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1.0 Introduction

Molycorp, Inc. (Molycorp) is designing an integrated closure plan for its Washington,
Pennsylvania manufacturing facility, which operated between 1916 and early 2002. This
integrated plan will address the spectrum of environmental issues existing at the site, both

radiological and non-radiological.

Molycorp’s goal is to restore the site to a condition where it can be used in the future for
purposes consisient with current zoning and physical constraints. To achieve this goal,
the site will be remediated in accordance with the approved Decommissioning Plan so
that an unrestricted radiological release can be achieved and Source Materials License
SMB-1393 can be terminated. In addition, non-radiological issues will be addressed
under Pennsylvania’s Land Recycling and Environmental Remediation Standards Act

(Act 2) so that this brownfield site can be returned to beneficial use.

Manufacturing operations at this facility produced byproduct slags, some of which
contained low level naturally occurring radiological materials, and some of which did not.
Slags of both kinds were used as fill materials on portions of the plant and are
commingled in some of the manufacturing areas of the plant. Therefore, in these areas,

remedial activities must address both the Decommissioning Plan and Act 2 requirements.

Although detailed design of the remediation is not yet complete, it is known that

radiological remediation will require large excavations and shipment of above criteria
4812-014
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soil/slag to an offsite disposal facility. When radiological remediation excavations are
complete, areas will be graded, and clean backfill and topsoil will be imported and placed
to restore the pre-excavation grade. As a consequence, the entire former manufacturing
area will be covered with a minimum thickness of two feet of clean fill/topsoil. This
surface layer will be needed for two purposes: 1) to restore the site to original grade and

2) to meet Pennsylvania Act 2 brownfield release requirements.

Industrial activities took place in other portions of the property prior to Molycorp’s
ownership. The southeastern portion of the site received tar-containing residuals believed
to have been generated by a manufactured gas plant located on property to the east of the
site. These tar related issues are being addressed under Pennsylvania Act 2 requirements
and are not discussed further in this document, which focuses on remediation in

radiologically impacted portions of the property.

The purpose of this document is to address several important issues critical to design-and
execution of remedial activities in the radiologically impacted areas of the site:
classification of areas, release criteria and final status survey approach. Subsequent
sections describe the site background, classification of areas, derivation and application of

AAR subsurface soil averaging guidelines, and the final status survey.

4812-014
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2.0 Site Background

2.1  Site Location and Description

Molycorp’s Washington Facility is located in Canton Township, Washington County,
Pennsylvania, approximately 35 miles southwest of Pittsburgh, Pennsylvania. The site
consists of approximately 73 acres ranging from woodlands to industrial areas. Molycorp
actively utilized approximately 20 acres for manufacturing operations. The main
processing areas were bounded to the north by a fence line with Findlay Refractories
Company and to the south by Caldwell Avenue. Employee vehicle parking, equipment
and miscellaneous storage were located south of Caldwell Avenue. The eastern boundary
is the former CSX and Baltimore and Ohio (B&O) railway line adjacent to Green Street.
Chartiers Creek serves as the western boundary of the former manufacturing areas.

Interstate 70 (I-70) runs along the southeastern area of the site.

The Molycorp site was divided into ten study areas for purposes of design and conduct of
a Supplemental Site Investigation carried out by Malcolm Pirnie in 2003-2004 (Malcolm
Pirnie, 2004). Figure 2-1, an aerial photograph of the site taken in 2003 after completion
of building demolition, depicts the ten areas. Much of the site is relatively flat and
located within the floodplain of the northward-flowing Chartiers Creek. This lowland

area is where most of the site investigations and remedial activities have occurred.

The southwestern section of the site consists of a steep hillside with elevations ranging

from 1020 feet above mean sea level (MSL) up to 1125 feet above MSL.

Wetlands are found in small areas in both the lowland and hillside areas of the site, with

the largest wetland comprising 1.1 acres.

4812-014
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2.2  Site History

The main plant area was purchased by The Railway Spring and Manufacturing Company
in 1902. This parcel was owned by the Railway Spring and Manufacturing Company
(later known as the Railway Spring Company or the Car Springs Company) until it was
sold to the Electric Reduction Company in 1920. The Molybdenum Corporation of
America (in 1974 the name was changed to Molycorp, Incorporated) was formed from the
Electric Reduction Company. Manufacturing operations by the Electric Reduction
Company (and successors) originally were conducted in buildings constructed prior to the
1920 purchase of the site. The original building configuration is depicted in Figure 2-2.
These buildings survived until the late 1970’s.

Over time, the plant expanded westward as low lying areas were filled with byproduct
slags and new buildings were constructed. Construction activities to support facility
upgrading were performed over the years as needed. A total of 42 buildings were
constructed on the facility property; however, not all of the buildings were present at the
same time as obsolete buildings were replaced by newer buildings. Profiles of the
buildings, including date of construction and major activities carried out, are provided in
Appendix A of the Supplemental Site Characterization Report (Malcolm Pirnie, 2004).
The final plant configuration circa 1995 also is depicted in Figure 2-2. Plant operations
ceased in early 2002, and all of the main plant site buildings were demolished later that

year, with only the guard house and truck scales remaining in place.

Additional properties were acquired by Molycorp from time to time throughout the
lifetime of the operating facility in anticipation of future expansion. Properties acquired

after 1973 were not impacted by licensed materials.

To better understand this complex site and to facilitate characterization and ultimately

remediation activities, the site has been divided into ten main areas of interest:

4812-014
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Areal Process Plant Area (Subdivided into 1A and1B)
Area?2 North Slag Area
Area3 South Slag Area
Area4 Tylerdale Connecting Railroad
Area s MGP Tar Pond Area (Subdivided into SA-5E)
Area 6 Streams
Area7 Hill Area (Subdivided into 7A and 7B)
Area 8 Cox Plus
Area 9 Green Street
. Area 10 Offsite Areas (subdivided into 10A and 10B)

As described in the Supplemental Site Characterization Report, only Areas 1B, 2 and 3,

and a portion of 10A have been impacted by licensed materials.

Area 1A Description: The original manufacturing buildings were located in the eastern
area and remained intact until approximately 1979. At that time, they were demolished,
and new structures were constructed atop the same locations. These original buildings
predate Molycorp (and predecessors) and existed throughout the time period when
radioactive slags were produced at the facility. Little or no fill was placed in Area 1A.

Previous investigations have discovered no radiological contamination in this area.

Area 1B Description: Historical information does not support the absence of
contamination in Area 1B. Previous investigations detected radiological contamination in

this section of the process plant.

Area 2 Description: This area, west of the original process plant area (Areas 1A and 1B),
was a lowland containing ponds of various configurations throughout much of the

operating history of the facility. Over the years, this area was filled with various slag

4812-014
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byproducts of the manufacturing operations. As the plant expanded westward, buildings
were erected above the fill in this area. Eight surface impoundments were constructed
along the western boundary near Chartiers Creek in 1968. These impoundments were

closed in 1995 and backfilled with clean soils.

Given the historical development of this portion of the plant, radiological contamination
would be expected in this area. This has been confirmed by previous radiological
surveys, including the extensive characterization study carried out by Foster Wheeler in
1994 (Foster Wheeler Environmental Corporation, 1995) and the Supplemental Site
Characterization Study carried out by Malcolm Pirnie in 2003-2004 (Malcolm Pimie,

2004).

Area 3 Description: This area south of Caldwell Avenue was the site of a former pile
containing thoriated slag. The pile was located in the western part of the area adjacent to
Chartiers Creek. To the east of the former pile location is the site of a former pond that
received ball milled slag in the form of a slurry. Thus, the area has been affected by

licensed materials as confirmed by radiological surveys.

Area 10A Description: Area located just adjacent to the northeast cormer of Area 3 where
a temporary rail spur was located in the 1979-1981 time period to allow receipt of raw
materials during demolition and reconstruction activities in the main plant area. A
portion of this area was found to be impacted by licensed material.

2.2.1 Manufacturing Operations (Areas 1, 2 and 3)

Molycorp manufactured several product types at the site over its operating history,

including:
¢ Molybdenum trioxide powder

e Ferromolybdenum metal

4812-014
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¢ Ferrotungsten metal

¢ Ferrocolumbium metal

e Calcium boride

e Other rare earth and transition elements

The majority of the products generated consisted of molybdenum trioxide powder,
ferromolybdenum metal, and ferrotungsten metal, with smaller quantities of the
remaining products. Primary processes that were used to manufacture these products
included roasters for converting molybdenum disulfide concentrates to molybdenum
trioxide powder and electric arc furnaces to produce ferromolybdenum, ferrotungsten and
ferrocolumbium. Supplemental processes were used to enhance product recovery and/or
to control offgases/reduce waste. Eight former Resource Conservation and Recovery Act
(RCRA) impoundments along the west side of the property were utilized for these

supplemental processes.

Ferrotungsten was produced at the site from the 1920’s into the 1970’s. During this time
several mines provided concentrates as feed material. Although the exact quantities in
the various feed concentrates are unknown, it is expected that some byproduct slags

resulting from ferrotungsten production contained uranium.

In 1963, the Molybdenum Corporation of America obtained a Source Materials License
from the Atomic Energy Commission (AEC - later the Nuclear Regulatory Commission)
because of the processing of concentrates that contained 0.05 percent (or higher) of
uranium and/or thorium. Between 1964 and 1970, Molycorp produced ferrocolumbium
alloy from concentrate produced from ore mined in Araxa, Brazil. Slag from the
production of the ferrocolumbium alloy was in the form of refractory glass/ceramic slag

containing thorium.

4812-014
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Waste slags from the ferroalloy operations were utilized on site to fill in low-lying areas
and as a subbase in some building construction. Although the largest quantity of fill
consisted of non-radioactive ferromolybdenum slags, thoriated slags associated with
ferrocolumbium production and ferrotungsten slags possibly containing uranium also

were deposited on the property.

2.3  Regulatory Highlights (Licensed Materials)

In 1963, the Molybdenum Corporation of America obtained a Source Materials License
from the AEC because of the processing of ores that contained 0.05 percent (or higher) of
uranium and/or thorium. Between 1964 and 1970, Molycorp produced ferrocolumbium
alloy from concentrates derived from ore mined in Araxa, Brazil that was delivered to the
Washington Facility. Slag from the production of the ferrocoloumbium alloy was in the

form of a refractory glass/ceramic containing thorium.

In 1966, Molycorp initiated discussions with the Pennsylvania Department of Health and
the AEC in pursuit of an on-site burial permit. A formal application was submitted in
1967. About this time period, Applied Health Physics, Inc. conducted a series of leaching
studies on the ferrocolumbium slags. These studies indicated that the radioactive
materials were fixed and would not leach into the groundwater in excess of prescribed
limits. No action was taken by the state or the AEC on the request for an on-site burial

permit.

In June of 1971, an AEC compliance inspection revealed that thorium-bearing slags had
been buried on-site. It was speculated that the burial occurred during a large scale clean-
out of settling basins and regrading of the plant site by a private contractor who was
unaware of restrictions on landfilling ferrocolumbium slags. Subsequently, AEC issued a
Notice of Violation and requested Molycorp to excavate these materials and dispose of

them in accordance with AEC regulations.

4812-014
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In 1972, Molycorp excavated soil containing relatively high concentrations of thorium-
bearing slag, and shipped approximately 14 truckloads of this soil/slag material to a
disposal facility in New York State. However, that facility later refused to accept any
additional material because it was, in the facility manager's words, "of insignificant
contamination and too large a volume” to bury at a site with limited disposal space. As a
consequence, in 1973, the remaining thoriated slag material that was to be shipped offsite
was instead consolidated into a single storage pile south of Caldwell Avenue and covered

with a foot-thick layer of clean fill and vegetation.

A Nuclear Regulatory Commission (NRC) contractor, Oak Ridge Associated Universities
(ORAU), conducted a radiological survey of the site in 1985, which identified elevated
levels of thorium in the dikes which separated the RCRA surface impoundments and
indicated the potential of subsurface thoriated slags in the western portion of the site.
Subsequently, the Washington Facility was listed in NRC’s 1990 Site Decommissioning
Management Plan (SDMP) list.

In 1990, Radiation Surveillance Associates, Inc. (RSA, Inc.) conducted a sub-surface
survey for Molycorp, Inc. to characterize the thorium contamination across the western
portion of the site (i.e., the impoundment area). Thirty-two holes were drilled on the site,
and radiation measurements were logged at every six inches of depth from the surface
down to bedrock, both above and below the water table. Radiation levels were also
logged in monitoring wells previously drilled on the site. In addition to the subsurface
measurements, RSA, Inc. conducted a scintillometer survey of the radiation exposure
rates inside the study area. The surface study consisted of approximately 400
measurements of the gamma radiation field at a height of one meter above ground level.
Findings revealed that, in general, the subsurface concentrations of thorium were above

those in the surface soils in almost every hole drilled.

4812-014
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Molycorp renewed its NRC license for the Washington County facility in 1992. Because
the facility had appeared on the 1990 SDMP list, this license renewal included an
amendment incorporating a schedule for characterizing and decommissioning the site.
Since that time, a number of decommissioning reports and plans have been submitted to

the NRC including:

¢ Plan for Site Characterization in Support of Decommissioning of the Molycorp, Inc.,
Washington, PA Facility (RSA, Inc. and Vail Engineering, Inc., 1993)

¢ Site Characterization Report for License Termination of the Washington, PA Facility
(Foster Wheeler Environmental Corporation, 1995)

e Decommissioning Plan for the Washington, PA Facility (Foster Wheeler
Environmental Corporation, 1995)

e Washington Facility Environmental Report (ICF Kaiser, Inc., 1997)

. AWéshington, PA Facility Decommissioning Plan, Part 1 Revision (Radiological
Services, Inc., 1999)

e Washington, PA Facility Decommissioning Plan, Part 2 Revision (Radiological
Services, Inc., 2000)

e Supplemental Site Characterization Plan for the Washington, Pennsylvania Site
(Malcolm Pirnie, 2003)

e Supplemental Site Characterization Report for the Washington, Pennsylvania Site
(Malcolm Pimie, 2004)

The 1993 Site Characterization Plan (RSA, Inc. and Vail Engineering, Inc., 1993)
explained how Molycorp would test and analyze the property to determine the presence
and location of the thorium-bearing slag. As called for in the Site Characterization Plan,
Molycorp drilled over 400 core borings and generated more than 12,000 soil
measurements.  Furthermore, Molycorp installed 19 groundwater wells and took 64

groundwater samples. Through this process, Molycorp created a three-dimensional
4812-014
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picture of areas with elevated radiation levels. The findings of that study were reported in
the 1995 Site Characterization Report (Foster Wheeler Environmental Corporation,
1995).

Based on the findings of the Site Characterization Report, Molycorp prepared an initial
Decommissioning Plan that was submitted to the NRC in late 1995 (Foster Wheeler
Environmental Corporation, 1995). This plan proposed removing any material that had a
level of thorium above 30 pCi/g. The plan did not address contamination below

structures.

In 1996, Molycorp excavated approximately 4,000 cubic yards of material that was
located along and beyond its northern property boundary. This thorium-bearing slag and
soil were stored in covered roll-off containers on Molycorp's property. In 2000, the
thoriated slag in the roll-off containers as well as the slag pile south of Caldwell Avenue

were transported offsite and disposed at the Envirocare facility in Utah.

In 1999, the NRC advised Molycorp of the results of its review of the 1995
decommissioning plan. As a result of the NRC's review, in June of 1999, Molycorp
submitted to the NRC the Part I Revision to the Decommissioning Plan, which changed
the thorium remediation goal. The plan also described how Molycorp would excavate the

thorium-bearing slag in various areas of the property.

In July of 2000, Molycorp submitted the Part 2 Revision to the Decommissioning Plan
that addressed a proposal to construct an onsite disposal cell for material that exceeded
SDMP Action Criteria (10 pCi/g). The Decommissioning Plan Part 2 Revision was never
approved. Molycorp has since abandoned its plans to construct the onsite cell and now
intends to close the site in a manner that results in unrestricted release with respect to

radiological issues.

4812-014
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NRC has issued a series of amendments to Molycorp’s Materials License (No. SMB-
1393). The most recent amendment is No. 6, which was issued on May 1, 2002. The

amendment specifies conditions that must be met as part of decommissioning the site.

In September 2003, Molycorp undertook a Supplemental Site Characterization to address
both radiological and non-radiological issues at the site. Radiological characterization
included a 100% coverage walkover survey for detection of gross gamma radiation in
areas that were used by Molycorp for manufacturing operations and other selected areas
of the site. More than 108,000 gamma measurements were collected. A total of 235 soil
borings were completed utilizing split spoon sampling techniques. More than 1,600 2-
foot core segments from soil borings were scanned for radioactivity with a 2-inch-by-2-
inch Nal scintillation detector. In addition, more than 200 soil samples were analyzed by
gamma spectroscopy, and 25 soil samples were analyzed by alpha spectroscopy for Th
and U. Areas of uranium contamination which were not addressed in previous

investigations were defined in the Supplemental Site Characterization.

24  Remedial Actions
Five principal remedial actions have occurred in the affected areas of the site:
» Excavation of Buried Thorium-bearing Slag
e Impoundments Closure
¢ Northern Property Boundary Remediation
o Slag Pile Removal
¢ Building Demolition
Each of these remedial actions is described in the 2004 Supplemental Site

Characterization Report (Malcolm Pirnie, 2004).
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3.0 Classification of Areas

3.1 Basis

Post-remediation radiological surveys (final status surveys) will be conducted to
demonstrate that release goals have been met. Classification is a critical step in design of
those surveys, because it determines the level of survey coverage necessary to achieve an
acceptable level of confidence that the site satisfies the established release criteria based

upon the potential for residual contamination.

The Washington, PA Facility Decommissioning Plan, Part 1, Revision 1 (Radiological
Services, Inc., 1999) contemplates dividing the Molycorp site into Affected and
Unaffected areas in accordance with guidance provided in Manual for Conducting
Radiological Surveys in Support of License Termination, NUREG/CR-5849. These

classifications are defined in the approved Decommissioning Plan as follows:

Affected Areas: Areas that have potential radioactive contamination (based on plant
operating history) or known radioactive contamination (based on actual radiological

surveys).

Unaffected Areas: All areas not classified as Affected Areas. These areas are not

expected to contain residual radioactivity based upon survey information. These are areas
where characterization and decontamination surveys detected no residual activity in

excess of guideline values.

The large body of available survey data and historical information have been carefully
analyzed and evaluated to develop the area classification boundaries delineated herein.

The evaluation process as well as the area classifications is described below.

3.2 Classification Process

4812-014
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Based upon historical knowledge alone, the northwestern (Areas 1B and 2) and southern
(Areas 3 and 10A) portions of the former manufacturing areas would be classified as
affected. Because the original manufacturing buildings predated Molycorp’s presence on
the site and remained intact throughout the time period when radioactive slags were
produced, and no fill is believed to have been placed in this northeastern portion of the

site, Area 1A would be classified as unaffected.

