 2350 Data Logger Survey
Instrument

FSS Sample Preparation
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e PBRF- RP-052, Processing FSS Samples for Off-Site Analysis
e PBRF- RP-032, Sample Preparation for Gamma Spectral Analysis
« PBRF- RP-033, Sample Preparation for Tritium Analysis

11.2.5.3 Chain-of-Custody

Responsibility for custody of samples from the point of collection through
the determination of the final survey results is established by
implementing procedures for FSS Sample Identification and Chain-of-
Custody that will ensure that Chain-of-Custody is maintained and the
validity and control of material samples are intact.

The person that acquired the sample is responsible for the care and
custody of the samples until they are transferred or properly dispatched.
As few people as possible should handle the samples.

Sample containers will be labeled with sample.numbers (in accordance
with Survey Data Management System (SDMYS) as specified in Table 5-2)
and the date and time of collection.

Samples will be accompanied by a properly completed chain-of-custody
(CoC) form. The sample numbers and locations will be listed on the CoC
form. When transferring the possession of samples, the individuals
relinquishing and receiving will sign, date, and note the time on the CoC
form. The CoC form documents transfer of custody of samples from the
sampler to another person, to a mobile laboratory, to the permanent
laboratory, or to/from a secure storage area. Secure storage will be
provided for archived samples.

Samples sent to an off-site laboratory will be properly packaged for
shipment, with a signed CoC form enclosed in each sample box or cooler.
Shipping containers will be secured with strapping tape and custody seals
for shipment to the laboratory. The original CoC form will accompany the
shipment, and the sampler will retain a copy for the FSS office files.
Commercial carriers are not required to sign off on the custody form as
long as the CoC forms are sealed inside the sample cooler and the custody

" seals remain intact.

11.2.5.4 Instrumentation Selection, Calibration and Operation

Instruments selected for the PBRF final status survey will be capable of
achieving measurement sensitivities (MDCs) specified in section 6.2.1.
Instrument calibration will be performed with NIST traceable sources
using approved procedures. Issuance, control and operation of the survey
instruments will be conducted in accordance with approved implementing -
procedures.
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11.2.6

11.2.7

11.2.5.5 Control of Consumables

In order to ensure the quality of data obtained from FSS surveys and
samples, new sample containers will be used for each sample taken. Tools
used to collect samples will be cleaned to remove visible materials and
decontaminated as necessary.

11.2.5.6 Controle.f Vendor-Supplied Services

Vendor-supplied services, such as instrument calibration and laboratory
sample analysis, will be procured from appropriate vendors in accordance
with approved quality and procurement procedures.

'11.2.5.7 Database Control

Software used for data reduction, storage or evaluation will be fully
documented and certified by the vendor. The software will be tested prior
to use by an appropriate test data set. Programs developed to assist in
calculating FSS data (i.e. Excel spreadsheets) shall also be tested to verify
they are correct.

11.2.5.8 Data Management

Survey data control from the time of collection through evaluation is

specified by procedure. Manual data entries will be verified by a second
individual.

Assessment and Oversight
11.2.6.1 Assessments -

FSS self-assessments will be conducted in accordance with approved
procedures. The findings will be tracked and trended in accordance with
these procedures. '

11.2.6.2 Corrective Action Process

The corrective action process, already established as part of MW-PL-02-
008, Quality Control Plan, section 6.5, will be applied to FSS for the -
documentation, evaluation, and implementation of corrective actions. The
process will be conducted in accordance with approved procedures which
describe the methods used to initiate Condition Reports (CRs) and resolve
self assessment and corrective action issues related to FSS.

11.2.6.3 Reports to Management

Reports of audits and trend data will be reported to management in
accordance with approved procedure.

Data Validation

Survey data will be reviewed by FSS/Characterization staff prior to
evaluation or analysis for completeness and for the presence of outliers.
Comparisons to investigation levels will be made and measurements
exceeding the investigation levels will be evaluated. Procedurally verified
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data will be subjected to the Sign test, the Wilcoxon Rank Sum (WRS)
test, or WRS Unity test as appropriate. Technical evaluations or
calculations used to support the development of DCGL will be
independently verified to ensure correctness of the method and the quality
of data. '

11.2.8 NRC Confirmatory Measurements

PBRF anticipates that both the NRC and OEPA may choose to conduct
confirmatory measurements in accordance with applicable laws and
regulations. The NRC may take confirmatory measurements to make a
determination that the final radiation survey and associated documentation
demonstrate that the facility and site are suitable for release in accordance
with the criteria for decommissioning in 10 CFR Part 20, subpart E.
Timely and frequent communications with these agencies will ensure that
they are afforded sufficient opportunity for these confirmatory
measurements prior to PBRF implementing any irreversible
decommissioning actions that have an impact on FSS (e.g. backfilling
open excavations, etc.)

11.3  Access Control Measures
11.3.1 Turnover

Due to the large scope of the FSS and the need for some activities to be
performed in parallel with dismantlement activities, a systematic approach
to turnover of areas will be established. The implementation of specific
protocols pertaining to the turnover and control of FSS areas will be
established in an approved implementing procedure. Prior to acceptance
of a survey unit for FSS, the following conditions must be satisfied, unless
authorized by the FSS/Characterization Manager in accordance with
established procedures. These include:

¢ Decommissioning activities having the potential to contaminate the
survey unit must be complete.

¢ Tools and equipment not required for the survey must be removed, and
housekeeping and cleanup must be complete.

¢ Decontamination activities in the area must be complete.

e Final operational radiological surveys must be complete in impacted
areas to ensure that no additional remediation is necessary. (However,
some impacted areas may not receive turnover surveys if no »
remediation was required) These surveys may consist of:

1. Scan surveys or fixed measurements to ensure that surface
contamination is within the FSS total surface contamination limits.

2. Smear surveys to ensure that the removable surface contamination
is within the FSS removable surface contamination limits (i.e.,
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10% of the surface contamination limit).

3. Volumetric samples or scans to ensure soil remediation is within
acceptable FSS concentration limits.

e Access control or other measures to prevent recontamination must be
implemented. :

e Turnover surveys may be performed and documented to the same
standards as FSS surveys so that data can be used for FSS.

11.3.2 Isolation and Control Measures

Since decommissioning activities may not be completed prior to the start
of the FSS, measures will be implemented to protect survey areas from
contamination during and subsequent to the FSS. Decommissioning
activities creating a potential for the spread of contamination will be
completed within each survey unit prior to the FSS. Additionally,
decommissioning activities which create a potential for the spread of
contamination to adjacent areas will be evaluated and controlled.

Upon commencement of the FSS in areas where there is a potential for re-
contamination, implementation of one or more of the following control
measures will be required:

¢ Personnel training
o Installation of barriers to control access to surveyed areas

¢ Installation of barriers to prevent the migration of contamination from
adjacent overhead areas

e Installation of postings requiring contamination monitoring prior to
surveyed area access

¢ Locking entrances to surveyed areas of the facility
¢ Installation of tamper-evident labels

Routine contamination surveys will be performed in areas following FSS
completion to monitor for indications of re-contamination and to verify
postings and access control measures. Survey frequency will be based on
the potential for re-contamination as determined by the
FSS/Characterization Manager. Routine contamination control surveys
will not be required for open land areas and structures that are not
normally occupied and are unlikely to be impacted by decommissioning
activities.

Routine surveys of areas where FSS has been completed will normally
include survey locations at floor level and on lower walls. Locations will
be selected on a judgmental basis, based on technician experience and
conditions present in the survey area at the time of the survey, but are
primarily designed to detect the migration of contamination from
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decommissioning activities taking place in adjacent and other areas in
close proximity which could cause a potential change in conditions.
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Final Status Survey Plan

Purpose

The following attachment to the Final Status Survey Plan (FSSP) for the NASA Plum
Brook Reactor Facility (PBRF) establishes the basis for the radionuclide distribution(s)
that will be used during the adjusted gross DCGL determination and Final Status Survey.
The nuclide distribution addressed in this attachment is not applicable to radioactive
waste characterization. Additionally, the current decommissioning strategy for PBRF
calls for the removal of activated portions of the concrete bioshield and disposition of the
activated concrete as radioactive waste. Therefore, the activated concrete was not
evaluated.

References

2.1 Plum Brook Reactor Facility Decommissioning Plan ,

2.2  NUREG-1575, Multi-Agency Radiation Survey and Site Investi gatlon Manual
(MARSSIM)

2.3  NUREG/CR-3474, "Long-Lived Activation Products in Reactor Matenals"

24  NUREG/CR-0130, "Technology, Safety and Cost of Decommissioning”

2.5 NUREG/CR-4289, "Residual Radionuclide Contamination Within and Around
Commercial Nuclear Power Plants”

2.6 NUREG-1757, Vol. 2, “Characterization, Survey, and Determination of
Radiological Criteria”

2.7  PBRF-TBD-04-006, “Approach and Basis for Development of Slte—Spemﬁc

' Derived Concentration Guideline Levels (DCGL)”

2.8 “An Evaluation of the Plum Brook Reactor Facility and Documentation of

Existing Conditions,” Teledyne Isotopes, December, 1987

Assumptions

3.1 The samples were representative of the areas in which they were taken.

3.2 Nuclides positively identified in a single sample were assumed to be present at
their stated MDA values in all other samples in their applicable populations where
the nuclides were not detected. '

3.3  RESRAD and RESRAD-BUILD input values used to evaluate dose contributions
from specific radionuclides employ the building reuse, subsurface structure and
surface soil parameters and scenarios used for site-specific DCGL development
that are documented in section 3.1 of the FSSP and in Attachment B.

Discussion

One of the purposes of Site Characterization is to establish the radionuclide profiles for
the various contaminated media for the purposes of dose assessment, DCGL
development, and Final Status Survey (FSS) planning. Another one of the objectives of
characterization surveys and historical site assessments is to provide the information
needed to select the radionuclide distribution(s).
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The evaluation provided in this attachment was performed to identify the suite of
radionuclides that could potentially be present in site structures and soils following _
completion of decommissioning activities and structure demolition. Calculations in this
document used radionuclide concentrations observed in smear samples from a 10 CFR
Part 61 waste stream characterization analyses as well as the results of the isotopic
analysis of concrete core samples collected as part of the characterization survey.

A variety of concrete structures containing residual contamination will remain after
decommissioning including the walls and floors of the basements of major buildings as
well as concrete demolition debris that will be used as clean fill. At PBREF, the two major
sources for the radioactive contamination of the concrete were the reactor coolant water,
which contained both fission and activation products, and the irradiation of experiments.
The presence of low levels of fission products in some of the sample results suggests that
a small clad failure or a recycling of treated water from the Hot Laboratory may have
occurred.

In order to assess the possibility that more than one radionuclide distribution could apply
to the concrete structures and post demolition concrete debris that will undergo FSS, both
the operational history and uses of the different structures were evaluated.

4.1 Historical Qverview

The PBRF was used to perform nuclear irradiation testing of fueled and unfueled
experiments for space program applications. Construction of the PBRF began in
1956. Preoperational testing of the reactor was performed during 1961 and 1962
and full power operations began in April 1963. The 60 MW reactor was operated
by NASA on an essentially uninterrupted basis for almost 10 years until January
1973 when it was shut down after accumulating 98,000 Mega Watt Days (MWD)
of operation.

The reactor was defueled from January to July 1973. During that time, the reactor
fuel element assemblies (all special nuclear material, source material, and
radioactive waste generated at that time) were removed from the PBRF and
preliminary decontamination was performed. The fuel assemblies were
transferred and reprocessed offsite and the radicactive wastes were disposed of
offsite at licensed commercial facilities. The PBRF systems and support facilities
not required for safe storage were maintained (mothballed) for possible future
operations. During 1997 and 1998, NASA management decided to decontaminate
and decommission the PBRF to allow termination of the NRC licenses and release
the PBRF for unrestricted use.

The PBRF consists of six major buildings, several subsurface “tunnels”, three
water holding basins and an effluent release “ditch”. The major structures include
the Containment, the Reactor Building, the Hot Laboratory, the Reactor Office
and Laboratory Building, the Waste Handling Building, the Primary Pump House
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and the Fan House. Subsurface structures include the Hot Pipe Tunnel and the
Cold Pipe Tunnel. The holding basins include the Hot Retention Basin, the Cold
Retention Basin and the Emergency Retention Basin.

Reactor fuel was constructed of uranium/aluminum alloy fuel elements clad with
aluminum alloy. The reactor fuel material was uranium enriched to about 93% in
the U-235 isotope in an aluminum alloy of not more than 25% uranium by weight.
The maximum core loading did not exceed 6 kg of U-235. Beryllium reflector
pieces surrounded the fuel along with cadmium/beryllium regulating and shim
rods. The core was moderated and cooled by de-ionized water which was
pressurized by the elevation of water in the head tank and the head of the primary
system pumps.

Most primary system piping and components are located in the Containment, the
Reactor Building, the Primary Pump House and the Fan House. Primary systems
were also present in portions of the Hot Pipe Tunnel. The primary cooling water
system was subdivided into four groups, the main loop, the by-pass clean-up loop,
the instrument and test hole cooling loop and the shutdown loop. The main loop
was a closed loop, 26,000 gallon system that was routed from the reactor through
24 in. supply and return lines to the Primary Pump House where coolant water
was passed through two primary heat exchangers, three primary pumps, a strainer
and a flow meter and returned to the inlet supply line.

During reactor operation, the reactor tank was essentially a closed system.
Experiments were inserted by means of two horizontal through tubes, six
horizontal beam tubes, and two vertical experiment tubes, all of which are of
aluminum alloy construction. However, direct interface with the canal system did
occur, most notably in the hydraulic “rabbit” tubes, which transferred experiment
materials in and out of the reactor tank using the difference in hydraulic pressure
between the reactor coolant and the canals. During shutdown, materials and fuel
elements were routinely transferred between the reactor tank and the canals.

The reactor tank and concrete biological shield are surrounded by four quadrants,
three (A, C, and D) of which could be flooded with water for additional biological
shielding. Quadrant B was a dry area. A system of canals was used to transfer
materials or fuel assemblies to and from the reactor tank, the fuel storage area,
and the adjacent Hot Laboratory. Quadrant D contained the underwater beam
room. In the Hot Laboratory, materials were remotely transferred from the canals
to either the hot cells or the Hot Dry Storage Area. It was here that irradiated
materials were handled and tested.

The hot drain system consists of the drain collection systems for all wastewater

drainage that originated directly or indirectly from a radioactively contaminated
area. The system is made up of 12 collection sumps (located in the Fan House,

Waste Handling Building, Reactor Office and Laboratory Building, Primary
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Pump House, Hot Laboratory, Reactor Building, and inside the containment
vessel) along with associated pumps and valves. Pumps were used to move
liquids that had collected in the sumps to the Hot Retention Area.

The Mock-Up Reactor (MUR) was a 100K'W swimming pool type reactor located
in Canal H and setup to simulate the main Plum Brook Reactor. The MUR used
the same uranium enriched aluminum alloy fuel assemblies, with the exception of
uranium loadings, as the larger reactor core. As such, the nuclide distribution
resultant from the operation of the MUR should be essentially the same as the
distribution resultant from the operation of the larger reactor.

The secondary coolant system consisted of a single loop system that took waste
heat from a pair of primary to secondary heat exchangers, carried it to a cooling
tower for disposal, and then returned the water to the heat exchangers located
within the Primary Pump House. The secondary system piping leaves the Reactor
Building (RB) and proceeds down the length of the Cold Pipe Tunnel that
connects the RB to the Service Equipment Building (SEB) and to the cooling
tower.

The Hot Retention Area, located south of the Fan House, contains eight 60,000
gal and four 7500 gal steel underground storage tanks. The larger tanks, located
in an underground concrete room, received all of the radioactively contaminated
water from the hot drain system. The four smaller tanks were used as holding
tanks. The contaminated water was treated and the water in the holding tanks was
monitored and then discharged to the Cold Retention Basins, the quadrant and
canal recirculating system, or to the Water Effluent Monitoring Station.

The Cold Retention Basins are two 500,000 gal below grade storage basins in the
shape of inverted pyramids. The basins were used to store low-level radioactive
water primarily from the quadrants and canals in the Reactor Building. During
facility operations the basins were known to leak, so a plastic liner was installed.
At the time of shutdown, the Cold Retention Basins were opened to permit
groundwater to enter the structures to equalize the water levels in the groundwater
and basins and prevent the basins from floating in the event of a high groundwater
table. Silt and sludge accumulated on the side walls and bottoms of the basins.

42  Assessment of Historical and Operational Factors

The following conclusions were reached following an assessment of the lay-out,
structures, systems and processes that were used during the operation of the
PBRF. Reactor coolant systems containing reactor originated fission and
corrosion products are prevalent in the Containment, the Reactor Building, the
Hot Laboratory, the Primary Pump House, the Waste Handling Building, the Fan
House and the Hot Pipe Tunnel. Other environmental areas were also directly
impacted by exposure to either treated and/or untreated primary coolant, including
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the Hot Retention Area, the Cold Retention Basins, the Emergency Retention
Basin, the Water Effluent Monitoring Station, the Pentolite Ditch and Drainage
System. Subsequently, it was anticipated that all the areas listed above should
exhibit approximately the same radionuclide mixture.

One building, the Reactor Office and Laboratory Building (ROLB) did not
contain any major systems that carried primary coolant. It is believed that the
source of contamination discovered in the ROLB was from the importation and
analysis of reactor coolant and reactor material samples. Radiological operational
surveys taken in the fuel vault and in several laboratories located in the ROLB
showed significant alpha contamination that was later identified as U-234 and U-
235. Subsequent radiological characterization surveys did not identify U-234 and
U-235 in any other of the impacted structures at the concentrations observed in
the ROLB. As such, the ROLB was evaluated as an area that could exhibit a
unique mixture.

In the Hot Laboratory, a wide variety of irradiated materials were unpackaged,
directly handled and tested in this area. Subsequently, it is anticipated that the
radionuclide distribution in the Hot Laboratory could also be significantly
different from the balance of plant mixture.

4.3 Smear Samples of Structural Surfaces

As part of a previous investigation performed to substantiate the nuclide
distribution that would be applicable to waste disposition, twenty-two (22) smear
samples were acquired and subjected to 10 CFR Part 61 analyses in the 1% quarter
of 2002. The samples were as follows;

e 7 smears taken on loose equipment and materials in Hot Cells numbers 1
through 7,
7 smears taken on structural surfaces in Hot Cells numbers 1 through 7,
5 smears taken from within the Containment structure, including Quads A,
Quad C, Canal E, the Lilly Pad and general area,

s 2 smears taken from the Reactor Office and Laboratory Building, and

e 1 smear taken from the Reactor Building.

In addition, alpha contamination was positively identified by direct measurement
and on smear samples collected in the ROLB fuel vault and in several of the
laboratories during the radiological evaluation of loose equipment in these areas
for disposition and disposal. Additional smear samples were collected
specifically at locations in the ROLB where positive alpha measurements were
obtained. These smears were combined into composite samples and analyzed for
isotopic content. To support the assessment of the nuclide mixture in the ROLB,
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the results from these samples were added to the Part 61 smear sample population
described above. The results of the analyses of these smear samples are presented
in Addendum 1.
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Figure 4-1, Part 61 Smear Populations Sample Locations

NASA GLENN RESEARCH CENTER
PLUM BROOK STATION
SANDUSKY, OHIO

(@ Quadrant A

@ Quadrant C

(3 Canal E

@ Lilly Pad

(® General Containment Area
(® Reactor Building

Reactor Office
B e R il

(® Hot Cells 1-7

(o

Plum Brook Reactor Decommissioning Project A-8 Revision 0 December 3, 2004



Final Status Survey Plan

44  Concrete Core Sampling Strategy

In addition to the smears, concrete core bore samples were collected at various
locations throughout the PBRF structures. A plan for concrete sample collection
was prepared to ensure that core bore samples were collected at representative
locations from each of the primary structures designated to remain and be
subjected to FSS. Core samples were collected at biased locations in the areas
known to be the most exposed to radioactive contamination during plant
operation. Areas in lower levels of buildings, areas housing waste processing
equipment, and areas near sumps and floor trenches were chosen.

The biased location of each core bore was selected by performing a beta scan of
the floor area of the targeted structure. The location with the highest total surface
contamination reading was identified and assessed for the presence of loose
surface contamination. If loose surface contamination was detected, the location
was decontaminated. If there was appreciable fixed contamination left following
the decontamination, the location was selected for obtaining a core bore sample.

By obtaining the highest activity samples from each key structure, the likelihood
of detecting nuclides with low activity levels was improved and the relative
fractions of the MDA values were minimized. In total, sixteen core bore samples
were obtained. One core sample broke during extraction and was unusable
leaving 15 samples for analysis. Of the 15 samples, thirteen were used as sent for
1sotopic analysis. The other two core samples were saved for possible site-
specific Kp analysis. ’

Under Characterization Survey Package Number C9000 10111, core bore samples
were acquired at the following locations:

¢ In the Reactor Building on the 0’ elevation, southern floor, a core bore sample
was acquired on the floor adjacent to a removable steel hatch cover. This
sample broke during extraction and was subsequently unusable for further
analysis.

e In the Reactor Building on the -25° elevation in the southwest quadrant, a core
bore sample was acquired on the floor adjacent to the sump in the Area #22
Pump Room.

s In the Reactor Building on the -15’ elevation in the east floor area, one core
bore sample was acquired on the floor adjacent to the concrete shielding for
the primary water piping systems.

s In the Primary Containment on the -25° elevation at the bottom of Canal “E”,
a core bore sample was acquired on the floor along the southern wall adjacent
to the south canal entrance.
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e In the Primary Containment on the -25° elevation in the west area, a core bore
sample was acquired on the floor adjacent to the inner wall across from the
west stairwell.

¢ In the Waste Handling Building on the -13’ elevation, a core bore sample was
acquired on the floor adjacent to the north building sump.

e In the Hot Laboratory on the 0’ elevation, four core bore samples were
acquired, one on the floor in front of Room #2, one on the floor in front of
Room #6, one in the middle of the floor adjacent to Room #5 and one at the
entrance to Room #16.

s In the Hot Pipe Tunnel on the -12° elevation, two core bore samples were
acquired, one in the middle of the tunnel section to the east of the corner and
one on the side by the corner. Two additional core samples were acquired and
placed in storage.

e In the Fan House on the -12’ foot elevation, one core bore sample was
acquired on the floor adjacent to the air plenum and venture located against
the north wall.

e In the Primary Pump House on the 0’ elevation, three core bore samples were
acquired, one on the floors of Room numbers 1, 2 and 4 respectively. These
samples were not included as part of the sample population due to QA
concerns that could not be resolved.

e In the Reactor Office and Laboratory Building (ROLB), one core sample was
acquired on the floor of the New Fuel Vault.

Structures that could potentially contain activated concrete such as the bio-shield
were not sampled because current decommissioning plans call for the removal of
activated portions of the concrete bioshield and disposition of the activated
concrete as radioactive waste.

Each of the core samples was sliced and surveyed. Two % inch thick “pucks”
were sliced from the top of each core. Direct alpha and beta measurements were
obtained on both the tops and bottoms of each puck. A preliminary radionuclide
analysis was performed on each puck using the PBRF on-site gamma
spectroscopy system. This analysis was performed not to specifically assess the
nuclide distribution, but rather to qualitatively evaluate the depth of contaminant
migration into the concrete at each of these locations. Each % puck was analyzed
twice, exposing the detector to both sides of each puck. The results of these
A analyses are presented in Addendum 2.
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The data presented suggests that with the exception of the Hot Laboratory, the
majority of the reactor produced radionuclides were confined to the 1* % inch of
concrete surface. In the Hot Lab, the contaminant migration observed went
deeper, at some locations to a depth of one inch.

After the preliminary radionuclide analysis was complete, the samples were sent
to an off-site laboratory for a full isotopic analysis. The top 1 inch concrete core
was pulverized and analyzed for full isotopic content. Samples were prepared by
transfer of the sample to a standard geometry or by removing a representative
aliquot from the sample and processing the sample in accordance with the
analytical technology selected. Gamma emitting isotopes were analyzed using a
high purity Germanium (HPGe) gamma detector. Analysis for low energy
gamma emitters used a planar, high purity germanium, low energy response
gamma ray detector. Analysis for beta emitting isotopes employed beta liquid
scintillation and alpha emitting isotopes were analyzed using alpha spectroscopy.
These results are presented in Addendum 6.
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Figure 4-2, Concrete Core Population Sample Locations — Hot Laboratory
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Figure 4-3, Concrete Core Population Sample Locations — Hot Pipe Tunnel
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Figure 4-4, Concrete Core Population Sample Locations — Reactor Building
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Figure 4-5, Concrete Core Population Sample Locations — Fan House
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Figure 4-6, Concrete Core Population Sample Locations — Waste Handling Building
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Figure 4-7, Concrete Core Population Sample Locations — ROLB
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4.5  Soil Sampling Strategy

Surface soil samples were obtained to assess the radionuclide distribution in soils
surrounding the facility. A sampling plan was developed and documented in
characterization survey packages A2400 303C2 and A2100 101C2. Gamma
scans surveys were performed within each survey unit using a Nal detector to
ascertain the highest activity locations. Survey areas exhibiting scan results
greater than twice the observed background were selected. At the area of highest
observed scan activity, a one-liter soil sample was collected. Soil samples were
collected and controlled on accordance with PBRF-CS-001, “Characterization
Sample Identification and Chain-of-Custody” and sent to an off-site laboratory for
full isotopic analysis. The soil samples were not dried prior to shipment. Once
received by the off-site laboratory, samples were prepared by transfer of the
sample material to a standard geometry or by removing a representative aliquot
from the sample and processing the sample in accordance with the analytical
technology selected. Gamma emitting isotopes were analyzed using a high purity
Germanium (HPGe) gamma detector. Analysis for low energy gamma emitters
used a planar, high purity germanium, low energy response gamma ray detector.
Analysis for beta emitting isotopes employed beta liquid scintillation and alpha
emitting isotopes were analyzed using alpha spectroscopy.

In total, eight soil samples were obtained: four from the Emergency Retention
Basin and four from a suspected spill area south of the Waste Handling Building.
Other open land areas on site also indicated elevated scan activity, however the
eight locations selected were biased in order to acquire samples with relatively
high isotopic concentrations in order to minimize the contribution of MDA values
to the resultant nuclide distribution. Analytical results for the surface soil samples
are presented in Attachment 4.
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Figure 4-8, Surface Soil Population Sample Locations — WHB Spill Location
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Figure 4-9, Surface Soil Population Sample Locations — ERB
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4.7

Sample Analysis

In all three sample types (smear samples, core samples and soil samples), before
the nuclide distribution could be evaluated, the analysis results reported as less
than MDA were considered. It was expected that several of the nuclides would be
reported as less than MDA since these nuclides have a low probability of being
present. Two approaches were considered for evaluating MDA results; 1) include
the MDA values as representing actual concentrations, and 2) remove the less
than MDA nuclides from the mixture. Removing the nuclides was considered
more appropriate and representative of actual site conditions because the non-
detected nuclides are believed either to not be present or to be present at
negligible concentrations well below the MDA value. A nuclide was included in
the “discarded” category if it was not detected, at concentrations above MDA, in
any individual sample in the respective smear, core and/or soil sample population.

If a nuclide was detected above MDA in one or more samples in a given
population, then the nuclide was retained and included in the mixture. For those
radionuclides that were reported as positive in only a portion of the sample
population, the MDA values were combined with the positive results to determine
the mixture fraction. The MDA values were used in this case because it was
conservatively assumed that if a radionuclide was positive in an individual sample
then it could also be present in the remaining samples of the population. Using
the MDA also has the effect of reducing the probability that a single positive
radionuclide result in a given sample population will skew the overall percentage
relationship between the isotopes when those percentages are normalized.

The remaining nuclides were then evaluated for the presence of naturally
occurring isotopes. Naturally occurring isotopes were ignored in subsequent
calculations.

Mean Distribution Evaluation

Following the analysis of all nuclides identified at activities greater than their
respective MDAs, an assessment was performed to ascertain the activity of
radionuclides that could be attributed to background. K-40, Pb-212, Pb-214, Bi-
214, Th-228, Th-230, Th-232, and Ra-226 were detected at concentrations
commensurate with levels normally found in background. Subsequently, these
isotopes were removed from consideration in all the sample populations.

The radionuclide distribution percentage for each remaining nuclide was then
calculated by dividing the concentration for each nuclide by the sum of all
remaining radionuclide concentrations in the sample population expressing the
abundance of the specific nuclide compared against the total sample activity. The
mean nuclide distribution was then calculated by taking the average of the
individual core nuclide fractions in each sample population.
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\/ " The smear sample mean nuclide distribution in Table 4-1 below contains all
remaining radionuclides that were above MDA in one or more smear samples.

Table 4-1 Smear Radionuclide Distribution

Hot Laboratory Balance of Plant ROLB

Ag-108m ND 0.06% ND
Am-241 0.19% 0.13% 0.02%
C-14 0.20% 0.58% 0.26%
Co-57 0.03% ND ND
Co-60 2.38% 5.22% 0.98%
Cm-242 0.00% ND 0.01%
Cm243/244 0.13% 0.02% 0.01%
Cm-245/246 ND 0.00% ND
Cs-134 0.03% ND ND
Cs-137 43.69% 7.46% 16.62%
Bu-152 ND T 0.13% ND
Eu-154 0.08% 0.15% ND
Eu-155 ND ND 0.12%
Fe-55 2.75% 1.98% ND
H-3 8.29% 66.53% 38.87%
A 1-129 0.02% 0.06% 2.66%
o Na-22 0.03% ND ND
Nb-94 0.12% 0.03% 0.05%
Ni-59 0.33% 0.45% 1.68%
Ni-63 13.39% 13.66% 0.23%
Np-237 0.00% ND 0.05%
Pu-238 0.11% 0.04% ND
Pu-239/240 0.13% 0.02% 0.02%
Pu-241 1.19% 0.32% 0.45%
Pu-242 0.06% ND ND
Sb-125 ND ND 0.23%
Sr-89 0.81% 0.03% ND
Sr-90 25.43% 3.01% 4.03%
Tc-99 0.58% 0.12% 0.30%
U-233/234 0.03% 0.01% 31.87%
U-235/236 0.00% ND T 1.12%
U-238 0.00% ND 0.42%

ND - Radionuclide not detected

The nuclide distribution for the BOP smear population indicates a nuclide
distribution for H-3 of 66.53%. It is unlikely that the actual contribution of
tritium to the nuclide distribution is of this magnitude.
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The H-3 contribution is skewed by the inherent inaccuracy of the smear sample
approach for material sampling as a means to quantify H-3 activity. The core
sample data analysis provides a more realistic indication of H-3 concentrations as
the core bore material sampling approach results in a volumetric sample medium
more appropriate for the quantification of H-3. However, as the presence of H-3
has very little effect on the calculation of the adjusted gross DCGL, the
distribution of H-3 in the smear populations was not adjusted.

The concrete core samples are believed to be more representative of the mixture
that will remain after license termination than the smear samples because the
majority of loose contamination will be removed during remediation. The
majority of the potentially contaminated surfaces that will remain following
structural remediation will be concrete.

Other contaminated material, such as buried and embedded pipe, may also
remain. In this case, the nuclide distribution resultant from the smear population
would be more representative as the contamination of the interior surfaces of the
piping is primarily due to the entrapment and plating of loose contamination.

As previously stated, radionuclides that were not present in concentrations greater
than their respective MDA values in any of the concrete core samples were
removed from the mixture. These isotopes included Sb-125, Eu-152, Eu-154, Eu-
155, Nb-95, 1-129, Np-237, Ni-59, Tc-99 and Cm-243/244. The core sample
taken in the ROLB indicated no activity greater than background. Subsequently,
a nuclide distribution based upon core sample analysis results can not be
presented for the ROLB at this time. The concrete core sample mean nuclide
distribution in Table 4-2 below contains all remaining radionuclides that were
above MDA in one or more core samples.
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Table 4-2 Concrete Core Radionuclide Distribution
Hot Laboratory Balance of Plant ROLB

Am-241 0.41% 0.29% ND
C-14 1.97% ND ND
Co-60 0.65% 1.23% ND
Cm-245/246 0.07% 0.19% ND
Cs-137 78.04% 34.79% ND
Fe-55 ND 18.93% ND
H-3 0.83% 8.46% ND
Ni-63 3.09% 19.71% ND
Pu-238 0.06% 0.07% ND
Pu-239/240 0.59% 0.06% ND
Pu-241 0.81% 2.49% ND

| Sr-90 13.23% 11.74% ND
U-233/234 0.14% 0.98% ND
U-235/236 0.01% 0.09% ND
U-238 0.11% 0.97% ND

ND — Radionuclide not detected

In the surface soil samples, Th-228, Th-230, Th-232, Th-227, Ra-226, U-234, U-
235 and U-238 were detected at concentrations commensurate with levels
normally found in background (U-234 concentrations ranged from 0.793 pC/g to
1.876 pC/g, U-235 concentrations ranged from 0.051 pC/g to 0.197 pC/g and U-
238 concentrations ranged from 0.850 pC/g to 1.861 pC/g). Subsequently, these
isotopes were removed from consideration in the soil radionuclide distribution
mixture. The soil nuclide distribution in Table 4-3 contains all remaining
radionuclides that were above MDA in one or more surface soil samples.
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4.8

Table 4-3 Surface Soil Radionuclide Distribution

: Open Land Areas

- Am-241 0.15%

- Am-243 0.16%

C-14 2.11% ;
Cm-245 0.22%

Co-60 1.68%

Cs-137 58.50%
“Eu-155 0.76%
" H-3 - 22.68% f
1-129 0.53%

' Nb-94 0.30%

“Ni-63 6.96%
Pu-238 0.17%
Pu-239 0.16%

Sr-90 5.49% ;
U-236 : 0.12% !

Application of the 10% Rule

Based on data reviewed to date and considering the PBRF operational history,
there appear to be three radionuclide mixtures for site structures and one
distribution for soils. For site structures, the first applies to the Hot Laboratory,
the second to the ROLB and the third to the remaining structures designated as
BOP.

The final step in determining the nuclide distribution for each of the mixtures
involved the elimination of radionuclides that have insignificant dose
consequences. NUREG-1757, Vol. 2, Section 3.3, states that nuclides with a
combined dose of less than 10% of the 25 mrem/yr unrestricted use criteria can be
eliminated from further consideration. To determine which nuclides can be
eliminated by the “10%” rule, a RESRAD or RESRAD-Build run was performed
using the mean nuclide distribution derived for each sample population. The
concentration entered for each radionuclide was the fraction listed in Tables 4-1,
4-2 and 4-3, respectively. The RESRAD/RESRAD-Build runs used to perform
the “10%” rule calculations are provided in Addendums 3, 5 and 7.

For the mean distribution derived from the smear samples, RESRAD-Build and
RESRAD evaluations were performed for the Building Reuse and Subsurface
Structure scenarios, respectively. Concrete K4 data were not available in the
literature for three radionuclides with very low nuclide fractions; i.e. Na-22, Np-
237, and Sb-125 at 0.03%, 0.00%, and 0.23%, respectively.
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The RESRAD default Ky was used in the Subsurface Structure analysis for these
radionuclides. Two radionuclides, Sr-89 and Cm-242, were reported as above
MDA 1n one or more smear samples with mean fractions of 0.81% and 0.00%,
respectively. RESRAD and RESRAD-Build do not list these radionuclides.
Because of their very low fractions these nuclides were disregarded. In addition,
Sr-89 is suspected to be a false positive because the half life is very short relative
to the time since plant shutdown.

The radionuclides that, in aggregate, were less than 10% of the total dose for both
of the scenarios were eliminated. The mixtures were readjusted to 100% based on
the relative fractions of the radionuclides remaining after the insignificant
radionuclides were removed. The adjusted FSS mixtures will be used to calculate
surrogate and gross beta DCGLs.

The results of all RESRAD-Build and RESRAD runs, i.e. BOP, ROLB and Hot
Lab mixtures in the Subsurface Structure and Building Reuse scenarios indicate
that for the smear sample population, the aggregate dose from six radionuclides,
1.e., Cs-137, Sr-90, Co-60, H-3, Eu-154 and I-129 resulted in 94% or more of the
25 mrem/yr limit in all BOP cases, the aggregate dose from five radionuclides,
1.e., Cs-137, Sr-90, Co-60, H-3, and Eu-154 resulted in 93% or more of the 25
mren/yr limit in all Hot Lab cases and the aggregate dose from seven
radionuclides, i.e., Cs-137, Sr-90, Co-60, H-3, 1-129, U-234 and U-235 resulted in
93% or more of the 25 mrem/yr limit in all ROLB cases.

For the core sample population, the aggregate dose from four radionuclides, i.e.,
Cs-137, Sr-90, Co-60 and H-3, resulted in 90% or more of the 25 mrem/yr limit in
all BOP cases and the aggregate dose from three radionuclides, i.e., Cs-137, Sr-90
and Co-60 resulted in 92% or more of the 25 mrem/yr limit in all Hot Lab cases.
As previously stated, a nuclide distribution based upon core sample analysis
results can not be presented for the ROLB at this time due to the fact that the only
available core sample indicated only background activity.

The lowest total aggregate dose from the remaining radionuclides was 90% of the
25 mrem/yr criterion, which means that radionuclides potentially representing a
dose of 2.5 mrem/yr were eliminated. To ensure the 25 mrem/yr criterion is met,
any structural survey unit where the mean of FSS results indicates that the dose
may be greater than 22.5 mrem/yr dose (including dose from embedded pipe in
the given survey unit, if applicable) shall be reviewed for compliance with the
unrestricted use limit. The final normalized radionuclide distributions for
structural surfaces are provided in Tables 4-4 and 4-5 below.
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Table 4-5 Final Smear Radionuclide Distribution
Hot Laboratory Balance of Plant ROLB
Co-60 3.41% 6.72% 1.01%
Cs-137 53.11% 7.74% 17.29%
Eu-154 0.12% 0.17%
H-3 10.84% 82.15% 39.71%
1-129 0.08% 2.82%
Sr-90 32.52% 3.13% 4.17%
U-233/234 33.82%
U-235/236 1.19%
Table 4-6 Final Concrete Core Radionuclide Distribution
Hot Laboratory Balance of Plant
Co-60 0.79% 7.84%
Cs-137 83.45% 41.45%
H-3 35.35%
Sr-90 15.77% 15.36%

As previously stated, a nuclide distribution based on the smear sample
populations would be more representative when applied to the interior surfaces of
embedded piping. Subsequently the nuclide distributions resultant from the three
different smear sample populations above were assessed for applicability. While
acknowledging that both the Hot Laboratory and ROLB each has embedded
piping, the majority of contaminated piping systems either originate or reside in
the Reactor and Containment Buildings. Subsequently, it was determined that the
BOP smear population would be most applicable to the embedded piping. While
assessing the data results from within the BOP smear population, it is apparent
that the concentration of Co-60 on smears taken from within the Containment in
areas that had routinely flooded during reactor operations was significantly higher
than areas outside of Containment. Therefore, in a conservative measure, the
smears from the Reactor Building were removed from the sample population
leaving only the smears taken from the quads and canals. This process also
removed Eu-154 and 1-129 from the mixture due to the fact that no samples
remained in the population that exhibited positive results for these isotopes. The
resultant nuclide distribution that will be used for embedded piping is presented in
Table 4-7 below.
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Table 4-7 Final Smear Based Radionuclide Distribution for Embedded

Piping ‘
Embedded Pipe
Co-60 6.72%
Cs-137 0.19%
H-3 92.97%
Sr-90 0.12%

The nuclide mixture for embedded pipe is considered conservative because over
96% of the gamma radiation is from Co-60, which delivers the highest direct dose
per disintegration. However, since the mixture was derived from smears collected
on equipment and structure surfaces, additional confirmatory measurements will
be performed as a part of the embedded pipe characterization that is planned to
support the remediation and final survey of the embedded pipe. This
characterization will include scrapings from the internal surfaces of the pipes.

The radionuclide mixture derived from these scrapings will be checked to ensure
that the embedded pipe dose assessment is conservative with the assumed mixture
provided in Table 4-7.

Special consideration will be given to the confirmatory assessment of the primary
water pipes (PWP) to ensure that PWPs close to the reactor are evaluated for
potential neutron activation. Note that the probability of significant neutron
activation is believed to be low. In addition, the confirmatory scrapings of the
PWPs will be evaluated to check for the presence of europium isotopes because
these isotopes were reported as being present in the one PWP residue sample
collected as a part of the 1985 PBRF characterization report. Note that a check
calculation was performed to confirm that the mixture used in this TBD resulted
1n a higher dose than the PWP mixture reported in the 1985 characterization
report.

For surface soil samples, the doses from all radionuclides other than Cs-137, Co-
60, and Sr-90 totaled 0.5 mrem/yr. Because this dose is 2% of the 25 mrem/yr
limit all of the radionuclides other than Cs-137, Co-60, and Sr-90 were eliminated
from further consideration. To ensure the 25 mrem/yr criterion is met, any open
land survey unit where the mean of FSS results indicates that the dose may be
greater than 24.5 mrem/yr shall be reviewed for compliance with the unrestricted
use limit. The final normalized radionuclide distributions for soils are provided in
Table 4-8 below.
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Table 4-8 Final Soil Radionuclide Distribution

Open Land Areas
Co-60 2.56 %
Cs-137 89.08 %
Sr-90 8.36 %

4.9  Comparison of Nuclide Distributions from Smear and Concrete Samples using the
Building Reuse Scenario :

To evaluate the relative differences between the smear and core distributions and
the variability within each population, the results from each individual core and
smear sample were converted to gross beta DCGLs. The DCGLs were used for
the comparison because they best represent dose and allow for a risk-informed
evaluation.

To support the surrogate approach, the nuclides in Tables 4-5 and 4-6 were
segregated into three categories; detectable beta emitters, hard-to-detect isotopes
and alpha emitters. The remaining hard-to-detect nuclides were combined with an
appropriate beta emitter using a surrogate approach. Based upon the high
abundance of U-234 in the ROLB smear nuclide distribution, a separate adjusted
gross DCGL was calculated for the alpha emitters, thus no surrogate for alpha
emitters was necessary. For the remaining hard-to-detect beta emitters in the
ROLB nuclide distribution and in BOP smear distribution, Cs-137 was used as the
surrogate for H-3 and I-129.

For the BOP core distribution, Cs-137 was used as the surrogate for I-129. For
the Hot Lab smear distribution, Cs-137 was used as the surrogate for H-3. No
surrogate was necessary for the Hot Lab core distribution.

Gross beta DCGLs were calculated for each smear and core sample using the
conservative Building Reuse DCGLs. The results are provided in the following
tables.
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Table 4-9 Adjusted Gross DCGLs Calculated for Individual BOP Core
& Smear Samples '
Core Samples Smear Samples
Location DCGL Location DCGL
(dpm/100em’) (dpmv/100cm’)

Rx Bldg -25ft, Area 22 13979 Quad A Smear 10998
CTMT -25 ft, Canal E 38549 Quad C Smear 10971
Rx Bldg -15 ft, SE Area 26661 Canal E Smear 11086
CTMT -25 ft, Area 18 25349 Lilly Pad Smear 10202
Waste Handling Bldg, -15 ft 40492 CTMT General Area Smear 11260
Hot Pipe Tunnel, -12 ft 38407 Rx Building Smear 32412
Hot Pipe Tunnel, -12 ft 34007 Rx Building Smear Duplicate 22655
Fan House -12 ft 28404
Mean 30731 Mean 15655
Standard Deviation 8925 Standard Deviation 8596

Table 4-10

Adjusted Gross DCGLs Calculated for Individual Hot Lab
Core & Smear Samples

Core Samples Smear Samples
Location DCGL Location DCGL
(dpny/100cm’) (dpm/100cm?)
Hot Laboratory 0 ft #1 40185 Hot Cell Equipment #1 Smear 27172
Hot Laboratory 0 ft #2 34470 Hot Cell Equipment #2 Smear 35982
Hot Laboratory 0 ft #3 39587 Hot Cell Equipment #3 Smear 33685
Hot Laboratory 0 ft #4 39729 Hot Cell Equipment #4 Smear 25204
Hot Cell Equipment #5 Smear 39322
Hot Cell Equipment #6 Smear 34581
Hot Cell Equipment #7 Smear 34048
Hot Cell #1 Surface Smear 33665
Hot Cell #2 Surface Smear 30244
Hot Cell #3 Surface Smear 31623
Hot Cell #4 Surface Smear 34433
Hot Cell #5 Surface Smear 37456
Hot Cell #6 Surface Smear 36686
Hot Cell #7 Surface Smear 38002
Mean 38493 Mean 33722
Standard Deviation 2694 Standard Deviation 4027

Regardless of the fact that no core data is available for comparison, adjusted gross
DCGLs were also calculated for the ROLB smear population. The results are
provided in the following table.
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Table 4-11  Adjusted Gross DCGLs Calculated for Individual ROLB
Smear Samples

ROLB Smear Samples
Location . DCGL
(dpm/100cm?)

ROLB Smear Alpha 31197
. Beta 32792
ROLB Smear Duplicate Alpha 31250
Beta 32790

ROLB Smear 2 Alpha 31335
' Beta 22036

ROLB Smear 2 Duplicate Alpha 31320
Beta 22122

Mean Alpha 31276
Beta 27435

Standard Deviation Alpha 64
Beta 6185

4.10 Comparison of Nuclide Distributions from Smear and Concrete Samples using the

Most Likely Future Use Scenario

An additional evaluation of the nuclide distribution data was performed by
substituting the most conservative, nuclide-specific DCGLs (DCGLggs) with the
Subsurface Structure Effective Surface DCGLs. The Subsurface Structure
Effective Surface DCGLs represent the most likely future use scenario because
the building will be demolished and used as backfill. The most conservative
DCGLs apply predominantly to Building Reuse. The recalculation of gross beta
DCGLs for each individual concrete core and smear sample using the Subsurface
Structure DCGLs are provided in Addendums 1 and 6. The results are
summarized below in Tables 4-12 through 4-14.
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Table 4-12  Adjusted Gross DCGLs Calculated for Individual BOP Core
& Smear Samples — (Subsurface Structure Effective Surface
DCGLs)
Core Samples Smear Samples
Location DCGL Location ‘ DCGL
(dpm/100em’?) (dpm/100em’)
Rx Bldg -25ft, Area 22 109440 Quad A Smear 117701
CTMT -25 ft, Canal E 121407 Quad C Smear 146309
Rx Bldg -15 ft, SE Area 61188 Canal E Smear 150302
CTMT -25 ft, Area 18 61282 Lilly Pad Smear 71728
‘Waste Handling Bldg, -15 ft 121874 CTMT General Area Smear 73485
Hot Pipe Tunnel, -12 f 81629 Rx Building Smear 67878
Hot Pipe Tunnel, -12 ft 40272 Rx Building Smear Duplicate 82859
Fan House -12 ft 51649
Mean 81093 Mean 101466
Standard Deviation 32545 Standard Deviation 36058
Table 4-13  Adjusted Gross DCGLs Calculated for Individual Hot Lab
Core & Smear Samples — (Subsurface Structure Effective
Surface DCGLs)
Core Samples Smear Samples
Location DCGL Location DCGL
(dpnv/100cm?) (dpn/100cm’)
Hot Laboratory 0 ft #1 118168 Hot Cell Equipment #1 Smear 57577
Hot Laboratory 0 ft #2 53733 Hot Cell Equipment #2 Smear 68725
Hot Laboratory 0 ft #3 95889 Hot Cell Equipment #3 Smear 52849
Hot Laboratory 0 ft #4 110110 Hot Cell Equipment #4 Smear 63166
Hot Cell Equipment #5 Smear 92553
Hot Cell Equipment #6 Smear 55824
Hot Cell Equipment #7 Smear 51216
Hot Cell #1 Surface Smear 47176
Hot Cell #2 Surface Smear 54582
Hot Cell #3 Surface Smear 62775
Hot Cell #4 Surface Smear 56639
Hot Cell #5 Surface Smear 74010
Hot Cell #6 Surface Smear 66702
Hot Cell #7 Surface Smear 90973
Mean 94475 Mean 63912
Standard Deviation 28681 Standard Deviation 13858
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Table 4-14  Adjusted Gross DCGLs Calculated for Individual ROLB
Smear Samples — (Subsurface Structure Effective Surface

DCGLs)
ROLB Smear Samples
Location DCGL
(dpm/100cm®)
ROLB Smear Alpha 1185479
Beta 73755
ROLB Smear Duplicate Alpha 1187999
___ Beta 74441
ROLB Smear 2 Alpha 1192093
Beta 34021
ROLB Smear 2 Duplicate Alpha 1191366
‘ Beta 34286
Mean Alpha 1189234
Beta 54126
Standard Deviation Alpha 3073
Beta 23064

The data in Tables 4-12 through 4-14 show that the gross beta DCGLs calculated
using the more realistic Subsurface Structure Effective Surface DCGLs are higher
by a factor of 2 to 3 compared to the most conservative DCGLs (i.e., the dose is
lower by a factor of 2 to 3). This comparison provides confidence that there is a
reasonable margin of safety in the gross beta DCGLs calculated from either the
core or smear distributions when the most conservative DCGLs are used.

Conclusion

A comparison of the smear and core data show that with the exception of the smear
samples taken from within the Containment structure, the difference in the resultant
adjusted gross DCGLs is relatively small. The reason for the difference between the
Containment core samples and the Containment smear sample is the higher Co-60/Cs-
137 ratio in the smear samples.

The Co-60/Cs-137 ratio in the Containment smear samples averaged 27 to 1. However
the core samples taken in the Containment had a Co-60/Cs-137 ratio of 1 to 28. The
Reactor Building, Hot Laboratory and ROLB smear and core populations all exhibit Cs-
137 to Co-60 ratios of over 7 to 1. The differences between the Co/Cs ratios in the
smears and cores can be attributed to the fact that Co-60 is a relatively insoluble
corrosion product that is primarily found as loose contamination. The
transportability/diffusion of Co-60 into concrete is relatively low, particularly when
compared to the soluble Cs-137. Subsequently, the abundance of Co-60 relative to Cs-
137 in the concrete core samples is substantially less.
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While acknowledging that the DCGL calculations do include an assumption that up to
10% removable contamination will be present, which is best represented by the smear
sample mixture, the radiological nuclide distribution found in concrete core samples is
more representative of the actual condition of structures that will remain and be subjected
to FSS because the majority of loose contamination will be removed during remediation.
Therefore, it is concluded that the nuclide distributions for the cores that are provided in
Table 4-6 are appropriate and conservative when applied to structural surfaces outside of
the ROLB.

The BOP core population does not include samples from a number of BOP locations such
as the primary pump house and quads. However, the cores collected are considered
representative of all BOP areas because the predominant source of contamination in all
areas is reactor coolant. Additional confirmatory samples and/or measurements will be
performed in appropriate BOP areas to confirm the assumption that the cores collected
are representative of all BOP areas.

Using these mean distributions from Table 4-6 result in adjusted gross DCGLs of 29,329
dpm/100cm? for BOP and 38,493 dpm/100cm? for the Hot Lab. Due to the fact that no
positive core sample results are available for the ROLB, the smear nuclide distribution
for the ROLB presented in Table 4-5 should be used. This mean distribution results in an
adjusted gross DCGL of 31,327 dpm/100cm?2 for alpha and 26,798 dpm/100cm?2 for beta
in the ROLB. When simultaneously applying the adjusted gross DCGLs for alpha and
beta in the ROLB, the unity rule must be used.

Addendums

Addendum 1 - Results of Isotopic Analysis of Smear Samples

Addendum 2 - Preliminary Analysis of Concrete Core “Puck” Samples by the On-Site
Laboratory

Addendum 3 - RESRAD and RESRAD-BUILD Models Used for Evaluation of
Structural Radionuclide Distribution Using Smear Samples

Addendum 4 - Results of Isotopic Analysis of Surface Soil Samples

Addendum 5 - RESRAD Models Used for Evaluation of Soil Radionuclide Distribution

Addendum 6 - Results of Isotopic Analysis of Concrete Core Samples

Addendum 7 - RESRAD and RESRAD-BUILD Models Used for Evaluation of
Structural Radionuclide Distribution Using Core Samples
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ATTACHMENT 1  Smear Sample Population . PBRF-TBD-04-003, Rev 1
Smear Sample Results and Analysis ’ Alt isotopes Page A1 of A15

HOT LABORATORY

EX Hot Celt Equipment #3 Smear
B (pCiffitier)

&: Hot Cell Equipment #2 Smear

& Hot Cell Equipment #1 Smear

{pCi/fiiter) {pCifiter)
Results MDA Used Distribution Results MDA Used Distribution Results MDA . Used Distribution
Am-241 7.27E+03 6.85E+00 T27E+03 0.15% 3.00E+02 5.05£-01 3.00E+02 0.07% 1.35E+02 8.83E-01 1.35E+02 0.11%
C-14 9.25E+02 1.37E+03 1.37E+03 0.03% 1.24E+02 6.12E+01 1.24E4+02 0.03% 2.40E+02 6.21E+01 2.40E+02 0.20%
Co-57 0.00E+00 1.20E+02 1.20E+02 0.00% 0.00£+00 6.26E+01 6.26E+01 0.01% 0.00E+00 2.94E+01 2.94E+01 0.02%
Co-60 2.74E+05 1.24E+02 2.74E+05 5.73% 8.64E+03 2.25E+01 8.64E+03 1.94% 2.67E+03 1.27E401 2.67E+03 2.26%
Cm-242 2.61E+00 7.82E+00 7.82E+00 0.00% 377E-0% 7.226-01 T7.22E-01 0.00% 1.65E-01 247E-01 2.47E-01 0.00%
Cm-243/244 2.28E+02 225401 224E+02 0.00% 7.55E+00 7.32E-01 7.55E+00 0.00% 2.88E+00 5.50E-01 2.88E+00 0.00%
Cs-134 4.14E+02 1.71E+02 4.14E+02 0.01% 4.01E+01 6.92E+01 6.82E+01 0.02% 8.03E+00 3.01E+01 3.01E+01 0.03%
Cs-137 B.0TE+05 2.06E+02 8.07E+05 16.89% 2.71E+05 6.98E+01 2.71E+05 60.88% 4.51E+04 3.22E+01 4.51E+04 38.23%
Eu-154 1.78E+03 3.60E+02 1.79E+03 0.04% 0.00E+00 B8.27E+01 B827E+01 0.02% 1.84E+02 7.49E+01 1.94E+02 0.16%
Fe-55 1.69E+05 7.58E+01 1.69E+05 3.54% 3.44E+03 3.85E+03 3.85E+03 0.86% 1.00E+03 4.08E+03 4.09E+03 347%
H-3 6.26E+05 3.49E+02 6.26E+05 13.10% 4.69E+03 2.53E+02 4.69E+03 1.05% 1.73E+03 4.51E+02 1.73E+03 1.47%
F12¢ -2.31E+00 2.32E+01 2.32E4+01 0.00% 2.03E+00 2.14E+01 2.94E+01 0.00% 1.25E-01 8.51E+00 B.51E+00 0.01%
Na-22 0.00E+00 1.18E+402 1.18E+02 0.00% 4.81E+01 1.58E+02 1.59E+02 0.04% 0.00E+00 1.42E+01 1.42E+01 0.01%
Nb-94 4.99E+04 1.52E+02 4.99E+04 1.04% 1.50E+01 2.82E+01 2.92E+01 0.01% 1.18E+02 1.57E+01 1.18E+02 0.10%
Ni-59 6.2BE+03 2.90E+02 628E+03 0.13% 1.86E+02 1.88E+02 1.98E+02 0.04% 2, 11E+02 2.70E+02 2.70E+02 0.23%
Ni-63 9.42E+05 1.80E+06 1.80E+D6 37.67% 3.76E+04 1.80E+03 3.76E+04 8.45% 1.56E+04 8.28E+02 1.56E+04 13.22%
Np-237 2.03E+00 2.65E-01 2.03E+00 0.00% 2.60E-01 2.60E-01 2.60E-01 0.00% 2.58E-01 2.58E-01 2.58E-01 0.00%
Pu-238 3.56E+03 2.04E+01 3.56E+03 0.07% 2.47E+02 6.34E+00 2.47E+02 0.05% 7.52E401 5.55E+00 752E+01 0.06%
Pu-239/240 3.65E+03 2.04E+01 3.65E+03 0.08% 3.11E+02 ~ 2.51E+0¢ 3.11E+02 0.07% 1.79E+02 2.91E+00 1.79E+02 0.15%
Pu-241 3.16E+04 2.37E+02 3.16E+04 0.66% 2.39E+03 1.65E+02 2.39E+03 0.54% 8.07E+02 1.83E+02 B.OTE+02 0.68%
Pu-242 2.56E+01 3.59E+01 3.59E+01 0.00% 5.07E+00 3.45E+00 5.07E+00 0.00% 4.24E+00 1.16E+00 4.24E+00 0.00%
Sr-89 -9.60E+04 2.20E+02 220E+02 0.00% -2.16E+04 2.42E+02 2.42E+02 0.05% -6.00E+03 2.70E+02 2.70E+402 0.23%
Sr-90 8.27E+05 3.49E+402 B2TE+D5 17.31% 1.15E+05 3.50E+02 1.15E+05 25.84% 4.63E+04 3.65E+02 4.63E+04 39.25%
Tc-89 1.68E+05 4.19E+02 1.68E+05 3.52% «3.26E+00 6.12E+01 6.12E+01 0.01% 6.71E+01 4.55E+01 6T1E+01 0.06%
U-2331234 6.69E+02 7.48E-01 6.69E+02 0.01% 4.23E+01 7.00E-0% 423E+01 0.01% 2.48E+01 3.01E-01 2.48E+01 0.02%
U-2357236 4.34E+01 7.50E-01 4.34E+01 0.00% 2.84E400 2.75E-01 2.84E+00 0.00% 1.11E+00 3.02E-01 1.11E+00 0.00%
U-238 9.58E+00 9.36E-01 9.58E+00 0.00% 4.57E+00 2.74E-01 4.57E+00 0.00% 8.02E-01 7.67€-01 B.02E-01 0.00%
4.7T8E+06 100.00% & 4.45E+05 100.00% 1.18E+05 100.00% [
Hot Cell Equipment #4 Smear I Hot Ceb Equipment #5 Smear E= Hot Cell Equipment #6 Smear
pCifilter) {pCitBter) (pCifiter)
Resuhs MDA Used Distribution Resuits MDA Used Results MDA Used Distribution &
Am-241 2.7BE+01 2.45€E-01 2.78E+01 0.09% 1.03E+402 7.73E-01 1.03E+02 1.05E+02 2.01E-01 1.05E+02 0.37%
C-14 2.80E+01 3.37E+02 3.3TE+D2 1.11% 3.56E+00 T 3.59E401  3.59E+D1 3.67E+01 3.89E+01  3.B9E+01 0.14%
Cp-57 5.23E+00 1.13E+01 1.13E401 0.04% 8.33E+00 6.15E+01  BASE+IN 0.00E+00 1.40E+01  1,40E+01 0.05%
Co-60 1.58E+03 1,23E+01 1.58E+03 5.20% 3.23E+02 7.08E+00 323E+02 4.91E+02 7.50E+00  4.91E+02 1.74%
Cm-242 9.67E-02 7.40E-01 7.40E-01 0.00% 1.81E-01 2.86E-01 2.8BE-01 3.96E-01 2.38E-01  3.96E-01 0.00%
Cm-243/244 221E+00 7.83E-01 2.21E+00 0.01% 1.46E+00 9.96E-01  1.46E+00 2.42E+00 2.02E-01  2.42E+00 0.01%
Cs-134 3.77E+00 147E+01 1.47E+01 0.05% 1.82E+01 6.52E+01  6.52E+D1 4.45E+00 1.54E+01  1.54E+01 0.05%
Cs-137 3.99E+03 1.81E+01 3.99E+03 13.13% 2.856405 6.04E+D1  2.85E+05 1.16E+04 1.47E+01  1.16E+04 41.10%
Eu-154 2.64E+01 3.99E+01 3.99E+01 0.13% 0.00E+00 3.04E+01  3.04E+D1 0.00£+00 3.11E+01  3.11E+01 0.11%
B Fe-55 7.50E+02 2.90E+01 7.50E+02 247% 5176402 8.52E+02  B.52E+02 5.54E+02 T.OBE+0Z  7.9BE+02 2.83%
3 ; . H3 1.51E+04 3.94E+02 1.51E+04 48.70% 7.61E+01 270E+02  2.70E+02 1.95E+02 263E+02  2.63E+02 0.93%
coce M2 1.64E+00 1.83E+01 1.83E401 0.06% -4.97E+00 2.338+01  233E+01 -5.22€-01 6.17E+00  6,17E+00 0.02%
. Na-22 9.55E+00 1.44E+01 1.44E+01 0.05% 1.33E+01 6.15E+00  1.33E+01 1.53E+01 823E+00  1.53E+01 0.05%
Nb-84 -1.25E+00 1.27E+01 1.27E+01 0.04% 2.91E400 820E+00 920E+00 3.64E+00 8.03E+01  8.03E+01 0.28%
N-59 -4.30E+01 242E+02 2.42E+02 0.80% 1.62E+02 241E+02 2.41E+02 1.17E+02 221E+02  2.21E+02 0.78%
Ni-63 4.50E+03 B.73E+02 4.50£+03 14.81% 1.42E+03 3.67E+02  1.42E+03 3.75E+03 4.69E+02  3.75E+03 13.29%
Np-237 -1.57E-01 9.33E-01 $.33E-01 0.00% 4.30E-03 8.13E-01 8.13E-01 3.62E-03 6.83E-01 6.83E-01 0.00%
Pu-238 1.86E+01 3.07E+00 1.8BE+01 0.06% 5.51E+01 218E+00  5.51E+01 5.64E+01 2.98E+00  S5.64E+01 0.20%
Pu-2391240 1.55E+01 2.55E+00 1.55E+01 0.05% 1.04E+402 1976400  1.04E+02 4 55E+01 129E+00  4.55E+01 0.16%
Pu-241 1.92E+02 1.87E+02 1.92E+02 0.63% 7.39E+02 2.09E+02 7.39E+02 7.10E+02 2.00E+02  7.10E+02 2.52%
Pu-242 4.77E-01 2.55E+00 2.55E+00 0.01% 2.49E+00 1.87E+00  2.49E+00 3.26E-01 226E+00  2.26E+00 0.01%
Sr-89 -2.52E+02 2.85E+02 2.85E+02 0.84% -6.86E+03 2.53E+02  2.53E+02 -3.70E+03 247E+02  2.47E+D2 0.88%
$r-90 3.1BE+02 3.94E+02 3.1BE+03 10.47% 3.B4E+04 ‘2.87E+02  3.84E+04 8.70E+03 3.54E+02 9.70E+03 3437%
Te-89 ~1.45E+01 4.05E+01 4.05E+01 0.13% 4.67E+01 1.00E+01  4.67E+01 2.44E+01 244E+01  2.44E+01 0.09%
U-233/234 3.8BE+00 B.24E-01 3.88E+00 T 0.01% 8.16E+00 142E+00  §.16E+00 2.15E+00 8.95E-01  2.15E+00 0.01%
U-235/236 3.24E-01 8.26E-01 8.26E-01 0.00% 5.32E-01 3.19E-01  5.32E-01 1.87E-01 281E-01  2.B1E-01 0.00%
U-238 8.62E-01 1.03E+00 1.03E+00 0.00% 5 2.12E-01 8.11E-01  811E-01 2.80E-01 2.80E-01  2.80E-01 0.00%
E 3.04E+04 100.00% g 3.28E+05 2.82E404 100.00% &

Hot Cell #2 Surface Smear

 Hot Celf Equipment #7 Smear
(pCiffilter)

Resuhs MDA Used Distribution Resuls MDA Used Oistribution Results MDA Used Distribution
2848402 263E-01  2.84E+02 0.07% 1.10E403  1.89E-01 1.10E+03 0.05% 3256403 69GE+00  325E+403 0.86%
8.60E+02 1426402  B.60E+02 0.19% 3.84E+02  B3TE+01  3.94E~02 0.02% 1396402 B.93E+0 1.39E+02 0.04%
0.00E+00 4416401 4.41E+01 001% 0.00E+00  1.14E+02  1.44E+02 0.00% 1.38E401  427E<01  4.27EsD1 0.01%
6.08E+03 203E+01  6.08E+03 1.35% 5.16E+04 5.46E+01  5.16E+04 2.19% 201E+04  3.93E+01  2.01E+D4 531%
4.12E-01 3.09E-01  4.12E-01 0.00% 5.64E-01  2.11E-01 5.64E-01 0.00% 151E+00  232E+01 2326401 0.01%
1.93E+02 841E-01  1.93E+02 0.04% 5.07E+01  BABE-01  S.07E+0% 0.00% 3.05E401  253E+01  3.05E+01 001%
-3.15E+00 4726401 AT2E+01 0.01% BIOES00 1.17E+02  1.4TE+02 0.00% 1.41E+01  5.03E+01 5.03E+0 0.01%
1.09E+05 549E+01  1.00E+05 24.21% B.03E+05 125E+02  B8.03E+05 34.12% 1.09E+05  6ATE01 1.09E+05 28.81%
0.00E+00 795401  7.95E+01 0.02% 118E+03  1.44E+02  1.18E+03 0.05% 4076402 7Q1E+01  4.07E+02 0.11%
2.36E+03 370E+03  3.70E+03 0.82% 105404 4.28E403  1.05E404 0.45% 2626403 9.04E+02  2.62E+03 0.69%
1.63E+05 6.91E+02  1.63E+05 36.20% 543E+04 4.01E+07  5.43E+04 231% 1.09E+06 53340z 1.09E+04 2.88%
-3.79E-01 244401 244E+01 0.00% D.00E+00 3.33E+01  3.33E+01 0.00% 0.00E+00  382E+01  382E+D1 0.01%
7.14E+01 178E+01  T.ME+01 0.02% 0.00E+00 7.47E+01  T.47E¥01 0.00% 0.00E400  4.01E+01  4.01E+01 0.01%
8.38E+01 2.30E401  8.3BE+01 0.02% 6.66E+01  7.08E+01  7.08E+01 0.00% 2.79E+01 364E+01  3B4ED1 0.01%
0.00E+00 266E402  2.66E+02 0.06% 221E+08  287E402 2216403 0.09% 5.53E+02 2406402  5.53E+02 0.15%
4.05E+04 194E+03  4.05E+04 9.00% 1666405 7.7BE+03  1.66E+05 7.05% 834E+04  303E+03  B.34E+D4 22.05%
6.26E-01 589E-01  6.26E-01 0.00% 1.01E+00  5.85E-01 1,01E+00 0.00% 8.96€-02 7.85E-01 7.85E-01 0.00%
1.63E+02 3JOE+00  1.63E+02 0.04% 9.49E+0z  4.7BE+00  9.40E+02 0.04% 875E+02  4.18E+01  8.75E+02 023%

S 3.91E+02 1.37E+00  3.91E+02 0.09% 3.01E+03  1.80E+00  3.01E+03 0.13% 2.01€+403  237E+01  2.01E+03 0.53%

 1.826+03 2.05E+402  1.82E+03 0.40% 7ATES03  1.41E402  7.17Es03 0.30% 164E+04  1.89E+02  1.54E+04 4.38%

. 1.79E+01 3ATE400  1.79E+01 0.00% 3.40E+401  1.90E+00  3.40E01 0.00% 2876401 4aTE401  4ATEeD1 0.01%

5 6.70E+02 2366402 6.70E+02 0.15% SL9BE+DS  2.04E+02  2.04E402 0.01% S1.97E+04  2ZTBE+02  2.78E+02 0.07%

L 122E408 3476402 1.22E405 27.10% 1258406 2J2E+02  1.25E+06 53.12% 11SE+05  320E+02  1.15E+05 20.40%

. 754E+01 1.08E+D2  1.08E02 0.02% 411E+00  GATE+01  B.ATE+01 0.00% 1.30E+04 1.04E+02  1.30E+04 3.44%

. 7.82E+02 1.02E+00  7.82E402 0.47% 1.05E+03  6.27E-D1 1.05E+03 0.04% P 5.43E+01 826E-01  5.43E+01 0.01%
4.09E+01 142E400  4.09E401 0.01% £ 5528401 620601  5.52E+01 000% | 3.03E400  6.62E-01 3.03E+00 0.00%

£ 1336401 1.14E+00  1.33E401 000% E 311E:01 246601 3.11E+01 000% £ 250E+00  9.53E-01 2.50E+00 0.00% E

4 4.50E+05 100.00% 57 2.35E+06 100.00% £ 3.7BE+05 100.00% J¥
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Hot Cell #4 Surface Smear
(pCiffiner)

% Hot Cell #3 Surface Smear
> (pCiffiter)

Results © MDA Used Distribution Resuits MDA Used Distribution Results MDA Used Distribution
Am-241 5.26E+01 8.732-01 §.26E+01 0.45% 3.31E+01 2.42€-01 3.31E+01 0.19% 2.99E+01 248E-01  2.99E+01 0.11%
c14 9.95E400 AS5E+ 3.55E401 031% S1.08E+01 | 584E+0% 5.84E+01 0.33% -B.55E+00 5.4BE+01  5.48E+01 0.21%
Co-57 6.00E+00 7.42E400 7.42E+00 0.06% 9.096-01 9.50E+00 9.59E+00 0.05% 1.27E401 150E+01  1.50E+01 0.06%
Co-60 3.87E+02 8.70E+00 3.87E+02 3.33% 2.70E+02 5.70E+00 2.70E+02 1.54% 1536402 9.60E+00  1.53E+02 0.58%
Ccm-242 0.00E+00 3.92E-01 3.92E-04 0.00% 9.57E-02 2.876-01 2,87E-01 0.00% -1.16E-08 747E-01  TATE-01 0.00%
©m-2431244 2.08E+02 3.43E-01 2,06E+02 1.78% 1.46E+00 2.43E-01 1.46E+00 0.01% 9.96E-01 7.95E-01  9.96E-01 0.00%
Cs-134 3.86E-02 1.00E+01 1.00E+01 0.08% -3.80E+00 9.62E+00 9.62E+00 0.05% 3.63E+00 1826401 1.82E+09 0.07%
Cs-137 3.57E+03 9.55E+00 3.57E+03 30.76% §.87E+03 1ITE+01 5.87€+03 33.53% 1.75E+04 170E401  1.75E+04 66.42%
Eu-154 5.35E400 2.59E+01 2.59E+01 0.22% 1.76E+00 1.69E+401 1,69E+01 0.10% 2.62E+00 2758401 2.7SE+01 0.10%
Fe-55 4.50E+02 9.34E+02 9.34E+02 8.05% 6.54E+02 7.55E402 7.556+02 431% 6.06E+02 7.52E+02  7.52E402 2.85%
H-3 1.71E+01 2.26E+02 226E402 1.95% 6.17E+02 4.37E+02 6.17E+02 3.52% 3.326+01 3A7E+02  3ATE+02 1.20%
129 NA WA [ 0.00% -1.39E+00 1.53E+01 1.53E+01 0.09% 2.12E+00 7.47E-01  2.12E+00 0.01%
Na-22 1.89E+00 9.30E+00 8.30E+DO 0.08% 5.47E-01 6.41E+00 B.41E+00 0.03% 8.62E-01 SO6E+00  8.96E+00 0.04%
Nb-84 5.04E+00 9.15E+00 9.15E+00 0.08% -3.24E+00 5.23E+00 5.23E+00 0.03% -1.25E+00 T.94E+00  7.94E+00 0.03%
Ni-58 NA NA 0 0.00% 7.29E+01 2.036+02 2.03E402 1.16% 1.02E402 BA7E+00  1.02E+02 0.39%
Ni-63 2.7BE+03 4.33E402 2.78E+03 23.95% 4.326+03 4548402 4,326+03 24.67% 9.00E+02 253E402  9.00E+02 3.42%
Np-237 5.088-02 7.78E-01 7.78E-01 0.01% ~141E-01 8.1VE-01 8.17€-01 0.00% -1.46E-01 241E+00  2.41E+00 8.01%
Pu-238 1.20E401 2.ABE400 1.20E+01 0.41% 728E401 SATESQ 7.28E+01 0.42% 3.38E+01 1.16E+00  3.39E+01 0.13%
Pu-239/240 2.58E+01 2.10E+00 2.58E+01 0.22% 2.28E+01 3.04E400 2.28E+01 0.13% 2.08E+01 9.60E+00  2.08E+01 0.08%
Pu-241 3.35E+02 2.01E+02 3.35E+02 2.89% 2.68E+02 1.55E+02 2.68E+02 1.53% 2.53E+02 1.87E402  2.53E+02 0.96%
Pu-242 2.20E+00 2.48E+00 2.43E+00 0.02% 5.08E-01 3695400 3.69E400 0.02% 2.33E+00 1.80E+02  1.90E+02 0.72%
Sr-89 6.91E+02 321E+02 6.91E+02 5.95% -9.25E402 2136402 2,43E402 1.22% -3.70E+02 ‘244402 2.44E+02 0.93%
S-80 2.24E+03 3.67E+02 2.24E+03 19.30% 4.70E+03 3.00E+02 4,70E+03 26.84% 5.66E+03 356E+02  S5.66E+03 21.48%
Te-99 1.88E+01 3.80E+01 3.80E+01 0.33% 1.18E+01 3.36E+01 3,36E+01 0.19% -1.15E+01 4.90E+01  4.90E+01 0.19%
U-2330234 3.85E+00 1.61E+00 3.85E+00 0.03% 1.74E+00 B8.34E-01 1.74E+00 0.01% 3.03E+00 284E-01  3.03E+00 0.01%
U-2351236 2.41E-01 9.23E-01 923601 0.01% 5.21E-08 8.37E-01 8.37E-01 0.00% 9.51E-02 727601 T27E-04 0.00%
u-238 1.20E-01 1ASE+00 1.45E+00 0.01% 1.74E-0% 2.61E-01 2.61E-01 0.00% 3.79E-01 2.84E-01  3.79E-01 0.00%
1.16E+04 100.00% g 1.75E+04 2.63E+04 100.00% E
Hot Cell#6 Surface Smear B Hot Celt #7 Surface Smear MEAN MEAN STD DEV
{pCitfitter) {pCifier) . (pCifiter) (%)
Results MDA Used Distribution Results MDA Used
AM-241 5.63E+01 858801  5.83E+01 0.04% 4528401 270E-01  4.52E+01 9.82E+02 0.19% 0.23%
c14 1.728+02 S.TTE+01  1.72E+02 0.13% -3.30E+03 4.91E+01  4.91E+01 2.96E402 0.20% 0.28%
Co-57 3.36E401 2.74E+01  3.36E+01 0.02% -6.57E+00 2236401 2.23E+01 4.40E+01 0.03% 0.02%
Co-80 1.44E+03 9.69E+00  1.44E+03 1.05% 5.30E+02 9.30E+00  5.30E+02 2.83E+04 2.38% 1.82%
cm-242 -1.58E-08 1.30E+00  1.10E+00 0.00% 2.42E-01 8.11E-01  811E-D1 2.84E+00 0.00% 0.00%
Cm-2431244 101E+00 1.08E+00  1.08E+00 0.00% 1.08E+00 121E+400  1.29E+00 5.57E+01 0.13% 0.47%
Cs-134 -1.16E+01 3.06E+01  3.06E+01 0.02% 9.06E+00 273E+01  2.73E+01 6.93E+01 0.03% 0.03%
5137 8.19E+04 2.75E+01  B.19E+04 50.82% 3.956+04 Z.40E+01  3.95E+04 1.98E+05 43.69% 22.66%
Eu-154 0.00E+00 4.01E+01  4.01E+01 0.03% 1.31E+01 346E+01  3.46E+01 3.04E+02 0.08% 0.06%
Fe-55 3.48E+03 B.54E+03  B.54E+03 6.24% 4,03E+02 B.20E+02  B.20E+02 1.59E+04 2.75% 2,29%
H3 4.47€402 244E402  4.47E+02 0.33% 6.816+02 2.44E+02  6.B1E+02 6.76E+04 8.29% 15.26%
k129 -3.23E+00 2.07E+01  2.07E+0% 0.02% §.41E-02 1A1E+401  LMED 1.85E401 0.02% 0.03%
Na-22 1.69E+01 9.79E+00  1.69E+01 0.01% 4.74E400 1226401 1.22E+01 4.328+01 0.03% 0.02%
Nb94 2.13E401 1.25E401  2.13E+01 0.02% 4.42E-01 1.04E+01  1.04E+03 3.8BE+03 0.12% 0.28%
Ni-59 1.35E+02 261E+02  2.61E+02 0.19% 1.67E+02 2.36E402 . 2,36E+02 8.60E+02 0.33% 0.35%
Ni-63 5.44E+03 SA49E+02  5.44E+03 3.97% 2.80E+03 4188402 2.80E+03 1.67E+05 13.39% 10.41%
Np-237 2.568-01 6.31E-01  B.31E-01 0.00% 1.53€-01 §28E-01  6.28E-01 7.89E-01 0.00% 0.00%
Pu-238 4 53E+01 7ISE+00  4.53E+01 0.03% 1236401 2.05E+00  1.23E+01 4.70E+02 0.11% 0.11%
Pu-239/240 1.326+02 1.35E+00  1.32E+02 0.10% 3.07E+01 1176400 3.07E+01 7.64E402 0.13% 0.13%
Pu-241 4.47E+02 2026402 4.47E+02 0.33% 3.32E+02 2766402 3.326+02 4.86E+03 1.19% 122%
Pu-242 8.98E+00 1356400  8.98E+00 0.01% 2.80E-01 270E+400  2,70E+00 1.26E+01 0.06% 0.19%
S¢-89 -5 97E+03 264E402  2.64E+02 0.19% -6.23E+02 301E+02  3.01E+02 3.18E+02 0.81% 154%
Sr-50 3.75E+04 2.809E+02  3.75E+04 27.39% 5.91E+03 2.95E+402  5.91E+03 1.98E+05 25.43% 11.76%
Tc-99 3.44E+01 4.27E+01  4.27E+01 0.03% 1.81E+01 4.58E+01  4.58E+01 1.40E+04 0.58% 1.23%
U-233/234 3.91E+01 8.38E-01  3.91E+01 0.03% 7.59E+00 1.26E+00  7.59E+00 2.07E+02 0.03% 0.04%
U-235/236 2.97E+00 BA41E-01  2.97E+00 0.00% 4.11E-01 7.87E-01  7.87E-01 1.18E+01 0.00% 0.00%
238 1.42€+00 1.0SE+00  1.42E+00 0.00% 4,036-01 9.826-01  9.82E-01 5.21E400 0.00% 0.00%
1.37€+05 100.00% 5.14E+04 100.00%

Units for sample concentrations are presented in pCiffiter. Fiter in this context is. defined as a standand smear sanple take over 2 100cn2 area.