Historical classification conclusions have been reinforced and refined by several
radiological surveys conducted between 1985 and 2004. Based upon the body of
knowledge available at that time, in an April 3, 2000 letter to NRC, Molycorp classified
areas in the eastern portion of the site as unaffected and other portions of the site as
affected. This letter is referenced in License Condition 13 of Amendment No. 6 of
Molycorp’s Materials License SMB-1393. Open land areas classified as unaffected were
areas east of buildings 25, 22 and 1. In addition, land under buildings 2, 2W, 13, 14, acid
plant and storage tanks, and rail siding in this eastern area also were classified as
unaffected. This unaffected eastern area, shown in Figure 3-1, roughly corresponds to
Area 1A. Land beneath certain buildings to the west also was classified as unaffected:
land beneath buildings 19, 21, 22, 23, 25, 26, 29, 31, 37 and possibly building 1.

Subsequent to the classification detailed in the April 3, 2000 letter, Molycorp demolished
and removed the existing buildings, except for the guard station. Molycorp then engaged
the services of Malcolm Pirnie to conduct a supplemental site characterization to better

define the nature (Th, U, Ra) and limits of radiological contamination.

This investigation included installation of some 235 soil borings across the site utilizing
split spoon sampling techniques in conjunction with hollow-stem auger drilling. Split
spoon sampling consisted of progressively extracting a series of 2-inch diameter by 24-
inch length soil core samples at each location until refusal (up to 26 feet). Each core

segment was scanned with a 2 inch x 2 inch Nal scintillator detector, Ludlum Model 44-

4812-014
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10, linked to a Ludlum Model 221 scaler to develop a gamma radiation profile of each
boring. More than 1600 core segments were scanned. More than 200 of the core
segments were analyzed by high resolution gamma spectroscopy in a commercial
laboratory and 24 soil samples were analyzed by alpha spectroscopy. The laboratory
results subsequently were correlated with core scanning results. Locations of borings

installed by Malcolm Pirnie are shown in Figure 3-2.

In addition to the borings, near surface gamma radiation levels were measured using a 2 x
2 inch NAI detector liked to a Trimble Pro XRS Global Positioning System (GPS).
Radiation detection measurements were collected continuously and data recorded
approximately every 4 to 5 seconds. The Trimble Pro XRS was integrated with a Ludlum
2221 ratemeter with a 44-10 detector. More than 108,000 discrete measurements were

recorded.

Results of Malcolm Pirnie’s radiological surveys (surface and subsurface) carried out
during that investigation are fully described in the Supplemental Site Characterization
Report (Malcolm Pirnie, 2004). Survey information obtained in this supplemental
investigation then was utilized to refine the previously defined boundaries of affected and

unaffected areas via several steps.

Subsurface radiological characterization consisted of a combination of core scans of each
2-foot segment of each boring and radiological laboratory gamma and alpha spectroscopy
determinations on selected core segments. Subsequently, laboratory data were correlated

with core scan data.

Based on the correlations developed between analytical data and core scan values in each
Area (1, 2, 3 and 10A), a core scan value was determined which represented the sum of

fractions (SOF)" at that depth increment’. The core scan values at each depth increment

* Sum of Fractions in this instance is defined as: Th®? + u® 4 excess Ra*%
GIJ'n,?Jz GLU233 GLR3226
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were then processed in ArcView 8.3 using Spatial Analyst to develop site-wide SOF

contours.

Utilizing the SOF contours, zones of contamination were generalized by drawing bounds
around the areas which had core scan values exceeding a SOF of unity at that depth. This
bound delineated material that was greater than or less than release criteria at that depth,

assuming all layers above were clean.

Actual core scan values from the site borings then were plotted with the bounds
developed from the correlation and kriging. The bounds were adjusted based on the
actual core scan values from borings at each depth increment. SOF values then were
calculated based on the laboratory analytical data and plotted at the depth interval from
which the material was sampled. As nécessary, the bounds were further adjusted to

account for gamma spectrometry data.

The adjusted bounds were overlaid for each depth interval to define the extent of

contamination requiring excavation.

As a further refinement, contamination limits developed from this process were overlaid
with down-hole gamma data collected by Foster-Wheeler during a previous investigation
of the site. The Foster Wheeler gamma survey used a borehole gamma logging technique
and gamma ray spectroscopy to identify thoriated materials in the subsurface soil and fill.
The survey was conducted by drilling soil borings at selected locations on the site using a
hollow stem auger. Soil samples were collected continuously throughout the soil column

using split spoon sampling techniques to approximately 20 feet below grade.

Where GL=the AAR guideline value for the individual radionuclide series.

 AAR Soil Averaging guidelines are described in Section 4 of this document.
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A total of 418 borings were completed by Foster Wheeler. In the borehole logging
survey, a Nal scintillator was lowered into the completed boreholes and count rate
measurements were taken at six-inch intervals to the bottom of the soil boring. Each
count rate measurement was converted to a Th-232 concentration. Approximately 12,500
data points were obtained in this manner. A subset of the soil boring samples collected
during drilling were analyzed by gamma ray spectroscopy. The gamma spectroscopy was
conducted on six-inch intervals in the split spoon samples to measure thorium
concentration. These samples were considered primarily as a quality assurance
measurement for the borehole gamma logging technique. Foster Wheeler’s boring

locations are shown in Figure 3-2.

Foster Wheeler borings which were outside the defined contamination limits were
identified, and the total thorium data obtained by the down-hole gamma method were
reviewed to determine if any of the Foster-Wheeler data indicated that significant
contamination was present outside of the defined limits. The boundaries then were

readjusted to capture areas indicated by the Foster-Wheeler data as affected.

Results of this process are shown in Figure 3-2, which also shows all of the Foster
Wheeler and Malcolm Pirnie sampling points used in this analysis. All of the extensive
subsurface survey data outside of the shaded areas indicate these areas are unaffected by
licensed material in excess of the AAR release criteria. Surface contamination indicated

in the Malcolm Pirnie walkover survey data also is captured in the shaded areas.

33 Area Classification Boundaries

Based upon the evaluation process described above, three distinct types of areas have

been delineated:

Affected Areas: Areas where contamination exists in excess of guideline values and

which must be remediated.
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Unaffected Areas: Areas not containing residual radioactivity above background levels

based upon historical knowledge and radiological surveys.

Areas Affected Below Guidelines: Areas impacted by licensed materials but which

extensive characterization data demonstrate to be within the AAR Guideline release

criteria.

The boundaries of each area type are delineated in Figure 3-3. Molycorp believes that no
additional radiological surveys are necessary in either Unaffected Areas or those Areas
Affected Below Guidelines. The possible exception to this would be if an area otherwise
compliant with decommissioning criteria inadvertently became contaminated during

decommissioning activities. In that case, it would become subject to a final status survey.

4.0 AAR Method for Developing Site-Specific Soil Averaging
Limits for the Washington Site

As stated in the Washington, PA Facility Decommissioning Plan, Part 1 Revision
(Radiological Services, Inc., 1999) Molycorp plans to demonstrate compliance with
subsurface unrestricted use limits by applying NRC guidance contained in the February
13, 1997 letter from John T. Buckley, NRC to Howard A. Pulsifer, AAR Corporation. A
copy of this letter, often referred to as the AAR method, is attached in Appendix A.

In preparation for applying the AAR method to the Washington, PA Facility, Malcolm
Pirnie developed Site-Specific Subsurface Soil Averaging Limits for the Washington site.
These limits were derived using the methodology documented in “Method for Surveying
and Averaging Concentrations of Radioactivity in Potentially Contaminated Subsurface
Soil, Molycorp’s York PA Site” (Mactec Development Corporation, 2003) which is an
extension of the AAR method as applied to Molycorp’s York, PA Facility. A copy of the

Mactec document is attached in Appendix B.
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In developing AAR site specific limits for the Washington, PA facility, all of the dose
modeling parameters were identical to those used in the Mactec document with the
exception of soil layer thickness. The Mactec derivation was based on 1-meter thick
layers of soil and developed soil averaging limits for each 1-meter depth increment below
the ground surface. For the Washington site, characterization samples were composited
over 2-feet depth intervals and therefore the soil averaging limits were calculated based

on 2-feet thick layers of soil.

Both the Washington and York soil averaging limits are based on a resident farmer
scenario. The RESRAD output report files for the Washington site baseline case
(contaminated area = 10,000 m?, volume = 3000 m®) for U-238, Th-232 and Ra-226 are
presented in Appendix C. All RESRAD runs were completed using Version 6.22
(February 6, 2004).

Table 4-1 presents the tabular data set from the RESRAD modeling runs conducted for
the Washington site. Table 4-1 is analogous to Appendix B in the Mactec report.

Based upon the comparative dose modeling performed in this assessment, a tabular set of
subsurface soil concentration limits was calculated. Each of the calculated concentration
limits for subsurface units of soil is derived from the approved surface soil concentration
limits for residual radioactivity specified in the Washington, PA Facility
Decommissioning Plan (Radiological Services, Inc., 1999) using the dose-response
relationship as a function of volume excavated and brought to the surface where human
exposure may occur. Site-Specific Subsurface Soil Averaging Limits for the Washington

site for the uranium, thorium and radium isotope series are presented in Table 4-2.

The concentration limits described in Table 4-2 were derived independent of one another.
That is, there is no presumption about whether the concentrations of uranium, thorium

and radium apply independently or as components of a sum of fractions. If the approved
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concentration limits in the Decommissioning Plan are understood as components of a
sum of fractions that must be demonstrated to be less than or equal to unity, then the same
application applies to the subsurface averaging limits presented in Table 4-2. In keeping
with the protocol established for the York site, a sum of fractions treatment is assumed to

be appropriate.

4.1  Natural Background Radioactivity in Soil

AAR soil concentration limits presented in Table 4-2 are intended to be applied after
subtraction of natural background radioactivity in soil. To determine appropriate
background concentrations, thirteen soil samples were taken from uncontaminated
portions of the site and analyzed for the naturally occurring radionuclides of interest
(MPI, 2004). The results for Ra-226, U-238, and Th-232 were reported as 1.65 + 0.20,
1.59 + 0.65, and 1.50 + 0.65 pCi/g, respectively. The stated errors are one standard
deviation. Another analysis of background concentrations was done (Morton, 2004)*
using a subset of 81 slag and soil samples from the supplemental characterization
samples. The subset of samples was selected using cumulative probability plots and other
statistical arguments. This work concluded that the mean Ra-226, U-238, and Th-232
background concentrations were 1.78, 1.84, and 1.65 pCi/g, respectively. These two
assessments of background are in very good agreement. In addition, since the latter
assessment used a mixture of slag and soil samples, it indicates that the background
concentrations in the slag and in the local soils are similar in magnitude. Molycorp
proposes to use the results as reported in the Supplemental Site Characterization Report

(Malcolm Pirnie, 2004) as naturally occurring background concentrations.

1 Morton, 2004. Natural Background Radioactivity in Soil on Molycorp Washington Pennsylvania Site.
Unpublished report. November 10, 2004. Morton Associates, Potomac, MD 20854.
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4.2  Application of Derived AAR Subsurface Soil Concentration Limits

Averaging criteria apply to any contiguous volume defined by the given number of 5 m
grid samples. For averaging over a 100 m? area, each combination of the four “nearest
neighbor” samples in a given 2 feet layer should be evaluated. This means that each Sm x
5m grid (except those on the boundary of a survey unit) would be evaluated as a part of

four different 100 m? areas.

In addition to the areal averaging, vertical averaging criteria are also defined. These
averaging criteria are intended to identify significant volumes of residual radioactivity in
contiguous volumes in the vertical, as opposed to the horizontal (lateral) direction.
Again, the sampling upon which the vertical averaging criteria is derived assumes a 5
meter grid size with one sample collected fram each 25m* area and 2 feet depth
increment. A vertical (columnar) average will be calculated for each contiguous

combination of samples in a single vertical column starting with the ground surface.

For subsurface soil in the 0 to 2 feet depth increment below ground surface, there are two

AAR Soil Averaging Limits from Table 4-2 that apply:
e Average of four “nearest neighbor” samples (61 m®), and
e Individual sample (15 m°).

For subsurface soil in the 4 to 6 feet depth increment below ground surface, the AAR Soil
Averaging Limits from Table 4-2 associated with the O to 2 feet depth increment and 2 to

4 feet depth increment apply in addition to four other criteria from Table 4-2:

o Average of four “nearest neighbor” samples (61 m®) in the 4 to 6 feet depth

increment,

o Average of the twelve samples in a 10-m x 10-m area in the 0 to 6 feet depth

increment (183 m®),
4812-014
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o Individual sample (15 m?), and

e Average of the three samples from the 0 to 6 feet depth increment (46 m®) in each of

four vertical columns.

4.3  Case Study — Applying AAR Subsurface Soil Concentration Limits to the
Washington Site

Figure 4-1 illustrates the 3-step process for applying the AAR Limits in Table 4-2 to a
hypothetical 10-m x 10-m excavation cell. Table 4-3 presents initial net subsurface
concentrations for the example. For this example, soil concentrations are assumed to be

homogeneous within individual 2-feet layers of the excavation cell.

Initial conditions are shown as Step 1 in Figure 4-1. SOF estimates for Layer A (0 — 2
feet) and Layer B (2 — 4 feet) indicate that both layers contain acceptable levels of
residual radioactivity based upon the criteria associated with four samples from the
subject layer. Based on prior characterization activities, it is known that unacceptable
levels of radioactivity are present at depth in this excavation cell. Therefore, Layers A and

B must be excavated to gain access to the deeper layers C and D.

Step 2 illustrates the excavation in progress. Table 4-4 presents isotope concentrations
and SOF estimates associated with the excavation. Each is characterized, evaluated as a
SOF using appropriate AAR Limits from Table 4-2 and stockpiled. Layers with SOF < 1
are stockpiled for later use as backfill. Layers with SOF > 1 are stockpiled separately for
offsite disposal. Layers that are combined in a stockpile are assumed to mix completely.
The excavation terminates at 8-feet because the SOF for Layer E is estimated to be less
than one and prior characterization activities demonstrated that subsurface concentrations

decreased at depths greater than 10-feet in the area of this excavation cell.
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Before the stockpiled Layers A and B are returned to the excavation, two sets (Tables 4-4
and 4-5) of SOF calculations are made. Table 4-4 presents isotope concentrations, AAR
Averaging Limits and SOF estimates associated with the excavation. Table 4-5

characterizes the post backfill conditions.

Step 3 of Figure 4-1 illustrates the excavation cell after backfilling. Table 4-5 shows that
all appropriate SOF estimates (i.e., individual layer and surface to individual layer) are

less than one.

5.0 Final Status Survey

Post-remediation radiological surveys (final status surveys) will be conducted to support
closure of the site. As previously discussed, the remedial design will specify that
subsequent to excavation and removal of above criteria soil, the entire area will be graded
and a cover of uncontaminated soil will be imported and placed over all slag areas.
Therefore, for final status survey purposes, the surface layer will be considered
uncontaminated and the cleanup criteria of importance will be the subsurface criteria,
which vary as a function of depth. These criteria will be applied to the subsurface soils

within each survey unit.

Release protocols are based on the AAR method for site specific soil averaging limits.
The original AAR method considered average concentrations in a soil layer of 25 m? area
and a depth of 1 m (volume of 25 m®). A 5-meter grid is established over the area to be
released and soil samples taken within each layer. This concept has been applied to this
site with the exception that the depth of each layer has been conservatively chosen as 2-

feet.

All affected areas requiring remediation (shown in Figure 3-3) will be excavated to
achieve the AAR release criteria. Excavated soils will be segregated into waste and non-

waste piles. The non-waste piles will be made up of material where the average
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concentration does not exceed the concentration limits for the subject layer. This non-
waste material will be used as backfill. Additional uncontaminated imported material
will be applied as a final cover after excavation is complete, as described in the AAR

discussion in Section 4.

As excavation proceeds, periodically a gamma scan of the entire excavated surface will
be conducted and an evaluation made as to whether the survey unit meets the release
criteria prior to performing the final status soil sampling. The gamma scan data will be
converted to an approximate Th-232 concentration using correlations developed during

excavations.

Once data suggest that the area meets release criteria, 24-inch deep soil samples will be
taken from the excavation surface on a 5-m grid spacing. These samples will be analyzed
and the results will be evaluated against the AAR criteria. Residual concentrations of
constituents in the backfill (non-waste piles) will be considered in the evaluation. Non-
waste piles will be characterized prior to evaluation using the sampling strategy given in

5.3 below.

The steps for conducting the final status survey are discussed below. All major activities

will be performed using Standard Operating Procedures.

5.1  Site Coordinate System

The data will be managed using ArcView GIS, a geographical information system. The
coordinate system used for the site will be UTM zone 17. The site will be divided into
100-m by 100-m grid blocks. These “major grid blocks™ will be subdivided into one
hundred equal grid blocks of 10-m by 10-m dimensions. These 10-m by 10-m grid blocks
then will be further divided into 5-m by 5-m grid blocks. Each of these smaller grid

blocks corresponds to an area equal to 25 m?, the basis of the cleanup standard.
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The grid block nomenclature is best understood by looking at Figure 5-1. In the figure,
the 100-m by 100-m major grid block F5 is subdivided into 100 smaller 10-m by 10-m
grid blocks. One of these smaller grid blocks, g04, is further subdivided into 4 smaller
grid blocks, each being 5-m by 5-m and lettered from A to D. The name of the example
5-m by 5-m grid block is F5g04D. For ease in sample management, soil samples taken
from each grid block will be identified using the corresponding 5-m by 5-m grid block

number as the sample number.

5.2  Soil Sampling

A 5-m by 5-m grid will be established over the excavated area to be sampled using the
coordinate system discussed in 5.1. In order to be unbiased, the points will follow the
natural divisions of the coordinate system (i.e. fall on UTM East and West coordinates
that are divisible by 5). Areas greater than 25 percent of a grid block will be considered a
grid block. Areas less than 25 percent of a grid block will be ignored providing that the
gamma scan data indicate that the area contains no unusually high gamma count rates for

that depth interval.

A soil sample will be taken from the bottom of the excavation to a depth of 24 inches at
each grid node using a geoprobe or alternative sampling device. The sample will be
labeled the same as the coordinate using a V1 suffix. Should further remediation be
required at that grid node, and the area sampled a second time, the second sample will
have a V2 suffix, etc. Sampling equipment will be washed thoroughly with water after
each sample. A sample record will be maintained. These requirements will be included

in the Standard Operating Procedure for Soil Sampling.

53 Non-Waste Pile

Overburden and other slag soil that does not require off-site disposal will be removed and

placed in stockpiles for use as backfill. The material is expected to slightly exceed
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natural background concentrations but will be below the AAR release criteria. The
spatial variability of radionuclide concentrations in the pile will be small since there will

be considerable mixing due to handling.