{
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BALANCE OF PLANT

¥7 Canal E Smear
(pCitfister}

= Quad C Smear
(pCifilten)

% Quad A Smear

Results MDA Used Distribution Results MDA Used Distribution Resuits MDA Used
Ag-108m 5.63E+01 7.24E+00 5.63E+01 0.06% 4.44E+01 7.67E+00 4.44E+01 0.07% 1.98E+02 9.21E+00 1.98E+02
Am-241 1.43E+00 1.02E+400 1.43E+00 0.00% 1.62E+00 8.09E-01 1.62E+00 0.00% 3.4BE+00 3.60E-01 3.48E+00
C-14 1.08E+03 4.47E+01 1.08E+03 1.08% 7.60E+02 4.B9E+01 7.60E+02 1.20% 7.82E402 4.42E+01 | - 7.92E+02
Co-60 3.78E+03 7.07E+00 3.78E+03 3.78% 4.50E+03 7.40E+00 4.50E+03 7.10% T.61E+03 9.32E+00 7.61E+03
Cm-2431244 1.70E+01 1.28E400 1.70E+01 0.02% 2.18E+01 2.80E-0% 2.18E+01 0.03% 1.79E401 3.62E-01 1.79E+01
Cm-245/246 9.73E-01 7.22E-01 9.73E-01 0.00% 1.40E+00 3.23E-01 1.40E+00 0.00% 2.23E400 4.188-01 2.23E+00
Cs-137 1.22E+02 Q.49E+00 °  1.22E402 0.12% 7.44E401 1.02E+01 7.44E+01 0.12% 1.44E+02 1.23E+01 1.44E+02
Eu-152 4.37E+01 2.01E+01 4.37E+01 0.04% 5.17E+01 2116401 5.17E+01 0.08% 8.52€+01 2.58E+01 B.52E+01
Eu-154 0.00E+00 2.31E+01 231E+401 0.02% 0.00E+00 2.63E+01 2.63E+01 0.04% 0.00E+00 2.77E+01 2.77E+01
Fe.55 8.58E+02 3.78E+01 8.58E+02 0.86% £.00E+02 3.80E+01 9.00E+02 1.42% 8.08E402 3.79E+01 8.08E+02
H3 8.07E+04 5.22E+02 8.07E+04 80.78% 3.90E+04 3.57E+02 3.90E+04 81.57% 4.B1E+04 4. 14E+02 4.81E+04
128 5.06E+00 1.57E+01 1.57E+04 0.02% 3.62E+00 1.35E+01 1.35E+01 0.02% 3.74E+00 1.88E+01 1.88E+01
Nb-94 2.29E+00 8.66E+00 8.66E+00 0.01% -6.07E-01 B26E+DD 9.26E+0D 0.01% 1.14E+00 1416404 131E+04
N-59 2.20E+02 4.46E+01 2.20E+02 0.22% 2.18E+02 6.56E+01 2.19E+02 0.35% 2.58E+402 7.98E+01 2.58E+02
Ni-83 1.28E+04 8.64E+01 1.28E+04 12.81% 1.76E+04 9.97E+01 1.76E+04 27.79% 3.28E404 1.30E+02 3.28E+04
Pu.238 2.92E+00 6.23£-01 2.92E+00 0.00% 1.74E+00 1.16E+00 1.74E+00 0.00% 3.68E+00 1.64E+400 3.68E+00
Pu-239/240 1.2BE+00 9.49E-01 1.28E+00 0.00% 7.24E-01 7.03€-01 7.24E-01 0.00% 1.84E+00 7.07E-01 1.84E+00
Pu-241 1.02E+01 2.64E+01 2.64E+01 0.03% 5.87E+00 2.50E+01 2.5GE+01 0.04% 2.13E+01 2.82E+01 2.82E+01
5r-89 1.39E+01 8.86E400 1.39E+01 0.01% 7.22E+00 1.48E+01 1.46E+D1 0.02% -1.38E%01 1.18E+01 1.18E+01
Sr90 7.93E+01 8.56E+00 T.93E+01 0.08% 4.27E+01 9.20E+00 427E+01 0.07% 1.02E+02 B.25E+00 1.02E+02
Tc-99 3.20E+01 3.04£+01 3.20E+01 0.03% 3.16E+01 3.02E+01 3.16E+01 0.05% 5.91E+01 4.30E+01 5.91E+01
U-233/234 1.94E-01 8.43E-01 9.43E-01 0.00% 7.96E-01 7.62E-01 7.96E-01 0.00% 4.65E-01 8.95E-01 8.95E-01
B.99E+04 100.00% 6.33E+04 100.00% & 9.11E+04
& Lty Pad Smear CTMT General Area Smear Rx Building Smear
(pCiffiter) {pCifilter) {pCifiter)
Results MDA Used Distribution Results MDA Used Distribution Results MDA Used
Ag-108m 4.70E+00 3.63E+00 4.70E+00 0.05% 8.69E+01 7.4TE+00 8.69E+01 0.03% NA NA 0
Anp241 6.25E-01 7.17€-01 7.47E-01 0.01% 3.61E+00 7.24E-01 3.61E+00 0.00% 7.84E+(11 1.47E+01 7.84E+01
C14 5.30E+01 2.38E401 5.30E+01 0.59% 2.90E+02 4.53E+01 2.90E+02 0.11% 2.09E+01 1.37E+01 2.09E+01
Co-60 2.53E+02 4.03E+00 2.53E+02 2.81% 35TE+03 6.7TE+0D 3.57E+03 1.36% 2.38E+02 8.51E+00 2.3BE+02
Cm-243/244 2.05E+00 B.75E-0% 2.05E+00 0.02% 471E+01 8.828-01 4.71E+0% 0.02% 239E+00 4.02E.04 2.38E¢00
Cm-245/246 6.60E-01 3.96E-01 6.60E-01 0.01% 9.33€-01 4.00E-01 9.33E-01 0.00% A NA T 0
Cs-137 1.39E+01 4.05E+00 1.38E+01 0.15% 3.64E+02 9.38E+00 3.64E+02 0.14% 4.64E+03 1.02E+01 4.64E+03
Eu-152 2.56E+00 1.07E+01 1.07E+01 0.12% 1.40E+01 2.0BE+01 2.06E+01 0.01% 6.50E+01 3.70E+01 6.50E+01
Eu-154 1.43E+00 1.04E+01 1.04E+01 0.12% 0.00E+00 2.08E+01 2.0BE+01 0.01% 7.18E+01 1.75E+01 7.1BE+01
Fe.55 7.91E+02 3.82E+01 7.91E+02 8.80% 4.43E+03 4.02E401 4.43E+03 1.68% -1.58E+01 1.79E+01 4.79E+01
H-3 6.42E+03 3.09E+02 6.42E+03 71.40% 2.42E405 9.07E+02 242E+05 91.95% 1.07E+04 2.89E+01 1.07E+04
129 1.54E+01 221E+01 22Z21E+01 0.25% -5.02E+00 1.00E+01 1.00E401 0.00% 1.02E+01 8.17E+00 1.02E+01
Nb-94 8.85E-01 3.91E+00 3.81E+00 0.04% 1.73E+01 8.28E400 1.73E+01 0.01% -3.66E-01 9.12E+00 9.12E400
Ni-59 0.00E+00 7.98E+01 7.98E+01 0.89% 9.04E+01 2.87E+01 Q.04E+01 0.63% 2.36E+02 2.31E+01 2.36E+02
Ni-63 1.24E+03 2.68E+01 1.24E+03 13.79% 1.19E404 B27E+01 1.16E+04 4.52% 3.27E+01 6.59E+01 6.59E+01
Pu-238 2.24E-01 7.25E-01 7.25E-01 0.01% 6.51E-01 9.05E-0T 9.05E-01 0.00% 2.86E+01 3.50E+00 2.B6E+01
Pu-239/240 4.33E-01 4.14E-01 4.33E-01 0.00% 2.46E+00 1.04E+00 2.16E+00 0.00% 1.48E+01 2.71E+00 1.48E+01%
Pu-241 2.56E+00 3.08E+01 3.08E+01 0.34% 2.71E+01  237E+01 2.71E+01 0.01% 1.78E+02 1.43E+02 1.78E+02
Sr8¢ -6.02E-01 8.76E+00 B.76E+00 0.10% 2.89E401 7.18E+00 2.99E+01 0.01% NA WA 0
Sr90 9.77E+00 8.11E+00 9.77E+00 0.11% 2.42E4+02 B.64E+00 2.42E+02 0.09% 2.04E+03 1.44E+01 2.04E+03
Te-5% 1.02E+01 3.38E+0% 3.39E+01 0.38% 9.06E+00 3.36E+01 3.36E401 0.01% t  0.00E+00 2.81E+01 2.BIE+01
U-2337234 3.14E-01 1.01E+00 1.01E+00 0.01% 3.73E-01 9.00E-01 8.00E-01 0.00% > 4.38E+00 4.43E+00 4.43E+00
8.99E+03 100.00% & 2.63E+05 100.00% 1.84E+04
B Rx Buiding Smear Duplicate
{pCiffitter) MEAN MEAN STD DEV
Results MDA Used Distribution &£ (pChfitter) %
Ag-108m NA NA [ 0.00% ¢ Ag-108m 5.58E+01 0.06% 0.07%
Am-241 1.01E+02 1.55E+01 1.01E+02 0.47% Am-241 2.72E+01 0.13% 0.22%
14 2.09E+01 1.37€+01 2.09E+01 0.10% c14 4.31E+02 0.58% 0.48%
Co-80 2.53E+03 7.07E+00 2.53E+03 11.85% i Co-60 3.21E403 5.22% 3.99%
Cm-243/244 2.31E+00 7.91E-01 2.31E+00 0.01% Cm-243/244 1.58E+01 0.02% 0.01%
Cm-245/245 NA NA 0 0.00% Cm-245/246 8.85E-01 0.00% 0.00%
Cs-137 5.63E+03 1.01E+01 5.63E+03 26.36% Cs-137 1.57E+03 7.45% 12.50%
Eu-152 3.29E+01 4.62E+01 4.62E+01 0.22% Eu-152 4.33E+0% 0.13% 0.12%
Eu-154 9.62E+01 1.59E+01 9.62E+01 0.45% Eu-154 3.95E+01 0.15% 0.18%
Fe-55 -9.63E+00 2.00E+01 2.00E+01 0.09% Fg-55 1.12E+03 1.98% 3.07%
H3 1.05E+04 2.84E+01 1.05E+04 49.16% H-3 6.25E+0¢ 86.53% 15.60%
+2s 1.94E+01 1.00E+01 1.84E+01 0.09% k128 1.57E+01 0.06% 0.09%
Nb-94 -1.29€+00 8.60E+00 8.60E+00 0.04% Nb-84 9.71E+00 0.03% 0.02%
hi-59 -1.65E+01 2.036+01 2.03E401 0.10% N-58 1.61E+02 0.45% 0.45%
Ni-63 B.79E+01 6.83E+01 6.83E+01 0.32% Ni-83 1.09E+04 13.66% 13.78%
Pu.238 2.86E401 3.50E+00 2.86E+01 0.13% Pu-238 9.60E+00 0.04% 0.07%
Pu-239/240 1.4BE+01 2.71E+00 1.48E+01 0.07% Pu-238/240 5.15E+00 0.02% 0.04%
Pu-241 1.7BE+02 1.43E+02 1.78E+02 0.83% b Pu-241 7.05E+01 0.32% 0.41%
Sr-88 NA NA G 0.00% Sro88 © 1.13E+01 0.03% 0.03%
Srg0 2.04E+03 1.44E+01 2.04E+03 9.55% 8 Sr-90 6.51E+02 3.01% 3.80%
Te98 -1.21E+01 2.81E+01 2.81E+01 0.13% Tc-89 3.52E+01 0.12% 0.13%
U-233234 4.3BE+00 4.43E+00 4.43E+00 0.02% B U-233/234 1.91E+00 0.01% 0.01%
2.14E+04 100.00% 100.00%

Units for sample concentrations are presented in pCiffier. Fiter in this context is defined as a standard smear sample take over a 100cm2 area.
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ROLB Smear ROLB Smear Duplicate 2 ROLB Smear 2
(pCifiiter) {pCifter) (pCirfiter)
Results MDA Used Distribution Resuhs MDA Used & Results MDA Used Distribution
Am-241 1.82E+00 1.64E400 1.82E+00 0.01% 1.82E+00 1.64E+00 1.82E+00 6.07E+00 1.70E+00 8.07E+00 0.03%
C-14 ¥ 1.55E401 1.53E+01 1.55E+01 0.06% 1.05E401  1.03E+0% 1.05E+01 ~4.68E+01 8.61E+01 8.61E+01 0.47%
Co-6Q 4.09E+02 1.16E+01 4.09E+02 1.45% 4.09E+02 1.16E+01 4.09E+02 8.90E+01 8.81E+00 8.90E+01 0.48%
Cm-242 -2.54E-01 3.27E+00 327E+00 0.01% <2.54E-01 327E+00 3.27E+00 B.22E-01 1.53E+00 1.53E+00 0.01%
¢ Cm-243/244 3.04E+00 1.64E+00 3.04E+00 0.01% 3.04E+00 1.64E+00 3.04E+00 5.60E-01 2.09E+00 2.09E+00 0.01%
Cs-137 4.77E+03 1.37E+01 4.77E+03 © 16.96% 4.77E+03 1.37E+31 4.77E+03 2.97E+03 1.14E+01 2.97E+03 16.18%
Eu-155 1.26E+01 1.88E+01 1.8BE+01 0.07% 1.26E+01 1.86E+01 1.8BE+01 1.48E+02 3.23E+01 3.23E+01 0.18%
H-3 2.08E+04 5.30E+01 2.0BE+04 73.83% 2.08E+04 5.30E+01 2.08E+04 ~4.98E+02 6.84E+02 5.84E+02 373%
+129 1.67E+01 1.20E+01 1.67E+01 0.06% 1.67E+01 1.20E+01 1.67E+01 9.63E+02 1.04E+01 9.63E+02 5.24%
Nb-84 6.74E+00 1.41E+01 1.41E+01 0.05% 6.74E+00 1.41E+01 1.41E+01 1.91E+02 8.11E+00 B8.11E+00 0.04%
N-58 5.16E+DY 1.95E+02 1.85E402 0.69% 5.18E401 1.05E+02 1.95E+02 ~4.30E+02 4.71E+02 4.71E+02 2.56%
Ni-63 3.13E+01 6.30E+01 6.30E401 0.22% 3.13E+01 B.30E+01 6.30E+01 1.70E+02 44TE+01 4.47E+01 0.24%
Np-237 4.93E+00 1.00E+01 1.00E+01 0.04% 7.94E-01 4 43E+00 4.43E+00" 3.65E+00 1.74E+01 1.74£401 0.09%
Pu-2391240 5.64E+00 1.95E+00 5.64E+00 0.02% 1.08E+01 3.19E+00 1.08E+01 1.88E+00 1.53E+00 1.88E400 0.01%
Pu-241 5.88E+01 S47E+01 9.47E+01 0.34% D.I2E+DY 150E+02 1.50E+02 2.BOE+QY 757E+01 T.57TE+01 0.41%
Sb-125 -1.24E+00 5.26E+01 5.28E+01 0.19% -1.24E+00 5.26E+01 5.26E+01 5.92E+00 4.83E+01 4.83E+01 0.26%
$r-80 1.53E+03 1.48E+01 1.53E+03 5.44% 1.4BE+03 1.39E+31 1,48E+03 4.81E+02 1.23E+01 4.81E+02 2.62%
Tc-99 5_96E-01 2.80E+01 2.80E+01 0.10% 5.96E-01 2.80E+01 2,80E+01 9.04E+01 8.83E+01 8.89E+01 0.48%
U-233/234 9.15E+01 3.97E+00 9.156+01 0.33% 8.52E+01 1H1E+0D 8.52E+01 1.98E+04 4 93E+00 1.18E+04 64.02%
U-235/236 5.82E+00 2.84E+00 5.82E+00 0.02% 4.42E+00 224E+00 4.42E+00 3.84E+02 3.35E+00 3.94E4+02 2.14%
U-238 4.81E+00 2.85E+00 4.81E+00 0.02% 4.46E+00 2.18E+00 4.46E+00 1.42E+02 2.71ME+00 1.42E+02 077%
2.81E+04 100.00% § 2.81E+04 1.84E+04 100%
ROLB Smear 2 Duplicate MEAN MEAN
pCifier) . (pCifiker} (%)
Results MDA Used Distribution
Am-241 2.35E+00 2.90E+00 2.90E+00 0.02% Am-241 3.15E+00 0.02% 0.01%
C-14 ~2.04E+01 8.51E+01 8.51E+01 0.48% c14 4.93E+01 0.26% 0.25%
Co-60 9.58E+01 7.77E+00 9.58E+01 0.54% = Co-60 2.51E+02 0.98% T 0.54%
Cm-242 -6.70E-03 223E+00 2.23E+00 G.01% Cme242 2.58E+00 Q.01% 0.00%
Cm-243/244 6.50E-01 2.T1E+00 2.11E+00 0.01% Cm-243244 2.57E+00 0.01% 0.00%
Cs-137 2.90E+03 1.17E+04 2.90E+03 16.40% Cs-137 3.85E+03 16.62% 0.40%
Eu-155 2.77E+01 3.1BE+01 3.18E+01 0.18% Eu-155 2.53E+01 0.12% 0.06%
H3 -4.15E+02 8.85E+02 6.BSE+02 3.871% B3 1.07E+04 3B8T% 40.50%
N 128 9.32E+02 1.05E+01 . 9.32E+02 527% 128 4.826+02 2.66% 3.00%
Nb-84 1.94E+02 TITE+0 T.77E+00 0.04% Nb-84 1.10E+01 0.05% 0.00%
N-59 4.21E+01 4.93E+02 4.93E+02 2.7%% Ni-58 3.38E+02 1.68% 1.15%
Ni-63 1.68E+02 4,36E+01 4.36E+01 0.25% Ni-63 5.36E+01 0.23% 0.M1%
Np-237 -1.58E+00 8.72E+00 8.72E+00 0.05% p-237 1.01E+0% 0.05% 0.03%
Pu-239/240 2.00E+00 B.0SE-01 2.00E+00 0.01% u-238/240 5.08E+00 0.02% 0.01%
Pu-241 5.34E+01 9.19E+1 9.19E+01 0.52% u-241 1.036+02 0.45% 0.09%
Sb-125 -5.72E+00 4.69E+01 4.69E+01 0.27% =125 S.01E+01 0.23% 0.04%
Sr-90 4.97E+02 1.26E+01 4.97E+02 2.81% r-90 9.87E+02 4.03% 1.53%
Tc-89 4.51E+01 B8.87E+01 8.B7E+01 0.50% (:15 5.84E+01 0.30% 0.23%
U.2337234 1.11E+04 5.04E+00 1.19E+04 £62.82% U-233/234 5.76£+03 31.87% 36.44%
U-235/236 4.08E+02 3.2BE+00 4.08E+02 2.30% U-235/236 2.03E+02 1.12% 127%
U-238 1.526+02 4.5BE+00 1.52E+02 0.86% w238 7.58E+01 0.42% 0.46%
: 1.77E+04 100% 100.00%

Units for sample concentrations are presented in pCifiter. Filer in this context is defined as a standiand smear sampie lake over a 100cm2 area.
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N HOT LABORATORY
: Hot Celt Equipment #1 Smear £ Hot Cell Equipment #2 Smear i Hot Cell Equipment #3 Smear
¥ (pCi/fiter) {pCifilter) . ;(pCilﬁﬂer)
Results MDA Used Distribution Results MDA Used Distribution £ Results MDA Used
Co-60 2.74E+05 1.24E+02 2.74E+05 10.81% 8.64E+03 2.25E+01 B.64E+03 2.96% 2.67E+03 127E+01 ° 2.67E+03
Cs-137 8.07E+05 2.06E+02 8.07E+05 31.82% 2.71E405 6.98£+01 271E+05 67.85% 4 51E+04 322E+01 4.51E+04
Eu-154 1.79E+03 3.69E+02 1.78E+03 0.07% 0.00E+00 B.27E+01 8.27E+D1 0.02% 1.94E+02 7.49E+01 1.84E+02
B-3 6.26E+05 3.49E+02 6.26E+05 24.69% 4.69E+03 253E+02 4.69E+03 1.47% 1.73E+03 4.51E+02 1.73E+03
Sr-80 8.27E+05 3496402 8.27E+05 32.61% 1.18E+05 3.50E+02 1.15E+05 28.79% 4.63E+04 3.85E+02 4.63E+04
2.54E+06 100.00% 3.99E+05 100.00% & 9.60E+04
Hot Cell Equipment #4 Smear  Hot Cell Equipment #5 Smear  Hot Cell Equipment #6 Smear
(pCifitter) k (pCifilter) T (pCifiner)
Results MDA Used Distribution Results MDA Used Distribution f=  Results MDA Used Distribution
Co-60 1.58E+03 1.23E+01 1.58E+03 6.61% 3.23E+02 7.08E+00  3.23E+02 0.10% 4.91E+02 T50E+00  4.91E+02 2.22%
Cs-137 3.99E+03 1.61E+01 3.99E+03 16.70% 2.BSE+05 6.04E+01  2.B5E4+05 87.96% = 1.16E+04 1.47E+01  1.16E+04 52.52%
Eu-154 2.64E+01 3.99E+01 3.99E+01 0.17% 0.00E+00 3.04E+01  3.04E+01 0.01% ;  D.00E+00 3.1EH0T 3.11E+01 0.14%
H-3 1.51E+04 3.94E+02 1.51E+04 63.21% 7.61E+01 ‘2.70E+02  2.70E+02 0.08% 1.95E+02 263E+02  2.63E+02 1.19%
$r-80 3.18E+03 3.94£+02 3.18E+03 13.31% 3.B4E+04 2.87E+02  3.B4E+04 11.85% 9.70E+03 3.54E+02  9.70E+03 43.92%
2.39E+04 100.00% 3.24E+05 100.00% 2.21E+04 100.00%
% Hot Cell Equipment #7 Smear Hot Celi #1 Surface Smear | ' Hot Cel) #2 Surface Smear
>, {pCiffitter) pCifitter} < {(pCifilter)
Resuls MDA Used Distribution Results MDA Used Distribution Results MDA Usea Distribution
Co-60 6.08E+03 2.03E+01  6.0BE+03 1.52% 5.16E+04  5.16E+01 5.16E+04 2.39% 2.01E+04 3.13E+01 2.01E+04 7.87%
Cs-137 1.09E+05 5.49E+01  1.09E+05 2724% B8.03E~05  1.25E+02 B.03E+05 37.47% 1.09E+05 6.47E+01 1.09E+05 42.68%
Eu-154 0.00E+00 7.95E+01  7.95E+01 0.02% 1.18E403  1.44E+02 1.38E+03 0.05% 4.07E+02 7.91E+01 4.07E+02 0.16%
H-3 1.63E+05 6.91E+02  1.63E+05 40.73% 543E+04  4.01E+02 5.43E+04 251% 1.09E+04 5.33E+02 1.09E+04 4.27%
$r-80 1.22E+05 A4TE+02  1.22E+05 30.49% 125E+06 2.72E+02 125E+06 57.87% 1.15E+05 3.29E+02 1.15E+05 45.03% o
4.00E+05 100.00% 2.16E+06 100.00% 2.55E+05 100.00% g
&4 Hot Cell #3 Surface Smear fZ Hot Cell #4 Surface Smear Hot Celt #5 Surface Smear
{pCititter) pCifitter) (pCiffidter}
Results MDA Used Results MDA Used Distribution Results MDA Used Distribution
Co-60 3.87E+02 B.70E+00 3.87E+02 2.70E+02 5.7T0E+00 2.70E+02 2.35% 1.53E+02 9.69E+00  1.53E+02 0.65%
Cs-137 3.57E+03 9.55E+00 3.57E+03 5.87E+03 1.17E+01 5.87E+03 51.16% 1.75E+04 170E+01  1.75E+04 73.97%
Eu-154 5.35E+00 2.59E+01 2.59E+01 1.76E+00 1.69E+01 1.69E+01 0.15% 2.62E+00 27SE+01  2.75E4+01 0.12%
H-3 1.71E+01 2.26E+02 2.26E+02 6.17E+02 4.37E+02 6.17E+02 5.38% 3.32E+01 3.17E+02  3.17E+02 1.34%
$r-90 2.24E403 3.67E+02 2.24E+03 4.70E+03 3.00E+02 4.TO0E+03 40.96% b 5.66E+03 3.56E+02  5.66E+03 23.92% 3
6.45E+03 1.15E404 100.00% 2 237E+04 100.00% 2
:Hol Cel#6 Surface Smear f- Hot Cell #7 Surface Smear MEAN MEAN STD DEV
{pCifilter) pCifitter) (pCiffier) %}
3 Results MDA Used Resulks MDA Used Distribution
Co-60 1.44E+03 9.69E+00  1.44E+03 5.30E+02 9.30E+00  5.30E+02 1.14% % Co-60 2.83E+04 3.41% 3.15%
Cs-137 1 B.19E+04 2.75E+01  B8.19E+04 3.95E+04 2.40E+01  3.95E+04 84.66% ¢ Cs-137 1.88E+05 53.11% 21.35%
v Eu-154 % 0.00E+00 4.01E+01  4.01E+01 1.31E+01 3.46E+01  3.46E+01 0.07% < Eu-154 3.04E+02 0.12% 0.10%
: H-3 i’ 4.4TE+02 244E+02  4.47E+02 6.81E+02 244E+02  6.81E+02 1.46% X H-3 : 6.76E+04 10.84% 19.01%
. Sr-80 B3.75E+04 2.89E+02  3.75E+04 5.91E+03 2.95E+02 5.91E+03 12.67% £ Sr-80 1.8BE+05 32.52% 13.97%
- % 1.21E+05 4.67E+04 100.00% 100.00%

Units for sample concentrations are presented in pCifiker. Firter in this context is defined as a standard smear sample take over 2 100cn2 area.
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Smear Sample Resuits and Analysis

BALANCE OF PLANT
ﬁ?ouad A Smear : Quad C Smear nal E Smear
{pCitfiter) {pCiffiter) ¢{pCithier)
Results MDA Used Distribution Results MDA Used Distribution ¥ Results MDA Used Distribution
Co-80 3.78E+03 7.07E+00 3.78E+03 4.46% 4.50E+03 7.40E+00 4,50E+03 10.31% 7.61E+03 9.32E+00 7.61E+03 13.50%
Cs+137 1.22E+02 9.49E+00 1.22E402 0.14% 7.44E+01 1.02E+01 7.44E+01 0.17% 1,44E+02 1.23E+01 1.44E+02 0.26%
Eu-154 0.00E+00 2.31E+01 2.31E+01 0.03% 0.00E+00 2.63E+01 2.83E+01 0.06% 0.00E+00 2.77E+01 2.77E+01 0.05%
H3 B.OTE+D4 5.22E+02 8.07E+04 95.25% 3.90E+04 3.57E+02 3.90E+04 89.33% 4.81E+04 4.14E+02 4.81E+04 85.89%
K128 5.06E+00 1.57€+01 1.57E+01 0.02% 3.62E+00 4.35E+01 1,35E+01 0.03% 3.74E400 1.8BE+01 1.8BE+01 0.03%
Sr-80 7.93£401 8.55E400 7.93E+01 0.08% . 4.27E+01 920E+00 4.27E+01 0.10% T 1.02E+02 8.25E+00 _1.02E+02 0.18%
8.47TE+04 100.00% 4.37E+04 100.00% § 5.60E+04 100.00% 3
B Lily Pad Smear CYMT General Atea Smear 5 Rx Building Smear
{pCifiiher} % (pCiffilter) 3 {pCifiner}
Results MDA Used Distribution Results MDA Used Distribution Results MDA Used Distribution
Co-60 2.63E+02 4.03E+00 2.53E+02 3.76% 3.57E+03 6.77E+00 3.57E+03 1.45% 2.38E402 8.51E+00 2.3BE+02 1.34%
Cs-137 1.39E+01 4.05E+00 1.39E+01 021% 3.64E+02 9.39E+00 3.64E+02 0.15% 4.64E+03 1.02E+01 4.64E+03 26.21%
Eu-154 1.43E+00 1.04E+01 1.04E+01 0.15% 0.00E+00 2.08E+01 2,08E401 0.01% 7.18E401 1.75E+01 7.18E+01 0.41%
H3 6.42E+03 3.08E+02 6.42E+03 95.41% 2.42E+05 9.07E+02 2.42E+05 98.20% 1,07E+04 2.89E+01 1.07E+04 60.45%
129 1.54E+01 221E+01 2.24E+01 0.33% -5.02E+00 1.00E+01 1.00E+01 0.00% 1,026+01 8.17E+D0 1.02E+01 0.06%
S50 8.77E+00 8.11E+00 9.77E+00 0.15% 2.42E+02 8.64E+00 242E+02 0.10% ; 2.04E+03 1.44E+01 2.04E+03 11.53%
6.73E+03 100.00% . 2.46E+05 100.00% &, 1.77E+04 100.00%
Rt Building Smear Duplicate
(pCufiher} MEAN MEAN STD DEV
Results MDA Used Distribution (pCifitter) (%)
Co-60 2.53E+03 7.07E+00 2.53E+03 12.15% : Co-60 3.94E+03 6.72% 5.17%
Cs-137 5.63E+03 1.01E+01 5.63E+03 27.05% 2 Cs-137 1.44E+02 7.74% 12.91%
Eu-154 9.62E+01  1.59E+01 9.62E+01 0.46% Ev-154 3.85E+01 0.17% 0.19%
H3 1.05E+04 2.84E+01 1.05E+04 50.44% M3 6.25E+04 B2.15% 18.93%
k129 1.84E+01 1.00E+01 1.94E+01 0.08% 129 1.57E+01 0.08% 0.11%
Sr-80 2.04E+03 1.44E+01 2.04E+03 9.80% Sr-90 6.51E+02 . 3.13% 3.88%
2.08E+04 100.00% 100.00%

Units for sampie concentrations are presented in pCiffilter. Fiter in this context is defined as a standard smear sample take over g 100cm2 area.
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s ROLB Smear ROLB Smear Duplicate ROLB Smear 2
[pCitfitter) S {pCiffiter) X {pCifiner) .
Resuks MDA Used Distribution Results MDA Used Distribution Results MDA Used Distribution
Co-60 4.09E+02 1.16E+01 4.09E+02 1.48% 4.09E+02 1.16E+01 4.09E+02 1.48% 8.90E+01 8.81E+00 8.90E+01 0.51%
Cs-137 4.77E+03 1.37E+01 4.77E+03 17.27% 4.77E+03 1.37E+01 4.77€+03 17.30% 2.97E+03 1.14E+01 2.97E+03 17.14%
H-3 2.08E+04 5.30E+01 2.08E+04 75.30% 2.08E+04 5.30E+01 2.0BE+D4 75.46% -4 98E+02 6.84E+02 6.84E+02 3.85%
w29 1.67E+01 1.20E+01 1.67E+01 0.06% 1.67E+01 1.20E+01 1.67E+01 0.06% 9.63E402 1.04E+01 9.63E+02 5.55%
Sr-80 1.53E+03 1.48E401 1.53E+03 5.54% 1.48E+03 1.39E401 1.48E+03 5.37% 4.81E+02 1.23E+01 4.81E+02 2.77%
U-233/234 9.15E+01 3.87€+00 9.15E+01 0.33% . B.S2E~01 1.81E+00 8.52E+01 0.31% 1.18E+04 4.93E+00 1.18E404 67.81%
U-235/236 5.82E+00 2.84E+00 5.82E+00 0.02% 4 42E+00 2.24E+00 4.42E+00 0.02% 3.84E402 3.35E+00 3.94E+02 22T%
. 2.76E+04 100.00% & | 2.76E+04 100.00% 1.73E+04 100%
ROLB Smear 2 Dupkcate MEAN MEAN $TD DEV
2 {pCifikter) {pCifilter} (%}
Resuks MDA Used Distribution .
Co-60 9.58E+01 7.77E+00 9.58E+01 0.58% 2.516+02 1.01% 0.54%
Cs-137 < 2.80E+03 1.17E+01 2.80E+03 17.44% 3.85E+03 17.28% 0.13%
He3 ; -4.15E+02 6.85E+02 &.85E+02 4.12% 1.07E+04 30.71% 41.19%
128 8.32E+02 1.05E+01 9.32E+02 5.60% 4.82E+02 2.82% 3.19%
‘Sr-90 4.97E+402 1.26E+01 4.97E+02 2.99% 8.87E+02 4.17% 1.49%
U-233/234 1.11E+04 5.04E+00 111E+04 66.82% 5.76E+03 33.82% 38.68%
U-235/236 4.,08E+02 3.28E+00 4.0BE+02 2.45% 2.03E+02 1.19% 1.35%
1.66E+04 100% 100.00%

its for sample concenerations are presented in pCiffiter. Fiker in this context is defined as 3 standand smear sample take over 3 100cn2 area.




ATTACHMENT 1 Adjusted Gross DCGL per Sample PBRF-TBD-04-003, Rev 1

Smear Sample Resutlts and Analysis {Bullding Re-Use DCGLs) Page AB of A15
HOT LABORATORY . - . .
Hot CaH Equipment #1 Smoar f_u& Coil Equipment #2 Smear
Surrogate Surrogate
ocGL Results MDA Used Nuclide Ratio to Ratio/ pCGL Results MDA Used Nuclide Ratio 1o Ratio/
{Bper100cn?y (pC¥ther) pCtner) (pCifiner] Distribution  Surtogate DCGL OpiO0cn?) © (pCiec) IpCH N} {pCUfer) Distribution  Surropate DEGL
5137 4056404 BO7E+D5  206E¢02  B.O7E<0S 31.82% 1.00 247E-05 Cs-137 405604 271E+05  6.98E+0% 2716405 67.85% 1.00 247E-05
3 9.40E+05  6.26E+05  34DE+02  5.26E+05 24.69% 0.78 852808 Ha D40E+06  469E+03  253E402 4695403 147% 002 190605
060 190E408  274E+05  1.24E+02  2.74E+05 10.81% 73 WA Co-60 TA0E+04  BB4E+0T 22560t B64E~0T 2.16% Ni& A
S5r-80 IIMIE408 B2TE+0S  3AOE402  B27E+05 3261% NiA NiA 5180 AIIE4 1156405 3.50E-02 1.156+05 28.79% NA NA
Eu-154 4.50E403 1798403 369E+02 1.79E+03 0.07% N2, NA E-154 4505403 0008400  B.27E+01 B27E+01 0.02% * A A
2548406 100.00% : 2.99E+05 100.00%
| Adjusted Gross DCGL : | Adjusted Gross DCGL
DCGL Nuclide  BetaNuclide  Fraction/ Unity Rule Check DCGL Nuclide  BotaNuclide Fraction) Unity Rule Chack
{oprtroound)  Fraction Fraction oCGL Gross*Fract  FractUDCGL teprrictert)  Fraction Fraction BCGL Gross*Fraci  FractDCGL
Cs-137 4.04E204 032 0.42 7.8%E-06 1148158 2B4E-01 Cs-137 4.05E+404 068 069 168E5  24.703.68 5.30E-01
Co-60 1.106+04 0.1t 0.14 9.82E-06 3.898.33 3.54E-01 Co-60 1.90E+04. 0.02 002 1.87E-06 787.60 7.16E-02
5r-90 3ME04 032 043 9.85E06  11,766.13 3.55E-01 Sr90 33104 0.29 0.29 B70E-05  10483.1 3.17E-01
En-154 4506403 0.00 0.00 1.57E-07 2547 5.66E-03 Eu-154 4.50E+03 0.00 0.00 4.60E-08 7.54 1.68E-03
075 1.00 277605 1 095 1.00 275605 1
Adjusied Gross DCGL 27172 dpm/100cm? Adjusted Gross DCGL 35982 dpm/100cm?
{Rot Call Equipment 33 Smear Fot Call Equipmant #4 Smear
Surrogate - Surrogate
DCGL Results MDA Used RNuclide Ratia 0 Ratiol DCGL Resuhs MDA Used Nuclide Ratlo to Ratio/
"} (PCVter] pCitinar) {pCiMrer) Distribution  Surrogate DCGL Idprr100cen’) LeCitier) (PCVhiter) [pCibner) Distribution  Surrogate DCGL
Cs-137 4056404 S51E+04  22E+01 451E+04 45.98% 1.00 247E05 | |cs137 Q0SE+04  399E+03 1.61E+0% 3.99E+02 16.70% 1.00 247E-05
H3 5.90E+06 1.73E+03  451Ee02  1.73E403 1.80% 0.04 422608 = 9.10E+06 151E+04  3.94E+02 1.51E+04 6321% 378 4.1BE-07
Co-60 1.10E+04 2.67E+03 1.27E401  267E+03 2.78% NA NA Co-60 1.30E+04 1.58E+03 1.23E+01 1.58E403 661% NA (73
580 331E+04  4EIELD4  365E+02  46IE+04 48.23% NiA NA Sr80 331E+04  3.18E+03  3.04E+02 3 1BE+C3 13.31% NiA [y
Eu-154 4.50E+03 1.54E+02  T.ABE+01 1.94E+02 020% NA A Ev-15¢ 450E403  264E+01 3.99E+01 3.98E+C1 017% NA NA
- 9.60E+04 100.00% ’ 239E+0¢ 100.00%
|Adjusted Gross DCGL Adjusted Gross DCGL
DCGL Nuclide  BetaNuclide Fraction/  Unity Rule Check DCGL Nuclide  BetaNuclide  Fraction/  Unlty Rule Check
Yy Fraction Fraction DCGL Gross"Fract  Fract/DCGL Fraction Fraction DeGL GrossFract  FractDCGL
5937 4.05E+04 047 048 116E-05 16,1635 2.99E-01 Cs-137 3.98E+04 047 0.45 4.19E-06 11,440.75 2.87E-0%
Co-50 1.10E+04 0.03 003 2.53E-06 954.12 B67E-2 Co-50 1.40E+04 007 0.18 6.01E-06 4,530.42 4.42E-01
Sr50 331E+04 G48 049 146E05 1654517 5.00E-01 5r-90 331E+04 0.13 0.38 4.026-06 9.118.19 2.75E-01
Ev-354 4.50E+403 .00 0.00 4.49E-07 69.33 15452 Eu-154 4.50E+03 0.00 0.00 3T1E-07 114.41 2.546-02
0.88 1.00 2.926-05 1 037 1.00 146E-05 1
Adjusted Gross DCGL 33685 dpm/100cm® Adjustod Gross DCGL ___ 25204 __ dpmi100em?
Hot Coll Equipmont #5 Smear Hot Coll Equipment #6 Smear
[surrogate Surrogate
DCGL Results MDA Used Nuclide Ratio to Ratiof DCGL Results. MDA Used Nuclide Ratio to Ratio/
(apa ety IpC¥Rer) {pCHfRer) pCUter) Distribution  Surmogate DeGL {aprracoct) pCiRiter) (pCUfimer) (pCHter) Distribution | Surrogate DCGL
Cs-137 AQSE+04 2856405  3.22E+01 28SE+05 87.965% 1.00 24TE0S | |Cs-137 4.05E+D4 1.16E+04 1.47E+01 1.16E+04 5252% 1.00 247E-05
K3 940E+06  7.61E+01  270E402  2TOE+02 0.08% 0.00 1.04E10 ] B4 8.90E406 1.956+02 2638402 2.63E+02 119% 0.02 2.49E-09
Co-60 1306404 3236402 7.08E+00  323E+02 0.10% NA NA Co-60 1106404 4.91E<02  T.50E+00  4DIE+02 222% NA NiA
sr-90 331E+04  JBAE+04  287E+02  IBE+O4 11.85% NA NA 590 IIME+04  970E+03  354E+02  9.70E+03 43.92% NA NA
Ex-154 4502403 0.00E+00  3.04E+01 3.4E+01 0.01% NA NA Eu-154 450E+03  O0.00E+0C  3.11E+01 3.11E+08 0.14% NIA NiA
3.24E+05 100.00% 221E+04 100.00%
| Adjusted Gross DCGL |Adjusted Gross DCGL
DCGL Nucide  BataNuciide  Fraction/  Unkty Rubs Check DCGL Nuclide  BetaNuciide  Fraction/ Uity Rule Check
Fraction Fraction DCGL Gross*Fract  FractUDCGL )y Fraction Fraction DCGL Gross*Fract  FractDCGL
Cs-137 4.05E+04 0.88 0.88 217E05 3461550 B.558-01 Cs-137 4.05E404 053 053 130605 1838213 4.54E-01
Co-60 1.30E+04 0.00 0.00 9.06E-08 39.23 357E08 Co-60 1.10E+04 0.02 0.02 2.026-06 778.07 7.07E-02
Sr-80 3I1E+04 0.2 0.42 3.58E-06 4,663.98 141E.01 5r-90 3.31E+04 0.44 0.44 133605 153127 4.64E-01
1154 4.50E+03 0.00 0.00 2.08E-08 369 B21E-04 Ex-154 4.50E+03 0.00 0.00 3.49E-07 49.28 1.106-02
. 1.00 1.00 254E-05 1 098 1.00 286E-05 B
Adjusied Gross DCGL 39322 dpmf100cm? Adjusted Gross DCGL 34581 dpmi100cm?
|riol Goll Equipment K7 Smear [Fot Gelt#1 Surface Smear
[surmogate Surrogate
DCGL Results MDA Used Nuclide Ratio to Ratlo! DCGL Results MDA Used Nuclide Ratio to Ratiol
Kprt100cn?) {pCificer) {pCVhmer) {pCUiter) Distribution  Surrogaie DCGL Idperv10Cent) (pCufier) (pC¥hner) {pCi/Tver) Distribution  Surrogate oL
Cs-137 405E404  1.09E+05  S5.A49E+01 1.09E+05 27.24% 1.00 247ED5 | [Cs137 4058404 8.03E+05 1256402 B.03E+05 37A7% 1.00 247€-05
H3 9.10E+06  1.63E+05  691E+02  1.63E+05 40.73% 1.50 1.64E.07 K 940E+06  SA3E+04  401E+02  543E+04 251% 0.07 7.436-00
Co-60 1.90E404  G6.0BE+03  203E+0t  6.08E+03 1.52% NA NA Co-60 1ADE4G4  516E<04  5.16E+01 5.16E404 239% NIA NIA
Sr-00 3I1E+D4 1226405 SATE02 1.22E405 30.49% A NA S50 3IE+04 1.25E+06 2726402 1.25E406 57.87% NiA NiA
Eu-154 450E+03  0.00E+D0  7.85E+01 7.95€+01 0.02% NIA NA Eu-154 4.50E+03 1,18E+03 1.44E+402 1.926+03 0.05% NiA NA
4.00E+05 100.00% 2.16E406 100.00%
Adjusted Gross DCGL |Adjusted Gross DCGL
pe6L Nuclide  BotaNuclide  Fraction/  Unity Rule Check DeGL Nuclide  BataNuclide  Fraction/  Unity Ruk Check
taprisooerfy  Fraction Fraction DCGL Gross*Fract  FractDCGL iopmisoca?y  Fraction Fraction DCGL Gross*Fract  Fract/DEGL
cs-137 4.02E+04 027 0.48 6.77E-06  15.646.61 3.89E-03 Cs-127 4.05E+04 0.37 038 € 18E-06 12.837.60 3.17€-01
Co-60 1.30E+04 002 0.03 1.38E-06 872.85 7.948-02 Co-60 140E+04 0.02 0.02 2.17E-06 824.93 7.50€-02
590 IIIEL04 030 051 921E-06  17.514.88 5.29€-01 $r-80 I39E+04 0.58 055 1756-05  19.963.82 6.03E-0%
Eu-154 4.50E+03 0.00 0.00 4.41E-D8 1143 2.54E-03 Eu.154 4.50E+02 0.00 0.06 121€-07 18.86 4.19E-02
059 1.00 1.74E05 1 057 1.00 2.90E-05 . 1
Adjusted Gross DCGL 34048 dpmM00em® Adjusted Gross DCGL 33665 dpmi100em?
Hol Cell #2 Surface Smear Hot Ceoll ¥3 Surface Smear
{Surrogate Surrogate
oceL Rosuks MDA Usod Nuclide Ratio 10 Ratiol OCGL Rosults MOA Used Nuciide Ratio to Ratio!
{aparoc?] (pCiTher) (PCHfRar] {PCHiner) Distribution  Surrogate DCGL {operiooemt) (pCVires) [pCifiner) {pCititet] Distribution  Surrogate DCGL.
Cs-137 4.05E+04 1.08E+05  6A47E+01 1.09€+05 42.68% 1.00 247605 | [Ce-137 4.05E404 3576+03  G.5SE+00  3.57E+02 55.36% 1.00 2.47E-05
H3 $.10E+06 1.09E+04 53302 1.09E+04 4271% 0.10 1.10E-08 S 9.10E+06 1.71E+0% 2266402  2.28E+02 3.50% 0.06 €.96E-08
Co-60 1.10E+04  201E+04  3.13E+01  2.01E+04 7.67% N NA Co-60 140Es04  3IBTESOZ  BJOE00  387E«02 5.00% NA NA
Sr-90 331E+04 1156405 329E+02  1.15E<05 45.03% NA N $r-90 LIEN 2.24E+03 367E+02  2.24E+03 34.73% NIA NA
Eu-154 450E403  407E+02  T91E+01  4.07Es02 0.16% NA NA Eu-15¢ 450E403 5356400  2.59E+0% 2.59E+01 0.40% NA NA
2.58E+05 100,00% 6.45E+08 100.00%
Adjusted Gross DCGL |Adjusied Gross DCGL
oceL Nuclids  BetaNuclide Fraction/  Unity Rule Check DeeL Nuclide  BotaNuciide  Fraction/  Unity Rule Check
wpmisooen?]  Fraction Fraction DCGL Gross*Fracl  FracyDCGL ipeisoocnd)  Fraction Fraction DCGL Gross*Fract  Frac/DCGL
Cs-137 4.05E+04 0.43 045 105605 1348243 333601 Cs-137 4.05E+0¢ 0.55 057 1.376-05  1B,141.71 4.48E-01
Co-50 1.10E+D4 0.08 0.08 7.156-08 2.486.21 2.26E-01 Co-60 1.10E+04 008 006 5.48E-06 1.966.62 1.79E-01
S50 2.31E404 045 0.47 1.36E-05  16,224.58 4.306-01 Sr-80 331E+04 0.35 036 105605 11,383.0¢ 3.44E-01
Eu-154 4.50E+03 0.00 006 3.54E-07 50.34 1126-02 €u-154 4506403 0.06 0.00 8.92E-07 131.62 2.52€-02
096 1.00 3.37E-05 1 056 1.00 3.056-05 1
Adjusied Gross DCGL___ 30244 dpm/100cm’ Adjusted Gross OCGL 31623 dpm/i00cm®




ATTACHMENT 1 Adjusted Gross DCGL per Sample PBRF-TBD-04-003, Rev 1
Smear Sample Results and Analysis {Bullding Re-Use DCGLs) Page A9 of A1S
Hol Coll #4 Surface Smear ot Calf #5 Surface Smear B
Surrogate . Surrogate i
DCGL Rosults MDA Used Nuctide Ratio to Ratio/ DEGL Rasults MDA Used Nuclide Ratio to Ratio/
{epmi100cnt) (pCifiner) {pCHhter) {pCibier} Distribulion  Surrogate DCGL ) {pCiffiner) {pCVier) {pCihiner) Distribution  Surrogste DCGL
Cs-137 4056404 587E+03 1ATE+01 5BTE+M 51.16% 1.00 247E05 | [Cs-137 4.056404 1.75E+04 1706401 1756404 T3.97% 1.00 247E-05
K3 S.0E+06  6.7E+02  437E402  GATE4O2 5.38% o 1.16E.08 M3 S10E+06 3326401 3ATE+Q2  3ATE+02 1.34% 0.02 1.996-05
1560 1.90E+04 2706402 5706400  2.70E+02 2.35% NiA N/A Co-60 1.10E+04 1.53E+02 965E+00 1536402 0.65% Nia A
e 331E+04 4708403 3O0DEs02  4.70E+03 40.96% NI NA Sr-90 331E04 5.65E+03 3S6E+02  5.65E+03 23.92% NA NA
4506403 1766406 1.69E+0% 1.69E401 0.15% NIA NA Eu-154 4.50E+03 262E+00 27501 2.75E+01 0.12% NiA A
1156404 100.00% 2376404 100.00%
Adjusted Gross DCGL. |Adjusted Gross DEGL .
DCGL Nuclide  BetaNuclide  Fraction  Unity Rule Check DCGL Nuclide  BetaNuclide  fraction/  Unity Rule Check
wpertiooendy  Fraction Fraction DCOL  Gross’Fract, FractDCGL tdpmiwocrdy  Fraction Fraction DCGL Gross"Fract  FractiDCGL
cs-137 4.05E404 0.51 054 126E-05  18,617.13 4.60E-01 Cs-137 4.05E+04 074 075 183E-05  26.063.08 6.93E-0%
Co-60 1.40E+04 0.02 0.02 2.14E-06 856.32 7.78E-02 Co-80 1.10E+04 0.0t 0.01 5.86E-07 245.53 223802
5r-90 33E+04 041 0.43 124805 14,906.3% 4.50E-01 sr-90 331E+04 026 024 723606 9.082.87 2.74E-01
Eu-15¢ 4505403 0.00 0.00 32707 53.60 1.19E-02 Eu-154 4.50E+03 0.00 0.00 2.58E-07 44.13 9.B81E-03
095 .00 2.75E-05 1 09g 1.00 263£-05 1
N Adjusted Gross DCGL 34433 dpmM00em® Adjustad Gross DCGL 37456 dpm/f100cm’
Hot Coll #6 Surface Smear [Fict Cofi #7 Surface Smear
Surrogate Surrogate
DCGL Results MDA Used Nuclide Ratio to Ratiol DCGL Results MDA Used Nuclide Ratio 1o Ratiof
{dpmidtend) ) (pCiARer) IpCitier) Distribution  Surrogate DCGL. {16pert 100} {pCHhiner] (pCifiner) @Citiner) Distribution  Surrogate DCGL.
Cs-137. 405E404  BASE+04 2756401  B.SEe4 67.50% 1.00 247E-05 Ca-137 4056404 3.95E40¢ 2406401 3.95€+0¢ 84.66% 1.00 247605
LX) 9.10E+06  4.4TE+G2 244£402  4ATE+D2 0.37% 0.0t 6.00E-10 | |Ka HI0E+06  6.81E+02 244E+07  6.B1E+G2 145% 0.02 1.89€-0¢
Co-60 1.90E+04 1.44E+03 9BOE+00  1.44E+03 1.19% NiA NA Co-60 130E+08 530602 930E+00  530E+02 1.14% NIA NI
5190 331E+04 3756404 289402  3.756+04 30.91% NA NA Sr.00 3JE+04  591E+03 295E+02  5.91E+03 1267% NIA NA
Eu-154 250E+03 0.00€+00 201E+01  &OTE+D1 0.03% NA NA Eu-154 4505403 1.29E+01 346E+01  3.45E+01 0.07% Nia NiA
1.21E+05 100.00% 46TE-00 100.00%
| Adjusted Gross DCGL. | Adjusted Gross DCGL
DCGL Nuclide  BalaMuclide  Fraction’  Unity Rule Check . DCGL Nuclide  BetaNuclide  Fraction/  Unity Rule Check
toprricocnds  Fraction Fraction oCoL Gross*Fract  Fract/DCGL [ Fraction Fraction DCGL  Groxs'Fract  FractDCGL
Cs-137 4.05E+04 068 068 167E05 24,8556 6.14E-01 Cs-137 4.05E+04 085 086 209605 3264992 8.06E-01
Co-50 1.10E+04 003 0.01 1.08E-06 437.02 3.97E-02 Co-60 1.10E+04 0.0 0.0 1.03E-06 438.08 3.98E-02
Sr-30 3I1E+04 0.31 031 $.34E-06  11,380.80 3.44E01 S50 33TE+4 013 013 3B3E-06 488509 1.48E-01
Eu-154 4.50E403 0.00 0.00 7.34E-08 1217 2.706-03 Eu-15¢ 4.50E+03 0.00 000 1.65€-07 28.60 6.36E-03
1.00 1.00 272605 1 0.9¢ 1.00 2.59€-05 1
Adjusted Gross DCGL 36686 dpm/100cm? Adjusted Gross DCGL__ 38002 __dpm/100cm?’
Hot Cal) Mean Distribution Woan Mean Std
Surragate Conc Distribution  Deviation
pCGL Nuclide Ratio to Ratio/ (pCifittar)
Iepeitooer)  Distribution  Susrogate DCGL Cs-137 1.BSE+05 53.01% 21.35%
Cs-137 4.05E+04 53.41% 1.00 247E-05 H3 6.2BE+04 10.84% 19.01%
H3 2.105406 10.84% 020 2.24E-08 Co-50 2.63E+04 341% 315%
5r-80 1.B4E+05 I252% 13.97%
Co-60 1.10E+04 3.41% NA A Eu-154 2.84E+02 0.12% 0.10%
Sc-50 33ME+04 32.52% NA NA 100.00%
Eu-154 4.50E+03 0.12% NA NA
100.00% Area
Adjusied Gross DCGL Hot Celt Equipment #1 Smear 27172
BeGL Nuclide  BetaNuclide  Fraction/  Unity Rule Chack Hot Cefl Equipment 2 Smear 35982
pariooen?y  Fraction Fraction DCGL Gross*Fract  FractDCGL Hot Cell Equipment #3 Smear 33685
Cs-137 4.05E+04 0.53 0.60 131E05 20,1850 4.99E-01 Hol Gl Equipment #4 Smear 25204
Co-60 1.50E+04 0.03 0.04 3.106-06 1.297.33 1.986:01 Hol Cell Equipment #5 Smear 39322,
Sr-90 EEETNA LESS 0.36 983E06  12,360.27 3.73E-01 Hol Cell Equipment #6 Smear 34531
Eu-154 AS0E03 0.00 0.00 2.5TE-07 4389 9.75E-08 [Hot Cell Equipment 7 Smear 34048
0.89 1.00 2,63E-05 1 Hot Cell #1 Surfece Smear 33665
Adjusted Gross DCGL 33888 dpmi100em® Hot Cell #2 Surface Smear 30244
Mot Celt #3 Surfoce Smeer 31629
Hot Cehl #4 Surface Smear 34433
[Hot Cell #5 Surface Smest 37456
Hot Ced #6 Surface Smear 36686/
Hot Celt #7 Surface Smear 38002
Hot Cell Mean Distribubon 33888
Mean 33722
Median 34241
Minimum 25204
Madmum 39322
{Standard Deviston AQJ



ATTACHMENT 1

Adjusted Gross DCGL per Sample

PBRF-TBD-04-003, Rev 1

Smear Sample Results and Analysis (Building Re-Use DCGLs) Page A1D of A15
BALANCE OF PLANT ‘
Ouad C Smear
[Surrogate
OCGL Results MDA Used Nuclide Ratio to Ratiof DCGL Results MDA Used Ruclide Ratio to Ratio!
(dpentOcr} {pCVEiner) {pCiainer) {pC¥firar) Distribution  Surrogate DCGL {epmr100caT) [pCititer) {pCihiter) {pCuiner) Distribution  Swmogate DCGL
B.O5E+D4 1.22E+02 949E+00  1.22E402 0.18% 1.00 247E-05 C3-337 QOSE404  7.84E+01 1.02E+01 T.44E+01 7% .00 247E-05
9A0E+DE  B.OTE+04 S20Ee02  BO7ESDA 85.25% 861.48 7.2TE-05 H3 940E+06  300E+04  357ES02  3.80E+04 88.33% 524.15% 5.76E-05
1.49E+04 5.06E+00 1.57E+0% 1.57E+01 0.02% 0.13 B.64E-06 1129 14DE404  362E+0C 1.35E+01 1356401 "0.09% 018 1.22E-05
1.10E+04 3.76E+03 T.O7E+00  3T7BE+D3 a.46% NA NA Co-50 140E+0¢  GSO0E<03  7.40E400  4.50E+08 10.31% NA NA
Sr-90 3.31E+04 7.53E+01 856E+00  7.93E+D 0.09% NA NA S1-50 33IE08  427E+0% S.20E400  4.27E+01 0.10% A A
Eu-154 4.50E+03 0.00E+00 231E«01  231E+0 0.03% A NA Eu-154 450E+03  0.00E+00  263E+01 2.63E+D1 0.06% A NA
8.4TESR 100.00% 4I7E+00 100.00%
Adjusted Gross DCGL Adjusted Gross DCGL
BCGL Nucilde  BetaNuclide  Fracion/  Unity Rule Check DCGL Nuclide  BetaNuchide  Fraclion/  Unity Rule Chack
{oprriooon?)  Fraction Fraction DCGL Gross*Fract Fract/DCGL (¢petitoen?)  Fraction Fraction DCGL Gross*Fract  Fract/DCGL
Cs-137 9.43E403 0.00 003 .536-07 335.07 255602 Ce-137 1.06E+04 0.00 002 161E-07 175.78 1.66E-02
Co-60 1.30E+04 0.04 09 A08EC6  10.381.77 9.44E-D1 Co-50 1.10E+04 0.40 097 9.37E-06 10.631.91 9.67E-01
sr-90 3I1E-08 000 002 2.83E-08 217.80 6.50E-03 Se-00 IITE+4 0.00 001 2.956-08 100.89 3.05E-05
Eu-154 4.50E+03 0.06 001 6.06E-06 6384 $.41E-02 Eu-154 450E+03 0.00 oo 1.34E-07 62.14 1.3BE-02
005 1.00 4.30E-06 1 044 1.00 8.70E-06 ]
Adjusted Gross DCGL 10998 dpm/100cm? Adjusted Gross DCGL 10971 dpmi00em?
Canal E Smoar Lilty Pad Smoar
Surrogate |surrogate
DCGL Results MDA Used Nuclide Ratio to Ratiof 8 Results MDA Used Nuctide Ratlo to Ratio/
dpent100ce) (PCVhiter) (pCiikar) (pC¥har) Distribution  Sumogate DCGL. (@pr?100cst'y {pCifitter) (pCibner) (pCABner} Distribution  Sumogate DCGL
< lcs-137 4.05E+04 1.84E+02 1.23E+01 1.44E+02 026% .00 247E-05 Cs-137 4.05E+04 1.39E+01 4056400  1.39E+0% 0.21% 1.00 247E-05
H3 9.40E406  4.BIE404  414E+02  4B1Es04 85.89% 334.03 367E-05 H3 9.00E406  642E+03  3.08E-02  6.42E+03 85.41% 461.87 5.08E-05
1128 1492404 3.74E+00 1.88E+01 183E+01 0.03% 0.43 8.76E-05 1129 1.49E+0¢ 1.54E+01 2.21E+01 221E+01 0.33% 1.58 1.07E-04
Co-60 1.10E+04 761E003 932E+00  7.61E+03 13.50% NiA . NA Co-60 1106404 2536402 4.0GED0  2.53E402 3.76% WA N/A
se-90 331E+04 1026402 B25Ee00 10264 0.18% NA WA 5190 SAE404  QTTES00  B.1IES00  B.77E«00 0.15% NA NA
Eu-154 4.50E+03 000E+00  277E+01  2.77E+01 0.05% NA WA Ev-154 4.50E+03 143E400  1.04E401 1.04E+01 0.15% NA S
5.60E404 100.00% 6.73E+03 100.00%
d Gross DCGL Adjusted Gross DCGL
oCoL Nuclide  BetaNuclide Fraction/ Unity Rule Check DEGL Nuclide  BetaNuclide  Fraction/  Unity Rule Check
tgpmirooen?y  Fraction Fraction DCGL  Gross'Fract  FractDCGL Wperiooen?)  Fraction Fraction DCGL Gross*Fract  FracUDCGL
Cs-137 1436404 0.00 0.02 1.80E-07 20248 1.826-02 Cs-137 5.49E+03 0.00 005 376E-07 493.98 9.00E-02
Co-60 1.10E+04 014 0.97 124E-05 1070085 9.73E-01 Co-60 140404 0.04 088 2.42E-06 8.991.33 8.17E-01
Sr-90 A31E+4 0.00 0.0t 5.506-08 14343 4.336-03 Sra0 3.31E+04 000 003 4.38E-08 34721 1.05€-02
Eu-15¢ 4.50E+03 0.00 0.00 1.10€-07 3885 8.66E-03 Eu-154 4.50E+03 0.00 004 3.43E-07 359.60 B.21E-02
a.14 1.00 1.27E-05 1 0.0¢ 1.00 4.18E-06 1
Adjusted Gross DCGL 11036 dpm100cm? Adjusied Gross DCGL 10202 dpm/f100cm?
[CTMT Ganoral Area Smear [Rx Baliding Smea
Surrogate Surrog ate
. DCGL Results MDA Used Nuclide Ratho to Ratio/ DCGL Results MDA Used Nuclide Ratio to Ratiol
Kipat100cen®) [ (pCVBNer) ipCvpner)  Distribution  Surrogate OCGL {apmi100cnt) {pCVBRer} (pCVBRer] {PEVBiter) Distribution  Surrogate DCGL
Cs137 £.05E+04 364E402 D.IBE+00  36SE+02 0.15% .00 247E-05 Cs-137 4056404 4.B4E+03 1.02E+01 4.64E03 2621% 1.00 24TE-05
K3 9.10E+06 2.426+05 QO7TEs02  242E+05 98.29% 66484 7.9ECS H3 B.10E+06 1.O7E+04  2.B9E+D1 1.07E+04 £0.45% 231 2.536-07
129 1.49E404 5026400  1.00E+0% 1.00E+01 0.00% 003 1.84E-06 1-92¢ 1.49E+04 1.0RE+0% BATES00  1.02E+0% 0.06% 0.00 1.48E-07
Co-60 1105404 3.57E+03 677E+0  3I5TE+03 145% N/A NA Co-60 180Ee04  238E+02  BSIE-D0  2.3BE+G2 1.34% N/A NIA
5150 331E+04  242Ee02  BS4E+00  242Ee02 0.10% NA NA iS00 33MEes  204E+03  144E<D1 2.04E+03 11.53% NA NA
Eu-154 4.50E+03 0.00E+00  2.08E+01 2.08E+01 001% NA NA Eu-154 450E+03  7.1BE+DY 1.75E+01 7.1BE+01 041% NA NA
246E+05 100.00% . 1.77E+04 100.00%
|Adjusted Gross DCGL |Adjusted Gross DCGL
peGL Nuchide  BataNucide  Fraction/  Unity Rule Check DCGL Nuclide  Beta Nuclide  Fraction/  Unity Rule Check
iepasooenty  Fraction Fraction DCGL  Gross'Fract  FracyDCGL Wpmicoend)  Fraction Fraction DCGL Gross*Fract  Fract/DCGL
S w137 1,00E+04 0.00 0.09 147E-07 976.58 9.73E-02 cs-137 3.99E+04 026 066 653606  21,596.18 5.40E-01
1.10E+04 0.01 0385 1.32E-06 9.577.85 8.71E-01 Co-50 1.10E+04 0.0 003 1.22E-06 1,303.63 1.00E-01
331804 0.00 0.06 287608 649.26 1.96E-02 Sr-90 33ME+04 012 029 3.48E-06 945070 2.85E-01
4508403 0.00 0.00 1.88E-08 55.80 1.24E-02 Eu-154 4.50E+00 000 0.01 9.01E-07 3284 7A40E-0Z
002 1.00 1.51E-06 1 0.39 1.00 1.226-05 1
Adjusied Gross DCGL___ 11260 ___dpm/100cm” Adjusied Gross DCGL___ 32412 dpm/100em’
Rx Building Smear Duplicate Rx Buliding Mean Distribution
Surrogate Sumrogate
DCGL Rosults MDA Used Nuchde Ratic to Ratio/ DCGL Nuclide Ratio to Ratiol
fetperi300cs) (=" %] {pCUfiner) {pCi/fiter} Distribution  Surtogate DCGL )  Distril DCGL
Cs-137 4.05E+04 563E+08 101E+01 5636403 27.05% 1.00 2.47€-05 Ce-137 4.05E+04 7.74% 1.00 247E-05
H3 9.10E406 1.05E+04 2.84E+0 1.05E+08 50.44% 187 2.056-07 H3 9.40E+06 82.15% 1061 1.97E-06
1128 148408 1.94E+D1 1.00E+01 1.94E+01 0.09% 0.00 2.39E-07 1129 1ASEA04 0.08% 001 7.01E-07
Co-60 1.30E+04 2.53E+03 7.07E+00  253E+03 12.15% NA NIA Co-50 190E+04 6.72% A Nt
5190 3I1E+04 2.04E+00 1.64E 401 2.04E+03 9.80% A NA Sr-90 3I1E+D4 3.13% NIA NA
Eu-154 450E+03  9.62E+01 1.59E+01 9.62E4D1 0.46% A NA Eu-154 £.50E+03 017% NA Nis
208E+04 100.00% - 100.00%
Adjusted Gross DCGL |Adjusted Gross DCGL
DCGL Nuclide  BetaNuclide  Fraction/  Unity Rule Check DCGL Nuclide  BetaNuclide Fraction/ Unity Rule Check
(oprsooen?)  Fraction Fraction DeGL Gross“Fract  Fract/DCGL fopmiooen?)  Fraction Fraction DCGL Gross*Fract  FractDCGL
Cs-137 98E+04 027 055 6.80E-06  12,387.85 3,11E-01 Cs-137 3.T7EHM 0.08 0.4z 2.06E-06 6.160.30 237E-01
Co-50 1.90E+04 0.12 025 1.10E-05 5.566.83 5.06E-01 Co-50 1.10E+04 0.07 038 6.11E-06 7.067.85 6.45E-0%
sr-00 331604 010 020 2.96E-06 448867 1.36E-01 Sr-80 3.31E+04 0.03 0.18 9.4TE-0T 3,304.44 9.98E-02
Eu-154 450840 0.00 001 1.03E-06 21167 4.70€-02 Eu-154 4505403 0.00 0.01 371E-07 17586 3.91E-02
048 1.00 2.18E-05 ' 016 1.00 9.49E-06 1
Adjusied Gross DCGL 22655 dpmi100cm? Adjusisd Gross DCGL 187298 dpmi100em’
Mean Mean Std Area .
Conc. Distribution  Deviation Quad A Smesr 10598|
{pCiiter) Quad C Smear 10571
Cs-137 1.57E+03 274%  12.91% Canal E Smeac 11086|
H3 £.256+04 8215%  18.93% Lity Pad Smear 10202
1129 1.57E+01 006%  O.N% CTMT General Aves Smear 11260]
Co-60 3.21E+03 6T2%  5.17% Rx Buiding Smear 32412
5190 6.51E+02 33%  517% R Buiding Smesr Duphcate 22655|
|Ew-a54 3.85E+01 017% __ 0.19%
Rx Building Mean Distribution 18729
Mean 15655
Median 11086]
| Minium 102021
JMadimum 32412
{Standes Deviaton _8506]



ATTACHMENT 1 Adjusted Gross DCGL per Sample PBRF-TBD-04-003, Rev 1
Smear Sample Results ang Analysis {Building Re-Use DCGLs) Page A11 of A15
Reactor Operations & Laboratory Building .
ROLE Smear WB Smeas Duphicate
Surrogate Surrogate
\/ . DCeGL Results MDA Used Huclide Ratio to Ratio/ DCGL Rasults MDA Used Nuclide Ratio to Ratiof
Iapreo0ca?} {pCifiner] {pCHfiter) IpC¥tiner) Distribution  Surrogate DCGL {dpen/¥00car?') 1pCitier) {pC¥Tkes) {pCufiner) Distribution Surrogate oCoL
Alpha
3458404 Q15E+01 JGTEL00  9.15E401 0.33% NIA NA U-2331234 3ASE404  BS2E+01 181E+00 8526401 031% NA NIA
27T1E«04  SB2E+00  2B4E+00  5.82E+00 0.02% NA NA V238236 2T1E+04 4426400 - 224E+00  A.42E+00 0.02% NiA NA
Beta
4.DSE+04  STTE03  137E+01  4ATTE03 1727% 1.00 247605 | [Cs-137 405E404  LT7ES02  1.3ITE+OH 4.77E+03 17.30% 1.00 247E-05
9.1DE+06  20DBE+D4 53001 2.08ED2 7530% 436 4.79E.07 "3 SAOE+06 2068404 530840t  208E+08 75.46% 436 478607
1A9E+04  1.67E+01 1.20E+01 1.67E+01 0.05% 0.00 235607 | [M129 1.49E+04 1676401 120840t 1.67E+01 0.05% 0.00 2.35£-07
Co-60 190E+04  4.09E+02 1.16E+01 409542 1.48% N NA Co-50 1A0E+64  400E+02 1165401 4095402 148% NIA NA
Sr-50 3E404  1.53E+03 14BE+01 1.53E+03 5.54% NA NA 580 3316404 1486403 1.39E+01 1.48E+03 537% NIA NA
2.75E+04 100.00% 2.76E+04 100.00%
| Adjusted Gross DCGL {adjusted Gross DCGL
Atpha Atpha
.= Nuciide  BotaNuciide  Fraction/  Unlty Rule Check DCGL Nuclide  BetaNuclide Fraction/ Unity Rule Check
iopesooenty  Fraction Fraction DeGL Gross*Fract  FracDCGL wparivten?)  Fraction Fraction DCGL Gross*Fract  FractDCGL
U-233234 3A5E+04 0.0033 094 1.056.07 2033142 9.31E-01 ju-23srz34 3.45E+04 0.0031 085 9BIE-08 2670855 0.43E-01
U-235236 271E+04 0.0002 006 7.77E-09 186567 6.85E-02 U-235236 2.71E+04 0,0002 005 $.92E-09 154122 S5.69E-02
0.00 100 1.13E-07 1 . 0.00 1.00 1.04E07 1
Adjusied Gross DCGL 31197 dpm/100cm? Adjusted Gross DCGL 31250 dpm/100cm?
Beta - Beta
DeGL Nuclide  BetaNuciide  Fraction/  Unity Rule Check DCGL Nuciide  Beta Nuclide  Fraction!  Unity Rula Check
tdprrwocnd)  Fraction Fraction DCGL Gross*Fracl  Fract/DCGL tepeviooeed)  Fraction Fraction DCGL Gross*Fract  Fract/DCGL
Cs-137 I94E+D4 017 071 439606 2331456 5.92E-01 Cs-137 3.84E+04 047 072 44DE05 2348838 5.97E-01
Co-50 190E+04 6.01 0.06 135606 1.999.12 1.826-01 Co-60 110204 0.01 0.08 1.35E-06 2,013.99 1.83E-01
Sr-90 AJMEO4 6.08 023 1.67E-06 7.478.38 2.26E-0% Sr-80 3316404 0.05 022 1.62E-06 7.287.80 2.20€-01
0.24 1.00 TAIE06 4 0.24 1.00 7.37E-06 [}
Adjusted Gross DCGL____ 32752 dpm/100cm’ : Adjustod Gross DCGL 32780 __ dpm/100om®
ROLE Smear 2 [ROLE Smear 2 Duplicate
DCoL Resuhs MDA Usod Nuclide Ratio 1o Ratio! DCGL Rosuhs MDA Used Nuciide Ratio to Ratiof
' (pCHSier] (pCVERer] {pCVtiar) Distribution  Surrogate DCGL 1eper/100cen) {pCHfiner) {pCURRer) {pCWRer) Distribution  Surrogate DCGL
[Aipha Alpha
U-2337234 3A5E404  11BE<D4  4.93E+00 1138404 6781% NA NiA u-233r234 3.45E+04 THE+DS  SOE«00  1IIE+04 66.82%, NA NA
U-235v235 2TME+04  3BES02 3356400 9402 2.27% NA NA 1-235236 2TIE+04  4.08E+D2  3I2BE+00  4.0BEs02 245% NA NA
Bota Beta
Cs-137 ADSE+04  297E+03  1.14E+01 2.97E403 17.14% 1.00 247€05 | [Cs-187 ADSE+04 2908403 117Ee01 2.80E403 17.844% 1.00 247E-05
H-3 9.1DE+06  2.9BE+02  GB4E+02  6B4Ee2 3.95% 023 2.53E-08 Hs 9.10E+06  <4.1SE+02  6.85E+02 5ASE+02 4.42% 0.24 2.59€-08
1129 1495408 O63E+02  1.04E+01 9.638+02 5.55% 0.32 298605 | 120 149E+04 9326402 1.05Es0t 9.32E+02 5.50% [E] 21SE-05
Co-60 1.1DE+04 8.90E+01 B.1E+00 B.90E+01 0.51% NA NA Co-60 1.10E+04 B.53E+01 T.J7E+00 9.58E+01 0.58% NA NA
5700 331E+D4  4.B1E<02  123E+01 481E+02 277% NA NA sr-80 IMED4  AGES02  1.26Ee01 4.97E+02 299% A NiA
1.TIE+04 100.00% 1.66E+04 100.00%
Adjusted Gross DCGL | Adjusted Gross DCGL
Alpha Atpha
DCceL Nuclide  BotaNuchide Fraction/  Unity Rule Check DCGL Nuclide  BetaNuclide Fraction/ Unity Rule Chack
(epttooentt  Fraction Fraction DCGL Gross*Fract  FractDCGL Wperiooend)  Fraction Fraction DPCGL Gross™Fract  Fract/DCGL
ju-2330234 345E404 06781 087 215605  30,32043 9.63E-01 ju23s23s ASE+04 06682 0.9 212E05 3021385 9.59E-01
U-235236 2716404 0.0227 0.03 8.37E-07 1.014.81 3.74E02 Iu-2350236 2.T1Es0 0.0245 004 9.04E-07 1.108.22 4.09E-02
070 1.00 2.24E-05 L] 069 1.00 221805 1
Adjusted Gross DCGL 31335 dpm/100cm? Adjusted Gross DCGL 31320 dpm/100cm’
Bela Bota
DCGL Nuclide  BetaNuclida  Fraction/ Unity Rule Check (228 Nuclide  BetaNuclide Fraction/ Unity Rule Check
. [ Fraction Fraction DCGL Gross*Fract  Fract/DCGL tpmisoocn?)  Fraction Fraction DCGL Gross"Fract  Fract/DCGL
2456404 617 084 786E06  18486.97 8.59€-01 Cs-137 2.16E404 037 083 8.07E-06 1836936 8.50E-01
1.10E+04 00 003 4.68E-07 553,61 5.038-02 Co-60 1106404 0.01 0.03 523807 605,88 551E-02
331E+04 0.03 0.14 8.36E-07 2.993.79 5.046-02 5190 331E204 0.03 0.1 9.03€-07 3,147.10 9.51E-02
020 1.00 927506 1 021 1.00 9.50€-06 ]
Adjusied Gross DCGL 22035 dpm/100em? Adjusted Gross DCGL 2122 dpmiiovem?
ROLE Mean Distribution Mean Moan Std
Surrogate Conc Distribution  Deviation
DCGL Nuclide Ratio 1o Ratio/ : {pCiiter)
(dprrwoent)  Distribution  Surrogate DEGL U-233234 5.76E+03 33.62% 35.68%
Alpha U-2357236 2.03E+02 1.19% 1.35%]
U-2337234 3.45E+04 33.82% NiA N Cs-137 3.85€403 17.20% 0.43%)
U-2350236 2TIE+04 1.19% NA N L] 1.07E+04 39.71% 41.19%|
1129 4.B2E+02 282% 219%
Bota Co-80 2.51E+02 +.01% 0.54%
Cs-137 4.05E+04 17.28% 1.00 247806 5190 9.97€+02 &AT% 1.49%)
13 9.10E+06 39.71% 230 2.526-07 100.00%
129 1.49E+08 282% 016 1.095-05
(Area
Co-60 1.10E+04 1.01% NA NA ROLB Smear Apha 31197
Sr-80 33I1E+04 41T% NA NA Belz 32782
100.00% . ROLB Smeas Duplicate Aiphe 31250
Adjusted Gross DCGL Beiz 32790
alpha ROLE Smear 2 Aphe 31335
DCGL Nuclide  BetaNuclide  Fractions  Unity Rule Check Betz 22036
(dpmrscocn?}  Fraction Fraction oCGL Gross*Fract  Fract/DCGL ROLB Smear 2 Duplicale Apha 31320]
U-233234 3458404 03362 097 107605 3026278 9.61E-01 Belz 22122]
U-235236 271E+04 0.0119 0.03 4.39€-07 1.068.41 3.63E-02
035 1.00 1.12E-05 4 ROLB Mesn Distritution Aiphs 31327
Adjusied Gross DCGL 31327 dpmi100cm? Beta 26798 .
Bats
DCGL Nuclide  BotaNuclide Fraction/ Unity Ruka Check Mear Aphz 21276
topmisbocn?)  Fraction Fraction DCGL Gross*Fract  FracUDCGL Bela 21435
Cs-137 2.79E+04 0.17 077 620806  20619.05 7.408-01 Medion Aphs 31285
Co-60 110E404 X1 0.05 9.21E-07 ,208.43 1.10€-01 Belz 27456
Sr-50 33104 T 0.1 1.268-06 £,970.80 1.50E-01 Minernom. Apha 31197
| 0z 1.00 8.38E-06 1 Bete 22036
Agjusted Gross DCGL 26798 dpmriddem? Aphs 31335]
Betz 22782
| Standarc Deviation Alphz (=1
Belz 6185



ATTACHMENT 1

Smear Sample Results and Analysis

HOT LABORATORY

Adjusted Gross DCGL per Sample
(Subsurface Structure Effective Surface DCGL}

PBRF-TBD-04-003, Rev 1
Page A12 of A15

Hot Celt Equipment #1 Smoar
Sarrogate

[Hot Call Equipment #2 Smear
ISurrogate :

Adjusted Gross DCGL 54582 dpm/100em?