A minimum of 20 samples will be taken from the loader bucket during excavation as a
stockpile is built. These samples will be analyzed to estimate the average concentration
for each pile. The samples will be taken at approximately the same intervals so that each
sample represents approximately the same volume of material. Alternatively, 20
representative samples will be obtained from a completed stockpile to characterize the

material.

Upon completion of the final status survey of the excavation as described in 5.2, material
from the characterized backfill pile will be returned to the excavation in a manner that
will achieve the AAR criteria set forth in Section 4.0. This determination will be made

via calculations based upon the known concentrations in the backfill and the excavation.

5.4  Sample Analysis

An on-site laboratory will be established to support the excavation control function and
final status survey. A Multichannel Analyzer(s) (MCA) employing an HPGe detector
will be used to analyze for Th-232, Ra-226, and U-238. Samples will be mixed and dried
prior to analyses. A slag/soil matrix NIST traceable standard or alternative method will
be used to calibrate the spectrometer. Archived samples from characterization work will
be analyzed and used as a secondary method for detector calibration. The detectors will
have an upward looking cryostat so that 1-liter Marinelli beakers can be used. The
detectors will be shielded with lead to reduce the minimum detectable concentration.

Standard Operating Procedures will be used.

Samples used for developing correlations will be analyzed on site without splits sent to a
vendor laboratory. Final Status Survey samples and samples used for backfill
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characterization will be analyzed on site, and every 10 sample will be sent to a vendor

laboratory for analysis for QC purposes.

5.5  Surface Surveys

Following site restoration (backfilling excavations and placement of a layer of imported
fill and topsoil), an exposure rate survey will be performed to assure that an average
exposure rate of 10 pR/hr above background at 1 meter from the ground surface is

achieved and that no discrete location exceeds 20 pR/hr above background at 1 meter.

In addition, surface surveys consistent with criteria set forth in the Decommissioning Plan
will be performed in any affected area not covered with imported fill/topsoil. Any
unaffected area or area affected below guidelines which inadvertently became
contaminated (as defined by scoping surveys) during decommissioning activities and not
covered with clean fill also would be subject to remedial action and subsequently a

surface final status survey.
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TABLE 4-1

Tabular Data Set from RESRAD Modeling Runs Conducted for the Molycorp Washington, PA Site

[Dimensions for Table 1 2 3 4 5 6 7 8 12 16 20 24 28 197
Volume (ft3) 50 200 538 1076 1615 2153 2691 3229 3767 4306 6458 8611 10764 12917 15069 105944
Thickness (ft) 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984
Area (ft2) 51 203.3 546.8 1093.6 1640.4) 2187.2] 2734.0] 32808 3827.6] 43744 6561.7 8748.9] 10936.1 13123.3 15310.6 107639.0
Dimensions for RESRAD Input
: ]
Thickness (m) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3] 0.3 0.3 0.3 0.3| 0.3 0.3 0.3
Area (m2) 4.7 18.9 50.8 101.6' 152.4 203.2 254.0 304.8 355.6 406.4 609.6 812.8 1016.0] 1219.2 1422.4 10000.0!
Maximum Annual Dose Modeled - :
Uranium (10 pCi/g) 6.32) 12.65 16.74 19.48) 21,16 22.71 2393 25.12 26.30 27.46 31.85 36.03 39.87 39.96 40.06 42.49
Thorium (10 pCi/g) 9.23] 17.99 23.33 26.37 27.88 29.20 30.02 30.80 31.56 32.30 34.86 37.11 39.14 39.27 39.38 41.52
Radwum (5 pCi/g) 5.95] 11.99 15.64 17.75) 18.83 19.78 20.41 21.01 21.47 22,18 24.22 26.07 27.75 27.82 27.88 29.28
[Percent of Baseline Annual Dose . : ] - : : - . L . :
Uranium 14.9% 29.8% 39.4% 45.8% 49.8% 53.4% 56.3% 59.1% 61.9% 64.6% 75.0% 84.8% 93.8% 94.0% 94.3% 100.0%
Thorium 22.2% 43.3% 56.2% 63.5% 67.1% 70.3% 72.3% 74.2% 76.0% 77.8% 84.0% 89.4% 94.3% 94.6% 94.8% 100.0%
Radium 20.3% 40.9% 53.4% 60.6% 64.3% 67.6% 69.7% 71.8% 73.3% 75.8% 82.7% 89.0% 94.8% 95.0% 95.2% 100.0%
Area Factors : . . L - . : - - :
Uranium (10 pCi/g) 6.7 34 2.5 22 2.0 1.9 1.8 1.7 1.6 1.5 1.3 1.2 1.1 1.1 1.1 1.0
Thorium (10 pCilg) 4.5 2.3 1.8 1.6 1.5 14 1.4 1.3, 1.3, 1.3 1.2 1.1 1.1 1.1 1.1 1.0
Radium (5 pCvg) 4.9 24 1.9 1.6 1.6 1.5 1.4 1.4 1.4 1.3 1.2] 1.1 1.1 1.1 1.1 1.0
Allowable Concentrations . - i - .- . R : .
Uranium (pCi/g) 67.2 33.6 254 21.8 20.1 18.7 17.8| 16.9 16.2 15.5 13.3 11.8 10.7 10.6 10.6 10.0
Thorium (pCi/g) 45.0 23.1 17.8 15.7 14.9 14.2 13.8 13.5 13.2 12.9 11.9 11.2 10.6 10.6 10.5 10.0
Radwm (pCi/g) 24.6 12.2 9.4 8.2 7.8 7.4 7.2 7.0 6.8 6.6 6.0 5.6 5.3 5.3 5.3 5.0
Summary of Pathway Selections
Pathway User Selection
1 -- exteral gamma active
2 - Inhatation (w/o radon) active
3 - plant ingestion active
4 - meat ingestion active
5 -- mitk ingestion active
6 -- aquatic foods active
7 - drinking water active
8 - solt Ingestion active

9 -- radon

suppressed




TABLE 4-2
Site-Specific Subsurface Soil Averaging Limits - Molycorp's Washington, PA
Site

! O N yer
1 0to2 feel Layer Average
- 4 2153 18.7 14.2 74
Max:mum "‘ Layer 1 538 254 17.8 94
2 0 to 4 feet Layer
2 Vertical Quadrants 2 1076 218 15.7 8.2
14 Samples from Layer Area = 4 2153 309 25.7 132
8 Samples from Surface to this Layer 8 4306 16.5 129 6.6
Maximum in Layer 1 538 43.6 31.5 16.5
3 0 to 6 feet Layer
3 Vertical Quadrants 3 1615 20.1 14.9 7.8
14 Sampies from Layer Area <, y 4 2153 400 357 18.1
12 Samples from Surface to this Layer 12 6458 13.3 119 6.0
Maximum in Layer 1 538 60.2 447 233
4 0 to 8 feet Layer
4 Vertical Quadrants 4 2153 18.7 14.2 74
[4.Samples from Layer Area 3. 4 2153 472 44.8 225
16 Samples from Surface to this Layer 16 8611 11.8 11.2 5.6
Maximum in Layer 1 538 74.8 56.9 29.6
5 0 to 10 feet Layer
5 Vertical Quadrants 5 2691 17.8 13.8 72
[4 Samples from Layer Area T 4 2153 53.3 53.0 26.4
20 Samples from Surface to this Layer 20 10764 10.7 10.6 53
Maximum in Layer 1 538 88.8 69.2 35.9
6 0 to 12 feet Layer
6 Vertical Quadrants 6 3229 16.9 135 70
{4 Samples from Layer Area -: : s 4 2153 63.8 63.4 31.6
24 Samples from Surface to this Layer 24 12917 10.6 10.6 5.3
Maximum in Layer 1 538 1015 80.9 41.8
7 0 to 14 feet Layer
7 Venrtical Quadrants 7 3767 16.2 13.2 6.8
|4 Samples from Layer Area ;55" 4 2153 74.2 73.8 36.8
28 Samples from Surface to this Layer 28 15069 10.6 10.5 53
Maximum in Layer 1 538 1131 921 47.7
8 Each Layer deeper than 14 feet
[Maximum in Layer_: 1 538 129.2 105.2 54.6
Assumptions Area: 100 m2 1076 ft2
Quadrants: 25 m2 269 ft2
Thickness:  NA 2 ft
Area Volume: NA 2153 ft3
Quadrant Volume: NA 538 ft3



TABLE 4-3
Initial Concentrations for Step 1 of AAR Example Application

DEPTH U-238 Th-232 Ra-226
LAYER (feet) (pCi/g) (pCi/g) (pCi/g)
A Oto2 1 1 1
B 2t04 2 3 2
C 4106 20 25 5
D 6108 20 30 20
E 81010 2 16 2




TABLE 4-4
Isotope Concentrations, AAR Averaging Limits and SOF Estimates for Step 2 of AAR Example Application

Net Net Net Excess AAR AAR AAR
U-238 Th-232 | Ra-226 | Ra-226 U238 Th-232 Ra-226

LAYER |DESCRIPTION {pCilg) (pCilg) {pCilg) {pCi/g) {pCilg) {pCi/g) {pCilg) SOF

A 4 Samples from Layer Area 1 1 1 9.4 7.1 7.4 0.25

Maximum in Area 1 1 1 12.7 8.9 94| 0.19

2 Vertical Quadrants 1.5 2 1.5 10.9 7.9 8.2 0.39

B 4 Samples from this Layer 2 3 2 15.5 12.9 13.2| 0.36

8 Samples from Surface to this Layer 1.5 2 1.5 7.8 6.5 6.6] 0.50

Maximum in Layer 2 3 2 21.8 15.8 26.5| 0.28
3 Vertical Quadrants 7.7 9.7 7.7 10.1 7.5 7.8|=-2.06:
c 4 Samples from Layer Area 20 25 20 20.0 17.9 18.1]-.:22.40
12 Samples from Surface to this Layer 7.7 9.7 7.7 6.7 6.0 6.0] - 2.78 --
Maximum in this Layer 20 25 20 30.1 224 23.3| —1.78 -

Assume Layer C is disposed and replaced with clean fill for SOF calculations associated with increasing depth
4 Vertical Quadrants 5.75 8.5 5.75 9.4 7.1 774|181~
D 4 Samples from Layer Area 20 30 20 23.6 224 22577219
16 Samples from Surface to this Layer 5.75 8.5 5.75 5.9 5.6 5.6|-:249
Maximum in this Layer 20 30 20 374 28.5 29.6] -1.59---
Assume Layer D is disposed and replaced with clean fill for SOF calculations associated with increasing depth

5 Vertical Quadrants 1 4 1 8.9 6.9 7.2] 0.69

E 4 Samples from Layer Area 2 16 2 26.7 26.5 26.4] 0.68

20 Samples from Surface to this Layer 1 4 1 5.4 5.3 53] 0.94

Maximum in this Layer 2 16 2 44.4 34.6 35.9| 0.51




TABLE 4-5
{sotope Concentrations, AAR Averaging Limits and SOF Estimates for Step 3 of AAR Example Application

Net Net Net Excess AAR AAR AAR
U-238 Th-232 | Ra-226 | Ra-226 U-238 Th-232 Ra-226

LAYER |DESCRIPTION (pCllg) | (pCilg) | (pCilg) | (pCilg) (pClig) (pCilg) (pCl/g) SOF
A 4 Samples from Layer Area 0.0 0.0 0.0 0.0 9.4 7.1 7.4 0.00
Maximum in Area 0.0 0.0 0.0 0.0 12.7 8.9 94| 0.00

2 Vertical Quadrants 0.0 0.0 0.0 0.0 10.9 7.9 8.2] 0.00

B 4 Samples from this Layer 0.0 0.0 0.0 0.0 15.5 12.9 13.2| 0.00
8 Samples from Surface to this Layer 0.0 0.0 0.0 0.0 7.8 6.5 6.6] 0.00
Maximum in Layer 0.0 0.0 0.0 0.0 21.8 15.8 26.5] 0.00

3 Vertical Quadrants 0.5 0.7 0.5 0.0 10.1 7.5 7.8] 0.14

c* 4 Samples from Layer Area 1.5 2.0 1.5 0.0 20.0 17.9 18.1] 0.19
12 Samples from Surface to this Layer 0.5 0.7 0.5 0.0 6.7 6.0 6.0 0.19
Maximum in this Layer 1.5 2.0 1.5 0.0 30.1 224 23.3] 0.14

4 Vertical Quadrants 0.4 0.5 0.4 0.0 9.4 7.1 74| 0.11

D* 4 Samples from Layer Area 1.5 2.0 1.5 0.0 23.6 22.4 22.5] 0.15
16 Samples from Surface to this Layer 0.4 0.5 0.4 0.0 5.9 5.6 56| 0.156
Maximum in this Layer 1.5 2.0 1.5 0.0 37.4 28.5 29.6] 0.11

5 Vertical Quadrants 1.0 4.0 1.0 0.0 8.9 6.9 7.2 0.69

E 4 Samples from Layer Area 2.0 16.0 2.0 0.0 26.7 26.5 26.4| 0.68
20 Samples from Surface to this Layer 1.0 4.0 1.0 0.0 5.4 5.3 5.3] 0.94
Maximum in this Layer 2.0 16.0 2.0 0.0 44.4 34.6 359 0.51

*Stockpile material formerty layers A and B.
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METHOD FOR SURVEYING-AND AVERAGING CONCENTRATIONS OF THORIUM IN CONTAMINATED
SUBSURFACE SOIL

Prepared by NRC Staff in Connection
With the Review of the AAR "Site
Remediation Plan for the Former Brooks
and Perkins, Inc. Site," Docket #040-00235
NRC Contact: David Fauver, 301-415-6625

I. INTRODUCTION

Current NRC guidance for conducting final surveys at decommissioning
facilities is contained in Draft NUREG/CR-5849, "Manual for Conducting Surveys
in Support of License Termination.® NUREG/CR-5849 primarily addresses the
final surveys of ‘surface contamination on both buildings and open land areas,
including guidance on acceptable averaging methods for.surface contamination
that exceeds the unrestricted use criteria (i.e., elevated areas). However,
methods for surveying and averaging subsurface contamination are not
discussed. This document provides a method for averaging elevated areas of
subsurface soil contamiration. Note that the potential for exposure from
subsurface contamination via the groundwater pathway is not addressed in this
document. The groundwater pathway should be evaluated on a case-by-case

basis.

The averaging method in NUREG/CR-5849 assumes that soil samples are collected
from the ground surface (first 15 cm). This sampling and averaging method is
acceptable for the majority of decommissioning sites since the surface samples
are considered sufficiently representative to assess the potential dose using
conventional pathway analysis. However, conventional pathway analysis, and
the NUREG/CR-5849 averaging method, may not be appropriate if significant
subsurface contamination is present.

Conventional pathway analysis concludes that the dose from subsurface
contamination is essentially zero, except from the groundwater pathway (see
discussion below for other exceptions). This conclusion assumes that the
contamination will remain at depth for very long periods of time (the typical
pathway analysis is run for a 1000 year period). Since it {is not reasonable
to assume that the subsurface soii will remain undisturbed for a 1000 year
period, simple scenarios were developed to predict how subsurface soil would
be excavated in the future, the volume of the excavated soil, and the dose
consequences of the contaminated soil in the post-excavation geometry. Based
on the predicted excavation volumes and the dose consequences, surveying and
averaging protocol were developed for in-situ subsurface soil.

Two excavation scenarios were evaluated. The first scenario assumes the
construction of a slab-on-grade house; the second a house with a basement.
For each of the construction scenarios, the volume of excavated soil and the
extent of surface spreading, as well as the depth of surfaces on which the
foundations could be built, were estimated. The potential dose -from the
subsurface soil, after excavation, was estimated by: 1) calculating the dose

Attachment
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from the contaminated soil spread on the ground surface and 2) calculating the
dose from the in-situ contaminated surface that is exposed after excavation,
assuming that the foundation of the house is built on the exposed surface.

It is recognized that subsurface contamination contained closer to the
surface, say 0-1 meter, mav deliver dose without being excavated. This
exposure may occur from: 1) direct gamma radiation from in-situ soil cleser to
the surface, 2) the root uptake pathway down to about the first meter, and 3)
the uncovering of contaminated surfaces through grading during construction,
and surface erosion over time, which could then cause dose through surface
exposure pathways. However, the average concentration allowed for the in-situ
soil from 0-1 meter would be greater than that allowed under the excavation
scenario due to the soil being spread over a larger area after excavation.
Therefore, the excavation scenario is used to determine acceptable averaging
limits for the 0-1 meter layer. This.conservatism is appropriate because of
the uncertainty as to potential expnsure pathways for near surface

contamination.

Finally, after the conceutrations and averaging volumes were determined, a
survey method was developed that would be acceptable to NRC for demonstrating
that the averaging criteria are met. Section II describes the survey method.

The technical basis for the averaging concentrations and survey method is
presented in Section III.

II.  SURVEY METHOD FOR SUBSURFACE THORIUM CONTAMINATION

The final survey method for subsurface contamination should ensure that the

number and location of samples are sufficient to; 1) demonstrate, with
reasonable confidence, that a significant volume of subsurface contamination
{s identified by one of the samples, and 2) demonstrate that the average
contamination level in the identified volume would not result in a significant

dose after excavation.

The survey method described below can be used to satisfy the above two
objectives. The technical basis for this survey method is presented in
Section III. The concentration values are based on the current unrestricted
use 1imit of 10 pCi/g total thorium for widespread surface contamination. If
the guideline value changes, the averaging criteria will change accordingly.
Other survey methods may be acceptable if they are justified on a dose basis
and provide sufficient confidence that significant volumes of soil are

identified.

Survey Assumptions:
1. Samples are collected on a 5 meter square grid.

2. Samples are composited over each 1 meter layer of soil.

3. Each sample is assumed to represent 25 m.:
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4. 100 m* averages are represented by the average of four samples co]lected
from each 1 meter layer of soil.

5. Volumetric averages grgater than 100 m* are ca]culated assuming each
sample represents 25 m".

Averaging Criteria for Total Thorium (Th-232 + Th-228):

0-1 meter depth HMaxim mym Individual Sample < 50 pCi/g
10 m”_average < 20 pCi/g
100 m® average < 13 pCi/g '

1-2 meter depth Maximup < 50 pCi/g
200 (0-2 m depth) < 10 pCi/g

2-3 meter depth Haxxmu? < 50 pCi/g
300 m° (0-3 m depth) < 10 pCi/g

. 3-4 meter depth Haximug < 50 pCi/g
. 100 m < 13 pCi/g
400 m° (0-4 m depth) <10 pCi/g

> 4 meter depth maximum < 50 pCi/g
volume from surface to depth "x" < 10 pCi/g

The volumetric average over the entire survey unit < the
unrestricted use 1imit (10 pCi/g for total thorium)

The averaging criteria apply to any contiguous volume defined_by the given
number of 5 g grid samples, where each sample represents 25 . For averaging
over a 100 volume, each combination of four samples in a given 1 m layer
should be evaluated. This would only be necessary if an individual sample
exceeds 10 pCi/g. To calculate the average for volumes greater than 100 m’,
consider the samples in a given ;9 m X 10 m area projected to the depth of
interest. For example, the 300 m volume average is calculated by averaging
12 samples represented by the four samples in the 0-1 m layer of a given 10 X
10 m area (assuming 5 m grid), and the 4 samples each in the 1-2 m and 2-3 m
Jayers directly below the given 10 X 10 area.. The samples at the respective

depths would Tikely be from the same borehole.

In addition to the above, a vertical averaging criteria is also defined. This
averaging criteria.is intended to. identify significant volumes of contiguous
contamination in the vertical, as opposed to the horizontal, direction. The
sampling and averaging described below also assumes a 5 m grid size.

» The average of the two samples from 0-2 meters in same borehole (50 m) <
14 pCi/g total thorium :

survey unit
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» The average of the three samples from 0-3 meters in same borehole (75 m’) <
13 pCi/g total thorium

III. TECHNICAL BASIS FOR SUBSURFACE SURVEYING AND AVERAGING METHOD
Dis .

After the contaminated soil is excavated and brought to the surface, the
surface exposure pathways, and the surface averaging methods apply. The
surface averaging method used for excavated subsurface soil 1s consistent with
that used in NUREG/CR-5849. However, the NUREG/CR-5849 procedure was modified
to reduce the conservatism. A discussion of how the NUREG/CR-5849 averaging
method for surface contamination was modified is presented in the following
section. How the modified averaging method was applied to excavated
subsurface soil is presented in subsequent sections.

The averaging method in NUREG/CR-5849 was based on a combination of paﬁt
practice and dose assessments. The averaging method has three steps:

1) elevated areas should be less than 3 times the release critéria,

2) the ¢ ncentration in the elevated area should not be greater than
(100/A)V2 times the release criteria, where "A* is the size of the

elevated area in m*, and

3) the average over any 100 m® area should be less than the release
criteria.

The maximum criterion of 3 times the average limit in NUREG/CR-5849 (step #1
above) was based on a qualitative ALARA judgement and a comparison with the
maximum criteria in "Guidelines tor Deccntamination of Facilities and
Equipment Mrior to Release for Unrestricted Use or Termination of Licenses for
Byproduct, Source, or Special Nuclear Material,® which also uses 3 times the
average value as the maximum. Since radionuclide specific evaluations will be
performed (as described below), the 3 times maximum criterion was not used in
the volumetric averaging method for subsurface contamination. The maximum
criterion was determined by estimating the minimum volume of soil that could
be excavated without mixing with surrounding soil and assessing the relative
dose from this volume of soil compared to uniform, widespread contamination.

The area averaging criterion in NUREG/CR-5849 (step #2 above) was based on a
dose assessment made in 1985 for the Department of Energy using the DOE
*Manual for Implementing Residual Radioactivity Guidelines.® This manual was
eventually updated and codified in 1989 as DOE’s RESRAD pathway analysis/dose
assessment code. The dose from elevated areas of various sizes was estimated
using default input paraméters for the code. The conclusion from these dose
estimations was that the dose is reduced as the area of contamination is
reduced, assuming the same concentration. The extent of the reductfon in dose
as a function of area depends on whether the predominant dose pathway is from
direct exposure, or from one or more of the other pathways such as inhalation
and ingestion. In general, there is a greater dose reduction for elevated
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areas containing radionuclides that deliver a significant fraction of the dose
through the inhalation and ingestion pathway than for radionuclides that
deliver a higher fraction of dose via the direct exposure pathway. The
formula in NUREG/CR-5849 (restated below) was derived from the 1985 DOE study
of the dose consequences of elevated areas of various sizes.

Allowable Concentration in Elevated Area < C(100/A)Y?

where: C = unrestricted use criteri
A = area of elevated area, m

The above formula represents the lower bound of acceptable concentrations in

an elevated area of size "A" for all of the radionuclides evaluated. A

similar dose assessment for a specific radionuclide will very likely result in

. an allowable concentration exceeding that calculated using the above formula.
This is evidenced by Enclosure 1, which shows the nuclide specific dose

consequences of elevated areas (represented b{ the multiple o§ the a%th%rized !
Enclosure 1 a SQ :

Timit on the Y axis) ranging in size from 1 m* to 100 m°. i
includes a 1ine defined by the (100/A)'/% formula. Note that the (100/A)"/
line is below all of the nuclide specific curves, and represents the most

consarvative result.

Enclosure 1 was generated in 1985 and fgpmarizes the results of the dose
assessments used to select the (100/A)'* formula for determining acceptable
concentrations of contamination in elevated areas. To ensure that the current
version of RESRAD is consistent with the 1985 dose assessments, a similar

series of dose assessments were conducted using a recent version of RESRAD. f
This demonstrates that |

As shown in Enclosure 2, the results are very similar.
riteria that is consistent

RESRAD 1s appropriate, and will provide averaging C
with, albeit less conservative than, the (100/A)"2 criteria. Therefore, in ‘
order to prcvide more realistic criteria, the volumetric averaging method :

described below relies on radionuclide specific dose assessments, using the
DOE RESRAD code, to determine the acceptable concentration in subsurface soil

containing elevated contamination levels.

The third part of the averaging_method in NUREG/CR-5849 (step #3 above) is

that the-gverage over any 100 m?* should be less than the release criteria.
The 100 average limitation was 1nt§nded to address the potential for a 10 m

x 10 m house being built on the 100 m° parcel of land. The 10 m x 10 m
averaging criteria is essentially maintained in the subsurface volumetric

averaging method.

The following sections describe the assumptions and calculations used to
develop the volumetric averaging criteria for subsurface soil. |

Excavation Assumptions

Excavation scenarios for both a house w/basement and a house w/out basement

-~ House Size: 10 m x 10 m



6

- Dimensions of footers for house w/no basement:
1 m deep x 1 m wide x 10 m Tong

~ Basement Depth: 3 m : _ '

~ Excavation Equipment Bucket Size: 1 m®

- Five excavation scenarios evaluated:

1) each of four 1 m deep x 1 m wide x 10 m long footer excavation for 2
house w/out basement is placed in separate pile

2) the 1 m deep x 10 m wide x 10 m long portion of soil from the surface
to a depth of 1 m is excavated for a house with no basement and placed

in separate pile

3) each 3 m deep x 2.5 m wide x 10 m long portion of soil for basement
excavation placed in separate pile

4) entire 3 m deep x 10 m wide x 10 m long excavation for house
w/basement placed in one pile .

5) one bucket (1 mx 1 mx 1 m) of excavated soil placed in separate
pile

- Each excavated pile ﬁniform]y blended

- Each pile spread over a 1 foot depth

subsurface Contamination

To determine the averaging volume for subsurface contamination, and the
acceptable concentration as a function of volume, the first step was to
calculate the volume of soil excavated in each of the above five scenarios.
The dose from the excavated soil was then estimated and compared to the dose

from widespread, uniform contamination.

To estimate the dose, the soil volumes defined by the five excavation

scenarios were assumed to be brought to the surface and spread over a 1 foot
depth. Using the resulting calculated surface area as input to the RESRAD

code, the dose from the excavated soil was estimated using the resident farmer
scenario and the input parameters from Policy and Guidance Directive PG-8-08
-"Scenarfos for Assessing Potential Doses Associated with Residual i
Radioactivity," May 1994. A secund RESRAD run was thenugade, using the same |
concentration, and assyming the default area of 10,000 n°. The ratio of the i
dose from the 10,000 m° area to_the dose from the calculated area was then |
multiplied by the unrestricted use criteria to determine the acceptable
concentration in the elevated area, and hence the corresponding subsurface
volume. This concentration is considered acceptable since the dose from the
elevated area containing this concentration will deliver the same dose as a
Targe area contaminated at the unrestricted use level. To determine

t ve or
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compliance with the volumetric averaging criteria, the average _
_concentration over the in-situ volume of soil defined in the scenario must be

less than the above ratio times the guideline.

For example, the following calculation pr-vides the averaging volume and
concentration for excavation Scenario #1, assuming that the contamination 1s

total thorium (Th-232 + Th-228):
1. Voluwe of 1 m deep x 1 m wide x 10 m long footer is 10 nr.

2. Assuming the 10 m® volume is excavated and spread over.a 1 foot depth,
the area of contamination on the surface would be 30 m".

g 10 pCi/g total thorium and assuming
(Enclosure 3).

4. Run RESRAD to estimate dose, also assuming 10 pCi/g total thorium, but
using the RESRAD default area of 10,000 m® (Enclosure 4). 4

3. Run RESRAD to estimate dose assumig
that the contaminated area is 30 m

5. Calculate the ratio of the dose from Step 4 to the dose from Step 3.
Far total thorium, the ratio is 2.0.

6. Multiply the ratio, i.e., 2.0, by the unrestricted use Timit for total
thorium, i.e., 10 pCi/g. The resulting concentration is 20 pCi/g, which

reg;esents the acceptable average concentration in a 10 nr volume of
soil. ‘ - o

Note that Scenario #1 applies only to volumes of soil starting on the surface
and ending at the first meter since the excavation is assumed to be for a

footer, and would not go below 1 m. °

The same calculations were performed for the other four excavation scenarios.
The resulting five volumetric averaging guidelines for subsurface thorium
contamination are listed below. The criteria for other radionuclides should
be developed on a case-by-case basis. The excavation scenarios described
above for housing construction are assumed to result in conservative averaging
criteria since excavations for larger structures should result in larger
excavated volumes, and a greater degree of mixing with surrounding soil.

Yolumetric Averaging Guidelines For Subsurface Thorium Contamination

The five excavation scenarios were evaluated to determine acceptable averaging
volumes and concentrations for sut-urface thorium contamination. Enclosure 5
contains the RESRAD output for each of the five evaluations. .

1) The average concentration of total thorium in a 10 & volume should be
less than 20 pCi/g. . .

2) The average concentration of tofaI thorium in a 100 m° volume of soil
should be less than 13 pCi/g. A
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3)  The average concentration of thorium in a 75 m® volume of soil should be

less than 13 pCi/g.
The average concentration of thorium in a 300 m® volume of soil should

4)
be less than 10 pCi/g.

5) The average concentration of thorium in a 1 m° volume of soil should be
less than 50 pCi/g. This concentration is considered the maximum value

for an individual sample composited over a 1 meter depth.

The above averaging guidelines were developed assuming that the soil is :
The final step is to ensure that

excavated and placed on the ground surface.
layer of exposed soil with

the volumetric averaging does not result in a
excessive concentrations. The soil layers of concern are the layer from 0-1 m

and 3-4 m, which are the layers upon which the foundations for the slab-on-
grade house and a house with a basement, respectively, are assgmed to be
erage over the 100 m” defined for

buiit. To control these scenarios, the ay
these Tayers will be limited to the 100 m averaging criteria.
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RESRAD, Version 5.62 T Liait = 0.5 year 10723798 07:52 Page 8

summary t PG-8-08 Default Parsmaters File: FAUVER.MAD

Contaminated Zone Dimensions Inftist Sofl Concentrations, pCi/g
Area: 3.00 square meters Ra-228 S.000E+00
Thickness: 0.30 maters Th-228 5.000€+00
Cover Deptht 0.00 meters Th-232 $.000€400

Total Dose TDOSE(L), mrem/yr
Basic Radiation Dose Limit = 30 mrem/yr
Total Mixture Sum W(t) = Fraction of Basic Dose Limit Received at Time (t)

t (years):
TDOSE(t):
H(t)e

0.0006+00 1.0006400 3.0006+00 1.000£¢01 3.000E+01 1.0006402 3.000£402 1,000€+03
10082401 1.001E+01 9.828£000 9.295E+00 8,BT2E400 B.ATOES00 3.6926-09 2.7566-10
3.3606-01 3.338E-01 3.276E-01 3.098E-01 2.957E-01 2.826£-01 1.231E-10 9.187E-12

Maximus TDOSE(t): 1,0086401 mrem/yr at t = 0.000€+00 years
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Pages 9
Sumary t PG-8-08 Defoult Parsmaters

File: FAUVER.RAD

Total Dose Contributions TDOSECH,p,t) for Individual Redionuclides (i) and Pathways (p)
As srem/yr snd Fraction of Total Dose At t = 0,000€400 years
Vater Independent Pathuays (Inhalation excludes radon)
Ground irhalation Radon Plant Meat Ntk
Radio-

sail

Nuclide mrem/yr fract. mcem/yr fract. mrem/yr frsct. mrem/yr fract. wrem/yc fract., mrem/yr frect,

mrem/yr fract.

. . 9.480€-03 0.0009 0.000E+00 0.0000 2.538€-02 0,0025 9.422E-05 0,0000 1,321E-04 0.0000
'1':.% §%‘.32 02 6.438E-01 0.0639 0.000€600 0.0000 3.355E-04 0.0000

1.955E-06 0.0000 1.5688-07 0.0000
Th-232 2.65TE-04 0.0000 3.040€400 0,30356 0.000€+00 0.0000 1.217€-03 0,0001 &,.7S1E-08 0.0000 5.312£-07 0.0000

2.996E-04 0,0000
1.681E-04 0.0000

3.680€-04 0.0001

Total  4.339E+00 0.6288 3.714£400 0,3584 0,000€+00 0.0000 2.695€-02 0.0027 1.029£-04 0.0000 1.327e-04 0,0000

butione TOOSEC,p,t) for Individual Radionuclides (1) and Pathweys (p)
Total Dose chY:ru/yr ond Fraction of Total Dose At t = 0,000E+00 years
Vater Dependent Pathways .
Vater Fish Radon Plant Meat Mitk
radfo-

1.034€-03 0.0001

ALl Pathuays*®

Wuclide mrew/yr fract. mrem/yr frect. mrew/yr fract. mcem/yr fract. mres/yr fract. nmrew/yr fract.

mren/yr fract.

0.0000 0.000E+00 0.0000 0,0006¢00 0,0000 0,000E+00'0.0000 0,000€+00 00000
T 0 ooEe00 8:0000 a0 0.0000 0.00CE+00 0.0000 0.000€+00 0,0000

0.000£400 0.0000 0.000£+00 0.0000
h.352 0.0006+00 0.0000 0,000£+00 0.0000 0.000€+00 0.0000 0,000E400 0,0000 0.000E+00 0.0000 0.000£400 0,0000
Th- . . : .

2.441E+00 0.2421
&.S5TBE+0Q 0.4541
3.042E+00 0.3038

L 0.000€+00 0.0000 0.000€+00 0,0000 0.000E+00 0,0000 0,000E+00 0.0000 0.000E+00 0.0000 0.000£+00 0,0000
t. . L] [ ] [ )
Igun of all water independent and dependent pathways.

1.008E+01 1.0000
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Summary ¢ PG-8-08 Default Parsmaters Flle: FAUVER.RAD

Contaainated Zone Dimensions Initial Sofl Concentrations, pci/g
Areat 30.00 squiere meters Ra-228 5.000€+00
Thickness: 0.30 meters Th-228 5.000E+400
Cover Deptht 0.00 meters Th-232 $.000€+00

Total Dose TDOSE(t), mcem/yr
Sasic Rediation Dose Limit = 30 mrea/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t (yesars): 0.0006400 1.000E+00 3.000€400 1,0006+01 3.0006+01 1.0006402 3.000£+02 1.000£+03

TDOSE(t): 2.590E401 2.57T8E+01 2,525E401 2,371E+01 2.253E+01 2.154E+01 3,713t-08 2,771E-09

M(t): 8.883E-01 8.593E-01 B8.417E-01 7.903E-01 7.510E-01 7.179€-01 1.238£-09 9.237E-4¢
Maximum TDOSE(t): 2.599E+01 mrem/yr at t = 0.000€400 years
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Page 9
Suwmary @ PG-8-08 Default Parameters

File: FAUVER.RAD

Total Dose Contributions TDOSE(!,p,t) for Individual Radionuclides (1) and Pathweys (p)
As mrem/yr and Fraction of Total Doze At t = 0.J00E+00 yesrs
) Vater Independent Pathuays (Irhalatfon excludet radon)
Ground Irhalation Radon Plant Meat Nitk
Radio=

Soil

Nuclide wres/yr fract. mrew/yr fract. mrem/yr frect. mrem/yr frsct. mrem/yr fract. mres/yr fract.

ncen/yr fract.

3 0.2777 1.6T3E-02 0.0006 0.000€+00 0.0000 2.539€-01 0.0098 9.426€-04 0.0000 1.321E-03 0,0001
:ﬁ-g :ﬁg:g? 0.4592 1.1368400 0.0437 0.000E+00 0,0000 3.57SE-03 0.0001

1.957E-05 0.0000 1.570€-08 0.0000
th-232 7.110E-04 0.0000 $.402E+00 0,2079 0,000£¢00 0.0000 1,224E-02 0.0005 €.758€-05 0,0000 5.317E-08 0.0000

20%’0’ 0-000‘
1.681E-03 0.0001

Total  1.915E401 0.7349 6.5SSE+00 0,2522 0.000€+00 0.0000 2.697E-01 0.0104 1.030£-03 0.0000 1.328€-03 0.0001

{butions TDOSECT,p,t) for Individusl Radionuclides (1) and Pathways (p)
Total Dose co::rnrwyr and rncé!on of Total Dose At t = 0,.000E+D0 years
Vater Dependent Pathways
Water Fish Radon Plant Heat Nitk
fadio-

5.680€-03 0.0002
1.0346£-02 0.0004

ALl Pathwa s*

Nuclide mrea/yr fract. mren/yr fract. mrea/yr fract., mren/yr fract. mrem/yr fract. mrem/yr fract.

neem/yr  fract.

005900 0.0000 0.0006+00 0,0000 0,000E+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000
e 00006400 000 87a0vE+00 0.0000 0.0CE$00 0 0000 0,000E+00 0,0000

0.000E+00 0.0600 0.000£+00 0.0000
Th-232 0.000E%00 0.0000 0.000E400 0.0000 0.000£400 0.0000 0.000€400 0.0000 0.000E+00 0.0000 0.000£+00 0.0000

T.494E+00 0.2833
1.308£+01 0.5031
S.421E+400 0.2085

Total  0,000E+00 0.0000 0 000E+00 0.0000 -0.000E+00 0.0000 0.000£+00 0.0000 0.000€+00 0.0000
ota . s .

0.000£+00 0.0000
ssum of atl water independent and dependent pathways.