DCGL Resuls MDA . Used Nuclide Ratio to Ratio/ DCGL Results MDA Used Nuclide Ratio to Ratio!
1dperitaoen?) (pTWhiker) (oCutiner) (pCitiner) Distribution  Surrogale DEGL (dpert100cnt'y (oCVTNar) ipCiiner) {PCifiner) Distribution  Surrogate DCGL
Cs-137 122E405 8.07E+G5 206£+02  B.O7E40S 31.82% X 820806 Cs-537 1226405 271E+05 6.98E+01 271E+05°  B7.85% 1.00 8.20E-06
H3 9.10E+06  6.26E+05 3498402 6268405 24.69% 078 8.52E-08 H3 9.10E+06  4B9E+03 253E+02  A.B9E03 117% 0.02 1.90€-08
Co-60 183E405  274E+05 124ES02  2.74E+05 1081% NA NA Co-50 1.83E+05  B.64E~03 2256401 BG4E+03 2.96% NA NIA
S1-90 3MME+4 B27E+05 - 349E<02  E2TE«05 261% NA NA 180 3.31E+04 115E+05 3506402 1.15E+05 28.7%% NA NIA
Eu-154 4.TBEHDS 1ISES03  JB9E.02 1.79E+03 0.07% NA A Eu-154 AT6E405  0.00E+00  B27E+01 B27E+01 0.02% NiA WA
2.54E+06 100.00% 3.90E+05 100.00%
Adjusted Gross DCGL Adjusted Gross DCGL
DCGL Nuclide  BetaNuclide Fraction/  Unity Rule Check DCGL Nuclide  BataNuclide  Fraction/  Unity Rule Check
{gpatioven?)  Fraction Fraction DCGL Gross*Fract  FracyDCGL (prmtwooent)  Fraction Fraction DCGL Gross"Fract  Fract/DCGL
5137 121E+05 032 042 264E06  24,32060 201604 Cs-137 1226405 068 065 5S6E-06  47.18349 3.87E-01
Co60 1.83E+05 011 014 5.90€-07 8,260,561 4.51E-02 Co-60 1.83E+05 0.02 0,02 1.18E-07 1.504.30° 8.226-03
Se-90 33E+04 033 0.43 9.85E-06 2493257 7.53€-01 5r-90 331 029 028 870606 2002252 6.05€-01
Eu-154 ATEE05 0.00 0.00 1 48E-09 5397 1.13E-04 Eu-154 4.76E+05 0.00 0.00 4.35€-10 14.40 3.02E-05
075 1,00 1.31E-05 1 0.9¢ 1.00 14405 1]
Adjusted Gross DCGL___ 57577 dpmH00em? Adjusted Gross DCGL 68725 dpm/100em’
Hol Cell Equipment #3 Smear [Fot Coli Equipment #3 Smear
Surrogate N {Surrogate
DCGL Results MDA Used Nuclide Ratio to Ratiol DCGL Resuhs MDA Used Nuclide Ratio to Ratio/
(Sprt00ca?) [pCliker) {(pCitier) (pCifaer) Distribution  Surrogale DCGL {epmmr100cnt} {pCirfiter] (=" {pCier) Distribution  Surogate DCGL
Cs-137 T2REHDS  4SIE+DS 3226401 A51E04 45.96% 1.00 8.206-06 Ca-137 122E+05  3.99E+03 1618403 3.996+03 16.70% 1.00 8.206-06
H3 9.10E406 1.73E+03 2516402 1.73E+03 1.80% 0,04 4.22E-08 K3 9.10E+06 1.59E+04 3.4E+02 1.51E+04 6325% 378 416E07
Co-50 1.83E405  2B7E+03 127E+01 267E+03 278% NA NA Co-60 1.83E+05 1.58E+03 1.23E401 1.58E+03 661% NA N/A
sr-90 3.31E+04  4.B3E+0¢ 365E+02  4.63Ee04 48.23% NA NiA 5160 33IE04 3.98E€03  AHE+02 3.18E+03 13.31% NA NA
Eu-154 4.7BE+05 1.84E+02 T49E+01 1.94E+02 0.20% Nia NIA Eu-154 ATGESD5S  264E401 3.99E+01 3.99E+01 0.37% NA NA
9.60E+04 100.00% 239404 100.00%
Adjusted Gross DCGL Adjusted Gross DCGL
DCGL Nuclide  BetaNuchde  Fraction/  Unity Rule Check DCGL Nuclide  BetaNuckide  Fraction/  Unity Rule Chack
) Fraction Fraction DCGL GrossFract  FractDCGL Y Fraction Fraction DCGL Grosa*Fract  Fract/DCGL
C3-137 122E+05 047 0.48 3.85E06 2528521 2076-01 Cs-137 1.16E+85 0.17 0.45 144605 2867347 247E-01
Co-50 1.83E+05 003 0.03 1.52E-07 149,93 8.18E-03 Co-60 1.83E405 0.07 0.18 3SIEDT 1135429 6.206-02
Sr80 331E+04 048 048 145E-05  25957.99 7.84E-01 sr-a0 3.316+04 0.13 036 4.02€-086 2285230 6.50E-0t
Eu-15¢ 4.T6E405 0.00 0.00 4.25E-00 108.77 228E-0¢ Eu-154 4.76E+05 0.00 0,00 351E-09 28673 6.02E-04
0.98 1.00 1.86E-05 1 037 1.00 5.82E-06 1
Adjusted Gross DCGL 52843 dpmM00cm” Adjusied Gross DCGL ___ 63166____dpmi100em?
Hot Cefl Equipment #5 Smear [Fot Cali Equipment #6 Smear
Surrogate [Surrogate. .
DCGL Resulls MDA Used Nuclide Ratio to Ratio/ DCGL Resuhs MDA Used Nuctide Ratio to Ratiol
[ {pCYPrer] ipCHBiner} (pC¥iuer)  Distribution  Sutrogate DCoL idperi00cet)  (pCHfieny] {pCVBRer) (pCVBter)  Distribution  Surrogale DCGL
Cs-137 1226405 2856405 2601 2.B5E405 87.96% 1.00 8.20E-06 Ce-137 1226405 1.16E+04 1 47E+01 1.46E+04 52.52% 1,00 8.206-06
H3 2.40E+06  T6I1E+01 2706402 Z270E+02 0.06% 0.00 104830 | W 9.10E+06 195E+02  2B3E+@  2.63E+02 1.19% (X3 249509
Co-60 1836405 323E+02 708E+00  3.23E+02 0.10% NA NA Co60 1336405 49IE02 7506400  4.91E+02 2.22% NA NiA
[sr-50 331E+04 3B4E+D4 287E¢02  3.64E+04 11.85% NA WA sr-80 3.31E+04 8.706+03 3SES02  970E+03 43.92% NiA NA
€154 4TGE405  OO0E+D0  3.4E<01 3.04E401 0.O1% oA NA Eu-154 478E+05  QO00E+00  3.11E+01 3A1E+01 0.14% NA NA
324E+05 100.00% 221E+04 100.00%
Adjusted Gross DCGL |Adjusted Gross DCGL
DCGL Nuchide  BetaNuclide  Fraction/  Unity Rule Check . BCGL Nuclide  BotaNuclide  Fraction) Unity Rule Check
idpaviooea?y  Fraction Fraction DCGL  Gross*Fract  FracUDCGL (opmisocn?)  Fraction Fraction DCGL Gross*fract  Fract/DCGL
Cs-137 1226405 088 088 T2E06  B147T408 6.68E-01 C3-137 122E+05 0.53 053 431E-06 2967430 243E-01
Co-60 1.83£405 0.00 ¢.00 545609 34 5.056-04 cos0 1.83E+05 0.02 002 1.21E-07 1,256,04 5.86E-03
5190 331E 0.12 012 356E-06  10.977.56 3.326-01 S1-00 33IE+04 044 044 133605 2481386 7.508-0%
Ev-154 AT76E+05 0.00 0.00 1.87E-10 869 183605 Eu-154 4,76E+05 0.00 0.00 2.96E-06 79.56 1.67E-04
1.00 1.00 1.DBE-05 1 0.82 1.00 1.77E-05 +
Adjusted Gross DCGL 92553 dpmH00cm’ Adjusted Gross DEGL 55824 dpmi100cm?
Hot Cell Equipment ¥7 Smear Hat CeB #1 Surface Smear
[Surogate [Surrogate
DCGL Results MDA Used Nuclide Ratio to Ratio/ DEGL Results MDA Used Nuclide Ratio to Ratio!
) [pC¥hRer) {pCifser) PCiier) Distribution  Sutrogate DCGL {dper300cnt'} (PCithher) {pGirtitter) {pCitilter) Distribution  Surropate DCGL
Cs-137 122E+05 109E+05  54BE+01 1.05E+05 27.24% 100 8.20E-06 Cs137 1226405 B.03E05 1256402 B.O3E+05 AT 1.00 8.20E-06
H3 9.10E+06 TB3E+05  B.9IEDZ 1.63E+05 40.73% 1.50 1.64E-07 H-3 9.10E+06 5436404 401Es2  5.43E40¢ 251% 0.07 743E-09
Co-60 1.83E+05  6.0BE+03  2.03E+01 6.08E+03 1.52% NiA NA Co-60 1.83E405  5.16E+04 5.18E+01 516E+04 239% WA NA
s1.80 3I1E+04 1.22E+05 3ATE02 1226405 30.49% NiA NA 580 3.3E04 1256406 2726002 1.256+06 57.87% NA NiA
Ev-154 4.7BE+05  0.00E-00  7.95640%  7.S5E+01 0% NiA NiA Ex-154 4.76E+05 1.18E+03 1.44E+02 1.18E+00 0.05% WA NA
4.D0E+05 100.00% 2.16E+06 100.00%
Adjusted Gross DCGL Adjusted Gross DCGL
DCGL Nuclide  Seis Nuclide  Fraction/ Unity Rule Chack DCGL Nuciide  BetaNuciide  Fraction) Unity Rule Check
{apeicoen?)  Fracion Fraction DCGL Gross*Fract FractDCGL tapevtovend]  Fraction Fraction DCGL Gross"Fract  Fract/DCGL
cs137 1.20E+85 027 0.46 228E-06 2353934 1.97E-08 Cs-337 1226405 037 038 3.05E-06 17.989.67 1.48E-01
Co-60 1838405 002 003 8.306-08 1,313.02 7.17E-03 Co-60 1835405 0.02 002 1.31E-07 1,156.00 6.32€-03 .
5r-90 331E+04 030 051 S21E-06 26,1678 7.96E-01 5190 331E+4 058 ose 175605 2800284 8.46E:01
Eu-154 4.T6E+05 0.00 0.00 437E-10 RIAY 361E-05 Eu-154 4.T6E+05 0.00 0.00 1.5E-09 26.44 555605
a.se 1.00 1.16E-05 1 087 1.00 2.07E-05 1
Adjusied Gross DCGL 51216 dpm/100em® Adjusted Grass DCGL 47176 dpmi100cm’
Hot Cell #2 Surface Smear Fo« Call ¥3 Surface Smear
Surrogate Surrogate
DCGL Results MDA Used Nuclide Ratio 1o Ratiol DCGL Results MDA Used Nuclide Ratio to Ratiol
Wpt00ca)  (pCHfker] 1 ipCitner}  Distribution  Surrogate DCGL @pmnidocn?)  {pCVier) 1pCHRRer) (pCvtmer)  Distribution  Sumrogate DCGL
Cs-137 1226405  1.096+05  6ATED 1.09E+05 4268% 1.00 8.206-06 Cs-137 122E405  3.57E+03 O55E+00  3.5TE+03 55.36% 1.00 £.206-06
H-3 9.40E+06 1.09E+0¢  533Ee02  1.09E«06 421% 010 1.10E-08 H3 9.10E+06 1.TIE+01 226B002 2268402 3.50% 0.06 6.95E-09
Co-50 1.83E+05  2.ME+04 3.13E+01 2.01E004 78™% wa NA Co-60 183E+D5  3.87E402 B.70E+00  3.B7E+Q2 6.00% A NA
Sr-90 3IE+M4 TI5E405 3206402 1358405 45.03% NA NA sr-80 331E+04 2.24E+03 3676402 2.24E+03 34.73% NA NA
Eu-15¢ A.T6E+05  407E+0: THIEL01  S.O7Ew02 0.16% NA NA Eu-15¢ 4.76E405 5.35E+00 2.56E+04 2.59E+01 0.40% NA NA
2556405 100.00% £.45€+03 100,00%
Adjusted Gross DCGL Adjusted Gross DCGL
DCGL Nuchde  BotaNuglide  Fraction’ Unity Ruk Check oCoL Nuclide  BataNuclide  Fraction’  Unity Rule Check
(apmrt100cat} Fraction Fraction DCGL Gross*Fract  Fract/DCGL {gpmi100cet) Fraction Fraction DCGL Grose'Fract  Frac/DCGL
Cs-137 1226405 043 045 350E-06  24,33225 2.008-01 Cs-137 1.22E405 055 057 454606 35,013.31 2.95€-01
Co-60 1.83E+05 .05 0.08 4.30E-07 4,486.56 2.456-02 Co-50 1.83E+05 0.06 006 328607 3,903.96 213802
5r.90 33104 045 0.47 136E-05 2567184 7.76E-01 5750 331E04 038 036 10505 22596.5¢ 6.83E-01
Eu-154 4.T6E+05 0.00 0.00 3.356-09 90.85 1.99E-04 Eu-154 PR{2 0.00 0.00 8.44E-09 26127 549604
0.9 1.00 1.756-05 ' 0.96 1.00 1.54E-05 1

Adjusted Gross DEGL 82775 ___dpmNodem®
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Hot Coll 54 Surtace Smear

Hot Cell #5 Surface Smear

fSurrogate [Surrogate
DCGL Resuhs MDA Usac Nuclide Ratio to Ratiol DCGL Results MDA Used Ratio to Ratlo/
{dprei100crt) (pCufines) {PCVEiRer) (CVShar) Distribution  Surmogate DCGL tdpavi00ceT) (pC¥iier) {pCfier} (pCHtRer) Distribution  Surrogate DCGL
C5-137 1226405 5.87E+03 1ATE+01 5.87E+03 53.16% 1.00 8.20€-06 Cs-137 1.22E405 1.756+04 1706401 175+ TIS% 1.00 8.20E-06
H3 9.10E+06. B.17E+02 4.37E+02 6.47E+0D2 5.38% 0.4 1.16E-08 H-3 910E+06 3.32E+01 AITEFR  IATE+02 1.34% 0.02 1.80E-00
Co-60 1536405 2708402 STOE00 2708402 2.35% NiA NA Co-50 1.83E405 1.53E+02 9BYE+0G  1.53E+02 0.65% NA NA
5190 INE+04 4706403 3.00E+02 4.70E403 40.96% NA NA Sr-50 3316204 566E+03 3.56E+02  566E+03 22.92% NIA NiA
Eu-154 ATEE+05 1.76E¢00 1.69E+01 1.69E+01 0.15% NiA NA Eu-154 4766405 262E+00 2756401 2.75E+01 0.1 NA NA
1A5E+04 100,00% 237E+04 100.00%
Adjusted Gross DCGL Adjusted Gross DCGL
DCGL Nuclide  BetaNuclide Fraction’ Unity Rule Check DOGL Nuclide  Beta Nuclide  Fraction/  Unity Rule Check
Wpmi00emy  Fraction Fraction oCeL Gross*Fract  Fract/DCGL (opmioocn?y  Fraction Fraction DCGL Gross*Fracl  Fract/DCGL
Cs-137 1226405 51 054 4.206-06 3062277 2.51E-01 Cs-137 122E+05 074 075 6.06E-06  55490.68 4.55€-01
Co-60 B3ES0S 00 0.02 1.29E-07 1,408,54 7.706-03 Co-60 1.83E+05 001 [ 353808 485.15 265603
5r-80 331E+04 0.6t 0.42 124E05  24,539.08 7.41E-01 5590 33104 024 024 7.23E-06 17,847.27 542E-01
Eu-154 4.76E+05 0.00 0.00 3.095-09 88.16 1.85E-04 Eu-154 4.7BE4DS 0.00 0.00 2.44E-09 87.20 1.83E-04
0.95 1.00 167E05 1 099 1.00 133605 . 1
Adjusied Gross DCGL 56639 dpmH00em? Adjusted Gross DCGL 74010 dpm/100cm?
Hot Coll #6 Surface Smear Hot Cefl #7 Surface Smear
Surrogate
DCGL Resulis MDA Used Nuclide Ratio to Ratiof oCeL Results MDA Used Nuclide Ratio to Ratiof
Y {pCHtiRer} (pC¥hiker) (PC¥Aner) Distribution  Sumropate DCGL (@pera00en?) {pCirtixer} (pCitar) {PCVtner) Distribution  Surrogate DCGL
Cs-137 1226405  B1SE+04 2756401 8196404 67.50% 1.00 8.208.06 Cs-137 1226405 3856404 240E+0%  3.958+04 84.66% 1.00 8.20E-06
H3 9.10E+06  A4TE02 244E+02  44TE+02 0.37% .01 6.00E-10 13 9.10E+05 6.B1E~02 244E+02  6.B1E+02 1.46% 0.02 189E-09
Co-60 1.83E+05 1.44E403 9.60E400  1.44E+03 1.19% NA NA Co-60 1B3E+05 5.30E+02 §.30E+00  5.306+02 1.14% NA NA
5500 331E+04  375E+08 289E+02  3.75€+04 30.91% NA NA Sr-90 IIEH4 5.91E+03 285E+02 5.91E+03 1267% NA NA
Eu-154 476E+05  0.0DE+00 4.01E+D1  4.01E+01 0.03% NA NA Ev-154 4.76E+05 1.31E+01 3ABE+01  3ASE+01 0.07% NA A
. 121E+05 100.00% 4BTE+04 100.00%
|Adjusted Gross DCGL Adjusted Gross DCGL
=R Nuclide  BetaNuciide Fraction/  Unity Rulle Check pCGL Nucide  Beta Nuciide  Fraction/  Unity Rubs Check
) Fraction Fraction DCeL Gross'Fract  Frac/DCGL (peitooend)  Fraction Fraction DCGL Gross*Fract  Fract/DCGL
C3-197 1226405 068 088 55306 4519258 3.70E-01 Cs-137 122E+05 0.85 086 6.94E-06  78,16148 6.41E-01
Co-50 1.33E+08 001 0.01 6.49E-08 794.59 4.34E-03 Co-60 1.83E+05 001 0.0 6.21E-08 1.048.75 5.73E-03
Sr-90 331E+D4 [XT] 031 9.34E-06 © 20,69258 6.25E-0t sr-50 3316404 013 013 3.83E-06 14,684.5¢ 3.53E-01
Eu-154 476E+05 0.00 0.00 6.94€-10 2213 4.856-05 Eu-154 4.TGE+0S 0.00 0.00 1.56E-09 68.47 1.44E-04
1.00 1.00 1.49E-05 1 099 1.00 1.08E-05 +
Adjusted Gross DCGL 66702 dpm/i00cm? Adjusted Gross OCGL 90973 dpm/100em’
Hot Cell Moan Distrioution Moan Maan Std
Surrogate Conc Distribution  Deviation
DCGL Nuclide Ratio to Ratiol (pC¥fihar)
) i DCGL Cs-137 1.85E+05 53.11% 21.35%
Cs-137 1226405 53.11% 1.00 8.205-08 H3 6.2BE+04 1084% 19.01%
H3 9.10E+06 1084% 020 2.24E-08 Co-60 263E404 3.41% 215%
5190 1.84E+05 32.52% 13.97%
Co-60 183E+05 341% NA NA Eu-154 2.B4E+G2 0.12% 0.10%
S1-80 A31E+04 R252% A NA 100.00%
Eu-154 4.76E+05 0.42% NA A
100.00% rey
| Adjusted Gross DCGL Hot Cell Equipment #1 Smear 57577
DCGL Nuclide  BotaNuclide  Fraction! Unhty Rule Check Hat Celi Equipment #2 Smear 68725
Fraction Fraction DCGL Gross“Fract  FractDCGL Hot Cell Equipment £3 Smear 52849
Ce-137 122E+05 0.53 060 437E-06 3693649 3.04E-01 Hot Cell Equipment #4 Smear 63166
Co-60 $BIEGS 003 0.04 1.87E-07 2,373.81 1.30€-02 Hot Ge¥ Equipment #5 Smear 92553
Sr-90 33ME+4 0.33 036 9.83E-06 2261635 6.83E-01 Hot Cell Equipment #6 Smear 55824
Eu-154 A.T6E+05 0.00 0.00 243E-08 80.31 1.69€-04 Mot Cell Equipment #7 Smear 51216]
089 1.00 1.44E-05 1 ot Cell #1 Surface Smear 47178
Adjusied Gross DCGL 62007 dpmM00cm’ Mot Cel #2 Surface Smear 54582
Hot Cell #3 Sutface Smeer 62775
[Hot Cell #4 Suriace Smenr 56639
[Hot Cet #5 Surface Smear 74010)
Hot Ged #6 Surlace Smear 66702
Hol Coll #7 Surfece Smeer 90973
Hol Cel Mean Distribution 62007,
Mesn 63912
Median 60176
Minimum 47176
Maximum 42553
|Standard Deviavon 13a58|
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BALANCE OF PLANT
Guad A Smear fGuad C Smear
beGL Results MDA Used Nuclide Ratio to Ratio/ DCoL Rosults MDA Used Nuclide Ratia to Ratio/
{dperd 100ca’) (pCUfiner} pCifiner) (pCifiter) Distribution  Surrogats DeGL dpert100cr?) {pCirtixer} {pCi/finar) (pC¥aner) Distribution  Surrogate DeGL
Cs-137 1226405 1226202 9.49E+00 1226402 0.14% 1.00 8.208-06 Cs137 1226405 7.44E+01 1.02E401 7.44E+01 0.17% 1.00 8.20£-06
Ha 9.10E+06 8O7E<0C 5228402 BOTE+04 95.25% 661.48 727E05 Ha 9.10E+06 3.90E+0¢ 3.57E402°  3.80E+0¢ 89.33% 524.19 5.7BE-05
-129 TA9E+04 5.06£+00 1.57E+01 1.57E+01 002% 0.13 8.84E-06 1129 149E+04 3.62E+00 1.36E+01 1356+ 0.03% 0.18 1.22€-05
Co60 1B3EH05  ITVED TOTESDD  3TOEsG3 4.46% A (78 Co-50 183605 4506403 TAQE+00  4.50E+0C 10.31% NA NiA
Sr.90 331E+04 7.93E+01 8.56E+00  7.93E+01 0.09% WA NiA 5¢50 3IMED4 427E+01 9.20E+00  427E+01 0.10% NA NA
Eu-154 4768405  000E+00  231E+01 231E401 0.03% NA NA Eu-154 4.TFGE0S DOOE+00  2.63E+01 2.63E401 0.06% NA A
B47E+04 100.00% 4.37E+04 100.00%
|Adjusted Gross DCGL . |Adjusted Gross DCGL
oCeL Nuclide  BetaNuciide  Fraction/  Unlty Ruls Check DCGL Nuclide  BataNuclide  Fraction/ Unity Rue Check
(dprwidonty  Fraction Fraction DCGL Gross™Fract  Fract/DCGL wemtwocn?)  Fraction Fraction 0CGL Gross“Fract  FractDCGL
Cs-137 1128404 0.00 0q2 1.29E-7 358593 32101 Cs-137 1.28E+04 -0.00 0.02 1.33E07 234426 1.83E-01
Co.60 1836405 004 0.84 244E-07  111.905.03 6.07E-01 . Co-80 1836405 0.10 0.57 S63E-07  141,790.47 7.756-08
sr-g0 331E+04 0,00 002 2.83E-06 2.330.85 7.04E-02 5r00 331E+04 0.00 0.01 295608 134543 4.06E-02
Eu154 4.76E+05 0.00 001 5.73E-10 678.86 1.43E-03 Eu-154 4.76E+D5 0.00 001 127E-09 826.68 1.74E-03
0.05 1.00 402507 1 .34 100 T27E07 1
Adjusied Gross DCGL___ 117701 __dpmM00em’ Adjusted Grozs DCGL __ 348309 dpm#100cm®
[Canal £ Smass Lilly Pad Smear
{Svrrogate {Surrogate
oceL Results MDA Usod Nuclide Ratio to Ratio! ocoL Results MDA Used Nuclide Ratio to Ratiof
fapm100cm’) pCURRer) pCifawar} pCifikar) Distribution  Surrogate DCGL (9perr100en?) (P e} {pChiRer} {pCWBher) Distribution  Surogate beGL
Cs-137 1.22E+05 1.44E+ T2 $.20E+01 182E+2 0.26% 1.00 B.20E-06 C5.137 1226405 139E+01 4.05E+00 13980 B21% 1.00 8.20€-06
Hy D40E406  4BIEDS 434Ee(2  4BIE+04 85.89% 334.03 3.676-05 Ha 9.10€+06 6.42E+03 3.006+02 6.42E+03 985.41% 45187 5.08E-05
129 1.49E+04 3.74E400 1.88E+01 1.88E401 0.05% 0143 B.7BE-06 1129 1.49E404 1.54E+01 2.21E+01 221E+01 033% 156 1.07E-04
Cou60 183E+05  T.H1E+0S 0326+00  7.61E+03 13.50% NA NA Co-80 1.B3E+05 2SE+R  S03EYD0 255802 276% WA A
Sr-90 3.31E+04 1.02E+02  B25E+00 1026462 0.18% NA NA 5r-00 3IMEH D7IE+00  B.A1E-D0 H.77E+00 0.15% NA NA
Eu-154 A76E+05 0.00E+00 2.T7E+01 27TE+01 0.05% NA NA Eu-154 4.76E+05 1.43E+00 1.04E+01 1.04E+01 0.15% NA NA
560E+04 100.00% . 6.736+ 100.00%
- [Adjusted Gross DEGL |Adjusted Grons DCGL
DCGL Nuclide  BataRuclide  Fraction)  Unlty Rule Check pcoL Nuciide  BetaNuclide  Fraction/ LUnity Rule Check
(gpettooend)  Fraction Fraction DCGL Gross*Fract  Frac/DCGL (éprtrctent)  Fraction Fraction DCeL Gross'Fract  Frac/DCGL
Ce37 1.86E+04 000 0.0z 1.38E-07 2.745.35 1.A7EDY . Ts-437 5.04E+03 000 (X3 342607 347301 575601
Co-s0 1.83E405 014 087 743807 145.084.34 7.93E-01 Co-60 183E+05 0.04 0.88 205607 6321556 3.45E-01
Sr-80 331E+04 0.00 om 5.50E-06 1,844.63 5.88E-02 5190 AJMELD 0.00 0.03 4.39E-08 244117 7.38E-02
Eun154 AT6E05 0.00 0.00 1.04E-09 528.10 1.11E-03 Eu-154 ATEE0S 0.00 0.04 3.256-09 2,508.58 546E-03
0,14 1.00 937607 1 004 1.00 5.85€-07 i
Adjusied Gross DCGL 150302 dpm/100cm? Adjusted Gross DEGL TI728 _dpmitodem?
[CTMT Goneral Ares Smear {Rx Bunding Smear
|Surrogate |Surropate
bCeL Results MDA Used Nuclide Ratio to Ratiol DCGL Results MDA Usod Nuclide Ratio to Ratiof
apmhten?) (Citiner) {pC¥Sner) {pCimiter) Distribution  Surrogate bpeGL {operiao0ent) (PCVERer) [pCafiner) (pCUtNer) Distribution  Surrogats DeGL
Ce137 122E+05  3B4E+02  938E<00  I64E+Q2 0.15% 1.00 B.20E-06 Cs-137 1ZREADS  ABAEDS 1028401 8545403 2%62%% 1.00 B.206-06
Ha 9.10E406 2426405 O07Ee02 242805 6.20% 654,84 7.31E-05 H3 2.10E+06 1.07E+02  289E+01 1.07E+04 60.45% 2.31 2.538-07
129 149E404 5026400  1.00E+D1 1.00E401 0.00% 0.03 1.84E-06 129 1ASE+04 1.02E+01 8ATEL00 1.02E+01 0.06% 0.00 1.46E-07
Co-60 1B3E+05  357E¢03 | 677E«00  ISTE+G3 1.45% NA NA Co-80 1.83E+05 23BE+02  BSIE+00 2.38E+02 1.34% NA NA
sr-90 SI1EDE 2426402 BBAE+00 2426402 0.10% NA NA 5650 331E+04 2.04E+08 1.44E+01 2.04E+03 11.53% WA NA
Eu-154 4.76E+05  OO00E+00  2.08E+01 2.08E+01 0.01% NA WA Ew-154 A.T6E+05 7.18E+01 1.75E+01 7.18E+01 041% A NiA
248E+05 100.00% 1776204 100.00%
Adjusted Gross DCGL [Adiustec Gross DL
DCGL Nuclide  BetaNuclide Fraction/  Unity Rule Check - DeGL Nuclide  Beta Nuclide  Fraction/  Unlty Rule Check
taperiooer?)  Fraction Fraction DCGL Gross*Fract  Fract/DCGL (dpettoor?)y  Fraction Fraction DCGL Gross*Fract  Fract/DCGL
Cs-137 1206404 0.00 0.09 1.236-07 6,373.53 5.308-01 Ca-137 1.36E+05 026 0.66 225E06  4A5050.05 3B7E-01
Co-60 1.83E405 0.0 0.85 792606 62.509.60 342E-01 Co80 1.83E+05 0.01 0.03 7.358-08 231122 1.26E-02
sr-s0 33E+04 0.00 0.06 2.97E-06 423735 1.28E-01 [Sr-60 33NED4 Q12 029 348E-06 19,810.44 5.906-01
Eu-154 4TEE05 0.00 .00 1.77E-10 6420 TH5E-04 Eu-154 “476E405 000 0.01 B.52E.09 68725 1.46E-03
0.02 1.00 232607 1 039 1.00 5.82E-06 1
Adjusied Gross DCGL 73485 dpmiiDoem? Adjusted Gross DCGL 67878 _dpin/100cm?
Rx Buikding Smear Duplicate *] [Rx Bubbding Mean Distribution
|Surrogate . Suropate
DCGL Results MDA Used Nuclide Ratio to Ratiof DCot. Nuclide Ratio to Ratiol
fdperr100cerdy [T pCirtaert PCVRer) Distribution  Surrogate DCGL (dperictcn?)  Distribution  Surmmogate ocGL
C5-137 1Z2E405 563E+08 1.01E+01 5.63E+03 27.05% 1.00 B.20E-06 Cs-137 122E405 7.24% 1.00 8.206-06
9.10E+06 1.056+08 2.84E+01 1.056+04 50.44% 187 205607 | [Ha $.90E+06 82.15% 1064 1.47E-06
1129 1.49E+04 1.92E+01 1.00E+01 1.94E+01 0.09% 0.00 2.31E-07 1129 1.49E+04 0.08% 0.0t 7.04E-07
Co-60 1.83E+05  -253E+03 7.07E+00 2.53E+03 12.15% NA NA Co-60 1.83E+05 £72% NA NA
Sr-90 331E+04 2.04E+03 1.44E+01 2.04E+03 9.80% NA WA Se-50 I31E+D4 2.13% NA NA
Eu-154 4.TBEeDS 962401 1596401 9.62E401 0.45% NA NA Eu-154 4.TGE+05 017% NIA Nif
2.08E+04 100.00% 100.00%
| Adjustad Gross DCGL Adjusted Gross DCGL
peel. Nuctide  Bets Nuclide  Fraction/  Unity Rule Check DCGL Nuclide  BetaNuclice  Fraction/  Unity Rule Check
fapertt0tenty Fraction Fraction ocsL Gross*Fract  FractDCGL foperi100cHT} Fraction . Fraction DCGL Gross"Fract  FractiDCGL
Cs-137 1966405 027 055 233E06 4530747 _IHIED Ce-137 9.84E+04 008 044 779E07 3591415 3.72E-01
Co-60 1.B3E405 012 025 6.84E.07 2036020 111ED1 Co-60 1.83E+05 007 038 A67EDT 3206322 1.756-01
Se-90 331E+0¢ a0 020 2.86E-06 16.416.92 4,66E.01 ISr00 3ITE+04 003 0.8 QATE-DT  14,848.04 452801
Eu-154 4.76E405 0.00 .04 S.TIEDS 71847 163603 Eu-154 476E+0S Q00 001 4.50E-08 795.52 1.67€-03
049 1.00 5.97E-05 1 0.8 1,00 2.108-06 1
Adjusied Gross DCGL 82859 dpm/100em? Adjusted Gross DCGL__ 84723 dpmHooem®
Mean Mean Std )
Conc Distribution  Deviation Ouad A Smear 117701
{pCUmiter) Ouad C Smew 46308
Ce-137 1.57E+03 178% R4 Cansal E Srmeac 150302|
1y £.258+04 82.15%  18.93% Lity Padt Smear 71728
1329 157E+01 008%  0.11% CTMT Genetal Aea Smear 73485/
Co-60 321E+03 672%  517% [Rx Buiiding Smear 67878
5r90 £.51E+02 313% 5% Rx Buikding Smes Duphcate . 82858
Eu-154 3.956+01 0.17% 0.19%
N Rx Buiiding Mean Distribubior: 84721
Mean 101466
Median 82859
[ Minimum 67878]
Maioum 150302

N



ATTACHMENT 1 Adjusted Gross DCGL per Sample PBRF-TBD-04-003, Rev 1
Smear Sample Results and Analysis (Subsurface Structure Effective Surface DCGL) Page A15 of A15
Reactor Operations & Laboratory Building
[ROLB Smear Wiom Smear Duphicate
[Sutrogate Surrogate - B .
neeL Results MDA Used Nuclide Ratic 1o Ratiof DCoL Results MDA Used Nuclide Ratio to Ratio/
(eprvi00cm’) IpCifister) (pCifiner] tpCufilter) Distribution  Swusrogate DeGL - Idped100cnt) {pC¥fitar) (PCVBNer) (PCV ) Distribution  Surrogate DCGL
Aipha | Atpha
U-233234 1205406 SA5E+01 3.97E+00 £.156+01 0.33% NA A U-233/234 1208406 B.52E+01 1B1E+00  B.526+01 0.31% NA A
152351236 9.96E+05  S.82E+00 284E+00 5826400 0.02% NA NA U-2351236 S96EH05 4426400 224E400  4.42E+00 0.02% A A
Beota Bota
Cs-137 12EAQS  ATIESO3 1376201 4.77€+03 17.27% 1.00 8.206-06 Cs.137 12ZE405  ATTEOS 137E+G1 ATTE«03 17.30% 1.00 8.206-06
3 S.10E+06  2.08E+D4 5.30E+01 2.08+04 7530% 436 4.79E-07 Ha GAOE+06  2.08E+04 5308401 2.08E+04 75.46% 4.36 4.79E-07
k129 1.49E+04 1.67E+01 1206401 1.67E+01 0.06% 0.00 2.356-07 129 1.49E+04 1.67E+01 1206401 1.67E+01 0.05% 0.00 2.35€-07
Co-60 1836405 4.09E+02 1.96E+01 4.096+02 1.48% NA NiA Co-60 1.B3E+05 4096402 1.16E+01 4.09E402 1.48% N/A NA
Sr-90 331E+04 153E403 1486401 153E+03 554% NA NA [sra0 331E+0¢ 1.48E+03 1.39E+01 1.48E403 537% A NA
2766404 100.00% 2.76E+D4 100.00%"
Adjusted Gross DCGL Adjusted Gross DCGL.
|Alpha
OCGL Nuclide  BotaNuchide  Fraction/  Unity Rule Check DCGL Nuclide  BetaNuclide Fraction/  Unity Rule Check .
(dpryID0cnt) Fraction Fraction DCGL. Gross*Fract  FractDCGL {dpmiH00cat) Fraction Fraction DCGL Gross*fract  Frac¥DCGL
U-233234 320E+06 0.0033 0.9 276E-09  1,1145885  9.29E.01 U.2331234 1.20E+06 0.0034 [3:-3 258609 112040801  BA1E-O1
U-2357236 $.96E+05 0.0002 0.06 242610 70,894.88 742602 2350736 ©.96E+05 0.0002 005 161E-90 5859135 5.88E-02
: 0.00 1.00 297609 1 0.00 1.00 2.74E-09 L]
Adjusted Gross DCGL. 1185478 dpm/100cm Adjusted Gross DCGL 1187998 dpm/100cm®
Beta Bare
DCGL Nuclide  BetaNuclids  Fraction/  Unity Rule Check OCGL Nuciide  BetaNuclide  Fraction/ Unity Rule Check
(dpeet100csT?y Fraction Fraction peGL Gross"Fract  Fract/DCGL . {dperi ¥00enT) Fraction Fraction DCGL Gross*Fract  Fract/DCGL
Cse137 1.52E985 0.7 (%3] 154606 5243866 4.8TE-01 Ce-137 1.42E+05 017 072 154606 53324.19 4.75E-01
Co-60 1.83E+05 0.01 0.06 B.09E-08 4.496.31 246E-02 Co-50 1.83E405 om 006 $.41E08 457224 2.508-02
sr-90 331EeD4 0.05 023 1676-06 1681985 5.08E-01" St-50 331E+04 005 022 162606 1654503 5.00E-01
024 1.00 320€-06 1 024 1.00 3.25606 +
Adjusted Gross DCGL 73755 dpm/100cm? Adjusted Gross DCGL 74441 dpmH00cm®
[ROLB Smear 2 [ROTE Smaar 2 Gupiicate
Surrogate Surrogate
DCGL Results MDA Used Nuclide Ratio to Ratio/ DCGL Resutts MDA Used Nuclide Rstio to Ratio!
1 1pCHfiter) {pCitfiter} IpCimer) Distribution  Surrogate DCGL {apers100cn?) {pCitirer} (pCilfier) {pCiner} Distribution  Surropate oeoL
Alpha Atpha -
ju-z33234 120E406  1.18E+04 4.93E+00 118E+04 67.61% NA NA U-2331234 120E+06 111E404  5.04E+00 111E+04 65.82% A NA
U-235236 99GE+DS  BB4E2 3356400 3946402 22m% WA NA 2387236 9.9BE+DS  40BE<02  32BE+00  4.08E+ 245% NA NA
Bata Bota
2137 122E405  2.97E+03 1.14E+01 297E+03 17.14% 1.00 8.208-06 Cy-137 122E405  2.90E+03 1.17E+01 2.90E+03 17.44% 1.00 8.20E-06
H3 SADEHS  4.98E+02  BBAEF02  GBMEHR2 3.85% 023 253608 Hs S10E+06  415E+02 6856402  68SE+N2 4.42% 024 2.59€-08
1-129 1.4BE+04 963E+02 1.04E+01 9.63E402 5.55% 032 2.18E-05 129 1.49E+04 9.32E+02 1.05E+01 9.32€+02 5.60% 032 215805
Co50 1A3E+DS  BSOEeDY BBIECDD  BIOESDY 051% NA A Co-60 183E+05  9.50E+03 TITE+00  9.5BE+01 0.56% NA NA
Sr-90 3MEH4  481Ee02 1236401 ABIESQR 277% A NA Sr.90 A4 49TES02 1.26E+01 4.97E+02 299% NA NA
1.73E404 100.00% 1.B6E+04 100.00%
Adjusted Gross DCGL Adjusted Gross DCGL
Alpha Alpha
DCoL Nuciide  BetaNuclide  Fraction/ Unity Ruls Check DCGL Nuclide  BetaNuclide  Fraction) Unity Rule Check
. Fraction Fraction oC6L Grosa*Fract  FractDCGL Wpetier]  Fraction Fraction DEGL Grose"Fract  FractiDCGL
U-2337234 120E+06 06781 0.97 5656-07 11534862  961E.01 U-233234 1.20E+06 0.6682 095 S57ED7 11492109  9.58E-01
235236 D.9EE+05 0.0227 0.03 228E-08  38,506.48 3.88E-02 12357236 9.96E+05 0.0245 0.04 246E.06 4215496 4236402
aTe 1.00 588607 1 069 1.00 $.81E-07 1
Adjusted Gross DCGL 3192083 dpm/100cm? Adjusted Gross DCGL 1181365 dpmi300cm?
Bota Beta .
DCGL Nuclide  BetaNuclide  Fraction/  Unity Ruk Check DCGL Nuciide  SotaNuchde Fraction Unity Rule Check
(@pmi0ocsty  Fraction Fraction OCGL  Gross*Fract Fract/DCGL fopmrtooce?)  Fraction Fraction DCGL Gross“Fract  FractDCGL
Cs-137 3.34E+04 017 084 514606 26,544.35 8.56E-01 Cs-137 3.36E404 047 083 SADE-06  20.469.25 8.48E-01
Co-60 1836405 0.0t 0.03 2.806-08 854.70 4.67E08 Co-50 1.83E405 0.0t 003 3.14E-08 939,00 $.13E-03
Sr-80 ANEAM 0.0 0.14 B.IBEO? 4.621.9% 1.406.01 Sr90 331404 0.03 0.4 9.036-07 447744 1.47E-01
0.20 1.00 6.006-06 1 021 100 6.13E-06 1
Adjusted Gross DCGL 34021 dpmi100em? Adjusted Gross DCGL 34286 dpm#100cm?
ROLB Mean Distribution Meoan Mean Sud
Surrogate cone Distribution  Deviation
DCGL Nuctide Ratio to Ratiol (pGifiter)
) DCGL 5.76E+03 33.82% 38.68%
Alpha 2350236 2.038+02 119% 1.35%
U-233234 120E+06° 33.82% NIA NiA Cs-137 3.85E403 17.29% 0.13%]
U-2357236 $.96E+05 £19% NA NA s 1.07E+04 3T71% 41.19%)
1329 482602 282% 2.19%
Beta Co50 251802 101% Q.54%)
Cs-137 1226405 17.26% 1.00 8.206-05 S1-90 9.97E+02 417% 1.49%|
H 9.10E+05 3271% 230 2.52€-07 100.00%
1129 1.49E+04 287% 0.16 1.098-05
Ares
Co-60 1B3E+05 1.01% NA NIA ROLB Smear Alpha 1185479
Sr-80 AME+O4 417% NA NA Bela 73758
100.00% ROLB Smear Duplicate Aphs 1187999,
|Adjusted Gross DCGL. . Bela 74441
Alpha ROLE Smeac 2 Alpha 1192093,
DEGL Nuclide  BotaNuckde  Fraction/  Unity Ruls Chack Bels 34021
{dprrioncnd) Fraction Fraction DCGL Gross*Fract  Fract/DCGL ROLE Stmear 2 Dupkcate Aphg 1181366
U-2337234 1.20E+06 0.3382 0.97 282607 11512161 9.50E-01 Bets 34286/
2357236 5.96E+05 0.0119 (1.3 1.99E08 4049067 4.07€.02
035 1.00 2.94E-07 1 ROLB Mean Distribution Apha 1191707
Adjusted Gross DCGL 1191707 dpmitodem? Beta 48143
Bota
DeGL Nuclide  BalaNuchide  Fraction/ Uity Ruke Check [Mean Apha 1188234
Wpmwoon?y  Fraction Fraction ODCGL Gross'Fract  FracDCGL Bels 54126
Cs-137 5.1BE+04 017 077 335606 37.041.79 7.18E.04 Median Aiphs
Co-60 1.83E+05 0.01 005 5.54E-08 217092 1.196.02 Beta
S50 331E+04 0.0¢ 018 1.26€-06 8.929.96 270800 Mnimum Apha
02 100 4.67€-06 ] Bete
Adjusted Gross DCGL, 48343 dpm/100cm* Alpha
Bete
Standard Deviabon Aipha
Bets




Final Status Survey Plan
for the
Plum Brook Reactor Facility

Attachment A
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ATTACHR K )
Preliminai, ~.alysis of Concrete Core "Puck” Samples by the On-Site Laboratory

PBRF-TBD-G
Page B1 of B16
CORE BORE #5, Reactor Building -25 ft., Area 22

W CI00010111FL1C1LO505-01 1ST PUCK

i C90001011FL1C1L0505-01A 15T PUCK

% C00001041FLIC1L0505-02 2CND PUCK
#3 1/2-INCH DEPTH

1/2-INCH DEPTH

it C900010411FL1C1L0505.02A 2CND PUCK
1.INCH DEPTH

Resuits MDA Used % #Resulls MDA Used % Rosults MDA Used % asults MDA Used %

K-40 5,26E+00 1.94E+00 5.26E+00 12.35% 7.10E+00 1.94E+00 7.10E+00 22.27% 13 7.41E+00 2,02E+00 7.41E+00 93.01% 7.95E+00 2.02E+00 7.95E+00
Co-60 t 2.77E+01 1.97€-01 2.77E+014 64.98% 1.81E+01 1.97€-01 1.81E+01 56.81% BND 0 0
Nb-94 7 ND D D
Ag-108m 6.61€-04 3.21€.01 8.61E-01 1.55% D [ ND 0 0
Cs-137 7.74E400 3.34€-01 7.74E+00 18.17% 4.56E+00 3.71E-01 4 56E+00 14.31% 0 0 3.93E-01 2.04€-01 3.93E-01
Ey-152 ND ND ND
Eu-154 D NO D
T208 ND finD ND
Pb-212 ND gND 5.57E-01 3.76€-01 5.576-01 6,99% #4 8.24E-01 3.91E-01 6.24E-01
Pb-214 g ND 0 1.21E+00 7.07€-01 1.21E+00 3.79% D 0 0
Bl1-212 END ND o]
Bi-214 9 1.26E+00 5.26E-01 1.26E+00 2.95% 9.00E-01 5.24E.01 9.00E-01 2.82% D 0 Y
Ra-226 % ND ND 1]
Ac-228 ND NO [o}
Th-234 D ND D
U-235 D HND D
Am-241 o] END D
€m-243 Is] W/NO @ ND
Cm-245 0 B ND ND i

4,28E+01 100.00% B 3.19E+01 100.00% 7.96E+00 100.00% 4 8.97E+00

1/2 inch 1/2 Inch 1 Inch
o

»

1/2 INCH !

300401 1
2508401 \

2.008+0% \ e K410
n e A G108
E e Cg-137
£ 1.808+01 e P.212
2 e Pb-214
\ ——gl214
1.008+01

\ |~ Co-80

5.00E+00

0.00E+00




CORE BORE #6, Contalnment -25 ft, Canal E

K-40
Co-60
Nb-94
Ag-108m
Cs-137
Eu-152
Euw-154
TH208
Pb-212
Pb-214
Bi-212
Bi-214
Ra-226
Ac-228
Th-234
U-235
Am-241
Cm-243
Cm-245

27N

vy

PageABz of 816

without Cs-137

C9000101MFL1C3L0508-01 1ST PUCK #§ C900010111FL1C3L0506-01A  1ST PUCK [ C90001011MFL1C3L0506-02 2CND PUCK 90001011{FL1C1L0506-02A 2CND PUCK
{NCH DEPTH 12-INCH DEPTH 112-INCH DEPTH -INCH DEPTH i
Results Used esults Used % osults MDA Used Results MDA Used %
1.24E+01 2.96E+00 1248401 5.23% o] 0 ND 0 SND Q
ND 0 6.61E+00 3.00E-01 6.61E+00 223% D [¢] ND 0
D o} ND o]
END [0} ND D
2.22E+02 9.47E-01 2.22E402 93.43% 2.70E+02 8.92E-01 2.70E+02 91.10% ENO 0 2.58E-01 1.36E-01 2.58€E-01 6.23%
g ND ND iy ND ND
ND 0 3.42E+00 1.62E+00 3.42E+00 1.15% §ND Q D [
o] 0 ND 0 D 1] 3.28€-01 1.64E-01 3.29E-014 7.96%
D [} ND 0 ND 0 6.33E-01 4,58E-01 8.33E-01 15.31%
ND 0 ND ] ¢ 1.48E+00 4.98€-01 1.48E+00 1.26E6+00 4.76E-01 1.26E+00 30.55%
D 0 8.54E+00 7.08E+00 8.54E+00 2.21% @ 1) 0
ND 0 3.10E+00 1.87E+00 3.10E+00 1.04% 1.52E+00 2.34E-01 1.62E+00 1.85E+00 4,49E-01 1.65E+00 39.989
0 0 ND 0 5.57E+00 3.89E+00 5,57E+00 D 0
0 ND D ND
D NO 8] D
D NO o] D
347E+00 1.95E+00 3A7E+00 1.33% 6.75E+00 2.23E+00 6.75E+00 2.27% D 0 ND 0
D ND [s] [a]
D ND D ND
2.38E+02 100.00% 2.97E+02 100.00% W 8.58E+00 100.00% 4.13E+00 100.00%
142 jnch 112 Inch 1 Inch
r//
X
172 INCH
2008402 .‘ 1.406401 W
/\ 1.208401 \
2 508402
/ (40 \ p——yrs
\ " Ca-60 1.008+01 et 060
2.00E+02 <==Cs-137 e EASA
e84 \ 1208
£ \ [ armen 71,208 e P 212
3§ 1508402 —b.212 e ppe214
s \ o214 —Bl-212
. w—eBl.212 oo B2 84
1.00€402 —BI.214 228
——R#-228 e 241
—Am-201
5.00£401 \
0.00£+00 4- " T 4 y y
0 " 142 1
Depth Dspth
with Cs-137
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Preliminay.

“ulysis of Concrete Core "Puck” Samples by the On-Site Laboratory

CORE BORE #7, Reactor Building -15 ft, SE Area

R C9000101HFLIC1L0507-01 1ST PUCK

B CA0001011tFLICILOS07-01A  1ST PUCK
0-NCH DEPTH

Rk 1/2-INCH DEPTH

¥4 C9000101TFLAC1L0507-02 2CND PUCK

§ 1/2-INCH DEPTH
Results MDA Used % esults MDA Used % W Results MDA Used % Results MDA Used %

K-40 1.38E+00 3.25E+00 1.38E400 1.30E+01 2.13E400 1.30E+01 49.03% 4 [ D 0
Co-60 5.02E-01 2.17€-01 5.02E-01 3.83E-01 2.17E-01 3.83E.01 1.44% 0 D 0
Nb-94 ND : IND
Ag-108m ND §ND
Cs-137 1.69E+00 2.58E-01 1.69E+00 1,28E+00 2.06€-01 1.28E+00 4.83% i) 4] ND 0
Eu-152 ND ND
Eu-154 & ND o]
TH208 “nD o]
Pb-212 ND 0 7.15€-01 4.35E.01 7.15€-01 2.69% 88 4.378-01 4,09E-01 4,37€-01 13.84% 5.28E-01 4,38E-01 5.28E-01 4.19%
Pb-214 1.79E+00 4.03E-01 1.79E+00 1.50E+00 4.96E-01 1.50E+00 5.64% 1.60E+00 4.90E-01 1.60E+00 50.72% 1.62E+00 4,79€E-014 1.62E+00 12.88%
BI-212 5.35E+00 1.97E+00 5.35E+00 0 0 D 0
Bi-214 1.73E+00 4.87€-01 1.73E+00 1.87€+00 5.16E-01 1.87E+00 6.27% 1.12E+00 J.47E-01 1128400 35.44% 1.28E+00 3B1E-01 1.2BE+00 10.20%
Ra-226 END 0 8.00E+00 5.84E400 8.00E+00 30.10% ) 6.03E+00 o 9.16E+00 4.41E+00 9.16E+00 72.72%
Ac-228 D o} 4
Th-234 ND gND
U-235 D D
Am-241 [a] [s]
Cm-243 D it ND
Cm-245 {ND _, & ND ;

# 1.24E+01 100.00% K 2.66E+01 100.00% § 3.16E+00 400.00% 1.28E+01 100.00% §

0 inch 1/2/lnch 112 inch 1 inch
e //"
e .
/

1/2INCH

1.40E401
1.208 408
1.00E+04 —( 40
o= Co-60
8.008100 Ot
5 we—Pp-212 R
2 n——Pb.214
6.00E+00 8214
——R8-226
4,00E+00 [~=Bl-212
2.00E+00 4
000E+00




Preliminar, . walysis of Concrete Core "Puck™ Samples by the On-Site Laboratory

CORE BORE#9, Contalnment -25 ft, Area 18

-INCH DEPTH
Results
K-40 ND
Co-60 [o]
Nb-94 NO
Ag-108m ]
Cs-137 1.35E400
Eu-152 o]
Eu-154 D
T1-208 0
Pb-212 5.40E-01
Pb-214 1.53E+00
Bi-212 g ND
Bl-214 1.50E+00
Ra-226 8.78E+00
Ac-228 D
Th-234 D
U-236 BND
Am-241 END
Cm-243 ND
Cm-245 ND

C900010111FL1C3L0809-01

2.34E-01

4,27€-01
4.04E-01

3.98E-01
6.08E+00

18T PUCK B C900010411FL1C1L0509-0¢A 1ST PUCK # C900010111FL1C4L0509-02 2CND PUCK
{2-INCH DEPTH N 1/2-INCH DEPTH
Used Yo Results MDA Used % $Results Used
W ND & ND
ND ND
ND 1]
NO D
1.35€400 9.81% 7.41E-014 2.34E-01 7.11E-01% 1.40E-01 0
i ND ND
ND NO
ND ND
5.40E-01 3.91% 5.62E-01 4.40E-01 5.62€-01 3 5.68E-01 4.558-01 5.58E-01 18.70%
1.83E+00 11.07% 1.25E+00 5.50€-01 1.25E+00 14.95% 1.22E+00 3,61E-01 1,22E+00 40.80%
[ 4.48E+00 1,94E+00 4.48E+00 §3.72% @ND 0
1.59E+00 11.53% 1.34E+00 3.44E-01 1.34E+00 16.07% 1.21E+00 4.01E-01 1.21E+00 40.50%
8.78E+00 63.68% @ ND 0 ND 0
ND ND
ND ND
ND ND
ND ND
NO B ND
ND HND
1.38E401 100.00% F3 8.34E+400 100.00% # 2.98E+00 100.00%
1/2/Inch 1/2 Inch
//“
/’
A"/
1.008+01 |
9.00E+00
8.00£400
7.006+00
8.00E+00
[
.g 5.006+00
4
4.00E400
3.00€ 400
2 00E+00
T
1.00E+00 -
0.00E+00 :
0 ” 1”2 1
Depth

6.56E-01
1.39E+00

1.14E400

MDA

PBRF-TBD-t

I C90001011FLIC1L0509.02A 2CND PUCK
iR 1-INCH DEPTH

, Rev 1
Page B4 of B18

Used %

0
3.42E-01 6.56E-01 20.58°
4.03E-01 1,39E400 43.57%

0
3.226-01 1.14E400 35.85%

0

3.19€+00 100.00% &
1 inch




ATTAGHM:

Preliminary .

CORE BORE #10, Waste Handling Building -15ft

& C90001011HFL1C3L0510.01

18T PUCK

.iysis of Concrete Core "Puck™ Samples by the On.Site Laboraiory

PBRF-TBD-04 - ... Rev 1
Page B5 of B16

I C900010111FLICILO510-01A ST PUCK g CO0001011FLICTILOS10-02 2CND PUCK % CO000101MFLICTL0510-02A 2CND PUCK
0-INCH DEPTH d 1/2-INCH DEPTH 1/2-INCH DEPTH 1-INCH DEPTH .
Results MDA Used Y% Resuits MDA Used % Results MDA Used % Results MDA Used %
K-40 NO 0 ND 0 1.20E+01 2.10E+00 1.20E+01 78.10% 1.11E+01 2.10E+00 1.14E+01
Co-60 ND ND ND ND
Nb-94 ND ND HND ND
Ag-108m ND ND & ND ND
Cs-137 8.17E+03 3.85E+00 8.17E+403 100.00% 4.37E+03 3.40E+00 4.37E+03 100.00% 5.09E-01 2.48E-01 5.09€.01 3.32% 3.21E-04 1.39€-01 3.21e-01
Eu-152 ND ND ND ND
Eu-154 ND ND ND ND
Ti-208 ND 0 ND [} 3.77€-01 1.26E-01 3.77€-01 2.46% ND 0
Pb-212 NO 0 ND 0 5.12E-01 4.16E-01 5.126.01 3.34% ND [}
Pb-214 ND 0 ND 0 8.54E-01 5.05E-01 8.54E-01 5.57% FAND [}
Bi-212 ND ND RND - ND
Bi-214 ND [¢] ND 0 1.11E+00 2.40E-01 1.11E+00 7.22% 1.34E+00 2.40E-01 1.34E+00
Ra-226 ND END ND ND
Ac-228 ND ND ND ND
Th-234 {ND 0 HND ND
U-235 g ND D #ND ND
Am-241 AND IND HND EAND
Cm-243 ¥nD dND iND HiND
Ccm-246 k¥ ND @D ND gqno
8A7E403 100.00% & 4.37E+03 100.00% 3 1.63E+01 100.00% 1.28E+01
1/2/inch 1/2 inch
I 1/2 INCH
9000 ta
oo N G ——
7000 N /
N 0
- \ —Z-‘?w / e
s 3 Th208
€ 5000 £
£ N A 7T
0 _—vauz 2 . . 214
\ o214 / e i-214
3000 oe—Bl-214
\ .
2000 \
1000 \ 2
o T T l 0 T
0 1" " 1 °
Dapth Depth
with Cs-137

whhout Cs-137
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ATTACHN

Preliminary o -alysis of Concrete Core "Puck” Samples by the On-Site Lahoratory

CORE BORE #11, Hot Laboratory 0 ft (0 inch to 1 inch)

K-40
Co-60
Nb-84
Ag-108m
Cs-137
Eu-162
Eu-154
T-208
Pb-212
Pp-214
B-212
8I-214
Ra-226
Ac-228
Th-234
U-235
Am-241
Cm-243
Cm-246

9000101 HFLIC1LO544-01  1ST PUCK

PBRF-TBD-0
Page B6 of B16

3 ¥ C900010411FLICILO511.01A 1ST PUCK C8000101MFL1CILO511.02 2CND PUCK B C90001011MFLICTLO511.02A 2CND PUCK
0-INCH DEPTH @ 1/2-INCH DEPTH /2.INCH DEPTH «INCH DEPTH
Results Used % #HResults Used % Resulis MDA Used % Results MDA Used %
6.34E+00 1.87E+00 6.34E4+00 0.48%f 7.61E+00 1.87E+00 7.61E+00 1.13% 9,76E+00 2.25E+00 9.76E+00 37.039 1.34E+01 2.25E+00 1.34E+01
2.83E+00 1.90E-01 2.83E+00 0.21% 1,36E+00 1.90E-01 1.36E+00 0.20% H#ND 0 ND 0
2} NO NO NO
o] ND ND ND
1.29E403 1.48E+00 1.296+03 97.38% 6.59E+02 1.22E+00 6.59E+02 98.18Y 1.39E+01 2.72E-01 1.39E+01 52.67% & 1.18E+01 3.31E-01 1.18E+01
NO ND ND ND
: 4.71E4D0 3678400 4.718+00 0.36% ZND 0 FIND 0 ND 0
ND ND ND ND
2.79E+00 a ND 0 ND 0 9.33E-01 5.296-01 8.33E-01
3.69E+400 0 ND 0 1.45E+00 5.13E-01 1.45E+00 5.52% 1.03E+00. 7.41E-01 1.03E+00
ND [} ND 0 AND ¢ ND 0
2.10E+00 [} ND 0 3 1.26E+00 4.12€-01 1.26E+00 4,78% $#ND 0
o] ND ND NO
ND 0 ND 0 ND 0 ND [
5% ND ND ND ND
ND ND ND ND
2.08E+01 3.25E+00 2.08E+01 1.58% 3.28E+00 2.04E+00 3.26E+00 0.49% GND 0 HMND 0
ND ND NO D
ND ND g ND ND
1.32E+03 100.00% B 8.71E+02 100.00% & 2.64E+0¢ 100.00% 2.726401
0 Inch 1/2 Inch 472 Inch 1 inch
s -
// A/
/
» .
e
‘V 1.40E+03
1.20E+03 \
\ —r40
1.00E+03 = C0-60
\ - 137
8.008+02 TE1se
£ ——Fb-212
3 \ P24
8.00E+02 —p232
\ r—gi214
4.008+02 “mAc-228
\ ——Am-241
2.00E+02 \
0.00E+00 ; 4 - T o T v
[ "2 1”7 1 1 112 112
DEPTH

with Cs-137




(

ATTACHM
Preliminan,

CORE BORE #11, Hot Laboratory 0 ft (1 inch to 2 inch)

. .ysis of Concrete Core "Puck” Sampies by the On-Site Laboratory

B C90001011HFLICILO511-03A  3RD PUCK

&4 1 1/2-INCH DEPTH

B C9000101HFLICT1LO511-04  4TH PUCK
81 1/2-INCH DEPTH

W C800010111FLICILO511-04A 4TH PUCK

% 2-INCH DEPTH
Resuits MDA Used Y % Results MDA ed % #Results MDA Used % Results MDA Used %
K-40 0 8.38E+00 2.13E+00 8.38E+00 47.91% § 0 0
Co-80 0 0 0 0
Nb-94
Ag-108m
Cs-137 3228400 2.02€-01 3.22E+00 63.95% B 3.20E+00 1.41E-01 3.29E+00 18.82Y 1.52E+00 2.06€E-01 1.52E+00 47.92% 1.27€+00 2.46E-01 1.27E+400 37.25%
Eu-152
Eu-154 0 0 [ 0
T+-208
Pb-212 0 0 5.03€-01 3.84E-01 5.03€-01 15.87% 0
Pb-214 1.02E400 5.80E-01 1.02E+00 20.32% 1.31E+00 4.58E-01 1.31E+00 7.51% 1,15E+00 4.16€-01 1.156+00 38.21% 1.15E+00 5.19E-01 1.16E400 33.59%
Bi-212 0 2.94E+00 1.97E+00 2.94E+00 16.80% 0 0
B-214 7.92€.01 2.43E-01 7.928-01 15.73% 7.48E-01 4.098-01 7.48E-01 427% 0 8.96€-01 3.17E-01 9.96€-01 29.17%
Ra-226
Ac-228 0 8.22E-01 6.06E-01 8.22€-01 4.70% 4] 0
Th-234
U-235
Am-244 0 0 ] Q
Cm-243
Cm-245 E .
5.03E+00 100.00% & 1.75E+01 100.00% 3ATE+00 100.00% 3.41E+00 100.00% ¥%
1 Inch 1 1/2/ inch 1172 Inch Z/Inch
e
// /4"
e
el
» A/
1/2 INCH
2508401 | -
2.008+01 \\
", ———K.40
\ srea CO-60
B 164
5 1 N
g e < —Pb212
2 N, e P1-214
2 ren 212
1.00E+01 —g214
’___—'—\B/ /\ ~mAG-228
——Amr241
5.00E+00 \
0.00E+00 i B
2
DEPTH

without Cs-137




ATTACHN - 7.
Preliminar, - “.tysis of Concrete Core "Puck” Samples by the On-Site Laboratory

CORE BORE #12, Hot Laboratory 0 ft

§8C900010111FLAC3LO512-01  1ST PUCK § C00001011MFLICILO512-01A  1ST PUCK

1/2.INCH DEPTH

% C900010114FLI1C1L0612-02 2CND PUCK
1/2-INCH DEPTH

% CO0D0101ITFLICILOS12-02A  2CND PUCK

@ 1INCH DEPTH
? Results MDA Used % Results MDA Used % Resulls MDA Used % i Results MDA Used %
K-40 1.31E+01 2.62E+00 1.31E+01 4,16% 1,406+ 3.83E+00 1.49E+01 7.139 1.00E+01 2.41E+00 1.00E+01 71.84% , 9.18E+00 2.11E+00 9.16E+00 79.08%
Co-60 1.76E+01 2.66E-01 1.76E+01 5.57% i 1.26E+01 2.66E-01 1,26E+01 6.02% 2.15E-0t ¢ ND 0
Nb-94 0 5.38E-01 1.856-01 - 5.38E-01 0.28Y 1.49€.01 0 B ND o
Ag-108m A ND MND ND
Cs-137 2.81E+02 9.32E-01 281E+02 89.02% E‘ 1.76€£+02 8.92E-01 1.76E+02 84.37Y 2.84E-01 1.40E-01 2.B4E-01 2.04% BND 0
Eu-152 #no ND ND
Eu-154 NO 88 ND ND
TL208 ND ND b ND
Pb-212 0 ND 1] 5.61E-01 3.46E-01 5.61E-01 4.02% {ND 0
Pb-214 0 2.87E+00 2.26E+00 0 1.38E+00 5.84E-01 1.38E+00 9.88% 1.06E+00 4 13E-01 1.06E+00 9.13%
Bl-212 ND i ND ND
Bl-214 0 2.54E+00 1.24E+00 2.54E400 1.21% 1.71E+00 4.24E-01 1.71E400 12.22% 1.37E+00 4.06E-01 1.37E+00 11.81%
Ra-226 NO ND & ND
Ac-228 ND ND ND
Th-234 ND FND ND
U-235 ND NO |ND
Am-241 3.92E+00 1.73E+00 3.92E+00 1.24% 2.11E+00 1.53E+00 2.11E+00 1.01% fAND ] i ND 0
Cm-243 BND ND ND
Cm-245 o % ND & ND B
3.16E+02 100.00% & 2.09E+02 100.00% ¥ 1.40E+01 100.00% ¥ 1.16E+01 100.00%
112 inch 1/2 inch

3.00E+02 4 2.00E+0¢

\ 1.80E+01
2 502402 1.60E+0% \
\ a0 1.40B+0% —9‘ ™~ p——rs
2005402 maen C0.80 \ \ 060
1.208+01 o
¥b-94 \ \ ]
——Cs.137 £
1.50E+02

= 1.00E+01 e e e Pb.212
e 19212 'S \ . —ty.214
—pp-214 8.00E400

pCligm

. - ~—gi.214
i 21 \ ot
1.008+02 |—mam-241 6.005400 \
2008400
5008401
\ 2.00E400

S

0.006+00 r oo PRI e 0.00E+00 ; ?
o " n 1 0 ” "2 1
Depth Depth
with Cs-137

without Cs+137




ATTACH!: "
Prelimina: | .alysis of Concrete Core "Puck” Samples by the On-Site Laboratory

CORE BORE #13, Hot Laboratory 0 ft (0 inch to 1 inch)

09000101I1FL103L0513~01 15T PUCK
0-INCH DEPTH

[4C900010111FLICIL0513-01A  1ST PUCK

; B C900010111FL1C1L0513-02 2CND PUCK
§ 1/2-INCH DEPTH

g CO00010111FL1C1LOS13-02A 2CND PUCK

Page B9 of B16

B 1/2-INCH DEPTH $1-INCH DEPTH
Results MDA Used % Results MDA Used % HResults MDA Used % Results MDA Used %
K-40 1.B7E€+01 2.7T0E+00 1.87E+01 0.54% 1.28E+01 2.70E+00 1.28E+01 0.53% 8.42E+00 224E+00 9.42E+00 83.89% 7.90E+00 2,24E+00 7.90E+00 63.50%
Co-60 1.28E+00 2.75E-01 1.28E+00 0.04% 8.12E.01 275601 8.12e.01 0.03% #NO [} NO 4
Nb-94 NO [ B¥ND 0 = 2.37E-01 1.58E-01 2.37E-01 1.61% BIND [}
Ag-108m BND ND END ND
Cs-137 3.41E+03 2.92E+00 JA1E403 99.17% 2.40E+03 2.77E+00 2.40E+03 99.44% g 1.75E+00 1.48E-01 1.75E+00 11.87% 1.09E+00 1.48E-01 1.09E+00 8.73%
Eu-152 ND D BND ND ,
Eu-154 ND [»] iaND ND
TH208 ND 0 D 0 ND 0 ND 0
Pb-212 ND 0 D 0 ND 0 7.00E-01 4.55E-01 7.00E-01 5.63%
Pb-214 ND 0 D 0 1.66E+00 6.00E-01 1,56E+00 10.55% 1.18E+00 6.05E-01 1.16E+00 9.31%
Bi-212 END D g ND ND
Bl-214 $ND 0 o] 0 1.78E+00 4.04E-01 1.7BE+00 12.08% 1.60E+00 2.56E-01 1.60E+00 12.83%
R3-226 ND 0 [g o ANG o {ND 0
Ac-228 ND D HND ND
Th-234 NO [a] NO IND
U.235 ND D ND ND
An241 8.58E+00 4.49E+00 8.58E+00 0.25% D 0 ND 0 iND ]
Cm-243 ND D %ND o]
Cm-245 ND gND JND ND
3.44E403 100.00% 1 2.42E+03 100.00% i} 1.48E+01 100.00% 1.24E+011 100.00% §
0 inch 1/2/Inch 12 Inch 1 Inch
s -
7 o
/ w
»
¢
1/2 INCH
4.00E+03
350403
3.00E+03 \ k40
=060
3 \ o Nb-84
2.80E403 G137
€ 1208
§ 200E+03 e 212
\ o Pb.214
1.50E+03 gl 214
\ mR.226
1.00E+03 \ v A-24 4
5.00€+02 \
0.00E+00 T T s r ~ r
o 12 ” 1 1 112 112 2
OEPTH

with Cs-137




Prelimina.,

. PBRF-TBD-L" ), Rev 4
.alysis of Concrete Core "Puck™ Samples by the On-Site Laboratory ’ Page B10 of B16
CORE BORE #13, Hot Laboratory 0 ft (1 inch to 2 Inch)

[ C90001011MFL1C3L0513-03 3RD PUCK
-INCH DEPTH

i C90001011FLICT1LO513.03A 3RD PUCK
B 1 1/2-INCH DEPTH

§¥ CO0001011HFLIC1L0513-04  4TH PUCK

B CO000101HELICILOS13-04A  4TH PUCK
R 1 1/2-INCH DEPTH

j 2-INCH DEPTH )
Results MDA Used % JAResulls MDA Used % Results MDA Used % Results MDA Used %
K-40 1.33E+01 2.18E+00 1.33E+01 78.43% 1.33E+01 2.18E+00 1.33E+01 60.81% § 1.17E+01 2.11E+00 117E+04 73.60% 9.18E400 2.11E+00 9.16E400 74.59%
Co-60 0 0 0 0
Nb-g4 0 0 0 [¢]
Ag-108m §
Cs-137 6.01E-01 2.20E-01 8.01€.01 3.54% 5.39E-01 1.97€-01 5.39E-01 2.46% % 7.21E-01 1.40E-01 7.21E-01 4.52% § 0
Eu-152 b .
Eu-154
T+208 [+ 4.18€-01 1.79E-014 4.18E-01 1.91% 0 [}
Pb-212 6.15E-01 4.66E-01 6.16E-01 3.62% 8.76E-01 3.98E-01 B.76E-01 4,00% § 6.91E-01 4.76E-01 6.91€-01 4.33% 5.92E.01 3.27€-01 5.92E-01 4.82%
Pb-214 1.34E+00 4.85E-01 1.34E+00 7.91% 9.87€-01 4.27€.01 9.67E-01 4.42% 9.57E-01 5.26E-01 8.57€.01 6.00% 1.49E+00 4,44€-01 1.49E+00 12.47%
Bi-212 &
Bl-214 1.10E+00 4.55E-01 1.1DE+0D 6.50% 3 o & 1.84E+00 04177 1.84E+00 11.65% 1.04E+00 3.21E-01 1.04E+400 8.43%
Ra-226 o 5.78E+00 4.30E+00 5.78E+00 28.40% 0 0
Ac-228
Th-234
U-235
Am-241 0 4 o a
Cm-243
Cm-245 3 B
1.70E+01 100.00% ¥ 2.19E+01 100.00% i 1.60E+01 100.00% 1.236+01 100.00%
1 Inch 11/2 Inch 1172 inch 2 inch
e e
P p
/’ ///
' o
1/2 INCH 1/2 INCH )
2.008+01 .
1.80E401 \\
1.60E+01
\ —k-t0
1.40E+01 \ e C0-60
Pl T ——— e No-94
1.20E40%
g — e ——
2 1.008+01 o] | w—PB-212
g \\_/ ~Fb-21¢
B.OOE+00 n \\ ———BL214
6.00E+00 i R3-226
\ /\ e Am-24 1
4.00E400 / \
- \‘(\ﬂ 5&% S ———
0.00E+00 ; v "
0 172 12 1 1 142 112 2
DEPTH

without Cs-137
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ATTAGHME ™ -

Preliminary .  .ysis of Concrete Core "Puck” Samples by the On-Site Laboratory

CORE BORE #14, Hot Laboratory 0 ft

C90001011FL1C3L0514.01

15T PUCK

PBRF-TBD-0

ckev 1
Page B11 of B16

% C90001011fFLI1CILO514-01A 1ST PUCK T Co00010111FLIC1L0544-02 2CND PUCK W C800010111FLIC1L0614-02A 2CND PUCK
JNCH DEPTH i 1/2INCH DEPTH 1/2INCH BEPTH -INCH DEPTH
esulls MDA Used % i§ Results MDA Used % Resulls MDA Used % Results MDA Used %
K-40 1.77E+01 2.29E400 1.77€+01 0.82% 7.58E+00 0 1.54E+01 2.18E400 1.54E401 61.13% 8.77E+00 2.18E+00 9.77€+00 77.26% 18
Co-60 7.49E+00 2.32E-01 7.49E+00 0.35% 4.73E+00 2.32E.01 4.73E+00 0.37% 2.23E-01 0 2.98E-01 2.226-01 2.98E-01 2.36%
Nb-g4 B.98E-01 5.26E-01 8.98E-01 0.04% { 8.63E-01 377801 8.63E-01 0.07% 1.89E-01 0 1.54E-01 [
Ag-108m [a] ND @ND ND
Cs-137 214E+03 2.01E+00 2.14E403 98.80% 1.26E+03 1.94E+00 1.26E+03 99.569 1.82E-01 0 1.44€-01 0
Eu-152 D ND ND ND .
Eu-154 gND ND ND ND
T-208 D NO ND ND
Pb-212 D 0 ND 0 4.99-01% 3.44E-01 4.99E-01 1.98Y 3.72E-01 0
Pb-214 [s} 0 SIND Q 1.39E+00 3.34E-01 1.39E+00 5.51Y 1.11E+00 6.14E-01t 1.11E400 8.78%
BI-212 END ND ND ND
Bi-214 FND 0 ND 0 1.68E+00 3.49E-01 1.68E+00 8.66Y 1.47E+00 8.14E-01 1.47E400 11.80%
Ra-228 4 ND 0 ND 0 6.22E+00 4.76E+00 6.22E+00 24.71% 6.19E+00 0
Ac-228 ND BND ND NOD
Th-234 ND #ND M ND ND
U-235 M ND ND ND WND
Am-241 NO ND ND ND
Cm-243 B ND 7§ ND END ND
Cm-245 I ND & ND ND . ND
9 217E+03 100.00% 1.26E+03 100.00% 2.52E+01 100.00% 1.26E+01 100.00%
inch n Inch I
[ 1{'2/5 ch 1/2 Inc! /1 ch
// /
l‘/ X )
! 1/2INCH
2.50E+03 2006501
1.80E+01
2.00E+03 1.60E401 \
(40 1406401 \ /\
s C0-80 ‘ / \
1.60E403 o e Nb-84 1.20E+01 \ / \
% : ::;‘!; B\ ooeor
2 - g \ /
1,00E+03 Do —Po-214 8.006+400
AN eepl214 \\ /
™, —R8.226 6.00E400 o~
AN S~/ 7\
5.00E+02 4.00E+00
N \_ /> N
™, 2006400
[ " 172 1 o "” 1”2 1
Depth L Depth
with Cs-137

without Cs-137



ATTACH
Prelimine .

2
.alysis of Concrete Core "Puck” Samples by the On-Site Laboratory

CORE BORE #15, Hot Laboratory 0 ft (0 inch to 1 inch)

¥ C900010114FLIC1L0515-0¢ 15T PUCK

¥ C90001011TFL1C1LO515-01A 15T PUCK g C0001011{FLICTLOS15-02 2CND PUCK ¥ Co00010111FLIC1L0515-02A 2CND PUCK
INCH DEPTH 12 INCH DEPTH i 1/2-INCH DEPTH M 1-INCH DEPTH
Rasults MDA Used Y% Results MDA Used % AResults MDA Used % esults MDA Used %
K-40 1.28E+01 2.50E+00 1.29E+01 1.78E+01 2.49E+00 1.76E+01 1.40E+01 2.10E+00 1.40E+01 48.13% 1.33E401 2,10E+00 1.33E+01 53.78%
Co-60 7.20E+01 5.02E-01 7.20E+01 5.36E+01 253€-01 5.36E+01 8.89E-01 2.13E-01 8.69E-01 2.87% 8.84E-01 2.13E-01 8.84E-01 3.57Y
Nb-94 0 0 1.10E+00 8.53€-01 1.10E+00 o] 0 D 0
Ag-108m D ND 0
Cs-137 9.87E+03 5.11E+00 9.87£+03 99.05% g 7.79E+03 4.90E+00 7.79E+03 1.40E+01 4.53E-01 1.40E+01 46.41% 8,28E+00 2.94E-01 8.28E+00 33.40%
Eu-152 0 #ND b D
Eu-154 D ND D ND
TH208 ND 0 ND 0 gND ‘ [ ND 0
Pb-212 % ND 0 ND 0 - HND 0 ND [}
Pb-214 s 0 BND 0 1.39E+00 6.27€-01 1.39E+00 4.58% 1.24E+00 7.66E-01 1.24€+00 4.99% g
Bl-212 D BND #ND ND
Bi-214 |8} 0 ND 0 {ND 0 1.08E+00 8.85€-01 1.08E+00 4.28%
Ra-226 YND ND ND ]
Ac-228 D ND B ND NO
Th-234 ND ND ND NO
U-235 D ND AND NO
Am-241 9.63E+00 6.17E+00 9.63E+00 § 7.10E400 6.51E+00 7.10E+00 0.09% ND 0 ND 0
Cm-243 [o] NO ND PgND
Cm-245 D B ND g ND ND
9.96E+03 100.00% 1§ 7.87E403 100.00% 3% 3.03E+01 100.00% 2.4BE+01 100.00% W
172 Jnch 172 Inch 1,Inch
e -
p
rd /
&
ld
[ 1/2 INCH ‘
1.20E+04
1.00E+04
—-A0
8.008403 e C0-80
e Nb-04
€ ———Cs-137
£ 6.00E+03 ~——T1-208
2 ——Pb-212
—Pb-214
4.00E403 e 01214
=~ Ame244
2,00E+03
0.00E+00
1 1 1122 1112 2
DEPTH

with Cs-137
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ATTACHM .
Preliminary-.

1ysis of Concrete Core "Puck” Samples by the On-Site Laboratory

CORE BORE #15, Hot Laboratory 0 ft (1 inch to 2 inch)

B C9000101HFLICTLO515-03 3RD PUCK

it

C80001011FLICILOS15-03A 3RD PUCK i CO000101HFLICILOS15-04 4TH PUCK

C900010414FL1C1LO515-04A 4TH PUCK

*INCH DEPTH 1 1/2-INCH DEPTH 1 1/2-INCH DEPTH 8 2-INCH DEPTH
dRasults MDA Used Ya i Results MDA Used % ERosults MDA Used % Results MDA Used %

K-40 9.23E+00 1.79E+00 9.23E+00 79.00% [ ND 0 1.15E+00 2.36E+00 1.15E+00 21.469 1.15E+00 2.36E+00 1.15E+00 21.46%
Co-60 ND 0 ND 0 0 AND 3]
Nb-84 ND 0 ND 0 0 XAND 0
Ag-108m ND . ND ND
Cs-137 3.22E-1 1.18E-01 ~ 3.226-01 2.75% 5.31E-01 1.18E-01 531E-01 5.95€-01 1.56E-01 5.95E-01 11.05% 5.95E-01 1.56E-01 5.95E-01 11.05%
Eu-162 JaND ND ND
Eu-164 ND ND PEND
T-208 ND 0 2.53€-01 1.70E-01 2.53E-01 0 ND 0
Pb-212 ND a HND 0 7.17€-01 6.33E-01 717601 13.32% TA7E-01 5.33&-01 7.17€-01 13.32%
Pb-214 1.24E+00 4.83E-01 1.24E+00 10.61% 1.25E+00 3.18€-01 1.25€+00 1.19E+00 6.04£-01 1.19E+00 22.18% 1.19E+00 6.04€-01 1.19E+00 22.18%
Bl-212 ND ND MND
Bi-214 8.92E-01 2.93E-01 8.92E-01 7.83% 4141E-0f 2.04E-01 4, 11E-01 1.72E+00 2.70E-01 1.72E+00 31.98% 1.72E+00 2.70E.01 1.72E+00 31.98%
Ra-226 WND HMEND ND
Ac-228 ¥ NO ND ND
Th-234 ND ND ND
U-235 ND ND NO
Am-241 ND 0 NO 0 0 ND [
Cm-243 ND BND B ND
Cm-245 ND @ ND B|ND

1.17E+01 100,00% § 2.44E+00 5.38£+00 100.00% § 5.38E+00 100.00%

1 Inch 11722 Inch 1472 inch 2 inch
e v
./"/ //
e A’/
I 4
e Hawer
B8.00E+01
7.00E+01 S

6.00E+01 \\ om——i.40
5.008+0+ \ :S:’)‘::’
e
3.00E401 \ :::_’22: :
2.00E+01 \ Thmea

o —————
1.00E+01

R : \ \
0.00E+00 N\\% R p— >

0 12 12 1 1 tir 11 2
DEPTH

pCilgm

without Cs-137




- PBRF-TBD-0.
“iysis of Concrete Core "Puck” Samples by the On-Site Laboratory . Page B14 of B16

Preliminar,

CORE BORE #16, Hot Pipe Tunnel, -12 ft

900010411FL1C1L0516-01  1ST PUCK

% C9000101HFLICILO516-01A 1ST PUCK
M 1/2-INCH DEPTH
esults MDA Used % A Results MDA Used %

% CO0001011{FLICTLO516.02 2CND PUCK
§1/2-INCH DEPTH
Results MDA Used. %

C9000101HFL1C1LO516.02A 2CND PUCK
j 1-INCH DEPTH

M Results MDA Used % g
K-40 1.32E+01 1.95E+00 1.32E401 2.15% 9.26E+00 1.95E+00 9.26E+00 2.46% 2 8.84E+00 2.10E+00 8.84E+00 70.20% 1.17E+01 2.10E+00 1.17E+01 77.73%
Co-60 2.10E+01 1,08€-01 2.10E+01 3.41% & 1.28E+01 1.98€-01 1.28E401 3.39% 2.14E-01 0 2.14E-01 0 %
Nb-g4 FND D NO
Ap-108m ND NO ND 3
Cs-137 5.82E+02 1.39E+00 5.82E+02 94.45% ; 3.53E+02 8,79E-01 3.53E+02 93.47% 8.17E-01 2.54€E-01 6.17E-01 4.899 8.12E-01 2.27E-01 8.12E-01 5.39%
Eu-152 ND ND ND
Eu-154 ND ND ND
T-208 END ND ND
Pb-212 0 ND [ 6.82E-01 4.07E-01 8.82E-01 5.42% 5.55€-01 0
Pb-214 0 ND 0 8.59E-04 5.50E-01 8.59E-01 6.82% § 1.37E+00 5.43E-01 1.37€+00 9.12%
B212 ND ND ND
Bi-214 0 2.57E+00 1.35E+00 2.57E+00 0.68% § 1.60E+00 2.40E-01 1.80E+00 12.67% 117E+00 3.58€-01 1.17E+00 7.76%
Ra-228 ND ND ND
Ac-228 ND NO MND
Th-234 _-" ND NOD ND
U-235 R ND ND BMND
Am-241 3% ND ND ND
Cm-243 NO #ND ND
Cm-245 ND #ND NO &

6.16E+02 100.00% |8 3.77E+02 100.00% i 1.26E+01 100.00% §§ 1.50E+01 100.00% K¢
0 Inch 1/2/Inch 1£2 inch 1 Inch
/ o
/ e
v
/ v
»

. 1
1/2 INCH

7.00E402 250E+01 1

6.00E+02

\ 200401 N
5.005202

K0

\ mm G080 1.606401 K40

g 40002 . e o C0-60

g \ ~~~~~ vtz i \ pb212

/ e Pb.214
3.008+02 0,214 1008401 orors
—gi214 i e

2.008+02

\ ) 5.00€+00
1.00€+02

000E+00 Nme—— \ il \\

" " 0.00E+00

Depth Depth

with Cs-137 without Cs-137




ATTACHN
Prelimina

9000101HFL1C1L0517-01  1ST PUCK ¥ C9000101HFL1C1LO547-01A  1ST PUCK

$#1/2-INCH DEPTH

" B Cco000101HELICILOS7-02 2CND PUCK
4 1/2-INCH DEPTH

# C9000101HFLICILO546-024 2CND PUCK

-INCH DEPTH
esults MDA Used % Results MDA Used % esults MDA Used % Results MDA Used %
K-40 1.70E+01 2.48E+00 1.70E401 65.69% 1.54E401 2.4BE+00 1.54E4+01 74.32% 3 1.39E+01 2.27TE+00 1.39E+01 48.03% 1.57E+01 2.27E400 1.57E+01 89.44% g
Co-60 D NO ND ND
Nb-94 D NO ND ND
Ag-108m o] ND 1.80E-01 ND
Cs-137 9.95€-01 1.83€-01 @.95€-01 3.83% 8.85E-01 1.63€-01 8.85E-01 4.48E-01 1.50€E-01 4.48E-01 1.49% 3.68E-01 Q
Eu-152 [o] ND ND ND
Eu-154 D ND ¢ ND ND
T1-208 o] NO ND ND X
Pb-212 8.88E-01 5.55E-01 6.68E-01 2.58% i§ 8.81E-01 4 B5E-01 8.81E-01 6.52E-01 5.11E-01 6.52E.01 247% 7.25E-01 5.56E-01 7.25€-01 '4.13% 53
Pb-214 1.87E+00 7.01E-014 1.87E+00 7.21% 1.78E+00 8.30E-01 1.79E+00 1.34E4+00 5.27E-01 1.34E+00 4.46% ¢ 9.64E-01 4.77E-01 9.64E-01 5.49% i
Bi-212 3.71E+00 2,28E+00 3.71E+00 14.29% WAND 0 ND 0 ND 0
Bi-214 1.66E+00 6.27€-01 1.66€+00 6.40% 1.76E+00 2.81E-01 1.76E400 9.61E-01 4.09E-01 9.61E-01 3.19Y 1.65E-01 2.59E-01 1.65E-01 0.94%
Ra-226 ND [ ND 0 5.65E+00 5.38E+00 5.65E+00 18.77% REND 0
Ac-228 ND 1] ND 0 1.12E+00 6.45€-01 1.12E+00 3.70% BND a
Th-234 ND 0 @ND 0 6.08E+00 8.00E+00 6.08E+00 20.20% BIND 0
U-235 ND 3 ND ND NO
Am.241 ND AND ND ND
Cm-243 ND AND ND ND
Cm-245 i ND ] AND ND ¥
2.60E+01 100.00% kgt 2076401 100.00% §% 3.01E+01 100.00% M 1.76E+01 100.00% 3%
112 inch 122 inch 1 tnch
e S
/ /
s x
»
| 172 INCH 172 INCH
1.80E+01
-‘-—\
- T _/"-’—
1.40E401
wr——-40
1208001 - G817
-~ Pb.212
g 1008401 —
K] I - 53
2 5008400 81214
: o~ R8.226
6.006400 —Ac-228
A o Th-234
4.006400 ;
2.00E+00
0.006+00
Depth




ATTACHM. .

Preliminary .

.1ysls of Concrete Core "Puck” Samples by the On-Site Laboratory

CORE BORE #21, ROLB Fuel Vault

K-40
Co-60
Nb-94
Ag-108m
Cs-137
Eu-152
Eu-154
TH208
Pb-212
Pb-214
Bi-212
Bi-214
Ra-226
Ac-228
Th-234
U-235
Am-241
Cm-243
Cm-245

8 C90001011HFLICILO521-01  1ST PUCK
£0-INCH DEPTH

4 Results MDA Used % esults
1.50E+01 2.21E+Q0 1.50E+01% 1.59E+01
D
0
D
0 2.38E-01
3]
D
L] 3.40E-0t
Q 6.53E-01
1.39E+00 6.69E.-01 1.39E+00 7.85% ¢ 1.06E+00
G ND
1.31E+00 4.05E-01 1.31E+00 7.39% § 1.35E+00
ND
AND
d ND
ND
NO
ND
WND
1.776+01 100.00% ¥

0 inch

1/2 INCH

9000101HFL1C1L0521-01A  1ST PUCK
2-INCH DEPTH
MDA

72-INCH DEPTH
Used % esults MDA
2.21€+00 1.59E+01 81.31% 4 1.33E401
D
ND
ND
1.46E-01 2,38E-01 1.22% @ND
§ND
AND
2.66€-01 3.49E-01 1.78% B ND
5,68E-01 8.53E-01 3.34% 5.26E-01
4.758-01 1.06E+400 543% 8  1.02E+00
B2ND
5.85E-01 1.36E+00 6.82% & 8.70E-01

1.95€+01 100.00% §§

1/2 inch
s

% C9000101MFLIC1L0524-02 2CND PUCK

% Co0001011MFL1C1L0521-02A 2CND PUCK
i 1.INCH DEPTH

Used % R Results MDA Used %
2.08E+00 1.33E+04 84.59% &8 9.65E+00 2.98E+00 9.85E+00 87.04%
AND
ND
D
0 3.05E-01 1.93e-01 3.05€-01 2.75%
gND
o]
0 ND [}
4.71E.01 5.26E-01 3.35% D 0
5.06E-01 1.02E+00 6.51% D 0
D
4.55E-01 8.70E-01 5.55% 1.13E+00 3.62E-01 1.13E+00 10.219
o}
]
[o]
[v]
0
NO
3 ND
1.57E+01 100.00% 1.11E+01 100.00%

112 Inch

1/2INCH

1.80E+01

1.60E+01

1.40E+01

1.20€+01

5 1.00E+01

g‘ 8.00E+00

=Pb-212

———Ph-214
——ph214

6.00E+00

4.00E+00

2.008+00

0.00E+00

DEPTH

112




Final Status Survey Plan
for the
Plum Brook Reactor Facility

Attachment A
Radionuclide Distribution Basis for DCGL Determination,
and Final Status Survey of the Plum Brook Reactor Facility
(PBRF)

Addendum 3
- RESRAD and RESRAD-BUILD Models Used for
Evaluation of Structural Radionuclide Distribution Using
Smear Samples



*+ RESRAD-BUILD Dose Program Output, Version 2.22 10/17/0¢ 12:54:48 Page: 1o
Title : Plumbrook Duplicste

Input File : C:\Program Files\RESRAD_Family\BUILD\Flum Brecok 25th BOPSMEARMIX RevZ.bic

=== RESRAD-BUILD Table of Contents ===
RESRAD-BUILD Input Parameters............ 2
Building Information............... ... ... 3
Sovrce Information..............c.....o.. 4

For time = 0.00E+00 yx

Time Specific Farameters.............. 8
Receptor-Source Dose Summary.......... 11
Dose by Pathway Detail................ 12z
Dose by Nuclide Detail................ 13
FRll SUMMAIY...cuveremrmeoneanensencnenns 16



r=e

RESRAD-BUILD Input Parameters

s

Number of Sources 3

Number of Receptors: 1

Totsl Time : 3.€52500E+02 cays
Fraction Inside ¢ Z.670000E~01

m===ce==== RecCeptor lnformetion s==m=w====

Recepteor Room

1 1 7

=== Receptor-Sovrce

x v : FracTime Inhalation Ingestion{Dust)

[m} Lm) [m]
.500 2.500 1.000 1.000

Receptor Source Density Thickness

[m3/day) {m2/hr)
3.36E+01 0.00E+00

shielding Relaetionship ===

Matrerial

[N

—

. 40E+00 D.00E+D0

L 40E+00 0. 00E+00
:.40E+00 0.00E+00

G
[N

Z.40E+00 0.Q0E+0D

-
)

;. 40E+0C 0. 0CE+0Q

o
0y

.40E+00 0.Q0E+Q0

-
©

Concrete
Concrete
Concrete
Concrete
Concrete

Concrete



** RESRAD-EBUILD Dose rrogram Output, Version 3. 10/17/04 22:54:48 Page: 3+
Titie : Plumbrook Dupliceate
C:\Frogram Files\RESRRD Family\BUILD\Flum Broo} 25th BOPSMEARMIZX Rev?.bld

Input

=====x== Byilding Informstion ===s====

Building Air Exchange Rate: E.00E-D1 1/hr

Height [m] Air Exchanges [m3/hr}

Arees (ml}

R R XA R R R

. '
. .
. <=Q01: 1.BOE+0Z

H1:  3.000 . Room 1 ’ Q10 : 1.80E+02
* LAMBDA: 8.00E-01 .

L.

B R R R L R s

Depesition velocity: 2.70E-06 (m/s) Resuspension Rate: 1.40E-05 [i/s]




¥+ RESRAD-BUILD Dose Program Qutput, Version 3.22 1G/17/04 :5¢:48 Page: 4

Title

lumbrook Duplicate X
Input File : C:\Program Files\RLSRAD_Family\BUILD\Plum Brook 25th BOPSMEARMIX RevZ.bld

cesmoss=

Source Information

_ Source: 1
Locatien:: Room : 1 K@ 0.00 y: 2.50 =z 1.50{m]
Gecmetry:: Type: Ares Area:1.505+01 {mZ] Direction: x
Pathway ::
Direct Ingestion Rate: 4.070E-07 [1/h1])
Fraction released to air: 7.000E-02
Removable fraction: 1.000E-01
Time to Remove: 5.270E+04 ([day] ’
Contamination::

Nuclide Concentration Dose Conversion Factor (Library: FGR 13 Morbidity

Ingestion Inhalation Submersion
[pCi/mZ}) {mrem/pCi) [mrem/pCi]) [mrem/yx/
© o (pCi/m3))
EU-154 1.000E-10 9.550E-06  Z.860E-04 7.180E-03
Sovrce: 2
Location:: Room : 1 x: 15.00 y: 2.50 =z: 1.50([m)
Geometry:: Type: Aresz Brea:1.50E+C) [m2] Direction: x
Pathway
Direct Ingestion Rate: 4.070E~07 [1/hr)
Fraction released to aif: 7.000E-02
Removable fraction: 1.000E-02

Time to Remove: 5_270E+D4 [day])

Contamination::

Nuclide Cencentration Dose Conversion Factor (Library: FGR 13 Morbicity

Ingestion Inhzlation Submersion
{pCi/m2) {mrem/pCi) Imrem/pCi} [mrem/yx/
{pCi/m3)]
EU-154 1.000E-10 $.550E-~06 Z.860E-04 7.180E-03




Source: 3

um Erook 25th

Lecation:: Reom @ 1 N T.50 v 0.066 =z 1.50([m)
Geometry:: Type: Rrea Breg:4.50E+061 Im2)] Direction: y
Fathﬁay'

Direct incestion Rate: 4.0762-07 [1/hx)

Fraction relezsed to gir: 7.000E-C2

Removakle fraction: 1.000E-01

e

Time tO Remove: .Z70E+D¢ [day]

Contemingtion::
Nuclide Concentrstion Pose Cenversion Factor (Library:
ingestion Inhalation Submersicn
{pCi/m2) (mrem/pCi] [mrem/pCi] [mrem/yr/

(pCi/m3)}
EU-154 1.000E-10 9.550E-06 2.860E-04 7.3180E-03

Source: 4

FGR 13 Morbidity

Location:: FKoom : 1 x: 7.50 y: 5.00 =z: 1.50{m]
Geometry:: Type: Area Rrez:4.50E+01 ImZ] Direction: y
Pathway ::
r Direct Ingestion Rate: 4.070E-07 [1/hr)
\\~// R Fraction released to aixr: 7.00G0E-02
Removable fracticn: 1.000E-01
Time to Remove: 5.270E+0¢ [dav]

Dose Conversio

&
-
o
o
rd
s}
~
=
1
24
I
o
B3

<

ingestion inhazlztion Submsrsion
[pCi/m2] [mrem/pCi} [mrem/pCi] [mrem/yr/
(pCi/m3) ]

1.000E-10 2.550E-9¢€ 2.86CE-04 7.180E-02

FGR 13 Morbicity

BOPSMERRMIX RevZ.



** RESRRL~BUILD Dose Frogram Qutputn, Version 3 5¢:28 Fage: & v

Plembroch Duplicate

k 25th BOPSMEARMIX RevZ.bid

Source: 5
Location:: Room : 1 x: 7.50 y: 2.50 z: 0.00(m)
Geometry:: Type: Arez Erez:7.50E+01 [mZ] Direction: z
Fathway ::
Direct Ingestion Rate: 4.070E-07 (1/hr}
Fraction relegsed to air: 7.000E-02
Removable fraction: 1.000E-01 :
Time to Remove: 5.270E+D4 [day]
Radon Release Fraction: 0.000E+00
Contamination::
Nuclide Concentration Dose Conversion Factor (Library: FGR i3 Morbidity

Ingestion Inhalation Submersion

[pCi/m2} {mrem/pCi] Imrem/pCi} [(mrem/vr/
(pCi/m3)]
. 000E-0GZ 2.510E-03 3.070E-01 6.880E-04
.200E-01  6.850E-0S  £.250E-03  Z.560E-08
.300E-D1 3.640C-03 4.440E-01 9.570E-05
2.Q00E-02 3.540E-03 4.290E-01 4.960E-07
.00DE-02 3.200E-03 3.920£-01 £.710E-07
.000E+00 4.440E-03 5.400E-01 1.210E-03
.000E+N0 Z.670E-04 1.230E-01 2.030E-04
.000g-02 2.830E-04 1.320E-01 §.930E-07
.Q00E+Q0 2.8%0E~0¢ 1.350E-01 1.810E-06
.OD0EHO0 1.06CE-G2 1.280E+Q0 Z.010E-04
- 0O0E+QO 5.460E-0¢ 3.260E-00 z.040E-CE
L QGOE+D0 4.03¢E-03 Z.160E+00 72GE-03

.00QE+0QC 1.280E-02 €.720E+00 z.160E-03

2. 000E+C0 §.6CG0E-03 1.040E-C2

L DODE+CQ i.380E-02 1.050E-GE

TC-%% 1.Z00E-02 §.330E-C¢ 1.900E-C7
SR-90 3.0108+20 1.310E-03 z.310E-05%
NI-€3 1.370E+02 €.290E-06 0. QCOE+00
Ni-5¢ 4.500E-01 2.700E-06 0.000E+00
FE-55 1.98CE+00 Z.690E-G6 C¢.000E+G0
C-14 S Z.0%0E-0¢ Z.5820E-08




=% RESRAD-BUILD [ose Frogrem Cutput, version 3.22 10/17/04 12:24:485 Pege: >

Title : Plumbrook Dupl:cete
1y\BUILD\Plum Brook Z5th BOPSMEARMIY RevZ.blid

input

Source: ¢

Location:: Room : 1 T.E0 y: Z.5¢ =z: 3.00(m}
ceometry:: Type: Area Rrea:7.50E+01 {mZ} Direction: z

Fathway

irect Ingestion Rate: 4_070E-07 {1/hrz]

o

Frzction relezsed to air: 7.0C00E-0Z

Remcvable fraction: 1.0G0E-01

Time tO Remove: 5.Z70E+04 [day)

Contamination::
Nuclide Concentration Dcse Conversion Factor (Library: FGR 13 Morbidity

Ingestion Inhalztion Submersion
[pCi/m2} [mrem/pCi) [mrem/pCi)l [mrem/vr/

{pCi/m3}]

EU-154 1.000E-30 9.550E-086 2.B60E-D¢ 7.180E-03




ie¢ @ T:\Frogram F:les’\RESRAD Family\BUILD\Flum 5r

ime: 0.CO00000CE+CD wears

=== Assessment for Time: 1
=== Time =0.00E+00 yr =

=o=s==a=  Source Information

4
Location:: Room : 1
Geometry:: Type: Area
Fathway ::
Direct Ingestion Rate:
Fraction released to air:
Removable fraction:
Time to Remove:
Contamination:: Nuclide
EU-154
Location:: Room : 1 15.
Geometry:: Type: Pree

Fethway

Remevakle fraction:

Time tc Remove:

Contaminztion:: Kuclide

0.06

(SN

n

~

mE=o=m=a

v Z.50

Arez:1.50z+01

.070E-07
.00QE-02
.Q00E-01

LZ70E+04

Concentration
{pCi/m2)
1.009E-10

.000E-62

.0C0E-C]

" T0E+04

25th BOPSMEARMIX RevZ.pid




/17708

Source: 3
Locarion:: Room : 1 u: 75.50 v 2.00 =z:
Geometr&:: Type: Ares Ares:4.50E+0] [mZ]
Fathway
Direct ingestion Rate: &.C70E-CGF {1/hr
Fraction relessecd to air: 7.Q00E-02
Removakle fraction: 1.000E-01
Time to Remove: $.270E+0¢ lday]
Contamination:: Huclide Concentration
ipci/m2}
EU-1%4 1.000E-10
Source: 4
Locetion:: Room 1 ox: 7.50 v: 5.00 z:
Geometry:: Type: Areg Area:¢.S0E+01 (mZ]
Pathway ::
Direct Ingestion Rate: 4_070E-07 [1/hr]
Fraction released to air: 7.000E-02
Removakle frzction: 1.000E-01
Time to Remove: .ZT70E+04 [Zay)
Contamination:: Niyclide Cencentration
fpCi/mZ}
EU-154 1.600E-10
Source: &
1 oz 7.50 v 2.50 =
Ares Area:7.50E+4G1 [mZ)
lngestion Rate: ¢ . 07CE-07 [Y/hr}
relessed tc zir: 7.000E-QZ
Remcvalble fraction: 2.000E-01
Time to hemove: S, Z7DE+0¢
Contamination:: Nuclide
TM-243
PU-281

i2:

1.50

Direction: y

1.50

Direction:

0.00

Direction:

54:48

SUILD\RIum Brocok Z5th BOPSMEZRMIX RevZ.bi

Im}

[m]

{m]



S Inpuz

Evaluatior Time: (.00G0000CE~GE  vear

Source:

AM-261

6
Locatien:: Room : 1 x: 7.

Geometry:: Type: Area

Direct Ingestion Rate:
Frection relezsed TO &ir:
Removeble fraction:

Time to Remove:

Nuclide

EU-15¢

50

.GOOE~0Z
.QOOE+GT
.0Q0E+CO
1.0C0E-0Z
000E+00
000E+00
0DBE+0D

D @

>

Do D

_OOE+DQ

-

.QGUE+0D
.Q00E+GO

o

.Q00E+00

=)

-

.200E~-01
.C10E+00

w

e

.370E+01
4.500£~01
.980E+00
- 8N0E-D]

—

n

v 2.50 =z

Arez:7.50E+01 [m2]

-

o

.070E-07 {1/hr])
.000g~-02
.000E-01

L270E+0¢ [day}

bt

3.00 {m)

Direction:

z

DAFlum Brook I5th BOPSMEARMIN

RevZ.bl



10/.7/64 12:84:48 TFage: 11 <~

. Ercolt 25tk BOPSMEARMIX Rev2.blc

Evaluatior Taime: §.0000C0N0CE+GR  years

2t

me

RESRAD-BUILDLose Tables Ll

Sovrce Contributions to Receptoxr Doses

fmzrem)

Source Source Soyrce Source Source Source Total

1 2 3 4 5 6
Receptor 1 1.29£-1€ 1.2%E-16 1.8B8E-15 1.88E-15 G.58E-06 3.09E-1% 9.5BE-06
Total 1.29E~16 1.28E-16 1.8BE-15 1.88E~15 ©.58E-06 3.05E-15 9.58E-06

g



Source: :
Receptor
1

Totzl

Souxrce: 3

Receptor

Total

c

Source: ¢
Receptor
1

otel

Source: &

Receptor

Tcoral

Vd
[}
=1
,.‘
O
o
P2

o

Immersion

€.

Immersion

2

Immersion

immers:

Redon

0. 00E+D0
0.00E+Q0

Radon

0.00E+00
C.00E+00

Radon

0.00E+Q0
0.00E+00

Rzdon

Q.00E+00
3.00E400

kedon

G.D0E+0C

0.00E+C0



ﬁluation Time: 0.

Source:

Nuclide Receptor

Totel
1
EU-15%4
EU-154 1.29E-16 1.29E-16
Source z
Nuclide Receptor Total
i
EU-134
EU-15¢

3
N
Nuclide Receptor Totel
1
EU-15%4
EU-154 1.68E-15 1.88E-15
Sovrce: 4
Nuclide Receptor Totzil
1
EU-15¢
EU-15¢ 1.86E-15 1.88E-15

Nuclide Dete

[mrem]



REISRAL-

AC-ZZ7

FU-238
PU-238

RA-22€

Z0ILD Dos

¢ Frogram Outyput,

lompbrock Degplicate

Receptor

3.85E-06
7.988-13
9.47E-20
3.49E-23
5.69E-07
4.42E-17
5.84E~21
§.77E-23
1.03E-0¢
1.712-13
1.08E-18
§.65E-2F
4.37E-%¢
3.03E-08
Z.87E-13
1.64E-1€
1.%ZE-18
1.34E-0%
3.43E-0¢
5.87E~GF
6.52E-10
7.88E-0¢
£.76E-CS

\Program Files\RESRAD

0.30000Q0008+GQ
Tetel
4.I3E-07
6.13E-12
4.22E-22
£.25E-26
5.05E-28
1.72E-07
7.48E-0Q9
1.04E-15
9.26E-23
2.74E-26
3.85E-06
7.98E-13
G.47E-20
2.49E-23
5.69E-07
4.42E~17

—

S.O4E-21

J7IE~Z3

3.03E-08
Z.B7E-13
1.64E-16
1.928-3¢
1.34E-G¢
3.43E-06
© GTE-08
6.82E-10
7.58E-09
5.76E-0

SSBUILINFlum Brook

25th BOPSMERRMIX Rev



Source: €

Nuclide Recepfcz

Tote




Input file

SumEmE Yy

C.00E+

1 9.58E-

0.D0E+

1 9.58z-

.
== ===
sm= RESRED-RUILD Dose {Time! Tables ==e
smes =
==
Receptor Dose Received for the Expcsure furation
ras== smaz===

(mrem)
Evgluztion Time lyr]
00
0¢
Duration

Receptor Dose/Yr Averasged Over Exposure

{mrem/yr}

Evaluetion Time {yr}

oo

U3
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Fege: z

** RESRmD-BUILT

Title

input File : C: Brcok 75th BCPSMERRMIZ Rev2.bld

N\

=== RESRAD-BUILD Input Parameters ===
Number of Sources [
Number of Receptors: 1
Totel Time : 3.652500E+02 days
Fraction Inside : 2.R70000E-01
====== ReCeptor Information s=scss==mec
Receptor Room K1 by z fFracTime Inhalation Ingestion{Dust)
(m} [m) [(m} fm3/dey] [m2/kr]
1 1 7.500 2.500 1.000 1.000  2.36E+01 0.00E+00

[}
I
i

=== Receptor-Source Shielding Relationship

Recepter  Source Density Thickness Materisl

C.GOE+20 Concrete

1 z 2.80E+00 C.GQE+00 Zoncrete
1 3 Z.40E+G0 D.COE+0CQ Concrete
1 3 z 0.00E+0C Concrete
1 5 z G.Q0E+0C Concrete

G.0QEZ+(C  Concrete



Page: T o

72th BCPSMEARMI

m======= Brilding Informeticon ========

Building Air Exchange Rate: $.00E-01 i/hr

Height {m] Eir Exchanges (m3/hr]

Area [mZ)
T L

M <=001: 1.80E+02
Hi: 3.000 > Room 1 N Q16 : 1.80E+0Z
N LAMBDA: €.00E-01 N
Arez 75.00¢ . M

R R R R R

Deposition velocity: 2.70E-06 [m/s} Resuspension Rate: 1.40E-05 {1/s}

g




Source: 1
Location:: Roofm 1 ox:
Geometry:: Type: Rres
Fathwey

Direct Ingestion Rate:

Fraction released to 2ir:

Removable fraction:

Time to Remove:

Contaminztion::

Nuclide Cencentration

Information

e

1.50 (m}

Directicrn: x

4.070E~07 {1/hr)
7.000E-0Z
1.000E-01

QE+D4 [day)

Dose Lonversion Factor

(Library: FGR 13 Morbidity

Ingestion Inhalatien Submersion
pCi/mZ} imrem/pCi} [mrem/pCi}! imrem/yr/
(pCi/m3j])
EU-154 1.000E-1C ©.550E-06 2.860E-04 7.180E-03
arce: 2
Location:: Room x: 15,00 y: z.50 = 1.50(m)
Geemetry:: Type: Ares Ares:1.50E+01 [mZ) Direction: x
Pathway
Direct Ingestion Rate: 2. 070E-07 [1/hr}
Fraction released ro sir: 7.000E-CZ
1.000E-01
S.IT0E40¢ iday)
Nuclide Concentrztion Dose Conversion Facteor {Librery: FGR 12 Morbidity
(oCi/mZ}




JLDAVPlem Brook 75th BOFSMEARMIN Rev?

source: 32

Loceticn:: Reom @ 1w T.50 w: G.00 z: 1.50(m]
Geometr?:: Type: Area Brez:¢.50E+01 [mZ] Direction: y
Fathway

rirect lngestion Rete: ¢ . 020E-07 11/hr]

Fraction released to air: 7.000%

.Q05E-01

Rempveble fraction:

w

Time to Remove: .270E+0¢ {dzy]

Contamination::

Nuclide Cenceptration Dose Conversion Factor (Library: FGR 13 Morbidity

——

Ingesticn Inhslation Submersion

{pCi/mZ} (mrem/pCi} [(mrem/pCi) {mrem/yr/
{pCi/m3) )
EU-1549 1.000E-10 ¢.550E-06 2.860E-Q4 7.180E-03
Source: 4
Locetion:: Room 1 ox: 7.50 y: 5.00 z: 1.50(m]
Geometry:: Type: Rrea Rres:4.50E+01 [m2) Direction: y
r Pathway ::
~— A pirect Ingestion Rate: ¢ Q7CE-07 [1/hr}
Fraction relezsed to air: 7.000E-02
removable fraction: 1.000E-02
Time to Remove: 5.270E+Q4 {cay)

Contamination:

Nuclide Toncentrsiion nose Conversicn Factor (Librery: FGR & Morbicity

Ingestign inhzlation Submersion
ipCi/m2Z} fmrem/pCil {mrem/pCi} imrem/yr/
{pCi/m3)]
EU-15¢ 1.000E-10 <.550E-06 Z.86CE-04 2.180E-02

.klg



Source:

Room : 1 x: 7.

Geomet:Y': Type: Area
ingestion Rate:

Fraction relessed to zir:
Removable fraction:

Time to Remove:

Contemingtion::

S0 vy 2.50 = 0.00(m}
Area:7.50E+0: {m2) Direction: z
¢.070E~07 {i/hr}

=]
>
o
(&1
1
(=3
it

o

LZTQE+OL

[day])

Nucl:de Ceonceptration Dose Copversion Factor (Library:
Ingestion inhalatiorn Suvbmersion
{pCi/mZ) {fmrem/pCi} (mrem/pCi} [mrem/yr/
(pCi/m3))
GD-15% 0. 00CE+CG 1.610E-0¢ 2.430E-02 0.000E+00
EU-15¢ 1.500E-01 %.5508-06 2.560E-0¢ 7.180E-03
EU-152 1.300E-02 6.480E-06 2.210E-0¢ 6.610E-03
Cs-137 7. ¢6QE+00 5.000E-05 3.190E-05 3.190E-03
I-129 6.000E-02 2.760E-04¢ 1.740E-04 4.450E-05
r AG-106M  €.000E-02  7.620£-06  2.830E-G4  9.140E~03
— jE—Sé 3.000E-07 7.140E-0¢ 4.140E-0¢ ©.010E-03
Co-80 5.220E+00 Z.690E-0% Z.190E-04 1.¢70E-02
Sovrce: 6
Locetion Room 1 T.5C y .50z 3.06(m!
Lrez:7.50E+0: imZj Direction: =
Remeveolie frectacn I.G00E-02
Time tc Remcve S.27NE+0¢ {day!
Contemination::
lose Conversion Factor {Library: FCGR 132

EV-154 1.

Supmersion

fmrem/vr/

z AnsIT e Fage 3
Familv\BUILI\Plum Brook 75th BOPSMEARMIX

FGR 13 Morbidity

Morbic




¥k 35th

=== Assessment for Time: 1 =
s Time =0.008+00 yr mxx
======== Source Information
Source: 1
Location:: Room : 3 x: D.00 y: .50 =z: 1.50 [m)
Geometry:: Type: Ares Ares:1.50E+01 [mZ} Direction:
Fathway
Direct Ingestion Rate: 4.070E-07 {1/hr])
Fraction released tc 2ir: 7.000E-02
Removable Iraction: 1.000E-01
Time to Remove: 5.270E+0¢ [dav)
', Contamination:: Nuclide Concentration
~ 1pCi/mi2}
EU-154 1.000E-10
Socurce: &
50 =z 1.56 [m]
8QF+01 {mI] [irection
[i/hr}
.000E-01
Time to Remcve: ¢ .270E+04 [day]}

BOPSMEARMIX RevZ.rld

b4



Pzge: g v

75%h BOPSMEARMIX RevZ.bld

Source: 3
7.50 y: .00 za: 1.50 {m}

Locatioﬁ:: Room : 1
Geometry:: Type: Aree Ares:4.50E+01 [m2) Direction: y
Fathwey

Dirrect Ingestion Rate: ¢.070E-07 (1/hr}

Fraction relessed to air: 7.000E-02

Removsble fraction: 1.000E-01 .
Time tc Remove: S.ZI0E+04 [dey)
Contamination:: Nuclice Concentration
(pCi/mz)
EU-1%4 1.000E-10
Scurce: ¢
Locstion:: Room : 1 x: 7.50 v £.00 =z: 1.50 [mj
Geometry:: Type: Ares hrez:4.50E+01 (mZ] Direction: y
Pathwey
Direct lngestion Rate: 4.070E~07 [1l/hr)

Fraction released to air: 7.000E~0Z

Removable fraction: 1.C00E~01
Time to Remove: S.2Z70E+0¢
Contamiration:: Ruclide Concentration
[pCi/mE)
EU-154 1.000E-1
Source z
Location:: Room : 1 x: 7.50 vy 2.0 =: $5.00 [m)
Geometry:: Tvpe: Rrez Area:7.50E+01 [mZ} Direction: z
Fethway
Direct Ingestion Rate: 2.G70E-07 {1/hr}
frection relessed tc gir: 7.000E-C2
fraction 1.000E-01
10 Remove: 5.272E40¢ [cay)
contamination:: Muclide Concentration
[pCi/mZ]
GD-152 {.0002+00
EU-154 1.500E~01



Source: 6
Leocetion:: FReom @ 1 @ 7
Geometry:: Type: Ares
Fathway

Direct Ingestion Rate:

fraction released t¢ air:

Removable fraction:

Time to Remove:

Contamination:: Nuclide

EU-154

n Time:  O.00GCOQCOE+GC  vears

.50

Ar

[,

o

300E-01
L 460E+0C
.0002-02

6

e

o

v 2.50 z:

es:7.50E+01 (mZ}

.0708-97 {i/hr}
.0G0E-QZ
L00GE-01
LZ70E+0¢ {gay]

Concentration
(pCi/m2]
1.000E-16

2.00

Direction:

{m}



C:\Program Files\RESRA

c.vetion Time: C.Q0CQDO0CE+CL  vears

== ===
histad RESRAD~BUILDDose Tebles ===
=== ==

Source Contributions to Receptor Doses

Source source Source Source Source Source Total

1 2 3 4 5] &
Receptor 1 1.29E-16 1.29E-16 1.88E-15 1.88E-15 1.61E-04 3.09E-15 1.61E-04
Total 1.29E-16 1.29E-16 1.88E-1S% 3.8BE-15 1.61E-04 3.09E-15 1.61E-04

-



mbreocok Duplicate

o

OFSMERRMIY. Rev?.

{:\Program Files\RISRAL femil

ime: 0.00QCOOLCOE+IC  years

Pathwey Detzil of Doses

[mrem)
Scurce: 1
Recepror Externgl Deposition Immersion Inhelation Radon Ingestion
1 1.ZEE-16 4 55E-25 B.5ZE-Z3 ¢.16E-20 €. QG0E+00 1.31E-1¢
Total 1.28E-16 4.55E-25 §.52E-%3 4.16E~20Q 0.00E+00 1.31E-18

Source: I

Receptor Externsl Deposition Immersion Inhalation Radgon Ingestion
1 1.Z8E-1¢ 4.55E-25 8.52E~Z3 4.16E-Z0C CG.00E+QO 1.21E-18
Total 1.28E-16 4.55E-2%5 5.5ZE~Z3 4.16E~20 0.00E+00 1.31E-18

Source: 3

Receptor External Deposition Immersion Inhalation Radon Ingestion
1 1.88E-15 1.36E-24 2.56E-22 1.25E-19 0.00E+00 3.92e-18
( tal 1.88E-15 1.36E-24 2.56E-22 1.25E~19 0.00E+0D 3.92E-18

S

Source: 4

Receptcr External Deposirtion Immersion Inhzlation Radon Incestion
i 1.E8E-15 1 1.2Z5E-1¢ 0. Q0E+GO
Total 1.38E-25 T.368-24 L.XSE-19 0.COz+00
Sovrce: &
Recepler Externel Deposition Immersicn Inheletion Rradon Ingesticn
1 1 7.00E-1¢ €.058-11 31.07E-08 G.C0E+00 3.70E~0¢€
Tetal 1.57E-04 7.00E~14 6.05E-11 i.e ¢.G0E+GO 3.70E-06

Source 6
Receptor Radon ingestion
1 0.G0E+0D &6.54E-18
Total 0. 0DE+00 €.54E-18

Q.



EVILD Lose Fro

umorook Dup zte

©S\RESRAD_Family\BUILD\Plum Erook

e : C:\Prooram Fil
ion Time: C.GOOGGOOQE+GC  yesrs

Nucliide Detail cof Doses

{mrem}

Source: 1
Nuclide Receptor Tetzl
1
EU-15%4
EU-154 1.28E-16 1.29E-16
Source: 2
Muclide Receptor Total
1
EU-15¢
EU-154 1.298-16 1.29E-16

AN
Nuclide Receptor Torzl
1
EU-15¢
EU-1Z2¢ 1.8BE~15% 1.BBE-1%
sSource Bl

Nuclide Receptor Total

75th BOPSMEARRMIN

RevZ

.tig



uation Time: C.COCCGGO000E+0Q vyears

Source: §

Nuclice Receptor Totzal

1
1

-
o
pe)
[sg)
1
L=
o

El-154 F.67E-06

AG-10N8M

AG~108K  9.i6E~D7 9.16E-07
NB-94

NB~%4 4.20E~07 2.40E2-07
Co-60

CO-60 1.08E~D8 1.09E-0¢

( ce: €

e N

Nuclicde Recgepter Total

EU-154¢

EU-154 3.09E-15 .09£-1%



=== RESRAD-BUILD [ose ===

Receptor Dose Received for the Ixposure Duration

{mrem)

Evaluation Time {yr]

Receptor Dose/Yr Averaged Cver Exposuvre Duration

(mxem/yr}

Evzluetion Time [yr])



UILD Dese Program oulput,

Piumbrook [uplicate

File : C:\Program Files\RESRAD Familv\BUILL\Pluwm Brook E-Z BOPSMEARMIX

=== [
=== RESRAD-BUILD Table of Contents m=e
=as e
RESRAD-BUILD Input Parameters............ z
Building Information............c.ouuu.... 3
Source Information....................... 4
Foxr time = 0.00E+00 yr
Time Specific Perameters.............. 7
Receptor-Source Dose Summaryv.......... 10
Dose by Pathway Detsil................ i1
Dose by Nuclide Detail................ 2
Full Summary......... . ..eieiinnnennann. 14

RevZ_blc



=== RESRAD-BUILD Input Parameters ma=
[ o
Numper cf Sources : 6
Number of Receptors: 1
Total Time © 3.852500E+40Z days
Fraction Inside :  Z.670000E-01
========== Receptor Information ss===es===
Receptor Room » Y z FracTime Inhaiation Ingestion(Dust)
{m] [m] [m) {m3/day] fm2/hx)
1 1 7.500 2.500 i.000 1.0090 3.36E401 0.00E+00

-

=== Receptor-Source Shieldipng Relationship ===

Receptor Source Density Thickness Mezteriel

{o/cm3} lemi
1 1 2.40E+00 2.00E:Q0 Concrete
1 z 2.40E+GC C.0Q0E+0C  Concrete
1 2 Z.4CE+00  0.00E+0C Concrete
1 4 Z.40E+00 0.00E+0C Concrete
1 5 Z.40E<0C 0.0CE+DC Concrete
1 & 2.40E+00  0.00E+00  Concrete



======== Building Information ===e=re=

Building Rir Exchange Rate: §.C0E-0Y 1/hr
Reight(m) Rir Exchanges [m3/hrl

Erea {m2]

Fratvraraeaetrtrrisd At areeda e
.

- «<=Q(01l: 1,80E+02
Hl: 2.000 + Room 1 . Q10 @ 1.80E+0QZ
M LEMBDR: £.00BE-01 N
Arez 75.000 * -

PR AN I PR AR IR EI SIS AT A a kT

r Deposition velocity: 2.70?.‘;06 (m/s] Resuspension Rate: 12.40E-05 [1/s)}

~ .

~—



Source:

=======c §ource Information

1

Location:: Room : 1 x: o,

Geometry:: Type: Area
Pathway

Direct Ingestion Rate:

Fraction released to &ir

Removable fraction:

Time to Remove:

Contaminaticn::

Nuclide Concentration

4.070E-07
. 000E+00

1

1.000E~01

. 820E+0¢

[ 1.50(m}

01 {m2] Direction: x
{1/hr}

[dzy}

Dose Conversion Factor

Ingestion
fpCi/m2) imrem/pCi}

1.000E-10 €.400E-08

Location:: Room : 1 x: 15,

Geomerry:: Type: Area
Pathwey

Direct Ingestion Rate:

Trezction released ©C &ir:

Remcvable fraction:

Time 1¢ Remove:

Contemination::

Nucl

ide Concentration

inhzlztion Submersion
fmrem/pCi) imrem/yvr/
(pCi/m3} ]
€.400E-08 G.000E+00
00 v 2.50 1.50(m)
hrez:1.50E+01 [m2] Direction: x

4.070E-07

1.

0p0E+02

000g-01

.82

GE+D¢

1/br}

idayl

ose Conversion Fazctor (Library:

Ingesticn

{pCi/m2) {mrem/pCii

Submersion

{mrem/yxz/

FGR 13 Morbid

3

t

H-3 BOPSMEARMIX RevZ.bld

{Library: FGR 13 Morbidity

¥



-

> BOPSMEARMIX Revi

Source: 3

Locezion:: Regom : 1 x: 7.50 v 2.00 = 1.50(m)
Geometry:: Type: Arez Rrez:4_530E+C1 [mZ) Direction: y
Fethwey ::

Direct Ingestion Ratve: 4.0%0E-07 {1/krl}

Fraction released to gir: 1.000£+0C

Removable fraction: 1.00G0E-01

Time to Remove: 1.820E+04 jday}

Contzmination::

Nuclide Concentratien

Dose Conversion Facior

iLibrary: FGR 132 Morbidity

ingestion inhalation Submersion
{pCi/mZ]) {mrem/pCi}] {mrem/pCi}) {mrem/vr/
(pCi/m3}}
R-2 1.000E-10 6.400E-08 6.400E-08 0. 000E+00
Source: 4
Location:: Room : 1 x: 7.50 y: 5.00 =z: 1.50(m}
Geometry:: Type: Area Arez:4.50E+01 [m2] Direction: y
Pzathway

Direct Ingestion Rate: 4.070E-07
Fraction relessed to air: 1.000E+00
Removable fraction: 1.000E~01
Time to Remove: 1.620E+0¢

Contamine

Noclide Lose Corversion

[1/hr)

{day]!

[Library: FGR 13 Morbid:ty

Ingesticn ir

tpCi/m2) [mrem/plil  {mrem/pCi}

€.400E-08 5.4¢008-0¢

A~ 3.000E-10

nhalation

Svbmersion
{mrem/yr/
(pCi/m3) ]

€. 000E~00

.blc



(-.

[N

T Fage:

Tt file : Ci\Program Flies\RESRALD_Famriy\BUILD\Flum Brook ¥-3 BOPSMEARMI¥ Rev2.bld
Source: &
Locetion:: Room @ 1 x: 7.50 y: z2.50 =z G.00([m)
Gecmetry:: Type: Ares Arez:7.50E+01 {mZ) Directien: 2
Pathway
Direct Ingestion Rete: £.070E~0? [i/hr}
Fraction relessed to air: 1.000E+00
Removable fraction: 1.000E~C1
Time tc Remcve: 1.6202+0¢ ([day!

Contaminetion::

Nuclide Compcentration

Dose Conversion Factor

Ingestion Inhslation Submersion
{pCi/mZ} {mrem/pCi) [mrem/pCi}) [mrem/yr/
{pCi/m3) ]
H-3 6. 650E+01 €.400E-08 6.300E-08 0.000E+0C
Source: €
Location:: Room : 1 x: 7.50 y: 2.50 =2 3.00(m}
Geometry:: Type: Rrea Area:7.50E+01 (mZ)
Pathway
Direct Ingestion Rate: 4.070E~07 {1/hr}
Fraction released to air: 1.000E+00
Remcvable fraction: 1.000E-01
Time to Remove: 1.8z0E+04 [dav}

Contamination::

Nuclige Concentraticn Dose Conversion Factor {Library:
Ingestion Inheistion Submersion
(pCi/mZ) imrem/pCi] [|mrem/pCi} [mrem/yr/
(pCi/m3})
H~3 1.0008-1¢ £.400E-08 6.400E-08  ©.000E+0C

Direction:

(Library: FGR 13 Morbidity

FGR 13 Morbidity



-3 BOPSMEARMIX RevZ

=== Assessment for Time: 1 ===
=== Time =0.00E<00 vr ===

======== Source Infec

Source: 1

Locstion:: PRoom : 1 x: G.00 v: 2.50 = 1.50 im}
Geemetry:: Type: Ares Zres:1.50E+0% [mZ) - Direction: x

Direct Ingestion Rate: 4.070E-~07 [1/hr]}

Fraction released to air: 1.000E+00

Removeble fraction: 1.000E-01
Time te Remove: 1.820E+02 {day)
Centamination:: Nuclide Concentration
[pCi/m2)
R-3 1.000E-10

1.50 Im}

Direction: ¥

1.60CE=~0Q
1_{00E-0

Time to Remove: 1.BZ0E+Q¢ [day]}

.bl¢



Source:

Squrce:

'

Source:

3
Location:: Room : 1 u: 7.
Geometry:: Type: Ares

athway ::
[Direct Ingestion Rate:
Fractionp reiessec to air:
Removable fraction:

Time to Remove:

Contamination:: Nucligde
H-3
¢
Location:: Room : 1 =x: 7.

Geometry:: Type: Area
Fathwey ::
Direct Ingestion Rate:
Fraction released to air:
Removeble fraction:

Time to Remove:

c

Lecation:: Reom @ 1 u:
Ceometry:: Type: Erez

Pethway ::

1.00G0E+CS
1.000E-01

1.8Z0E+0¢ [day}

50 y: &.00

Area:4.50c+0

1

[mz)

4.070E-07 {1/hx}

1.000E+00

1.000£-01

1.820E+04 [day)

Time to Remcve:

1.50 fm)

Direction:

1.50 (m}
Direction:
0.00 [m]

Direction:

v

Y




Files\RESRAD_F
}. G00C00002+00

Location::
Geometry:: Type: Rrea
Fathway ::
Direct Ingestion Rate:
Fraction rejeased to &ir:
Removgble fraction:

Time to Remove:

Contamination:: Huclide

Years

Room : 1 % 7.5

4.070E-07
1.000E+0Q
1.000z-01
1.8Z0E+0¢

um Eroc) E-3 BOPSMERRMIX RevZ.pld
0 2.00 (m]
01 imZ) Direction: z
[1/hr)
fdav)

Concentration

[pCi/mZ]
1.000E-10



C:

\Progranm

Time: 0.000000D0E+CL  yeers

= KESRAD~BUILDDosE

Tebles

Receptor 1

Source Source Totzl

3.12E-08 4.69E-~2Q0 3.12E-08

Source Contributions to Receptor Doses
{mremj}
Source Source Source Source
1 z 3 4 5 6
©.39E-21 9.39T-21 Z.82E-I0 2.82E-Z0
©.39E-21 §.3%E~23 Z.8ZE-20 g2e-20

Totzl

L4

> 3.12E-08 ¢.69E~20 3.12E~08

E-2 BOPSMERRMIX Rev?



LE Dosge Program Outpui, Versien 3.2F 10/17/G¢ 15:10:I2 Page:

Title : Plumbrool Iuplicate

ot File

-vation

Source: )
Re¢ceptor
1
Total

Source: I
Rgceptor
1

Total

Source: 32

Receptor

stel
S

Sovrce: ¢

Receptor

[

Source: %

Receptor

Source: &
ReceptoY
2

Total

External
0.00E+00
0.00E+00

Externgl
0.C0E+00
0.0Q0E+C0

External
0.00E+DO
C.GCE+00

ternzl
G.GOE+G(

C.00E+09

0.00E-0O

0.00E+00

0.00£+60

Deposition
5.00E+0Q

0.00E+00

Deposition
0. 00E+00
¢.00E+0C

Dgpcsition
JLQCE+GC

2.00EB+00

Deposition
.00E+CO
E+Q0

0.G0E+0Q

-

o

Deposition

=

G.O0E=00

0.00E400

Immersion
0.00E+00
0.00E+0C

Immersion
0.00E+00
0.G0E+00

Immersion
0.00E+00
¢.00E+00

Immersion
¢.00E+0C
G.00Ex00

Immersion
0.00B+0C
0.00E+0C

Inhalation
£.84E-22

S.84E-22

Inhzlation
8. B4E-22

$.84E-22

Inhazlation
1.75E-21
1.758-21

Inkslation

Inhalation
1.94E-0¢
1.94E-0¢

Inhzlation

Radon
0.00E+00
0.00E+00

Radon
0.00E+00
0.00E+0D

Radon
0.00E+DD
0.00E+00

Raden
0.00E+00
0.0G0E+0C

Radon
C.00E+00
0.002+00

Radon
0.Q0E+G0
0.00E+00

Ingestion
8.80E-21
8.80E-21

Ingestion
8.B0E-21
§.80E-21

Ingestion
Z.64E-20

2.64E-2

Ingestion
2.B4E~2ZC

Z.64E~2C

Ingestion
2.93E-08

2.93E-08S

ingestion

4.40E-20
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RESKAL,

Summary

File

{znd Related) Parameter Summary

Morbidity

| | Current | | Pparameter

Menu | . Farameter | Value | Defauit | Name
NN f + t

B-1 | Dcse conversion factors for inhalation, mrem/pCi: | | ]
B-1 | Ac~22Z7-D | 6.720E+0¢ | €.720E+0C | DCF2( 1}
B-1 | Ag-108m+D | 2.830E-04 | 2.6830E-0¢ | DCF2¢ 2}
B-1 | Aam-z42 | 4.440E-01 | 4.¢40E-02 | DCF2{ 3)
B-1 | Em-243+D | €.200E-C1 | 4.400E-01 | DCF2{ 4}
B-1 | C-1¢ | 2.090E-06 | 2.0S0E-06 | DCFZ( 5}
B-1 | Cm-243 | 3.070E-01 | 2.070E-D1 | DCF2( 6)
B-1 | Co-60 ] 2.190E-04 | 2.190E-04 | DCF2( 8)
B-1 | Cs-137+D | 2.190E-05 | 2.190E-05 [ DCF2( 9)
B-1 | Su-i52 | 2.21CE-0¢ | 2.2102-04 | DCF2(10}
B-1 | Eu-154 | 2.860E-04 | 2.860E-04 | DCF2(12)
B-1 | EBEu-15%5 | 4.140E-05 | ¢.140E-05 | DCF2{13)
B-1 | Fe-55 | 2.690E-D6 | 2.690E~06 | DCF2{14)
B-1 | Gag-152 | 2.430E-01 | 2.430E~01 | DCF2(15)
B-1 | H-3 ] 6.400E-08 | €.400E-08 | DCF2(16)
B-1 | 1-1z9 | i.740E~0¢ | 1.740E-C4 | DCF2(17)
B-1 ] Na-22 | 7.660E-06 | 7.660E-06 | DCF2{18)
B-1 | Nb-94 | 4.140E-04 | 2.1602-0¢ | DCF2(19)
B-1 | Ni-59 | 2.700E-06 | 2.700E-06 | DCF2(20)

| | 6.290E-06 | 6.290E-06 | DCF2(21)

| ] 5.400E-01 | 5.400E-01 | DCF2(22)

| | 1.280E+00 | 1.280E+400 | DCF2(Z3)

| | 2.320E-02 | 2.3208-02 | DCF2(24)

| | 3.920E-01 | 3.920E-01 | DCF2(25)

| | 4.290E-01 | ¢.290E-01 | DCF2(26)

| ] .250E-03 | 8.250E-02 | DCF2(27)

] | 5.600E-03 | £.60CE-C3 | DCEZ(29)

] | 1.386E-02 | 1.3862-05 | DCF2(30;

i { 2.310E-03 | 1.320E-032 ) DCP2(3DL)

| | 6.33CE-06 | £.330E-06 | DCF2(32}

| | 2.160E+06 | 2.160E+00 | DCF2(32)

i | 3.260E-01 | 3.2605~01 | DCF2(34)

] ] 1.350E-01 | 1.390E-01 | DCFZ{35)

| | 1.320E-01 | :.320E~01 | DCF2136)

| | 1.230E-0: | 1.2302-01 | DCF2{37;

]t | 1.180E~G1 | 1.1€CE-C} | DCF2(38}

| i | |

| I i |

| } 1.48GE~CZ | :.4BQE-CZz | DCF3{ 1}

i | 7.620E~G6 | 7.620E-06 | DCF3{ 2}

. | 3.640E~C3 | 2.640E-G2 | DCF3( 3)

] | 3.630E-03 | 3.630E-03 | DCF3{ ¢)

| | 2.090E~06 | Z.0S0E-06 | DCE3( 5)

i | 2.510E-03 | 2.%10E-03 | DCF3{ 6}

| 4 | 2.690E-05 | 2.68CE-05 | DCF31( &)

i | Z.GODE-0Z | £.00CE-GS | DCF3( 9)

i | 6.480E-06 | €.480E-06 | DCF3{10)

| | 9.550E-0€ | $.5505-06 | DCF3(12}

! ] 1.530E-06 | 1.5308-06 | DCF3(13)

| | 6.670E-07 | €.070E-07 | DCF3(14)




Dose Conversion Fazctor {and Related) Perameter Summary {centinued}
File: FGR 13 Morbidity
i | Cuerrent | | Perameter
Menu | Parameter | Value | Default | Name
-~ — —— -+
b-1 | Gd-152 | 1.6102-0¢ | 1.610E-0¢ | DCF3(15)
-2 | 8-3 | 6.4G0E-08 | €.200E-0f | DCF3(18&}
D-1 | 1-129 | 2.760E-0¢ | 2.760E-0¢ | DCF3{17)
D-1 | Na-22 | 1.150E-05 | 1.150E-0% | DCF3(18)
D-1 | No-94 | 7.1208-G6 | 7.140E-06 | DCF3(19}
p-1 | Ni-55 | 2.100E-07 | 2.100E-G7 | DCF31(20;
D-1 | Ni-63 | 5.770E-07 | 3.770E-07 | DCF3(21)
D-1 ] Np-237+D | 4.440E-03 | 4.240E-03 | DCF3{22)
D-1 ] Pa-231 ] 1.060E-02 | 1.060E-02 | DCF3(23}
D-1 | PB-2104D | 7.270E-03 | 7.270E-03 | DCF3{24)
D-1 | pu-z38 | 3.200E-03 | 3.200E-03 | DCF3(25)
p-1 | Pu-239 | 3.5¢0E-03 | 3.540E-03 | DCF3(26
D-1 ] pu-241+D | 6.850E-05 | 6.850E-05 | DCF3({27)
D-1 | Ra-226+D J 1.330E~03 | 1.330E-C3 | DCF3{29
D-1 | Sb-125+C ] 3.647E-06 | 3.627E-06 | DCF3(30)
D-1 | Sr-90+b ] 1.520E~0¢ | 1.330E-04 | DCF2(31)
D-1 | Tc-99 | 1.460E~06 | 1.460E-0€ | DCF3(32)
D-1 | Th-229+D | 4.030E~03 | 4.030E-03 | DCF3(33)
D-1 ) Th-230 | 5.480E~04 | 5.480E~04 | DCF3(3¢)
( | U | 2.890E-04 | 2.890E-04 | DCF3(3%)
~ N |y | 2.330E-04 | 2.830E-04 | DCF3(36)
D-1 | U | 2.€708-04 | 2.670E-64 | DCF3(37)
D-1 ] U-2364D | 2.690E-04 | 2.690E-0¢ | DCF3(38)
| | { |
| Food transfer factors: | | |
| & , olant/scil concentratieon ratio, <imensionless [ 2.500E-03 { 2.5C0E-03 | RTF{ 1,1)
| beef/livestock-intake ratic, (pCi/kg!/{pCi/d} | 2.0C0E-05 } 2.000E-0S | RTF( 1,2}
] , miik/livestock-intake ratic, {pCi/L)/{ipCi/d) | Z. } 2.000E-0%5 | RTF( 1,3
| 1 i
Ag-105m+D, plant/scil concentrztion ratic, dimensicnless | ¥.500E-0% | :.5C0E-CY | RIFI 2,35
Rg-108m+D, beef/livestock-intake ratic, {pCi/kgi/(pCi/d} | 3.000E-03 | 3.000E-G2 | RTP( Z,2)
ag-108m+0, milk/livestock-intake retio, (pCi/L}/{pCi/d) | 2.500E-02 } 2.500E-02 | RTF¢ Z,3)
| | i
Am-241 plant/s0il concentration ragtic, dimensionless | 1.900E-C3 | 1.000E-03 | RTE( 3,1)
Am-243 beef/livestock-intake ratic, (pCi/kg}/(pCi/d) | 5.0C0E-05 | 3$.0008-0%5 | RTF( 3,2)
Em-241 , milk/livestock-inteke ratic, (pCi/l)/ipCi/d) | 2.0G0E-C6 | 2.000E-06 | RTE( 3,3}
| ! )
. piant/scil concentreticrn raztig, dimensionless | 1.000E-C2 | 1.000E-C3 RTF( 4,13
, beefflivestock-inteke retic, !{glifke:r/(pli/d} | £.000E-CS | 5.0008-0° RTE{ 4,2}
!
I
!
|
|
!
|
!
I
|

rati

(e}

, milk/livestock-inteke

, ipCi/L) /(pli/d)

-0CCE-0€ .000E-CE

~
X3

H
|
i
C-14 . plant/soil concentretion ratio, dimensionless 5.5005+00 | 5.500E+0C
C-i¢ , beef/livestock-intzhe ratio, (pCi/kg)/(pCi/d) 2.106E-02 | 3.100E-02
C-1é . /livestock-intake ratic, {(pCi/Li/(pCi/d) 1.200E-02 | 1.2G0E-CZ
I
, plant/s0il concentration ratic, ensionliess 1.000E-G3 | 1.0C0E-03
, beef/livestock-inteke ratic, iplfi/ke}/(pCi/d) 2.000E-05 | 2.0002-0%
Cm~243 , milk/livestock-intake ratic, (pCi/L)/(pCi/d) 2.0008-06 | 2.000E-06

RTF{ 4,3;
RTF( 5,1)
RTF( $,2)
RTF( 5,3)
RTE( 6,1)
RTF({ €&,2Z)
RTF( 6,3)



FGR 13 Morbidity

zCctor iand Related) Perameter Summary

{continuved}

Cefault

Parameter

Name

olant/scil concentration ratioc, dimensionless
beef/livestock-intake ratic, (pCi/kg}/{pCi/di

milk/livestock-intake ratio, {(pCi/L)/(pCi/d}

plant/scil concentration ratic, dimensionless
beef/livestock-intake ratic, {pCi/kg)/(pCi/d)

milk/livestock~inteke ratio, {pCi/L)/(pCi/d}

plant/soil concentration retic, dimensionless
beef/livestock-intake ratic, (pCi/kg)/(pCi/d)
milk/livestock-intale ratio, (pCi/L)/(pCi/d)

plant/soil concentreticn ratio, dimensicnless
beef/livestock-intake ratio, (pCi/kg)/{pCi/d)
milk/livestock-intake ratio, {(pCi/L)/(pCi/d}

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg}/{(pCi/d)
milk/livestock-intake ratio, ({pCi/Lj/(pCi/d}

plant/soil concentration retio, dimensionless
beef/livestock-inteke ratic, (pCi/kgj/{pCi/d}
milk/2ivestock-intake ratio, (pCi/L}/(pCi/d)

plent/scil concentretion ratic, dimensionless
beef/livestock-intake ratio, (pCi/keg}/ipCilc)

milk/livestock-intake ratioc, {(pCi/L}/ipCi/d)

plant/soil concentraticn retrio, dimensionless

heef/livesteock-intake ratioc, (pCi/kg;/ipCi/d}

T
milk/livestock-intake ratic, (pCi/Li/(pCi/d)
plant/scil concentretion retic, dimensionless
beef/livestock-intake ratic, {pCi/kgi/ipCi/d)
milk/livesteock-intake ratio, (pCi/L}/{pCi/dj
pient/soil concentration ratic, dimensionless

, ipCifke)/(pCi/d)

t
oeef/livestock-intake ra

C
ic, (pCi/L)/ ipCi/d)

plant/scil concentration ratio, dimensionless
beef/livestock-intake ratic, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, {(pCi/L)/{pCi/d}

p:rant/soil concentretion ratic, dimensiconless
peef/livestock-intake ratic, ipCi/kel/(pCi/d)

milk/livestock-intake ratio, (pCi/Li/(pCi/d)

8

oo

1l

2.000E-03

[}

~

[N}

(¥}

NN

N

W

NONN

N
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> or en

3]

[¥)

oon

Ny

.000E-0Z
.GO0E-02
-0GOE-03

.H00E-02
3.000E-02
.0C0E-03

.500E-03
£ . Q00E-03
.D00E-05

.500E-03
.000E-C2
.00QE-05

.500E-03
.000E-02
-000E-05

.000E-03
.000E-C2
.000E-04

.8G0E+00C
.200E-02

-C00E-C2

.0G0E-~02
-000E-D
3.000E-0

)

N

.0C0E~0Q2
.300E~QZ
.000E-02

1.000E-02
2. 000E-07
.0D0E-06

.Q00E-C2
.CORE-03
.000E~-0Q2

RTE( §,1)
RTE(

e
RTE( 8,3)

RTF{ 9,1)
RTE( 9,2)
RTE( 9,3)

RTF(10,1)
RTF(10,2)
RTE (10, 3}

RTF(12,1)
RTF(12,2)
RTE (12, 3)

RTF{13,1)
RTF(13,2)
RTF(13,3)

RTF(14,1}
RTF (14,2}
RTE({14, 3}

RTE(15,1}
RTF(15,2}
RTF!15, 3}

RTF(16,1)
RTFi16,2)
RTF(16, 3)

RTF{17,1}
RTF(17,2}
RTF(17,3)

RTE (18,1}
RTE(1E,2!

RTF{1%&, 2}

RTF(19,1)

RTF({19,2)

RTE({19,3)

RTF(20,1)
RTF (20, 2}
RTF{20, 3)



elzted) Perameter Summaryv {continued)
X !

i3 Morbidity

{ [ Current | | Parameter
Menu | Farameter | Velue | Defavit | Name
-t — > +
D-3¢ | Ni-63 , plant/soil concentration retio, Jimensionless | 5.000E-02 | 5.0005-G2 | RTF(2i,1}
D-34 | Ni-63 . beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 5.000E-03 | S.000E-03 | RTF(21,2)
D-34 | Ri-€2 , milk/livestotk-intake ratic, (pCi/Lj/{pCi/d} ] 2.006E-C2 | Z.000E-02 | RTF(21,3)
0-3¢ | ! r :
D-34 | Np-237+D , plant/scil concentration ratic, <Jimensionless | 2.000E-02 | 2.000E~02 | RTF(22,1)
D-34 | Np-237+D , beef/livestock-intake ratioc, (pCiskgji/{pCi/d) | 1.060E-03 | 1.000E-03 | RTF(22,2}
D-3¢ | Np-237+b , milk/livestock-intake ratio, (pCi/L}/(pCi/d} | 5.000E-06 | 5.000E-06 | RTF(22,3)
p-3¢ | | ! [
D-34 | Pa-231 , plant/scil concentration retio, dimensionless | 1.000E-02 | 1.0GOE-0Z | RTE(23,1)
D-34 | 2z-231 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 5.000E-03 | 5.000E-02 | RTF(23,2)
D-34 | Pe-231 . milk/livestock-intake ratic, (pCi/L)/(pCi/d) | 5.000E-06 | 5.000E-06 | RTF(23,3}
D-3¢ | ! | !
D-34 | Pb~210+4D , plant/soil concentration ratio, dimensionless | 1.000E-02 | 1.000E-C2 | RTF(24,1)
D-34 | Pb~210+D , beef/livestock-intake ratic, (pCi/kg)/(pCi/d) | 8.000E-04 | 8.000E-04 | RTF(2¢,2)
D-34 | Pb-210+D , milk/livestcck-intake ratio, {pCi/L)/(pCi/d) ] 3.000E-0¢4 | 2.000E-04 | RTF(2¢,3)
| I | !
| plant/scil concentration ratio, dimensionless | 1.000E~03 | 1.000E-93 | RTE(25,1)
i beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 1.000E~04 | 1.000E~04 | RTF(25,2)
| milk/livestock-intake ratic, (pCi/L)/(pCi/d) | 1.000E-06 | 1.000E-0€ | RTF(25,3)
| ] I !
] plant/soil concentration ratio, Jdimensianless | 1.000E-03 | 1.000E-03 | RTF{26,1]
| beef/livestock-intake ratic, {pCi/kq)/(pCi/d) | 1.000E-04 | 1.000E-0¢ | RTF(26,2)
| milk/livestock-intake ratioc, (pCi/L)/{pCi/d) { 1.000E-06 | 1.000E-06 | RTF(26,3)
J J I I
| plant/soil concentration raztic, dimensionless | 1.000E-C2 | 1.000E-03 | RTF(27,1)
f becf/ijvestock~intake ratieo, (pCi/kg)/(pCi/d) [ 1.000E-G& | 1.CO0E-G4 | RTE(27,2)
milrn/livestoch-intake ratis, (pCi/L)/(pCildl | :.000E-0¢ | 1.000E-0€ | RTF(Z27,3)
| ! !
plsnt/scil concentration ratic, dimensionless | ¢.000E-G2 | ¢.000E-02 | RTF(2S,1}
beef/livestock-intake ratio, (pCi/kg)/{pCi/a; [ 1.000E-G3 | 1.000E-03 | RTF129,2}
milk/livestock-intake ratic, (pCi/li/(pCi/d) ] 1.0008-03 | 1.000E-03 | RTFI(2%,3)
! } |
plant/scil concentration zstio, dimensionless | 1.000E-C2 | 1.000E-02 | RTF(30,1)
beef/livesteck-inteke ratic, (pCi/kg}/(pCi/d} { 1.0CCE-G3 { 31.000E-03 | RTF(30,2)
milk/livestock-intake ratic, (pCi/l)/(pCi/d) | 1.0002-0¢4 | 1.000E-04 | RTF(30,3)
! } !
pient/scil concentrz retio, dimensicnless | 3.0008-01 | Z.0002-01 | ETFi31,1:
beef/livesteck-inteke retic, (pCi/kg)/{pCi/G} { 2.00GCE-03 | 2.000E-03 | RTF{31,2)
i ratic, {pCisfL}/i{pCi/d} | 2.0002-02 | 2.G00E~03 | RTF{31,3)
I | !
plant/soil concentration ratio, dimensionless | 5.00GE+00 | 5.000E+00 | RTF(32,1)
beei/livesteock~intake ratio, (pCi/kg}/(pCi/d} { 1.000E-04 | 1.000E-0¢ | RTF{32,2)
milk/livestock~intake ratio, (pCi/L)/(pCi/& | 1.000E-03 | 1.000E-03 | RTF(32,3}
! | I
plantsscil Jdimensionless | 1.000E-03 | 1.000E-03 |
ipCi/kg)/pCi/d) | 1.000E-G¢4 | 1.C00E-C¢ |
{oCi/L)/tpCi/d) | S.CGCCE-06 | 5.0002-06 |
| ! !
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Tzctor f{and Related} Parameter Summery {continued)

Current | Parameter
Menu Parzmeter Value | Default Name
: L
N [
Th-230 , plant/soil concentraticrn ratio, dimensionless 1.000E~-03-| 1.000E-03 | RTF{34,1)
Th-230 , beef/livestock-intake ratic, {(pCi/kg)/(pCi/d} 1.000E-G4 1.000E-04 RTF(34,2)
Th-230 , milk/livestock-intake ratio, {(pCi/L)/(pCi/d) 5.000E-06 5.00CE~06 RTF (34,3}

!
wn

o ? o
w

7§
[NV T S

oo ? o o
[S.IC IY A ]

Loy
U
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I
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U-233 .
U-233 ,
U-23¢ B
U-z3¢ B
-Z234 '
u-235+D
U-235+D ,
J-235+D
U-238+p ,
1U-238+D ,

Bioaccumul
Ac-2274D ,

RC~227+D ,

2Am~2434D ,

2m-2434D

plant/soil concentradtion ratio, dimensionless

beef/livestock-intake ratio, (pCi/kg)/(pCi/d}

milk/livestock-inteke ratio, {pCi/L)/(pCi/d}

plant/seil concentreticn ratio, dimensionless’

beef/livestock-inteke ratio, IpCi/kg)/{(pCi/d)

milk/livesteck-intake ratie, (pCi/l)/(pCi/d)

plant/soil concentretion ratio, dimensionless

beef/livestock-intake ratio, (pCi/kg)/{pCi/d)

milk/livestock-intake ratio, (pCi/L)/{pCi/d)

plant/soil concentraticn ratio, dimensionless

beef/livestock-intake ratio, (pCi/kg)/{pCi/d)
milk/livestock-intake ratio, (pCi/L}/({pCi/d)

fish

crustacesz

fish

crustacea

fish

crustacea

and

and

resh water, L/kq:

mollusks

i mollusks

mollusks

mollusks

mellusks

mollusks

i mollusks

mollusks

i moliusks

e i i o U S

Z.500E-03
3.400E-04
€.000E-04

2.500E-03
3.400E-04
6.000E~04

LN

.500E-03
.400E-04
.00CE-~0¢

o W

2.500E~03
3.400E-04
6.000E~-04

1.500E+0]

1.000E+C3

S.000E+0D
7.700E+02

3.0C0E+01

1.000E+C3

3.0002+01
1.0008+03

£.DOOE+D¢
$.1008+03

3.000E+02
1.000E+C3

3.000E+02
2.000E+02

Z2.000E+03
1.000E+02

5.000E+01
1.000E+03

$.000E+01
1.0G0E+03

2.500E-03
3.400E~04¢
€.000E-04

2.500E-03
2.400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

.500E-03
.400E-04
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File : rlumbrock Subsurfece Modified BOPSMEARMIXRevZ.RAD

Dose Conversion Factor (and Related) FParameter Summary (continved)

File: FGR 13 Morbidity

i | Corrent | | Parameter
Menu | Parameter | value | Default | Name
- H '. +
D-5 | Eu-155 , fish’ | 5.000E+G1 | 5.000E+01 | BIOFAC!13,1)
D-5 | Eu-155 , crustacez and mollusks | 1.000E+03 | 1.C00E+03 | BIOFAC(13,2)
p-5 | I i |
D-5 | Fe-55 , fish } 2.000E+02 | 2.000E+02 | BIOFACI1¢,1)
p-5 | Fe-55 , crustacea and mollusks | 2.200E+03 | 3.20_OE+O3 | BIOFAC(1¢,2)
o-5 | | | |
D-5 | 6d-152 , £ish | 2.500E+01 | Z.500E+01 | BIOFAC(15,1)
D-5 | Gd-152 , crustacea and mollusks | 1.000E+G3 | 1.000E+03 | BIOFAC(15,2)
p-5 | | | f
D-5 | B-3 , fish | 1.000E+00 | 1.000E+00 | BIOFAC{16,1)
D-5 | H-3 , crustacea and mollusks | 1.000E+00 | 1.000E+00 | BIOFAC(16,2)
-5 | I J |
D-5 | I-12% , fish | 4.000E+01 | 4.000E+01 | BIOFACI(17,1)
p-5 | 1I-129 , crustaces and mcllusks | 5.000E+00 | 5.000E+00 | BIOFAC(17,2)
D-5 | | [ l
D-5 | Na-22 , fish | 2.600E+01 | 2.000E+01 | BIOFAC{16,1)
| Na-22 , crustacea and mollusks } 2.000E+02 | 2.000E+02 | BIOFAC(18,2)
] | I |
| Nb-94 , fish | 3.000E+02 | 3.000E+02 | BIOFAC(19,1)
| Nb-94 , crustacea and mollusks | 1.000B+02 | 1.000E+02 | BIOFAC(19,2)
i ! i |
| Ni-59 , fish | 1.006E+02 | 1.000B+02 | BIOFAC(20,1)
D-5 | Ni-38 , crustacea and mollusks | 1.000E+02 | 1.D00E+02 | BIOFAC(20,2)
b-5 | } | |
D-5 | Mi-63 , fish | 1.000E+02 | 1.000E+02 | BIOFAC{21,1)
D-5 | Ni-63 , crustacee &nd mollusks | 1.000E+02 | 1.000E+02 | BIOFAC(21,2)
o-5 | | | |
D-5 | Np-237+D , fish ! 3.C00E+01 | 3.C00E+01 | BICFAC(22,1}
D-5 | Np-Z237+D , crustacez and mcllusks | 4.600E+02 | 4.000E+02 | BIOFAC(2Z,Z)
-5 | ! 1 [
D-5 | pa-231 , fish | 1.000E+01 | 1.000E+C1 | EIOFAC.(ZS,I)
D-5 | Pa-231 , crustaces and mollusks | 1.1002+G2 | 1.100E+02 | BIOFAC(23,2)
-5 | | | |
£-5 | Pp-210+D , fish | 2.00CE+02 | 3.000E+G2 | BIQFAC(Z4,1}
D-%5 | Pp-210+4D , crustacea znd mollusks | 1.000E+0Z | 1.000E+02 | BIOFAC(24,2)
-5 | I } |
-5 | Pu-Z3& , Zfish | 3.000E+01. | 2.000E+01 | BIGFAC(25,1)
-2 | Pu-2Z38 , Crustacesz &nc¢ meilusks | 1.000E+02 | 1.000E+02 | BIOFAC(ZS,2)
-5 | ] f
2-5 | Pu-239 , fish | 3.000B+01 | 3.000E+G1 [ BIOFAC(26,1}
D-5 | Pu-23% , crustacea and mellusks | 1.0008+02 | 1.000E+02 | BIOFAC(26,2)
b-5 | | | )
D-5 | Fu~-2¢l+p , fish | 3.000E+01 | 2.000E401 [ BIOFAC(27,1)
D-5 | Pu~Z41+D , crustaces &nd mcllusks | :.C00E+C2 | 1.000E+0z | BIOFAC(27,2)
o | | |
(': - | Rz-226+D , fish | 5.000E+Q1 | 5.CO00E+01 | BIOFAC(Z29,1)
D-5 | Re-226+D , crestaces end mollusks { 2.500E+02 [ 2.500E+02 | BIOFAC(29,2)
D-5 | ] ! !
D-5 | Sb-125+D , fish ] 1.000E+02 | 1.000E+02 | BIOFAC{30,1)
£-5 |} 5h-125+D , crustacea and mollusks | 1.000E+GY | 1.000E+01 | BIOFAC(30,2)
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r,v Summary RESRALD Defeult Pavametsxys
ile Filumbrook Subsurface Modified BOPSMEARMIXRevZ.RAD

Dose Conversion Fecior {and Related) Parzmeter Summery (continued}

Piie: FGR 13 Morbidity

| | Current | | Paremeter
Menu | Faramete ] velve | Default | Name
. | 1 ! |l
| — T T
D-5 | Sr-90+D , fish | 6.060E+01 | €.000E+0) | BIOFAC(31,1)"
D-5 | Sr-90+D , crustacez and mollusks | 1.6008+02 | 1.000E+02 | BIOFAC(31,2)
D-5 | ] | |
D-5 | Te-99 . fish | 2.000E+01 | 2.000E+01 | BIOFAC(32,1)
D-5 | Tc-99 , crustaces and mollusks | 5.000E+00 | 5.000E+00 | BIOFAC(32,2)
p-5 | | [ I
D-5 | Th-229+D , fish | 1.000E+02 | 1.000E+02 | BIOFAC{33,1)
©-5 | Th-229+D , crustzcez and mellusks ] 5.000E+02 | 5.000E+02 | BIOFAC(33,2)
o5 | | | |
p-5 | Th-230 , fish | 1.000E+02 | 1.000E+02Z | BIOFAC(34,1)
D-5 | Th-230 , crustacez and mollusks | 5.000E+0Z | 5.000E+02 | BIQFAC(34,2)
-5 | I | |
D-5 | v-233 , fish | 1.000E+01 | 1.000E+01 | BIOFAC(35,1)
D-5 | u-233 , crustacez and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC(3S5,2)
-5 | i | ]
| v-23¢4 , fish | 1.000E+01 | 1.000E+01 | BIOFAC(36,1)
| U-234 , crustacea and mcllusks | €.000E+01 | 6.000E+01 | BIOFAC(36,2)
] | | !
| U-235+D , fish j] 1.000E+01 | 1.000E+01 | BIOFAC(37,1)
| U-235+D , crustacea and mollusks | 6.000E+01 | 6.000B+01 | BIOFAC(37,2)
o | ! !
D-5 | v-238+D , fish | 1.000E+01 | 1.000E+01 | BICFAC(38,1)
D-5 | U-238+D , crustacez znd mollusks | 6.000E+01 | 6.000E+01 | BIOFAC(38,2)
L L 1. 1
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x\/ Summary RESRAD Defeult Parameters
File : Plumprook Subsurfzce Modified BOPSMEARMIXRev2.RED
Site-Specific Parameter Summery
| | User i | Used by RESRAD | Parameter
Menu | Parameter | Input | Defazvit l‘(lf different from user input} | Name
— % l f +
RO11 { Arez of contaminzted zone (m**2) | 2.850E+03 | 2.000E+02 | - | AREA
RO11 | Thickness of contaminated zone (m) | 3.000E+00 | Z.000E+00 | -—- | THICKO
RO11 | Length parallel tc aquifer flow {m) | 7.000E+01 | 1.DGOE+02 | --- | LczPRo
RO11 | Basic radistion dose iimit (mrem/yr) | 2.500E+01 | Z.500E+01 | -— | BRDL
K011 | Time since placement of material {yr) ] 1.000E+00 | ©.00GE+0Q | —— | T
RD11 | Times for czlculations (yr) { 1.000E+00 | 1.000E+0C | —— | T¢ 2y
RO11 | Times for calculations (yr) | 3.000E+00 | 3.000E+00 | ~— 1 T¢ 3)
R011 | Times for calculaticns {yr) | 1.000E+01 | 1.000E+01 | - | T( 8)
RO11 | Times for calculations (yr) | 3.000E+01 | 3.000E+01 | — | Tt 5)
R0O11 | Times for calculations (yr) | 1.000E+02 | 1.000E+02 | ~-= | Tt 6)
RO11 | Times for calculations (yr) | 3.000E+D2 | 3.000E+02 | - | Tt )
RO11 | Times for calculations (yr) | 1.000E+Q3 | 1.000E+03 | - [ Tt &
RO11 | Times for calculations (yr) | not used | 0.000E+00 | - | T 9
RO11 | Times for calculations (yr) | not used | 0.000E+00 | —— | T(10}
| I | { I

RD12 | Initial principal radionuclide (pCi/g): Ag-106m | 6.000E-02 | 0.000E+G0 | - | s11 2)
RO12 | Initial principal radionuclide (pCi/g): Am-241 | 1.300E-01 | 0.000=+00 | - ] s1( 3)
RO1Z | Initial principal redionuclide {pCi/g): C-14 | 5.800E-01 | 0.DOOE+00 | --- ] 81( 5;
RO12 | Initiel principal radionuclide (pCi/g): Cm-243 | 2.000E-02 } 0.000E+00 ) ——— | s1¢ &)
R012 | Initisl principal radionuclide (pCi/g): Co-60 | 5.220E+00 | 0.000E+00Q | —— ] s1( 8)
) | Initizl principal radionuclide (pCi/g): C€s-137 | 7.460BE+G0 | 0.DO0E+00 | ——— | s1¢( 9)

N 5 | Initiel principel radionuclide (pCi/g): Ew-152 | 1.300E-01 | 0.000E+00 | -~ | 81(10)
RO12 | Initial principal radionuclide (pCi/g): Eu-~15%4 | 1.500E-01 | 0.000E+0C | - | s112)
RO12 | Initial principal radionuclide (pCi/g): Fe-55 | 1.980E+00 | 0.0GCE+00 | - | s1(14)
ROI? | Initizl principal radionuclide (pCi/g): H-3 | 6.653E+01 | 0.000E+00 | -— | s1(16)
R012 | Initial principal racionuclide (pCi/g}: I-129 | 6.G00E-02 | 0.QO00E+00 | — | s1(17)
RO12 | Initial principsl radionuclide (pCi/fg@): Nb-94 | 3.000E-02 | 0.000EX00 | - [ s1¢(19)
RO1Z | Initiesl principal radioruclide (pCi/gj: Ni-59 | 4.500E-01 [ 0.000E+00 | - | 81(20)
R012 | Initizl principel radicnuclide (pCi/g}: Ni-63 [ 1.3665+01 | 6.000E+00 { - | sr(z21}
RO12Z | Initial principsl radionuclide (pCi/g): Pu-238 | 4.000E-G2 | 0.000E+QG | -—- | s1(25}
R012 | Initizl principal radionuclide (pCisfgl: Pu-235 | 2.000E-C2 | ©8.060E+00 | -—- | s1(26)
R01Z | Initial principai radionuclide (pCi/gl: Pu-241 | 3.200E-01 | 0.000E+0C | -—- ] s1(z7)
RO12 | Initial principel radicnuclide (pCi/g): Sr-90 | 3.010E+00 | ©.000E+00 } --- | 8131}
RO12 | Initie) principal radionuclide (pCi/g): Tc-99 } 1.200E~01 | ©.GOOE+0D | --= | s1(32)
RG1Z | Initizl principel radionuclide (pCi/gi: U-234 ] 1.000E~02 | 0.000E+0¢ | —-— ] s1(36)
K012 | Concentration in groundwater  {pCi/L): Ag-108m | not used | 0.000E+00 | - | wi( 2)
RO12 | Concentration in groundwater {pCi/L): Am-241 | not used | 0.D00E+0D | - I w1¢ 3)
RQ12 | Concentration in groundwater (pCi/ly: C-14 } not used | 0.GOGE+OC | - | Wit s)
R012 | Concentration in groundwater {pCi/Ly: Cm-243 | nct used | C.00QE=00 | -~ | wi( 6)
RO12 | Concentraztion in grouncwater {pCi/Li: Co-60 | not used | 0.0008+00 | -— | Wi 8
R012 | Concentration in groundwatier {pCi/L): C€s-137 | not used | 0.0C0E+00 ! - [ wi¢ 9)
R012 | Concentration in groundwater (pCi/L): Eu-152 | not used | 0.000E+00 | - [ W1(10)
R012 | Concentration in groundwater  (pCi/L}: Eu-154 | not used | 0.000E+00 | - | wi(12}
R012 | Concentration in groundwster  (pCi/L}: Fe-55 | not used | 0.000E+00 | -—- | w114}
RO12 | Cencentration in oroundweter (pCi/L): H-3 [ not used | 0.0C0E+0Q | --- | w116y
77 | Concentration in groundwater  {pCi/Li: I-12 | not used | 0.(00CE+GQ | - | w17y

{ | Concentrzticen in groundwater  {pCi/L): Nb-9%4 | not used | C.00CE+0C | —-- | waqe)

RO12 | Concentration in groundwater (pCi/Li: Ni-5% { not used | 0.0005+00 | -— | w1120)

) RO12 | Concentration in groundwater  (pCi/L): Ni-63 | not vsed | 0.000E+00 | -—- | wi(z1)

SN R01Z | Concentrztion in groundwater (pCi/L): Fu-238 | not used | D.D00E+0D | -——— | w1(25)
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Summazry SRAD Defzult Pazrameters . -
File Piymbrook Subsurface Mecdified BOPSMEARMIXRev2.RAD
Site-Specific Pzraemeter Summary (continued)

| | User | 1 Used by RESRAD | Parameter

Meny | Parameter [ Input | Default | (If Qifferent from user inputi | Name
— - 4 ! +

R012 | Concentration in groundwater (pCi/L): Pu-239 | not used | 0.000E+0Q | - | W1{26)
RO12 | Concentration in groundwater {(pCi/L): PBu-241 | not used | 0.000E+00C | _— | wi¢eny
R012 | Concentrztion in groundwater {pCi/L}: Sr~9%0 | not used | 0.000E+00 | ——- ] w131}
RO12 | Concentration in groundwater {pCi/L}): Tc-99 | not used | 0.000E+0C | -—- | wi¢32y
RO1? | Concentration in groundwater (pCi/L): U-234 | not used | 0.000E+00 | - | Wi¢3e6)}

| { ! ! !
RO13 | Cover depth (m) | 0.000E+00 | 0.000E+00 | —— | COVERO
RO13 | Density of cover materizl (o/cm**3) { not used | 1.500E+00 | - | DENSCV
ROlé | Cover depth erosion rzte (m/yr) | not used | 1.000E-03 | ——— | vev
R013 | Density of contaminated zone (g/cm**3} | 1.560E+00 | 1.500E+00 | - | DENSCZ
R013 | Contaminated zone erosion rate (mv/yr) { 1.000E-03 | 1.000E-03 | -— ’ | vez
RO13 | Contaminated zone total porosity { 4.100E-01 | 4.000E-01 | ——— | TPCZ
RO13 | Contaminated zone field capacity | 2.000E-01 { 2.000E-01 | - | Fccz
R013 | Contaminated zone hydraulic conductivity (m/yr) | 8.600E-01 | 1.000E+01 | - | RCCZ
R0O13 | Contaminated zone b parameter | 1.400E+00 | 5.300E+00 | ——— | BCZ
RO13 | Average annusl wind speed (m/sec} | 2.000E+00 | 2.000E+00 | - | wIND
RO13 | Kumidity in air (g/m**3) { 8.000E+00 | &.000E+00 | - | mumID
RO13 | Evapotranspiration coefficient | 5.000E-01 | 5.000E-G1 | - | EVAPTR
RO13 | Precipitation (m/yr) | 8.600E-01 | 1. 000E+00 I ——— | PRECIP
RM13 | Irrigation (m/yr) | 1.040E+06 | 2.000E-01 | -~ | RI

. | Irrigation mode | overhead | overhead | - | 1IDITCH

| Runoff coefficient | 2.0008-01 | 2.000E~01 | ——- | rUNOFF

| Watershed area for nesrby stream or pond im**2} | 1.000E+06 | 1.00CE+06 | —-—— | WAREA

| Accuracy for water/soil computations | 1.000E-03 | 1.000E~C3 | ——— | EPS

| ' ] ! ! |
ROi4 | Density of saturated :one (g/cm**3) | 1.460E+00 | 1.5CCE+CQ | m—— | DENSAQ
R01¢ | Satureted zone total perosity | 4.500B-0G1 | ¢4.0060E-C1 | - | Tpsz
R014 | Saturated zone effective porcsity | 2.000E-01 { 2.0G0E-01 | - | EPSZ
RC14 | Saturated zone field dapacity | 2.000E-02 | Z.600E-C2 | —— | rcsz
RD14 | Szturated zone hydraulic conductivity (m/yx) | 1.070E+G3 | 1.000E+02 | —-— | HCsz
R014 | Saturated zone hydraulic gradient { 4.500E-C3 | 2.000E-02 | -—- | HewWT
K014 | Saturated zone b parameter | not used | S5.300E+00 | ~-- | Bsz
RD1¢ | Water table drop rate (m/yr} | 6.000E+00 | 1.000E-03 | —— | vwr
R014 | Well pump intake depth (m below water table) | 2.010E+00 | 1.000E+02 | —— | DWIBWT
K0l4 | Model: Nondispersion (ND) or Mass-Balance (MB] | MB | %D 1 ~—- | MODEL
RO14 | well pumping rate (m**3/vr} | 1.180E+02 | Z.500E+02 | - | uw

! | ! ! !
RG15 | Number of unsaturated :zone strate |12 [ } —-- | NS
RG15 | Unset. zone 1, thickness (m} | 0.000E+0C | £.0G0E+00 | -— | B(1)
R01% | Unsazt. zone 1, soil density {g/cm™*3} | 1.560E+00 | 1.5CCE+00 | - | DENSUZ(1)
RO1S | Unset. zone 1, total porosity | ¢.100E-02 | 4.000E~C1 | -—- | TPUZ(1)
RO1S | Unsest. zone 1, effective perosity | 3.060E-02 | 2.000E-01 | - | EPUZ(1)
RC15 | Unsat. zone 1, field capacity | 2.000E~01 | 2.0C€0E-01 | - | FeUzZ (1)
RO1S | Unsat. zcone 1, scil-specific b parameter | 1.400E+00 | S.300E+0C | --- - | BUZ (1)
RO1S | iinsat. zone 1, hydraulic conductivity (m/yr} | 1.262B+03 | 1.000E5+C1 | -—- | BCUZ (1)}

N
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Summzry : RESRAL Defaulii Parameters
b

~—" File : Plumbroo) Subsurface Modified BOFSMEARMINFRev2.RAD

Site~Specific Farameter Summary (continuec)

{ | User } ] Usec by RESRED | Perameter
Menu | Farameter |  Input | Default | (If different from user input) | Name
- : 2 = ! +
R016 | Distribution coefficients for Rg-108m | | | |
RO16 | Contaminated zome (cm**3/g) | 0.000E+00 | 0.000E+0C | -~ | DCRUCC( 2}
RO16 | Unsaturated zone 1 {cm**3/g} | £.000E+00 | 0.DODE+DO | - } DCNUCU{ 2,1}
RO16 | Saturated zone (cm**3/g} | 9.000E+00 | C.0DOE+00 | -~ | DCRUCS! 2}
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 7.024E-01 | ALEACH( 2)
RO16 | Solubiiity constant | 0.000E+00 | ©.00GE+00 | not used | SOLUBK({ 2}
| | ! I !
RO16 | pDistribution coefficients for Am-241 | | | |
RO16 | Contaminated zone (cm**3/g} | 4.4SOE+02'| 2.000E+G1 | - | pcNucc( 2
RO16 | Unsaturated zone 1 {cm**3/q) | 2.080E+01 | 2.000E+01 | - | DCNUCU( 3,1)
RO16 | Seturated zone {cm**3/g) | 2.000E+01 { 2.000E+01 | -—~- | pcNUCS( 3}
RO16 | Leach rate (/yr] | 0.000E+00 | 0.000E+Q0 | 4.146E-0¢ | ALERCH( 3)
RO16 | Sclubility constant } 0.000E+00 | 0.0O00E+00 | not used | SOLUBK({ 3)
| | ! | |
RO16 | Distributicn coefficients for C-14 | | | |
RO16 | Contaminated zone {cn**3/g) | 2.600E+01 { 0.000E+00 | ——— | DCNUCC( 5}
RO16 | Unsaturated zone 1 {cm**3/g) | 2.3100E+01 | 0.000E+00 | - | DCNUCU{ 5,1)
RO16 | Saturated zone (cm**3/g) | 2.100e+01 | 0.000E+00 | -~ | DCNUCS( 5)
RO16 | Leach rate (/yr) | G.000E+00 | 0.000E+00 | 7.030E-03 | ALEACH{ 5)
R0O16 | Solubility constant | 0.000E+00 | ©.000E+00 | not used | SOLUBK{ 5)
r N i [ « f
“ | pistribution coefficients for Cm-243 | | | ]
R016 | Contaminated zone {(cm**3/g) | 4.000E+02 |~1.000E+00 | —— | DCNUCC( 6)
RO16 | Unsaturated zone 1 (cm**3/g) | 6.760E+03 |-1.000E+00 | -~ | DCNUCU({ 6,1)
RO16 | Saturated zone {cm**3/g) | 6.760E+03 |-1.000E+00 | - | DCNUCS( 61}
RO16 | Leach rate {(/yr) | 6.000E+0C | 0.0Q0CGE+00 |} 4.612E-04 | BLEACH{ 6)
RO1I& |  Sclubility constant | ©.000E+00 | 0.GO0E+00 | not used | SOLUBK( 6)
I l f I i
RO16 | Distribution coefficients for Co-60 ! | | |
RC16 | Contaminated zone {cm**3/g) | 1.700E+03 { 1.000E+03 | - | DeNuCC( 8)
RO16 | Unsaturated zone 1 (cm**3/g) | 1.000E+03 | 1.000E+03 | -~ | bcNucu( 8, 1)
RO16 |  Saturzted zone (cm**3/g) | 1.000E+03 | 1.000E+03 | -—- | DCNUCS( 8)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.0DQ0E+00 | 1.06%E-C2 | ALEACH( 8)
RO16 | Selubility constant | 0.000E+00 | 0.0Q0CE+0C | not used | SOLUBK{ 8}
{ I f I ]
RC16 | Distribution coefficients for Cs-1 | | ] |
RO16 | Contaminated zone {cm»*3/¢) | 6.300E+00 | 1.000E+03 | -~ { penucc( 9)
RO16 | Unsatureted zone 1 {Cm**3/¢; ] 4.470E+062 | 1.000E+03 | --- | DCNUCU{ &,13
RO1E | Saturated zone (cm**3/g} | 4.470E+062 [ 1.080E+C2 | --- | ocnucs( et
RO16 | Leach rate ({/vyr) | ©.000E+00 | 0.000E+D0 | 2.7302-02 | BLERCH( &)
RD16 | Solubility constent | 0.000E+00 | 0.000E+00 | nct used | SOLUBK( 93
| I | i i
RO16 | Distribution coefficients for Eu-152 | | | }
RO16 | Centaminzted zone {(cm**3/g) | 4.000E+02 [-1.0G00E+00 | -~ | DCNUCC (10}
RO16 | Unsaturated zone 1 (cm**3/g) | 2.550E+02 [-1.C00E+00 | -~ | benucu(i0,1)
2016 | Ssturztes zome fom*3/g) | 9.550E402 |-1.000E+00 | —~- | DCNUCS {10}
' | Leach rate !/vr) | 0.000E+0C | C.Q00E+0O0 | 4.612E-04 | ALERCH(10)
2 o | Sclubility constant [ 6.000E+0G | 0.0Q0CE+00 | not used | SCLUBK(1C)
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Site-Specific Perameter Summary {continued)