2.599£401 1.0000
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Suweary 3 Fauver test ] File: FAUVER.RAD

Contaminated Zone Dimensfons Initial Soil Concentrations, pCisg
Area: 75.00 square meters Ra-228 5. 000E+00
Thickness: 0,30 meters Th-228 5.000€400
Cover Depth: 0.00 meters : Th-232 5.000€+00

Total Dose TDOSE(t), mrem/yr
Bseic Radiation Dose Limit = 30 mrem/yr
Total Mixture Sum Hee) = Fraction of Bas’c Dose Limit Recelived at Time (t)

t Cyears): 0.0006400 1.000€+00 3.0006+00 1.000E+01 3,000E+01 1.000€+02 3,00
TORBECt): 3.1S4E+01 3.1206+01 3.0436+01 2.B7SE+01 2.733E401 2,619E+01 Yo Loesty
1.0S1ES00 1.0A3E400 1.021E+00 9.5836-01 9.109€-01 8.T31E-01 3.5882-08 2,678€-09

n(t):
Maxfmam TDOSE(t): 3.1S4E¢01 mrew/yr at t® 0.000E400 years
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Suwmry ¢ PG-8-03 Default Parematers File: FAUVER.RAD

Contaainated 2one Dimsnsions Inftial Soil Concentrations, pCi/g
Areas 10000,00 square meters Ra-228 5.000€+00
Thickness: 0.30 meters Th-228 $.000€+00
Cover Depth: 0.00 meters ) Th+232 5.000€+00

Total Dose TDOSE(t), mrem/yr
gaatc Radiation Dose Linit = 30 srea/yr
Total Mixture Sus N(t) = Fraction of Basic Dose Limit Received at Time (t)

€ (yoars): O0.000E%00 1.000E400 30006400 1.000ED1 3.000€401 - 1.000Es02 3.0 .
STEer: A.9BEe01 A.G38E401 4.820E401 K.SOTESD! A.251E601 3.955€e01 S Tt

ECE)t $Te06e00 1.6AG6400 1.60TESO0 1.5026400 1.417EW00 13182400 6.459E-08 4.817E-09
Maximusm TDOSE(t): A.986E+01 meem/yr at t = 0.0006400 years .




..
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rafon 5.62 ™ Limit = 0.5 yesr .
:f::n»r; ?n-a-oa Default Paramaters Files FAUVER.RAD

T0O3E(E,p,t) for Individual Rediomuclides (1) and Pathuays (p)
Total Dose Co::rm and fraction of Total Dose At t = 0.000E+00 years
Mater Independent Pathways (Irhalation excludes radon)
Ground trhalation Redon Plent Meat Mtk
Radio-

Lide mrew/yr fract. mrea/yr fract. mrea/yr fract. erew/yr fract. mrem/y. fract. smrem/yr frect,
Huce |4 .

Soll

0005 0.000€+00 0.0000 8.4A3€+00 0.1698 3.143£-01 0.0063 4.40SE-01 0.0088
Re-228 1112601 0.2230 2.3156-02 0.0003 O.00CR0 C00h 14008 01 0.0020 8.3IE-03 0.0001 3.237E-0 00000
Th-228 18765401 00000 81108000 0.1628 0.000E00 0.0000 .106€-01 0.0082 2.255€-02 0.0005

Th-232 9.85€-04 0.0000 8.

Jarem/yr fract,

9.986£-02 0,0020
$.603€-02 0.0011

1.Tr4€-03 0.0000
2,0882¢01 0.5993 9.851E+00 0.1976 0,000E400 0.0000 B8.994E+00 0.1804 3.434E-01 0.0069 4.428£-01 0.0089
Total . . . .
100sECt,p,t) for Individual Radionuctides (1) and Pathuays (p)
Total Dose Co::rm;'“ Fr:ci‘l’«':n of Total Dose At t = 0.000€400 years
Water Dependent Pathways .
Fish Radon Plant Meat Nilk
Vater
Radio-

1.893£-01 0.0032
3.452€-01 0.0069

ALl Pathways*

. fract. meem/yr fract. srem/yr fract. mreafyr fract.
en/yr fract. srem/yr
Nuclide mrem/yr fract. o

arem/yr fract.

0000 200 0.0000 0.000E+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000
ha-229 o.ooomszgg 8:0000 g'ﬁtgg 0000 0 O0E+00 00000 0.000€+00 0.0000 0.CO0E+00 0.0000
Th-228 0. . .

0,000€+00 0,0000
000£+00 0,0000 O 000£400 0.0000 0.000E400 0.0000 0.000E+00 0.0000 0.000£400 0.0000 0.000E+00 0.0000
th-232 0. ¢ . *

2.046E401 0.4104
2.04SE401 0.4142
8.743E400 0.1754

0.0000 0.00DE+00 0.0000 0.000E+00 0,0000
0.000€+400 0.0000 0.000E+00
Total  0.000£+00 0.0000

l

4.984€+01 1,0000




0/22/96 09:08  Page 10
ston 5.62 ™% Limit = 0.5 yesr 10/ .
:f::nmr; z.:ﬂ-a-oa Default Paremters flla: FALNER.RAD

fons TDOSEC,p,t) for Individual Radionuctides (i) and Pathways (p)
Total Doss co::rmyr and Fnc;i::n of Total Doze At ¢t = 1.ND0E+00 years 2
dater Independent Pathuays (lrhalation excludes radon)
Radon

Ground {rhalation plant Nest NItk ol
::{::h wren/yr fr;: arenfyr fract. sron/yr fract., mrem/yr fract. mrem/yr fract. smcemfyr froct. -yt fract.
Ra-228 1.4928401 0.3022 5.033¢-01 0.0102 0.000£400 0.0000 7.396E400 0.1498

321E-02 0.0017 i;{;ﬁ%} °-gg’,,‘; g.:ge»m e
"0241 0,000E+00 0,0000 8,321E-02 O, "$45£-03 0. " 6X5E-04 00000
me2 1IN o 11808400 0451 0.000€000 0.0000 J.367E00 0.0277 5.845E-02 0.0012

. 5.129€-02 0.0010

1.023£-01 0.0021
3.900€-02 0,0008
2,014E-01 0.0041

| 2,957E+01 0 3080 9.BAAEO 0.199% 0.000E+00 0.0000 8.8446E400 0.1791 3,.401E-01 0.006% 4.330€-01 0.0088
Tota . . ¢
T00SECT,p,t) for Individuatl Radiorwclides (1) and Pathways (p)
Total Dose °°R§'m§?m rrﬁc;'l’:m of Total Dose At t = 1,000E+00 years ’ P
\ater Dependent Pathways

3.420€-01 0.0069

Water Fish Radon Plant Heat nilk AL Pathua: ¢*
‘ ———
l'd{‘;;.. oyt fract, scem/yr fract. arem/yr fract. ~ wcem/yr fract. wrem/yr fract. wrew/yr fract. mrem/yr fract.
nue e °

228 0 000E+00 0.0000 0.000€+00 0.0000 0.000E400 0,0000 0.000t+00 0.0000 0.000£400 0.0000
R.. . .

0.000E+00 0,0000
8 0.000£400 0.0000 0.000£+00 0.0000 0.000€400 0.0000 0.000€400 0.0000 0.000E+00 0.0000
Th-22 . . .

0.000€+00 0.0000
000E+00 0.,0000 O 000£400 0.0000 0.000€400 0.0000 0.000E+00 0.0000 0.000E+00 0,0000 0.000E+00 0,0000
Th-232 ©. . *

ey SAEE——

2.3588401 0.4776
1.437€401 0.2910
1.1438+01 0.2314

0.000£900 0.0000 0.000E+00 0.0000 ©.000E400 0.0000 0,00E+00 0,0000 0.000E+00 0.0000
Total o . .

0.000£400 0.0000
ssum of all water {ndependent and dependent pathways.

4.938E+01 1.0000
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Version 5.62 ™% Linit = 0,5 year
:E:::nr;v :'n-a-oa Dafsult Parsmaters File: FAUVER.RAD

100SE¢1,p,t) for Individual Redioruclides (1) and Pathways (p)
Total Dose Co::r:l:s;l“ rrut‘l’&\ of Total Dose At t = 3.000E+00 years P
Water Independent Pathuays (Inhalation excluder radon)
Ground trhalation Radon Plant Heat Nitk

Radio-

soil

Nuctide mrem/yr froct. Brew/yr froct. mrem/yr fract. mrem/yr fract. srem/yr fract. mrem/yr fract.
U .

Ra-228 1.695E+01 0.3516 9.015£-01 0.0187 0,000€+00 0.0000 5.553E+00 0.1152 2.091€-01 0.0043

2.854€-01 0,00%9
1h'm 6.323!@ 0.'312 5.75%’01 0.0119 0.mm 0.0000 4,005E-02 0.0008 2.201£-03 0.0000

1.765€-04 0,0000
Th 252 5.506£+00 0.1150 8.332£¢00 0,728 0.000€+00 0.0000 2.903+00 0.0602 1.165€-01 0.0024

arem/yr fract,

9.402¢-02 0,0020
1.890€-02 0,0304

1.30“‘0‘ ﬂ.m
= Seaste0t 0.5978 9.89EW00 0.7035 0.0006+00 0.0000 8.495E400 0.1762 3.278€-31 0.0068 4.143€-01 0.0086
Tota . . o

100sEC!,p,t) for Individual Redionuclides (i) and Pathuays (p)
Total Dose Co::rm;?“ rruc;‘l,én of Total Dose At t = 3,000E+00 years

Uater Dependent Pathuays
uater Fish Radon Plant Neat Nilk
Radio-

2,255-01 0,0047
3.384¢-01 0.0070

ALl Pathuays*

ide mrensyr fract. mrsw/yr fract. weemfyr fract. wrea/yr fract. mrem/yr fract. mrew/yr froct.
Nuct ne .

acen/yr fract.

0.000E+00 00000 0.000E+00 0.0000 0.0DOE#00 0,0000 0.000E+00 0.0000
Ra-228 2'3395188 0 o0 g'%& 0 oa ©.000E+00 0.0000 0.000£400 0.0000 0.000E+00 0,000
Th-228 O. . .

0.000E+00 0.0000
0.000£+00 0.0000 0 000E+00 0,0000 0.000€+00 0.0000 0,000E+00 0.0000 0.000£400 0.0000 0.000£+00 0,0000
Th-232 . . i )

2.399€401 0.4977
6.960E+00 0.1464

1.725E+01 0.3579

00DE+00 0.0000 0.000£+00 0.0000 0.00DE+00 0,0000 0,000E+00 0.0000 0.000E+00 0.0000 0.000£400 0.0000
{ 0,000£400 0. . . 0
Ig::n of ull water fndependent and dependent pathwsys

4,821E+401 1.0000




RESRAD, Version 5.62 ™ Limit = 0.5 yest 10722/96 oz‘la‘ ' MPJ\.I::. Rg
Suvmr'y s pG-8-08 Defsult Parsmeters

DOSECL,p,t) for Individual Radionuclides (1) snd Pethuays (p)
Total Dosa cu;:rr’wyr““n:d rr‘uc't?t'm of Total Dose At t = 1.000£401 years
" yuater Independent Pathuays (inhalation excludes radon)
Ground inhalation Radon Plant lLeat aitk
fedio-

soit

Nuclide meam/yr fract, mrew/yr fract. sren/yr fract. wmrenlyr fract, mremsyr fract.
uc .

mren/yr fract.
2.00TE+00 0.0445 7.682£-02 0.0017 1.033¢-01 0.0023
. 5.004E-01 00134 0,000£400 0.0000 :
:ﬁzzzg Z:%%’éf%? 8%‘1’% 4 3582-02 0,0010 0.000£+00 0,000 3.097E-C3 0.0001

"7“5.0‘ 0.0000 'osm.“ o.m
The232 1.6928401 0.3734 9.026£+00 0,2003 0.000E400 0.0000 5.737E+00 0.1273

2.256E-01 0.0050 2.789€-0% 0.0062

aren/yr fract,

4.347€-02 0.0010
1.‘9“'03 0.0000

2.024€-01 0.0083

643E401 0.5909 9 S74E400 0,2147 0.000£400 0.0000 7.7ATE+00 0.1719 3.024£-01 0.0067 3.8226-01 0.008S
Total 2. . .

Total Dose Contributions T00SECH,p,t) for Individual Radionuclides ({) and Pathuays (p)

As mcen/yr and Fraction of Total Dose At t = 1.000€401 years

Wster Dependent Pathways .
Fish Radon Plant Meat Hiik
Vater

Radio~

3.2768-01 0.0073

All Pathuays®

. fr -‘dyr ff.ctu [ ﬂ/yl ‘r.ctn ﬂfwyt fract. myr ff“to

aren/yr fract.

e ST300600 0,0000 0.000E#00 1.0000 0.000E400 0.0000 0.000E400 0.0000 0.000490 0.0000
Ra-228 000100 0.0000 0 oE00 0.0000 0 Oa0E+00 0,000 0.000E+00 0.0000 0.000E+00 0.0000
Th-228 0.000€400 0. .

00 o.oomgg 0.0000
00(0 0.000E+00 0,0000 0.000E+00 00000 0.000E+00 0.0000
000E+00 0,0000 0.000€400 0.

h-232 0,000€+00 0,0000 O.

1.205€+401 0.2673
5.500£-01 0.0122

3.247e+01 0.7205

00 0.0000 0,000€400 ©,0000 0.000E+00 0.0000
"0000 0.000E+00 00000 0.000E+ .
Tct.‘ 0.000!000 0.00

4.507€+01 1.0000
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Version 5.62 ™% Limit = 0.5 year . .
;Est:unmr; :.PG-B-OB Default Parsmeters File: FAUVER,RAD

TOOSECH,p,t) for Individual Radionuclides (1) and Pathuays (p)
Total Dose ca::ﬂ:l:;;'“ rncg;:m of Total Dose At t = 3,0006401 years
Mater Indepsndent Pathways (Inhalation excludes “radon)
Ground Inhalation Radon Plant Neat nilk
Radlo-

soft

lide memfyr fract. mrem/yr fract. seea/yr fract. mren/yr fract. mrem/yr fract. mrea/yr fract.
Nuc o

0000 1.067E-01 0,0025 &.194E-03 0.0001 S.648€-03 0.0001
-01 0.0134 3.867E-02 0,0009 0,000€+00 0. .
'rl;:zzg ;Zﬁ-g: g.oooo 3.2478-05 0.0000 0.000E+00 (,0000 2.037E-04 0.0000

1.237E-07 0.0000 9.924€-09 0.0000
228 3 AgEe0l 0.5TE0 9.536E+00 0.2243 0.000€400 0.0000 6.823E¢00 0,160 2.TSOE-01 0.0065 3.443E-01 0.0081
he . . : .

wrem/yr fract.

2.615E-03 0.000%
1.043€-06 0,0000

L 2.504E+01 0.589%% 9 S74E+00 0.2252 0.000E+00 0.0000 6.9306+00 0.1630 2.792E-01 0.0066 3.519£-01 0.0083
Tota . . .

T00SE(T,p,t) for Individual Radionuclides (1) and Pathuays (p)
Total Dose Ca;:rm;"' and rric;'i,:an of Total Dose At t = 3,0006401 years
Water Dependent Pathuays
. fish Redon Plant Keat nitk
Mater
Redio-

3.181€-01 0.0075
3.207E-01 0.0075

: fract, wramn/yr fract. mrea/yr fract. mrem/yr fract.
sren/yr fract. srem/yr
Nuclide mrew/yr fract. .

ALl Pathways*

mren/yr fract.

0.000€+00 0.0000 0.000E+00 0,0000 0.000E+00 0.0000 0.000€+00 0,0000
R O aeeod 0.0000 0.000E+00 0.0%00 0.0006+00 0,000 0.000E+00 0.0000 0.000E#00 0.0000
th-228 0. 0000 O,

0.000£+400 0.0000
+00 0.0000 0.000E+00 0.0000 0.000€+00 0,0000 0.000€+00 0.0000 0.000£+00 0.0000 0.000£400 0.0000
th-232 0.000¢ . .

7.261E-01 0.0171
3.897€-04 0.0000

0.0000 0,000€+00 0.0000 0.000€+00 0.0000 0.000€+00 0.0000 0.000€+00 0.0000 0.000E+00 0.0000
tal  0.000£400 O, . . 000€+00 . .
tO‘s’u; of all water independent end dependent pathways

4.179€401 0.9829
4.251e401 1.0000
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Pege 14
File: FAUVER.RAD

Total Dose Contributions TOOSEC!,p,t) for Individual Rediorclides (1) and Pathways (p)

As sconsyr and Fract!

on of Total Doss At t = 1,000E+02 years

Vater Independent Pathuays (Irhalaticn excludes radon)
. Ground Inhatation Radon Plant Meat nilk solt
=_—-:{7;. seen/yr fract. meefyr frace. meen/yr . fract. sren/yr fract. wram/yr. fract. mreafyr fract. mrem/yr fract,
Ra-228 2.413€-05 0.0000 1.7088-04 0.0000 0,000€+00 0.0000 3.485€-04 '0,0000

h-228 3.276E+15 0,0000 JI34€-16 0.0000
;h-ZSZ 2.403E401 0.6075 9.550€+00 0.2415

0,000£+00 0.0000 4.482£-17 0.0000
0.000£400 0.1000 5.115E400 0,1293

1.565€-07 0.0000
1.182£-18 0.0000
2.378E-01 0.0080

2.125-07 0.0000
9.501£-20 0.0000
2.99‘!-01 °-m7‘

1.133€-07 0.0000
1.020€-17 0.0000

3.197e-01 0.0081

. Total  2.403€+01 0.6075 9.5S0E+00 0,2415

tributions TOOSECE,p,t) for Indfviduatl
Total Dose C“A‘:r-rnlyr ond Fnciu'm of Total Dose At

Water Fish
radio-

0.000€400 0.0000 5.115E400 0.1293

Water Dependent Pathuays
Radon Plant

2.378E-01 0.0040

Neat

2.9ME-01 0.0076

Radionuctides (1) and Pathuays ¢
t = 1,000£402 years P

Rilk

3.197E-01 0.0081

Nuclide meamyyr fract. wrowyyr fract.

ALl Pathways*

mren/yr fract. scew/yr fract.

mrea/yr {ract,

eren/yr {ract,

228 9.812£-07 0.0000 3,3326-09 0.0000
:;-228 0.000€+00 0.0000 0.000€400 0.0000
Th-232 1.4B4E-07 0.0000 5.020€-10 0,0000

arem/yr fract.

0.000€400 0.0000 1.942€-07 0.0000
0,0006400 06,0000 0.000£+00 0,0000
0.000£+00 0,0000 2.937E-08 0.0000

‘ot.‘ ‘.13“‘“ 0.0000 3.”‘5‘09 0.0000

e a—

2.154€-08 0.0000
o‘mot’oo 0-0000
3,240£-09 0.0000

3.585E-08 0.0000
- 0.000E+00 0.0000
5.424E-09 0.0000

3.104€-05 0.0000
3.415€-15 0.0000
3.955e+401 1.0000

0.000€400 0.0000 2.235€-07 0.0000

*5um of sll water {rdependent and dependent pathuays.