] | User | | Used by RESRAD ] Parameter
Meny | Parameter | Input | Default | (if different from user input) | Name
= + — - -
‘RO16 | Dist ribution coefficients for Eu-154 | | | |
RC16 | Contaminated zone (cm**3/g) | 4.000E+02 |-1.000E+00 | - | DCNucC (12}
RD16 | Unsaturated zome 1 (cm**3/g) | 2.550E+02 |-1.000E+00 | - |_poNucu(1z,1;
RO16 | Seturated zone {cm**3/g) | 9.550E+02 [-1.000E+0C | - | DCNUCS(12)
RO16 | Leach rate (/vyr} | 0.000E+00 | 0.GO0E+00 | 4.612E-04 | ALEACH(12)
RO16 | Solubility constant | 0.C00E+0G | 0.000E+00 | not used | SOLUBK(12;
| ) | | J I
RO16 | Distribution coefficients for Fe-55 | | ) |
RO16 | Contaminated zone {cm**3/g) | 1.300E+01 | 1.000E+03 | —— | pCNUCC(14)
RO16 | Unszturated zone 1 (cm**3/q) f 8.910E+0Z [ 1.000E+02 | -_— | bcNuCU (14,1}
RO16 | Szturated zone {cm**2/g) | §.910E+02 | 1.000E+03 | - | DCNUCS (14)
RO16 | Leach rate {/yr) | 0.000E+00 | C.000E+GO | 1.392E-02 | ALEACH(14)
RO16 | Solubility constant | 0.000E+0G | 9.000E+00 | not used | SOLUBK(14)
[ | | | |
RO16 | Distribution coefficients for H-3 | | | {
RO16 | Contamirated zone (cm**3/q) | 0.000E+00 | 0.000E+00 | ——- | pcrucc(16)
RO16 | Unsaturated zone 1 {cm**3/g) | 0.000E+00 | 0.C00E+00 | - | pcNucu (16, 1)
RO16 | Saturated zone (cm**3/g) | 0.000E+006 | 0.000E+00 | - | DCNUCS(16)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.00DE+00 | 7.024E-01 | ALEACH(16)
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK(186)
(‘ ! ] [ | [
v \ . ] Distribution coefficients for I-129 | | | |
RO16 | Contzminated zone (cm**3/q) | 3.200e+00 { 1.000E-01 | - | pcnucc(17)
RO16 | Unsaturated zone 1 (cm**3/g) | 1.000E-01 | 1.000E-01 | — | pcNucui(17,1)
RC16 | Saturated zone {cm**3/q) | 1.000E-01 | 1.000E-01 | -~ | DCNUCS(17)
RO16 |  Leach rate (/yr} | C.000E+00 | 0.000E+00 | 5.331E-02 | ALEACH(17)
RO16 | Sclupility constant | 0.000E+0G | 0.000E+00 | not used | SOLUBK({17)
| I | { |
RO16 | T ion coefficients for Nb-94 ] | | |
RO16 | Contaminated zone (cm*”3/g) | 3.250E+0Z | C.0Q0E+0G | - | DCNUCC{19)
R016 | Unszturated zcne 1 (cm** | 0.000E+G0 | $.DOCE+00D | -—= | DCNUCU(19,1)
RO16 | aturated zone (cm**3/g) | 0.000E+00 | 0.000E+00C | --- ] DCNUCS (18}
ROIE ] Leach rate [/yr) | 0.000E+00 | 0.DOOE+00 | 5.676E-04 | ALEACH(19)
RO16 | Solubility constant } 6.000E+00 | 0.000E+0D | not used | SOLUBK(19)
I ! | | |
RC16 | Distribution coefficients for Ni-£9 { | | |
R016 | Contaminated zone (cm**3/g) | 3.200B+01 | 1.000E+03 | m~—— | DCRUCC(20)
K016 | Unssturated zone 1 {em**3/¢) | 2.700E+031 | 2.0C0E+03 | ——- | pcNpcu(ze,1)
RO16 | Saturated zome {cmrr3/g} | 3.700E+01 | 1.000E+03 | - | DCNUCS(20)
RG16 |  Leach rete [/yr) | 0.000E40G | ©.000E+CC | 5.722E-03 | ALERCH (20}
RO16 | Solubility constant | 0.000E+60 | C.GOGE+0G | not used | soLuBk(20]
| | I ! f
RO16 | Distribution coefficients for Ni-63 | | | |
RG1E | Contaminated zone {cm?*3/gl | 3.200E+01 | 1.D00E-03 | ~—- | pcNucC(21)
RO16 | Unssturated zone 1 (cm**3/g) | 3.700E+031 | 1.000E+03 | e | DCNUCU(21,1)
15 | Ssturated zone (cm**3/g) | 3.760E+01 | 1.000E+03 | ~—- | DCNuCs (21}
|  Leach rate (/vr) | 0.000E+0C | C.000E+0C | 722E-03 | ALEACK (21}
heoo | Solubility constant | 0.000E+0C | C.000E+00 | not used | SOLUBK(21)
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! | User | | Used by RESRAD | Parameter
Menu | Parameter } Input { Default | (If gifferent from user inpui) | Name
| : + ; : +—
RO16 | Distributien coefficients for Pu-238 | I i |
RO16 | Contaminated zone {cm*?*3/g) | 1.625E+03 | 2.000E+03 | -—- | pewucec(2s)
RO16 | Unsaturated zone 1 (cm*=*3/g} | 2.000E+03 | 2.000E+03 | -—- | DCNUCL{25,1)
RO16 | Saturated zone (cm**3/g) | 2.000E+03 | 2.000E+03 | — | DCNUCS (25)
ROl16 | Leach rate (/yr) | 0.00DE+00 | 0.000E+0D | 1.136E-04 | ALERCH (25}
RO16 |  Sclubility constant | 0.00DE+CC | ©.000E+00 | not used | SOLUBK(25)
i I | | |
RO16 | Distributior coefficients for Pu-239 | | | [
RO16 | Contaminzted zone (cm**3/g) | 1.625E+03 | 2.000E+03 | - | DCRUCC{26)
R0O16 | Unsaturated zone 1 {cm**3/g) | 2.000E+03 | 2.00DE+03 | - | DCNUCU (26,1}
RO16 | Saturated zone (cm**3/g) | 2.000E+03 | 2.000E+03 | —— | DCNUCS(26)
RO16 | Leach rate (/vyr) | 0.000E+00 | 0.000E+00 | 1.136E-04 | ALEACH(26)
RO16 | Solubility constant | 0.0D0E+DO | 0.0ODE+00 | not used | SO0LUBKk{26)}
! J | [ |
RO16 | Distribution coefficients for Fu-241 | | I 1
RO16 | Contaminated zone (cm**3/g) | 1.625E+03 | 2.000E+03 | - | DCNUCC(27)
RO16 | lUnsaturated zone 1 (cm**3/g) | 2.000E+03 | 2.000E+03 | - | DCNUCU{27,1)
RO16 | Saturated zone {cm**3/g) | 2.000E+03 | 2.000E+03 | - | DCNUCS(27)
RO16 | Leach rate (/yr) | 0.000E+00 | G.000E+00 | 1.136E-04 | ALERCH(27}
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK(27)
| ! i I I
N | Distribution coefficients for Sr-90 ! I | !
RO16 | Contaminated zone (cm**3/g) | 3.500E+00 | 3.000E+01 | - | DCNUCC({31)
RO16 | Unszturated zone 1 (cm**3/g) | 3.200E+01 | 3.000E+01 | ——- | DCNUCU(31,1)
RO16 | Sazturated zone (cm**3/g) | 3.200E+01 | 3.000E+01 | --- ] DCNUCS (31)
RO16 |  Leach rate {(/yr) | 0.000E+00 | 0.000E+00 | 4.906E-02 | ALEACH(31)
RO16 | Splubility coastant | 0.000E+Q0 | 0.000E+0C | not used | SOLUBK(31)
{ ! ! I |
RO16 | Distripution coefficients for Tc-99 | | i |
RO16 | Contaminated zone (cm**3/g) | 5.20CE+00 } 0.000E+00 | —— | DCNUCC (32}
RO26 | Unseturated zone 1 lcm**3/g) | 7.000E+00 | G.O000E+0C | - | DCNLCL(32,1)
RO16 | Saturated zone (cm**3/g} | 7.000E+00 | €.000E+GO | - | DCNUCS{32)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.379E~02 | ALEACH(32)
RO16 | Solvbility constant | D.000E+00 | 0.0GOE+00 | not used | SOLUBK(3Z)
| | | | |
RO16 | Distribution coefficients for U~234 | | | |
k01 | Contaminzted tone (cm**2/g) | 2.120E+02 | 5.000E+01 | -— | pCruUCC(36)
RC16 | Unsaturatec zone 1 icm**3/gj | 5.000E+01 | 5.0G0E+01 | -— | bcNUCU (36,1}
RC16 | Saturated zone {cm~*3/g} | 5.000E+01 | 5.000E+01 | -—- | DCWUCS (36)
RO16 | Leach rate {/yr) | 0.000E+GQ | 0.CO00E+00 | 3.697E-04 | RLEACH(36)
RO16 |  Solubility comstant ] 0.000E+00G | ©.000E+00 | net used ] SOLUBK(36)
I f ! ! ]
RO16 | Distribution cocefficients for dsughter Ac-227 | | | |
RO16 | Contamingted zone [cm**3/¢) | 2.000E+02 | 2.000E+01 | --- | pcnuccy 1)
ROLE | Unsaturated zone 1 (cm¥*3/g; | 2.000E+01 | 2.000E+01 | - | peRucut 1,1)
N6 Saturated zene {cm**3/g) | 2.000E+01 | 2.000E+01 | -— | pcNucs( 1)
’ | Lesch rate (/yr) | 0.000E+G0 | ©.000E+00 | 9.111E-03 | ALERCH( 1)
éum | Solubility constent | 0.000E+CO | ©.000E+00 | not used ) SOLUBK({ 1}
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User Used by RESRAD Parameter
Menu Farameter Input {If different from usér input) Name
RO1g Distribu‘;i.on coefficients for daughter Am-243
RO16 Conteminated zone {(cm**2/g) .000E+01 —-— DCNUCC( ¢)
ROZE Unsaturated zcne i (cm**2/q) ] 2.000E+01 - DCNUCU( 4,1}
RO1E Saturated zone {cm**3/g) | 2.000E+01 - DCNUCS( 4}
RO16. Leach rate (/yr) | .G.000E+00 9.111E-03 ALEACH( 4)
RO16 Solubility constant | 0.DOOE+0D not used SOLUBK( 4)
ROL6 Distribution coefficients for daughter Eu-155
RO16 Contzminated zone (cm**3/g) 4.000E+02 - DCNUCC (13)
RO16 nsaturatec zone 1 {cm**3/g) 8.550E+02 ——— DCNUCU (13, 1)
ROl6 Saturazted zone {(cm**3/g) 9.550E+02 —=- DCNUCS (13)
RO16 Leach rate (/vr) 0.000E+00 4.612E~04 ALEACH({13)
ROl6 Solubility constant 0.000E+00 not used SOLUBK(13)
Distribution coefficients for daughter Gd-152
Contaminated zone [cm*>3/g) }-1.000E+00 8.249E+02 DCNUCC{15)
Unsasturated zone 1 {cm**3/g} 1-1.000§+00 B.249E+Q2Z DCNUCU (15,1
Saturated zone (cm**3/g) [~1.000E+00 8.249E+02 DCNUCS(15)
Leach rate ({(/yr) | 0.000E+0D 2.237E~04 ALEACH{15)
Solubility constant ] 0.000E+00 not used SOLUBK(15)
Distribution coefficients for daughter Na-22
Contaminated zone (cm**3/g] | 1.000E+01 ——- DCNUCC(18)
Unsaturated zone 1 (cm**3/q) } 1.000E+01 - DCNUCU (18, 1)
Setureted zone {cm**3/g) ] 1.000E+01 —— DCNUCS (18)
Leach rate {/¥r) | 0.000E+00 1.799E-02 ALEACH({18)
Solukility constant 0.000E+00 - not used SOLUBK({18)
RCig Distribution coeificients for <aughter Np-237
RO16 Contaminsted zone (cm**3/q) |-1.000E+00 2.574E=0Z DCNUCC{22)
ROlg Unsaturated zcne 1 {cm**3/g} [-1.000E+00 2.574E+02 DCNUCU(22,1)
RC16 Saturated zone (cm**3/g} |-1.000E+0C 2.574E+02 DCNUCS (22}
ROL6 " Lesch rate (/vyr) | 0.000E+00 7.164E-04 ALEACH(22)
ROle Solupility constant G.0008+00 not used SOLUBK (22)
RO1€ Distribution coefficients for dazughter Pa-231
RO16 Contaminated zone {cm**3/g) 5.000E+G1 -—- DCNUCC{23)
RO1€ linsaturzted zone ! i{cm**2/q} 5.000E+01 - DCNUCU (23,
ROie Szturated zone (om**3/g) 5.0005+01 - DCNUCS (23)
K016 Leach rate (/yri G.00CE+GO 3.673E~03 ALERCH{(23)
RO16 Solubility constaent .000E+00 not used SOLUBK(Z3}
RO16 Distribution coefiicients for daughter Pb-210
RO16 Contzminatec zone (cm**3/q} ] 1.000E+02 -— DCNUCC (24
RGig Unsaturated zone 1 (cm**3/g) | 1.000E+02 -== DCNUCU{2¢,1)
S0 Setursted zone fem**3/g) ] 1.000E+0Q2 -—- DCNUCS (2¢;
Lesch rate [/yr) | 0.0C0E+Q0 1.841E-03 ELEACH (24
huat Sciubility constant | ¢.000E+Q0 not used SOLUBK (24}
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Site~Specific Parameter Summary (continued)

| ! iser | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name
1 l + —+ F
RO16 | bistribution coefficients for deughter Ra-226 | | | ]
RO16 | Contaminated zone {cm**3/g) | 7.000E+01 | 7.000E+01 | -— | DCNUCC(29)
RO16 | Unsgturated zone 1 (cm**2/g) | 7.000E+01 | 7.000E+01 | -—- | DCNUCU (29,1}
RO16 | Saturated zone (cm**3/q) | 7.000E+01 | 7.000E+01 | -— | DCNUCS (29)
RO16 | Leach rate (/yr) | 0.000E+00 | G.000E<00 | 2.627E~03 | ALEACH(29)
R016 |  Solubility censtant } 0.000E+00 | 0.000E+0C | not used | SOLUBK(29
I l | ! i
RO16 { Distribution coefficients for daughter Sb-125 ] I } ]
RO16 | Contaminated zone {cm**3/g} | 0.000E+00 | 0.000E+00 | - | bewuce (30)
RO16 | Unsaturated zone 1 (cm**3/g) | 0.000E+00 | 0.000E+00 | —— | DCNLCU(30,1)
RO16 | Saturated zone {cm**3/g) | 0.000E+00 | 0.000E+00 | - ] DCNUCS (30}
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 7.024E-01 | BALEACH(30)
RO16 | Solubility constant ] 0.000E+00 | 0.000E+00 | not used | SOLUBK(30)
| | i I |
RO16 | Distribution coefficients for daughter Th-229 | | | 1
RO16 | Contaminated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | - | peNUCC(33)
RO16 | Unsaturated zone 1 (cm**3/g) | 6.000E+04 | 6.000E+0¢ | -—- | DCNUCD(33,1)
RO16 | Saturated zone (cm**3/g) | 6.000E+04 | 6.000E+0¢ | -—= | DCNucs(33) ¢
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.077E-06 | ALERCH(33)
R016 |  Solubility constant ! 0.000E+00 | 0.000E+00 | not used | SOLUBK{33)
} I | ! |
<] Distribution coefficients for dauvghter Th-230 | | | |
] Contaminated zone (cm**3/g) ] 6.000E+02 | 6.000E+04 | -— | DCNuCC (34}
RO16 | Unsaturated zone 1 (cm**3/g) | 6.000E+04 | 6.000E+04 | - | DCNUCU (34, 1)
RO16 | Seturated zone {cm**3/g) ] 6.000E+04 | 6.000E<04 | - | DCNUCS (34)
RO16 | Leach rate (/yr) ] G.000E+00 | 0.00CE+00 | 3.077E~06 | ALEACH(34)
-ROIG i Solubility constent | ©0.000E+00 | 0.0CG0E+00 | not useg ] SOLUBK(34)
i | | i |
RC1€ [ Distribution coefficients for ceughter U-2Z33 | } | ]
RO1€ | Contaminated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | -—- | pCNuce (35)
RO16 | Unsaturated zone 1 {cm**3/g} | 5.G00E+01 | 5.000E+01 | —_— | BCNUCU (35,1)
RO16 | Szturated zone {cm**3/q) | 5.000E+02 | £.000E+01 | -—- | DCNUCS (35)
RO16 | Leach rate (/yr) [ ©.000E+00 | 0.000E+GC | 3.673E~03 | ALEACH {35}
K016 | Sclubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUEK(35)
[ ! | f I
RO1€ | Distribution coefficients for daughter U-23% | | | |
R0LE |  Conteminated zone (cm**2/g} | 2.120E+02 | £.000E=03 | - | DCNUCC(37)
RO16E | Urssturated zong 1 ({em**3/g; j 5.000E+01 | 5.000E+01 | - | DCNUCU{37,1}
RO16 | Szturzted zome lcm**3/g) | £.000E+0) | 5.000E+01 | --- | DCNUCS 137
RC16 | Leach rate {/vyri | 0.000E+00 | 0.0O0E+GO | 2.697E~0¢ | ELERCH(37)
R016 |  Sclupility constant | ©.000E+00 | 6.006S+CO | not used | SOLUBK(37)
! I | | ’ |
RO16 | Distribution coefficients for dazughter 1-2Z38 | | | |
RO1E | Contemineted zone l(cm**3/¢} | 2.120E+02 | 5.000E+01 | - | DCRUCC(38)
ROIE | Unsaturated zone 1 {(cm**3/¢; ] 5.000E+01 | S5.000E+01 | - | DCNUCU (38, 1)
116 | Saturztec one (cm**i/g) | 5.000E+01 | 5.000E+0Y | - | pCcNUCS (38)
" t leech rate (/yr) | 0.000E+0C | 0.CO0E+0C | 2.697E-04 | ALEACH (38)
R; o Sclubility constant | 0.000E+0C | €.000E+GO | not used | SOLUBK{38)
! ] ! I |
| &.400E+03 | 8.400E+03 | --- | INHALR

K017 | Inhalation rate {m**3/yr)
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| | User { ] Used by RESRAD | Paremeter
Menu | Parameter | Input ] Default | {if different from user input} | Name
— + : — -
RO17 | Mzss loading for inhalation (g/m*+3) | 6.000E-06 | 1.000E-04 | - | MLINH
R017 | Exposure duration [ 3.653B+02 [ 3.000E+01 | - | ED
RO17 | Shielding factor, inhalation | 4.000E-01 | 4.¢00E-031 | - | sBr3
RO17 | Shielding factor, erternzl gamms | 4.700E~01 [ 7.000E-01 | -— | SHF1
RG17 | Fraction of time spent indoors | 6.600E~01 | 5.000E-01 | -— | FIND
R017 | Fraction of time spent outdoors (on site) | 1.100E~01 | 2.500E-01 | —_— | FOTD
RO17 | Shape factor flag, external gamma | 1.000E+00 { 1.000E+CO | >0 shows circular AREA. | s
RO1? | Radii of shape factor zrray fused if £S = -1): § | ] |
RO17 | Outer annular radive iml, ring 1: | not used | 5.000E+01 | —_— | RAD_SHAPE( 1)
RO17 | Outer annular radius (m), ring 2: | not used | 7.071E+01 | - | RAD_SHAPE( 2)
R017 | Outer annular radius (m), ring 3: | not used | 0.000E+00 | ——— | RAD_SHAPE( 3)
RO17 | Outer annuvlar radius (m), ring 4: | not used | 0.000E+00 | --- | RAD_SHAPE( 4)
RO17 | Outer annular radius (m), ring 5: | not used | 0.000E+00 | - | RAD_SHRPE( 5}
RO17 | Outer annular radius {m), ring 6: | not used | 0.000E+00 | -— | RAD_SHAPE{ 6)
R017 | Outer annular radius (m}, rirg 7: | not used | 0.000E+00 | — | RAD_SHRPE{ 7)
R017 |  Outer annular radius (m), ring &: | not used { 0.000E+00 | - | RAD_SHAPE( 8)
RO17 | Outer annular radivs (m), ring 9 ] not used | 0.000E+00 | -— | RAD_SHAPE( 9)
RO17 | Outer annular radius (m}, ring 10: | not used | 0.000E+00 | - | RAED_SHAPE(10)
RO17 | Outer annular radivs (m}, ring 11: | not used | 0.000E+00 | —— | RAD_SHAPE(11)
RO17 |  Outer annular radius (m), ring 12: | not used | 0.000E+00 | --- | RAD_SHAPE(12)
( | ] ! ! |
N | Fractions of znnular sreas within AREA: | | | |
RO17 | King 1 | not used | 1.00CE+00 | --- | FRACR({ 1)
R017 | Ring 2 | not used | 2.732E-01 | - | FrRECA( 2)
RO17 | Ring 3 | not used | 0.000E+00 | ~—- | FrRaca( 3)
RO17 | Ring 4 | not uses | 0.000E+00 | ~-- | FRACA( 4)
RC17 | Ring 5 | not used | 0.000E+00 | ~-- | FRACA{ 5)
RO17 | Ring 6 | rot used | 0.000E+400 | - | FRACAL €)
RKO17 | Ring 7 | not used [ 0.000E+00 | —- | FRACA( 7]
RO17 | Ring @ | not used | 0.000E+00 ] - | FrRaCA{ &)
ROYT ) Ring ¢ | not used | 0.000E+0C | -— | FRACAL 9)
RO17 | Ring 10 | not used | 0.000E+0C | - | FRACA{10}
RO17 | Ring 11 | not used | G.CGOE+00 | -—- [ FRACA(11)
RCI7 [ Ring 12 | not used | 0.0005+00 | -—- | FRACA(12)
! | | ! }
RO12 | Fruits, vegetables and grain consumption {kg/yr} | 7.800E+01 | 1.600E+02 | -—- | DIET(1)
RO1& | Leafy vegetable corsumption (kg/yr) | 1.500E401 | 1.200E+01 | - | DIET (2}
RO1E | Milk consumption (L/yr) | 1.130E+02 | 9.200E+01 | --- { DIET(3)
RO1E | Meat znd poultry censumption (kg/vr) | $.200E+01 | €.3C0E+01 | - | DIET{(4)
R012 | Fish consumption (k¢/yr) | 1.600E+01 | 5.¢D0E+00 | —— | DIET(5}
RO18 | Other sezfood consumption {hg/vr) | 0.0D0E+CQ [ S.000E-01 | - | DIET (6}
RO1€ | Scil ingestion rate (g/yr) | 1.830E+01 | 3.650E+01 | - | so1L
RO18 | Drinking water inteke (L/yr} | 4.780E+02 | =.100E+0G2 | --- | DwI
RO18 | Contaminatien fraction of drinking water | 1.000E+00 | 1.000E+00 | -—- | Fpw
RO1%Z | Contsmination fraction of hecusehold water | not used | 1.C0OE+00 | —-— | FHHW®W
" "8 | Contemination fraction of livestock water | 1.000E+00 | 1.00OE+00 | - | FLW
| Contamination fraction of irrigation water ] 1.000E+00 | :.GCOE+0O | --- | FIRW
R016 | Contaminztion fraction of aguatic food | 5.000E-01 | 5.000E-01 | --= | FR9
RO18 | Contamination iraction of plant food ] 1.000E+0C |-2 | —-- | FPLANT
R012 | Contaminaticon frzction of meat | 1.000E+00 |-1 | - | FMEAT
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| | User ] } Used by RESRAD | Parameter
Menu | Farameter | Input | Default | (If different from user input) | Name
+ . } } f —t
‘RO18 | Contamination fraction of milk | 1.000E+00 |-1 | -~- | FMILK
| ) | l |
R019 | Livestock fodder intake for meat (kg/day) | 8.500E+00 | 6.800E+01 | -~ | LFI5
RO19 | Livestock fodder intake for milk (kg/day) | 1.700E+C1 | 5.500£+01 | - | LF16
R038 | Livestock water intazke for meat (L/day) ] 5.000E+01 | 5.0D00E+01 | —— | Lwis
RO19 | Livestock water intake for milk (L/day) | 1.600E+402 | 1.600E+02 | -~ | Lwig
RO19 | Livestock soil intake (kg/day) | 5.000E~01 | 5.000E-01 | - | 1s1
RO19 | Mass loading for foliar deposition (g/m**3) | 1.000E-04 | 1.000E-04 | - | MLED
RO19 | Depth of soil mixing layer (m) | 1.500E~01 | 1.500E-01 | - ] oM
RO19 | Pepth of rocts (m) | 9.000E-01 | 9.000E-01 | - | DROOT
RO19 | Drinking water fraction from ground wster ] 1.000E500 | 1.D00E+00 | - | FGWDW
RO12 | Household wzter fraction from ground water | not used | 1.0D00E+GO | — | FGWHH
RO19 | Livestock water fraction from ground water ] 1.000E+00 | 1.000E+00 | -—- | rGwLw
RO19 | Irrigation fraction from ground water | 1.000E+00 | 1.00GE+00 | -—— { FGWIR
| _ | | | |
R19B | Wer weight crop yield for Non-Leafy {(kg/m**Z) ] 7.000E-01 | 7.C00E-O1 | - I yviyy
R19B | Wet weight crop vield for leafy (ké/m**?) | 1.500E+00 | 1.5GOE+00 | -—- I yv(2)
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) | 1.700E-02 | 1.700E-01 | - | TE(1}
R19B | Growing Season for Leafy (years) ] 2.500E-01 | 2.500E-01 | - [ TE(2)
(Na | Growing Sesson for Fodder (years) | 8.000E-02 | 8.000E-02 | - | TE(3)

..-- | Trarslocation Facter for Non-Leafy | 1.000E-01 | 1.000E-01 | - ] Tiv(1)
R19B | Tramslocation Factor for Leafy | 1.000E+0C | 1.000E+00 | -—- | TIV(2)
R19B | Translocation Factor for Fodder | 1.000E+00 | 1.000E+00 | - | TiV(3)
R1SB | Dry Foliar Interception Fraction for Non-Leafy | 2.500E-01 | 2.500E-01 | - | RDRY (1)
R19E | Dry Foliar Intercepticn Fraction for Leesfy | 2.500E-01 | Z.500E-01 | - | RDRY(2)
R19B | Dry Folier Interceptiocn Fraction for Fodder | 2.500E-C1 | 2.500E-C1 | - | RDRY (3}
R198 | Wet Feoliar Interceptior Fraction for Nom-legfy | 2.500E-01 | 2.500E-01 | -—- | RWET (1}
R19R | Wet Foliar fnterception Frazcticn for Leafy | 2.500E-01 | 2.500E-01 | - | RWET(Z)
R19B | Wet Folier Interception Fraction for Fodder | 2.500E-01 | Z.500B-01 | - | RWET(3)
R168 | Weathering Removal Constant for Vegetation | 2.000E+01 | Z.000E+C1 | ~—— | wLAM

[ ] ! ] ]
Cie | C-17 concentraztion in water (g/cm*»3) | 2.000E-05 | 2.000E-05 | - | Ci2wTR
Cl¢ | C-12 concentration in centeminzted seil {g/gi | 3.000E-02 | 3.000E-02 | ~—- | clacz
Ci¢ | Fraction of vegetation carbon from soil | 2.000E-02 | 2.000E-02 | ~—- | ¢csoIiL
Cis4 | Fraction of vegetation carbon from air | 2.800E-01 | 9.800E-C1 | - | cAIR
Cl¢ | C-14 evesion leyer thickness in secil (m) | 3.000E-01 | 3.C00E-0% | ~-- | omMc
Cl¢ | C-1s evesion flux rate from soil {1/sec) | 7.000E-07 | 7.000E-37 | ~—- | EVSN
Clé | C-1z evesicn flux rate from scil ii/sec) | 1.000E-25 | 1.000E-10 | -—- i REVSN
Cl¢ | Frection of ¢rain in beef cattie feed | 8.0C0E-0: | 8.G0G0E-CI | -—- | avec4
Ci¢ | Fraction of grain in milk cow feed | 2.000E-01 | 2.000E-C1 | .- | AVEGS
Clé | DCF correction factor for gaseous forms of Clé | 8.894E+02 | €.894E+01 | -—- | co2F

I | I ! [
STOR | Storage times of contaminated foodstuffs (davs): | | | |
STOR | Fruits, non—lieafy vegetables, znd grain | 1.400E+61 | 1.400E+0% | —— | STOR_Ti(1}
aTOR | Leafy vegetables | 1.000E+00 | 1.CO0E+0G | - | STOR_T(2}

r |oMib | 1.000E+00 | 1.000E+00 | - | STOR_T(3)

s. .| Mezt and poultry | 2.000E461 | 2.00GE+GCL | ——- | STOR_T{4]
STOR | Fish | 7.000E+G0 | 7.000E+CO | - | STOR_T{(5)
STOR | Crustacez and mollusks | 7.000E+00 | 7.000E+0C | —— ] STOR_Ti6
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Site-Specific Parameter Summery icontinued)

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | {If different from user input) | Name

f — } } }
STOR | Well wzter | 1.000E+00 | 1.000E+CC ] — | STOR_T(7)
STOR | Surface water | 1.000E+00 | 1.C00E+00 | -—- | STOR_T(8)
STOR | Livestock fodder | 24.500E+01 [ 6.5008+01 | - | STOR_T(9)

[ | ! [ |
K021 | Thickness of building foundation (m) | not used | 1.S500E-01 | ——— | FLOOR1

| Bulk dersity of building foundation (g/cm**3) | not vsee¢ | Z.400E+00 | - | DENSFL

| Total porcsity of the cover materizl ] not used | 4.000E-01 | -—— } TPCV

| Total porosity of the building foundaticn | not used | 1.000E-01 | - | TPFL

| velumetric water content of the cover material | not used | 5.000E-02 | -— | pH20CV

| Volumetric water content of the foundation | not used | 3.000E-02 | ——— | PHZOFL

| Diffusion coefficient fer radon gas (m/sec): 1 I | |

1 in cover material | not used | 2.000E~06 | —-—- | DIFCV

| in foundation material | not used | 3.000E-07 | -—- | DIFFL

| in contaminated :zone soil | not used | 2.000E-06 | -— | DIFC2

| Radon vertical dimension of mixing (m) { not used [ 2.000E+00 | - [ HMIX

| Average huilding air exchange rate (1/hr!} | not used | 5.000E-01 | —— | REXG

| Height of the building (room} (m) | not used | 2.500E+00 | -~ | HRM

| Building interior arees factor | not vsed | 0.000E+0D | -~ | FAI

| Building depth below ground surface (m) | not used |~1.000E+00 ] — ] DMFL

| Emanating power of Rn-222 gas | not used | Z.500E-01 | - | EMANA(1)

| Emanating power of Rn-220 gas | not used | 1.500E-01 | -— | EMANA(2)

| i I | I

| Number of graphical time points | 32 | - | - | wPTS
TITL | Maximum number of integration points for dose | 17 | - | -— | LYMAX
TITL | Meximum number of integration points for risk | | - | —_—— | KYMAX

1 L ! " - 1

Summery cf Pathwey Selections

Pathway ] User Selection
‘{7
1 -- external gamme | ective
2 -- inhzlation [w/c radon)| active
3 -- plant ingestion | active
4 -- meat ingestion | sctive
S -- milk ingestion | zctive
€ -- aguatic foods | zctive
7 -- drinking water | active
& -~ seoil ingestion | ~active
© -- redon | suppressed
Find peak pathway doses } active
)




RESRAD, Versicn €.21 Th Limit = .5 year 10/17/200¢ Cage 1%
Summary : RESKRAD Defauvlt Parameters
N’ File : Flumbreck Subsurizce Medified BOPSMEARMfXRevEARAD
Contaminated Zone Dimensions Initiel Soil Concentrations, §Ci/g
Ares: 5850.00 square meters Ag~108m 6.000E-02
Thickness: 3.00 meters Am~241 1.300E-01
Cover Depth: 0.00 meters C-14 5.800E-01
‘ Cm~243 2.000E-02
Co-60 5.220E+00
Cs~137 7.460E+00
Eu-152 1.300E~01
Eu-154 1.500E-C1
Fe-55 1.980E+00
B-3 6.€653E+01
1-129 6.000E-02
Nb-9¢ 3.000E-02
Ni-5¢ 4.500E-01
Ni-63 1.366E+01
Pu-238 4,000E-02
Pu-238 2.000E-02
Pu-241 3.200E-01
Sr-90 3.010E+00
Tc-99 1.200E-01
U-234 1.000E-02

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

t (veers}: 0.000E+00 1.000E+00 3.000E+00 1.Q00E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
TDOSE{t): 2.577E+02 2.341E+02 2.002E+02 1.222E+02 2.465B+01 1.677E+00 6.095E-01 1.752E-01
M{t}: 1.031E+01 ©.363E+0C £.009E+00 ¢.%88E+00 1.386E+00 6.706E-02 Z.438E-02 7.009E-03

Maximum TDOSE(t): Z.S577E+0Z mrem/yr at t = 0.G00E+QC vyears
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Summary : KESRAD Def

El
: Plumbrocl Subsurfzce Medified BOPSMEZRMIXRevZ.RAD

ile

Totzl Dose Contributions TDOSE!i,p,t) for individual Radionuclides {i) and Pathways (p)

As mrem/vr and Fraction of Total Dose At t = {.000E+00 years

Water Independent Pathways {Inhalaticn excludes radon}

Ground Inhalation Radon Plant Meat Milk Soil

Radio~
mrem/yr fract. mrem/yr frzct. B -mrem/yr fract. mrem/yr fIract. mrem/yr fract.

i
.
o
1]
o+

Nuclide mrem/yr fract. mrem/yr

Rg-106m 1.595E~01 0.0006 2.520E-08 G.000G 0.000E+00C 0.0000 4.657E-03 0.G00G ¢.854E-05 0.0000 3.133E-03 0.0000 4.617E-06 0.0000
Am-241 2.260E-03 0.0000 1.668E-0¢ 0.000C (.00Q0E+0C 0.0000 <¢.402E-02 (.0002 6-250E-0¢ 0.0000 5.769E-05 0.0000 . 6.661E-03 0.0000
C-14 1.255E-06 0.0000 5.995E-05 C.0000 0.000E+00 0.0000 4.756E-01 05.0018 Z2.295E-01 0.0009 1.3S0E-01 0.000S 6.860E-06 C.0000
Cm-243 4.522E-03 0.000C 1.754E-05 0.0000 O.0OCDE+00 0.0000 4.618E-03 0.0000 2.623E-05 0.0000 6.051E-06 0.0000 6.987E~04 0.0000
Co-60 3.047E+01 0.1182 3.082E-06 0.0000 0.000E+00 0.0000 9.741E-01 0.0038 1.608E-01 0.0006 5.751E-02 0.0002 1.844E-03 0.0000
Cs-137 9.522E+00 0.0370 6.713E-07 €¢.0000 0.000E+00 0.0000 1.354E+00 0.0053 4.778E-01 0.0019% 4.059E-01 0.0016 5.126E-03 C.0000
Eu-152 3.429E-01 0.0013 8.096E-06 0.00G0 0©.000E+00 0.0000 1.909E-04 0.000C <.449E-0S 0.0000 1.051E~06 0.0000 1.156E-05 0.0000
Eu-154 ¢.26SE-01 (.0017 1.193E-07 0.00G0 0.000E+00 0.0000 3.204E-0¢ 0.0000 7.467E-05 0.0000 1.764E-06 0.0000 1.941E-05 0.0000

.000E+00 0.0000 1.3S0E-08 0.0060 0.000E+00 $.0000 9.809E-05 0.0000 5.573E-04 0.0000 1.928E-05 0.0000 1.484E-05 0.0000
H-3 .000E+00 0.0000 .754E~02 0.0001 0.000E+Q0 0.0000 6.551E-01 0.0025 3.90%E-02 0.0002 7.983E-02 0.0003 3.152E-05 0.0000
1-129 .085E-04 0.0000 .941E-08 0.0000 0.000E+00 0.0000 3.006E-02 0.0C01 3.950E-03 0.0000. 1.604E-02 0.0001 2.272E-04 0.0000

Fe-55 0
0
3
Nb-94 1.114E-01 0.0004 .3%1E-0% 0.0000 G.QO00E+00 0.0000 1.992E-0¢ 0.0000 .G54E-09 0.0000 3.386E-08 0.0000 3.017E-06 0.0000
0
[
2

LT S

~

.Q00E+00 0.0600 2.504E-0% G.0000 0.000E+00 0.0000 4.382E-04 0.0000 -268E~05 0.0000 3.004E~04 0.0000 1.328E-06 0.0000
.Q00E+0C 0.0000 .469E-07 0.0000 0.0C0E+00 0.0000 3.642E-02 0.0001 .884E-03 0.0000 2.496E-02Z 0.0001 1.103E-04 0.0000
.484E-06 0.0000 -517E-05 0.0000 0.000E+00 0.0000 1.187E-02 0.0000 -371E~04 0.0000 7.778E-06 0.0000 1.796E-03 0.0000
Pu-232 2.342E-06 0.0000 2.482E-05 0.000G 0.000E+D0D 0.0000 6.593E-03 0.0000 .872E-04 0.0000 4.320E-06 D.UObD 2.976E-04 0.0000
2¢1 6.723E-06 0.0000 7.779E-06 0.0000 O0.000E+00 0.0000 2.078E-03 0.0000 5.792E-05 0.0000 1.418E-06 0.0000 3.145E-04 0.0000
r 2.758E-02 0.0001 1.100E-05 0.0000 0.000E+00 0.0000 1.241E+01 0.0482 5.673E-01 0.0022 5.898E-01 0.0023 6.259E-03 0.0000
\\_’/ T Ly ©.269E-06 0.0000 2.843E-09 0.0000 0.0GDE+00 0.0000 8.0IBE~02 0.0003 3.872E-05 0.0000 1.744E-03 0.0000 2.427E~-06 0.0000
U-23¢ 1.605E-06 0.0000 3.816E~06 0.0000 0.000E+00 D.0000 6.581E-04 0.0000 2.607E-05 G.0000 1.087E-04 0.0000 3.986E-03 0.0000

~

.
oW e

Total ¢.107E+01 9.15%4 1.791E-02 0.0001 G.Q000E+D0 C.0000 1.609E+01 0.0624 3.482E+00 0.0058 1.319§+00 0.0051 2.4178-02 0.0001



RESRAD, Yersieon €.21 Th Limit = §.% veer 1G/17/2004 12:34 Page Z1
. Summary : RESRAD Defsulit Tarameters
e rile Piumbrock Subsurfazce Modified BOPSMEARMIKKevZ.RAD
Total Dose Contributions TDOSE(i,p,t} for individusl Radionuclicdes !i} and Pzthways (p)
ks aremlyr and Fraction of Totzl Dose At t = 2.000E+00 vears
vater Dependent Pathways
wéter Fish Radon iant Meat Milk All Pathways*
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Ag-3i08m €.180E-01 0.0024 2.010E-04 C.0000 0.000E+00 0.000C 3.632E-01 0.0014 2.8395-02 0.0001 1.2712E+00 0.06049 2.448E+0C 0.0085
Am-241 5.072E-01 0.0620 9.805E-0¢ 0.G0CG0 0.0002+00 G.000G 2.857E-01 0_0011 3.5¢2E~-04 0.000G6 8.023E-05 C.0000 8.481E-01 0.0033
Cc~-14¢ 1.091E-03 0.0000 3.605E-03 0.0000 0.000E+00 0.0000 1.782E-03 0.0000 ©.223E-D¢4 0.0000 1.403E-03 0.000C &.530E-01 0.0033
Cm-243 5.919E~02 0.0002 1.144E-04 (.0000 0.000E+Q0 0.0000 3.333E-02 0.0001 1.6778-05 0.0000 S.362E-06 0.0000 1.026E-01 G.0004
Co-60 3_.625E+00 G:0141 7.008E-02 0.0003 0.000E+00 0.0000 Z.077E+00 C€.0081 1.029E+00 0.004C 5.743E-01 0.0022 3.904E+01 0.1515
Cs-137 2.573E+01 0.0995 3.313E+00 0.012z% 0.000E+00 0.0000 1.462E+01 0.0568 1.097E+01 0.0426 1.632E+401 0.0633 &.273E+01 0.3211
Eu-152 9.796E-04 0.0000 3.156E-06 0.0000 ©§.000E+00 0.0000 5.519E-04 0.0000 Z.775E~05 0.0000 1.350E~06 0.0000 3.447E-01 0.0013
Eu-154 1.644E-03 0.0000 5.296E-0€ (.000C 0.0008+0G C.0000 8.262E-0¢4 0.0000 4.6578-05 0.0000 2.600E~06 0.0000 4.315E-01 0.0017
Fe-55 3.796E-02 0.0001 4.8§93E-04 0.0000 0.000E+0C 0.0000 2.138E~02 0.0001 1.077E-02 0.0000 9.013E~04 0.0000 7.2195-02 0.0003
H~3 2.167E400 0.0084 1.421E-04 0.0000 0.000E+00 0.0000 1.048E+0C 0.0041 1.597E-01 0.0006 4.925E~01 0.0018 4.660E+00 0.0181
I~129 2.231E+00 0.0087 5.755E~03 0.0000 O0.0COE+00 0.0000 1.263E+00 0.004¢ 2.226E-01 0.000S8 1.770E+00 0.0069 S.543E+00 0.0215
Nb-22 3.145E-04 0.0000 6.080E-06 5.C000 O.CO00E+00 0.0000 1.775E-04 0.0000 1.337E-0% 0.0000 4.976é~08 0.0000 1.121E-01 0.0004
Ni-59 1.396E-03 0.0000 #£.995E-06 0.0000 ©.00CE+00 0.D0G0 7.946E-04 0.0000 G.8$SE-05 0.0000 2.210E-03 0.000C 5.271E-03 0.0000
Ni-63 1.160E-01 0.0005 7.475E-04 0.0000 0.000E+00 0.0000 6.604E~02 0.0003 8.227E-03 0.0000 1.837E~01 0.0007 ¢.381E-01 0.0017
Pu-236 3.748E-02 0.0001 7.245E-05 0.0000 O0.000E+00 0.0000 2.111E-02 0.0001 5.308E-05 0.0000 2.969E-06 0.0000 7.277E-02 0.0003
Puy-239 2.0861E-02 0.0001 4.023E~-05 0.0000 O0.000E+00 0.0000 1.172E-02 0.0000 2.947E-05 0.0000 1.646E-06 0.0000 ¢.041E-02 0.0002
741  ©.251E-D3 D.0000 2.764E-05 0.0000 O0.00CE+0D 0.0000 5.196E-03 0.0000 1.091E-05 0.0000 9.533E-07 0.0000 1.694E-02 0.0001

'K/ ( 5.654E+01 0.2194 2.1%87E-01 0.000%8 Q.000E+00.0.0000 3.395E+01 0.1318 6.476E+00 0.0251 9.006E+00 0.0350 1.198E+(2 0.46¢9
Té;9§ 1.509E-02 ¢.0001 1.946E-05 0.0000 D0.000E+00 0.0000 1.77SE-Q2 0.0001 2.340E~-CS5 €.0000 1.284E-03 0.0000 1.162E-01 0.0005
U-234 6.367E-03 0.0000 4¢.103E-06 0.0000 O0.000E+00 0.00G0 3.5878-03 0.G0O00 3.066E-05 0.0000 3.022E-04 0.0000 1.11i3E-02 0.0000
Total ¢.173E+01 0.3560 3.619E+00 0.0140 0.06006E+00 0.0000 5.380E+01 0.2086 1.8%1E+C) 0.0734 2.962E+01 0.114% 2.577E+02 1.0000
*Sum of ali water independent snc depencent pathways.
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RESRAD, Versicon
Summary : RESRED Defzuli Perameters

File : Plumbrock Subsurface Mocified SOPSMEARMIXRevZ.RAD

Total Dose Contributions TDCSE{i,p,t}) for Individuel Radionucliides (i) and Pathwavs (p}

Bs mrem/yr ané Fraction of Totzl Dose At t = 1.000E+00 years
Wzter Independent Pathweays {Inhelation excludes redon}

Ground Inhalation Radon Flant Meat Milk Scil

Radio~-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/vr mrxem/yvr fract. mrem/yr iract. mrem/yr fract.

h
*
[\
O
*

Ag-108m 7.856E-02 0.0003 1.734E-08 0.0000 (©.000E+00 0.0000 2.304E-03 G.C000 4.947E-05 0.0000 1.565E-03 0.0000 2.275E~06 0.0000
Am-241 2.256E-03 0.0000 1.664E-04 0.000G 0.060E+00 0.0000 4.3%3E-02 0.000Z &.238E-04 0.0000 5.757E-05 0.00006 6.648E-03 0.0000
C-14 1.363E-07 0.0600 ©.766E-06 0.0000 0.000E+00 0.0000 5.29%4E-02 0.0002 2.773E-02 0.0001 1.633E-02 0.0001 7.448E~07 0.0000
Cm-243 4.412E-03 0.0000 1.711E-05 0.0000 0©.000E+00 0.0000 4.50%E-03 0.0000 Z.559E-05 0.0000 5.903E-0€ 0.0000 €.816E-04 0.0000
Co-60 2.643E+01 0.1129 2.674E-06 0.0000 0.000E+00 0.0000 2.431E-0) 0.0036 1.395E~01 0.0006 4.989E~02 0.0002 1.600E-03 0.0000
Cs-137 9.054E+00 0.0337 6.383E-07 0.0000 0.000E+00 0.0000 1.288E+0D 0.0055 4.546E~01 6.0019 3.861E-01 0.00i6 4.874E-03 0.0000
Ev-152 3.253E-01 0.0014 7.682E-08 0.000C ©.000E+00 C.0000 1.812E-04 D.0000 4.222E~05 0.0000 9.972E-07 0.0000 1.0°7E-DS 0.0000
Eu-154 3.958E-01 0.0017 1.102E-07 0.0000 0.000E+00 0.0000 Z.960E-04 0.0000 6.896E-05 0.0000 1.629E-06 0.0000 1.753E-05 0.0000
Fe-55 0.000E+00 0.0000 1.030E-08 £.0000 0©.00CE+00 0.0000 7.484E~05 0.0000 4.252E-04 0.0000 1.471E-05 0.0000 1.132E-05 0.0000
H-3 0.000E+00 0.0000 4.063E-03 0.0000 0.0Q00E+00 C.0000 1.535E-C1 0.0007 9.582E-03 0.0000 1.927E-02 0.0001 7.302E-06 0.0000
I-129 2.924E-04 0.0000 Z2.788E-08 0.0000 0.000E+00 0.0000 2.851E-~02 0.0001 3.748E-03 0.0000 1.521E-02 0.0001 Z.154E-0¢ 0.0000
Nb-94 1.114E-01 0.0005 3.589E-08 0.0000 0.000E+00 0.0000 1.991E-04 0.0000 1.953E-0% 0.0000 3.384E-08 0.0000 3.016E-06 0.0000
Ni-59 0.000E+00 0.0000 3.484E-09 0.0000 0.000E+00 0.0000 4.358E-04 D.0000 2.255E-05 0.0000 2.987E-04 0.0000 1.320E-06 0.0000
Ni-63 0.0G00E+00 0.0000 2.437E-07 (.0000 0.000E+00 0.0000 3.595E-02 0.0006Z 1.86GE-C3 0.0000 2.464E~02 0.0001 1.089E-04 0.0000
Pu-238 2.464E-06 0.0000 '4.481E-05 0.0000 0.000E+00 0.0000 1.178E-02 0.0001 32.344E-04 0.0000 7.718E-06 0.0000 121.782E-03 0.0000
2.342E-06 0.0000 2.481E-05 0.0000 Q.000E+00 0.0000 6.592E-03 0.0000 1.872E-04 0.0000 4.319E-06 0.0000 2.974E-04 0.0000

'“: 1.511E~05 0.0000 §&.055E-06 0.0000 0.000E+00 0.0000 2.150E-03 0.0000 5.761E-05 0.0000 1.573E-06 0.0000 3.253E-04 0.0000

f. 2.564E-02 0.0001 1.023E-05 0.0000 0.000E+00 0.0000 1.154E+01 0.0493 5.280E-01 0.0023 5.488E-01 0.0023 5.819E-03 0.0000C
Tc-99 5.674E~06 0.0000 2.749E-0& 0.0000 O0.000E+00 0.0000 7.753E-02 0.0003 3.746E-05 0.0000 1.687E~03 0.0000 2.347E-06 0.0000
U-234 1.604E-06 0.0000 3.813E-06 £.0000 0.000E+0Q 0.0000 6.575E-04 0.0000 2.605E~05 £.0000 1.086E-0¢4 0.0000 3.983E-05 £.0000

Tota 3.643E+01 C.1556 4.352E-03 0.0000 0.000E+00 0.0006 1.409E+01 0.0602 1.1€7E+00 0.0050 1.064E+00 0.0045 2.3158-02 0.0001
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Plumbrook Subsurizce Modified BOPSMEARMIXRevZ. RAD

Total Dose Certributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dese At & = 1.000E+CO years
Vater Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr iract. mrem/yr fract. mrem/yx fract. mrem/yr fract.

.0013 9.8925E-05 £.0000 0.000E+00 0.0000_ 1.795E-01 0.0008 1.423E~0Z 0.0001 €.319E-01 0.0027 1.Z13E400 J.0052

Ag-108m 3.045E-01 O
Am-241 S5.061E-01 0.0022 9.782E-04 0.0000 0.000E+0C 0.0000 2.850E-01 G.001z 3.584E-0¢ 0.0000 £.004E-05 0.0000 8.462E-01 €.0036
C-14 1.185E-04 0.0000 3.963E-04 0.0000 0.G00E+00 0.0000 1.985E-04 0.0000 :.083E~04 0.0000 11.549E-04 0.0000 9.799E-02 0.0004
Cm-243 5.772E~0Z 0.0002 1.116E-04 0.0000 0.000E+00 0.0000 3.251E-02 0.0001 1.635E~05 D.0000 9.130E-06 0.0000 1.000E-02 0.0004
Co-60 3.143E+00 0.0134 6.077E-02 0.0003 0©.000E+00 0.0000 1.801E+00 0.0077 8.9282~01 0.0038 4.981E-01 0.0021 3.386E+01 0.2447
Cs-137 2.446E+401 0.1045 3.154E+00 0.0135 0.000E+00 0.0000 1.390E+01 0.0594 1.044E+01 0.0446 1.551E+01 0.0663 7.866E+01 0.3360
Ep-152 ©2.292E~04 0.0000 2.994E-06 0.0000 0.000E+00 0.0000 5.235E-04 0.0000 2.632E-05 0.0000 1.470E-06 0.0000 3.270E-01 0.0014
Eu-154 1.512E-03 0.0000 4.3%21E-06 0.0G00 0.000E+00 0.0000 &.553E-04 0.0000 ¢.301E-0S 0.0000 2.401E-06 0.0000 3.9B6E-0D1 0.0017
Fe-55 2.895E~02 0.0001 3.732E-04 G.0000 0.000E+00 0.0000 1.631E-0Z 0.0001 §.214E-03 0.0000 &.874E-04 0.0000 5.506E-02 0.0002
H-3 5.022E~01 0.0021 3.312E-05 0.0000 0.000E+00 0.0000 2.458E-01 0.0011 3.796E-02 0.0002 1.148E-01 0.0005 1.087E+00 0.0046
1-129 2.115E+00 0.0090 5.455E-03 0.0000 ©0.0005+00 0.0000 1.197E+00 0.0051 2.112E-01 0.0009 1.679E+00 0.0072 5.255E+00 0.0225%
Nb-94 3.143E-04 0.0000 6.075E-06 0.0000 0.000E+00 0.0000 1.773E-04 0.0000 1.335E-0% 0.0000 4.971E-08 0.0000 1.121E-~01 0.0005
Ni-59 1.387E-03 0.0000 3.941E-06 0.0000 0.000E+00 0.0000 7.899E~04 0.0000 ©.820E-05 0.0000 2.197E-03 0.0000 5.240E~03 0.0000
~ Ni-63 1.145E-0G1 0.0005 7.377E-0¢ 0.0000 0.000E+00 0.0000 6.517E-02 0.0003 8.119E-03 0.0000 1.813E-01 0.0008 4.323E~01 0.0018&
Pu-238 3.717E-02 0.0002 7.184E-05 0.0000 0.000E+00 0.0000 2.093E-02 0.0001 5.264E-05 0.0000 2.947E-06 0.0000 7.217E~02 0.0003
Pu-239 2.080E-02 0.0001 4.021E-05 0.0000 0.000E+00 0.0000 1.171E-02 0.0001 2.946E-05 0.0000 1.645B-06 0.0000 4.040E~02 0.0002
0.0000 2.094E-05 0.0000 0.000E+00 00,0000 €.0%3E-03 0.0000 1.183B~05 0.0000 1.22%E-06 0.0D00 1.955E~02 0.0001

( ~41 1.086E-02
) 5.255E+01 0.2245 2.033E-01 0.0009 O0.000E+0C 0.0000 3.156E+01 0.1348 6.024E+00 0.0257 §.375E+00 0.0358 1.114E+02 0.475%
Tc-99 1.459E-02 0.0001 1.881E-05 0.0000 O0.000E+00 0.0000 1.720E~02 0.0001 2.263E~05 0.0000 1.241E-03 0.0000 1.123E-0Y 0.0005
4.098E-06 0.0000 0.000E+00 0.0000 3.583E~03 0.000C 3.063E-05 0.0000 2.018E-04 0.0000 1.112E-02 0.0000

N

U-234 6.360E-03 0.0000

Totzl 3.388E+01 0.3584 3.426E+00 0.0146 0.000E+00 0.0000 4.935E+01 0.2108 1.764E+01 0.0753 2.700E+01 0.1153 2.341E+02 1.0000

*Sum of 31l water independent &nd dependent pathways.
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Summary : RESRAD Defzplt Ferameters

File Plumbroor Subsurface ModiZfied BOPSMERRMIXRev?.RAD

Totel ese Contributions TDOSE(i,p,t} for Individual Rsdionuclides (i} enc Pathwavs (p}
’ As mrem/vr and Frection of Total Dose At t = 3.00CE+00 vears
Water Independent Pathways (Inhalation excludes radonj

. Ground Inhalation Raden Plant Meat Mili Soil
Radio-

Nuclide mrem/yr fract. mrem/yr Iract. mrem/yr fract. mrem/yr iract. mrem/yr fract mrem/vr fract. mrem/yr fract.
Ag~108m 1.8507E~02 0.0001 4.20%E-09 0.0000 0.000E+00 0.0000 £S.593E-04 0.0000 1.201E-0S 0.0000 32.799E-04 0.0000 5.S821E-07 0.00D0
Am-241 Z.247E~03 0.0000 1.658E-04 0.0000 0.000E+0C 0.0000 4.376E~02 0.0002 6.213E-04 0.0000 5.734E-05 $.0000 6.621E-03 0.0000
C-14 1.600E~09 0.0000 1.147E-07 0.00CO 0.000E+00 0.0000 6.216E-04 G.0000 32.257E-04 C.0000 1.918E-04 0.0000 6.744E-09 0.0000
Cm-242 2.19BE~G3 0.0000 1.629E-05 0.0000 0.000E+Q0 0.0000 4.287E-03 0.0000 2.436E-0F G.0000 G3S.618E-06 0.0000 £.487E-04 0.0000
Co-60 1.989E+01 0.0993 2.012E-06 0.00G0 0.000E+00 6.000@ 6.359E~01 0.0032 1.050E-01 0.0005 3.754E-02 0.0002 1.204E~03 0.0000
Cs-137 $£.186E+00 0.0409 5.771E-07 ¢.0000 O.000E+00 0.0000 1.164E400 0.0058 £.110E-~01 0.002) 2.491E-01 0.0017 4.406E-03 0.0000
Eu-152 2.929E~01 0.0015 6.%17E-08 ©.0000 O.Q00E+00 0.0000 1.631E-04 0.000C 3.801E-C5 0.0000 &.978E-07 0.0000 9.8B0E-06 0.0000
Eu-154 3.378E-01 0.0017 ©9.406E-08 C.0000 0.000E+00 0.0000 - 2.526E-04 0.0000 5.887E-05 0.0000 1.390E-06 0.0000 1.530E-05 0.0000
Fe-55 0.000E+00 0.0000 5.3923E-09 0.0000 0.000E+00 0.0000 4.356E-05 0.0000 2.475E-04 0.0000 8.558E-06 0.0000 6.58BE-06 C.0000
H-3 0.000E+00 0.0000 2.177E~04 0.0000 0.000E+00 0.0000 &.224E-03 0.0000 5.135E-04 0.0000 1.033E~03 0.0000 3.912E-07 0.0000
1-129 2.629E-04 0.000C 2.506E-08 0.0000 0.00CE+00 0.0000 2.562E-02 0.0001 3.369E-03 0.0000 1.367E~02 0.0001 1.936E-04 0.0000
Nb-94 1.112E-01 0.0006 3.585E-0% 0.0000 G.O0O0E+00 ©.0000 1.988EB-0¢ 0.0000 1.951E-0S 0.0000 3.380E~08 0.0000 3.012E-06 0.0000
Ni-59 0.000E+00 0.0000 3.4458-09 G.0000 ©.00O0E+00 0.0000 ¢.308E-04 0.0000 2.2298-C5 0.0000 2.952E~04 0.0000 1.305E-06 0.0000
Ni-63 0.000E+00 0.0000 2.375E-07 0.00C0 0.CO00E+CO 0.0000 3.504E-02 0.0002Z 1.813E-03 0.0000 2.401E-02 0.0001 1.062E-04 0.0000
Pu-238 2.425E-06 0.0000 4.410E-05 0.0000 O0.000E+00 0.0000 1.159E-02 0.0001 3.291E-04 0.0000 7.598E-06 0.0000 1.754E-03 0.0000
Pu-239 2.341E-06 0.0000 2.480E-05 0.0000 0.000E+00 0.0000 6.590E-03 0.0006 1.871E-04 0.0000 4.318E-06 0.0000 9.971E-0¢ 0.0000
'241 3.066E-05 0.0000 8.564E-06 0.0000 0.000E+00 0.0000 2.282E-03 0.0000 5.700E-05 0.0000 1.861E-06 0.0000 3.253E-04 0.0000

) VN 2.217E-02 0.0001 &.840E-06 0.0000 0.0C0E+00 0.0000 9.975E+00 0.0498 4.564E-01 0.0023 ¢.744E-01 0.0024 5.030E-03 0.0000

‘u':§9 S.303E-06 0.0000 2.569E-0¢ 0.0000 0.000E+00 0.0000 7.246E-02 0.0004 3.501E-05 0.0000 1.577E~03 0.0000 2.193E-06 0.0000
U-234 1.602E-06 0.0000 3.807E-06 G.0000 O0.000E+00 G.0000 6.564E-04 0.0000 2.600E-05 0.0000 1.084E-04 0.0000 3.876E-05 0.0000
Totel 2.§87E+01 0.1442 4.931E-04 0.0000 0.000E+00 0.0000 1.15%%E+01 €.059% O9.800E-C1 6.0042 ©.024E-01 0.0045 2.138E-02 0.0001
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RESRAD Defeu:i Parameters

fo¢ifled BOPSMEARMINRevZ.RAD

Flumibreok Subsurface

Total Dose Ceontributions TDOSE(Z,p,t) for Individual Radionuclides (i and Pathways {p)

As mrem/yr and Fraction of Total Dose At t = .000E+00 years
Water Depehdsnt Pathwavs

Water Fish Radon Plant’ Meat Milk 211 Pathways*

Npclide nmrem/yr fract. mrem/yr fract. mrem/yvr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Ag-108m 7.386E-02 0.000¢4 2.406E-0%5 0.0000 0.000E+00 C.0000 4.353E~02 0.0002 3.452E-032 0.0000 1.533E-012 0.0008 2.942E-01 C.G01l5
Am-241 5.037E-01 G.0025 9.737E-04 0.0000 O.000E+00 0.0000 2.337E-01 0.0014 3.567E-04 0.0000 7.967E-05 0.0000 8.422E-01 0.0042
C-14 2.389E-06 D.00D0 4.6¢5E-0€ 0.0000 O.000E+00 0.000D 2.327£-06 0.0000 1.270E-06 0.0000 1.816E~C6 0.0000 1.151E-03 C.0000
Cm-243 5.489E-02 0.0003 1.061E-D4 0.0000 0.D00E+D0 Q.OOOO 3.092E-02 0.0002 1.555E-05 0.0000 8.633E~06 0.0000 9.512E-02 0.0005
Co-60 Z.364E+00 0.012% 4.570E-02 ©.0002 0.000E+00 0.0000 1.354E+00 0.0068  6.713E-01 0.0034 2.745E-01 0.0D19 2.548E+01 0.1273
Cs-137 2.210E+01 0.110¢4 2.850E+00 0.0142 0.,000E+00 0.0000 1.256E+01 0.0627 .430E+00 0.0471 1.402E+01 0.0700 7.107E+C1 0.3550
Eu-152 5.361E-04 0.0000 2.694E-06 0.0000 0.000E+00 0.0000 4.7131E~04 0.0000 .36BE-05 0.0000 1.323E-06 0.0000 .245E~01 0.0015
Ev-15¢4 1,295E-02 0.0000 .172E-06 ©.0000 0.0008+00 0.0000 7.295E~04 0.0000 .668E-05 0.0000 2.048E-06 0.0000 .402E-01 0.0017

1.684E-02 0.0001 .170E-04 0.0000 0.000E+00 0.0000 9.485E~03 0.0000 4.778E-03 0.0000 3.598E-04 0.0000 .202E~02 0.0002
H-3 2.683E-02 0.0001 .773E-06 9.0000 0.000E+00 0.0000 1.316E-02 0.0001 2.032E-03 0.0000 6-145E-03 0.0000 5.820E~02 0.0003

1.900E+00 0.0095 .200E-03 0.0000 GC.000E+00 0.0000 1.075E+00 0.0054 1.897E-01 0.0009 1.50BE+00 0.0075 4.721E+00 0.0236
Nb-~94 3.137E-04 0.0000 .063E-06 0.0000 O0.0CO0E+00 0.0000 1.770E-04 0.0000 1.333E-09 0.0000 4.9€62E-03 0.0000 1.119E-01 0.0006
Ni-59 1.371E-03 0.000C .833E-06 0.0000 0:0008+00 0.0000 7.803E-04 0.0000 9.722E~05 0.000G 2.170E-03 0.0000 S5.177E-03 0.0000
Ni-63 1.115E-01 0.0006 7.183E-C4 0.0000 ©.0DO0E+00 0.0000 6.346E-02 0.0003 7.906E-03 0.0000 1.765E-01 0.0009 4.210E-01 0.0021
Pu-238 3.655E-02 0.0002 7.065E-05 0.0000 0.00C0E+0C 0.0000 .2.059E-0Z 0.0001 5.176E-05 0.0000 2.905E-06 0.0000 7.099E-02 0.0004
0.0001 4.017E-05 0.0000 0.000E+00 0.0000 1.170E-02 0.0001 2.943E-05 0.0000 1.643E~06 0.0000 4.036E-02 0.0002
0.0001 2.669E-05 0.0000 O.0C0E+C0 0.0000 7.774E-03 0.0000 1.355E-05 0.0000 1.745E-06 0.0000 2.437E-02 0.0001
0.2267 1.756E~01 0.0009 O0.000E+00 0.0000 2.726E+401 0.1362 S5.204E+00 0.0260 7.234E+00 0.0361 9.620E+01 0.4805

1.362E-02 0.0001 1.757E-05 0.0000 0.00CE+00 0.0000 1.606E-02 0.0001 2.114E~05 0.0000 1.15%E-03 0.0000 1.050E-01 C.0005
U-234 6.344E~03 0.0000 4.088E-06 0.0000 0.000E+00 0.0000 3.574E-03 0.0000 3.055E-05 0.0000 3.011E-04 0.0000 1.109E-02 0.0001

N W

[SEEES
w
VUV IS |

o &

o

-L02E+02 1.0000

[N

Total 7.264E+01 0.3622 3.078E+00 0.0154 0.000E+00 0.0000 4.Z76E+01 0.2136 1.551E+01 0.0775 2.347E+01 0.1172

*Sum of 31! weter independent and dependent pathways.
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esurface Mocifled BOPSMEARMIXRevZ.RAD

Total Dose Contributions TDOSE(L,p,ti for Individnsl Redicnuclides (i} and Psthways (p)

As mrem/vr and Fraction of Total Dose At ¢ = 1.000E+01 years
Water Independent Pathways (Inbzlation excliudes radon)

Ground Inhalstion Radon Plant Meat Milk Soil

Radio~-

Nuclide mrem/yr fract. mrem/yr fract. mrem/vr fract. mrem/yr fract. mrem/yr fract. mrem/yx fract. mrem/yr frect.

~

Ag~108m 1.344E-04 0.0000

Am~241 2.215E-03 0.0C00

C-14 .673E-16 0.0000

Cm~243 3.530E-03 0.0000
7

.966E-11 0.0000 C.00CE+QC C.0000 3.941E-06 0.0000 §&.461E-0¢ 0.0000 2.677E-06 0.0000 3.8%91E-05 €.0000
.635E-0¢ (.0000 0.000E+00 6.0000 4.315E-02 (.C004 6.126E-0¢ 0.0600 5.653E-05 G.0G00 6.528E-03 €.0001
.916E-14 0.0000 0.000E+Q0 0.0000 1.039E-10 0.0000 .452E-11 0.0000 3.209E-11 0.0000 1.461E-15 0.0000
.370E-05 0.0000 0.0005+00 C.0000 3.606E-02 0.0000 .052E-05 0.0000 .724E-06 0.0000 3.456E-04 0.0000
.880E-02 0.0003 .388E-0Z D.0001 4.449E-04 §.00C0

N}
e e
Nt
-

bt

Co~60 .251E+00 0.0602 7.436E-07 0.0000 C.C000E+00 0©.0000 2.350E-01 0.0019 3
Cs~137 5.752E+00 0.0471 4.055E-07 0.0000 0.0008+00 0.0000 §.182E-01 0.0067 2.888E-01 0.0024 Z.453E-01 06.0C20 3.096E-03 0.0000
Eu-152 Z.0Z9E-01 0.0017 4.791E-08 (.0000 0©.000E+00 6.0000 1.130E-04 0.0000 2.633E-05 0.0000 6.219E-07 0.0000 6.844E-06 0.0000
Eu-154 1.940E-01 ©.0016 5.402E-C& 0.0000 0.009E+00 0.0000 1.451E-04 0.0060 3.361E-05 0.0000 7.985E-07 0.0000 8.787E-06 0.0000
Fe-55 0.000E+00 0.0000 9.013E-10 0.0000 0.000E+00 0.0000 6.551E-06 0.0000 3.722E-05 0.0000 1.287E-C6 0.0C0C 9.908E-07 0.00060
B-3 0.000E+00 0.0000 7.635E-02 0.0000 ©.000E+00 0.0000 2.884E-07 0.0000 1.80ZE-08 0.0000 3.623E~08 0.000C 1.372E-11 0.0000
I-129 1.810E-04 C.0000 1.725B-08 0.0000 C.000E+Q0 0.0000 1.764E-02 0.0001 2.320E-03 0.0000 9.414E-03 0.0001 1.333E-04 0.0000
Nb-34 1.108E-01 0.0009 2.570E-08 0.0000 O0-000E+D0 0.0000 1.980E-04 ©.0000 1.943e-09 0.0000 3.366E-08 0.0000 2.9%9E-06 0.0000
Ni-58 0.000E+00 0.0006 3.308E-09 0.0000 0.000E+00 0.0000 4.138E-D4 0.0000 2.141E-05 0.0000 2.836E-04 0.0000 1.254E-06 0.0000
N3i-63 0.000E+0D 0.0000 2.168E-07 0.0000 0.000E+00 0.0000 3.200E-02 0.0003 1.656E-03 0.0000 2.193E-02 0.0002 9.695E-05 0.0000
2.293E-06 0.0000 4.169E-05 0.0000 O0.DOOE+00 0.0000 1.096E-D2 0.0001 3.112E-04 0.0000 7.192E-06 0.0000 1.658E-03 0.0000
2.339E-06 0.0000 2.478E-05 0.0000. 0.000E+00 0.0000 6.583E-03 0.0001 1.869E~04 0.0000 4.313E-06 0.0000 9.962E-04 0.0000
7.417E-05 0.0000 2.968E-06 0.0000 0.000E+00 0.0000 2.647E-03 0.0000 5.512E-05 0.0000 2.662E-06 0.0000 ¢.005E-04 0.0000
1.331E-02 0.0001 5.308E-06 0.000C 0.000£+00 0.0000 5.989E+00 0.0690 2.741E-01 0.0022 Z.649E-01 0.0023 3.020E-03 0.0000
Tc-99 4.186E-06 0.0000 2.02ZBE-09 0.0000 (.0Q0E+00 0.0000 5.720E-02 0.0005 2.764E-05 0.0000 1.245E-03 0.0000 1.731E-06 0.0000
U-234 1.601E-06 0.0000 3.784E-06 0.0000 0.000E+00 0.0000 6.524E-04 0.0000 2Z.585E-0S5 €.0000 1.077E-04 0.0000 3.952E-05 0.0000

6428-04 £.0000 G.000E+00 0.0000 7.218E+00 0.0591 £.070E~01 0.0050 5.771E-01 0.0047 1.698E-02 0.0001

[}

Tetel 1.363E+01 0.1115
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RESRAD Tefault Parameters

Elumbrook Subsurface Modifiec BOFSMERRMIYRevZ.RAD

Totel Dose Contributions TDOSE(i,p,t} for Individuz) Radionuclides (i) and Pathways ip)

As mrem/yr end Frzction of Totel Dose At t = 1.000E+Cl years

Water Dependent Pathways

Wafer Fish kadcn Plant Meat Milk All Pathways*

Radic- -
Nuclide mrem/yr fract. mrem/yr fract. mrem/vr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Ag-108m 5.192E-04 0.0000 1.6%92E-07 0.0000 ©0.000E+00 D.0000 3.060E-0¢ 0.0000 2.427E-05 0.0000 1.D7BE~D03 0.0000 2.068E-03 0.0000
Am-241 4.955E-D1 0.0041 G.578E-04 5.0000 0.000E+00 $.0000 2.780E-02 0.0023 3.509E-0¢ 0.0000 7.837E-05 0.0000 8.286E-01 0.0068
C-14 2.306E-13 0.0000 7.717E-13 0.0000 C.O0DOE+00 0.0000 3.866E-13 0.0000 2.110E-13 0.0000 3.016E-13 0.0000 1.924E-10 D.0000
Cm-242 4.605E-02 0.0004 8.902E~05 0.0000 0.000E+00 0.0000 2.594E-02 0.0002 1.30SE-05 0.0000 7.283E-06 0.0000 7.982E-02 0.0007
Co-60 §.715E-01 0.0071 1.685E~0Z 0.0001 O.000E+00 G.0000 4.994E-01 0.0041 2.475E-01 0.0020 1.381E-01 0.0011 9.412E+00 0.0770
Cs-137 1.54SE+61 0.1268 1.998E+00 0.0163 0.000E+00 0.0000 8&.8C6E+00 0.0721 6.611E+00 C.0541 9.826E+00 0.0804 4.984E+01 0.4079
Eu-152 5.778E-0¢ 0.0000 1.862E~06 0.0000 O0.000E+00 0.0000 3.255E-04 0.0000 1.637E~05 0.0000 9.139E-07 0.0000 2.040E-01 0.0017
Eu-154 7.419E-04 (.0000 Z.390E-06 0.0000 ¢.000E+00 0.0000 4.180E-04 0.0000 2.102E-05 0.0000 1.174E-06 (G.0000 1.954E-01 0.0016
Fe-55 2.526E-03 0.0000 3.256E~05 ¢.0000 0.000E+00 0.0000 1.423E-03 0.0000 7.169E-04 0.0000 5.9%9E-05 0.0000 4.805E-03 0.0000
H-3 9_.395E-07 0..0000 6.197E-11 0.0000 0.000E+00 0.0000 4.599E-07 0.0000 7.103E-08 0.0000 2.14BE-07 0.0000 2.036E-06 0.0000
I-129 1.305E+00 0.0107 3.366E-03 0.0000 0.000E+00 0.0000 7.388E-01 0.0060 1.303E-01 0.0011 1.036E+00 0.0085 3.243E+0D0 0.0265
Np-94 3.1168-0¢ 0.0000 6.024E~06 0.0000 0.000E+00 0.0000 1.75%E-04 0.0000 1.324E-09 0.0000 4.930E-08 0.0000 1.11SE-01 0.0009
Ni-59 1.314E-03 ©.0000 §.466E-06 0.0C00 0.000E+00 0.0000 7.479E-0¢ 0.00C0 2.317E~05 0.0000 2.080E-03 0.000C 4.964E-03 0.0000
Ni-63 1.016E~01 0.0008 6.546E-0D4 0.0000 0.000E+0C 0.0000 5.783E-02 0.0005 7.205E-03 0.0001 1.608E-01 0.0013 3.83BE-01 0.0031
Pu-238 3.448E-02 0.0003 6.664E-05 0.0000 0.000E+00 0.0000 1.942E-02 0.0002 4.883E-D5 0.0000 2.764E-06 0.0000 6.699E-02 0.0005
Pu-239 2.071E-02 0.0002 4¢.004E-05 0.0000 0.000E+00 0.0000 1.166E-0G2 0.0001 2.933E-05 0.0000 1.638E-06 0.0000 4.025E-02 0.0003

2.209E-02 0.0002 4.268E-05 0.0000 0.000E+00 0.0000 1.243E-02 0.6001 1.832E-05 0.0000 3.179E-0G6 0.0000 3.778E-02 0.0003
. 2.719E+01 0.2225 1.052E-01 0.0009 0.000E+00 0.0000 1.633E+01 0.1336 3.117B+00 0.0255 ¢.334E+00 0.0355 5.765E+01 0.4717
Tc~99 1.073E-02 0.0001 1.383E-05 0.0000 0.000E+00 G.0000 1.265E-02 0.0001 1.66¢E~05 0.0000 S.130E-04 0.0000 B.280E-02 0.0007
U-234 6.291E-03 0.0001 4.054E-06 0.0000 0.0C0E+00 0.0000 3.544E-03 0.0000 3.030E~05 0.0000 2.9385E-04 0.0000 1.100E-02 0.0001
Total 4.561E+01 9.3732 2.125E+00 0.0174 0.000E+00 0.0000 2.680E+01 0.2193 1.012E+01 0.0828 1.550E+01 0.1268 1.222E+02 1.0000
*Sum of 21l water indepsndent and dependent pathways.




EESKRAD, Version €.21 T Limit = 0.5 year 10/17/2004 15:34 Page 2@

Summery : RESRRD Default Parameters

\\~,/ File : Plumbrogck Svbsurfzce Modified BOPSMERRMINXRevI.RAD

Totzl Dose Contributicns TDGSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/vr znd fraction of Total Dose At t = 3.000E+01 years

Water Independent Pathways {Innzlztion excludes radon)

Ground Inhzlation Radon Plant Meat Milk Soil

Radio~ -
Nuclide mrem/yr fract. mrem/yr fract. mrem/vr fract. mrem/yr fract. mrem/yr Zfract. mrem/yr fract. mrem/yr fract.

RAg-108m 9.540E-11 0.000G 2.106E-17 0.0000 0.D00E+00 3.0000 2.798E-12 0.0000 6.008E-14 0.000C 1.901E-12 0.0000 2.762E-15 0.0000
Am—Zél 2.128E-03 0.0001 1.570E-04 0.0000 C.000E+CC 0.0000 4.145E-02 6.0012 5.885E-0¢ 0.0000 5.430E-05 0.0000 6.270E-03 0.0002
C-14 0.000E+CO ©.00CC 0.000E+00 0.0000 0.000E+00 0.0000 3.010E-30 0.0000 1.586E-30C 0.0000 S.321E-31 0.0000 0.000E+0C 0.0000
Cm-243 2.150E-03 0.0001 8.356E-06 0.0000 ¢©.000E+00 0.0000 2.200E-03 0.0001 1.258E-05 0.0000 2.880E-06 0.0000 2.328E-04 0.0000
Co-60 4.278E-01 0.0123 4.327E~08% 0.0000 0.000E+00 0.0000 1.368E-02 C€.0004 2.258E-03 0.0001 8.075E-04 0.0000 2.589E-05 0.0000
C5-137 2.099E+00 0.0606 1.4&0DE-07 0.0000 O0.000E+00 0.0000 2.986E-01 0.0086 1.054E-D1 D.0030 3.951E-02 D.0026 1.130E-63 0.0000
Eﬁ'lSZ 7.106E-02 0.0021 1.678E-02% G.0000 0.000E+00 0.0600 3.957E-05 0.0000 9.222E-06 D.0000 2.178E-07 0.0000 2.33%7E-06 0.0000
Eu-154 3.978E-02 0.0011 1.308E-08 0.0000 0.000E+00 0.0000 2.875E-05 0.0000 6.932E-0€ 0.0000 1.637E-07 0.0000 1.802E-06 0.Q00C0
Fe-55 0.000E+00 0.0000 4.019E-12 0.0000 0.00GE+00 0.0000 2.921E-08& 0.0000 1.659E-07 0.0000 5.739%9E-0% 0.0000 4.418E-09 0.0000
H-3 0.000E+00 0.0000 1.254E-21 0.0000 0.000E+0C 0.0000 4.738E~20 0.0000 2.964E-21 0.0000 5.956E-21 0.0000 2.253E-24 0.0000
1-129  6.231E-05 0.0000 5.941E-05 9.0000 ©0.000E+00 0.0000 6.074E-~03 0.0002 7.986E~04 0.0000 3.241E-03 0.0001 4.591E-05 0.0000
Nb-94 1.094E-01 0.0032 3.527E-0& 0.0000 0.00CE+00 G.0000 1.956E~04 0.0000 1.919E-09 0.0000 3.326E-08 0.0000 2.963E-06 0.0000
Ni-SQ 0.000E+00 0.0000 2.951E-02 0.0000 O.00CE+00 0.0000 3.680E~04 0.0000 1.910E-05 0.0000 2.52%E~0¢ 0.0000 1.118E-06 0.0000
Ni-63 0.000E+00 0.0000 1.675E-07 0.000C 0.000E+00 0.0000 2.470E~02 0.0007 1.278E-03 0.0000 1.693E-02 0.0005 7.484E-05 0.0000
Pu-238 1.954E-06 0.0000 3.552E-05 C.0000 0.000E+00 0.0D00 9.336E~03 0.0003 2.651E-04 0.0000 6.149E-06 0.0000 1.413E-03 0.0000
Pu-239 Z.333E-06 0.0000 2.471E-05 0.0000 O.000E+00 0.0000 6.565E~03 0.0002 1.864E-04 0.0000 4.301E-06 0.0000 '9.933E-04 0.0000
241 1.379E-04 0.0000 1.189E-05 0.0000 0.000E+00 0.0000 3.143E~03 0.0001 5.132E-05 0.0000 3.811E-06 D.0000 4.756E-04 0.0000
(ﬁ>_ 3.099E-03 0.0001 1.236E-06 0.0000 0.0D00E+00 0.0000 1.395E+0C 0.0402 6.382E-02 0.0018 6.633E-02 0.0019 7.033E-04 0.0000
Tec-99 2.129E-06 0.0000 1.031E-09 C.0000 0.000E+00 0.0000 2.909E<02 0.0008 1.406E-05 0.0000 6.332E-04 0.0000 8.807E-07 0.0000
U-234 1.641E-06 0.0000 3.720E-06 0.0000 0.000E+00 0.0000 6.413E-04 0.0000 2.540E-05 0.0000 1.059E-04 0.0000 3.885E-05 0.0000
Total Z.755E+00 0.0795 2.428E-04 G.0000 O©.0CO0E+00 0.0000 1.831E+00 0.0528 1.747E-01 G.0050 1.779E-01.0.0051 1.151E-02 0.0003
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Summary : RESRAD Defzult Parameters .

. File Plumbrock Subsurfece Modified BOPSMEARMINRev:.RAD

Total Dose Contributions TDOSE(L,p,t; for Individuzl Radionuclides (i) and Pzthways (p)
ks mrem/vr aznd Fraction of Totel Dose At t = 3.000E+Cl years
Water Dependent Pathways
Weter Fish Radon Plant Meat Milk A1l Pathways*
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr ract.
Ag-108m 3.662E-10 0.0000 1.194E-13 0.0000 G.000E+00 0.0060 2.158E~10 G.QG000 1.712E-i1 0.0000 7.600E-10 0.0000 1.459E~09 0.0000
Am-24) 4.727E-01 0.0136 9.137E-04 G.0000 O0.D00E+00 0.0000 2.662E-01 0.0077 3.349E-04 0.0000 7.477E-05 0.0000 7.909E~02 0.0228
C-14 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©.QCOE+00 0.0000 O0.000E+00 ©.0000 0.000E+C0 0.0000 5.528E-30 0.0000
Cm-243 2.788E-02 0.0008 5.389E-05 0.0000 0.000E+00 §.0000 1.570E-02 0.0005 7.915£-06 0.0000 4.409E-06 0.0000 4.B35E-02 0.0012
Co~-60 $.038E~02 0.0015 9.740E-0¢ 0.000C 0.000E+00 0.0000 2.SBfE~02 0.0008 1.431E-02 0.0004 7.983E-03 0.0002 5.471E-01 0.0158
Cs-137 5.616E+00 0.16Z1 7.241EB-01 0.0209 0.000E+00 0.0000 3.182E+00 0.0921 2.396E+CG0 0.0692 2.562E+00 0.1028 1.808E+01 0.5219
Eu-152 2.010E-04 0.0000 6.476E-07 0.0000 0.000E+00 0.0000 1.132E-04 0.0000 5.694E-06 0.0000 3.179E-07 0.0000 7.143E-02 0.0021
Eu-154 1.511E-04 0.0000 4.868E-07 0.0000 ©.000E+00 0.0000 &.513E-05 0.0000 4.280E-06 0.0000 2_390E-07 0.0000 4.006E-02 0.0012
Fe-55 1.118E-G5 0.0000 1.442E-07 C.0000 0.000E+0G 0.0000 6.304E-06 0.0000 3.175£-06 0.0000 2.6575-0G7 0.0000 2.128E-05 0.0000
B-3 1.528E-1% ©.0000 1.003E-23 0.0000 0.000E+00 0.0000 7.479E-20 0.0000 1.155E-20 0.0000 3.493E-20 0.0000 3.316E-19 0.0000
1-129 4.462E-01 0.0129 1.151E-03 0.0000 0.000E+00 0.0000 2.526E-01 0.0073 4.456E-02 0.0013 3.542E-01 0.0102 1.109E+00 0.0320
MNb-94 3.058E~04 0.0000 5.912E-06 G.0000 0.000E+00 0.0000 :.726E-04 0.0000 1.300E-09 0.0000 4.838E-08 0:0000 1.101E-01 0.0032
Ni-59 1.164E~03 0.0000 7.498E-06 0.0000 0.000E+00 0.0000 6.624E-04 0.0000 B5.253E-05 0.0000 1.842E-03 0.0001 4.401E-03 0.0001
Ni-63 7.789E~02 0.0022 5.019E-04 0.0000 0.000E+00 0.0000 4.434E-02 0.0013 5.524E-03 0.0002 1.233E-01 0.0036 2.946E-01 0.0085
Pu-238 2.91BE-~02 0.0008 5.640E-05 0.0000 0.000E+00 0.0000 1.643E-02 0.0005 4.133E-05 0.0000 2.401E-06 0.0000 5.676E-02 0.0016
Pu-239 2.051E-02 0.0006 3.966E-05 0.0000 0.0COE+00 0.0000 1.15%E-02 0.0003 2.905E-0S 0.0000 1.622E-06 0.0000 3.991E-02 0.0012
241 3.386E~0Z 0.0010 6.545E-05 0.0000 0.000E+00 G.0000 1.907E-02 0.0006 2.500E-05 0.0000 5.237E-06 0.0000 5.685E~-02 0.0016

‘\/ r 6.290E+00 0.1815 2.43¢E~02 0.0007 0.000E+00 0.0000 3.777E+00 0.1090 7.211E-01 0.0208 1.002E+00 0.028% 1.334E+D1 0.3851
Tc-99 5.421E~03 $.0002 6.990E-06 0.0000 G.000E+00 0.0000 6.391E-03 0.0002 8.409E-06 0.0000 4.6123E-04 0.0000 4.203E-02 0.0012
U-234 6.141E~03 0.0002 3.9€1E-06 0.0000 ©.000E+00 0.0000 3.460E-03 0.0001 2.958E-05 0.0000 2.914E-04 0.0000 1.074E-02 0.0003
Total 1.308E+01 0.3774 7.522E~01 0.02i7 O0.CCOE+00 0.0000 7.635E+00 0.2203 3.182E+00 $.0918 5.052E+00 0.1458A 3.465E+01 1.0000
*Sum of all water independent and dependent pathways.
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Summary

File

Totsl Dese Contributions TDOSE(i,p,t) for Individval Radionuclides (i) and Fathways (p}

As mrem/yr &nd Fraction of Totzl Dese At t = 1.000E+C2 years

#ater Independent Pathways [Inhalation excludes radon)

. Ground Inhalation kadon Plant Meat Milk Scil
Radio~

Nuclide mrem/vr fract. mrem/yxr fract. mrem/yr fract. mrem/vr fract. mrem/yr fract. mrem/yvr fract. mrem/yr fract.
Ag-108m 0.000E+00 0.0000 ©.COQE+0C C.0000 ©0.000E+Q0 0.0000 0.00CE+00 06.0000 O©.0GOE+0C 0.00C0 0.000E+00 0.0000 0.000E+00 0.0000
Am~241 1.868E-03 0.0011 1.363E-04 0.0001 C.000E+00 0.0000 3.601E-02 0.0215 5.114E-G¢ (.0003 <¢.715E-05 0.0000 5.444E-03 0.0G32
C~14 0.000E+00 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000 C€.000E+0C 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 0Q.000E+00 0.0000
Cm-243 3.794E-04 0.0002 1.498%E-06 0.0000 (.000E+00 0.0000 3.943E-04 0.0002 2.398E-06 0.0000 §5.122E-07 0.0000 S.967E-0S 0.0000
Co-60 2.034E-05 0.0000 2.058E-12 0.0000 ©.000E+00 0.0000 6.503E-07 0.00C0 1.074E~07 0.0000  3.839E-08 0.0000 1.231E~09 0.0000
Cs-137 6.162E-02 0.0368 4.344E-09 0.000C 0.000E+0C 0.0000 8.765E-03 (.0052 3.094E-03 0.0018 2.628E-03 0.0016 3.317E-0S 0.0000
Eu-152 1.806E-03 0.0011 4.Z€5E-10 0.0600 0.000E+00 0.0000 1.006E-06 0.0000 2.344E~07 0.0000 5.536E-09 0.0000 6.093E-08 0.0000
Bu-154 1.553E-04 0.0001 4.323E~11 $.0000 0.00CE+00 0.0000 1.161E-07 0.0000 2.706E~08 0.0000 6.391E-10 0.0000 7.033E-09 0.0000
Fe-55 0.000E+C0 0.0000 2.379E-20 0.0000 O0.000E+00 0.0000 1.722B-16 0.0000 ¢.825E-16 0.0000 3.396E-17 0.0000 2.616E-17 0.0000
H~-3 0.000E+0D 0.0000 0O.000E+00 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+0D 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
I-129 1.492E-06 0.0000 1.423E-10 0.0000 ©0.000E+00 0.0000 1.455E-04 0.0001 1.912E~05 0.0000 7.761E-05 0.0000 1.099E-06 0.0000
Np~04 1.049E-01 0.0626 3.382E-08 0.0000 0.0005+00 0.0000 1.875E-04 0.0001 1.840E~09 0.0000 3.189E-08 0.0000 2.841E-06 0.0000
Ni-59  0.000E+00 C.0000 1.976E-09 0.0000 0.000E+00 0.0000 2.271E-04 0.0001 1.278E-05 0.0000 1.693E-04 0.0001 7.485E-07 0.000D
Ni-63 0.000E+00 0.0000 €.768E-08 0.0000 0.000E+00 0.0000 9.983E~03 0.0060 5.166E-04 0.0003 6.842E-03 0.0041 3.025E-05 D.0000
Pu-238 1.116E-06 0.0000 2.027E-05 0.0000 0.000E+00 0.0000 5.328E~03 0.0032 1.513E-04 0.0001 3.571E-06 0.0000 8.061E-04 0.0005
Pu-239 2.310E-06 0.0000 2.446E-05 0.0000 0.000E+00 0.0000 6.500E-03 0.0035 1.846E-04 0.0001 4.258E-06 0.0000 9.835E-04 0.0006
241 1.563E-04 0.0001 1.159E-05 0.0000 0.000E+00 0.0000 3.061E-03 0.0018 4.369E-05 0.0000 3.99BE-06 0.0000 4.628E-04 0.0003
1.888E~C5 0.0000 7.531E-0% 0.0000 0.000E+00 0.0000 &.498E-03 0.0051 3.886E-04 0.0002 4.042E-04 0.0002 4.285E-06 0.0000
1.9998-07 0.0000 9.681E-11 0.00C0 0.000E+00 0.0000 2.731E-03 0.00i6 1.320E-06 0.0000 ©5.944E-05 0.0000 8.267E-08 0.0000
2.225E-06 0.0000 2.506E-06 0.0000 O0.000E+00 0.0000 6.050E-04 0.0004 2.393E-05 0.0000 9.964E-05 0.0001 3.661E-05 0.0000
0.0047

Total 1.709E-01 €.1020 1.278E-04 0.0001 0.000E;OO 0.0000 B.245E-02 0.0492 4.550E-03 0.003C 1.034E-02 0.0062 7.865E-03
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Summary RESRAL Defeult Parameters . .
\\_’/ File Plumbrook Subsurface Modified BOPSMEARRMIXRevZ.RED
Totzl Dcse Contributions TDOSE(i,p,t) for Individual Rediopuclides ii) and Pathwzys (p)
’ As mrem/yr end Fraction of Total Dose At t 1.0006E+02 vears
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. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Ag-108&m 1.079E-31 0.0000 ©.000E+00 0.0000 0©.00CE+G0 0.0000 6.357E-32 0.0000 0.000E+00 0.0000 2.238E-31 0.0000 3.953E-31 0.0000
Am-241 4.007E-01 0.2390 7.746E-04 (.0005 C.000E+00 G.0000 2.257E-01 0.1346 2.842E-0¢ 0.0002 6.339E-05 0.0000 6.715E~01 0.4006
Cc-14 0.000E+00 0.0000 0.000E+C0 5.060CC 0©.000E+00 0.0000 0.000E+D0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 C.0DO0E+0C 0.0000
Cm-243 4.829E-03 0.0029 9.335E-06 0.0000 0.000E+00 Q.OODO 2.720E-03 0.0016 1.386E-06 0.0000 7.621E-07 D.0000 B8.398E-03 0.0050
Co-60 2.339E-06 0.0000 ¢.522E-08 0.0000 O.0DOE+00 0.0000 1.340E-06 0.0000 €.643E-G7 0.0000 3.706E-G7 0.0000 2.590E-05 0.0000
Cs-137 1.610E-01 0.0960 2.076E-02 0.0124 0.0005+00 0.0000 9.149E-02 0.0546 €.869E~-02 0.0410 1.021E-0)} 0.0609 5.202E-01 0.3103
Bu-152 4.989E-06 0.0000 1.607E-08 0.0000 O©.000E+Q0 0.0000 2.811E-06 0.0000 1.413E-07 0.0000 7.891E-09 0.0000 1.816E-03 0.0011
Ev-154 5.759E-07 0.0000 1.855E-09 0.0000 0.000E+00 0.0000 3.244E-07 0.0000 1.631E-0§ 0.0000 9.109E-10 0.0000 1.563E~04 0.0001
Fe~55 6.468E-14 0.0000 §.3368E-16 0.0000 0.060E+00 0.0000 2.644E-14 0.0000 1.835E-14 0.0000 1.536E-15 0.0000 1.231E~13 0.0000
H-3 C.0Q0E+00 0.0000 0.C00E+00 $9.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 C.0000 O0.DQOE+00 0.0000 O0.000E+00 0.0000
I-129 1.043E-02 0.0062 2.681E~-05 0.0000 0.00QE+00 0.0000 5.%07E-03 0.0035 1.042E-03 0.0006 &.282E-03 0.0049 2.594E~02 0.0155
Nb-94 2.863E-04 0.0002 5.534E-06 0.0000 0.000E+00 0.0000 1.616E-04 0.0001 1.217E-09 0.0000 4.529E-08 0.0000 1.056E-01 0.0630
Ni-5% 7.606E-04 0.0005 4.902E-06 0.0000 0:000E+00 0.0000 4.330E-04 0.0003 5.395E-05 0.0000 1.204E-03 0.0007 2.887E~03 0.0017
Ni~-63 3.074E-02 0.0183 1.981E-04 0.0001 0.000E+00 (.0000 1.750E-02 0.0104 Z2.160E-03 0.0013 4.867E-02 0.0290 1.167E-01 0.0696
Pu-~-238 1.626E-02 0.0097 3.143E-05 0.0000 0.000E+00 0.0000 9.158E-03 0.0055 2.304E-05 0.0000 1.506E-06 0.0000 3.178E-02 0.0190
Pu~239 1.983E-02 0.0118 3.834E-05 0.0000 O0.000E+00 0.0000 1.117E~02 0.0067 2.809E-05 0.0000 1.568E-06 0.0000 3.877E~02 0.0231
241 3.556E-0D2 0.0212 6.873E-05 0.0000 0.000E+00 0.0000 2.003E-02 0.0119 2.8524E-05 0.0000 5.621E-06 0.0000 5.942E-02 0.0354
r 3.742E-02 0.0223 1.443E-0¢ 0.0001 0.000E+00 0.0000 2.247E-02 0.013¢4 4.290E-03 0.0026 5.963E-03 0.0036 7.960E-02 0.0475
N~ Te 59 4.968E-04 0.0003 6.406E-07 0.000Q0 ©.000E+00 0.0000 5.858E-04 0.0003 7.707E-07 0.0000 4.228E-05 0.00006 3.3918E-03 0.0023
U-234 5.645E-03 0.0034 3.703E-06 0.0000 ©.0DCE+00 0.0000 3.181E~03 0.001%¢ 2.722E-05 0.0000 2.679E-04 0.0002 9.896E~03 O.bOSB
Total 7.Z240E-01 0.4318 Z2.206E-02 0.013Z 0.GOQE+00 0.00bO 4.105E~01 0.2448 7.665E~02 0.0457 1.666E-01 0.08%¢ 1.677E+00 1.0000
*Sum of ell water independent and dependent pathways.
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Parameters

\\_/, File : Plumbrock Subsurface Mocdified BOPSHERRMIMRevZ.RAD

Totzl Dose Contributions TDOSE(i,p,t) for Individuel Racdionuclides (i) apc Pathways [(p}

As mrem/yr and Fraction of Totel Dose At t = 3.000E+0Z years
Water Independent Pathways {Inhalation excludes radon)

Ground Inheglation Radon Plant Mest Milk Soil

Radio- -
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Ag-108m C.00CE+00 0.0000 C.000E+0C 0.0000 .000E+00 0.0000 0.CO0E+00 0.0000 0.000E+00C 0.000C 0.000E+00 0.0000 0.000E+00 0.0000
Am-241 1.237E-03 0.0020 9.104E~05 0.0001 .000E+00 0.0000 2.410BE-02 0.0395 3.425E-04 0.0006 3.150E-0S 0.0001 3,636E-03 0.0060
C-1¢ 0.00CE+00 0.0000 0.000E+00 G.0000 .000E+00 0.0000 ©.0C0E+00 0.0000 0©.000E+00 0.0000 O©.000E+00 0.0000 0.000E+C0 0.0000
Cm-243 2.679E-06 0.0000 3.809B-08 0.0000 .00CE+00 0.0000 1.00%E-05 ©.0000 2.246E£-07 0.0000 8.404E-09 0.0000 1.5278-06 0.0000
Co~6C 9.064E-18 0.0000 ©.168E-25 0.0000 .000E+00 0.0000 2.89BE-~15 0.0000 4.785E-20 0.0000 1.711E-20 0.0000 5.487E-22 0.Q000
Cs-137 Z.581E-06 0.0000 1.819E-13 0.0000 .000E+00 0.0000 3.671E-07 0.0000 1.296E-G7 0.0000 1.100E-07 O.QOOO 1.389E~09 0.0000
Eu-152 5.014E-08 0.0000 1.184E-14 0.0000 .DDOE+DD 0.00D00 2.792E-11 0.0000 €.506E-12 0.0000 1.537E-13 0.0000 1.692E~12 0.0000

.677E-18 0.0000 .000E+00 0.0000 1.525E-14 0.0000 3.553E-~15 0.0000 §.393E-17 0.0000 9.236E-16 0.0000
.000E+00 0.0000 .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

o
0
0
o
o
o
)
Eu-154 2.039E-11 0.0000 o
)

.000E+00 0.0DO0  0.DOOE+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 0.000E+00 0.0000 O.ODOE+00 0.0000
0
0
0
o
0
0
0
0
0
o

. Fe-55 0.000E+00 0.0000
H-3 0.000E+00 0.0000
i-129 3.492E~11 0.0000 3.32%9E-15 0.0000
Nb-~94 9.303E-C2 0.15Z€ .998E-08 0.0000

Ni-59 0.000E+00 0.0000 6.27BE-1C 0.0000

Ni-63 0.000E+00 0.0000 5.085E-0¢ 0.0000

Pu-238 2.300E-07 0.0000 4.085E-06 0.0000

- Pu-239 2.246E-06 0.0000 Z2.378E-05 0.0000

”41 1.056E-04 0.0002 7.774E-06 0.0000

(_ §.852E-12 0.0000 3.530E-15 0.0000
Tc-u9 2.318E-10 0.0000 1.123E-13 0.0000
G-23¢ €.487E-06 0.0000 2.960E-CG€é 0.0000

oo v

.000E+00 0.0000 3.404E-0% 0.0000 4.4758~10 0.0000 1.816E-09 0.0000 2.572E-11 0.0000
.000E+00 0.0000 1.663E~0¢ 0.0003 1.632E~09 0.0000 2.827E-08 0.0000 2.519E-06 0.0000
.000E+00 0.0000 7.852E-05 0.0001 ¢.063E~06 0.0000 5.382E-05 0.0001 2.379E-07 0.00G0
.000E+00 0.0000 7.501E~04 0.0012 3.881E-05 0.0001 5.141E-04 0.0008 2.272E-06 0.0000
.OOOB+06 0.0000 1.073E~03 0.0018 . 3.049E~05 0.0001 8.204E-07 0.0000 1.623E-04 0.0003
.000E+Q0 0.0000 6.317E~03 0.010¢4 1.794E-04 0.0003 4.139E-06 0.0000 9.559E-04 0.0016
.000E+00 0.0000 2.057E~03 0.0034 2.923E-05 0.0000 2.690E-06 0.0000 3.105E-04 0.0005
.000E+00 0.0000 3.983E~09 0.0000 1;8238—10 0.0000 1.894E-10 0.0000 2.008E-12 0.0000
.000E+00 0.0000 3.167E~06 0.0000 1.530E-09 0.0000 6.893E-08 0.0000 9.586E-11 0.0000
.000E+00 (.0000 5.202E-0¢ 0.000% 2.034E-05 0.0000 8.403E-05 0.0bOI 3.098E~-05 0.0001

[N

N

Total G.439E-02 0.1549 1.297E-04 0.0002 0.000E+00 0.0000 3.507E-02 0.0575 6.451E-04 0.0011 6.913E-04 0.0011 5.102E-03 0.0084
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RESRAD, 0.3 vyear 1071772004 15:3¢  Page 33
Summery :
File Modified BOPSMERRMIXRev2.RAD

Toteal Deose Cortributions TDOSE(i,p,t) for Individual Radionuclides (i}
3.000E+0z years

Es mrem/yr and Fracticn of Total Dose At ¢ =

Water Dependent Pathways

anrd Pathw

eve (p)

. Water Fish Radon Plant Mesat Milk All Pathways*
Radio- -
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/vr f£ract. mrem/yr fract. mrem/yr fract.
Ag-108m 0.060E+00 0.0000 (.000E+00 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 ©.000E+0Q0 0.0000 0.0COE+00 0.0060
Am-241 2.492E-01 0.403% 4.318E-04 0.0008 0©.000E+00 0.0000 1.404E-C1 0.2303 1.773E-0¢ 0.0003 3.944E-05 0.0001 4.197E~01 0.6887
C-14 0.000E+00 0.000C 0©.000E+QQ 0.0G000 0.000E+0C €¢.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0G 0.0000 0.000E+00 0.0000
" Cm-243 5.430E-05 0.0061 1.0S0E-07 0.0000 ©.0DOE+0D C.000D0 3.058E~-05 0.0001 4.027E-08 ©.0000 6.894E-09 0.0000 ©.861E-05 0.0002
Co-60 9.705E-13 0.0000 1.876E-20 0.0000 C.000E+00 6.0000 5.561E-1¢ 0.0000 2.756E~1% 0.0000 1.538E-19 0.0000 1.13%E-17 0.0000
Cs-137 6.277E-0€ 0.0000 3.08%3E-07 0.0000 C©.000E+00 0.0000 3.568E-06 0D.0000 2.678E~06 0.0000 3.981E-06 0.0000 2.050E-05 ¢.0000
Eu-152 1.289E~1C 0.0000 4.154E-13 0.0000 O0.000E+00 ©.0000 7.264E-11 0.0000 3.652E~iz 0.0000 2.03%E-13 0.0000 5.038E-08 0.0000
Bu-154 7.041E-14 ©.0000 2.26%2-16 0.0000 0.900E+00 0.0000 3.867E-14 0.0000 1.995E~15 0.0000 1.114E-16 0.0000 2.0G52E-11 0.0000
Fe-55 0.000E+00 0.000G 0.000E+00 0.0000 ©.000E+00 0.0000 0.00DE+00 0.0000 C.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000
H-3 0.C0GE+Q0 0.0000 0.000E+00 0.0000 ¢.0Q0E+00 0.0000 0.000E+00 G.000C C.00CE+00 0.0000 0.000E+G0 6.0000 0.000E+00 0.0000
I-129 2.273E-07 0.0000 E5.864E-10 0.0000 0.000E+00 0.0000 1.287E-07 0.0000 Z.270E-02 0.0000 1.804E-07 0.0000 5.655E-07 0.0000
Nb~94 2.363E-04 0.0004 4.569E-06 (0.0000 0.000E+00 0.0000 1,3345-04 0.0002 1.004E-09 0.0000 3.73%E-08 0.0000 9.357E-02 0.1535
Ni-S9 2.251E-04 0.0004 1.450E-06 C.000C 0:000E+CC 0.0060 1.281E-04 0.0002 1.596E-05 0.0000 3.564E-04 0.0006 8.637E-04 0.0014
Ni-63 2.1%0E-03 0.0035 1.386E-05 0.0000 0.000E+00 0.0Q000 1.224E-03 0.0020 1.525E-04 0.0003 3.404E-03 0.0056 8.250E-03 0.0135%
Pu-238 3.054E~03 0.0050 5.895E-06 0.0000 0.0C00E+00 0.0000 1.720E-03 0.0028 4.346E-06 0.0000 5.379E-07 0.0000 6.056E-03 0.0099
Pu-239 1.795E-02 0.029¢ 3.469E-05 0.0001 0©.000E+00 0.0000 1.011E~C2 0.0166 2.542E-05 0.0000 1.419E-06 0.0000 3.560E-02 0.0584
Pu-24] 2.229E~02 0.0366 4.309E~05 0.0001 ©.000E+00 0.0000 2.255E-02 0.0206 1.585E-05 0.0000 3.527E-06 0.0000 3.742E-02 0.0614
"‘ :; 1.633E~08 0:0000 6.318E-11 0.0000 0.000E+00 0.0000 9.807E-09 0.0000 1.872E-09 0.0000 2.603E-09 0.0000 3.504E-08 0.0000
=TL'J§ 5.365E~07 0.0000 6.917E-10 0.0000 ©0.000E+00 0.0000 6.325E-07 0.000C 8.322E-10 0.0000 4¢.565E-08 0.0000 4.454E-06 G.0000
U-234 4.451E~03 0.0073 3.458E-06 0.0000 0.000E+00 0.0000 2,.508E-02 0.0041 2.172E-05 0.0000 2.108E-04 0.0003 7.360E-03 0.012%
Total 2.9G66E~01 0.4%16 5.897E-04 C.0010 §.000E+00 0.0000 1.688E-01 €.2769 <¢.159E-04 0.0007 4.C21E-03 0.0066 6.095E-C1 1.0000
*Sum of e2i) water independent and dependent pathways.
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RESRAD, Versiocn
Summzry : RESRAD Default Parameters

N File : Plumbrook Subsurface Modified BOPSMERRMIXRevZ.RAD

Total Deose Contributions TDOSE(i,p,t} for Individual Radionuclides {i} and Pathways (p)

ke mrem/yx and Fraction of Totesl Dose At © = 1.000E+03 vears

Water Independent Pathways (Inhzlation excludes radon)

Ground Inhalation Radon plant Meat Milk Soil

Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr - fract.

Ag-108m 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 0.000E+CO 0.0000
Am-241 3.052E-04 0.0017 2.218E-05 0.0001 0.000E+00 0.0000 5.94¢E-03 0.0339 £2.483E-05 0.0005 7.690E-06 0.0000 §.858E-04 0.0051
C-14 0.000E+00 0.0000 0.000E+0Q0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000 C.O00OE+0C 0.0000 0.0C0E+00 0.0000
Cm-243 2.3642—09 0.0C00 2.510E-0% 0.0000 0.000E+00 0.0000 6.668E-06 0.0000 1.893E~07 0.0000 4.369E~09 0.0000 1.009E-06 0.0000
Co-60 0.000E+00 0.0000 ©.000E+0C 0.000C 0.000E+00 6.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Cs-137 1.227E-21 0.0000 3.649E-22 0.0000 0.000E+00 0.0000 1.745E-22 0.0000 6.159E-23 G.0000 5.231E-23 0.0000 6.604E-25 0.0000
Eu-152 5.648E-24 0.0000 2.506E-13 0.0000 0.000E+00 0.0000 1.335E-16 0.0000 3.112E-17 0.0000 7.350E~19 0.0000 35.083E-18 0.0000
Eu-154 0.000E+Q0 0.0000 0.0Q00E+Q0C 0.0000 6£.000E+00 G.0000 O0.000E+00 0.0000 0.000E+00C 0.0000 0.000E+00 0.0000 0.000E¥00 0.0000
Fe-55% 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 G.0000 0.000E+00 0.0000 0.000E+00 0.0000
H-3 0.000E+0C 0.0000 0.000B+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.D00E+00 0.0000 0.0CG0E+00 0.0000 €.000B+00 0.0000
I-129 2.165E-27 0.0000 2.064E-31 0.0000 0.000E+00 0.0000 2.110E-25 0.0000 2.774E-~26 0.0000 1.126E-25 0.0000 1.595E-27 0.0000
Nb-94 6.1058-02 0.3¢84 1.968E-08 0.0000 0.000E+00 0.0000 1.091E-04 0.0006 1.071E~09 0.0000 1.855E~08 0.0000 1.653E-06 0.0000
Ni-58 0.000E+00 0.0000 1.136E-11 §.000C C.Q00E+00C C.0000 1.421E-06 0.0000 7.353E-08 0.0000 9.73%E-07 0.0000 4.305E-09 0.0000
Ni-63 0.000E+00 0.0000 5.912E~13 0.000C O0.000E+00 0.0000 8.720E-08 0.0000 4.512E-09 0.0000 5.576E~08 0.0000 2.642E-~10 0.0000
Pu-238 3.535E-08 0.0000 1.755E-0& 0.0000 0.000E+00 0.0000 4.455E-06 0.0000 .307E-07 0.0000 7.727E~08 0.0000 6.224E-07 0.0000
Pu-239 2.035E~06 0.0000 2.152E-05 0.0001 0.000E+00 0.0000 5.718E-03 0.0326 .624E-04 0.0009 3.746E~06 0.0000 8.652E-04 0.0049

2.605E-05 0.0001 1.894E-0€ 0.0000 O©.000E+00 0.0000 5.073E-04 0.0029 .238E-06 0.0000 6.566E-07 0.0000 7.564E-05 0.0004

1
1
p-241 7
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 0.000E+00 0.0000 ©.000E+00 0.0000
8
1

E} .231E-20 0.0000 5.963E-24 0.0000 0.000E+00 0.0000 1.682E-16 0.0000 .127E-20 0.0000 3.661E-18 0.0000 5.091E~21 0.0000
U-23¢ 2.808E-05 0.0002 1.652E-06 0.0000 ©£.000E+00 0.0000 3.484E~04 0.0020 .237E-05 0.000) 4.758E~05 0.0003 1.783E-~05 0.0001

=

Teotal €.141E-02 0.3505 4.731E-05 ©.0003 0.0CCE+00 0.0000 1.264E-02 0.0721 Z.672E-04 §.0015 6.081E-05 0.0003 1.848E~03 0.01205
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RESRED, Version 6.21 T Limit = 0.5 year 10/3%/2004 15:34 ©Page 35
Summery : RESRAD Default Farameters
File Piumbrook Subsurface Modi fied- BOPSMEARMIXEevw2. KAD
Total Dese Contributions TROSE(i,p,t) for Individual Radionuclides (i) anc Pzthweys i(p)
Bz mrem/yr and Fraction of Total Dose &t t = 1.000E+03 years
Water Dependent Pathweys
Water Fish Radon Plant Mezst Milk All Pathways*

éadio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/vr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Rg-108m 0.000E+0D 0.0000 0.000E+0QC 6.0000 ©.COOE+0C 0.05000 0.000E+00 G.0000 0.000E+00 0.0000 0.000E;OO 0.0000 0.000E+00 0.0000
Am-241 4.497E~CZ 0.2567 B.694E-05 0.0005 0.000E+00 0.TL000 2.533E-02 $.1646 3.270E-05 0.0002 7.130E-06 0.0000 7.768E~02 0.4433
C-1¢4°  0.CO0E+00 0.0000 6.000E+00 G.0000 0.000E+00 0.0000 0.000E+0Q0 0.0000 C.0Q00E+0C 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000
Cm-243 1.43%E~05 0.0001 2.77%E-08 0.0000 0.000E+CO0 G.DOCO &.097E-06 0.C000 2.036E-08 0.0000 1.137E-09 0.0000 3.042E-05 0.0002
Co-60 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 §.0000 0.000E+00 0.0000 C.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000
Cs-137 2.209E~21 0.0000 Z2.849E-22 0.0000 ©.000E+00 0.0000 1.256E-21 0.0000 %.427E-22 0.0000 1.401E-21 0.0000 7.810E-21 0.0000
Euv-152 2.333E-16 0.0000 3.759E-19 0.0000 0.000E+00 0.0000 1.315BE-16 0.0000 6.610E-138 0.0000 3.691E-18 0.0000 5.481E-16 0.0000
Ev-154 0.000E+00 C©.0000 ©€.OQ0COE+00 0.0000 0.000E+C0 0.0000 O0.000E+00 0.0C00 0.000E+00 0.0600 0.000E+00 0.0000 0.000E+00 0.0000
Fe-55 0.000E+00 0.0000 0.000E+00 0.0000 0.0D00E=00 0.0000 (0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0G600
H-3 0.000E+00 0.000¢ 0.000E+00 0.0000 0.00CE+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
I1-128% 1.043E-23 0.0000 2.691E-26 0.0000 0.000E+00 0.0000 5.807E-24 0.0000 1.022E-2¢ 0.0000 8.282E-24 0.0000 2.605E-23 0.0000
Nb-94 1.148E-04 D.0007 2.220E-06 0.0000 0.000E+0C C.0000 6.480E-05 0.0004 ¢.28DE-10 0.0000 1.817E-08 0.0000 6.134E-02 0.3501
Ni-59 3.016E-06 0.0000 1.943E-08 0.0000 0.000E+00 0.0000 1.717E-06 0.0000 2.139E-C7 0.0000 4.775E-06 0.0000 1.221E-0S5 0.0001
Ni-63 1.851E-07 0.0000 1.193E-02 0.0000 ¢.000E+00 0.0000 1.054E-07 0.0C00 1.313E-08 0.0000 2.93CE-07 C.0000 7.495E-07 0.0000
Pv-238 1.131E-05 0.0001 2.110E-08 0.0000 0.000E+00 0.0000 6.369E-~D6 0.0000 2.786E-08 0.0000 1.427E-07 0.0000 2.321E-05 0.0001
Pu-239 1.203E-02 0.0686 2.325E-05 0.0001 ©.000E+00 0.0000 6.773E-03 0.0387 1.703E-05 0.0001 9.514E-07 0.0000 2.561E-02 0.1462

4.022E-03 0.0230 7.774E-06 0.0000 0.C000E+00 0.0000 2.265E~03 0.0129 2.921E-06 0.0000 €.375E~07 0.0000 6.317E-03 0.0395

0.000E+00 0.0000 0.000E+00 0.0000 0.CGO0E+0C 0.0000 0.000E+00 0.0000 O0.000E+0C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
1 .109E-17 0.0000 2.720E-20 0.0000 0.000E+00 0.0000 2Z.487E-17 0.0000 3.272E-20 0.0000 1.785E-18B 0.0000 2.198E-16 0.0000
U-234 1.945E-03 0.0111 3.845E-06 0.0000C ©0.000E+00 0.0000 1.096E-03 0.0063 1.059E-05 0.0001 6.032E-05 0.0005 3.601E-03 0.0206
Total 6.311E-0Z2 0.3602z 1.241E-04 0.0007 (©.000E+00 0.0000 3.554E~02 0.2022 €.352E-05 0.0004 1.043E-04 0.0006 1.752E-01 1.0000
*Sum cf &ll weter independent snd dependent pathways.
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Summary : RESRAD Default Parzmeters

File : Plumbrook Subsurfizce Modified BOPSMEARMIXRevZ.RAD

Dese/Source Ratics Summed Over All Pathways®

Parent and Progeny Principal Radicnuclide Contributions Indicated

Parent Product Branch DSR{j, t} (mrem/yr}/{pCi/g)
(i) {3) Traection* t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+0] 1.000E+0Z 3.000E+02 1.000E+03

~1

Ag-108m 2g~108m 1.000E+00 4.081E+01 2.021E+01 4.903E+00. 3.447E-02 2.432E~08 7.176E~30 0.000E+00 0.000E+00

Am-241 Am-24]1 1.000E+00 €.524E+00 6.509E+00 6.479E+00 6.374E+00 6.083E+00 5.1€5E+00 3.227E+00 5.%60E-01
Am-241 Np-237 1.000E+0C 7.587E~06 1.465E~05 Z.874E~-05 7.737E~C5 2.105E-0¢ 6.140E-04 1.343E-03 1.557E-03
Am-241 U-233 1.000E+00 8.738E~12 2.107E-11 6.466E-11 4.106E-10 2.941E-09 2.579E-08 1.405E-07 2.040E-07?
Am-241 Th-229% 1.000E+00 2.372E~11 2.373E-11 2.376E-11 2.3B7E-11 2.478E-11 4.785E~11 4.566E-10 5.811E-09
Am-241 FOSK(3) §.524E+00 6.509E+00 6.679E+00 6.374E+00 6.C084E+00 5.166E+00 3.229E+00 5.975E~01

[ S S .

. 000E+DO 1.471E+DC 1.689E-01 1.984E-03 3.318E-10 9.626E-30 0.000E+00 0.000E+00 0.000E+00

[

C-14 £-14

.747E~03 6.270E-11

Cm-243 Cm-243 $.976E-01 5.115E+00 4.988E+00 4.744E+00 3.980E+00 2.410E+00 4.162E-01 2

Cm-243 Pu-23% 2.976E-01 8:456E~05 1.412E-04 2.497E-04 S.8B8E-04 1.280E-03 2.116E-03 2.115E—03‘1.521E—03
Cm~243 U-235 9.976E-01 3.224E-14 9.602E-14 3.327E-13 2.209E-12 1.456E~11 9.419E-11i 3,316E~10 7.154E-10
Cm-243 Pa-231 9.976E-01 2.628E~-14 2.597E-14 2.627E-14 4.641E-14 4.584E-13 9.470E-12 ©9.220E-11 3.885E-10
Cm-243 Ac-227 9.976E-01 3.519E-14 2.454E-14 3.342E-14 3.600E-14 3.062E-13 1.345E-11 1.909E-10 8.951E-10
Cm-243 FDSR(J) 5.115E+00 4.969E+00 4.745E+00 3.981E+00 2.411E+00 4.163E~01 ¢.863E-03 1.521E-03

.G01E-03 6.609E-06 1.484E-13
.033E-04 1.123E-04 1.325E-07
-495E-08 ¢.7S4E-08 3.791E~-08
-73%E-16 $.235E-15 1.630E-14
.069E-16 1.343E-15 8.446E-15

Cm-243 Cm-243 2.400E-03 1.231E-02 1.200E-02 1.141E-02 8.576E-03 5.798E-03
Cm~-243 Am-243 2.400E-03 4.368E-05 7.276E-05 1.250E-04 2.926E-04 5.738E-04
m-243  Pu-239  2.400£-03 8.444E-11 1.579E-10 3.339E-10 1.243E~09 5.576E-09
3 1-235 2.40QE-03 9.295E-19 1.182E-18 1.728E-13 ¢.911E-18 3.932E-17
no_43 Pa-231  2.400E-03 31.425E~16 1.794E-16 2.496E-16 4.596E-16 5.1192-16
Cm-243 pc-227 2.400E-03 1.909E~16 2.403E-16 3.341E-16 6.149E-16 1.085E-15 1.209E-15 Z.551E-15 1.935E-14

0 NN &

Cm-243 3DSK(]) 1.235E-02 1.207E-02 1.154E~02 9.868E~03 6.372E-03 1.605E-03 1.179E-04 1.704E~07
Co-60 Co~-60 1.C00E+00 7.6798+00 6.487E+Q0 4.881E+00 1.803E+00 1.043E-01 4.961E-06 Z.133E-18 0.000E+00
I.054E+CG] ¢.527E+00 6€.681E+0C 2.424E+00 €.973£-0Z Z.748E~(0€¢ 1.020E-21

Cs-127 Cs-137 1.000E+00 1.108E+40G2

1.911E+0C 1.813E+00 1.633E+0C 1.131E+400 3.961E-01 1.0075-02 7.793E-07 3.143E-23

Eu-152 Eu-152 7.z08E-0I 1

Bu-1%2 Eu-152 2.792E-Q) 7.402E~01 7.024E-01 6.324E~01 4.381E-~01 1.534E-01 3.89%E-03 1.082E~07 1.218E-23
Eu-13z Gd-152 Zz.792E-01 4.646E-16 8.007E-16 1 3.136E-15 3.608E-153 €.701E~15 6.105E-15 4.216E-15
Eu-152 ZLSR({J) 7.402E-01 7.024E-01 5.324E-~0) 4.381E-01 1.534E-C1 3.89%E~02 1.082E-07 4.216E-15
Eu-154 Eu-~154 1.000E+CO 2.877E+0C 2.€658E+00 2‘268é+G0 1.303E+00 2.671E-01 1.0425~03 1.3€6RE-10 1.121E-34
Fe-52 Fe-55 1.000E+00 3.846E-02 2.761E-02 1.6172-0Z 2.427E~C3 1.075E-C5 ¢ 1.800E-37 0.000E+0C
k-3 B-3 1.000E+0OC 7.005E-0Z 1.634E-0Z €.749E-C4 3.060E~08 4.984E-231 0.CCCE+00 0.000E+0C 0.00CE+CD
I-12¢9 1-12% 1.000E+Q0 9.23%E+01 B8.759E+01 7.865E+01 5.405E+01 1.848E+01 ¢.323E~01 9.425E-06 4.341E-22
Np-9s Np~9¢ 1.000E+0C 3.738E+00 3.736E+00 3.7318+00 3.715E+00 3.671E+00 3.51%E+00 3.119E+00 2.045E+00

.D0CE+20 3.171E-02 1.164E-02 1.1506E-02 1.103E~CZ ¢.779E-03 6.415E~02 1.91GE-03 Z.714E-0S

’
Z
I

'
or
w
e
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RESRAD, Version €.21 T Limit = 0.5 vear 10/17/2004 15:3¢
Summary : RESRED Defaullt Farameters

\\\‘/, File . Plumbrook Svbsurfzce Modified BOPSMEERRMIXRevZ.RAD

Dose/Source Ratios Summed Over All Pzthways

Pzrent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Branch DSR(j.t) (mrem/yr}/(pCi/g}
(1) (3} Fraction* t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

-163£-02 3.082E-02 2.810E-02 2.156E-0Z $:540E-03 6.040E~04 5.487E-08

[

Ni-63 Ni-€3 1.0002+00 3.207E-02

Pu-238 Pu-238 1.000E200 1.819E+0C 1.304E+00 1.775E+00 1.675E+00 1.419E+00 7.944E-01 1.511E-01 4.400E-04
Pu-238 ©U-234 1.000E+00  £.345E-06 7.465E-06 1.363E~05 3.4285E-05 8.616E-05 2.035E-0¢ 2.746E-04 1.284E-04
Pu-238 Th-230 1.000E+0Q0 6.055E-22 1.1098-11 2.609E-11 1.304E-10 8.354E-10 6.864E-09 3.683E-08 1.281E-07
Pu-238 Ra-226 1.000E+GO 3.973E~12 4.487E-12 7.536E-12 6.557E-11 1.248E~C9 3.439E-0B 5.140E-07 3.738E-06
Pu-238 Pb-2i0 1.000E+00 2.087E~11 Z.182E~11 2.398E-11 4.397E-11 7.202E-10 24.226E-06 9.724E-07 7.859E-06

-

Pu-238 $DSR(3) 1.819E+00 1.804E+00 1.775E400 1.675E+00 1.419E+00 7.946E-01 1.514E-01 5.802E-0¢

.021E+00 2.020E+00 2.0186E+00 2.012E+00 1.996E+00 1.938E+00 1.780E+00 1.281E+00
.472E-08 4.044E~08 1.245E-07 3.191E-07 6.216E~07
1

[N}

Pu-23% Pu-232 1.000E+00

Pu-239 ©-235 1.000E+Q0 1.568E-09 2.890E-09 5.533E~09 1
Pu;239 Pa-231 1.000E+00 %.303E-1Z 1.618E-11 4.086E~11 2.393E-10 1.715BE~0% 1.568E-03 9.689E-08 3.404E-07
Pu-239 Ac-227 1.000E+00 7.561E-12 $.244E-12 1.253E~11 §.788BE-11 1.354E-09 2.457E-08 2.046E-07 7.842E-07
Pu-239 EDSR(J} 2.021E+00 2.020E+00 2.018E+0C 2.012E+00 1.996E+00 1.938E+00 1.780E+00 1.281E+G0
Pu-241 Pu-241 1.000E+00 3.818E-02 3.637E-02 3.301E-02 2.350E-Q2 &.%06E-03 2.982E-0¢ 1.816E-08 3.101E-23
bPu-24) Am-241 1.000E+00 1.477E-02 2.471E-02 ¢4.315E~02 9.455E-02 2.688E-01 1.854E-01 1.169E~0]1 2.156E-02
Py-241 Np-237 1.000E+00 £.501E-09 2.615E-08 9.254E-D8 6.002E-D7 3.507E-06 1.707E-05 4.380E-05 5.319E-05
Pu-241 U-233 1.000E+00 3.088E-14 5.313E-1¢ 1.798E-13 2.346E-12 3.736E-11 £.219E-10 4.422E~09 1.052E-08
Th-229 1.000E+00 2.665E-13 2.927E-13 3.416E~13 4.805E-13 7.020E-13 1.306E-12 1.299E~11 1.867E-10
ZDSRI3) 5.295E-02 5.108E-02 7.616E-02 1.181E-01 1.777E-01 1.857E-01 1.169E~01 2.162E-02

.354E~07 8.911E-07 8.087E-07 $.758E-07 2.182E-07 7.307E~092 4.448E-13 7.597E-28

.854E-15 ¢.901B-14 2.218E-13 4.789E~13 3.628E-13
2.767E~1€6 2.072E-15 1.075E-14

Pu-241 Pu-241 2.450E-05 9
Pu-241 Np-237 2.450E-05 1.846E-10 3.501E~10 6.583E-10 1.525E-09 2.826E-0% 3.407E-09 2.854E~09 1.463E-09
Pu-241 U-233 2.450E-05 1.734E-16 4.754E-16 1.506E-15 8

1

-131E-17 1.916E-17 4.356E-17
773E-07 2.210E-C7 i.071E-08 2.855E-09 1.468E-0S

Pu-241 Th-228 2.450E-05 7.513E-18 8.821E-1¢

o

.356E-07 ©.814E-07 2.0¢3E-C7

o
o
1
[N
o
o
e
©
h
s
a
w

Sr-90 Sr-9¢ 1.00G0E+CC 3.980E+01 3.700CE+01 3.196E+01 1.915E+01 ¢.433E+00 2.645BE-02 1.164E-08 6.343E-31

Tc-98 Tc-99 1.0C0E+Q0Q %.6525-01 ©.361E-01 B8.747E-01 6.900E-01 3.503E-C! 3.265E-0Z 3.712E-05 1.€31E-15
U-234 U-234 1.00CE+CO 1.1213E+00 1.112E+00 1.109E+00 1.100E+00 1.074E+00 ¢.585E-01 7.774E~01 3.216E-01
U-234 Th-230 1.000E+00 1.427E-06 2.074E-06 3.305E-06 7.593E-06 1.%69E-Q5 €.025E-05 1.622E-0¢4 3.963E-04
U-234 Rz-226 1.000E+CO 1.430E-07 2.925E-07 §.765E-07 S5.866E-06 4.428E-05 4.213E-04 2.799E-03 1.236E-02
U-234 Pb-210  1.000Z+00 4.005E-07 4.147E-07 5.033E-07 2.113E-06 3.0408-CS 5.¢91E-04 S5.587E~03 Z.578E-02
U-23¢ TosR(d: 1.1138+400 1,112E+00 1.109B+00 1.100E+G0 :.074E+0G ¢.8965-01 7.66CGE-01 3.601E-01

*Branch fracticn is the cumulative factor for the j't principal radicnuciide dsughter: CUMBRF{j] = BRF{1)*BRF{Z}*

societed (half-life £ 0.5 yr} daughters.

"

i
The DSR includes contributions from &



RESRAD, *

Summary :

File

ed BGPSMEARMIXRevZ.RAD

10/17/2004 15:34

Page

b
o

Single Radicnuclide Scil Guidelines Gli,t} in pCi/g
2.500E+01 mrem/vr

assic Radiation Deose Limit

Nuclide
(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Ag—lOBm 6.126E-01 1.227E+00 £.099E+00 7.252E+02 - 1.028E+09 *2.608E+13 *2.608E+13 *2.608E+12
Am-241 3.832E+00 3.841E+00 3.859E+00 3.522E+00 4.109E+00 4.840E+00 7.743E+00 4.184E+01
C-14 1.700E+01 1.480E+02 1.260E+04 T.535E+10 *4.454E+12 *4.454E+12 *4_454E+12 *4.454E+12
Cm-243 4.876E+00 4.99%E+00 5.256E+00  6.Z64E+00 1.034E+01 5.55¢p+02 5.0208+03 1.644E+04
Co-60 3.343E+00 3.854E+00 5.12ZE+00 1.386E+01 2.385E+02 5.039E+06 *1.131E+15 *1.131E+15
Cs~137 2.254E+00 2.371E+00 2.624E+00 3.742E+0C 1.031E+01 3.585E+02 2.096E+06 *8.701E+13
Eu-152 9.429E+00 9.937E+00 1.104E+01 1.593E+01 4.550E+01 1.78CE+03 6.451E+07 *1.76€5E+1¢
Eu-154 8.691E+00 9.407E+00 1.102E+02 1.919E+61 9.361E+01 2.399E+04 1.827E+11 *2.639E+14
Fe-55 6.857E+02 3.690E+02  1.546E+03 1.030E+04 2.326E+06 4. 022E+14 *2.409E+15 *2.408%E+15
H-3 3.569E+02 1.530E+03 2.858E+04 5.171E+08 *9.504E+15 *9.594E+15 =9, 504F+15 *9_S94E£I5
1-129 2.706E-01 2.854E-01 3.178E-01 4.626E-01 1.353E+00 5.783E+01 2.653E+06 *1.766E+08
Nb-9¢ 6.6&8E+00 6.692E+00 6.701E+00 6.729E+00 6.811E+00 7.104E+00 2.015E+00 1.223E+01
Ni-59 2.134E+03 2.147E+03 2.173E+03 2.267E+03 2.556E+03 3.397E+03 1.303E+04 9.211E+05
Ni—éB 7.796E+02 7.899E+02 8.111E+02 2.893E+02 1.159E403 2.928E+03 4.139E+04 4.556E+08
Pu-238 1.374E+01 1.386E+01 1.40%E+01 1.493E+01 1.762E+401 3.146E+01 1.651E+02 4.309E+04
Pu-238% 1.237E+01 1.238E+01 1.239E+01 - 1.242E+401 1.253E+01 1.290E+01 1.405E+01 1.952E+01
Pu-241 4.722E+02 4.093E+02 3.283E+02 2.118E+02 1.407E+02 1.346E+02 2.138E+02 1.137E+03
Sr-90 6.282E~C1 6.757E-01 7.822E~01 1.305E+00 5.639E+00 9.453E+02 2.147B+03 *1.365E+14
Tc-99 2.582E+01 2.671£+01 2.858E+01 3.623E+01 7.1378+01 7.656E+02 6.736E+05 *1.696E+10
2.246E+01 2.249E+01 2 2.273E+01 2.327E+01 2.526E+01 3.181E401 6.%42E+01

=234

. 254E+01

.. opecific activity limit
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N

Svmmed Dose/Source Ratios DSR(i,t; in {(mrem/yr)/{(pCi/g}

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

at tmin = time of minimum single radiosuclide soil guideline

and at tmax = time of maximum total dose = 0.000E+QC years

Nuclide Initial tmin DSR(i,tmin) G{i,tmin} DSR{i,tmax) G(i,tmax)
i) (pci/a) tyears) (pCisg) . {pCi/g)
.Ag-loam 6.000E-02 0.000E+00 ¢.081E+01 6.126E-01 4.0B1lE+01 6.126E-01
Am-241 1.300E-01 0.000E+00 6.524E+00 3.832E+00 6.524E+00 3.832E+00
C-14 5.800E-01 0.000E+00 1.471E+00 1.700E+01 1.471E+00 1.700E+01
Cm-243 2.000E-02 0.000E+00 5.128E+00 4,.876E+00 5.128E+00 4.876E+00
Co~60 5.Z20E+G0 0.000E+00 7.479E400 3.343E+D0 7.479E+00 3.343£+00
Cs=-137 7.460E+00 0.000E+00 1.109E+01 2.254E+00 1.108E+01 2.254E+00
Eu-152 1.300E-D1 0.000E+00 2.651E+00 9.429E+00 2.651E+0C 9.429E+00
-Bu-154 1.500E-01 0.000E+00 2.877E+00 &.691E+00 2.877E+00 8&.6S1E+00
Fe-55 1.980E+00 0.000E+00 3.646E-02 6.857B+02 3.646E-02 6.857E+02
R-3 6.653E+01 0.000E+00 7.005E-02 32.569E+02 7.005E~02 3.569E+02
I-12% 6.000E~02 0.000E+00 9.239E+01 2.706E-01 9.239E+01 2.706E-01
Nb-94 3.000E-02 0.000E+00 3.738E+00 6.688E+00 32.738E+00 6.688E+00
Ni-59 4 .500E-01 0.000E+00 1.171E-02 2.134E403 1.171E-02 2.134E+03
Ni-63 1.366E+01 0.000E+00 3.207E-02. 7.7%96E+02 3.207E-02 7.796E+02
Pu-238 4.000E-02 0.000E+0C 1.819E+00 1.374E+01 1.819E+00 1.374E+01
Pu-239 2.000E-02 0.000E+00 2.021E400 1.237E+01 2.021E+00 1.237E+01
Pu-241 3.200E-01 60.1 % 0.1 1.955E-01 1.279E+02 5.295E~02 4.722E+02
Sr-90 3.010E+00 0.000E+00 3.9680E+01 6.282E-01 3.980E+01 6.282E-01

1.200E-01 0.000E+00 9.682E-01 2.582E+01 9.682E-01 2.582E+01
N U 1.000E-02 0.000E+00 1.113E+00 2.246E+01 1.113E+00 2.246E+01

N
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Individugl Ruclide Dcse Summed Over All Pathways

Farent Nuclide and Branch Fraction Indicated

Nuclide Parent BRF (i) DOSE(j,t), mrem/yxr
{3 (i} t= 0.000E+00 1.000E+00 3.000E+00 1.000E+Gl 3.000E+03 1.000E+02 3.000E+02 1.000E+03

Ag-lOBm 2g~108m 1.000E+CO 2.448E+00 1.213E+00 2.942E-01 2.068E-03 1.459E-0% 3.253E-31 0.000E+00 0.000E+00

Am-241 Am~-241  1.0C0E+00 8.421E-01 2.462E-01 3.422E-01 %.286E-01 7.908E-01 6.71i5E-01 4.196E-01 7.748E-02
Am-241 Pu-241 1.000E+0C 4.726E-03 7.908E-03 1.3B1E~02 3.026E-02 5.400E-02 5.S¢32E-02 3.740E-02 6.900E-03
2m-241 TDOSE(3F) &§.529E~01 85.541E~01 2.560E~01 §.589E-01 §.448E-01 7.208E-02 4.570E-01 8.438E-02

-

Pt

Np-237 Am-24£1

3 _000E+00  9.863E-07 1.904E-06 3.736E-06 1.006E-05 2.737E-05 7.982E-05 1.746E-04 2.024E-04
Np-237 Pu-241 2

.36BE-09 2.961E-08 1.921E-07 1.122E-06 5.462E-06 1.401E-05 1.702E-05
.120E-10 2.107E~10 4.880E-10 9.045E~10 1.090E-0% 9.132E-10 4.697E-10
2 8

w

.000E+00 2.720E-09

-

Np-237 Pu-241 2.450E-05 5.906E-11 1

Np-237 ZDOSE!(3) 9.891E-07 1.913E-06 3.766E-06 1.025E-05 2.549E-05 8.529E-05 1.886E-04 2.194E-04
U-233 Am-241 1.000E+00 1.136E-12 2.739E-12 5.406E~12 5.338E-11 3.824E-10 3.352E-09 1.827E-08 3.953E-03
U-233 Pu-Z41 1.000E8+00 9.881E-1% 1.700E-14 S.753E~14 7.508E-13 1.196E-11 1.990E~10 1.415E-09 3.366E-09
u-233 Pu-241 2.450E-05 5.548E-17 1.521E-16 4.819E-16 2.833E-15 1.568E-14 7.0%99E-14 1.532E-13 1.161E-13
U-233 TDOSE!3} 1.146E~12 2.756E-12 &.4964E~12 5.414E~11 3.943E-10 3.551E~09 1.968E-08 4.283E-08
Th-229 Am-241 1.000E+GO 3.084E-12 3.085E-12 3.088E~12 3.104E-~12 3.221E-12 6.221E-12 5.936E-11 7.555E-10
Th-228 Pu-241 1.000E+00 5.529E~14 9.368E-14 1.093E~13 1.538E~13 2.2¢6E-13 4.187E-13 4.157E-12 5.975E-11

8

Th-229 Pu-241 2.450E-05 2.404E-18 2.623E-18 3.618E~18 6.131E~18 1.394E-17 &.853E-17 6;6315-16 3.440E-15

ZDOSE(3) 3.169E-12 3.179E~12 3.198E~12 3.257E~12 3.446E-12 6.640E-12 6.352E~11 8.152E-10

1.151E-03 1.924E~10 5.528E-30 0.0008+00 C.000E+00 0.000E+00

IX]

.Q00E+Q0 ®.530E-01 9.799E-0

o

C-14

Cm~243 Cm-243 &.876E-01 1.023E-01 9.977E-02 9.489E~-02 7.961E~02 4.820E-02 8.324E-03 5.494E~05 1.234E-12

Cm~243 Cm-243 2.4008-03 2.461E-04 2.400E-0¢ 2.283E-04 1.915E~04 1.160E-04 2.002E-05 1.322E-07 2.969E-15

Cm~243 TDOSE(3) 1.025E~-0% 1.000E-02 2.211E-02 7.980E-02 4.832E-C2 6.344E-03 5.508E-05 1.237B-12
Fu~238 Cm-243 $.376E-01 1.691E-06 2.823E-06 £.994E-06 1.178E-05 2.561E-0S 2.233E-05 £.231E-05 3.042E-05
Pu~23% Cm-243 2.4002-03 1.689E-12 3.1S7E~1Z 6.677E-12 2.486E-21 1.115E-:0 ¢.9&%E~10 $.507E-10 7.583E-10
Pu~-23% Pe-23%9 1.000E+00 4.0431E-02 4.040E-02 4.036E-02 4.025E-02 3.991E-02 3.877E-02 3.560E-02 2.561E-02
Pu~238 TDOSE(d: 24.041E-02 4.040E~02 4.037E-02 4.026E-02 3.994E~02 3.8681E~02 3.564E-02 2.564E-02
U-23¢% Cm-243 2.976E-01 €.447E-16 1.9208-15 6.653E-15 ¢.418E-14 2.911E-13 1.884E-12 6.633E-12 '1.431E-11
V-235 Cm-243 2.400E-03 31.850E-20 2.365E-20 3.455E-20 9.823E-20 ?.864E~-19 1.348E-17 1.047E-316 3.25%8E-16
U-235 Pu-23¢  1.000E+00 3.135E~11 5.780E-11 1.1C07E-10 2.944E-10 8.088E~10 2.4%1E-09 6.382E-09 1.243E-GB
G-235 IDOSE(J) 3.135E~11 5.780E-11 1.107E-10 2.944E-10 8.091E~10 2.493E-09 6.389E-0S% 1.245£-08
Fa-231 Cm-243 ©.976E-01 $.25€E~16 5.194E~16 5.Z58E-16 9.ZE3E-1¢€ © 1.896E-13 1.844E-12 7.76%E-127
F&-231 Cm-243 Z.4002-03 2.850E-18 3.589E-1% 4.991E-1i8 2.181E-1% I LB14E~17 2.685E-17 1.689E-16
Pe-231 Fu-239 1.0005+00 1.861E-13 3.2Z37E-13 €.172E-13 4.785E-12 3 0 3.136E~-10 1.938E~09 6.808E-09
Pa-231 ZTDOSE(3} 1.866E-13 3.242E-13 5.177E~13 4.786E~12 3.431E-11 3.138E-10 1.840E-09 6.816E-09

Ac-227 Cm-243 92.976E-01 7.038E-16 6.908E-16 6.634E~16 7.200E-16 6.123E~1S 2.689E~13 3.619E-12 1.790E-11
Ac-227 Cm-243 2.400E-03 3.817E-18 4.305E-18 6.681E-18 1.230E-17 2.171E-17 2.417E-17 5.103E~17 3.870E-16
Pu-23¢ 1.000E+00 1.512E~13 1.649E-13 Z.506E~13 1.758E~12 2.70BE-11 4.S13E~10 4.093E-0% 1.568E-08
LDOSE (1) 1.516E-13 1.656E-13 2.512BE-13 1.758E-12 2.708E~11 4.%16E~10 4.097E-09 1.5705-08
Cm-263  2.400E-02 3.736E-07 1.455E-0€ 2.560E-06 5.853E-06 1.148E-05 1.2067E~(5 2.225E-06 2.651E-0%
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Individuel Nuclide Dcse Summed Over All Pathways

Parent Nuclide and Branch Fraction

Incdiceted

Nuclide Parent BRE {1} DOSE{j,t}, mrem/vx
T3 (i) t= 0.000E+00 1.000E+00 2.000E+0C 1.000E+01 3.000E+01 1.000E+C2 3.000E+02 1.000E+03
Co~60  Co-60 1.000E+00 3.904E+01 3.386E+01 2.548E+01 8.422E+00 5.471E-01 2.580E-05 1.13%E-17 G.000E+00
Cs~137 Cs-137 1.000E+00 8.273E+01 7.866E+01 7.107E+01 4.984E+01 1.R808E+C1 5.202E-01 2.050E-05 7.610E-21
Eu~152 Ep-152 7.208E-01 2.484E-01 2.357E-01 2.123E-01 1.470E-CG1 5.149E-02 1.309E-03 3.631E-02 4.086E-24
Bu~152 Eu-152 2.7928-01 9.623E-02 %.131E-02 §.222E-02 5.695E-02 1.994E-02 5.069E-04 1.407E-08 1.583E-24
Eu~152 7DOSE(j) 3.447E~01 3.270E-01 2.945E-01 Z.040E-01 7.143E-02 1.816E-03 5.03BE-08 5.669E-24
Gd~152 Eu-152 2.792E-02 6.060E-17 1.041E~16 1.847E-16 4.077E~26 7.290E-16 §.713E-16 7.837E-16 S5_.4B1lE-16
Eu-154 Eu-154 1.000E+00 4.315E-01 3.986E-01 3.402E-01 1.954E-01 4.006E-02 1.563E-04 2.052E-11 0.000E+00
Fe-55  Fe-55 1.000E400 7.219E-02 5.506E-02 3.202E-02 4.805E~03 2.128E-05 1.231E-13 0.000E+00 0.000E+00
H-3 H-3 1.000E+Q0 4.660E+00 1.0687E+00 5.820E-02 2.0G36E~06 3.316E-19 0.0008+00 0.000E+00 0.C000E+00
1-12¢ 1-129 1.000E+00 5.543E+00 5.255E+00 4¢.721E+00 3.243E+00 1.109E+00 2.594E-02 5.655E~07 2.605E-23
Nb-94 Nb-84 1.000E+00Q 1.121E-01 1.121E-01 1.119E-01 1.115E-01 1.101E-01 1.056E-01 9.357E~02 6.134E~02
Ni-59 1.000E+00 5.271E~03 5.240E~-03 5.177E-03 4.964E~03 4.401E-03 2.387E~03 8.637E-04 1.221E-05
Ni-63 Ni-63 1.000E+DD 4.381E~-01 ¢.323E-01 4.210E-01 3.838E-01 2.946E-01 1.167E-01 5.250E-03 7.495E-07
Fu-238 Pu-23& 1.0C0E+00Q 7.277E-02 7.217B-02 7.099E-02 6.699E-02 5.676E-02 3.178E-02 6.045E-03 1.76CE-05
U-234 Pu~-23¢ 1.000E+00 1.738E-07 2.986E~07 S.450E-07 1.371t-06 3.446E-0€ ©.140E-06 1.092E-05 S.135E-06
0-234 U-234 1.0C0E+0Q 1.113E-02 1.1212E-02 1.3109E-02 1.100E-G2 1.074E-02 9.883E-03 7.774E-C3 3.216E-03
U-23¢ YDOSE(]i 1.1i3E-02 1.212E-02 1.109E-02 1.100E-02 1.87S8E-02 9.893E-03 7.785E-03 3.221E-03
1.000E+00 2.422E-13 ¢.436E-13 1.044E-12 5.216E-12 3.342E-11 2.74¢6E-10 1.475E~(0% 5.124E-09
Th-230 U-2Z34 1.000E+00 1.4Z7E~08 Z.074E~-0Cg¢ 2.305E-08 7.593E-0B 1.969E-07 6.025E-07 1.622E-0€ 3.963E~06
Th-230 DCSE (1) 1.427E~-0% 2.074E-08 2,.3058-08 7.593E-CH 1.969E~07 6.028E-07 1.624E~06 3.968E-06
Ra-ZZf Pu-238 1.000E+C0 .5B9E~13 1.799E-12 3.014E~13 2.€23E-12 ¢.9%CE-11 1.376E~09 Z.056E~08 1.515E-07
Ra-22¢ U-234 i.0GOE+QG 1.430E-0¢ 2.0925E-09 &.765E-09 5.866E-08 4.428E-07 4.213E~06 Z.79%9E~05 1.236E~04
Ra-226 TDOSE(3) 1.630E-09 2.925E-09 £.765E~09 5.866E-02 ¢.428E~07 4.215E-06 2.801E~05 1.238E-04
Fb-210 Pv-23% 1.000E+00 §.347E-1% 8.727E-13 9.591E~23 1.758E-1Z 2.861E-11 1.690E~0% 3.890E~-CE 3.146E-07
Ph-210 U-234 1.900E+00 4.005E-09 £4.147E-0¢ 5.033E~-0% Z.113E-08 3.040E-07 5.991E-~06 5.587E~05 2.578E-0G4
Pb-210 TDOSE{3) 4.006E-09 ¢.142E-09 5.034E-09 2.113E-08 3.040E-07 5.%93E-06 5.581E~05 2.581E-04
.000E+00 1.222E-02 1.164E-02 1.056E-0Z 7.521E-03 2.850E-03 9.543E~05 5.810E-0% £.922E-24
2. 450E-05 2.993E~07 2.851E-07 Z.588E-07 1.B43E-07 6.982E~08 2.33BE~09 1.424E-13 2.424E-28
1.222E-02 1,164E-02 1.056E-02 7.521E-03 2.850E~03 §.54¢E~05 5.810E-09 9.522E-24
1.000E+00 1.31986E+02 1.114E+C2 $.620E+01 5.765E+01 1.334E+01 7.960E-02 3.504E-08 0.C00E+00
T¢-99 Tc-98 1.000E+00 1.162E-01 1.123E~01 1.050E~01 8.280E-02 ¢.203E~02 3.918E-03 ¢.454E-06 2.198E-16

BRF (i) is the branch fraction ©f the parent nucClide.
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Individual Nuclide Soil Concentraticn

Parent Nuclide end Branch Fraction Indicated

Muclide EBzrent BRE (i) S{j,t), pCi/g
.000E+00 1.Q00E+00 3.000E+00 1.000E+01 32.000E+01 1.G0OE+02 3.000E+02 1.0D00E+03

&
-
o
[
o

Ag—lOSm Ag-108m 1.000E+00 6.000E-02 2.956E-02 7.173E~03 5.056E~05 3.590E~-11 1.083E-32 0.0QQE+0Q 0.000B+00

.300E-01 1.287E-01 1.292E-01 1.274E-01 1.224E-01 1.0G62E~0% 7.085E-02 1.727E-02

br

Am~241  Am-24%  1.CO00E+00

Am-241 Pu-Z41 1.000E+00 0.000E+00 5.005E-04 1.429E-03 4.027E-03 7.838E-03 €.983E-03 6.059E~03 1.475E-03
Am-241  ZS(3): 1.300E-01 1.302E-01 1.306E-01 1.314E-01 1.302E-01 1.152E-01 7.701E-02 1.875E-02
Np-237 Am-241 1.000E+00 0.000E+00 4.205E-08 1.258E-07 4.154E-07 1.213E-06 3.675E~06 &.434E-06 1.150E-05
Np-237 Pu-241 1.000E+00 0.000E+00 5.172E-11 7.112E-10 7.054E-08 4.729E-08 2.440E~07 6.592E-07 9.450E-07
Np-237 Pu-241 2.450E-05 0.000E+00 2.476E-12 7.085E-12 2.007E-11 3.%72E-11 £4.930E~11 4.309E-11 2.609E-11
Np-237 ZS(j): 0.000E+00 4.213E-0% 1.265BE-07 4.224E-07 1.260E-06 3.919E~06 9.094E-06 1.244E-05

U-233 Am-241  1.000E+Q0 0.000E+00 %.187E-14 §.233E~-13 9.013E~12 7.773E-11 7.448E~10 4.436E-09 1.295E-08
0-233 Pu-241 1.000E+0D 0.000E+00 1.195E-16 3.141E-15 1.061E-13 2.244E-12 4.203E~11 3.282E-10 1.054E-09
U-233 Pu-241 2.450E-05 0.000E+00 5.456E—i$ 4.744E-17 4.686E-16 3.103E-15 1.524E~14 3.572E-14 3.641E-14
U-233 zS{3): 0.000E+00 9.200E-14 5.265E-13 9.119E-12 7.998E-11 7.869E-10 4.764E-0Y% 1.401E-08
Th-229 Am-241 1.000E+00 0.000E+00 2.883E-18 7.787E-17 2.851E-15 7.454E-1¢ 2.468E-12 4.883E~11 6.778E-10
Th-229 Pu-241 1.000E+00 0.000E+00 2.829E-21 2.243E-19 2.571E-17 1.709E-15 1.199E-13 3.359E~12 5.350E-11
Th-229 Pu-~241 2.450E-05 0.000E+00 1.725E-22 4.538E-21 1.538E-19 3.288E-16 6.415E-17 5.721E~16 3.081E-15
Th-229 7S(j): 0.000E+00 2.896E-18 7.810E-17 Z.877E-15 7.625E-14 2.587E-12 5.219E-11 7.313E-10

C-14 1.000E+00 5.800E-01 6.300E-02 7.400E-04 1.241E-1C 3.626E-30 0.QC0E+00 0.000E+00 0.000E+0Q

.995E~0Z 1.946E-02 1.852E~02 1.537E~02 9.486E-03 1.674E-03 1.178E-05 3.445E-13
.027E~06 2.834E~08 3.288E-~16

—

Cm-243 Cm-243 9,9%76E-01
Cm-243 Cm-243 2.400E-03

KN
ES

.B00E-05 4.683E-05 4.456E-05 3.746E-05 2.282E-05

Cm-243 ES$(1) 2.000E-02 1.951E-02 1.857E-02 1.561E-02 9.509E-03 1.678E-03 1.181E~05 3.454E~13
Pu-23% Cm-243 9.9276E-01 0.000E+00 £.6765~07 1.661E-06 £.086E-0€ 1.Z13E-05 2.104E-05 2.233E~C5 .2.023E~05
39 Cm-243 2.400E-03 0.000E+00 £.¢19E-14 5.648E-13 5.802E-12 4.202E~-11 2.353E-10 4.993E~-10 5.042E~10

9 Pu-239 1.000E+0C 2.000E-02 2.000E-02 1.999E-02 1.897E-02 1.991E-02 1.972£-0Z 1.916E-02 1.735E~-02
Pu~Z39 ZTS(3} 2.00CE-02 2.000E-02 1.999E-02 1.998E~02 1.%93E-02 1.574E-0Z 1.929E-0G2 1.737E~02

U-235 Cm-243 9.976E-01 C.000E+00 2.806E-26.2.482E-15 Z.601E-14 1.996E-13 1.384E-12 5.193£-12 1.375E~-11
U-235 Cm-243 2.400E-03 0.000E+0C 2.113E-23 5.606E-22 1.955E-20 4.465E-19 9.722E-18 3.178E-17 3.132E-16
0-235 Pu-23% 1.000E+00C G.000E+GC 1.969E-11 5.900E-11 1.260E-1C 5.820E-10 1.873E-0% 5.087E-09 1.214E-08
U-235 2831 0.000E+Q0 1.8269E-11 5.900E-11 1.960E-10 £.822E-10 1.§74E-09 5.092E-09 1.215E-08
Pe~231 Cm-243 9.276E-01 G.000E+D0 1.9581E-21 £.271E-20 1.856E-128 4.358E-17 1.045E-15 1.116E-14 6.241E-14
Fa~231 Cm-243 2.400E-03 0.000E+00 1.11%E-28& 2.923E-27 1.044E-24 7.284E-23 5.537E-21 1.437E~1% 1.356E-18
Pe~231 Pu~232 1.000E+00 0.00QE+00 Z.081E-16 1.867E-15 Z.051E~14 1.790E-13 1.78€E-1Z 1.202E-11 S5.593E-11
Pe~231 ES(ji: 0.0Q0E+0Q Z.081F-16 1.867E-15 2.052E~-14 1.780E-13 1.787E-12 1.203E-11 5.599E-11
9.976E-01 0.00DE+0C 1.566E-23 1.234E-21 1.383E-19 8.594E-18 4.718E-16 7.439E-15 4.735E-14

2.400E-03 0.000E+QC 7.084E~31 1.677E-2& €.296E~-26 1.188E-23 2.194E-21 9.115BE-20 1.023E-16

1.000E+00 0.00CE+QC 2.186E-1% £.771E-17 1.978E-1% ¢.345E-14 2.927E-13 5.182E-12 4.251iE-11

0.000E+00 2.186E~18 5.772E-17 "1.879E-15 4.346F-14 2.932E-13 6.189E-12 4.256E-11

Am-243 Cm-243 2.400E-03 0.000E+QC ¢.432E-09 1,285E~08 3.80BE-05 §.197E-0& %.100E-0€ 1.812E-08 2.910E-11
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RESRAD, Version 6.
Summary : RESRAD Defsult Parameters

Fiie : Flumbrool Subsurface Modified 2OPSMEARMINRevE.RAD
Ingividual Nuclide Soil Concentration

S
Parent Nuclide and Branch Fraction Indicated

Nuclide Parent BRE (1) S$t{j,t), pCi/g
(3) (i) t= 0.0006E+0C 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+0Z 5.0G00E+02 1.000E+(C3

Co-60 Co-60 1.000E+C0 5.220E+00 4.528E+00 3.4078400 1.259E+00 7.329E-02 3.485E-06 1.553E-18 0.Q000E+00

2.022E-06 9.611E-22

[

Cs-137 (Cs-137 1.000E+00 7.460E+00 7.0093E+0C €.413E+00 4.506E+00 1.645E+00 4.828E-0

Eu-152 Ew-152 7.208E-01 9.370E-02 §.891E~02 8.006E-02 5.545E~0Z 1.942E-GZ 4.937E-04 1.370E-0B 1.544E~24
Eu-152 Eu-152 2.792E-01 3.630E-02 3.444E~02 3.101E-02 2.148E~02 7.5236-03 1.912E~04 5.308E-09 5.979E-25
Eu-152 ES(3): 1.300E-01 1.234E-01 1.111E-01 7.693E~-02 2.694£-02 6.849E-04 1.901E-08 2.142E-24

.S565E-15

w

Gd-152 Ew-152 2.792E-01 0.000E+0QD 2.269E~16 6.464E-16 1.810E~15 3.5058-15 4.337E~1% 4.170E-15

.183E-01 6.792E-02 1.393E-02 5.436E~05 7.139E—i2 5.859E-26

[

Eu-154 Ep~154 1.000E+00 1.500E~01 1.386E-01
Fe-55 Fe-55 1.000E+00 1.980E+00 1.511E+00 5.791E-01 1f322Eh01 5.896E-04 3.450B-12 1.085E-35 0.000E+00
H-3 H-3 1.0005+0C 6.€653E+01 1.541E+01 8.261E-01 2.901E~05 4.781E-18 0.000E+00 0.000E+00 0.000E+00
I-129 1-129 1.000E+00 6.000E-02 5.688E—62 5.113B-02 3.521E-02 1.212E-02 2.902E-04 6.792E-09 4.211E-25
Nb-94 Nb-94 1.000E+00 3.000E-02 2.998E-02 2.995E-02 2.982E-02 2.946E-02 Z.825E~02 2.505E-02 1.644E-0Q2
( Ni-59 1.000E+00 4.500E-01 4.474E-01 4.423E-01 2.2489E-01 3.789E-01 2.537E-01 8.062E-02 1.459E-02

Ni-63 Ni-63 1.000E+00 1.366E+01 1.348E+01 1.314E+01 1.200E+Cl 9.265E+00 3.744E+00 2.813E-01 3.270E-05

.795E~02 3.614E-03 1.324E~05

-

Pu~232 Pu-238 1.000E+00 4.000E-02 3.968E-02 3.905E-02 3.692E-CZ 3.145E-02

U-234 Pu-23¢ 1.006E+00 - 0.000E+0Q0 1.12%E-07 3.357E-G7 1.085E-06 2.983E~0€ 7.427E-06 1.07%E-05 6.630E-06
L-234 U-23¢4 1.00CE+0G 1.000E-02 ¢.991E~03 £.974E-03 9.913E-~03 9.74ZE-03 9.164E-03 7.6%7E-03 4.179E-03
U-234 TSl 1.000E~02Z 9.991E-03 $.974E-03 $.814E-03 ¢.745E-03 9.172E~(03 7.708E-03 ¢.185E~03
Th-230 Pu-238 1.000E+00 0.000E+Q0 5.089E-13 4.553E-12 4.956E-11 4.209E-30 3.2853E-09% 2.147E-08 7.707E-08
Th-23C U-234 1.000E+00 0.000E+00 8.998E-08 Z.697E-07 3.862E-07 Z.665E-C€ &.615E-06 2.3272E-05 5.964E-05
Th-230 £St{3ji: 0.000E+00 8.998E~08 2.697E-C7 8.963E-07 2.665E-06 8.619E-06 2.374E-05 5.972E-05
Rz-226 Pu-238 1.000E+00C 0.000E+00 7.348E-17 1.972E~15 7.154E-14 1.821E-12 S5.517E-11 8.791E-10 7.638E-09
Ra-226 U-234 1.0C0E+00 0.0008400 1.947E-11 1.748E~10 1.924E-CY 1.687E~08 1.713E-07 1.204E-06 6.306E-06
Ra-226 ZS{(i): 0.000E+00 1.947E~11 1.748E-10 1.825E-09 1.686E~038 1.714E-07 1.205E-06 €.3142-06
Pob-210 Pu~238 1.000E+00 0.000E+CC 5.676E-19 ¢.516E-17 5.242E~15 3.582E~13 2.600E~11 €.608E-10 6.9G62E-0¢%
Fp-2i0 U~234 1.000E+00 0.D00E+00 2.002E~13 &.307E~1Z 1.846E-10C 4.204E~09 ©.411E-08 $.582E-07 5.763E-0¢
Pp-210 $St{3): 0.000E+0C Z.002E-13 5.307E~12 1.846E-10 4.204E~08 ©.413E-08 S.58%E-07 5.770E-06

Fu-241 Pu-241 1.000E+CO 3.200E~01 3.049B-01 2
Pu-241 FPu-241 2.450E-05 7.8¢0E~06 7.4T1E-06 6.7
3.200E-01

.769E~01 1.975E~01 7.525E-02 2.5695-03 1.655E-07 3.556E-22
$3E~06 ¢.839E-06 1.B864E-06 294E-08 4.056E-12 8§.712E-27
G 1 1.9758-C1 7.525E-02 2.5€9E~03 1.655E-07 3.556E-22

N
[SU

(9
Lol
fa
0
5]
I
D
=
Y
~1
o

.061E-03 9.€60E-10 6.811E~32

[¥]

1.000E+00 3.020E+00 2.798E+00 2.419E+00 1.452E+C0 3.382E~01

Tc-98 Tc-28 1.000E+00 1.200E-01 1.160E~02 1.084E~01 8.559E-G2 4.353E-02 4.086E-03 4.729E-06 2.517E-16

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

seconds

RESCELC.EAE execution time =
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\BUILDYPlum Brock ZS5th HLSMIZARMIX.blg

=== RESRAD-BUILD iInput Parametexs mu=
== mms
Number of Sources - 6
Nember of Receptors: 1
Total Time : 3.652500E+02 days
Fraction Inside : 2.670000E-01
==w=w==mne== ReCeplor INfOrMation =s===s==w=
Receptor Room x y z FracTime Inhalation Ingestion{bDust)
Im} {m} {m] {m3/day} [m2/hr]
1 1 7.500 2.500 1.000 1.06¢ 3.368+01 0.00E+00

Shielding Relationship ===

[
)
i
o
I
a
@©
-1
vt
o
i
wr
1
<
5
il
®

Recgptor Source Density Thickness Material

ig/cmll {em
1 1 Z.40Z+00 G 0O0E+DD  Concrete
1 2 2.4QE+00 0. 005+00 Concrete
i 3 2.40B40C 0.00E+Q0G Concrete
1 4 %.40E+0C 0.00E20Q0 Concrete
1 g Z.40E+0C  ©.00£+00 Cencrete

1 [ Z.40E+00 G.0CE+QC <Concrete




** RESRAD-BUILL Gl iop 3.IZ% 4 0:33:4% " pPage: 3 *-

sk 25th KLSMEARMIX.bld

Building Infermation s==s===s=c

Building &ir Exchange Rate: B§.00E~01 1/hr

Height {m) Eir Exchanges [m3/hr)

Ares (m2)

B R R R PR TR TR R e

-

R .
v <=0Q01: 1.80E+02
Hl: 3.000 * Room 1 * Q10 : 1.50E+402
* LAEMBDA: 8.Q0E-01 *
Area 75.0C0 M ’

- -

AR AR A PR ANI KB I IR A A I NI S v A

Deposition velocity: 2.70E-06 [m/s) Resuspension Rate: 1.40E-05 [1/s)




\\_’/ =% RESRAD-BUILD
Title Flumbrooh
C:
======== Source Informztion ===s==z==
Sorrce 1
Locetion:: Reom : 1 u: 0.00 y: 2,50 :z: 1.50(m)
Geometxy:: Type: Ares Direction: x

Pathway
Direct Ingestion Rate:
Frection
Removable frection:

Time to Remove:

Contamination::

Nuclide Concentration

released to &ir:

Dose Conversion Factor

4.G70E-07 {i/hr]
7.000E-02
1.000E-01
1.82054G¢ (Gay)

{Library: FGR 13 Morbidity

Ingestion
IpCi/m2} [mrem/pCi)
FE-55 1.000E-10 €.070E-07
'! ce: 2
S~ : Locaztion:: Room : 1 i 15,
Geometry:: Type: Area

Pathway ::
Direct Ingestion Rate:
Fraction released To sir:

fraction:

Removable

Contamination::

Inhegiztion Submersicon
Imrem/pCi} {mrem/yxr/
{(pCi/m3) 1}
Z.690E-06 0.C00E+0O0

00 v: 2.50 z: 1.50(m)
Are2:1.50E+01 [m2) Direction: x
4.C30E-07 [1/hr)
7.000E-G2
:.0C0E-O2
1.820E+0¢ {day)

Nuclicde Concentration Dose Conversion Facter (Library: FGR 13 Morbidity
ingestion Inhelation Submersion
{pCi/m2} {mrem/pCi] lmrem/pli] ([mrem/yr/
ipCi/m3;3}

tn

1.000E-10 €. Q070E-07

ot

[f}
i

w
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* RESRAT-UI

Title : Flumbrooh Dupiicete

Source: 3

Location:: Room : 1 x: 7.50 v 0.00 z: 1.50{m)
Geometry:: Type: ARreéa Ares:4.508+01 {m2) Directiaon: y
Pathway :: ’

Direct Ingesticn Rate: ¢.070E-07 {1/hr}

Fraction relessed to #ir: 7.000E-0Z

Removable fraction: 1.000E-01
Time to Remove: 1.8Z0E+04 [day}
Contemination::
Nuclide Concentration Dose Conversion Factor (Library: FGR 13 Morbidity
Ingestion Inhslaetion Submersion
{oCi/m2) {mrem/pCi} [mrem/pCi} {mrem/yr/
(PCi/m3))
FE-55 1.000E-20 &.070E~07 Z.690E-06 0. 0DOE+0D

Source: 4
Location:: Room : 1 M@ 7.50 y: 5.00 =z: 1.50m)

Geometry:: Type: Area Brez:¢.50E+01 {m2] Direction: y
Pathway
Direct Ingestion Rate: 4.070E-07 [1/hr]

FPraction released to aix: 7.000E~0Z
Removable fraction: 1.000E-01

Time to Remove: 1.820E+04 [day)

Contamingtion::

Nuclide Concentration Tose Conversion Factor (Library: FGR 13 Morbkidity

ingestion Inheletion Submersion

[pCi/m2) imrem/pCil {mrem/pCij [mrem/yx/
(pCi/m2)]
FE-5% 1.000E-10 5.070E-07 Z.6908-06 0.000E+0D



Scurce: &

::33:43  rage: &

25th BLSMEARMIX.bld

Locaticn;: Room : 1 x: 7.50 y: .50 =z 0.00[m]
Geometry:: Type: Area Ares:7.50E+01 [m2) Direction: =
Pathuay
birect Ingestion Rste: 4.070E-07 {i/hri
Fraction relessed to &ir: 7.000E-C2
Removable fraction: 1.0002-01
Time tc Remove: 1.820E+0¢ Igav)
Radon Release Fraction: 0.000E+00
Contamination::
RNuclide Concentration Dose Conversion Factor (Library: FGR 13 Morbidity

Ingestion
[pCism2) Imrem/pCi)
CM-2¢3  1.300E-01  2.510E-C3
PU~-26Z  6.000E-G2  3.360E-03
PU-241  1.190E+00  6.850E-05
r © AM-221  1.900E-01  3.640E-03
S R UpGez3g 1.300E-01  3.5408-03
PU-238  1.100E-01  3.200E-03
NP-237  0.00080C  4.440E-03
u-238 0.00DE+0D 2. 690E-DS
1-235 0.000E+00  2.670E-04

3.000E-02 Z.E30E-D4
Q0. 000E+Q0 Z.890E~04

C.000E+00  1.060E-02
0.0G0E~00 &.4B0E-04
0.C0DDE+DO 4.030E-C3
0.000E+00  1.4B0E-02
RE-Z26 G.000E+GC  1.3302-03
PE-210 D.000E+0G  5.370E-03
TC-88 5.8Q0E-01  1.460E-06
SR-GN 2.540E+01  1.530E~02
NI-63 1.3408401  §.770E~07
NIi-5% 3.3008-01  2.100E~07
£E-55 Z.750E400  §.070E~C7

3
3

4

8.