2.480E-08 0.0000

4.127E-08 0.0000

3.9558+01 1.0000




e

SRAD 22/98 09:08  Page 1S
fon 5.62 ™ Linit = 0.5 yesr 10/ )
;fl-r; ?;1':-8-08 Defsult Parameters Filez FAUVER.RAD

fbutions TOOSECT,p,t) for Individusl Radionuclides (1) and Pathuays (p)
Total Dose Co::rmw and Fne;!on of Total Dose At t = 3,000£+02 years
Vater Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Neat itk il
::{?;n ween/yr fract. sren/yr fract. wrew/yr fract. mrem/yr fract, wram/y/r fract. wrem/yr frect. ar -yt froct.
Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0,000€+00 0.0000 0,000€+00 0.0000

0.000E+00 0.0000 0.000€+00 0,0000
th-228 0.000€400 0,0000 0.000€+00 0.0000 0.000£+00 0.0000 0.000E+00 0.0000 0.000£¢00 0.0000

0.000€+00 0.0000
h-232 0.000€+00 O 0000 0.000E+00 0,0000 0,000£¢00 0,0000 0.000€+00 0.0000 0.000E+00 0.0000 0.000€+00 0,0000
The . . .

0.000E+00 0.0000
0.000E+00 0.0000

0,000€+00 0.0000

L 0.000€+00 0.0000 0.000£400 0,0000 0.000€+00 0,0000 0.000€400 0.0000 0.000£400 0.0000 0.000E+00 0,0000
Tota . . o

T00$ECH,p,t) for Individual Radionuclides ({) and Pathuays (p)
Total Dose Co::rm;rr\l“ fnc;?t':n of Total Dose At ¢t = 3,000£402 years
Vater Dopendentlnthnys
snt

Water Fish Radon 4 Meat Mk
fadio- :

0.000€400 0.0000

ALl Pathuays*

lide mremsyr fract. mrew/yr frect. acen/yr fract. eres/yr fract. mcem/yc fract.
Nue .

mrem/yr fract.

weem/yr  fract,
A 0006400 0,000 1.119€-16 0.0000 1.260€-17 0.0000 2,084€+17 0.0000
ne-228 S.e566-16 0.0000 1. 205000 000 8.0006+00 0,0000 0.00CE+00 0.0000 0.000€+00 0.0000
Th-228 0.000E . . .

3.059€-07 0.15 3. E-08 O, . -08 0,0
793 220¢-09 0.0027 0.000E+00 0.0000 3.059% 79 T2
Th'232 1-537!‘06 Q. 1 5.

T.124€-16 0.0000
0.000€+00 0,0000
1.938£-06 1.0000

1.S37E-04 0.7931 § 220€-09 0.0027 0.000£+00 0.0009 3.059€-07 0.1579 3.372€-08 0.0174
Tot.‘ L * . . .

5.612E-08 0.0290
esum of all water {ndependent and dependent pathwayt.

1.938¢-04 1.0000




RESRAD, Version 5.62
Summary : PQ-8-08 Default Parameters

™ Linit = 0.5 yeor

10/22/9%6 09:08

Page 16

File: FAUVER.RAD

pose Contributions TOOSECH,p,t) for Individual Redionuclides (1) and Pathways (
Total As neen/yr and Frnc;h'm of Total Dose At t = 1.000E+03 years s (P

Ground trhatation

Redio-

rlant.

Vater Independent Pathweys (Inhalation excludes radon)
Radon

‘Neat

nitk

soil

wuelide meewyr fract. mrew/yr fract.

pren/yr {ract. mrewyr fract.

mrenyyr fract.

wre/yr fract,

Ra-228 0.000€+00 0.0000
Th-228 0.000€+00 0.0000
th-232 0.000E+00 0,0000 0.0008400 0.0000

nren/yr fract.

0.000€+00 0.0000
0,000£+00 0.0000
0.000€+00 0.0000

0.0006+00 0.0000
0.000€+00 0.0000
0.000€+00 0.0000

0.000E+00 0.0000
0.000€400 0,0000
0.000E+00 0.0000

0.000€+00 0,0000
0.000£+00 0,000
0.000€+00 0,0000

0.000£+00 0,0000
0.000€+00 0,0000

fotal  0,000£+00 0.0000 0.000€+00 0.0000
Total Dose Contribut
As #r
Vater Fish
Radio-

0.000£400 0,0000 0,000E+00 0.0000

Vater Dependent Pathuays
Radon Plant

0.000£+00 0,0000

NHeat

0.000€+00 0.0000

fons TDOSE(S,.p,t) for Individual Redicnuclides (1) and Pathuays (p)
ea/yr and Fraction of Total Dose At t = 1,000£403 years

Ritk

0.000€+00 0,0000
0.000€+008 0,0000

Nuclide meem/yr fract. aren/yr frect.

ALl Pathways*

ncew/yr fract. mrem/yr fract,

mrem/ye  fract,

nren/yr  fract,

0.000€+00 0.0000
0,000£+00 0.0000

Ra-228 0.%:% g.m
-228 0. .
;:'gz 1.947£-07 0.7938 3.882E-10 0.0027

mren/yr fract.

0.000€+00 0.0000
0.000€+00 0.0000
0.000€400 0.0000

0.000€+00 0.0000
0.000€400 0.0000
2.270€-08 0.15T1

0.000£+00 0.0000
0.000£+00 0.0000
2.519€-09 0.017%

0.000€+00 0,0000
0.000€¢00 0,0000
4.194£-09 0.0290

0.000£+00 0.0000
0.000E+008 0.0000

JATE-07 0.793C 3,882E-10 0.0027
i ndependent snd dependent

Total
*sun of all water {

1.445€-07 1.0000

0.000€+00 0.0000

2.27“‘03 0. 1571
pathways. .

2.5198-09 0.0174

4.194€+09 0.0290

1.445€-07 1,0000




RESRAD, Version 5.62 ™ Limit = 0.5 ysar 10/22/96
sSusmary : PQ-8-08 Defoult Parameters g 0;;(:3’ FM'J;E':ng

sarent and gm/tw;c: l:tlr ::'Ted Over All Pathuays
ren rogery Principal Radionuclide Contributi
Parent Product Branch DSR(J,t) (nqur)?('pc:';:;““d
th (J) Frection t= 0,000E400 1.,000£400 3.000E+00 1.0006401 3.000E+01 1.000€402 3.0006+02 1.000E

..’m ..'m ‘.mm ‘.mm 3.“1:’” 2.65&000 9;61&'0 .

Pe.228 Th-228 1.000£¢00  0.000E+00 1,176£600 2.145E+00 a0t 521 00 araeg-06 1-423E-16 00006400
Ra-228 . IDSX()) 3.0928400 47162600 4,756E+00 2.410E400 1,452E-01 6.2088-08 2 oaE- 12 0.000es00
R Thi258 1.000E000  4.130E+00 2.87A£400 1.352£400 1.1006-01 7.704E-05 7.231€-14 8- 000Ee 0D o oo
T e Th.232 1.000E400  1.7AOE400 1,748€600 1.7432400 1.74SEA00 17396400 1.717€400 o Ooeeng o-000cs0
Th-232 Re-228 1.0006400  0.000E+00 4.391E-01 1.196£400 2.5826¢00 3.2396400 2,878£400 ,'gg*m 0.000€+00
T2 Th-228 1.0006400  0.O00E+00 7.787E-02 5.0S3E-01 2.18TEHD0 3,379E400 3.31AE400 8.0206-10 50006009
Th-232 DSRC)) 3798400 2,285E400 3.451E+400 6.4KE+00 8.357E00 7.910E+00 3.875E-07 2.¢90600

granch Fraction is the cumulative factor for the J’th principat radi .
The Bt Includes contributions from assoctated (hatf-life DS yry m{‘.’:,‘."“’"““ CIMBRFC]) = BRECTI®BRFC2)® ... BRE():

single Radionuctide Soil tuldelines Gt1,t) In'pCi/g
fasic Radiation Dose Limit = 30 mrem/yr
Nuclide '
Ci0e o 0.0006400 1.000Es00 3.0006400 1.000601 3.0006401 1000402 3.000E402 10006403
78 TONEN00  G.3AIEQ0 8.Z5ZE00  1.2456401  2.068002 483 .
RAZOR  7.204E400 1.OMESO]  2.1S3E01  2.727E:02 3.0496403 TG el norens aaindbEels
T2l T7ieeeor 13UIE0)  AL6PAEN00  K.6206000 35906400 37936400 Pt B L2

sat specific sctivity limlt

Sumed Dose/Source Ratios pSRE, ) In (mrem/yr)/(pCi/g)
and Single Radionuclide soil Cuidelines G(i,t) in pCi/g
at tmin # time of minjmm single radionuctide soil guideline
and at tmax = time of maximum total dose = 0.000E400 vears
Nuclide Initist tnin perei, tmin) G(I,tmin) LSRCE, tmax) GCT,tmax)
o pci/e (years) (pei/e) tpCi/9)

Ta228 5.0006400 2,070 2 0,002 4.293€400 6.1326400 £.0526400 7.331E000
S7258 5.000E400  0.000E400  &.130E400 7.2646400 4.130E400 7,264E+00
Th.232 5.000E400 38,29 2 0.04  8.3866400 3.5TTE400 1.7496400 1.716€+01




RESRAD, Version 5.62
Sumary t PG-8-08 Default Parameters

Nuclide Parent ERF(1)

¢

tH

™ Limit = 0.5 yesr 10722796 09:08  Page 18

File: FAUVER.RAD

individuat Nuclide Dose Suwmed Over ALl Pathusys
Parent Nuclide snd Branch Fraction Indicated
DOSE(],t), arem/yr

te 0.000E+00 1.000E+00 3.000E+00 .000€+01 3.000€+01 1.000E+02 3.0006+02 1.000€+03

Ra-228
Re-228
Ra-228
Th-228
The228
Th-228
Th-228
Th-232

Re-228 1.0006+00
Th-232 1.000E4+00
IDO3EL)):

f2-228  1.000€+00
Th-228 1.000€+00
Th'm 1.m000
IDOSEL )

th-232 1.000€400

2.046E+01 1.7706401 1,3256+401 4.809E400 2,654€-01 1.150€
. ' . -“ . -

0.0006+00 2,206E400 5.988£¢00 1.291E+01 1,6206401 1.439€+01 19346408 1.003E-09
2.006E+01 2.000€¢01 1.928Es01 1.TT2E401 18486401 1430401 1,934E-06 1.44 £-07
0.000E+00 5.878E+00 1.074E+01 7,239E400 4.608E-01 1.954E-05 1.052€-18 0, 5600
2 04SE+01 1.437€+01 6.9806400 5.500-01 3.897E-04 3.615E-15 0.000€+00 0.000€400
0000400 3.B94E-01 2.5266400 1,084E401 1.689401 1.657E+01 4.01KE-09 B o0
000 00 3 AE+01 2.023E+0 1.862E401 1.756E¢01 1.65TE0D 4.0TRE-09 0.000E+00
3.703£400 8.701E+00 8.7385400 B.727ES00 8.696E400 8,5866400 0.000€¢00 0.000€s00

BRECE) fs the branch fraction of the parent nuct ide.

Muclide Parent srF(f)

)

¢,

. yndividuet Nuclide Sofl t:oncontntim'
parent Nuclide snd Branch Fraction Indicated
s¢J,t), pti/e

t= 0,000E400 1.000£+00 3.0006+00 1.000£+01 3.000£+03 1.000E+02 3.000£+02 1.000£+03

Ra-228
Ra-228
Ra-228
The228
Th-228
Th-228
Th-228
Th-232

Re-228 1.000€400
Th-232 1.000E+00
5())s

Re-228 1.000E+00
th-228 1.000€+00
Th-232 1.000£+00
()

Th-232 1.000E+00

grECi) Is the

5.000£400 4.333£400 3.2536400 1.193£400 8.794E-02 2,994E- .

0.000£400 5.615E-01 1.470E+00 3.202E400 4, 147E+00 6.2362033 22220;(8) 2-%307?00
%_000E+00 &.894E+00 4.723E400 4,393E400 £, 2158400 4.1968+00 4,174E+00 6.097{00
0.0008400 1,410E400 2.592E¢00 1.753€+00 1.122€-01 4.951E-06 1.775€-18 0.0005’00
§.000€+00- 3.480E400 1.686E+00 1,335E-01 9.507E-05 9.175€-16 0.000E+00 O.OOOE‘OO
0.000E+00 9,251€-02 6.074E-01 2,619E400 4,109€+00 4.196E+00 &,174E400 4.09 400
§.000E+00 4,982E400 4.835€+00 4£.505E400 4,222E400 4.196E+00 4.174E400 &.0975‘00
5. 000E400 S.000E400 5.000E+00 4.999E+00 4.996€+00 4.987E+00 4.960£+00 4'&2132

branch fraction of the parent nuclide.,
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RESRAD, Version 5.62 % Linit = 0.5 yeer 03714797 13:40 Page 8

Summary ¢ Faver test . File: FAUVER.RAD

Contaminated Zone Dimensions Inftial Sofl Concentrations, pCi/g
Area: 100.00 scuare meters Ra-228 $.000E+00
Thickness: 0.30 meters Th-228 5 . 000E+00
Cover Depth: 0.00 meters Th-232 5.000€+00

Total Dose TDOSE(t), mrem/yr
Sasic Rediation Dose Linit = 30 mrem/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Recelved at Time (t)

roeEcty: 3.3196s01 3.2926¢01 3.2236401 3.0256401 2.875E601 2.7S66401 1.2556:06 9.366€-08
N(t): 1.104E400 1.09TE+00 1,0782400 1.008£400 9.583E-01 9,.1882-01 4,183£-08 3.122€-09
Nax{mm TDOSE(t): 3.319£401 mrem/yr at t = 0,000£400 yesrs :




Dose for All Radlonuclides

35

25

20 T

mrem/yr

10 1

—

1000

10
Years

== Selected Pathways Summed

FAU /ER.RAD 01/1497 Includes All Pathways
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RESRAD, Version 5.62 % Linit = 0.5 year 01/14/97 13:55  Page 8

Susmry : Fauver test File: FAUVER.RAD

Contaminated Zone Dimensions Initiat Soil Concentrations, pCl/g
Area: 150.00 square meters Ra-228 $.000€+00
thickness: 0.30 maters Th-228 5.000€+00
Cover Depths 0.00 meters Th-232 5 .000€+00

Tatal Dose TOOSE(t), srem/yr
Basic Radiation Dose Limit = 30 mrew/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Recefved at Time (t)

t (years): 0.0006+00 1.000E400 3.0006400 1.000€+01 3.0006401 1.0006402 3,000E+0
IDOSECE): 3.A99E+01 3.4TOEe01 3.367E401 3.187E+01 3.029E401 2,902£001 1.5SAE.06 1163607
WCt): 1.166E+00 1.1STES00 1.1326400 1,0626400 1.0106400 9.6726-01 5.104€-08 3.877E-09

Maximum TDOSE(t): 3.499£+01 mrem/yr at t = 0,000E400 years




40

Dose for All Radlonuclldés

35 +

30 J.

—

4
M)

10
Years

== Selected Pathways Summed

FAUVER.RAD 10/22/96 Includes All Pathways

100

1000




RESRAD, Versfon 5.62 % Linft = 0.5 year 10722/96 13:34, Page 8

Summary : PG-8-08 Defsult Parameters Files FAUVER.RAD

Contaminated Zone Dimensions Inftial Sofl Concentrations, pCi/g
Area:  225.00 square meters Ra-228 5 . 000€+00
Thickness: 0.30 maters Th-228 5.000€+00

Cover Depth: 0.00 maters Th-232 5. 0008+400

Total Dosa TOOSE(L), mrem/yr
ssaic Redistion Dose Linit = 30 mrem/yr
Total Nixture Sum M(t) = Fraction of Basic Dose Limit.Recelved at Time (t)

t (years): 0.000€+00 1.0006400 3.0006+00 1,0006+01 3.000E+01 1.000€402 3.0006402 1.000€+03
TOOSE(t): 3.409E401 3.668E+01 3,5006401 - 3,3482401 3.1996+01 3.0585401 2.895E-07 2.160€-08
Max{mm TDOSECt): 3.699€+01 sren/yr ot t = 0,000E400 yesrs




-

RESRAD, Version 5.62
tusmary : PG-8-08 Default Parmmsters

™% Limft = 0.5 ysar

10722/96 13:34 Page 9
File: FAUVER.RAD

Total Dose Contributiona TDOSECH,p,t) for 1 )
” Pot) for Individuat Redionuclides (1) and Pathways (p)

Ground frhslation
Redlo-

snd Fraction of Total Dosw At t = 0,000£400 years

\ster Independent Pathueys (lrhalation excludes redon)

Radon flant Aeat

Witk

soll

puclide srea/yr fract, mrem/yf fract.

mrea/yr fract, wrem/yr fract. mremfyr fract.

nrem/yr fract,

Ra-228 9.840E+00 0.2688 2.13%€-02 0.0006
Th-228 1.6556¢01 04474 1,4868400 0.0396
th-232 9.0308-04 0.0000 6.9606+00 0.188}5

0.000E400 0.0000 1,904E400 0,051 7.071E-
0.000E+00 0.0000 2.491E-02 0,0007 1.&&35-3 0000
0.000E+00 0,0000 9.213E-02 0.0025 S.072E-04 0.0000

’s"“‘m o.
‘o‘M‘” Q.m
3.990€-05 0.0000

sream/yr fract.

2.24TE-02 0.0006
1.261€-02 0.0003

Total  2.642£401 0.7142 8.455£400 0.2285

Total Dosa Contributi
As sres/

Vatsr Fish

Radio-
Nuclide meewyr fract. aren/yr fract.

o.mm O.N 2-0&0“ 0.05‘7 7.7255'03 0.0002

yr sod fraction of Total Dose At t = 0.000E400 years

Vater Dependent Pathways

Radon Plant Meat

9.941E-03 0.0003

ons TDOSEC!,p,t) for Indlvidual Radionuclides (1) and Pathweys (p)

nilk

4.260€-02 0.0012
7.768€-02 0,0021

All Pathways*

mrem/yr frect. mrem/yr frect, wmrem/yr fract.

mrem/yr fract.

mrem/yr fract.

Ra-228 0.000E400 0,0000 0.000€400 0.0000
Th-228 0.000E+00 0.0000

0.000E+00 0.0000 0.000£400 0.0000 0.000£400 0.0000
0.000€+00 0.0000 0.000E+00 0.0000 0.000E400 0.0000
0.000£400 0.0030 0.000E400 0,0000 0.000E+00 0.0000

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

1.183E401 0.3199
1.808€E+01 0.4881
7.104€400 0.1920

. 0.000€
the232 0.000€+00 0,0000 0.000€
0

Total  0.000€400 0.0000
esum of all water independent and

!

0.000€+00 0.0000 0.000E400 0.0000 0.000E+00 0.0000

t pathways.