L - T S N S Y T RV

5

Inhalation Submersion

{mrem/pCi

.070E-01
.110E-01
250E-03
.440E-01
.260E-01
. 920E-01
L400E-01
.180E-D1
.230E-01

320E-01

.250E-01
. ZBOE+GEC
.260E-01

S IECE+QD

FZOE+0C
. 600E-03

1.380E-Q2

.330E-~GE
.310E-02
2902~0%6

.700E~0€

'L 690E-06

1 (mrem/yr/

| (pCi/m3) ]
6. 680E-Q4
4.690E-07
2.560£-08
9.570E-05
4.960E~07
5.7i0E-07
1.210E-03
1.600E-04
&, 030E-04
£.9302-07
1.910E-0€
Z.C10E-04
2. 040E-D6
1.720E-03
2.160E-03
1.0£0E-02
1.050E~05
1.800E-07
Z.310E-0%
0.G00E+00
©.000E+Q0

0.680E+00



Source: €
Location:: Room : % x: 7.50¢ v: .50 =z: 3.00 [m}
Geometryv:: Type: Arez Arest7.50E+01 {m2) PDirection: :
Fatbhway

Direct Ingestion Rate: ¢.D70E-07 {i/hr}
Fraction released to air: 7.000E-02
Removzble fraction: 1.G00E-01
Time tc Remove: 1.620E+0¢ {day)
Conteminstion::
Nuclide Concentration Dose Cenversion Fecotor !Library: FGR 13 Morbidity
Ingestion Inhzlation Submersion
(pCi/mz} {mrem/pCi} (mrem/pCi] ({mrem/yr/
{pCi/m3)}
FE-55 1.0008-10 6.070E-07 Z.6H0E-06 €.0068+00




s

w
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Z5th HLSMEARMIX.blc

—— Rssessment for Time: 1 ===
Time =0.00E+00 yr ===
Source Informatior
Source: 1

Lecztion:: Room : 1 %! 0.00 y: 2.50 =z: 1.50 (m]
Geometry:: Type: Area Rree::.50E+0Q1 {mZ) Direction: x
Fathway

Direct Ingestion Rate: 4.070E-07 (1/hr

Fraction released to air: 7.000E-02

Remcvable fraction: 1.000E-01

Time to Remove: 1.820E+04 {day]

\_/r Contaminaticn:: Nuclide Concentretion
[pCi/m2}
FE-55 1.000E-10
Scurce: I

Locgtien:: Room : 1 =x: 15.00 y: .50 =z: 1.50 (m)
Geometry:: Type: Eres Prez:1.%0E+01 [mZ] Direction: x
Fzthway

Direct Ingestion Rate: 4.070E~07 {(1/hr}

Fraction released to air: ~.CO0CE-~02

Removable fractien: 1.000E~01

ime to Remove: 1.8Z0E+G2 [day]

Concentratichn

ipCi/m2]
FE-85 1.0008-18



Source: 3

locetion:: PFRoom @ 1 u: 7.50 vy 2.00 =
Geometry:: Type: Rres Rrez:4_50E+Q1 [a2)
Fathway
Direct iIngestion Rate:-” 4.070E-07 {i/hx}
Fraction feleased to eir: 7.000£-02
Removsble fraction: 1.000E-021
Time to Remove: T.EZ0E+DS jday)
Contamination:: Nuclide Concentretion
[pCi/m2)
FE-55 1.000E-30
Source: 4
Locstion:: Room : 1 x: 7.50 v s.bo z:
Geometry:: Type: Ares Arez:4.50E+01 [(m2)
Pathway
Direct Ingestion Rate: 4.070E-07 [1/hri
Fraction releesed to 2ir: 2.000E-02
Removsble fraction: 1.006E-01
Time to Remove: 1.€20E+04 [dayl

Coentamination:: Nuclicde
FE-55
Souxce: §
Location:: Room 1 oy 7.8

Geometzy:: Type: Ares

Huclide

Contaminaticn::

N CM-243

PU-2¢2

Loncentretion

(D

1.000E-10

Concentra
{eCi/m2)

1.3DCE-01

.5

6 =z

2
:7.50E+01 [m2]

il/nr}

icav}

tion

€.0002-02

1.50 (m}

Direction: ¥

1.50 [m)

Direction: y

0.00 [m}

Direction: =



Titie : Plumbrook Luplicete

Source: 6

( Location:: Room : 1 x:
L Geometry:: Type: Are:

Pathway ::

Direct Ingestion Rate:

ooyt File : C:\Progrem FPiles\RESRRE

-

Te

1stion Time: ©.900000Q0E+CGC  vears

mily\BUILD\Plum 2

2.1902+00
1.9002-01
1.300E-01
1.100E-01
G.GO0E=00
C¢.Q00E=+0G
0.000E+00
3.000E-02
G.0GOEDD
0.000E+00
0.000E+00
G.000E+00
C.000E+00
0.000E+G0
0.000E+00
£.800E-01
2.540E+01

.50 y: 2.50 =

Frzction relezsed to air:

Removekle fraction:

Time tc Remcve:

Contemination:: Huclice

zrez:7.50E+01 [mZ)

4.070E-07 (1/hx}
7.00CE-02
2.000E-01

1.820E+04 {dey]

Concentration
1pCi/mz])
i, 000E-20

Lr18/02

"

10:33:43

3,00 [m)

Direction:



Receptor

Total

1

1 Ci\Program

0.00000000E+0Q  years

Time:

Files\RESRADL Tamily

-
o
2
=)
&

v
@
w
w
o~
w
9
o
Q
o
-
-
v

: 25th HLSMEARMIX.Dpid

e R
=== RESRAD~BUILI'Dose Tazbles ==
Souvrce Contributicns to Receptor Doses
{mremj
Source Source Source Source Source source Totel
1 Z 3 4 5 6
J.68E-20 7.6BE-Z0 2.30E-19 Z.30E~1% 5.02E-0S 3.84E-19 5.02E-05
7.68E-20 7.68E-~20 2.30E-1¢ 2.30E~1¢ S5.G2E-05 3.B4E-19 5.02E-05



** RESRRD-BUILD IDiose
~— Title : Plumbrook Duplicate
DUt File : C:\Frogrezm Files \RESRADR Femily)\BUILD\Flum Brook z5th HLSMEARRMIX.big

e

0.0000000CE-0C  veaxs

Pathway Detzil of Doses

fmrem)
Source: 1
Recepter External Deposition Immersion Inhaiation Radon Ingestion
1 0.00E+QQ 2.00E+60 5.00E+00 1. ¢.00E+00 7.58E-20
Total Q.00E+00 0.Q0E+00 0.00c+00 1.04E-21 2.00E+00 7.58E-2C
Source: Z
Receptor External Depesition Immersion Iphziztion Radon Ingestion
1 0.00E+00D 0.00E+00 0.002+00 1.04E~21 0.00E+00 7.58E~20
Total 0.00E8+00 0.00E~00 0.00E+00 1.04E~21 ¢, 00E+00 .5BE-20
Source: 3
Receptor Externz]l TDeposition Immersion Inhzlation Radon Ingestion
1 0.00E+00 0.00E+00 0.00E+Q0 3.11E-21 0.00E+00 2.27E~19
r ~tal 0.00c+00 0.00E+00Q 0.0QE+Q0 3.11E-21 0.00E+00 2.27E-19
N’
Source: ¢
Receptor Zxternal Deposition Immersiorn Inhzlation Radon Ingestion

1
0.00s+C0 G.00E4+Q0 G.0CE+Q0 3.11e-21 0.00E+00

H 2, 00E+00 2,000 3.00E408  3.11E-%3 G, 00E<GG

Receptor Externzl Depositiorn Immersion Inhalation Radon Ingestion

1 1.98E-06 2.03E-18 1.238~1Z2 6.43E-06 3.21E-22 24.22E~05

Total 1.58E-06 2.G3E-15 1.238-1Z2 £.438-0¢ 3.41E-23 4.22E-GS
Sourcs &

Receptor External Deposition Immersion Inhalation Radon Ingestion

i 0.002+00 0.00E+0C J.008+G0 5.1GE-Z1 G.00E+00C 3.79E-1¢

Totel 0.00E+0G 0.00E+00  0.002+06  5.1%E-21  0.00E+00  3.7¢E-1¢




1

FE~5%

FE~55 7.68E-20

Ruclide Receptor

\BUILDNPlum Erock

G.00000000E+00  vesrs

de Detzil of Doses

fmrem)

Totz

7.68E~20

Total

IR
LA

25th HLSMERRMIX

.plid.
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. Pege: 1L ¢

++ RESRAD-BUILED Tose Program Cuilput, ¥exsien 3.

smbrook Deplicate

o

N

25th HLSMEARMIX.Db1d

CM-243
CM-243 3.30E-06 3.30E-06
PG-239 6.39E~11 6.3SE-11

w
w
)
]
t
1y
w
G
W
w
™
1
r
w

z.2Z3E-17 2.23E-17
2.16E-23 2.,16E-23
i.00E-28 1,09E-28

L00E+D0 . 0OE+00
LO0E+0C

=]
Q
[y}
Yy

(=1
o
o

7.73E-67 7.73E-07
3.36E-08 3.36E-08

—
o
)
m
{
&
Lﬂ
-
o

o
o
e
Lyt
t
o
@
o
2
—
™
1
(=3
o

2 3
FB-210 5.74E-18 5.79E-18
TC-9%
TC~S¢ £.52E-0% 6.5ZE-0¢
SR-S0

-0
o
¥
0
<)
t
€
~
t
¢

wa~€3 5.635-08 5.63E-08
e Ni-3%
NI~59 £.108-30 S

LI0E-1Q



Source:

S

1.06E-08

Ruclide Receptor

FE-55
FE-55

1.06E-0F

Total

© 25th

Fage: 1

HLSMEERMIX

5

.oid

7



** RESRRL-EBU Dose Trooram ¢

e’ . . ..
Title : Fiumbroeol BDuplizate

Temue File @ C

RESRAD-BUILD Dose (Timg; Tables

ELES

Receptor Dose Received for the Exposure Dyration

(mrem}

Evaiunation Time {yr}

0.00E+00

1 5.02E-05

Receptor Dose/Yr Bveraged Over Exposure Duration

(mrem/yr}

0.00E+00

1 5.02E~0%




> Dose Program Output, Version 3.22 10/16/04
mbrook Duplicate

e5\RESRAD_Family\BUILD\Plum Brook

* Pege: i

75th ELSMEARRMIX.DlC

| m== RESRAD-BUILD Tzbkle of Contents ==
=== s
RESRAD-BUILD Input ParametersS............ z
Building Information.......... ... c.nnn.n 3
Source Informacion. ... ... .. ..t 4
For time = C.ODE+QC vr
Time Specific Parameters.............. 2]
Receptor-Source Dose Summery.......... 11
Dose by Pathway Detail................ 12
Dose by Nuciide Devzil................ 13
FUll SUMRMETY -« vt evmnan e, [RRREEE 15



:t, Version Z.2Z 10/18/0% 1D:3€:2€° Page: z o

Tiles\RISRAD Family\BUILDAFium Brook 75th KLSMEARMIX.bld

== RESRAD~BUILD Inpui Parameiers ]
=== ) ==
Number of Sources : é
Number of Receptors: H
Tetzl Time : 2.652500E+02 days
Fraction Inside : Z.670000E-01
Receptor Information =s==s=s====
Receptor Room X v . z FracTime Inhalation Ingestion{Dust)
fm] fm) [m] [m3/day} {m2/hr]
1 1 7.500 2.500 1.000 1.000 3.36E+01 Q.00E+00

=== Receptor-Source Shielding Relationship ===

Receptor Source Dernsity Thickness Materiel

{g/om3} {em}
1 1 2.40B+00 0.CDE+00 Concrete
1 = 2.40E+00 0.DCE+00 Concrete
it 3 2.402+00 0.00E+00 Concrete
' i 4 Z.40E+0CG 0.00E+0C Concrete
1 S Z.40E+QC 0.00E+00 Concrete
1 3 2.40E+0G ©.00E+Q0 Concrete



Ci\Program Fiies\RESRAD Famiiy\BUILD\Flum Brook 75th KELSMEARMIX.Dbid

======== Byilding Information ===s=c==

Building Air Exchange Rate: €.00E-01 1/hr

Heignt {m] Rir Exchanges [m3/hr]

Arez [mZ?)

P R A L R R T

» .
B .
. <=QG1l: 1.80E+02

Hl: 3.000 * Room 1 M Q10 : 1.80E+02
* LEMBDA: §.00E-01 A *

Area 75.000 * *

- .

R R L R T R Ry

‘ Deposition velocity: 2.70E-06 {m/s] Resuspension Rzte: 1.40E-0%5 (1/s]
\./




~BUILL Dose Frogram Qurpri, Versi

Plumbrook Duplicate

C:\Program Fi}es\RESRED Family\BUILD\Plum Brook 75th BLSMEARMIX.bid

se=sss==  Source Informgtion ss==s====

Source: 1

Location:: FRoom : 1 X: 0.00 y: Z.56 == 1.50{m}
Geometry:: Type: Arez Arez:1.50E+01 [m?) Direction: x
Pzthwey

Direct Ingestion Rate: 4.0670E-D7 [i/hr)

Fraction released tc air: 7.000E-DZ

Removable fraction: 1.000E-01
Time to Remove: 5.270E+04 {dzv}
Contamination::
Nuclide Concentration Dose Conversion Factor (Librazry: FGR 132 Morbidity

ingestion Inhzlation Submersion
{pCi/m2] [mrem/pCi) [mrem/pcij jmrem/yr/
(pCi/m3)}
ED-154 1.000E-10 9.550E-06 2.860E~04 7.180E-03

‘[ ce: 2
\\_/* . ~ Locetion:: Reom : 1 x: 15.006 vy: .50 =z: 1.5%0m)

Geometry:: Type: Rreé 2rea:l.50E+01 (m2] Direction: x
Pathway
Direct Ingestion Rete: 4.070E~Q7 {1/hx)

Fraction released tec aix: 7.000E-02

Removakle fraction: 1.000E-01
Time tc Remove: 5.370E+0¢ {day]
Contamination::
Nuclide Concentration Dose Conversion Factor (Library: FGR 13 Mortidity

ingestion Inhalation Submersion
ipCi/m2) (mrem/pCi} [mrem/pCi} [mrem/yx/
‘ ipCi/m3})
1.000E-10 9.5502-06 2. 860E~04 7.180E~03




** RESRRD-SU

Title

54

o
X3
>
o)

w

zge:

Version 3.27 10/:3/0¢ 1Q:3

gmput File : C:\Progrem Files\RESRAD Family\BUILD\FPlum Erock 75th HLSMEARMIX.bld

Source: 3
Locatioq:: Room : 1 7.50 y: Q.00 =z: 1.500(m)
Geometry:: Type: Rrea Arez:¢.50E+01 {mZ¥} Direction: y
Fathway '
Direct Ingestion Rate: 4_070E-07 {1/hr}
Fraction relezsed to zir: 7.000E-02
Removable fraction: 1.000E-01
Time to Remove: 5.270E+0¢ f(day)
Contamination::
Nuyclide Concentration Dose Conversion Factor {(Librery: FGR 13 Morbidity

‘Ingestion  Inhalation Submersion
{pCi/m2} [mrem/pCi}] (mrem/pCi) [mrem/yr/
' (pCi/m3}}

EU-15¢ 1.000E-10 8.550E-06 Z.860E~0¢ 7.180E-03

Source: 4
Location:: Room : 1 @ 7.50 v: $.00 =z: 1.50(m]
Geometry:: Type: Area hrea:¢.50E+01 [m2) Direction: y
Pathway ::
Direct lngestion Rste: £.070E-07 [1/br)
Fraction released to air: 7.000E-02
Removable fraction: 1.000E-01
- Time to Remove: $.270E404 [dav)
Contaminaticn::
Nuclide Concentration che Conversion Factor (Library: FGR 13 Morbidity

Inhalation Submersion

[oCi/mZi {mrem/pCi} [mrem/pCi] {mrem/yr/

(oCi/m3}j

EU-15¢ 1.000E~10 9.550E-06 2.860E-0¢4 - 7.180E-03




** RESRRD-EUILD Dose Frogram Output,

Title : FPiombrock Duplicate

tocaticn:: Room : 1  x: 7.50 ¥ 2.50 =z: 0.00[m}
Geometry:: Type: Ares Rrea:7.50E+01 |mZl Direction: =
Pethway

Direct Ingestion Rate: 4.070E-07 [1/hr)

Fraction released te gir: 7.000E-02

Removable fraction: 1.0GCE-D1
Time to Remove: 5.270E+04 [day)

Contamingtion::

Nuclide Concentration Dose Conversion Factor {Library: FGR 13 Morbidity

ingestion Inhzlation 3Submersion
{pCi/mz) [mrem/pCi) {mrem/pCi) Imrem/yr/
(pCi/m3))

'

EU-15¢ §.000E-GZ 9.550E-0¢ Z.860E~04 = 7.180E-03

Cs-137 4.370E+01 5.000E-05 3.190E-05 3.190E-03
CS-13¢ 3.000E-02 7.330E-05 ¢.630E-05 8.860E-03
I-128 2.000E-02 2.760E-04 1.740E-04 4.450E-05
1.200E-01 7.140E-06 4.140E-04 9.010E-03 )
2.380E+00 Z.690E-05 2.190E-04 1.470E-02
3.000E-02 1.2180£-06 2.070E-0¢ &.560E-04
3.000E-02 1.150E-0% 7.660E-0€ 1.260E~-02
Z.000E-01 Z.090E-06 2.090E-06 Z.620E-08

7.50 w: .50 =@ 3.00{m}

Direction: z

Direct Ingestion Rate: 4, C70E-CTF i3/hir}

Removable fraction: 1.006E-C1

Time €O Remove: 5.270Z+0¢ [(dav]

Conteminztion

Nuclide Concentretion Dose {onversion Facter {Library: FGR 13 Morbpidity

Ingestion Inngiztion Submersion
Imrem/pCi! [mrem/pCi] imrem/vr/

(pCi/m3))

{pCi/mZ



10715/04 16:36:26 - Pege: R

. Files\RESRAD_Family\BUILD\Plum Brook 75th RLSMEARMIX.Dbld



BUZLD Dose P

vears
=== Essessment for Time: 1 ===
=== Time =0.00E+00 yr

Source: 1

2.50 =z 1.50 im)

Locstion:: Reom : 1 x:

rez:1.508+01 [mZ} Direction: x

o

Geometry:: Type: Area

Pathway ::

Direct Ingesiion Rate: 4,070E~07 [1/hr)
Fraction released to air: 7.000E-0Z
Rerovabie fraction: 1.000E-01
Time to Remove: 5.270E+0¢ "|day}
\\_’/ Cantamination:: Nuéljde Concentration
[pCi/m2}
EU-153% 1.000E-10
Sovrce: 2
Logation:: Reom : 1 %:  1&.00 y: .50 2 1.50 Imj}
Geometry: Type: Eres Ares:).50E+03 [mZ] Direction: x
Pathwasy
Direct ingestion Rate: 4. BTDE-RT |1/hr}

Fraction reieased to zir: 7.00CE-D2

Removzble fraction: 1.000E-01
Time toc Remove: 5.270E+04 iday!
Contamination:: Nvclide Concentration

EU-154 1.000E-10

\\_/



Source:

Source:

_C

Source:

ocram Output, Ve

flumbrook Duplicate

: Time: (.CO000C0DQ0E+OC yesr

rsion 3.%%

s

C:\Frogram Files\RESRAD_Femily\BUILD\Flum Erook 75th NLSMERRMIX.pld

]
Locetion:: Room : 1 x: 7.50 y: 0.00 = 1.50 [m})
Geometry:: Type: Area Arez:4.50E+01 [mZ} Direction: v
Fathway
Direct Ingestion Rateé: 4.670E-07 [1/pr)
fraction released to air: 7.00Q0E-02
Removable fraction: 1.000E-01
Time to Remove: 5.270E+04 {day]
Contamination:: Nuclide Concentration
[pCi/m2}
EU-154 1.CO0E-10
4

Location:: Room

Geometry:: Type: Arez

1 ox: 3.80 vz 5.00 z:  1.50 [m}

Arez:4.50E+01 [mZ] Direction: y

Pathway ::
Direct Ingestion Rate: 4.070E-07 {1/hrf
Fractior released to air: 7.000E-02
Remeovable fraction: 1.000E~01
Time to Remove: 5.270E+04 [day}

Loptaminstion::

5

Locztion:: Room :

Geometry:: Type: Arez

Pzthway ::

Huclide Concentration
(pCi/m2}
EU-154 1.2008-10

1 ous 7.5 y: 2.50 =: 0.00 [m]

Direct Ingestion Rate: ¢.070E-07 [1/hr})
Fraction relezsed to air: 7.0008-02
Removable fraction: 1.000E-01
Time to Remove: £.Z70E+04 [day}
Conteminztion:: Hoclide Concentration
ipCi/m2}
EU-154 g.000E~0Z
£5-137 4.370E+02



** RESRRI-FUILD Dose

\\\_// Title : Plumbrock Duplicete

£S~134 3.000E~-0%
1-12% 2.000E-02
NB-84 1.2905-01
co-60 2.380E+060
co-57 2, 000E-02
NA-2Z 3.000E-G2
c-14 2.000E-01
Scurcs: &
Locstion:: Room : 1 T.50 vr 2.50 1z 3.00 (m}

Geometry:: Tvpe: Area Arez:7.5CE+01 (m2)} Direction: =z

Fathway ::

Direct Ingestion Rate: 4,070E-07 {1/hzx}
Fraction relezsed to air: 7.000E-02
Removable fraction: 1.000E-01
Time to Remove: 5.270E+04 {dav]
Contamination:: Nuclide Concentration
[pCi/m2)
EU-154 1.000E-10




7TSth HLSMERRMIX.Dblid

gticn Time: 0.0COQODOGOE+00  veers

s RESRAD~BUILDDose Tables ===
=== m=e

Source Contributions to Receptor Doses

{mrem}

Source Source Source Source Source Source Total
1 2 2 4 5 6
Receptor 1 1.29E-16 1.29E-1€ 1.8BE-15 1.88E~15 2.00E-04 3.09E-15 3.00E-04

Total 1.29E-16 1.29E-36 1.88E-15 1.8BE-1% 3.00E~-04 3.08E-15 3.00E-0¢

C




2% 10/18/0¢ 10:36:26 Psge: 12 v~

Source: 1
Receptor
1

Total

Source: I
Receptor
1
Total

Sovrce: 3
Receptor
1

Total

Source: ¢

Receptor

o

Source: 5
Receptcr
1
Total

Source: €
Recepior
1

Toteal

External
.28E-16
.28E-16

[

Externazl
1.28E-16
1.28E-16

External
1.88E-15
1.8BE-15

External

-

o
o
@
1]
|
o

External
2.84E-04

2.8¢E-C4

Externzl
3.08E-15
3.0%E-1%

athway Detail of Doses

imrem)
Deposition Immersion Inhalation
4.5%E-25 €.52E-I3 4.16E-2
4.55E-25 £.52E-22 4.16E-20
Deposition Immexsion Iphalation
¢.55£-25 8.52E~23 4.16E-20

4.55E-25

Deposition
1.36E~24
1.36E-24

Deposition
i.36E-24

GE-74

Depesition
1.26E-13

1.26E-1

4o
(W)

©.52E-23

Immersion
2.56E-22

2.56E-22

Immersion
.56E-22

Z.26E-27

¢.2

3
4.26E-22

4.1€E-20

Inhalation*
1.25E~19
1.25E~19

Inhzlation

Inhalation
1.47E-D8
1.47E-08

Inhzlation
Z.0BE~19
2.08E-19

Radon
0.C0E+00
0.Q0E+0Q

Radon
Q. 00E+00C
0.00E+00Q

Radon
0.00E+00
0.00E+00

Radon
0.00E+Q0
0. 00E+00C

Radon
0.00E+Q0
0.002+00

Radon
0.00E+00
G.00E+00

Ingestion
1.31E-18
1.31E-18

Ingestion
1.31E~18
1.31E-18

Ingestion
3.92E-18
3.92E-18

Ingestion
3.92E-18

3.92E-18

Ingestion
1.59E-0D5
1.59£-05

Ingestion

Q



Spurce: 1

Wuclide Receptor
1
EU-154
EU~15% 1.29E-i6

Source: 2
Nucliicde Receptor
1

EU-15¢
EU~-154 1.29E~16

Nuclide Receptor

Source: 4

Nuciide Detzil of Doses

[mrem]

Total

Total

1.29E-16

Total



N Title : Plumbrook Duplicarte
ogram Files\RESRAD Fe

Input File

C:\Pr.

“Pr

Source: 5

Ruclide

EU-154
EU-154
cs-137
€$-137
€s5-134
Cs~134
1-129
1-129
NE-9¢
NB-94
Co-60
7 co-60
CO-57
€o-57
NR-22
NA-22
c-12
c-14

Receptor

-

[N

1

.Q9E-06

43E-04

82E-07

.87E-08

.T6E-06

.98E-05

;. 15E-0%

.31E-07

.0ZE-08

¢.000000Q00E400

&

4

1

q

2

5

3

Total

.09E-08

.87E-08

L16E-06

98E-0&

.15E-08

.31E-07

.QZE-09

75th KLSMERRMIX.bic
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*¥ RESRAD-BUILD Dose Program Quipvt, Version

\—/ Title : Flumbrook Dublicate

== pu—.
— RESRRD-BUILD Dose (Time) Tables R

Receptor Dose Received for the Exposure Duration

{mrem}

Evaluztion Time [vr)

0.00E+00

1 3.00E-04

Receptor Dose/Yr Averaged Over Exposure Duration

(. : (mrem/yr)
S— -

Evzluation Time [yr)

0.00E+00

1 3.00E-04




** RESRAD-BUILD TDose Program Ouiput, Version

N~ Title : Flumbrook Duplicate

.22 10/16/04 10:24:18 Page: 1 **

input File : C:\Progrsm Files\RESRAD family\BUILD\Plum Brook H-3 HLSMEARMIX.bld

a— ===
' === RESRAD-BUILD Table of Contents ===
i -
RESRAD-BUILD Input Pzrameters............ ?
Building Information..................... 3
Source Informaticn.........c...oeiiinonnn 4
For time = 0.00E+00 yr
Time Specific FPzrameters.............. 7
Receptor-Source Dose Summary.......... 10
Dose by Pathway Detail................ 11
Dose by Nuclide Detail................ 1z
Full SURMBIY. - ..ttt ittt i e 14




v RESRED-BUILD Tese Program Ouipul, Versi

N Titie : Flumbrook Duplicate

=== RESRAD-BUILD Input Farameters ===

Number of Souvrces - 6

Number of‘Receptorsz 1 )
Total Time 1 3.652500E+02 days
Frzction Inside :  2.670000E-01

Receptor Informztion =ses==se==

Receptor Room b3 v : FracTime inhalation ingestion (Dust)
{m) [m} [m} [m3/day] [m2/hr)
1 1 7.500 2.500 1.000 1.000 3.36E+02 0.00E+00

=== Receptor-Source Shielding Relationship ===

Receptor Source Thickness Materizl

fem)
1 1 2.40E+00 0.00E+00 Concrete
i z 2.40E+00 0Q.00E+0C Concrete
1 3 2.40E+00 ©0.008+00 Concrete
1 4 2.40E+00 O0.00E+00 Concrete
1 5 2.408+00 D.00E+060 Concrete
1 [3 Z.40E+00 D.00E+0C Concrete




se====== Building Information =a======

Buiiding Air Exchange Rate: §.00E-01 1/hr

Heicht [m} Air Exzchanges [m3/nr)
rree (mZ]

R R R R R R T R R T R

- .

* <=Q01: 1.80E+02
H1: 3.000 * Room 1 * Q10 : 1.80EX02
* LAMBDA: 6.0CE-01 *
Arez 75.000 . M

“ *

R R L AT T T Y

( Deposition velocity: 2.70E~06 {m/s] Resuspension Rate: 1.40E-05 (1/s)
S




8]

*¥ RESRAD-B Version 3.2% 10/18/04 10:24:18 Pezge: [
\__ Title : Plumbrock Duplicete

i}es\RESRAD_Family\BUILD\Flum Ercok H-3 HLSMERRMIX.blo

—
)

bl
&
t
m
o
ot
@
3]
-
il
"
Q

Ps
"
o
E]
-

sx=a====  Sourceé Information s=s==u=s=

Source: 1

iocation:: Room : 1 x: 0.0C y: 2.50 =z: 1.50({m)
Geometry:: Type: Area Ares:1.50E+01 [mZ}] Direction: x

Pathway ::
Direct Ingestion Kkate: 4,070E-07 {i/hr}

Fraction released to air: 1.000E+00

Removable fraction: 1.000E-01
Time tc Remove: 1.820E+04 f{dey)
Conteminstion::
Ruclide Concentration Dose Conversion Factor (Library: FGR 13 Morbidity

Ingestion Inhalation Submersion

[pCi/m2} [mrem/pCi) {mrem/pCi) [mrem/yr/
{(pCi/m3)) )
H-3 1.000E~10 6.400E-08 €.400E-08 {0.000E+DD

T 1.50{m]}

3
0
®
[S)
-
]
=
o
By
)
&
=]

Locetion:: Room : 1 x:
Geometry:: Type: Rrea Rrez:1.50E+401 {mZ)] Direction: x
Fathway

Direct Ingestion Rate: 4.070E-0G7 [1/hx}

Fraction released tec gir: 1.000E+00

Remcvsdle fraction: 1.000E-01
Time (O Remove: 1.820E+04 (dav}
Conteminstion::
Nuclide Concentrztien Dose Conversien Factor {Library: FGR 13 Morbidity

Iingestion Inhalation Submersion

{pCi/m2} (mrem/pCi} [mrem/pCi} I[mrem/yr/
tpCi/m3)]
k-2 1.00D0E-10 §.¢00E~08 €.4002-038 4.000E8+00




*r RESRAD-BUILD Dose Frogrewm Ovtput, Version 3.22 10/18/04 10:24:18 Page: 3

\._~ Title : Flumprook Duplicate
Input File : C:\Program Files\RESRAL Family\BUILD\Plum Brook E-3 BLSMEARRMIX.blc

Source: 3

-
2

Locetion:: Room : ' 7.50 y: C.006 =z: 1.50({m]
Geometry:: Type: Area krez:4¢.50E+01 [m2] Direction: y
Pathway ::

Direct Ingestion Rate: £.070E-07 [1/hr)

Fraction relessed to asir: 1.000E+C0

Removable fraction: 1.G00E-01

Time to Remove: 1.820E+04 [day}

Contamination::

Nuclide Concentration Dose Conversion Factor {Library: FGR 13 Morbidity

Ingestion Tnhzlation Submersion

{pCi/mz} {mrem/pCi] (mrem/pCi) [mrem/yx/
{pCi/m3)}
E-3 1.600E-1C 6.40G0E-08 6.400E-0F C.0Q0E+00
Source: ¢
Location:: Room : 1 x: 7.50 y: 5.00 =z: 1.50{m})
Geometry:: Type: Arez Area:4.50E+01 {m2] Direction: y
Pathway ::
Direct Ingestion Rate: 4.070E-07 {i/hr)

Fraction relezsed to air: 1.000E+00

Removsble fraction: 1.000E-01
Time to Remove: 1.820E+04 [day]
Contaminestion::
Nuciide Concentrztion Dose Conversion Factor {(Library: FGR 12 Morkidity

Ingestion Inhelsticn Submersion

|pCa/m2) {mrem/pCi} {mrem/pCi} |mrem/yr/
(pCi/m3}]
E-3 1.000E-30 £.40CE-08 6.4002-08 G.02OOE+DD



RESRAC-BUILD Lose Erogram Output,

\\_,/’ Title : Fiumbrook Duplicate
Files\RESRAD_Family\BUILD\Plum Brook H-3 HLSMEARMIX.bld

File : C:\Program

Source: 5

Lecation:: Room @ 1 x: 7.50 y: .50 =: 0.00([m}
Geometry :: Type: Arez BArez:7.50E+01 [m21 Direction: 2z
Pathway ::
Direct Ingestion Rate: 4.070£-07 {1/kx]
Frazciion relezsed to 1.000E+00
Removable fraction: 1.000E-01
Time tc Remove: 1.8Z0E+0¢ [day)
Contamingtion::
Nuclide Concentration Dose Conversion Factor (Library: FGR 13 Meorbidity
Ingestion Inhalation Submersion
{pCi/m2) [mrem/pCi} (mrem/pCi) [mrem/yx/
{pCi/m3))
B-32 Z90E+00 6.200E~08 6.400E-08 0.000E+00

Source: 6

Location:: FRoom @ 1 x: 7.50 y: 2.50 z: 3.00[m]
Geometry:: Type: Rrea Area:7.50E+01 {m2] [Direction: :z
r Pathwawv ::
'\/ ] Direct Ingestion Rate: 4,070E-07 [1/hr]

Frzction released to sir: 1.000E+00
.000E-01
.820E+Q4 {day]

—

Removable fraction:

—

Time to Remove:

Qontaminetion::
- Nuclice Concentration Dose Conversion factor (Library: FGR 13 Merbl
‘ingestion  Inhaletion Submersion
[pCi/m2) Imrem/pCij  imrem/pCil Imrem/vr/
{(pCi/m3))
k-3 1.000E-1C  6.400E-0O8 €.400E-08  0.0C0E+CO



** RESRRD-BUILDT Dose Program Qutput, Yersion 3.227 10/18/04 10:24:18 Page: T
Title : Flumbrook Duplicate . . ) A

Input File : C:\Program Files\RESRAD Femily\BUILD\Flum Brook H~-3 HLSMEARMIX.bld
uvetion Time: O.0000C000E+0D years

=== Assessment for Time: 1 biaind

=== Time =0.00E+00 yr =—

se=ss=ac Source Information w=s=xsm===

Source: 1

Location:: Room : 1 x: 0.00 y: 2.50 =z: 1.50 {m}

Geometry:: Type: Area Arez:1.50E+01 [m2) Direction: x
Fathway ::
Direct Ingestion Rate: 4.Q70E-07 (1/hr)

Fraction released to air: 1.000E+D0

Removable fraction: 1.000E-01
Time to Remove: 1.B20E+04- [day]
( Contamination:: Nuclide Concentration
{pCi/m2)
H-3 1.000E-10
Source: 2 )
Lecation:: Room : 1 x: 15.00 y: 2.50 =z: 1.50 (m}
Geometry:: Type: hres Area:1.50E+01 [m2] Direction: x
Pathwey ::
Direct Ingestion Rate: 4.070E~07 (1/hr)

Fraction released to air: 1.000E+00
-000E-01

-

Removable fraction:

-

Time to Remove: .820E+04 [day]

Centamination:: Nuclide Concentration
{pCi/mZ]
E-3 1.000E-10



++ RESRBD-BUILD Dose Fregram Ovtput, Version 3.22 10/18/04 10:24:18 . Page:

o0
*
»

Flumbrock Duplicat
File : C:\Program Files\RESRAD_Family\BUILD\Flum Erook H-3 HLSMEARMIY.pid

ation Time: ©.00000000E+0C vears

Source: 3
Locatioﬁ:: Room : 1 «x: 7.50 v: ¢.060 2= 1.50 [m]
Geometry:: Type: Area Area:4.50E+01 [m2] Direction: y
Pathway
Direct Ingestion Rate: 4.070E-07 {1/hr]
Frzction released tc air: 1.0G0E+GO
Removable fraction: 1.000E~01
Time o Remove: 1.820E+04 {[day]
Contamination:: Nuclide Concentrztion
) {pCi/m?}
E~3 1.000E-10
Scurce: 4
Location:: §oom FE S 54 7.50 v: 5.00 z: 1.50 (m)
Geometry:: Type: Area Rrea:4.50E+01 {m2) Direction: ¥

Pathway ::

Direct Ingestion Rate: 4.070E~07 (1/hr} .
r Fraction released to air: 1,000E+0b ’
\\_’/ o Remcvable fraction: 1.000E-01
Time to Remove: 1.8B20E+04 !dgy)
Contamination:: Nuclide Concentretion
{pCi/mz}
H-3 " 1.000E-10
Source: S
Locetion:: Room : 1 x: 7.50 y: 2.50 z: ©.00 (m)
Geometry.: Type: Area Area2:7.50E+01 {m2] Direction:
Fathway ::
Direct Ingestion Rete: 4.070E-D7 11/hr)
Fraction releassed to 2ir: 1.000E+0
Removable fraction: 1.00CE-01
Time 10 Remcve: 1,820E+04 [dayl
Contamination:: Nuclide Concentrztion

{pCi/m2}

' H-3 8.220E+00
. ’



flumbrock Duplicate

File : C:\Frogram FileS\RESRAD_Family\BUILD\Fium Srook H-3 HLSMERRMIX.bld
tion Time 0.00000000;+00 years
Source: 6
Location;: Room @ 1 x: 7.50 y: 2.50 =z 3.00 fm)
Geometry:: Type: Arez Area:?.50E+01 [m2)] Direction: 2
Pathway ::
Direct Ingestion Rate: 4.070E-07 {1/kr}
Fraction released to air: 1.000E+00
Removzble fraction: 1.000E-01
Time tc Remove: 1.6208+0¢ {day]

Contamination:: Nuclide

H-3

Concentraztion
{pCi/mz)
1.000E-10



iG/16/04 1G:24:38 . Page: IG 4

W

v CivFrogram Files\RESRAL Family\BUILD\Plum Brook H-3 HLSMEARMIZ.blg

gtion Time: O0.00000000E+0C yeers

=== RESRAD-BUILDDose Takles ===

Source Contributions to Receptor Deses

{mzem]

Source Source Source Source Source Source Total
2 3 4 5 [

1
Receptor 1 9.39E-21 9.39E-2) Z.B2E-20 2.B2E-20 3.89E-09 4.59E-20 3.BSE-09
Total 8.39E~21 9.39E-21 2.62E-Z0 2.82ZE-20 3.69E-0G9 ¢.69E-20 35.89E-09

-



~—

Source: 1
Receptor
1

Total

Source: 2
Receptor

4

Total

Source: 3

Receptor

1
-
¥ ¢

Receptor

Source: &

Recerptor

tion Time:

C:\Program Tilss\R

Externsl
0.00E+GD
0.00E+Q0

Externzal
0.00E+Q0
0. 00E+0Q0

External
0.00E+00
0.00E+0D

Externzl

5.00E400

5. 00E+00

Externzl
0. 00E+00

0.00E+00

External
0.002+00

0.00E+00

\ ** RESRAL-BUILD Dose Frogram Cutpul, Version 3.2

Title : Plumorook Uuplicete

G.0000CG00DE+0C  yeaxs

Fathwey Detail of Toses

[mrem)

Deposition Immersion
0.00E+00 0. 00E+00
0.00E+00 0. 00E+00

Deposition Immersion
0¢.00E+00 0.00E+00
0.00E+0D0 ¢.00E+00

Deposition Inmersion
0.00E+00 0.00E+00
0.00E+00 0.00E+00

Deposition Immersich
Q. 00E+GC . ODE+0C

2.90E-00 oL QGz+00

Deposition Immersion
0. LOE+00 . 00E+00

0. 00E+00 3.00E+00

Depositior Immersion
0.00E+GO 0.00E-00
0.00E+00  G.00QE+0C

Inhsletion
5.84E-22

S.B¢E~2Z

Inhalation
1.75E-21

1.78E-22

Inhalaticn

~10

T
t

£.42E~20

~
=3

Radon

0.00E+G0

C.00E+00

Radon
C.00E+00
0. O0E+00

Radon
0.00E+00
0.00E+0D

Radon
0.00E+00
. D0OE+CO

ESEAD Familv\BUILDV\Pium Brock H~3 HLSMEARMIX.bio

Ingestion
5.80E-21

'8.80E~21

Ingestion
B.80E-21
8.80B-21

Ingestion
2.64E-20
Z.64E-20

Ingestion
2.64E-20

2.64E-20

Ingestion
Z.65E~09

3.65E~09



5. 10/36/0¢ 1012

++ RESRAD-BUILD Dose Frogram Jutput, Wersion 3.
, .
N~ Title : Piumbrock Duplicate
Files\RESRAD_Family\BUILD\?lum Erook H-2 HLSMEARMIY.bld

<t File : C:\Program

.ation Time: 0.0C00CO00E+0D  years

Nuclide Detail of Doses

{mrem)

Source: 1

Nuclide Receptor Total

b

k-3

source: 2

Nuclide Receptor Total

H-3 9.39E-21 8.3%E-21

(
N

Nuclide Receptor Totzl

K-3 2.82E-20 2.8ZE-20




*3 RESRAD-BUILD Dose Program Output, Version .77 18/18/04

\

S’

Title : Plumbrook Dupiicste

 File : C:\Frogrsm £iles\RESRAD Tamily\BUILD\Pium Brook E-3 ELSMERRMIX.bld

x
ation Time: 0.00000000E+0C vears

Source: 5

Nuclide Receptor  Total

Source: &

Nvclide Receptor Totzl
1

H-3 4.69E-20 4.6%E-I0




N

** RES

Title :

RAD-BUILD Dose Frogram Quipttl, Version 3.22 16/18/0¢ 1iG:
Flumbrook Dupl'icate
File : C:\Progrzm Files\RESRAD Family\BUILD\Plum Brook E-3 ELSMEARMIX.bld

Lo Qi

Summary

ma= R
=== RESRAD-BUILD Dose (Time) Tables =
==e ==

Receptor Dose Received for the Exposure Duration

{mrem)

Evezluation Time [vr] .

0.00E+00

3.89e-09

Receptor Dose/Yr Averaged Over Exposure Durstion

(mrem/yr}

Evaluztion Time (yr]

0.00E+00

3.8%E-09



v

RESRAD, Versiorn £.21 T Limit = 0.5 year | 10/25/2004 09:40 Page
\_/ Summary : RESRAD Defzult Parameters
File : Plumbrook Subsurface Modified HLSMEARMIX.RAD

Teble of Contents

Part I: Mivture Sums and Single Redionuciide Guidelines

Dose Conversion Factor (and Related) Parameter Summary ... 2
Site-Specific Parametey SUMMBIY ...« iiirueononnatnannnnn 10
Summary of Pathway S€leCtions .............eieiniiiunnennnn 20
Contaminated Zone and Total Dose Summary ................. 21
Total Dose Components .
Time = 0.000E+00 .ottt aiiia e it 22
Time = 1.000B400 ...t i e i eas e 24
Time = 3.000E+00 ... ...ttt i e et 26
Time = 1.000E+01 ...ttt ittt cee i iaans 28
Time = 3.000E+01 .. ..ttt e c i 30
Time = 1.000B+0Z ... ..t it et ianianann 32
Time = 3.000E+02 . .. . ... i i 34
Time = 1.000E+03 . ... e e 36
Dose/Scurce Ratics Summed Over All Pathways .............. 3%
Single Radionuclide Scil Guidelines ... ... ..ol 40
Dose Per Nuclide Summed Over R11 Pathwayvs ... ............ 42
Seil Concentraticn Per Nuclide . ..... ... .. . e, 45
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ay
[
Q
M
[N

tor {agnd Relatedj Parameter Summary

bose Conversion Fac e
File: FGR 13 Morbidity

9
Q
v
w
w m

| | Current | | Pparameter
Menu | Parameter |  Vslue | Default | Name
} } } -+
-1 | Dose conversion factors for inhzlation, mrem/pCi: | | |
B-1 | AC-227+D | .720E+00 | 6.720E+00 | DCF2( %
| Am-251 | 4.440E-01 | ¢.4¢40E-01 | DCF2( 2}
B-1 | Am-243+D | 4.400E-C1 | 4.400E-01 | DCF2( 3}
B-1 | C-14 | 2.090E-06 | 2z.090E~06 | DCF2( 4)
B-1 | Cm-243 | 2.070E~01 | 2.070E-01 | DCFZ{ 5}
B-1 | Co-60 | 2.190E-04 ] z.190E-04 | DCFZ{ 7;
B-1 | Cs-13¢ | 4.630E-05 | 4.630E-05 | DCF2{ &}
B-1 | Cs-137+D | 3.190E-05 | 3.190E-05 | DCF2{ ©)
B-1 | Eu-152 | 2.210E-04 | 2.210E-04 | DCF2{10)
B-1 | Eu-15¢ | 2.660E-04 | 2.860E-04 | DCF2(12)
B-1 | Eu-155 | 4.140E-05 | ¢.140E-05 | DCF2(13)
B-1 | Fe-55 | 2.690E-06 | 2.690E-06 | DCF2(14)
B-1 | Gg-152 | 2.430E-G1 | 2.430E-01 | DCF2(1%}
B-1 | H-3 . | 6.4002-08 | 6.400E-06 | DCF2(1§)
B-1 | I-129 | 1.740E-0¢ | 1.740E-04 | DCF2(17)
B-1 | Na-22 | 7.660E-06 | 7.660E-06 | DCF2{18)
B-1 | Nb-94 | 4.140E-04 | 4.140E-04 | DCF2{19)
| Ni-59 | 2.700E-06 | 2.700E-06 | DCF2(20)
Ni-63 | €.290E-06 | 6.290E-06 | DCFZ2(21)
| Hp-Z37+D ’ | 5.400E-01 | 5.400E-01 | DCF2(22)
| ’ ! 1.280E+00 | 1.280E+00 | DCF2(23)
| | 2.320E-02 | 2.320E-GZ | DCF2(24¢j
| ] 3.%20E-01 | 3.920E-01 | DCFZ(25;
| | 4.290E-0: | 4.2%0E-Q1 | DCF2(26
| | #.250E-G3 | %.25CE-03 | DCF2(27)
] | 4.110E~01 | ¢.110E-01 | DCFZ (29}
| | &.6COE-C3 | 5.600E-03 | DCFZi30)
| | 5.080E-03 | S.C80E-03 | DCFZ (31}
B-1 | Sr-e4+p | 1.310E-03 | 1.310B-03 | DCF2(32)
B-1 | Tc-9% | 8.330E-06 | 2.330E-06 | DCE2(33}
B-1 | Th-228+D | 3.450E-01 | 3.¢50E-01 | DCF2(3¢}
B-1 | Th-22%+D | 2.160E+00 | 2.1602+00 | DCF2i{35;
B-1 | Th-230 | 3.260E-01 | 3.2605-01 | DCFZ(36)
B-1 | Th-232 [ 1.640E+0Q | 1.64GE+0C | DCF2(37
B-1 | | 1.350E-01 | 1.3%0E-01 | DCFZ{3B)
B-1 | | 1.320E-C) | 1.320E-Q1 | DCF2{3¢
B-1 | U | 1.230E-0G1 [ 1.230E-01 | DCFZ(40;
B-1 | U-236 | 1.250E-01 [ 1.250E-0% | DCFZ({41)
B-1 | U-238+D ] 1.180E-0) | 1.180E-01 | DCF2(42)
! ] I !
! | I }
| | 1.480E-02 | 1.480E-G2 | DCF3{ 1}
i | 3.640E-03 | 2.640E-C3 | DCEA( 2}
| 3.630E-03 | 3.630E-G3 | DCF3(-3)
| 2.090E-06 | 2.090E-06 | DCF3( &)
| 2.510E-03 | 2.510E-03 | DCF3{ %)
| 2.690E-GS | 2.690E-05 | DCF3{ 7)
] 7.330E-05 | 7.330E-0S |
! | f
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-3¢ | c-14 , milk/livestock-intake ratic, (pCi/L)/(pCi/sg)

| | Current | | Parameter
Menu | Parameter | Value | Defauit | Name
— } ! }
D-1 | Eu-152 | 6.480E-06 | 6.450E-06 | DCFY(10}
p-1 | Eu-154 | ©.35CE-06 | 9.550E-0D6 | DCF31{12)
D-1 | Eu-155 } 31.530E-06 | 1.%30E-06 | DCF3(13)
D-1 | Fe-5% | 6.070E-07 | 6.070E-07 | DCF3(14)
D-1 | Gg-152 | 1.610E-04 | 1.610E~04 | DCF3(15)
D-1 | B-3 | 6.400E-08 | 6.400E-08 | OCF3(16)
-1 | 1-129 | 2.760E-04 | 2.760E-04 | DCF3(17)
D-1 | Na-22 } 1.150E-05 | 1.150E-035 | DCF3(18)
D-1 | Np-9¢ | 7.140E-06 | 7.140E-06 | DCF3(19)
-1 | Ni-59 | 2.100E-07 | 2.100E-07 | DCF3{20)
D-1 | Ni-§3 | 5.770E-G7 | 5.770E~07 | DCF3!21
D-1 | Np-237+4D | 4.440E-03 | 4.240E-03 | DCF3(22)
| Pa-231 | 1.060E-02 | 1.060E-02 | DCF3:23)
| Pb-210+D | 7.270E-03 | 7.270E-03 | DCF3{22)
| Pu-23% | 3.200E-03 | 2.200E-03 | DCF3(25}
| Pu-239 | 3.540E-03 | 3.540E-03 | DCF3(26}
| Pu-241+D | 6.850E-05 | 6.850E-0%5 | DCF3{27)
| pu-z62 | 3.360E-03 | 3.360E-03 | DCF3{29
| Ra-226+D | 1.330E-03 -] 1.330E-03 | DCF3(30
| 1.440E-03 | 1.440E-03 | DCF3(31)
] 1.530E~64 | 1.530E-04 | DCF3(32)
D-1 | 1.46GE-06 | 1.460E-06 | DCF3(33)
D-1 | 8.080E-04 | 3.080E-04 | DCF3(34)
D-1 | 4.030E-03 | ¢.030E-03 | DCF3(35)
p-2 | 5.280E-04 | 5.480E-04 | DCF3(36)
D-1 } 2.73CE-C3 | 2.730E-02 | DCF3(3%)
L-1 | 2.8%0E-04 | 2.590E-04 | DCF3(28)
p-1 | 2.8308-04 | 2.%30E-04 | DCF3{3¢}
o-1 | 2.6705-04 | 2.6708-04 | DCF3{2D)
D-1 | 2.€%0E-C4 | 2.69GE-04 | DCF3(41)
D-1 | 2.6%0E-Ga | 2.690E-0¢ | DCF3142}
! ! !
D-3¢ Food transfer factors | |
D-34 plant/scil concentrztion ratio, dimensionless | 2.500E-03 | z.500E-03 | RTF( 1,1}
B-3¢ = ipCi/kg)/ (pCi/d) | 2.0C0E~65 | 2.000E-0S | RTF{ 1,2}
D-34 ipCi/L) / (pCi/d) | 2.000E~05 | 2.000E-93 | RTF( 1,3}
Y ! ! I
D-34 plant/scil comcentration retio, dimensionless | 1.000E-03 | :1.000E-03 | RTF( Z,1)
0-3¢ peef/livestock~intzke rztic, (pCi/kgl/ipCisd; | é.GOOE-GS | 5.000E-05 | RTF({ 2,2}
0-34 milk/livestock-inteke ratis, (pCi/L)/(pCi/d) , | 2.000E-06 | 2.000E-0€ | RTF( Z,3)
2-34 | | !
3-34 plant/soil concentrzrion ratio, dimensionless ! 1.000E-03 | 1.0G0E-03 | RTEF( 3,1}
)-34 beef/livestock-intake ratic, (pCi/ke)/(pCi/d} | 5.000E-0% | 5.G00E-05 | RTF{ 3,2)
J=-34 milk/livestock~intake retios, {pCi/L)/(pCi/d) | 2.060E-0€6 | Z.000E-06 | RTF( 3,3}
I | |
o-14 , plant/soil concentraztion rztio, <dimensionless | 5.50G0E+00 | 3.500E+0C | RTF{ 4,1)
] c-14 , beef/livesteock-intsxe ratic, ipfi/kg)/{pCi/d) | 3.100E-02 | 2.100E-02 | RTF¢ ¢,2)
| 2.200E-02 | 1.200E-02 | RTF{ 4,3}
I I |
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| | Current | | Paremeter
Menu | Parameter | Value [ Default | Name

—— - + |
D-34 | Cm-2¢3 , Dlant/soil concentration ratio, dimensionless 1.000E-03 | 1.000E-03 | RIF( 5,1)
D-34 Cm-243 , beef/livestock-intazke ratio, (pCi/kg}/(pCi/d) 2.000E-05 | Z.0DOOE-0S5 | RTE{ 5,2)
D-34¢ Cm-243 , milk/livestock-intake ratio, (pCi/L)/(pCird) 2.000E-06 [_2.000E—06 | RTE( 5,3)

-3¢ | |
D-3§ Co-6C , plant/soil concentration retic, dimensionless 8.000E-52 | 3.Q00E-02 | RTF{ 7,1)
D-34 Co-6C , beef/livesteck-intake ratic, ({(pCi/kg)/(pCi/d} 2.000E-02 | 2.000E-02 | RTF({ 7,2)
D-34 Ce-60 , milk/livestock-intake ratio, (pCi/L}/(pCi/d}) 2.000E-03 | Z.00CE-03 | RTF( 7,3)

D-34 ’ i |
D-34 Cs-134 , plant/scil concentration ratic, dimensionless 4.000E-02 | 4.000E-0Z | RTF{ 5,1)
D-34 Cs~134 , beef/livestock-intake retio, {pCi/kg)/(pCi/d) 3.000E-02 | 3.000E-02 | RTF{ 3,2)
D-34 £s-13¢ , milk/livestock-intake ratic, {(pCi/l}/(pCi/d) 8.000E-03 | 2.000E-03 | RTF{ 8,3)

D-34 { ]
D-34 Cs-1374+D , plant/soil concentration retic, dimensionless 4.000E-02 | 4.0G0E-02 | RTF( 8,1}
D-34 Cs-137+D , beef/livestock-~intake ratio, (pCi/kg)/(pCi/d) 3.000E-02 | 3.000E-02 | RTF{ 9,2)
D-34 Cs-137+D , milk/livestock-intake ratic, (pCi/Ll)/(pCi/d} 5.000E-03 | 8.000E-03 | RTF( 9,3)

D-3¢ ’ ' | o
D-34 | Eu-152 , plant/soil concentration ratic, dimensiorless 2.500BE-03 | 2.500E-03 | RTF(10,1)
D-34¢ Eu-152 , beef/livestock~intake ratio, (pCi/kg)}/|pCi/d) 2.000E-03 | 2.000E-03 | RTF(10,2}
D-34 Eu-152 , milk/livestock~intake ratic, {pCi/L)/{pCi/d) 2.000E-05 | 2.000E-05 | RTF({10,3)

D-34 | |
: Eu-154 , plant/soil concentrztion ratio, dimensionless 2.500B-03 | 2.500E-02 | RTF(12,1)
Lo Eu-154 , beef/livestock~intake ratie, (pCi/kgi/{pCi/d) 2.000E-03 | 2.000E-03 | RTF(12,2)
D-34 Eu-154 , milk/livestock-intake ratio, (pCi/Lj/(pCi/d) 2.000E-05 | 2.000E-05 | RTF(1Z,3)

D-3¢ 1 |
D-3¢ Ep~-155 . plent/soil concentration ratio, dimensionless 2.500E-03 | 2.500E-03 | RTF(13,1)
D-34 Eu-155 , beef/livestock-intalke rstio, (pCi/kg)/(pCiyd) 2.000E-03 | 2.000E-03 | RTF(13,2)
3 , milt/livestock-intake ratic, (pCi/fL)/(pCi/d) 2.000E-05 | Z.DO0E-0S | RTF(13,3)

3 ! |

f !

| |

| |

| I

| |

J ]

i |

I |

! I

| [

| !

i f

J |

I I

! !

! |

[ [

! |

| f

| I

plaznt/scil concentrzticn rztio, dimensionless
beef/livestock-intake ratic, (pCi/ke)/(pCi/d)
milk/livestock-intske ratic, (pCi/L)/({pCi/d}

plent/soil concentrstion ratic, dimensionless
peef/livestock-intake ratic, (pCilkg)/ipCi/ad)

milk/livestock-intake ratio, (pCi/L)/{pCi/d)

beef/livestock

milk/livestoci-

plant/scil concentraticon ratio, dimensionless
beef/livestock-intake ratie, {pCi/kg}/(pCi/d)

miik/livestock-intake ratio, (pCi/l)/(pCi/d)

plant/soil concentrstion ratio, dimensioniess
beef/livestock-intake ratie, {pCiskg;/(pCi/q)
milk/livestock-intake ratic, (pCi/sL)/(pCi/d)

|
!
!
I
!
|
!
}
I
I
|
I
[
I
|
|
]
I
|
|
|
|
|
|
!
!
!
!
|
!
f
}
I
!
i
|
!
]
!
!
|
I
i
I
!
!
|
|

1.00CE-C3
Z.000E-02
2.0008-04

2.500E-903
2.000E-03
2.000E-05

4.300E+00
:.200E-0Z
1.000E-0Z

2.000E-02
7. 0008-03
1.000E-02

5.000E-02
€.000E~0Z
4.000E-02

1.000E-03
2.000E-02
3.600E-04

2.5C0E-03
2.000E-03

Z.000E-05

4 _800E+CO
1.z00E-02

1.000E-02

2.000E-02
7.000E-03
1.000E-02

5. G0OE-02
8.000E-02
. 060E-02

~

RTP(14,1)
RTF(14,2)
RTF(14,3)

RTE (15,1}
RTF!15,2)

ETFi{l5, 3}

RTEF({16,1}
RTF(16,2)
RTFI1€,3)
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File: FGR 13 Morbidity

, beesf/livestock-intahke ratil
2

(%]

RTE (31,

c
, milk/livestock-inteke ratio, (pCi/L}/{pCi/d) 1.000E-03 1.0600E-03 )

| | Current | | Perameter
Menu | Parameterx | veluve | Default | Name
. : : =
D-34 | Wb-94 . plant/soil concentration ratio, dimensionless | 1.000E-02 | 1.00CE-0Z | RTF(19,1)
D-34 | Nb-94 , beef/livestock-intake ratio, {pCi/kg)/(pCi/d) | 3.000E-07 | 2.000E-07 | RTF(19,2)
D-34 | Nb-9¢ , milk/livestock-intake ratio, {pCi/L}/{pCi/g} | 2.000E-06 | 2.000E-06 | RTF(19,3)
D-3¢ | I ! S
D-34 | Ni-59 , plant/scil concentration ratio, dimensionless | 5.000E-02 | 5.000E-02 | RTF(20,1)
D-34 | Ni-59 , beef/livestock-intake ratio, (pCi/kg}/(pCi/d) | 5.000E-03 | 5.000E-0G3 | RTF(20,2)
D-34 | Mi-%9 , milk/livestock-intake ratio, lpCi/Li/(pCi)d) | 2.000E-02 | 2.000E-02 | RTF(20,3)
D-3¢ | ' 1 | o
D-34 | Ni-63 , plant/soil concentration ratio, dimensionless | 5.000E-02 | 5.000E-G2 | RTF(21,1)
D—3é | Ni-63 , beef/livestock-intake ratic, (pCi/kg)/(pCi/d) | 5.000E-03 | 5.000E-G3 | RTF(21,2)
D-34 | Ni~-63 , milk/livestock-intake ratio, (pCi/L)/(pCi/d} | 2.000E-02 | 2.000E~GZ | RTF(21,3)
D-34 | | | l
D-34 | Np-237+D , plant/soil concentraticn ratio, dimensionless | 2.000E-02 | 2.000E-02 | RTF(22,1)
D-34 | Np-237+D , beef/livestock-intzke ratio, (pCi/kg)/(pCi/d) ] 1.000E-03 | 1.000E-03 | RTF({22,2)
D-34 | Np-237+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 5.000E-06 | $.000E-06 | RTF({22,3)
b-3¢ | : b | I
D-34 | Pa-231 , plant/secil concentration ratio, dimensionless | 31.000E-02 | 1.00CE-02 | RTF{23,1)
D-34 | Pa-231 , beef/livestock-intake ratio, (pCi/kg}/{pCi/d) | 5.000E-02 | 5.000E-03 | RTE(23,2)
D-34 | Pa-231 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 5.000E~06 | 5.000E-06 | RTE(23,3)
faa ! b ! !
i | Pb-210+D , plant/seil concentration ratic, dimensionless ] 1.000E-02 | 1.000E-02 | RTF(24,1)
.’ & - | Pb-210+D , beef/livestock-intske ratio, ipCi/kg)/(pCi/d} | 8.000E-04 | 8.000E-04 | RTF(24,2)
D-34 | Pb-2310+D , milk/livestock-inteke ratic, (pCi/L)/(pCi/d) | 3.060E-04 | 3.000E-04 | RTF(24,3)
-3¢ | ' [ | |
D-3%2 | Pu-238 , plant/scil concentration ratio, dimensionless ] 1.000E-03 | 1.000E-G3 | RTF{25,1)
D-3¢ | Pu-23% , beef/livestocii-intake ratic, {pCi/kg)/(pCi/d) | :.000E-04 ] 1.000E-04 | RTF(25,2)
D-34 | Pu-238 , milk/iivesteck-intake ratio, {pCi/L}/{pCi/d) | 1.000E-06 | 1.00CE-06 | RTF(25,3)
D-35 | f f |
D-3¢ | , piant/scil concentraticn rstic, dimensionless ] 1.000E-03 | 1.QGOE-02 | RTF(26,1)
D-3¢ | , beef/livestock-intake ratio, {pCi/kg)/(pCi/d) ] i.000E~04 | 1.00CE-04 | RTF:{26,2)
D-34 | , milk/livestock-intake ratio, (pCi/l)/(pCi/d} | 1.0008-06 | 1.G00E-06 | RTF({26, 3}
£-34 | f I I
D-34 | Fu-241+D , plant/scil comcentration ratio, dimensionless | 1.000E~03 | 3.000E-03 | RTF(27,1
D-24 | Pu-24i+D , beef/iivestock-intske ratie, {(pCi/ko)/(pCi/d} ] 1.000E-C4 | 1.000E-04 | RTF(27,2}
D-34 | Pu-241+D , millk/livestock-intake ratic, i(pCi/L)/(pCi/di | 1.000E-06 | 1.000E-U€ | RTF(27,3)
¢ | | | I
| dimensionless | 1.000E-03 | 2.000E-03
! ¢)/ {pCi/d) | 1.000E-02 | 1.000E-C4 |
| L/L) /7 {pCi/d) | 1.000E-06 | 1.000E-C6 |
1 v ! ! !
| , plant/scil concentretieon ratio, dimensionless | 4.000E-0Z | 4.000E-02 | RTF{30,1)
| , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 1.000E-03 | 1.000E-03 | RTF(20,2)
| , milk/livestock-intake ratic, (pCi/L}/{pCi/d) ] 1.000E-C3 | 1.000E-03 | RTF{30,3)
I ! f I
| , plant/scil concentrztion ratlio, dimensionless | 4.000E-02 | 4.000E-02Z | RTF(31,1)
| ., ipCi/kg}/ {pCi/d) | 1.000E-03 | 1.08CE-03 | RTF(31,2}
‘ ! I !
I I I
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| Current | | Parameter
Parameter |~ valve | pefeult | Name
. +— ;
Sr-20+D , plant/soil concentration ratic, dimensionless | 3.000E~-01 | 3.000E-01 | RTF{32,1)
Sr-90+D , beef/livestock-intake ratio, (pCi/kg}/(pCi/d) | &.D00E-03 | £.0GGE-03 | RTF(32,2)
Sr-9G+C , milk/livestock-intake ratio, {pCi/L}/{pCi/d) | 2.000E-03 | 2.000E-03 | RTF(32,3)
] f |
Te-99 , plant/soil concentration ratic, dimensionless ] 5.000E+0C | 5.000E+00 | RTF(33,1)
Tc~-99 , beef/livestock-intake retic, (pCi/kg)/(pCi/d) | 1.000E-0¢ | 1.060E-04 | RTF(33,2)
Tc-99 , milk/livestock-intake ratic, (pCi/L}/{pCi/d) | 1.000E-03 | 1.000E-03 | RTF(33,3)
’ | I |
Tr-228+D , plant/scil concentration ratio, dimensionless } 1.0005-03 | 1.000E-03 | RTF(34,1)
Th-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCisd) ] 1.000E-04 | 1.000E-04 | RTF(34,2)
Th-228+D , milk/livestocl-intzke ratic, (pCi/L)/(pCi/a)} | 5.000E-06 | 5.000E-06 | RTF(34,3)
_ 1 ! !
Th-22%+D , plant/soil concentration ratio, dimensionless ] 1.000E~03 | 1.000E~03 | RTF(35,1)
Th-22%+D , beef/livestock-intake ratioc, ({pCi/kg)/{pCi/d} | 1.000E-04 | 1.000E-04 | RTF{35,2)
Th-229+D , milk/livestock-intske ratio, [pCi/L)/(pCi/d) ] 5.00DE-06 | 5.000E-06 | RTF(35,3)
. I | |
, plant/soil concentration ratic, dimensionless | 1.000E-03 | 1.000E-03 | RTF(36,1)
, beef/livestock-intake ratio, [pCi/kg}/{pCi/d) ] 1.000E-02 | 1.000E-04 | RTF(36,2)
, milk/livestock-intzke ratio, (pCi/L}/{pCi/d) | 5.000E-06 | 5.000E-06 } RTF(36,3)
! | f
, plant/socil concentration ratio, dimensionless | 1.000E-03 | 1.000E-03 | RTF(37,1)
, beef/livestock-intake ratio, (pCi/kg}/(pCi/d) ] 1.000E-04 | 1.000E-04 | RTF{37,2)
, milk/livestock-intake ratie, (pCi/L}/(pCi/d} [ 5.000E-06 | 5.000E-06 | RTF(37,3)
1 1 o _
. plant/soil concentration ratio, dimensionless - | 2.500E-03 | 2.500E-03 | RTF(38,1)
, beef/livestock-intake ratie, {pCi/kg)/{pCi/d) | 3.400E-G2 | 3.400E-04 [ RTF(38,2)
, milk/livestock-intake ratio, {pCi/L)/{pCi/d} | 6.000E-02 | 6.000E-0¢4 | RTF(38,3)
! I |
, plant/soil concentretion retic, dimensionless | 2.500E-03 | 2.500E-03 | RTF(39%,1}
, beeif/iivestock-intake ratic, !pCi/kg)/(pCi/d} ] 3.400E-04 | 3.400E-C4 | RTF{39,2)
, milk/livestock-intake ratio, (pCi/L)/{pCi/d)} | 6.C00E-04 | 6.0COE-G4 | RTF(39,3}
| ] | .
, plant/soil concentrztion ratio, dimensionless ]'2.5002-03 ] 2.500E-03 | RTF(40,1)
, beef/livestock-intske ratic, ipCi/kg)/{pCi/d) | 3.400E-04 | 3.4CDE-04 | RTF(40,2)
, millk/livestock-intake ratio,‘(pCi/LJ/(éCi/d) | 6.000E-04 | 6.000E-04 | RTF(40,3)
i I , |
, plant/scil concentration ratio, dimensionless | 2.500E-03 | 2.50068-03 | RTF(41,1)
, beef/livestock-intake ratic, (pCi/lkg}/{pCi/g) [ 3.2002-04 | 3.40CE-04 | RTF(41,2)
. milk/livestock-inteke ratie, {(pCi/Lj/(pCi/g} | 6.000E-0¢ | £.000E-C4 | RTF!41,3)
: | | I
plant/soil concentration ratio, dimensiconless | 2.500E-03 | 2.500E-03 | RTF(42,1}
beef/livestock-intake ratio, (pCi/kg)/{pCi/d} | 3.400E-0¢ | 3.400E-04 | RTF(42,2)
milk/livestock-intake ratic, {pCi/L)/(pCi/d} | 6.00CE-04 | 6.000E-04 | RTF(42,3)
| | !
Bicaccumuleation fectors, fresh water, L/kg: | ] |
fish | 1.500E+C1 | :.500E+CI | BIOFAC( 1,1)
crustacea and mollugks { 1.000E+03 | 1.G00E+03 | BIOFAC!( 1,2)
| | |
fish ] 3.000E+01 | 3.600B+01 | BIOFAC( Z,1)
mellusks | 1.000E+0% | 1.000E+03 | BIOFAC( 2,2)
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| | Current | | Parameter’
Menu | Parameter | Vvalue | Default | Name
— 1 I |
R T [ T T
D-5 " | Am-2¢3 fish | 3.000E+01 | '3.00DE+01 | BIOFAC! 2,1)
D-5 | Am-243 crustasea and mollusks [ 1.000E+03 | 1.000E+03 | BIOFAC( 3,2}
-5 | ] i |
p-5 ] C-14 fish | 5.000E+D6 } S.000E+04 | BIOFAC( 4,1}
D-5 |} c-i¢ crustacez and mollusks | 2.100E+03 | 9.100E+0G3 | BIOFAC( 4,2)
-5 | . I I !
D-5 | cm-243 fish | 3.000E+01 | 3.000E+01 | BIOFAC( 5,1)
D-5 | Cm-243 crustacea and mcllusks | 1.000E+03 | 1.000E+03 | BIOFAC( 5,2)
D-5 | 1 i |
D-5 | Co-60 fish | 3.000£+02 | 3.000E+02 | BIOFAC( 7,1)
D-5 | Co-60 crustaces and mellusks { 2.000E+02 | 2.000E+02 | BIOFAC( 7,Z)
p-5 | I | !
D-5 | Cs-134 fish | 2.000E+03 | 2.000E+03 | BIOFAC( 8,1)
D-5 | Cs-134 crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC{ &,2)
p-s5 | | | I ‘
D-5 | Cs-137+D fish | 2.000E+03 | 2.0G0E+03 | BIOFAC( 9,1)
D-5 | Cs-137+D , crustacea and mollusks | 1.000E+02 | 1.000E+G2 | BIOFAC( §,2)
-5 | ! I |
D-5 | Eu-152 fish | 5.000E+01 | 5.C00E+01 | BIOFAC(10,1}
| crustaces and mollusks | 1.000E+03 | 1.000E+03 | BIOFAC(10,2)
| | i I
o fish | 5.000E+01 | 5.000E+01 | BIOFAC(1Z,1)
| crustacea and mollusks | 1.000E+03 | 1.000E+03 | BIOFACI1Z, 2)
I i | !
| fish [ 5.000E+0% | 5.000E+01 | BIOFAC(13,1)
] crustacea snd mollushs | 1.000E+C3 | 1.06CE+03 | BIOFAC(13,2}
b-3 | ! i |
p-% | Fe-%5 fish | Z.00GE+G2 | 2.0008+02 | BIOFRCil4,1)
D-5 | Fe-&% crustacez &nd mellusks | 3.200E+02 | 3.200E+03 | BIOFAC(14,2)
L-g | } i !
D-& | Gd-152 fish | 2.500E+G1 | Z.50GCE+C1l | BIOFAC(1S,1)
D-5 | G3-152 crusteces and mellusks | 1.000E+03 | 1.000E+33 | BIOFAC({15,2)
p-5 | { ' { !
D-3 | E-3 fish | 1.0002+00 | 1.000E+00C | RIOFACI(16,1)
D-5 | H-3 crustacea and mollusks | 1.000E+0C | 1.900E+00 | BIOFAC(16,2)
D=5 | | | I
b-5 | I-iZg fisn | 4.0008+01 | ¢.000E+Gl | BIOFAC(17,1)
p-5 | I-12¢ crustacez and mollusks | 5.000£+0C | 5.C00E+GO | BIOFAC(17,2)
i ! I I
fish | 2.0005+01 | 2.0GCE+C1 | BIOFAC(18,1)
crustecea and mcllesks | 2.0008+02 | 2.000E+02 | BIOFAC(18,2)
! ! |
fish | 3.000E+02 | 3.000E+02 | BIOFAC(19,1)
crustecez snd mollusks ] 1.0008+02 | 1.000E+02 |} BIOFAC(19,2)
I | |
R | 1.000E+02 | :.GQGE+02 | BIOFAC(20,1)
‘[ crusteces and moellusks | 1.000E+G2 | 1.000E+02 | BIOFAC(20,2)
| | I J
| fish [ 1.000E+02 | 1.0008+02 | BIOFAC(21,1)
e D-S | Ri-63 crustacea and mollusks | 1.000E+62 | 1.C00E+G2 | BIOFRC(21,2)
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Summary : FESRAD Defzult Farameters

File ¢ Flumbrook Subsurface Modified HLSMEARMIX.RAD

Dose Conversicn Factor fand Relsted) Parameter Summary -{continued)

File: FGR 13 Morbidity

| Current | | Parameter
Parameter [ value | Dbefauit | Name
A —] 1
T T -1
| , fish | 3.000E+01 | 3.000E+01 | BIOFRC(22,1)
s , <rustaceaz end mollusks | 4.000E+02 | 4.000E+02 | BIOFAC(22,2)
i | | f
| , fish | 1.000E+01 | 1.000E+C1 | BIOFAC(Z3,1}
I , <rustacea and mollusks | 1.100E+02 | 1.100E+02 | BIOFAC(23,2)
D5 | 1 | [
p-5 | Pb-210+D , fish . v | 3.000E+02 | 3.000E+02 | BIOFAC(24,1)
D-5 | Pb-210+D , crustaces and mollusks ’ | 1.000E+02 | 1.000E+02 | BIOFAC(24,2)
-5 | | ] j
D-5 | Pu-23% , fish | 3.000E+01 | 3.000E+Q1 | BIOFAC(25,1)
D-5 | Pu-232 , crustacea and mcllusks ] 1.000E402 | 1.000E+02 | BIOFAC(25,2)
05 | | l |
D-5 | Py-239 , fish | 3.000E+01 | 3.000E+01 | BIOFAC(Z6,1)
D-5 | Pu-239 , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC(26,2)
D5 | | 1 l ’
D-S5 | Pu-241+D , fish | 3.000E+01 | 3.000E+01 | BIOFAC(Z27,1})
D-5 | Fu-241+p , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC(Z7,2)
b-5 | ] l. I
D~5 | Pu-242 , fish | 3.000E+01 | 3.000E+0: | BIOFAC(29,1)
D-5 | Pu-242 , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC(29,2)
B | f I
Y. . | Re-226+D , fish | 5.000E+01 | 5.000E+01 | BIOFAC(30,1)
D-% | Re-226+D , crustaces and mollusks | 2.500E+02 | 2.5008+02 | BIOFAC(30,2)
D-5 | | | !
D-5 | Re-228+D , fish | 5.000E+01 | 5.000E+01 | BIOFAC(31,1)
D-5 | Ra-2284D , crystaces and mellusks | 2.500E+02 | 2.500E+02 | RIOFAC(31,2)
-5 | ! | I
D-5 | Sr-90+L , fish | 6.000E+G: | 6.000E+G1 | BIOFAC(32,1)
D~5 | Sr-90s+0 , crustaces znd mollusks ] 1.000E+02 [ 1.000E+C2 | BIOFAC(32,2}
o5 | | | |
D-5 | Tec-9% , fish [ 2.000E+01 | 2.000E+01 | BIOFAC(33,1)
D-5 | Tc-99 , crusteces and mollusks | £.000E+0C | 5.000E+00 | BIOFAC(33,2)
o5 | [ 1 |
-5 | Th-22%+D , fish ] 1.000E+02 | 1.000E+02 { BIOFAC{3¢,1}
p-5 | Th-228+D , crustacea and mellusks | 5.000E+02 | 5.000E+GZ | BIOFRC(34,2)
-5 ] I | !
-5 | Th-229+D , fish | 1.060E%02 | 1.000E+02 | BIOFAC(35,1:
D-5 | Th-z29+D , carustaces znd mcellusks | 5.C00E+02 | 5.000E+02 | BIGFAC(3S,2}
D-: ! | }
D-& | Th-23¢ , fish | 1.000E+0Z | 1.000E+02 | BICFAC({36,1)
-5 | Th-230 , crustacea and mollusks | 5.000E+02 | 5.000E+02 | BIOFAC(36,2)
bt | l | r '
D-% | Th-232 , fish | 1.000E+02 | 1.000E+02 | BIOFAC{37,1)
] Th-232 , crustaces and mollusks | 5.000E+02 | 5.000E+02 | BIOFRC!37,2)
{ I I |
B , %ish | 1.000E+01 | 1.000E+D1 | BIOFAC(3g,1)
| U-233 , <rustaceaz and mollusks | 6.000E+01 | 6.000E+Q1 | BIOFAC(3%,2)
D-5 | [ ! o
D-5 | U-23¢ , Tish ] 1.000E+01 | 1.000E+0Y | BIOFAC{39,1)
D-5 | U-22¢ , crustacez and mcllusks | 6.0008+01 | 6.000E+01 | BIOFAC(39,2)
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Summary !(continued)

| Currert | | Parameter.
Parameter | value | Default | Name
; + -+
, fish | 1.000E+0G1 | 1.000E+01 | BIOFAC(40,1}
, crustzcez and.mollusks [ 6.000E+G1 | 6€.000E+01 [ BIOFAC(4G,2)
i I |
, fish | 1.000E+Q1 | I.000E+01 | BIOFAC(21,1}
, crustacea and mollusks ’ | 6. 000E+02 | £.00DE+01 | BIOFAC!{41,2}
} ! |
, fish | 1.000E+01 | 1.000E+01 | BIOFAC(42,1)
, crustacea and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC(42,2)
L ).

L
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RESREL,

Summary :

Site-Specific Parameter Summary

| | User | | sed by RESRAD | Paremeter
| Paramerer | input | Defevit |} (If different from user input) | Name
+ 1 ; ¢ ;
K011 | Arez of contaminated zone (m**2} [ 3.850E+03 | 1.000E=04 | ~—- | AREA
RO11 | Thickness of contaminated zone (m) } 3.000E+00 | 2.000E+00 | ~—- | THICKO
RO11 | Lencth parallel tc aquifer fiow (m} | 7.000E+01 | 1.00GE+02 | ——— | 1czpag
RC1: | Basic radiation dose limit (mrem/yr) | 2.500E+01 | 2.500E+01 | - | BRDL
RO11 | Time since placement of materisl (yr) | 1.000E+00 | 0.0COE+00 | ~—- | Tz
RG11 | Times for calculations (yr) ] 1.000E+00 | %.000E+00 | ~—- | Tt 2)
RO11 | Times for czlculations (yr} | 3.000E+00 | 3.000E+00 | - | T 3)
RO11 | Times for calculations {(yr) | 1.000E+01 | :.000E+01 | ~——- I T &)
RO11 | Times for calculations (vr) | 3.000E+01 | 3.000E+01 | ~—- | T( 5)
RO1l | Times for calculations (yr) | 1.000E+02 | 1.000E+02 | —— | T( 6)
ROll'l Times fcr calculations (yr) | 3.000E+02 | 2.000E+02 | ~—- | TN
RO11 | Times for calculetions (yr} | 1.000E+03 | 1.000E+03 | -—- | Tt 8
RO11 | Times for calculations (yr) | not used l‘0.0005+00 | —— | T 9y
R011 | Times for calculaticns (yr!} | not used | 0.000E+00 | ——= | T(10)
! . | ! !
R012 | Initia) principzl radionuclide (pCi/g): &Am-241 | 1.900E-01 | 0.00GE+00 | - | s1( 2
R012 | iritial primcipal radionuclide (pCi/g}: <C-14 | 2.000E~01 | ©.000E+00 | ~- | si( 4
R012 | Initial principasl radionuclide !pCi/g):‘ Cm-243 | 1.300E-01 | 0.000E+0C | -~ | 51( 5)
R0O12 | Initial principal radionuclide (pCi/g): Co-60 | 2.380E+00 '| 0.000E:00 | ~—- | s1¢( 7
R012 | Initial principal radionuclide (pCi/g):' Cs-134 | 3.000E-02 | 0.000E+00 | - l s1( 8)
k012 | Initia)l principal radionuclide (pCi/g): Cs-137 | 4.369E+01 | 0.000E+00 | ~—- | s1{ 9
* | Initial principal radionuclide (pCi/g): Eu-154 | 8.000E-02 [ 0.000E+00 | - i s1(12)
2y 1nitizl principal radicnuclide (pCi/g): Fe-55 | 2.750E+00 |-0.000E+00 J —— | s1(14)
12 | Initial principal radioruclide {pCi/g): H-3 | 8.290E+00 | C.000E=00 | - | si(16)
| Initial principal radionuclide {pCi/gi: 1I-129 | 2.000E-02 | 0.00CE+00 | - ] s1¢17)
| Initial principal radicnuclide (pCi/g): Na-22 | 3.000E-02 | 0.000E+00 | -— | s1(18)
RCi2 | Initial principal radicnuclice (pCi/g): Nb-94 ] 1.200E-01 | ©.0GOE+00 | ~— ] s1t19)
RQ1Z | principal radicnuclide {pCi/g): Ni-59 | 2.300E-01 | 0.0GGE+00 | - | s1120)
RSLZ | principal radicnuclide {pCi/jg): Ni-€3 | 1.339E+01 | G.OOGCE+00C | - | s1(21}
KR0OX2 | principal radionuclide {pTifg): Pu-238 | 1.100E-01 | ©.0C0E+CG | ~— | s1(25)
RC12 | principal racionuclide (pCi/g): Fu-23§ | 1.300E-02 | C.0OCE+00 | - | si(26}
RO1Z | principal radionuclide {pCi/g}: Pu-241 | 1.180BE+0C | C.GOOE+0G | —— [ 82(27)
RO12 | principal radionuclide (pCi/gj: Pu-242 | 6.000E-02 | §.0COE+OC | —-— | s1(29
K012 | principsl radionuclide {pCi/g): Sr-90 | 2.543E+01 | C.0OOE+00 | -~ | s1({32)
RO1Z | principal radionuclide (pCi/g): Tc-9% | 5.800E-01 | C©.0C00E+00 | - | s1(33)
rO12 | principel radiecnuclide (pCi/gy: 1-234 | 3.000E-02 | 2.GCOE+00 | - j 81139
>R012 | Concentraticn in groundwater (pCi/Li: 2m-241 | rot used | 0.000E+00 | - | Wwi( 2}
RQIZ | Cencentrztien in groundweter . (pCi/jLi: €-14 | not vsed | ©.0COE~00 | ——— | wi¢ 43
RO1Z | Cencentration in groundwater  (pCi/Li: Om-243 | not used | 0.0GCE+0Q | —— P wig &)
K012 | Concentretion in groundwater {pCi/Lli: <o-60 | not used | £.00CE=CC | -t | wi( %)
R01Z | Concentration in groundwater ipCi/Lj: Cs-134 | not used | 0.0GCE+00Q | —— | wi¢ &}
R012 | Comcentraztion in groundwater {pCi/L}: Cs-137 | not used | 0.00GE+0C | - | Wit 9
RC12 | Concentration in groundwater {pCi/l): Eu-154 | not used | 0.000E+00 | _—— | wit{i2)
R01Z | Concentration in groundwster  (pCi/L}: Fe-3% | not used | 0.000E+00 | - | wi(i4)
®01Z | Concentration in groundwatier (pCi/Ly: B-3 | not used | 0.000E+00 | - | Wi(16)
ROiZ | Concentration in groundwater (pCi/Ly:  31-128 | not used | 0.00GE+00 | - | wi(17)
’42 | Concentraztion in grouncwater (pCi/L}: Na-Z2 | not used | 0.0C0E+00 | - | wlgiay
- Tencentretion in groundwater {pCi/Li: Nb-84 | not used | £2.000E+00 | -—- ] wi(i9)
ROi- | Concentration in groundwater {pCi/L): Ni~58 | not used | 0.000E+CC | -— | wi(20)
K012 | Concentration in groundwater {pCi/L}: Ni-63 | not used | G.90GE+00 | -—- | wiq21)
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~ Summary -

File H

Site-Spzcific Parameter Summary {continued)

Parameter

| | User | | Used by RESRAD |

Menu | rParameter | Input | Defavlt | {If different from user input} | Name
—+ ] t } f

R0O1Z | Concentration in groundwater (pCi/Li: PBu-238 | not used | 0.000E+GO | m—— i W1(25)A
RO1Z | Concentraticn in groundwater  (pCi/L): Pu~239 | not used | 0.000E+0C -} - | wigze)
RO1Z | Concentration in groundwater {pCi/L}: Pu-241 | not used | 0.000E+00C | —-- | Wiz
RO12 | Concentratien in groundwater (pCi/L): Pu-242 | not used | 0.00DE+0C | - | Wi{26)
RO12 | Concentraticn in grovndwater (pCi/l}: &r-90 | not use¢ | 0.000E+00 | ~— | w1(32y
R012 | Concentration in groundwater {(pCi/L}: Tc-©9 | not used | 0.000E+Q0 | ——— | W1(33)
R012 | Concentraticn in groundwater {(pCi/Ly: U-234 | not used | 0.000E+00 | ~—— | wi(39)

| | , ! I f
RO13 | Cover depth {m) | 0.C00E+00 | ©.000E+00 | - | COVERO
RO13 | Density of cover maeterial (g/cm**3) | not used | 1.500E+00 | ——- | DENSCY
RO13 | Cover depth erosior rate (m/yr} } not used | 1.060E-03 | ——— | vev
RO13 | Density of contaminzted zone {(Q/cm**2) ] 1.560E+00 | 1.500E+00 | - | DENSCZ
RC13 | Conteminated zone erosion rate (m/yr) | 1.060E-03 | 1.00D0E-03 | - | vez
RO13 | Contami‘nated zone total perosity | 4.100E-01 | 4.G00E-01 | -~ | TPCZ
RDI3 | Contaminasted zope field capacity ] 2.000E-01 | 2.000E-01 | ~~- | Fccz
R0O12 | Contaminated zone hydraulic conductivity (m/yr) | 8.600E-01 | 1.000E+01 | .- | HCez
R0O13 | Ceonteminated zome b parameter | 1.400E+0C | 5.300E+00 | --- | BCZ
R013 | Average annvazl wind speed {m/sec) | 2.000E+00 | Z.000E+00 | -—- | winp
RO13 | Humidity in air (g/m**3) | 8.000E+00 | B.Q0OQE+00 | -— | HUMID
RO13 | Evapotranspiration coefficient } 5.000E-01 | 5.000E-01 | .- | EVAPTR

| Precipitation (m/yr) } 8.600E-01 | 1.000E+Q0 | —— | PRECIP

| Irrigaticn {m/yr) | 1.040E+00 | 2.000E-01 | - | RI

| Irrigation mode | overhead | overhead | --~- | IDITCH
R013 | Runoff coefficient | 2.000E-01 | 2.000E-01 | - | RUNOFF
RO13 | Watershed area for nearby stream or pond [(m**Z) | 1.000E+06 | 1.000E+06 | ——— | WRREA
R013 | Rccuracy for water/soil computations | 1.000E-03 | 1.G00E-03 | --- | EPS

! ] | } |
RO:4 | ta/cm** 3} ] 1.460E40C | 1.500E+00 | -~ | DENSRQ
ROI4 | vrete | 4.500E-01 | 4.600E-C1 | -~ | TPSZ
RQ1¢ |} Saturated zone effective porosity | Z.000E-C1 | Z.00GCE-01 | -~ | EPSZ
RO4 | Saturated zone field capacity | 2.000E-01 | 2.000E-031 | -~ | Fcsz
R014 | Saturated zone hydrazulic conductivity im/vr) ] 1.070E+03 | 1.000E+02 | -~ } nCsz
R014 | Ssturated zone hvdrevlic gradient | 4.S00E-03 | 2.000E-02 | - | HGWT
R014 | Saturated zone b parameter | not used | 5.300E+00 | -~ | BSZ
R01¢ | Water table drop rate imfyr) | 0.000E+0G | 1.000E-03 | - | vwr
RG14 | Well pump intake 'depch (m melow wzter table) | 2.010E+00 | 1.000E+01. ] —— | DWIBWT
RO1¢ | Model: Nondispersion (ND) or Mass-Balznce (MB) | MB | NO | -— | MODEL
RO14 | Well pumping rate im**3/yr) | 1.380E+02 | Z.500E+02 | -—- | oW

| ! o | [

| Number of unsaturatsd zone strate | 1 | z | -~ | Ng

| Urnszt. zone 1, thickness {m} | 0.000E+00 | 4.GOGE+00 | -~ | {1

| Unset. zone 1, soil density {g/ecm=+*3j | 2.560E+00 | 1.500E+00 | - | DENSUZ (1)

| Unsat. zone 1, total porosity | 4.100E-01 | 4.000E-01 | -~ | TPUZ{1)

| Unset. zone 1, effective porosity | 3.000E-01 | 2.CO00E-01 } - | EPUZ (1}

| Unszt. zome 1, field capecity | 2.600E-01 | 2.000E-01 | - | Fruziay

| Unszt. zone 1, scil-specific b parameter | 1.400E+00 | 5.300E+400 | - | BUZ{1}

| Unszt. zone 1, hydreulic conductivity {m/vr) | 1.262E+03 | 1.0008+01 | -—- | ®CUZ (1)
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Parameter Summary (continued)

| | User | i Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (if different from user input) | Name
: + — | |
RO16 | Distribution coefficients for Am-241 | | | )
R016 | Contaminated :zone (cm**3/g) | 4.4502+02 | 2.000E+01 | —— | DCNUCC( 2)
RD16 | Ursaturated zone 1 {cm*+3/g) | 2.000E+01 | 2.000E+01 | —-—- | DCNuCU( 2,1}
RO16 | Sstursted zone (cm**3/g) | 2.000E+01 | 2.000E+01 | —-—- | DCNUCS{ 2)
RO16 | Leach razte (/yr} ] 0.000E+00 | ©.00Q0E+00 | 4.146E-04 | ALEACE( 2)
RO16 | Solubility constant | 0.000E+0C | G.000E+00 | not used | SOLUBK( 2}
I | | i !
RO16 | Distribution coefficients for C-14 ] | | |
RO16 | Contaminated zone {cm**3/g} | 2.600E+01 | 0.000E+00 | - } DCNUCC{ 4)
RO16 | Unsaturated zone 1 (cm**3/g) | 2.100E+01 | 0.000E+00 | -— | bCNUCU{ 4,1}
RO16 | Seturated zone icm**3/g) | 2.100E+0) | 0.000E+0Q | - | DCNUCS( 4}
016 | Leach rate (/vr) ] ©0.000E+00 | D.O0DOE+00 | 7.030E-03 | ALERCH( 4)
RO16 | Solubility constant ] ©.000E+00 | C.O00E+00 | not used | SOLUBK{ 4)
! } | ! |
RO16 | Distribvtion coefficients for Cm-243 | | | i
RO16 } Contaminzted zone (cm**3/g) | 4.000E+02 |-1.000E+00 | -— ] pewucct 5)
RO16 | Unsaturated zone 1 {(cm**3/g) | 6.760E+03 |-1.000E+00 | - | penucu( 5,1)
RO16 | Saturated zone {cm**3/g}) | 6.760E+03 |-1.000E+00 | - | DCNUCS{ 5)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 4.612E-04 | RLEACH{ 5)
RO16 | Sclubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK( 5}
! { | ] i
. r | Distribution coefficients for Co-60 | | ] |
N kR .. | Contaminzted zone {cm**3/g) | 1.700E+01 | 1.000E+03 | —-— | penuec( 7)
RO16 | Unsaturated zone 1 (cm**3/q!} | 1.000E+03 | 1.000E+03 | -—- | ocNocu( 7,1)
RO16 | Satursted zone {cm**3/g) } 1.000E+03 | 1.000E+D3 | ——- | pCNUCS( 7)
ROL6 | Leach rate {/yr) | 0.000E+00 | 0.000E+00 | 1.069E~02 | ALEACK( 7}
RO16 | Sc¢ilubility constant | ¢.000E+Q0 | C.0O0E+00 | not used | SCLUBK( 7)
| | | I |
ROi6 | Distribution coefficients for Cs-134 | { | ]
K016 | Contaminated zone {cm**3/¢) | 1.000E+03 | 1.000E+C3 | - | pcNucct 8)
RO16 | Unsztursted zone 1 {cm**3/gi | 3.000E+03 | 1.000E+03 | ~-- | DCNUCU!L 8,1)
RO16 | Saturatec zone (cm**3/q) { 1.000E+G3 | 1.0G0E=+03 | - | penucst &)
ROLE | Leach rate i/yr) | 0.000E+C0 | ©.000E+0C | 1.846E-04 | ALEACH( &)
ROI16 [  Solubility constant | 0.000E+00 | 0.000E+00 | not used { SOLUBK( 8}
i ! | | |
R016 | Distribution coefficisnts for Cs-137 | | ] |
R016 |  Contaminsted zone {cm**3/g) | 6.500E+00 | 1.000E+03 | -— | DCNUCC! 9)
RO16 | Unsatursted zone i {cm*r3/gi | 4.670E+0Z | 1.000E+03 | -— | DCRuCU( ¢,1}
RO1E | Satursted zone {cmm*3/qg) | 2.470E402 | 1.000E+03 | -— | DCNUCS( ¢)
RO16 | Leach razte (/yr) | 0.0C0E+0Q [ $.000E+00 | 2.730E-0Z | ALEACH{ 9
RO16 | Sciubility constant | 0.000E+CO | G.Q00E+00 | not used | SOLUBK( 9)
t | | I |
R016 | Distributicn coefficients for Bu-154 { | i |
RO16 | Contaminated zone (cm**3/g) | 4.000E+02 |-1.000E+00 | - | DeNucc(12}
016 | Unsaturated zopme 1 (cm¥*3/9i { 9.550E+02 |-1.000E+00 | - } DCNUCU(32,1)
RO16 | Sztursted zone fcm**3/g} | ©.550E+02 |-1.000E+00Q | - | BeNUCS (22)
!” | Leach rate (/yr] } ¢.000E+00 | 0.000B+0C | ¢.612E-04 | ALEACH(12}
x Solubility constant ) -~ | 9.000E+0C | G.COGE+00Q | not used | SOLUBK(12)
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ummary (continued)

] ) User | i Used py RESKRD | Parameter
Menu | Parameter i Input | Defzult | {If different from user | Name
+ : — t :
RO16 [ Distribution coefficients for Fe-55 | ! ! ]
RO16 | Contaminated zone {cm**3/g) ] 1.300E+01 | 1.000E+03 | ——- | DCNUCC(14)
R016 | Unsaturated zone 1 (cm**3/g) | 8€.910E+02 | 1.000E+C3 | -—— | DCNUCU (14,1}
RO16 | Szturated zone {cm**3/g) | 8.900E+02 | 1.000E+03 | - | DCNUCS {14)
RO16 | Leach rate (/yr) { 0.000E+00 | 0.G00E+00 | 1.3%2E-02 | ALEACE (14}
R016 | Sclubility constant | D.00OE+0CG | 0.000E+GG | not used ] SOLUBK{14)
| | ! | |
R016 | Distribution coefficients for K-3 B | | | .
RO16 | Contaminated :one (cm**3/g} { 0.000E+00 [ 0.000E+00 | - | DCNUCC (16)
RO16 | Unsaturated zone 1 (cm**3/g) | ©.000E+00 | 0.000E+0D | -— } DCNUCU(18,1)
RO16 |  Saturated zone (cm**3/q) | 0.060E+Q0 | 0.000E+00 | -—— | DCNUCS({16)
RO16 | Leach rate i(/vyr} | 0.000E+00 | 0.000E+00 | 7.024E-01 | ALEACH(16)
RO16 | Solubility constant | 0.000E+0G | G.000E+00 | not used | SOLUBK(16)
| i ! | !
RO16 | Distribution coefficients for 1-129 ] | } |
RO16 | Contaminated zone [(cm**3/g) | 2.200E+00 | 1.0008-01 | -~ | bCcNUCC(17)
RO16 |  Unsaturated zonme 1 {cm**3/g} | 1.000E-01 | 1.000E-01 | ——— | DCHUCUB(17,1)
RC16 |  Saturated zone (cm**3/q) | 1.000E-01 | 1.000E-01 | - | DCRUCS(17)
RQ16 | Leach rate {/yr) | 0.000E+00 | 0.0ODE+00 | 5.331E-02 | ALEACH(17)
RO16 |  Solubility constant | 0.00CE+00 | 0.000E+00 | not used | SOLUBK(17)
! _ ! } | |
NG | Distribution coefficients for Ne~22 | | | |
RU:o | Contaminated zene {(cm**3/g) | 1:000E+01 | 1.000E+01 | -— | pCNucc(18)
RO16 | Unsaturated zone 1 {cm**3/9) | 1.000E+C1 | 1.000E+01 | -—- | bcNucu(is, 1)
RO16 | Szturated zcne (cm**3/g) | 1.000E+01 | 1.000E+01 | —— | DCNUCS(18)
RO16 | Leach rate (/yr! | 0.000E+00 | ©.000E+00 | 1.799E-02 | ALEACH(18)
RO16 | Solubilityv constant | 0.000E+00 | 0.000E+GC | not used | sOLUBK{18)
] | ] | |
RO1€¢ | Distribution coefficients for Np-%4 | | | |
RO16 | Contaminated zone (cm**3/g) | 2.250E+0Z | 0.000E+00C | - | DCNUCC(19)
RO16 | Unsaturated zone 1 (cm**3/q) | 0.000E+0C | 0.000E+CG | -~ | DCNuCU(19,1)
RO1E |  Saturated zone {cm**3/g) ] 0.000E+00 | 0.000E+CO | --- | DCNUCS(19)
RO1€ | Leach rate !/yr} | 0.000E+00 | 0.000E+00 | 5.676E-0¢ | ALEACH(19)
RO16 | Sclubility constant | 0.000E+00 | ©.GOCE+0D | not used | SOLUBK{12}
I | f | [
RO16 | Distrihution coefficients for -Ri-59 | } | )
RO16 | Contamingtec zone {cm**3/g} | 3.200E+01 | :.0DOE+03 | - | pcnucce (20)
ROl6 | Unsaturated zone 1 (em**3/g) | 3.700E+03 | 1.CQ0CE+03 | -—- | RPCRUCY {20, 1)
RO1E |  Szturated zome {cm**3/g} | 3.700E+01 | 1.009E+03 | === | DCNUCS (20
RGié | Leach rete (/yr! i 0.000E+0C | ©.00GE*0C | 5.722E-03 | ALERCH (20}
ROY6 | Sclubility constant | 0.000E+0C | 0.000E=00 | not used | SOLUBK(20)
J | | } |
RO16 | Distribution coefficients for Ni-§3 | | . ] 1
RUYE | Contaminated zone lem**3/g) | 3.200E+01 | 1.000E+03 | -— | DCRUCC (22}
RG16 | Unsaturated zone 1 (om*r3/g} | 32.700E+063 | 1.000E+0Z | - | penucu(2i, 1)
RC1& | Sztorated zone {cr**3/g) | 2.700E+01 | 1.000E+03 | .- | DCNUCS {21}
gl Leach rate {/yr) | 6.000E+CC | G.00CE+0G | 5.722E-03 | ALERCH({21)
q | | 0.006E+0C | 0.000E+00 | not used | sCLUBK(Z21}

Solubility constant
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5 — I —— -
_KD16 | Distribution coefficients for Pu-23 | | | |
RD1I6 | Contaminated zone (cm**3/g) | 1.625E+03 | 2.000E+03 | - ] DCNUCC!25}
RO16 | Unsaturzted zone 1 {cm**3/g) | 2.000E+03 | Z.000E+03 | -—— | DCNUCL(25,1)
RO16 | Saturated zone (cm**3/g) | Z2.000E+03 | Z.000E+03 | -~ | DCNUCS (25}
RO16 | Leach rate (/yr} | 0.000E+00 | 0.000E+00 | 1.136E-D4 | ALERCH(25)
RO16 | Sclubility constant | 0.000E+00 | GA.OOOE+O'0 | not used | SOLUBK(25)

| | “ I |
R0O16 | Distribution coefficients for Pu-239 { | | ! i
RO16 | Contaminated zone (em*=*3/q) | 1.625E+03 | 2.000E+C3 | - ] DCNUCC(26}
RD16 | - Unsaturated zone 1 (cm**3/9) | 2.000E+03 | 2.000E+G3 | -— | DCNUCU (26,1}
RO16 | Saturated zone (cm**3/g) | Z.000E+03 | 2.000E+03 | - | DCNUCS (26}
RO16 | Leach rate (/vyr) | 0.000E+00 | 0.GOOE+00 | 1.136E-04 | ALEACH(26)
RO16 ]  Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK(26)

| | | | !
RO16 | Distribution coefficients for Pu-241 | | | |
RO16 | Contaminated zone (cm**3/g) | 1.625E+03 | 2.000E+03 | --- ] DCNUCC(27)
RO16 | Unsatvurated zone 1 {cm**3/9) | 2.000E+03 | 2.000E+03 | - | DCNUCU (27,1}
RO16 | Saturated zone {cm**3/q) | 2.000E+03 | 2.000E+C3 | -—- | DeNucs (27)
R016 | Leach rate (/yr) | 0.000E+00 | G.000E+00 | 1.136E-04 | ALERCH(27)
RO16 | Sclubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK(27)

| ! I | 4 ]

' Distribution ccefficients for Pu~242 | ] [ |

1 Contaminated zone (cm**3/g) ] 2.000E+03 | 2Z.000E+03 | -—- | DCNUCC{29)
RO16 | Unsaturated zene 1 (cm**3/Q) | 2.000E+03 | 2.000E+03 | —_— | penucu(29,1)
RO16 | Saturated zone (cm**3/g) | 2.000E+03 | 2.000E+03 | -—- | DCNUCS (29}
RO16 | Leach rate (/yr) { 0.000E+00 | ©.00CE+00 | ¢.230E-05 | ALEACH(29)
RO16 | Sclubility constant | 0.000DE+00 | 0.CQ0QE+00 | not used | SOLUBK(29!}

I I | i !
RG16 | Distribution coefficients for Sr-8C | | | |
R016 | Conteminated zcne fcm**3/g] | 3.2008+00 | 3.000E+0: | -—- | DCNUCC(32)
K016 | Unsaturated :one I {(cm**3/g!} } 2.200E+01 | 3.000E+01 | -~ | DCNUCU(3Z,1)
RO16 | Satursted zone icm**3/qg) | 3.200E+01 | 3.000E+01 | - | DCNUCS (32)
RO1€ | Leach rate {/yr) | U.GOCE+00 | 0.000E+0C | 4.9G6E-02 | ALEACH(32)
RD1E | Soclubility constant | 0.000E+0C | ©.GOOE+00 | not used { soLuBK(32)

| | | | {
R016 | Distribution coefficients for Te-99 f | | {
RO16 | Contaminated zeone [cm**2/g) | 5.200E+00 | 0.000E+GC | - | DCNUCC(33)
RO16 | Unsaturated zene 1 {(cm**3/g} | 7.000E+00 | 0.0QDE+GT | -— | DCNUCU (33
RO16 | Saturzted zone {cm**3/g!} | 5.080E+00 | G.00CE+G0 | -— | DCNUCS (33
016 | Leach rate {/yr} | ¢.00CE+CS | ©2.000E+0G | | ALERCH{33;
RO1¢ | Solubility constant | ©.000E+00 | §.000E-0C | | SOLUBK{33)

| | | ! i
K016 | Distribution coefficients for U-234 | | | |
RO16 | Contaminzted zone {cm**3/g) | 2.120E+02 | 5.000E+01 | - | DCRUCC(39)
RQ16 | Unsaturated zone 1 {cm**3/g) : | S.000E+G1 | 3.000E+01 | -—- | DCNUCW (39, 1)
ROLE | Saturated zong (cm**3/g) ] 5.000E+01 | 5.D000E+C1 | -— | Dcnucs(39)

b | Leach rate [/yr) | 0.000E+GQ | G.000E+G0 | 2.627E-0¢ | ALEACH(39)

K\.,.:A Solubility constant | 0.000E+00 | D.000E+0D | not used | SOLUBK(39)
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1 } | —- !
R016 | Distribution coefficients for daughter Ac-227 } | ]
RO16 | Contaminated zone (cm**3/g) | 2.000E+01 | Z.000E+01 | -—- | ‘DCNuCC( 1)
R016 | Unsaturated zone 1 (cm**3/g) | 2.000E+01 | 2.000E+01 | - | pcwnucot 1,1y
R016 |  Saturated zone {cm**3/g} ] 2.000E+01 | 2.000E+01 | -—- | DCNUCS( 1)
RO16 | Leach rete (/yr} | D.000E+00 | 0.000E+00 | ©.111E~-03 | BLEACH( 1)
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | rnot used | SOLUBK( 1}

| | | I i
R0O16 | Distribution coefficients for daughter Am-243 | | |
R016 | Contaminated zone (cm**3/g) | 2.000E+01 I .000E+01 | -== | BCNUCC( 3}
RO16 | Unsaturated zone 1 {cm**3/g) | 2.000E+0) | 2.000E+01 | - | DCNUCU( 3,1)
RO16 | Saturated zone {cm**3/g) | z.000E+01 | 2.000E+01 | -—- | bCNUCS{ 3)
RO16 | Leach rate {/yr) | 0.000E+0Q | C.COOE+0C | 9.111E-03 | ALEACH{ 3)
RO16 | Solubility constant | 0.000E+0G | 0.000E+00 | not used | SOLUBK({ 3;

o I | ! |
RO16 | Distribution coefficients for daughter Eu-152 | { | |
RO16 | Contaminated zone (cm**3/g) | 4. 0002+07 [-1.000E+0C | -—- | DCNUCCI(10)
RO16 | Unsaturated zone 1 (cm**3/g;} | 2.550E+02 |-1.000E+00 | - | bCNUCU(10, 1)
RO16 | Szturated zone {cm**3/g) | ¢. 5505+02‘|-1.000E+00 | --- | DCNUCS (10}
RO16 | Leach rate {/vr) | 0.0D00E+00 | 0.000E+00 | 4.612F~04 | BALEACH(10)
RO16 | Solubility constant 1 0 000E+00 | 0.000E+00 | not used | SOLUBK(10)

I | I I ' |

! Distribvtion coefficients for Jdaughter Eu-152 | | |

| Contaminated zone (cm**3/g) | 4.000E+02 1—1.00027»00 | -——- | pCNucCiil;

|  Unsaturated zone 1 {cm**3/g) | 9.550E+02 |-1.000E+00 | === | DCNUCU(11,1)

| Saturzted zone (cm**3/g) ] 9.550E+02 [-1.000E+00 | - | DCNUCS(11)

i Leach rate (/vr) | 0.C00E+00 | 0.000E+00 | 4.612E-04 | ALEACHI{11)

| Solubility constant | ©.0C0E+06 | 0.0008+00 | not used } SOLUBK({11)

I ’ | } | I
RO16 | Distribution coefficients fer deughter Eu-15% i | |
RC1E | Contemingted zone (cm**E?g; | 4.000E+02 1-2.0002+00 | -~ [ DCNUCC(13)
ROlE.l Unszturated zone 1 .(cm**3/g) l %.5S0E+02 |-1.000E+00 | -—- | DONUCU(13, 1)
ROiI6 | Szturated zone (cm**3/g) | 9.550E+02 }-1.0G0E+00 | -~ | DCNUCS(13)
RO1& | Lesch rate (/yr} | ©.000E+00 | ©.000E+0C | 4.612E-04 |- ALEACH (13)
RO16 |  Solubility constant ] 0.000E+00 | 0.000E+0C | not used | SOLUBK ({13}

| _ ! ! I {
RO16 | Distribution coefficients for Jdesughter Gg-152 ] | A |
RO16 | Contaminated zong (cm**3/gj |-1.000E+00 |-1.000E+0C | §.2498+02 | DESNUCC(15)
RC16 | Unsatorated zone 1 {cm**3/9) [-1.000E+00 |-1.000E+00 | %.249E+02 | BCNUCU(15,1}
RC16 | Seturzted zone (cm¥*3/¢} }-1.000E+0C }-1.000E+00 | ¢ 2698402 | DCNUCS(15)
RO16 | Lezch rate (/yr) | 0.0CQ0E+00 | 0.0Q0E+00 | 2.237E-04 | ALERCH{15;
RO16 |  Selubility constant | C.00CE+0C | 0.0008+00 | not used | SCLUBK{:S;

| i | | |
RO16 | Distributicn coefficients for daughter Kp- 23 | ] | |
RO16 | Conteminated zone (cm**2/g) |~1.000E+0G |~1.000E<00 | 2.574E+02 | DCNUCC(22)
RO16 | Unsatursted zonme 1 (em**3/g} |-1.000E+00 |-1.000E+00 | 2.574E+02 | DCNUCU{22,1)
RC16 | Szturated zone lcm¥*3/g} .000E+0C |-1.000E+GC | 2.574E+02 | DCNUCS(22)

-1 Leach rate (/yr) | 0.006E+0C | ©.0006E+00 | 7.164E-0¢ | ALEACE(22)
| 0.0COE+00 | 0.000E+00 | not used | SOLUBK(22

Scolubility constant
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RO16 |} Distribution coefficients for dzughter Fa-231 ] ] | |
1;1016 | Contaminated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | - [ DCNUCC (23)
RO16 |  Unsaturated zone 1 (cm**3/g} | 5.000E+01 | 5.000E+01 | - } DCNUCU(23,1)
RO16 |  Satursied zone (cm**3/g) | 5.000E+01 | 5.000E+01 | - | DCNUCS (23)
RO16 |  Leach rate (/yr) | 0.000E+00 | ©.0D0O0E+00 | 3.673E-03 | ALEACH(23)
RO16 | Solubility constant | 0.000E+00 } 0.000E+00 ] ret used | SOLUBK(23)
| ! 1 | I
RO16 | Distribution coefficients for daughter Pb-210 | } | |
R0O16 | Contaminated zone {cm**3/g) | 1.000E+02 | 1.000E+02 | -—- | DCNUCC (24}
RO1E | Unsaturated zone 1 (cm**3/q) | 1.000E+02 | 1.000E+02 | ——- | DCNUCU(24,1)
RO16 | Saturated zone (cm**3/g) |- 1.000B+02 | 1.000E+02 | - | DCNUCS (24)
K016 | Leach rate (/yr) | 0.000E+00G | 0.000E+00 | 1.841E-03 | ALEACH (24}
RO16 | Selubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK(24)
. | | i |
RO16 | Distribution coefficients for daughter Ra-226 | | | |
RO16 | Contaminated zone (cm**3/q) { 7.000E+01 | 7.000E+01 | ——- | DCNUCC(30)
RO16 | Unsaturated zone 1 (cm*?3/g} } 7.000E+01 | 7.000E+01 | - | DCNUCU (30,1}
R0I6 | Satursted zone (cm**3/g) | 7.000E+01 | 7.000E+01 | ~—- | DCNUCS (30)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 2.627E-03 | ALEACH(30)
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK (30}
| . | I | |
r ! Distribution coefficients for daughter Re-228 ) ] ! |
Ri_. | Contaminated zone {cm**3/9} | 7.000E+01 | 7. 000E+01 | -—- | pCcNucC (31)
RO16 | Unsaturated zone 1 {cm**3/g) | 7.000E+01 | 7. 000E+01 | - | BCNUCL(31,1;
RO1€ | Ssturated zone (cm**3/g) | 7.000E+01 | 7.000E+01 | --- | DCNUCS (31)
RO16 | Leach rate (/vx) | D.000E+00 | 0.0D00E+00 | 2.627E-03 { RLEACH(31)
RO16 | Solubility constant | 0.000E+00 | 0.000E+Q0C | not used | SOLUBK (31}
| | | I |
R016 | Distribution coefficients for davghter Th-22 J J ! |
RO16 | Contaminated zone {cm**3/g) | 6.000E+G2 | 6.C00E+C4 | ——— | DCNUCC(34)
RO16 | Unsaturated zone 1 {cm**3/q] | 6.000E+Ce | 6.000E+04 | -— ] DCNUCU (34, 1)
RO26 | Ssturated zone (cm**3/3) | 6.000E+04 | 6.000E+04 | --- | DCNUCs(34)
RG16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.077E-06 | ALEACH (34]
rO16 | Sclvkility constant | 0.000E+00 | C.000E+0C | not used | SOLUBK(34}
o | | ] !
R016 | Distribution coefficients for davghter Th-229 | | } |
RO16 | Contaminated zone {cm**3/qg) v | 6.000E+04 | 6.00G0E+0¢ | ——- | DCRUCC(35)
RO16 | brseturated zone 1 (cm*‘S‘/g) | €.000E+04 | €.000E+0<¢ | - | pCMuCU(35,1)
K016 | Setursted zone !«.u“'%/c) | 6.000E+04 | 6.0005-04 | -— | DCRUCS (35)
RO16 | Lesch rate (/yr} | 0.000E+00 | ©.00CE+CC | 3.0677E-0¢ | RLEACH(35)
RO1é | Selubility constant ] 0.000E+0C | ©.0GCE+00 | not used | soLuEK (333
| | | I |
RO16 | Distribution coefficients for caughtér Th-230 | | J |
RO16 | Conteminated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | - | DCNDCC(36)
RO16 | Unsaturzted :zone 1 icm**3/g) [ 6.000E+04 | €.G00E+04 | --- | penvcu(3se,
ROIE | Saztureted zone {cm**3/g} | 6.000E+04 | 6.000E<C4 | -— | BCRUCS({36)
| Leach rate (/yr) | 0.000E+00 | ©.005E+0C | 3.077E-06 | ALERCH(36)
' Solubility constant | 0.C00E+G0 | ©.COOE+0C | not used | SOLUBK(36)

1)



RESRAD, Version €.21 T Limit = 0.5 yeer - 1G718/2004 029:40 Page 17
Summary : RESRAD Default Farameters

v File : Plumbrooh

Svhsurfzce Modified BLSMEARMIN.RARD

/)
<

Site-Specific Pazrameter Summary {continved)

| | User | | Used by RESRAD | Paremeter
- Menu | Parameter | Input | Default | ({If different from user input} | Name
s : —+ -+ ' %
RO16 | Distribution coefficients for daughter Th-232 | | | |
RO16 | Contaminated zone {(cm**3/g) | 6.D00E+04 | 6.000E+04 | --- | DCNUCC(37}
RO16 | Unsaturated zone 1 (cm**3/q) | 6.000E+04 | 6.000E+02 | -— | DCNUCU(37,1)
RO16 | Saturated zone (cm**2/g) | 6.G00E+04 | 6.000E+C2 | - | DCNUCS (37)
RO16 | Leach rate (/vr} } 0.000E+00 | 0.00CDE=DC | 3.077E-06 | ALEACE(37)
RO16 | Sclupility constant | G.000E+00 | 0.0C0E+00 | not usec | SOLUBK(37)
| ) | I | |
R016 | Distribution coefficients for daughter U-233 | | | |
RO16 | Contaminated zone (cm**3/qg) ll 5.000E+01 | 5.000E+01 | -— | pcnuce (38)
RO16 | Unsaturzted-zone 1 {cm**3/qg} | 5.000E+01 | 5.000E+01 | - | DCNUCU(3B,1;
RO16 | Saturated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | -—- ] DCNUCS (38}
RO16 |  Leach rate {/yr) | 0.00DE+00 | 0.000E+00 | 3.673E-03 | ALEACH(38)
RO16 | Solubility constant | 0.000E+00 | 0.D0CE+0D | not used | SOLUBK(38)
| / | | | | "
R016 | Distribution coefficients for daughter U-23% | | { |
RO16 | Contaminsted :zone {cm**3/g) | 2.120E+02 | 5.000E+01 | --- | DCNUCC (40}
RO16 | Unsaturated :sone 1 (cm**3/q) | 5.000E+01 | 5.000E+01 | - | DCNUCU (40,1}
RO16 | Saturated zone (cm**3/g) | 5.000E+01 | 5.C00E+01 | -—- ] pewucs(40)
RO16 | Leach rate (/yr) . | 0.000B+00 | 0.000E+00 | 8.697E-04 | ALEACH(40)
R0O16 | Solubility constant | 0.000E+00 [ 0.000E+00 | not used | S0LUBK{40)
| ! | | |
Distribution coefficients for daughter U-236 | | | |
I Contaminated zone (cm**3/q) | 2.220E+02 | 5.000E+01 | - | DCNUCC(41)
| Unsazturated zone 1 (cm':*’s/g) | 5.000E+01 | 5.000E+01 | --- | pCNUCL(41,1)
| Szturated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | ——— { DCNUCS (41}
| Leach rate {/yr} | 0.000E+00 | 0.000E+00 | 4.697E-04 | ALEACH(41)
| Solubility constart | 0.000E+00 | G.DCOE+0C | not used ] soLUBK(41)
| ! . ! ]
RG16 | Distribution coefficients for daughter U-23% | | | i
RO16 | Contaminated zonme (cm*’3/g) | 2.120E+02z | 5.000E+01 | -—- | DCNUCC(42)
RO26 | Unsaturated zone 1 (cm**3/¢) } 5.000E+01 | 5.000E+01 | ——- | DCNUCL (42,13
ROIE | Setureted zeng (cm**3/q) | 5.000E+01 | 5.000E+01 | - | DCNUCS (42}
R0i6 | Leach rate (/yx) { 0.000E+C0 | 0.000E+00C | &.697E-04 | ALEACK(42)
ROYE | Sclubility constant | ©.000E+0C | 0.CO0E+00 | not used | soLUBK(42)
| | I | |
RC17 | Inhelation rate im*#*3/yr} | 8.400E+03 | £.400E+03 | ——- | INHALR
R017 | Mass lozding for inhalation (g/m**3) | 6.006E-G6 | 1.000E-04 | - | MLINH
R017 | Exposvre durzticn | 3.653E+02 | 3.000E-01 | —-- | ED
RO17 | Shielding factor, inhalatiorn | 4.C00E-01 | ¢.COCE-CGY | -—- | sHF3
ROY7 | Shielding fazctor, externzl gamma | ¢.700E-01 | 7.000E-01 | -— | SHF1
K017 | Fraction of time spent indoors | 6.600E-01 | S5.000E-01 | - | FIND
RO17 | Fraction of time spent outdoors (on site) | 1.100E-01 | 2.500E-01 | ——— | FOTD
RO17 | Shape factor flag, external gammz ' | 1.000E+00 | 1.000E+00 | >0 shows circular ARER. [ FS
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fic Parameter Summary (continued)

Site-Speci

| | User { | Used by RESRED | Pzrameter
Menu | Parameter | Input | Default | (If gifferent from user input) | Name
= + : ; '
RO017 | Radii of shape factor array {(used if F$ = -1): ] | | |
RO17 | Outer annpular radius {(m), ring 1: | ‘not used | 5.000E+01 | -— | RAD_SHAPE( 1)
RD17 |  Outer annular radivus (m), ring 2: | not used | 7.071E+01 | -— | RAD_SKAPE( 2)
RO17 |  Outer annular radius {(m), ring 3: | not used | 0.000E+CO | - | RAD_SHRPE{ 3)
RO17 | Outer annular radius (m}, ring 4: | not used | 0.000E+00 | - | RAD_SHAPE( 4}
RO17 | Cuter annular radius (m), ring 5: | not used | C.000E+0C | ——- | RAD_SHAPE{ 5)
RO17 | Outer annular radius (mj, ring 6 | not used | 0.000E+00 | -—- | RAD_SHAPE{ 6)
RO17 | Outer &npular radius (m), ring 7: | not used | 0.000E+00 | -—- | RAD_SHAPE( 7)
RO17 | Outer annular radius (m), ring 8 | not used | ©.000E+00 | -—- | RAD_SHAPE( 3)"
RO17 | Outer annular radius (m), ring ¢ | not used | 0.000E+00 | -—— | RRD_SHAPE( 9}
RO17 |  Outer annular radius im), ring 10 [ not used | 0.000E+00 | - | RAD_SHAPE(10}
RO17 | Outer annular radins (m), ring 11: | not used | ©.000E+00 | - | RAD_SERPE(11)
RO17 | Outer annular radius (m), ring 12: | not used | 0.000E+00 | - | RAD_SRAPE({12)
| { ] ! !
RO17 | Fractions of annular areas within AREA: J | | ]
| Ring 1 | not used | 1.000E+00 | -—- | FRACR( 1}
|  Ring 2 | not used | 2.732E-01 | -— | FRACA{ 2)
| Ring 3 | not used | 0.000E+00 | -—— | FRACA( 3)
| Ring 4 | not used | 0.000E+00 | - | FRACA( 2)
| Ring 5 | not used | 0.000E+00 | - .| FRACA( %)
R Ring 6 | not used | 0.000E+00 | ——— | F‘RAC.A( 6)
"]  Ring 7 | not used | 0.000E+00 | -—- | FRACA( 73
| Ring .8 | not used | 0.000E+00 | - | FRACR( 8)
RO17 | Ring 9 | not used | 0.000E+00 | -—— | FRACA( 9)
RO17 | Ring 10 | not used | 0.000E+00 | - | FRACA{10)
R017 | Ring 11 ] not used | 0.000E+00 | —— | FRACA(11)
RO17 | Ring 12 | not used | 0.000E+00 | --- | FRACA(12)
| | | ! |
RO16 | Frvits, vegetables and grain consumption {kg/yr) | 7.800E+C1 | 1.600E+02 | -—— | DIET(1)
RO18 | Leaiy vegetable consumpticn {kg/yr! V | 1.500E+01 | 1.400E+01 | ——— | DIET{2)
RO18 | Milk consumption (L/yr) . | 1.180E+0Z | 2.200E401 | - | DIET(3)
RO18 | Meat 2nd poultry consumption (:g/vr) | 5.200E+01 ] 6.300E+01 | - l'DIET(éj
RO16 | Fish consumption (kg/yr} } 1.600E+01 | 5.400E400 ] - | DIET(S)
RO1%8 | Other seafood consumption (kg/vr) | 0.000E+00 | 2.000E-01 | - ] DIET(6
R018 | Soil ingestion rate (g/vyr) | 1.830E+01 | 3.650E+01 | -— | soIL
RO18 | Drinking wzter intake {L/vr) ] ¢.780B+02 | 5.100E+02 | - | Dwi
R018 | Contamination fracticn of drinking water | 1.600E+00 | 1 000E+00 | --- | row
RO1§ | Contaminastion fraction of household wate | not used | 1.000E+00 | - | FrREW
ROi3 | Conteminatien fraction of livestock wate | 1.0G0E+00 | 1.000E+0C | —-_—- | FLw
RO18 | Contamination fraction of irrigetion wzter | 1.000E+00 { 1.00GE+50 | -—- | FIrRW
K012 | Conteminztion fraction of aquatic food | 5.000E-01 | 5.000E-C1 | --- | FR¢
RO1& | Contemination fraction of plant food | 1.000E+0C |-1 | - | FPLANT
K018 | Cortamination fraction of meat | 1.000E+00 |-1 } - | FMERT
RO1E | Contsminstion fracticn of milk | 1.000E+00 |-1 | - | FMILK
I | | | I
RO1¢ | Livestock fodder intake for meat | 8.500E+00 | 6.500E+0%1 | - | LFI5
t | Livestock fodder intake for mi g | 1.700E+01 | 5.5C0E+01 | - | LF16
" | Livestock water intake for meat {(L/day) | 5.000E+01 | S.0COE+01 | == j LwWis
RO19 | Livestock water intake for milk (L/day} | 1.600E+02 | 1.600E+02 | -— | Lwié
RO1S | Livestock soil intake (kg/day) | 5.000E-01 | 5.000E~01 | - | LSI
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Site-Specific Parameter Summary (continuved)

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

: ; + f ;
R01% | Mzss loading for foliar deposition (g/m**3) | 1.000E-04 | 1.000E-0¢ | —--- | MLFD
RO19 | Depth of scil mizing layer (m} | .1.500E-01 | 1.500E-01 | o | oM
RO19 | Depth of roots (m} | 9.000E-01 | $.000E-01 | -—- | DROOT
RC19 | Drinking water fraction from ground water [ 1.000E+00 | 1.000E+00 | ——- | Fewow
RC19 | Household water fraction from ground water | not uséd | 1.000E+00 | - | FGWHE
RO19 | Livestock water fraction from ground water | 1.000E+00 | 1.000E+00 | --—- | FGWLW
R0O19 | Irrigation fracticn from ground water | 1.600E+00 | 1.000E+G0 | - { FGWIR

| | I f |

| Wet weight crop vield for Noen~Leafy (ka/m*+2) | 7.000E-01 | 7.000E-01 | ——- | yv(1)

| Wet weight crop yield for Leafy (kg/m*+*2} } 1.500E+00 | 1.500E+00 | ——- | yviz2)

| Wet weight crop vield for Fodder (kg/m**2) | 1.100E+00 | 1.100E+00 | -—- | Yv(3)

| Growing Season for Non-Leafy {years) | 1.700E-01 | 1.700E-01 | -— ] TE(1)

| Growing Season for Leafy (years) | 2.500E-01 | 2.500E-01 | -— | TE(2)

| Growing Season for Fodder (years} | 8.000E-02 | 8.000E-02 | ——— | TE{3)

| Translocation Facteor for Non-Leafy ] | 1.000E-01 | 1.000E-01 | ——— } TIV()

| Translocation Factor for Leafy | 1.000E+00 | 1.000E+00 | -—- | TIVi2)

| Translocztion Factor for Fodder | 1.000E+00 | 1.000E+00 | - | TIV{3)

| Dry Foliar Interception Fraction for Non—Leafy> | 2.500E-01 | .2.500E-01 | ——- | RDRY (1)

| Dry Foliar Interception Fraction for Leafy | 2.500E-01 | 2.500E-01 | ——— | RDRY{2)

| Dry Foliar Interception Fraction for Fodder | 2.500E-01 | 2.500E-02 | - | RDRY(3)

| Wet Foliar Interception Fraction for Non-Leafy | 2.500E-01 | 2.500E-01 |} ——= ] RWET{1)

| Wet Foliar Interception Fraction for Leafy ] 2.500E-01 | 2.500E-01 | -— | RWET(2)

| Wet Foliar Interception Fraction for Fodder | 2.500E-01 | 2.500E-01 | - | RWET (3}

| Weathering Removal Constant for Vegetation | 2.000E+01 | 2.000E+01 | -— | wiAM

| | | I I
Ci¢ | C-~12 concentration in water (g/cm?**3) | 2.000E-05 | 2.000E-05 | - | C12WTR
Cl¢ | C-12 corncentraztion in coataminzted soil (g/g}) | 3.000E~-C2 | 3.000B-02 | -~ | ciz2cz
Cl¢ | Fraction of vegetation carbon from scil | 2.00CE-02 |} Z.000E-02 | - | csoIL
C1¢ | Frection of vegetation carbon from air | 2.800E-01 | 9.800E-01 | - | caIRr
Cl4 | C~14 evasion laver thickness in soil (m] { 3.000E-01 | 2.000E-C1 | -~ | pMC
Ci4 | C~1¢ evasion flux rate from soil (1/sec) ] .7.000E~07 | 7.000E-C7 | — | EVSN
Ci4a [ C-1Z evasion fiux rate from soil (1l/sec) | 1.000E-10 | 1.000E-1C | - | REVSN
Clés | Fraction cf grain in beef cattle feed | 8.000E-01 | 8.000E-01 | - | AVFG4
Cl4 | Fraction of grain in milk cow feed ] 2.000E-01 | Z.000E-01 | - | BVEGS
Ci14 | DCF correction factor for gaseous forms of Cl4 | 8.894E+01 | 8.594E+01 | - | coz2r

| | I | |

| Storage times of contaminated foodstuffs (days): | | 1 }

] Fruits, non-leafy vegetebles, and grain ] 1.400E+02 | 1.400E+01 | - | STOR_T (1}

|  Leafy vegetables [ 1.000E+00 | 1.000E+00 | - | STOR_T (2}

| Milk ] 1.000E+006 | 1.000E+00 | - ] STOR_T(3}

]  Meat znd poultry | 2.000E+01 | 2.C00E+01 | - | STOR_T (4}

| Fish | 7.0C0E+00 | 7.000E+00 | —-— | STOR_T(5)

| Crustacea and mollusks | 7.000E400 | 7.C00E+00 | -— | STOR_T(6)

| Well water | 1.000E+00 | 1.000E+00 | - | STOR_T(7)

| Surface water | 1.0008+0C | 3.000E+00C | -—- | STOR_T{8)

| Livestock fodder [ 4.500E+01 | 4.500E+01 | - [ STOR_T(9)

| | I ! i

-} Thickness of buiiding foundztion {(m) | not used. | 1.500E-01 | -— | FLOOR1

RO21 ] Bulk density of building foundation (g/cm*+3) | not used | Z.40CE+CC | - | DENSFL
R0O21 | Total porosity of the cover materisl | not used | 4.000E-01 | - | TECV
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Site-Specific Parameter Summary {continued)
| oUser ! | Used by RESRAD | ctarameter
Parameter | Input | Defavit | (If different from user input;} | Name
+ : : :
| Totzl porosity of the building foundation | not used | 1.000E-01 | -— | TPFL
| volumetric water content of the cover material | not used | 5.000E-02 | -— | EHZOCV
| Velumetric water content of the foundation | not used | 3.000E-02 | - | PH20FL
| Diffusion coefficient for radon gas {m/sec): | i |
R0z1 | in cover meterial | not used | 2.G00E-06 | ——- | prrcv
RO21 | in foundation materiel | not used | 3.000E~-07 | -— | pIFFL
RO21 ] in contaminated zone soil lrnot used | 2.000E-06 | - | pIFCZ
RO21 | Radon vertical dimension of mixing (m) | not used | 2.000E+00 | - | HEMIX
RO21 | Average building air exchange rate (1/hrj | not used | S5.000E-01 | -—- | REXG
RO21 | Height of the building {(room) (m} | not used | 2.500E+00 | ——— | HRM
RO21 | Building interior srea factor | ot used | 0.000E+00 | - | FAI
RO21 | Building depth below ground svrface (m) | not vsed [-1.000E+00 | —-— | DMFL
R0Z1 | Emznating power of Rn-222 gas | not used | 2.500£-01 | —— | EMANA(1)
RO21 | Emanating power of Rn-220 gas | not used | 1.500E-01 | - | EMANA(2)
| | J } J
TITL | Number of graphiczl time points | 32 | - | —— | NPTS
TITL | Maximum number of integration points for dose } 17 | ——- | -— | LYMRX
TITL | Mavimum number of integration points for risk | 1 | - | ~—- | Kymax
1 1 1 ). 1

\/(

Summary of Pathway Selections

Pathway | User Selection

_}7

1 -- external gamma | active

2 -- inhalation (w/o radon}| ! active

3 -- plent ingestion { sctive

4 -~ mest ingestion i zctive -

S ~- milk ingestion 1 active

€ -~ aguatic foods ] zctive

7 -- drinking water | active

% -- soil ingestion | active

¢ -~ radon | suppressed

Find pesk pathway doses { active
\
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Centaminated

Zone Dimensions

Arez:
Thickness:

Cover Depth:

385C.00 square meters

3.00 meters

0.00 meters

Totzl Mixturs Sum M(t)

HL

W

r 10/18/2004

MEARMIN . RAD

09:40 Pege

~
b

initial Soil Concentrations, pli/g

Am-241
C-14
Cm-243
Co-60
Cs-134
Cs-137
Eu-154

Fe-55

[

H-
I-129
Na-22
Nb-94
Ni-59
Ni-63
Pu-23%
Pu-239
Pu-241
Pu-242
Sr-90
Tec-9¢
U-234

1.900E-C2.
2.000E-02
1.3005-01
2.380E+00
3.000E-02
4.369E401
3.000E-02
2.750E+00
&.290E+00
2.000E-02
3.000E-02
1.200E-01
3.300E-01
1.339E+01
1.100E-01
1.300E-61
1.190E+00
6.000E~02
2.543E+01
5.800E-01
3.000E-02

Total Dose TDOSE(t), mrem/yr
Basic kadiation Dose Limit = 2.300E+0) mrem/vr

Fraction of Basic Dose Limit Received at Time (i)

t (years):
TDOSE(t}):
Mit}:

Maximum TDOSE!L; @

0.0Q0E+00 1.000E+00
1.522E+03 1.423E+03
6.087E+01 5.693E+01

LE22E+03 mremsyr

[

-

.000E+00 1.000E+0) 3.000BE+01 1.000E+0G2
.246E+03 7.851E+402 2.224E+402 6.006E+00

.986E+01

tw

= 0.00DCE+0C years

L152E+01 2.898E+0C Z.402E~01

.D00E+02
.496E+00
.983E-02

1.000E+03
6.282E-01
2.513E-02
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Total Dose Contributions TDOSE!i,p,t} for Individual Radionuclides (i} and Pethways (p)

As mrem/yxr a2nd Fraction of Total Dose At t = 0.000E+00 yesrs

Water Independent Pathways (Inhalation excludes rzdon}

Ground Inhalation Radon Plant Meat Milk Soil
Racio-~
Nuclide mrem/yr fract. mrem/yr fract mrem/vr fract. mrem/yr fract. mrem/vr fract. mrem/yr fract. -~mrem/yr fract.
Am~241 3.303E-0% 0.0000 2.438E-C4 C.0000 0.000E+00 0.0000 6.434E-02 C.0000 ©.135E-04 0.0000 8.431E~05 0.0000 9.736E-03 0.0000

C-1¢ 4.328E-07 0.0G00 3.102E-05 0.0000 0.000E+GC 0.0000 1.640E-01 6.0001 7.913E-02 0.0001 4.795E-0Z 0.0000 2.365E-06 0.0000

.240E-02 G.0000 1.140E-04 0.0000 O0.GU0E+0C 0.0000 2.001E-02 0.0000 1.705E-04 0.0000 3.933E-05 0.0000 4.541E-03 0.0000
.405E-06 ©.0000 C.O000E+QC C.0000 4.441E-01 0.0003 7.332E-02 0.0000 Z2.622E-02 0.0000 2.409E-D4 0.0000
.¢12E-09 0.0000 0.0COE+0O 6.00b0 6.947E~03 0.0000 Z2.447E-C3 0.0000 .2.080E-03 0.0000 2.631E-05 0.0000

O
3
1
~
=
G
Ny

.

.389E+01 0.0091
Cs-13¢ 9.260E-02 0.0001

O
[+)
!
el
o
bas

[N

Cs~137 5.S77E+01 §.0366 3.931E-06 0.0000 C.000E+Q0 0.0000 7.931E+00 0.0052 2.799E+00 0.0018 2.377E+00 0.0016 3.002E-02 0.0000
Eu-15¢ 2.2858;01 0.0002 6.3€3E-0% 0.0000 ©.000E+00 0.0000 1.709E-04 0.000C 3.982E-05 0.0000 ©.405E-07 0.0000 1.035E-05 0.0000
Fe-55 0.000E+00 0.0000 1.875E-08 0.0000 0.000E+00 0.0000 1.362E-04 0.0000 7.740E-04 0.0000 2.677E~05 0.0000 2.061E-05 0.0000
B-2 0.0GCE+0C 0.0000 2.186E-0G3 (¢.0000 0.C00E+00 06.0000 §&.163E-02 0.0001 4.571E~03 G.0C00 9.8947E-03 0.0000 3.928E-06 0.0000
I-12% 1.028E-04 0.0000 3.302E~09 D.000D 0.000E+00 0.0000 1.002E-02 0.0000 1.317E-03 0.0000 5.346E-03 0.0000 7.575E-05 0.0000
Na-22 1.373E-01 0.0001 5.785E-10 0-.0000 0.000E+00 0.0000 1.397E-03 0.0000 1.157E-03 0.0000 1.916E-03 0.0000 4.231E-06 0.0000
Nb-94 4.4%57E-01 0.0003 1.437E-07 0.0000 0.000E+00 0.0000 7.967E-04 D.0000 7.818E-09 0.0000 1.355E-07 0.0000 1.207e-05 0.0000
Ni-59 ¢.000E+00 0.0000 2.570E-09 0.0000 0.000E+00 0.0000 3.214E-04 0.0000 1.663E-05 0.0000 2Z.203E~-04 0.0000 9.737E-07 0.0000
Ni-63 0.000E+00 D.0000 2.420E-07 0.0000 0.000E+00 0.0000 3.57CE-02 0.0000 1.847E-03 0.0000 2.447E-02 0.0000 1.082E-04 0.0000
Pu-238 €.631E-06 0.0000 1.242E-04 0.0000 0.000E+00 0.0000 3.265E-02 0.00QO 8.271E-04 0.0000 2.139E-05 0.0000 4.940E-03 0.0000
Pu-239 1.523E-05 0.0000 1.613E-04 0.0000 O0.000E+0C 0.0000 4.285E-02 0.0000 1.217E-03 0.0000 2.808E-05 0.0000 6.484E-03 0.0000.
2.500E-05 ¢.0000 Z2.893E-05 0.00C0 (.000E+CO 0.0000 7.729E~02 0.0000 '2.154E-04 0.0000 5.271E-06 0.0000 1.168E-03 0.0000
3.157E~06 0.0000 7.132E-05 0.0000 0.000E+00 0.0000 1.877E-02 0.0000 5.331E-04 0.0000 1.230E-05 0.0000 2.841E-03 0.0000
2.330E~01 0.0002 9.293E-05 0.0000 0.000E+Q0 0.0000 1.048E+02 0.0689 <¢.793E+00 0.0031 4.983E+00 0.0033 5.288E-02 0.0000
Tc-99 2.827E-05 0.0000 1.374E-06 0.0000 0.000E+00 0.0000 3.875E-01 0.0003 1.871E-04 0.0000 3.431E-02 0.0000 1.173E-05 0.0000

1.1455-05 0.0000 0.000E+00 0.0000 1.974E-03 0.0000 7.822E-05 0.0000 3.260E-04 0.0000 1.196E-04 0.0000

-

U-234 4.216E-0€¢ 0.0900

-~

.083E+01 £.0465 3.G71E-03 0.0000 Q.0C0E+00 0.000C 1.3141E+02 0.0750 7.760E+05 0.0051 7.487E+00 0.0049 1.138E-G1 0.0001
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Total Dose Contributions TDOSE!i, p,t) for Individus) Racdicnuclides fi) zncg Pathwzys (p)

As mrem/yr and Fraction of Total Dose At t = 0.000E+00 vears

Water Dependent Pathways

Water Fish Radon Plant Meat Milk Rll Pathways*

Redio-
Nuclide mrem/yr fract. mrem/vr fract. mrem/yr fract. mrem/yr fract. mrem/yxr fract. mrem/yr fract. mrem/vr fract.

[¥]

.250E-0¢ 0.0000 1.173E-04 0.0000 1.240E+00 0.0008
.215E-04 C.0000 4.839E-04 0.0000 .941E~01 0.0002

Am-241 7.414E-Q1 0.0005 1.433E-G3 0.0000 0.0002+00 £.0000 4.175E-01 0.0003
C-14 3.760E-024 0.0000 2.243E-03 0.0000 0.C00E+00 0.0000 6.146E-04 0.0000

w

2

Cm-243 3.%47E-01 0.0003 7.437E-0¢ 0.0000 0.000E+00 5.0000 2.167E-01 0.0001 1.09CE-04 C.0000 6.085E-05 0.0000 6.666E-01 0.0004
Co-60 1.653E+00 0.0011 3.195E-02 0.0000 ©.000E+00 0.0000 9.470E-01 0.000€ 4.693E-01 0.0G003 2.628E-01 0.0002 1.780E+01 0.0117
Cs-134 §.920E-04 6.0000 1.150E-04 0.0000 0.000E+00 0.0000 5.066E-0¢ 0.0000 3.792E-04 0.0000 S.647E-04 $.0000 1.066E-01 0.0001
Cs-127 1.507E+02 0.0990C 1.943E+01 0.012& 0.00CE+00 0.0000 #8.565E+01 0.0563 6.427E+01 0.0422 9.555E+01 0.0628& 4.345E+02 0.3184
Ev-154 &.76§E~04 0.0000 2.&25E-06 0.0000 Q.000E+00 0.0000 4.940B-04 0.0000 2.434E-05 0.0000 1.367E-06 0.0000 2.301E-01 0.0002
Fe-55 5.272E-02 0.0000 §.796E-02 9.0000 0.00CE+C0 0.0000 2.270E-0Z 0.0000 1.4%96E-02 0.0000 1.252E-03 0.0000 1.003E-01 0.0001
-3 2.700E-01 0.0002 :.771E-05 0.0000 0.0CCE+00 ¢.0000 1.308E~01 0.0001 1.990E-02 0.0000 6.137E-02 0.0000 5.807E-01 0.0004
I-12¢ 7.437E-01 0.0005 1.918E-03 0.0000 0.000E+0C 0.C000 4.210E-01 0.0003 7.419E-02 0.0000 £5.901E-01 0.0004 1.848E+00 0.0012
Na-22 1.399E-02 0.0000 1.504E-05 0.0000 0.000E+0Q 0.0000 7.968E-03 0.0000 1.590E-02 0.0000 4.434E-02 0.0000 2.240E-01 0.0001
Nb-94 1.258E-03 0.0000 Z.432E-05 0.0000 C.000E+00 05.0000 7.10DE-04 0.0000 5.347E-09 ¢.0060 1.990E-07 0.0000 4.4B855-01 0.0002
Ni-59 1.0Z4E-03 6.0000 6€.596E-06 ©.0000 0.0C0E+00 0.0000 S5.827E-04 0.0000 7.259E-05 0.0000 1.621E-03 0.0000 3.B65E-03 0.0000
Ni-63 1.137E~01 0.0001 7.327E-D4 0.0000 ©0.000E+0C 0.0000 6.473E-02 0.0000 &.0645-03 (.0000 1.8G0E-01 0.0001 4.294E-01 0.0003
Pu-238 1.03:E-01 0.0001 1.992E-04 0.0000 O0.000E+00 0.0000 5,804E-02 0.0000 1.460E-0¢ 0.0000 8.164E-06 0.0000 2.001E-01 0.0001
Pu-239 1.353E-01 0.0001 2.61SE-04 0.0000 'C.000E+00 0.0000 7.618E-02 0.0001 1.916E-04 C.0000 1.070E-05 0.0000 2.627E-01 0.0002
241 3.440E-02 0.0000 6.636E-05 0.0000 0.000E+00 0.0000 1.832E~02'0.0000 4.0578~05 0.0000 3.545E-06 0.0000 6.301E-02 0.0000
2 4.81i5E-02 0.0000 9.308E-0% 06.0060 0.000E+00 €©.0000 2.712E-02 0.0000 .819E-05 0.0000 3.508E-06 0.0000 $.767E~02 0.0001

TE+0Z 0.3129 1

Q

) i

N— S L0 4.77
Tc-93 ZG5E-02 0.0000 9.406E-05 0.0000 C.000E+00 $.0000 §.600E-0Z 0.0001
U-234  1.910E-02 G.0000 1.231E-05 9.0000 0.000E+G0 0.0000 1.076E-02 0.0000°

.131E-64 6.0000 6.205BE-03 0.0000 5.616E-01 0.0004
.199E-05 0.0000 9.065E-04 0.0000 3.339E-02 0.0000

~1
)

6

.845E+0C 0.0012 0.Q00E+00 0.0000 2.868E+02 0.1885 5.471E+01 0.0360 7.609E+01 0.0500 1.012E+03 0.6650C
1
2

2.132E+0)1 0.0140 0.0GCE+00 0.0000 3.750E+02 0.2464 1.196E+02Z 0.0786 1.728E+02 0.1135 1.522E+03 1.0000

=
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m
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*Sum of & irdependent and .dependent pathways.
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Total Dose Cortributions TDOSE!i,p.t) for Individual Radionuclides {ij and Pathways (p)

Re mrem/yr and Fraction of Totel Dose At T = 1.000E+00 vears

Wzter Independent Pathways (Inhalzation exciudes radon)

Ground inhslatien Radon Plant Meat Milk Soil

Radio-
Nuclide mrem/yr Iract. mrem/yr fract. mrem/yr ract. mrem/yxr fract. mrem/yr fract. mrem/yr fract. mrem/vr fract.

[re)

.117E-0¢ 0.00C0 3.414E~05 D0.0000 9.716E-03 0.0000
.562E-03 0.0000 5.632E~C3 0.0000 2.568E-07 0.0000

Am-241 3.297E-03 0.00GC 2.433E-0¢ 0.0000 O.0COE+00 0.0000 6.421E~CZ 0.0000

C-14 4.699E-08 0.0000 3.365E-06 ©.0000 0.000E+Q0 0.0000 1.826E~02 0.0000 9

Cm-243 2.863E-02 0.0000 1.1125E-04 0.0C00 0.D00E+00 0.00006 2.928E~02 0.0000 1.663E-04 0.0000 3.837E-05 0.0000 4.431E-03 0.0000
Co-60 1.205E401 0.0085 1.219E-06 0.0000 0.000E+00 0.0000 3.853E~01 0.0003 6.362E-02 0.0000 2.275E~02 0.0bOO 7.295E-04 0.0000
Cs-13¢4  6.616E-02 0.0000 2.437E-09 0.0000 0.000E+00 0.0000 4.963E~03 0.0000 1.7¢8E-03 0.0000 1.486E-03 0.0000 1.880E-05 0.0000
Cs-137 5.303E+01 0.0373 3.738E-06 0.0000 0.000E+00 0.0000 7.542E+00 0.0053 2.662E+00 0.0019 2.261E+00 0.0016 2.854E-02 0.0000
Eu~1%¢ 2.111E-01 0.0001 5.878E-08 (.0000 0.0C0E+00 0.0000 3.579E-04 0.0000 3.679E-05 0.0000 8.689E-07 0.0000 9.562E-0¢ 0.0000
Fe-55 0.000E+00 C.0006 1.430E-0¢& C.0000 0.000E+00 0.0000 1.039E-04 0.0000 S.905E-04 0.0000 2.042E-05 0.0000 1.572E-05 0.0000
H-3 C.0COE+00 G.000G 5.063E-0¢ 0.0000 0.000E+00 0.0000 1.912E-02 0.0000 1.184E-03 0.0000 2.401E-03 0.0000 9.098E-07 0.0000
I-128 9.748E~0S5 0.0000 9.293E-0% C.0000 0.000E+00 0.0000 3.502E-03 0.0000 1.249E-03 0.0000 5.070E-03 0.0000 7.1B81E-05 0.0000
Na-22 1.033E-01 0.0001 4.353E-10 0.900C §.0008+00 0.0000 1.0515—05 C.0000 §.713E-04 0.0000 1.442E-03 0.0000 3.184E-06 0.0000
Nb-94 4.455E-01 0.0003 1.436E-07 0.0000 0.000E+00 0.0000 7.962E-D¢ 0.C000 7.813E-09 0.0000 1.354E-07 0.0000 1.206E-05 0.0000
Ni-58 0.000E+Q0D £.0000 Z.555E-09 0.0000 0.000E+00 0.0000 3.196E-04 D.0000 1.654E-05 0.0000 2.190E-04 0.0000 9.681E-07 0.0000
Ni-€3 0.0GOE+Q0 0.0000 2.389E~07 0.0000 0.00QE+00 0.Q000 3.524E-02 0.0000 1.§24E-03 0.0000 2.415E-02 0.0000 1.068E-04 0.0000
Pu~238 6.776E-06 0.0000 1.232E-04 0.0000 6.000E+00 G.0000 3.239E-02 (.0000 §.197e-0G¢ G.0000 2.123E-05 0.0000 4.901E-03 0.0000
Pu-23% 1.522E-05 0.0000 1.623E-04 0.0000 0.000E+00 0.0000 4.285E-02 0.0000 1.217E-02 0.0000 2.BOVE-D5 0.0000 6.483E-03 0:0000

o

a-211 .613E-05 0.0000 2.995E-05 ©.000C O0.000E+00 C.0000° 7.995E~03 0.0000 2.143E-04 0.0000 5.849E-06 0.0000 1.210E-03 0.0000
' 2 .157E-06 0.0000 0.0000 0.000E+00 0.0000 1.877E-02 0.0000 S.330E-04 0.0000 1.230E-05 0.0000 2.840E-03 0.0000
N S. v 2.167E-01 0.0002 > 0.06000 0.000E+0Q0 0.0000 9.749E+01 0.0685 4.461E+00 0.0031 2£.637E+00 0.0033 4.916E-02 0.0000

w
p]
Y
L)
~
m
]
o
w

2>}
L=
ES
o
m
[}
o
v

Tc~-9% 2.742E-0% $.0000 1.32¢E-0% 0.0000 0.000E+00 0.0000 3.74%E-01 0.0003 1.311E-04 0.0000 £.156E-03 0.0000 1.134E-05 0.0000
U-234 4.812E-06 9.0000 1.144E-05 0.00060 0.000E+00 0.0000 1.872E-03 9.0000 7.815E-05 0.0000 3.2578-04 0.0000 1.195E-04 ©.0000
Toral 6€.615E+01 0.0465% 1.3532-03 C.4000 0.000E+00 0.000Q0 1.061E+02 0.0745 7.202E+00 0.0051 6.970E+00 0.0049 1.084E-01 0.0001
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Total Dose Contributions TDOSE(i,p,t! for Individual Radionuciides (i and Pathwevs (p}

As mrem/yr ang Frection of Total Dose At t = 1.00DE+00 vears

Water Dependent Fathways

Water Fish Radon Flant Meat Milk All Pzthways*

Radio- k -

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yi iract. mrem/yr fract.
7.396E~01 0.00C5 1.430E-03 0.0000 OG.000E+CC 0.0006 4.166E-01 0.0003 5.238E~04 0.0000 1.170E-04 0.000C 1.237E+0C 0.0009
4.087E-05 0.0600 1.366E-04 0.0000 0.000E+060 ©.0000 6.845E-05 0.0000 3.735E-05 0.0000 5.341E-05 0.0000 3.379E-0Z 0.0000
3.752E-01 0.0003 7.253E-04 0.0000 0.000E+00 0.0000 2.113E-01 0.0001 1.063E-04 0.0000 5.934E-05 0.0000 6.501E-01 0.0005
31.433E+00 0.0010 2.771E-02 0.0000 0.000E+00 0.CCO0 &.212E-01 0.0006 4.071E-01 0.0003 2.271E-01 (.0002 1.544E+01 0.0108
6.370E-04 0.0000 #.209E-05 0.000C (.000E+00 0.0000 3.618E-04 0.0000 2.708E-04 G.0000 4.032E~04 0.0000 7.613E-02 0.0001
1.433B+02 0.1007 1.847E+01 0.0130 (.0C0E+0C 0.0C000 5.142E+01 0.0572 6.113E+01 0.0425% 9.085E+01 0.0638 4.607E+02 0.3236
5.097E-04 0.0000 2.609E-06 0.0000 0.000E+00 0.0000 4.562E-04 0.0000 2.294E-05 0.0000 1.281E~06 0.0000 2.126E-01 0.0001
4.021E-02 U.OdOO 5.183E-04 €.G000 O0.000E+00 0.0000 2.265E-02 0.0000 1.14iE-02 0.0000 9.548E-~04 0.0000 7.647E-02 0.0001
6.257E-02 0.0000 4.127E-06 0.D0000 0.00CE+CG 0.0000 3.063E~-02 ©.000C 4.730E-03 C.0000 1.430E~02 0.0000 1.355E~01 0.0001
7.046E-01 0.0005 1.818E-03 0.0000 0.000E+00 0.0000 3.991E-01 0.0003 7.039E-02 0.0000 5.595E~01 0.0004 1.752E+00 0.0012
1.053E-02 06.0000 1.357E-05 ©.0000 0.000£+00 0.0000 5.994E~03 0.0000 1.196E-02 0.0000 3.336E-02 0.0000 1.685E-01 0.0001
1.257E-03 0.0000 2.430E-95 0.0000 O0.000E+D0 0.0000 7.093E-04 0.0000 £5.342E-~09 0.0000 1.959E-~07 0.0000 4.483E-01 0.0003
1.017E-03 0.0000 €.556E-06 0.0000 0.000E40C 0.0000 S5.792E-04 0.0000 7.216E-05 0.0000 1.611E~03 0.0000 3.342E-02 0.0000
1.122E-01 0.0001 7.231E-04 €.0000 ©0.0008:00 3.000C 6.388E-02 0.0000 7.959E-03 0.0000 1.777E-01 0.0001 4.238E-01 0.0003
1.022E-01 0.0001 1.976E-04 0.0000 0.000E+00 0.0000 5,756E-02 0.0000 1.447E~04 0.0000 8.105E-06 0.0000 1.985E-01 0.0001
1.352E-01 0.0001 2.614E-04 0.0000 0.000E+G0 0.0000 7.615E-02 0.0001 1.915E~04 6.0000 1.069E-05 0.0000 2.626E-01 0.0002
4.037E-02 D.0000 7.7&3E-05 0.0000 O0.DOOE+DD 0.0000 2.268E-02 0.0000 ¢.397E~05 0.0000 4.572E-06 0.0000 7.269E-02 D.0001
4.8313E-02 0.0000 9.304E-05 0.0000 0.000E+00 0.0000 2.711E-02 0.0000 6.816E~05 0.0000 3.806E-06 0.0000 $.763E-02 0.0001
4.440E+02 0.3119 :.718E+00 0.0012 {.000E+00 0.000C 2.666E+02 0.1873 5.090E+01 0.0358 7.075E+01 0.0497 ©.408E+02 0.6610
7.050E-02 0.000¢ ©2.091E-05 9.0000 0.GOCE+00 0.0000 &.312E-02 0.0001 1.094E~04 0.0000 5.999E-03 0.000C 5.429E-01 0.0004
1.906E-02 0.0000 1.229E-05 0.000C 0.0005+00 0.0000 1.075E-02 €0.0000 9.188E-05 0.0000 S5.054E-04 0.0000 3.3358-02 0.0000

L125E402 0.07¢1 1.626E+02 0.1143 1.423E+03 1.0000

.503E+02 0.2461

Dy
[N
[

Totazl 5.911E-02 0.215 S0ZZE+CY 0.0142 0.QC0E+00 0.000¢

*Sum of 2ll water independent and Jdependent pathweys.
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Total Dose Contributions TDOSE(i,p,:t} for Individus) Radionuclides !i} and Pathways (p)

As mrem/vr and Fraction of Total Dose At t = 3.000E+00 years

water Independent Pathways [Inbaiztion excludes radonj

Ground Inhzletion Radon Plant Meat Milk Soil

Rzdio-
Nuclicde mrem/yr fract. rem/vr fract. mrem/vr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Am-241 3.284E-03 0.0000 2.423E-0¢ 0.0000 O0.000E+00 0.0000 6.395E-02 0.0002 §.GS0E-04 0.0000 8.380E-05 (.000C 9.677E-03 0.0000
C;lé 5.%16E-10 §.C000 3.954E-08 0.0000 O0.000E+00 £C.0000 2.144E-04 0.0000 1.123E-04 0.0000 ¢€.614E~-05 0.0000 2.G13E-09 0.0000
Cm-243 2.729E-02 0.0000 1.0%9E-04 0.000C 0.00CE+00 0.0000 2.787E-02 ©.000C 1.5824E-04 G.0000 3.651E-05 0.0000 4.217E-03 0.000C
Co-60 . 9.068E+00 ©.0072 ©.173E-G7 $.0000 0.000E+00 0.0000 2.8%9E-C1 0.00CZ 4.787E-0Z 0.00060 1.712E-02 0.0000 5.489E-04 0.0000
Cs-134 3.376E-0Z 0.0000 1.244E-C9 0.0000 C.000E+C0 0;0000 2.533E-03 0.0000 - 2.922E-04 0.0000 7.584E-04 0.0000 S.593E-06 0.0000
Cs~137 ¢.79¢2+01 0.0385 3.350E-06 0.0000 O0.000E+00 0.0000 6.819E5+00 0.0055 2.407£+00 0.001% 2.044E+00 0.0016 2.581E-02 0.0000
Eu-154 1.302E-01 0.000) £.0172-08 0.0000 C.000E+00 0.0000 1i.347B-04 0.0000 2.140E-05 0.0000 7.416E-07 0.0000 8.161E-06 0.0000
Fe-5% 0.000E+00 0.0000 &.323E-09 0.0000 G.CC0E+0G0 0.0000 6.050E-0Z 0.0000 3.437g-04 0.0000 1.185E-05 0.0000 9.150E-06 0.0000
.Q00E+0C £.0000 2.713E-05 0.000G £2.000E+00 0.0000 1.025E-02 0.0000 €.398E-05 0.0000 1.287E-04 0.0000 4.87SE-08 0.0000
.762E-05 0.0000 38.353E-0% 0.0000 0.000E+00 0.0000 8.541E-03 0.0000 1.123E-03 0.0000 4.557E-03 0.0000 6&.455E-05 0.0000
_E50E-02 0.0000 2.465E-10 0.000C 0.000E+00 0.0000 5.953E~02 0.0000 4.933E~04 0.0000 2.165E-04 0.0000 1.803E-06 0.0000
.449E~01 0.0004 1.434E-07 .0.0000 O.000E+0D0 0.0000 7.953E-04 C.0000 7.804E-09 0.0000 1.352E-07 0.0000 1.205E-05 0.0000
_00OE+0D 0.0000 2.526E-0% 0.0000 0.000E+00 0.0000 3.159E-04 0.0000 1.635E~05 0.0000 2.165E-04 0.0000 9$.571E-07 0.0000
.Q0GE+Q0 0.0000 2.328E-07 0.0000 0.000E+00 0.0000’ 3.434E-0Z 0.0000 1.777E-03 0.0000 2,354E-0Z 0.0000 1.040E-04 0.0000
.668E~06 0.0000 1.213E-04 0.D000 O0.000E+00 0.0000 3.187E-02 0.0000 8.051E~04 0.0000 2.089E-05 0.0000 4.823E-03 0.0000
.522E-05 0.0000 1.€12E-04 0.0000 0.000E+00 0.0000 4.284E-02 0.0000 1.216E~03 $.0000 2.807E-05 0.0000 6.481E-03 0.0000
1.140E-04 0.0000 3.185E-05 0.0000 O0.000E+00 0.0000 8.487E-03 0.0000 2.120E~04 0.0000 6.919%9E-06 0.0000 1.284E-03 0.0000
3.187E-06 0.0000 7.130E-05 0.0000 ©.0C0E+00 0.0000 1.877E~02 0.0000 &5.329E~04 0.0000 1.230E-05 0.0000 2.840E-03 0.00600
1.873E-01 0.0002 7.468E-05 0.0000 ©.000E+00 0.0000 8§.427E+01 0.0676 2.856E+00 0.0031 4.00BE+00 0.0032 4.249E-02 0.0000
Tc-99 2.563E-05 0.0000 1.242E-08 0.0000 0.000E+0C 0.0000 3.502E-01 0.0003 1.692E~C4 0.0000 7.623E-03 0.0000 1.060E~05 0.0000
Uu-23¢ 4.807E-06 0.0000 1.142E:05 0.0000 0.000E+00 0.0000 1.969E-03 0.0000 7.801E~05 0.0000 3.251E-04 0.0000 1.193E-04 0.0000

.320E+00 0.0053 €.108E+00 0.004% 9.851E-02 0.0001

o

.SiSE-C4 0.0000 ©.0COEB+CO 0.0000 9.197E+G: 0.0738

o

Total 5.795E+01 0.0465
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Total Dose Conmtributions TDOSE({i,p,.t} for Individual Radicnuclides (i) and Pathways (p}
. Es mrem/vr &nd Fraction of Total Dose At t = 3.000E+00 vears
Weter Depsndent Pazthwavs
Water Fish Radon Plant Meat Milk Ali pathways*
‘Radio- -
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract mrem/fr iract. mrem/vr fract
Am-24} 7.361E-01 0.0006 1.423E-03 0.0000 ©.000E+00 G.0000 4.146E~01 G.00C3 S5.213E-04 G.0000 1.164E~04 0.0000 1.231E+00 ©.0010
C-14 4.790E-07 0.0000 1.602E-C€ D.00C0 C.0Q0E+DC 0.0000 8.023E-07 0.0000 £.278E-07 G.0000 6.260E-07 0.C000 3.968E-04 0.0000
Cm-243 3.568E-01 0.0003 6.897E-04 0.0000 0.000E+00 0.0000 2.G10E-01 0.0002 1.0311E-04°0.0000 5.644E~05 0.0000 6.183E-01 0.0005
Co-60 1.078E+400 0.0009 2.084E-0Z 0.0000 {.00CE+00 0.0000 ¢6.176E-01 (G.0005 3.G61E-01 Q.0002 1.7C8E~01 C.0C03 1.162E+01 0.0093
Cs-134 3.249E~04 0.0000 4.187E-05 0.0000 ©C.00OE+0D 0.0000 1.845E-04 0.0000 1.381E-04 G.0000 2.037E~04 0.0000 3.885E-02 0.0000
Cs-137 1.294E+02 0.1036 1.6695+01 0.0134 0.000E+00 0.0000 7.356E+01 0.0590 5.523E+01 0.0443 &.208E+01 0.0659 4.162E+02 0.3339
Eu-154 6.906E-04 0.0000 2.225E-06 6.0000 ©.000E+00 0.0000 3.891E-04 0.0000 1.956E-CS 0.0000 1.092E~06 0.0000 1.814E-01 0.0001
Fe-55 2.338E-02 $.0000 3.014E-04 0.0000 0.0C0E+00 0.0000 1.317E-02 0.0000 6.636E-03 0.0000 5.553E-04 0.0000 4.44BE-02 0.0000
H-3 3.349E-03 0.0000 Z.209E-07 0.0000 0©.000E+00 0.0000 1.639E-03 0.0000 2.532E-G4 0.0000 7.657E-04 0.0000 7.253E-03 0.0000
i-129 §.332E-01 0.0005 1.833E-03 0.0000 0.000E+00 0.0000 3.585E-C1 0.0003 6.323E-02 0.0001 5.026E-01 0.0004 1.574E+00 0.0013
Na-22 S.956E-03 0.0000 7.678E-06 0.0000 0.000E+00 0.0000 3.392E-03 0.0000 6.770E-03 0.0000 1.888E-02 0.0000 S.541E-02 0.0001
Nb-94 1.255E-03 0.0000 2.425E-05 0.0000 0.000E+00 0.000C 7.080E-04 0.0000 5.332E-0% 0.0000 1.985E-07 0.0000 4.477E-01 0.0004
Ni-58 1.005E-03 0.0000 6.477E-06 £.0000 0.000E+D0 Q.0000 5.722E-04 0.0000 7.12%E-05 0.0000 1.592E-03 0.0000 3.7%6E-03 0.0000
Ni-63 1.093E-01 0.0001 7.041E~04 0.0000 §.000E+0C 0.0000 6.221E-02 0.0000 7.750E-03 0.0000 1.730E-01 0.0001 ¢.127E-01 0.0003
Pu-238 1.005E-01 0.0001 1.943E-04 0.0000 0.000E+00 0.0000 5.661E-02 0.0000 1.424E-04 0.0000 7.990E-06 0.0000 1.852E-01 0.0002
Pu-239 1.351E-01 0.0001 2.611E-04 0.0000 0.000E+00 0.0000 7.607E-02 0.0001 1.913e-04 0.0000 1.06B8E-05 0.0000 2.624E-01 0.0002
2-241 5.143E-02 0.0000 9.927E-05 0.0000 O©.000E+00 0.0000 2.891E-02 0.0000 5.038E-05 0.0000 6.488E-06 0.0000 9.063E-02 0.0001
f 42 4.209E-02 G.0000 $.296E-0%5 0.0000 0.000E+Q0 0.0000 2