0.000€+00 0.0000

3.899E+401 1.0000




Dose for All Radionuclides

35 7

10
Years

= Salected Pathways Summ

FAUVER.RAD 10/22/06 includes All Pa

100 1000

ed

thways




RESRAD, Version 5.62 ™ Limft = 0.5 yeer 10/22/96 11349  Page 8

Summary : PG-8-08 Default Parematers File: FAUVER.RAD

Contsminated Zone Dimersions Initfal Sofl Concentrationrs, pCisg
Area: 300,00 square meters Ra-228 S.000+00
Thickness: 0.30 meters Th-228 $.000€+00
Cover Depth: 0.00 meters Th-232 5.000€+00

Total Dose TOOSE(t), mrem/yr
gasic Rediation Dose Liait = 30 mrem/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (1)

t (yeers): 0.000E400 1.000€+00 3,0006¢+00 1.000€+01 3,0006+01 1.000E402 3.000E+02 1.000£403

T0OSE(t): 3.8336401 3.801E401 3.7196401 3.487E+01 3.310£401 3.155401 3.9178-07 2.923g-08

M(t): 1.278E400 1.26TE+00 1.2406400 1,162£400 1.103E+00 1.052E400 1,3066-08 9.742€-10
Naximum TDOSE(t): 3.833E+01 mrem/yr at t = 0,0006400 years




hUN——

RESRAD, Version 5.62

T%H Linit = 0.5 year

Summary : P3-8-08 Default Parameters

" Total Dose Contributions TDOSE(!,p,t) for Individual
As mren/yr and Fraction of Total Dose At
Vater Independent Pathuays (Inhalation

Ground
Radio-

Inhalation

10722/96 11:49  Page 9
Fite: FAUVER.RAD

excludes radon)

Radon ‘Meat

Plent

Radionucl fdes (1) and Pa
t = 0.0006400 years

thways (p)

Ritk

Nuclide mrem/yr fract.

ascem/yr fract.

nren/yr fraect. wsrew/yr fract.

mrem/yr fract,

nren/yr fract,

Saft

Ra-228 1.002£+01 0.2515
th'm 10“‘!’0' 01‘392
Th-232 9.119€-04 0.0000

2.208E-02 0.0006
1.499£400 0.0391
T.127TE+00 0.1839

0.000€+00 0.0000
0.000€+00 0.0000
0.000£+00 0.0N00

2.339E+00 0,0442
3.590€-02 0.0009
1.229¢-01 0,0032

9.429€-03 0.0002
1.958£-04 0.0000
6.763£-04 0.0000

Total 2.884€+01 0.7007

Total Dose Contributions TDOSE(!,p,t) for Individual Redienuclides (1) and Pat

" vater
Redfo-

8.6488+00 0,2234

’0321!‘02 o.m
1.570€-05 0.0000
5.320€-05 0.0000

wrem/yr fract,

2.996E-02 0.0008
1.681E-02 0.0004
5.680€-02 0.0015

0.000€+00 0.0000 2.498E400 0.0704

1.030€-02 0.0003

As mren/yr snd Fraction of Total Dose At t = 0.0006400 years

Fish

Vater Dependent Pathuays

Radon Plant Meat

1.32&'02 O.W
hways (p)

Ntk

1.034€-01 0.0027

Nuclide meem/yr fract.

scew/yr fract.

mrem/yr frect. mrew/yr fract, mrem/yr fract,

nren/yr  fract.

All Pathusys®

Rs-228 0.000E+00 0.0000
Th-228 0.000£400 0.0000
The232 0.000£+00 0,0000

0.000E+00 0.0000
0.000E400 0.0000
0.000€+00,0.0000

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

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

0.000£400 0.0000
0.000€+00 0.0000
0.000£400 0.0000

mrem/yr fract,

0.000E+00 06,0000
0.000£+00 0.0000
0.000€+00 0,0000

1.264E401 0.3297
1.8396401 0.4797

Total  0.000E+00 0.0)00

o‘m‘m o.m
ssum of all water independent snd dependent pathways.

0.000€+00 (.00C)

0.000E400 0.0000 0.000£+00 0.0000

0.000£+00 0.0000

7.308+00 0.1906
3.8336+01 1.0000
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Dose Conversion Factor (and Related) Paramater S
File: DOSFAC.BIN

umary

Curtent P
Parsmeter Value Default .;:‘“r
Dose corversion factors for fnhalation, mres/pCi:
Ra-2284D 5.080€-03 | 5,080€-03 DCF2¢ 1)
Th-22840 3.430€-01 | 3.450€-01 DCF2C 2)
Th-232 1.6406400 | 1.640€400 O0CF2¢ 3)
Dose corvversion factors for {ngestion, mrem/pCi:
Ra-2284D 1.440€-03 | 1.440¢-03 DCF3( 1)
Th-232 2,730£-03 | 2.730€-03 | pcr3¢ 3
food transfer factors:
Ra-228+D , plant/soil concentratien ratio, dimensionless 4.000£-02 | 4.000£-02 | uTF( LN
Ra-2284D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000€-03 | 1.0006-03 | rTF¢ 1,2)
Ra-225+D , mitk/.ivestock-intake ratio, (pCi/L)/(pCi/d) §.0006-03 | 1.000£-03 | r1F¢ 1.3
Th-228+D , plant/soil concentration ratio, dimensiontess 1.000E-03 | 1.000€-03 | Rv#( 2,1)
Th-228+D : gnfllimtock-lnnh ratio, (pCi/kg)/(pCi/d) 1.000E-04 | 1.0008-04 | rTF( 2,2)
Th-22840 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-08 | 5.000£-06 | RTF( 2,3
Th-232 , plant/soil concentration ratfo, dimensfonless 1.000E-03 | 1.000e-03 | rrF¢ 3,10
Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-04 | 1.000E-04 | RTF( 3,2)
Th-232 , mitk/tivestock-intake ratio, (pCi/L)/(pCi/d) 5.000€-06 | S.000E-06 | RTF( 3,3
-5 Bicaccumulation factors, fresh water, L/kg: e
g-s Ra-228+D , fish ) 5.000E+01 | 5.000E+01 BIOFACC 1,1)
D-5 Ra-2284D , crustaces and mollusks 2'.5005402 2.500E+02 | BiOFAC( 1,2)
p-S
g-g Th-2284D : crustacea and mollusks 5.000E+02 | 5,000E402 | B1OFAC( 2:2)
p-5
. -2%2 fish 1.0006402 | 1.007€402 | B1OFAC( 3,1
g-g ;:-gz : crustacea and mollusks 5.000E402 | $.00NE+02 BIOFAC( 3,2)
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Fite: FAUVER.RAD
Site-Specific Parameter Summary
User

ed by RESRAD

Us
Meru Parameter Input Default | (If different from user irput) Pl::ter
RO11 | Ares of contaminated zone (w*2) 1.0006404 | 1.000£404 .-
RO11 | Thickness of contaminated zone (m) 3.0006-01 | 2.000E+00 cen . AREA
RO13 | Length paratlel to squifer flow (m) 1.0006402 | 1,000€+02 .- THICXD
RO1{ | Sasfc radiation doss Limit (acemsyr) 3.0002+01 | 3,000€401 o LezPAn
2011 | Time since placement of materisl (yr) 0.0002400 | 0.0008+00 ..o oL
RO11 | Times for calculations (yr) 1.0006+00 | 1.000€+00 o 1t
R011 | Times for calculations (yr) 3.0006400 { 3.000£+00 s T 2)
RO11 | Times for celculations (yr) 1.000€+01 | 1.000€+0% .- 3
2011 | Times for calculationa (yr) 3.000e401 | 3.000£+01 .. TC¢ &)
ROT1 | Times for calculstions (yr) 1.0006402 | 1.000€+02 aee L (@-})
RO11 | Times for csleulations (yr) 3.000€402 | 3,000£402 .. TC 6)
2011 | times for caleulatioms (yr) 1.000€403 | 1,000£+03 o ;( ;)
RO11 | Times for caleulations (yr) not used | 0.000€+00 cee t( 9)
2011 | Times for caleulations {yr) not used | 0.000£400 {. cee 7:10;
012 | tnitfal principal redlonuclide (pCi/g)s Ra-228 | S5.000£400 | 0.0002400 cen
2012 | Initlat :rrlmlpol radionuct {de (pCf/g): Th-228 | 5.000e+400 | 0.000£+00 .e- :"I: ;)
R012 | initial principal redionuclide (pCi/g): Th-23! | 5.0006400 | 0.000£+00 eee by 3)
R012 | Concentration in groundwater (pCi/L)s Ra-228 | not used | 0,000£400 aee ut ’)
R012 | Concentration in grounduster (pCi/L): Th-228 | not used | 0.000£+00 cee W 2)
R012 | Concentration fn groundwater (pCi/L): Th-232 | mot used | 0.000E+00 .- ‘": 3;
RO13 | Cover depth (m) 0.0006+00 { 0.000E+00 e
2013 | Density of cover material (g/em*t3) not used | 1.500400 ggggg
R013 | Cover depth erosion rate (m/yr) not used | 1,000E-03 aca vev
RO13 | Density of contaminated zone (9/cn**3) 1.630€200 | 1.500£400 DENSCZ
RO13 | Contaminated zone erosion rate (m/yr) 1.000€-03 | 1,000£-03 . vez
RO43 | Contaminated zone total porosity 3.000€-01 | 4.000£-01 .en ez
R013 | Contaminated zone effecti{ve porosity 2.000€-01 | 2.000£-01 e Tz
r013 | Contaminated zon. hydrsullc conductivity (m/yr) | 1.0006+01 | 1.000£+01 e ees
R013 | Contaminated zone b parameter 5.3J00E+00 | 5,300£400 eee 863
"RO13 | Humidity in afr (g/cw**3) not used | 8,000£+00 cen HUNID
RO13 | Evapotranspiration coefficient 5.000€-01 | 5.000e-04 .. EVAPTR
013 | Precipitation (m/yr) ;gggggo 1.000€+00 .e- PRECIP
r013 | 1rrigation (m/yr) orr od' 2.000E-01 e 81
R013 | Irrigation mode ove '.0 overhead - 1DITCH
2013 | Runoff coetfictent o 2.000€-01 | 2,000€-01 RUNOFF
R013 | vatershed area for mearby stream or pond (m**2) | 1.000€408 | 1.000£+06 . VAREA
RO13 | Accuracy for water/soft computat{ons 1.000€-03 | 1.000E-03 . Eps
R014 | Densfty of saturated zone (g/cm**3) 1.6306400 | 1.500€+00 DENSAQ
RO14 SAtur:Zed z0ne total porosity 3.000e-01 | 4.000E-01 . P82
R034 | Saturated zone effectfve porosity 2.000€-01 | 2.000€-01 .- gps2
R014 | Saturated zone hydraulfe conductivity (m/yr) 1.000E402 | 1.000E+02 e Hes?
RO14 | Saturated zone hydrsulic gradient 2.000E-02 | 2,000€-02 .es HOAT
RO14 | Saturated zone b parameter 5.300E400 -| 5.300£+00 .- BS2
R014 | uater table drop rate (wyr) 0.000E400 | 1.000E-03 Wi
RO14 | Well purp fntake depth (m below water table) 1.020€+01 | 1.000E+01 .ee OU1BUT
R014 | Model: Nondispersion (ND) or Mass-Balance (NB) ND XD MOOEL
RO1& | Well pumping rate (1**3/yr) 2.500€402 | 2.500E+02 aes

W
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File: FAUVER.RAD
Site-Specific Parameter Sumary (continued)

User .
Used
Meru Parsmater Irput Default | (1t dlﬂcrentb‘f'rgsger irput) P ter
R015 | Number of unsaturated zone strate 1 1 Name
RO1S | Ursat. zone 1, thickness (m) 1.0006+00 | 4.000£+00 s nt
R015 | Unsat. zene 1, soil density (g/car*3) 1.6306+00 | 1.500€+00 HC1)
R015 | Unsat. zone 1, total porosfty 3.000€-01 | 4.000€-01 o DENSUZ(1)
R015 | Unsat. zone 1, effective porosity 2.000€-01 | 2,000€-01 TPU2(1)
2015 | Uneat. zone 1, soll-specific b paraseter 5.3006+00 | 5.300€400 EPUZ(1)
2015 | Uneat. zone 1, hydraulie conductivity (w/yr) 1.000€+01 | 1.000€+01 . (1)
|

R016 | Distribution coafficients for Re-228 aan
r015 Contaminated zone (cm**3/g) 7.0006+01 | 7.000e+01 .
R016 | Unsaturated zone 1 (ca%3/g) 7.000€401 | 7,000401 pewuce¢ 1)
RO16 |  Saturated zone (ca**3/g) 7.0006+01 | 7,000€+01 - DCNUCU( 1, 1)
r016 Leach rate (/yr) 0.0006400 | 0.000£+00 2.274€-02 DewuESe 1)
R016 Solubility constant 0.000€+00 | 0.000€+00 n;t used ALEACHC 1)

: SoLusx
R016 | Distribution coefficients for Th-228 N
R016 Contaminated zone (cn**3/g) 6.000£+04 | 6.0008404 .
1016 Unsatursted zone 1 (cw**3/g) 6,0006408 | 6.000£+08 e powucee 2y
R016 Saturated zone (cm**3/g) ¢ LOD0E+DR | &.000E+04 e powcye 2,19
rOté Lesch rate {/yr) 0.000€400 | 0,000£400 2.658£-05 beNUCSt 2)
RO16 Solubitity constant 0.000£400 | 0.000£+00 not used ALEACH( 2)

soLuex¢ 2
R016 | Distribution coefficients for Th-232 )
r016 Contaminated zone (cm**3/g) 6.0006404 | £.0008404 .-
RO16 Unsaturated zone 1 (cn**3/g) 6.0006404 | 6.000£+404 e ocwuce( 3)
RO16 Saturated zone (c**3/9) 6.000€404 | 6,000£404 .. DENUCUC 3,1)
RO1S Lesch rate (/yr) 0.000€+00 | 0.000E+00 2.658€-05 DCNUCS(. 3)
RO16 Solubility constant 0.000€400 | 0.000E+00 rot used ::G::E 3)
(¢ 3)

R017 | Inhalation rate (m**3/yr) 1.051E+04 | 8.400E+03
RO17 | Mass loading for fnhalatfon (g/w**3) 2.000E-04 | 2.000E-04 cee INNALR
R017 | Oflution length for alrborpe dust, inhatation (m)] 3.000€400 | 3.000E+00 MLINY
R017 | Exposure duration 3.000e+01 | 3.000£+01 aae LM
R017 | Shielding factor, inhalation 5.000€-01 | 4.000€-01 ED
RO17 | Shielding factor, external gemma 3.300€-01 | 7.000£-01 ... SHF3
RO1? | Fraction of time spent {ndoors 5.500€-01 | 5.000E-01 e SKF1
2017 | Fraction of time spent cutdoors (on site) 2.100€-01 | 2,500€-01 F1¥D
RO17 | Shape factor flag, external gamms 1.000€+00 | 1.000£+00 1 shows circular AREA. FoT0

FS
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File: FAUVER.RAD

User

©  Used by RESRAD
Heru Paramater Input Oefault | (1f sitferent from user trput) Pn;:m
RO17 | Redi{ of shape factor array (used {f F$ = -1):
ROV7 outer srrwlar radius (m), ring 1t not used | $.000€+01 .. I
n), ring 2t not used | 7.071£+01 o X
Rr0Y7 Outer anrular redius (m), ring o e 1)
RO17 Outer anrular redius (m), ring 32 not used | 0.0006+00 o R0t 2
r017 Outer armruler redive (m), ring 4: not used | 0.0006400 . b st 3
R017 Outer anrular radius (m), ring 5: not m:g 8000&00 aa- R
rRO17 Outer shrular redius (m), ring 6: not u..d 0.000€400 . RO Ie( )
R017 Outar annular radius (m), ring 72 not ua.d g,ooog.oo .. Mo-SE( )
RO17 Outer annulsr radfus (m), ring 8: no: m.d o.0005000 aee Mo-strcs 1)
1017 outer srrular radius (m), ring 9: mt :ed o.%m o ROZSPE( )
r01? outer sonular radive (w), ring 10: Mt «d |o. o mo_SHPE( 9
RO17 outer anrwlar radfus (m), ring 112 no ‘.ed o.mm o Mo SUrECID)
R017 outer snnular redius (m), ring 12t not us .000E+00 - no-gureci)
RO17 | Fractions of annular aress within AREA: B
017 Ny 2 nn:: ::S ;:g.!o%:gg aca FRACAC 1)
A Ry 3 not used | 0.0006400 e FRACAC 2)
Rl I tot used | 0.000£400 con FRACAC 3)
RO17 Ring % ot uaed | 0.000Es00 - FACAC 3)
Ro17 Ry & not used | 0.0006400 aee FRACAC S)
017 My 7 not used | 0,000£400 oee FRACA( &)
RO17 Ring 7 rot used | 0.0006:00 - :::cc:( z)
Ro? Mrg 5 not used | 0.000E400 . 'Mc‘( )
017 M 10 not used | 0.000£+400 cee ruu(1g’
:gg ::nn: :2 not used | 0,0006400 cen FRACA:H;
. 000€+ ceu
RO1?7 Ring 12 . not used | 0.000€400 FRACAS12)
1.660€402 | 1.600£402
uits, vegetables and grain consumption (kg/yr) - —_—
e e 1 - g
3 tion (L/y -
:g:g :::: .:’u gltry comuaptlonr tkg/yr) gzgg:gg gzgﬁ:&g’ --- DIETee)
8018 | Fish consumption (kg/yr) 9.0%5.01 9.00*.0’ - DIETeS)
2018 | Other seafood consumption (kg/yr) 1‘825901 3'650901 --- DEree)
ROY8 | Sofl Ingestfon rate (g/yr) 3.500eat 5.1005002 Dler
2018 | Orinking water intake (L/yr) A4 1.0005.00 - ot
R018 | contamination fraction of drinking water .t oes 1.0005’00 - oy
RO18 | contamination fraction of household water ?oooosm 1.0005400 - e
R018 | Contemination fraction of livestock water 1.0005400 1,0006’00 -+ A
RO18 | Contaminatfon fraction of frrigation water 5‘0005-01 s,m.m - "g"
R018 | contamination fraction of aquatic food .1. 3 oo ::u
"1 Cmtulmt:m ;::::::nn :: :l::t food -1 -t 0:5005400 FﬂEA‘t‘T
natfon : :
:g:: ggtzzmtim fraction of milk 1 . 1 0.500E+00 ol
. 1 | 6.800E+01 .- LFIS
r intake for meat (kg/day) 6.800€40 -
:g:g t::::::cc: :ﬁzr intake for milk (kg/day) ;gggg:g} ;.gggg:g: - LF1e
R019 | Livestock water intske for meat (L/day) 16005402 1.600&02 - NI
RO19 | Livestock water intake ;o;d:‘;k (L/day) 5.000E-01 | 5.000E.01 o t:;s
:g:g ::::’::::i::‘:o:n::‘l(:ai gepozuion (g/m**3) 1.000E-04 | 1.000£-04 s

MLFD
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File: FAUVER.RAD
Site-Specific Parameter Summary {eontinued)

User .

Neru Parameter Input Default | (1f dlf!‘e,r::tb:r:is::er irput) h::'"
RO19 | Depth of sofl mixing layer (x) 1.5006-01 | 1.500€-01 cesn
R019 | Depth of roots (m) 9.000€-01 | 9,000€-01 o DN
‘RO19 | Drinking water’ fraction from ground water 1.0008400 | 1,000€+00 .e- oroot
R019 { Houmehold water fraction from ground wmeter 1.0006400 | 1.000€400 e FQDY
RO19 | Livestock water fraction from ground mater not used | 1.000€400 eee FGAMH
R019 | Irrigation fraction from ground water 1.0006+00 | 1,000£400 e :gﬁ:
C14 C-12 concentration {n uater (g/ca**3) not tsed | 2.0006-05 .
€14 | C-12 concentration In contaminated soil (g/g) not used | 3,000€-02 cen clume
C14 | Fraction of vegetation carbon from soil not uzed | 2,000£-02 cee cracz
C14 | Fraction of vegetation carbon from afr not used | 9.800£-01 cee csofL
ci4 | C-14 evasion layer thickness In soil (m) not used | 3,000e-01% eee CAIR
cté | C-1%8 evasion flux rate from soil (1/sec) not used | 7.0006-07 cea DMC
C14 | C-12 evasion flux rate from soil (1/sec) not used | 1.000€-10 | - . EVSN
cié fraction of grain {n beef cattle feed not used | 8,000€-01 e REVSN
c14 | Fraction of grafn in milk cow feed not used | 2,000e-01 .. :‘J:g:
STOR | Storage times of contaminated foodstuffs (days):
s;ut fn.g:s, non-leafy vegetables, and grain 1.400E401 | 1.400£401 eee STOR T¢1
o | ety vl i | L et
STN " l . A . P -
STOR | Meat and poultry 2.0006401 | 2.000€401 :;g;.;g;
STOR Fish 7.000E400 | 7.000€400 cee STORT o
STOR Crustacea and mollusks 7.000€400 | 7.000£+00 e ottt
sTOR Well water 1.000E400 | 1,000€+00 cee SToRT¢7)
STOR Surface water 1.000£+400 | 1.000£+00 cee STORTc8)
STOR Livestock fodder 4.5008+01 | 4,500€+01 cae sma..n”

Thickness of buflding foundation (m) not used | 1.500€-01 .
:gg; Bulk demaity of bullding foundation (9/ce**3) not used | 2,400£+00 e ;Egl
R021 | Total porosity of the cover material not tsed | 4.0006-01 ee- PCY
2021 | Total porosity of the building foundation not used 1.000€-01 oo PFL
R021 | volumetric water content of the cover material not used | 5,000£-02 cee PHR0CY
r021 | volumetric water content of the foundation not used | 3.000¢-02 eee PHOFL
r021 | oiffuston coefficient for radon gas (m/sec):
RO21 {n cover material not used | 2,000E-04 .es o1ECY
021 in foundation materfal not used | 3.0008-07 .en DIFFL
RO21 fn contaminated zone soil not used | 2,0006-04 DifC2
R021 | Radon vertical dimension of mixing (m) not tted | 2,000€+400 cee NI
1021 | Aversge snnual wind speed (w/sec) not mg 2.0005400 rea s
2021 | Average building air exchange rate (1/hr) not us .000€-01 cee REXG
R021 | Height of the buitding (room) (W) not ua:: g.gooe»og ae- o
R021 | Buitding Interfor area facter . not mcd .1.000560 . FAL
R02Y | Bullding depth below ground surface (m) not uaed z.sgoeogo e DHFL
RO21 | Emanating power of Rn-222 ges 'r:: ::ed 2.3 ogg.o: —a- EMANACY)
RO21 | Emanating power of Rn-220 gas . on- EMANA(2)
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METHOD FOR SURVEYING AND AVERAGING CONCENTRATIONS OF RADIOACTIVITY IN POTENTIALLY
CONTAMINATED SUBSURFACE SOIL
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Current U.S. Nuclear Regulatory Commission (NRC) guidance for conducting final surveys at
decommissioning facilities is contained in:

e NUREG 1575, “Multi-Agency Radiation Survey and Site Investigation Manual” (NRC
2000), for sites currently entering the decommissioning phase of site operations, and

e Draft NUREG/CR-5849, “Manual for Conducting Surveys in Support of License
Termination” (NRC 1992), for Sites being decommissioned under the NRC’s Site
Decommissioning Management Plan (SDMP) and with decommissioning plans approved

prior to August 20, 1999 (NRC 1997a)

While both of these guidance documents provide guidance for performing surveys and sampling
of areas having residual radioactivity in surface soils, neither discusses methods for surveying

and averaging residual radioactivity in subsurface soils.

In 1997, the NRC, in connection with their review of the “Site Remediation Plan for the Former
Brooks and Perkins, Inc. Site,” produced a technical basis document that supplements the
guidance in Draft NUREG/CR-5849 and established an NRC approved method for surveying
and averaging concentrations of residual radioactivity in subsurface soils. The technical basis
document is titled “Method jfor Surveying and Averaging Concentrations of Thorium in
Contaminated Subsurface Soil” and is often referred to as the AAR method (NRC 1997).

The approved Decommissioning Plan for the York, PA Facility (Molycorp 1999) specifically
cites the supplemental NRC guidance (NRC 1997) in the section itemizing the unrestricted use
limits for soil and slag. Because the isotopes present at the York, PA facility are not completely
consistent with those evaluated by the NRC in establishing the supplemental guidance
(specifically for the AAR site), a site-specific evaluation of the subsurface soil averaging criteria
is warranted. This report documents the technical basis for applying the AAR method to the
evaluation of subsurface residual radioactivity at the York, PA site being decommissioned by

Molycorp, Inc.
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1.0 INTRODUCTION

The approved Decommissioning Plan for the York, PA Facility (Molycorp 1999) specifically
cites supplemental NRC guidance (NRC 1997) in the section itemizing the unrestricted use limits
for soil and slag. Because the isotopes present at the York, PA facility are not completely
consistent with those evaluated by the NRC in its supplemental guidance, a site-specific
evaluation of the subsurface soil averaging criteria is warranted. This report documents the
technical basis for applying the NRC’s supplemental guidance on surveying and averaging of
residual radioactivity in subsurface soils to the final radiological status survey of subsurface
residual radioactivity at the York, PA site being decommissioned by Molycorp, Inc.

1.1 BACKGROUND

Current NRC general guidance for conducting final radiological status surveys at
decommissioning sites and facilittss (NRC 1992, NRC 2000) specifically addresses
measurement and averaging criteria for “surface” radioactivity of both land areas and buildings
but does not speak to the acceptable criteria or averaging methods for demonstrating that residual
radioactivity in subsurface soils is within the approved guideline limits. In the absence of
general guidance on how to deal with residual radioactivity in subsurface soils, the NRC
prepared a technical basis document specifically describing an acceptable method for surveying
and averaging concentrations of residual radioactivity in subsurface soils. The technical basis
document (NRC 1997) was prepared in conjunction with the NRC’s review of the AAR Site’s
“Site Remediation Plan for the Former Brooks and Perkins, Inc. Site.” It provides the technical
rationale for demonstrating compliance with the approved decommissioning standards when
residual radioactivity is present (or potentially present) in subsurface soils and thus supplements
the general guidance published by the NRC. However, rather than provide generally applicable
guidance, the NRC’s technical basis document focuses specifically on the application of the
methodology for the AAR site and its suite of radionuclides. Thus, it is necessary to derive a set
a site-specific criteria for addressing subsurface residual radioactivity applicable to Molycorp’s
York, PA site using the same logic and methods applied by the NRC to the AAR site.

1.2 GENERAL SITE DESCRIPTION

The Molycorp, Inc. York, PA Facility is situated on the outskirts of the City of York, PA at 350
North Sherman St., in Spring Garden Township, PA. The active site consists of approximately
six fenced acres bounded by Olive St. to the north, Hudson St. to the west, N. Sherman St. to the
east, and by the Norfolk and Southern Railroad track to the south.

The site was used by Molycorp, Inc. to produce a broad line of inorganic rare earth chemicals
used to make catalysts for the chemical industry and for various other industrial purposes. The
rare earth processing plant was part of the facility that had raw material containing naturally
occurring uranium and thorium. In 1981, Molycorp acquired a radioactive source materials
license, SMB-1408, in compliance with applicable federal regulation and based upon the
quantity and concentrations of thorium in rare earth materials being processed at the site (NRC

1981).

MACTEC, Inc.
Soils Remediation Project

York, PA
Molycorp, Inc.
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INTRODUCTION SECTION 1

1.3 CURRENT SITE CONDITIONS

All of the buildings and structures that were at one time in place at the site have since been
radiologically surveyed and removed. Approximately two-thirds of the site (~ 4 acres) have
already been released from radiological controls by the NRC based upon extensive excavation of
subsurface materials and the application of the surface soil concentration limits to subsurface
soils. While the approved decommissioning plan (DP) for the site (Molycorp 1999) specifically
says that “subsurface soils and slag will be surveyed and averaged to demonstrate compliance
with the unrestricted use limits using the [AAR Method]...,” it was not employed by Molycorp’s
remediation contractor to achieve the release decision (italics ours). The conservatism
introduced by applying surface soil concentration guidelines, surface soil measurement methods,
and surface soil averaging criteria to subsurface soils led to significant over excavation and waste

disposal costs.

The remaining portion of the site for which compliance with the release criteria have not been
demonstrated (~ 2 acres) will be surveyed in accordance with the requirements of the approved
DP in order to demonstrate compliance with the specified unrestricted release criteria, including
the requirement for subsurface soils to be surveyed and averaged using the approved AAR
method developed in NRC supplemental guidance (NRC 1997).

1.4 CONCEPTUAL BASIS FOR THE AAR SUBSURFACE SOIL ASSESSMENT METHOD

The NRC acknowledged that the averaging method in NUREG/CR-5849 assumes that soil
samples and measurements collected from the ground surface are sufficiently representative to
assess the potential dose to a receptor but that the NUREG/CR-5849 surface soil sampling and
averaging method may not be appropriate if significant subsurface contamination is present

(NRC 1997).

Conventional pathway analysis concludes that the dose from subsurface contamination at depths
deeper than approximately 0.3 meters is essentially zero (except dose that might arise from
radioactivity in subsurface soil migrating downward and impacting the groundwater pathway).
This conclusion assumes that residual radioactivity in subsurface soil will remain at depth over
the period considered in the analysis. Depending upon the site specific conditions, it may not be
reasonable to assume that subsurface soil will remain undisturbed for a 1000 year period, the
evaluation period considered in determining whether a site has met the criteria for
decommissioning. Therefore, in considering the potential impact that residual radioactivity in
subsurface soils might have on future exposures at the site, a range of simple scenarios were
developed to predict: 1) how subsurface soil might be excavated in the future, 2) the volume of
the soil that might reasonably be expected to be excavated, and 3) the dose consequences of the
contaminated soil in the post-excavation geometry. Based on these predicted excavation
volumes and dose consequences, the NRC developed a surveying and averaging protocol for in-
situ subsurface soil at the AAR site. ‘

The basic concept and precepts of the NRC approved method rely upon a comparative dose
evaluation of the potential future dose to a receptor. First, the dose to a hypothetical receptor is
calculated assuming that the surface soil at the site is uniformly contaminated with residual

MACTEC, Inc.
York, PA Soils Remediation Project

February, 2003 Molycom, Inc.
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radioactivity at the approved surface soil activity limit and over what is in effect an infinite area.!
This calculated potential dose serves as the baseline against which the exposure potential to the
receptor from a variety of scenarios in which subsurface radioactivity is brought to the surface is
compared. As the amount of subsurface radioactivity brought to the surface decreases, the areal
size impacted by such actions also decreases and thus the potential dose consequence is
correspondingly reduced. By calculating the potential future dose resulting from a range of
scenarios in which varying amounts of subsurface soils having residual radioactivity are brought
to the surface and then comparing these with the baseline dose from an infinite “slab” of surface
soils, the NRC was able to arrive at factors (or increments) by which the residual radioactivity
concentration in subsurface soil might exceed the specified surface soil guideline values without

compromising the protectiveness of the release decision.

The basic process can be summarized in the five major steps outlined below. The subsequent
sections of this technical basis document correspond to these major steps in the process.

Development of a range of potential future excavation scenarios in order bound the
relative potential exposure from subsurface radioactivity that might be brought to the

surface.
e Description of the Site-Specific Source Term

Performance of dose modeling to provide the basis for comparison of the potential future
dose from subsurface residual radioactivity to that produced by residual radioactivity in

surface soil.
e Derivation of averaging criteria for subsurface soils
¢ Development of the survey method for subsurface residual radioactivity

1 This represents the worst case hypothetical condition that might exist and still satisfy the approved surface soil
concentration guidelines using the methods and techniques described in NUREG/CR-5849 (NRC 1992).

MACTEC, Inc.
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TECHNICAL BASIS SECTION 2

2.0 TECHNICAL BASIS FOR SUBSURFACE AVERAGING CRITERIA

The technical basis developed in this paper follows that developed and described by the NRC in
conjunction with their review of the AAR Site’s “Site Remediation Plan for the Former Brooks
and Perkins, Inc. Site.” 1t provides the technical rationale for demonstrating compliance with
the approved decommissioning standards when residual radioactivity is present (or potentially
present) in subsurface soils and thus supplements the surface soil guidance published by the

NRC (NRC 1992).

2.1 EXCAVATION SCENARIOS

It was conceived that excavation of soils at the site might likely be associated with the placement
of the foundation for a house. The averaging method described in NUREG/CR-5849 specifies
that the average residual radnoactmty concentration over any 100 m? area should be less than the
approved release criteria. The 100 m? area averagmg limit was intended to address the potential
for a 10 m by 10 m house being built on the 100 m?® parcel of land (NRC 1997). Consndermg the
variety of foundation types that could be employed, a range of potential excavation scenarios
from a slab-on-grade house to a house with a full basement was evaluated. For each of the
excavation scenarios, the volume of excavated soil and the extent of surface spreading, as well as
the depth of surfaces on which the foundation could be built, were estimated. The potential dose
from the subsurface soil, after excavation, was estimated by calculating the dose from the
contaminated soil spread on the ground surface.

2.1.1 Evacuation Assumptions

e House size is assumed to be 10 m by 10 m (100 m?, 1075 f%)

¢ A house with a spanned floor and crawl space built on a stem wall foundation would
result in the excavation of a perimeter trench 1 meter deep and 1 meter wide with each

side being 10 meters in length.

o The depth of the excavation needed to build a house with a full basement is 3 meters

o The smallest volume of soil that could be excavated from a subsurface layer without
mixing with surroundmg soil is limited by the bucket size of the excavation equipment,

and assumed to be 1 m’.
e Each excavated pile is uniformly blended
e Each pile is subsequently spread over the ground surface in a 1 foot thick lift.

2.1.2 Excavation Volumes Evaluated

- Based upon the excavation assumptlons described above and the fundamental assumption that

the size of a residential house is 100 m the volumes of subsurface soils that must be considered

MACTEC, Inc.
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TECHNICAL BASIS SECTION 2

in deriving subsurface soil concentration limits and averaging criteria ranges from 1 m® up to
300m’. In the technical basis document derived for the AAR Site (NRC 1997), the NRC
evaluated a discrete set of five excavation volumes corresponding to excavation assumptions
identical to those presented in section 2.1.1 above and itemized in Table 2-1. As described in the
NRC'’s technical basis document for the AAR site, “the excavation scenarios described (in Table
2-1) for housing construction are assumed to result in conservative averaging criteria since
excavations for larger structures should result in larger excavated volumes, and a greater degree
of mixing with surrounding soil.” In reality, these are discrete points on a response curve that
describes the relationship between the areal size of a soil deposit having residual radioactivity at
a fixed concentration and the potential radiation dose it might produce.

Table 2-1 Excavation Volumes Considered in the AAR Technical Basis Document

Foundation Type Description Volume Area'
1 | Stem wall w/craw! Each of four 1 m deep by 1 m wide by 10 m
space long trenches excavated for footers and stem 10 m® 33 m?

wall is placed in a separate pile

2 | Stem wall w/crawi The 1 m deep by 10 m wide by 10 m long
space footprint for a house with no basement is 100 m® 333 m?

excavated and placed in a single pile

3 | Full Basement Each of four 3 m deep by 2.5 m wide by 10 m
long portions of soil for a full basement are 75m® 250 m?
excavated and placed in a separate pile.

4 | Full Basement The entire soil volume from an excavation 3 m
deep by 10 m wide by 10 m long for a full 300 m® 1000 m?

basement foundation is placed in a single pile

5 | One bucket One bucket (1 m x 1 m x 1 m) of excavated soil 1 md 33 m?
is placed in a single pile. )

1 Assumes that the volume of soil is spread out over the ground surface in a one foot (0.3 meter) thick
lift. These are the source term dimensions used in the RESRAD calculations. The baseline
RESRAD calculation is based on a source term that is 0.3 meters thick and distributed over an area

of 10,000 m? (effectively infinite).

This technical basis document likewise considers the discrete excavation volumes previously
considered by the NRC, but in addition considers 18 other soil volumes in order to generate
enough data in the region where the slope of the curve is rapidly changing to graphically
construct the dose response (Appendix A). In this way, the subsurface soil averaging criteria for
any hypothesized excavation volume can be readily determined.

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Motycorp, Inc.
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TECHNICAL BASIS SECTION 2

2.2 SITE SPECIFIC SOURCE TERM

The source term in soil at Molycorp’s York, PA facility consists of relatively insoluble forms of
natural uranium and thorium series radionuclides in soils. Prior characterization and remediation
efforts at the site have shown that residual radioactivity is present in soils on the site at depths
greater than is considered in the sampling and survey method specified in NUREG/CR-5849
(NRC 1992). While residual radioactivity in soils deeper than approximately 0.3 meters
produces little radiological dose to a potential receptor provided it remains in the subsurface
position (due to the self-attenuating effect of the overlying soil layer), the possibility exists that
subsurface soils might be brought to the surface as a result of human activities such as
excavation. To ascertain the potential dose consequence associated with bringing subsurface
deposited residual radioactivity to the surface where exposure might occur, it is conservatively
assumed that a subsurface soil brought to the surface is uniformly spread on the ground surface
in a 0.3 meter thick lift. Thus, the physical configuration of each source term modeled and
evaluated, regardless of its origin of depth, is defined by the volume distributed over the area
corresponding to a 0.3 meter thick source. RESRAD assumes that the source is cylindrical in
shape with the thickness describing the height of the right cylinder. The receptor is assumed to
be exposed at the center of the circular ellipse. The receptor to source term geometry as
portrayed in Figure 2-1 is evaluated for a series of source sizes, the largest representing an

essentially infinite geometry corresponding to 10,000 m>.

Figure 2-1 Physical Configuration of Source Term

The York, PA site decommissioning plan (Molycorp 1999) specifies the approved unrestricted
use limits for concentrations of residual radioactivity in soil and slag as follows:

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Molycorp, Inc.
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TECHNICAL BASIS SECTION 2

e 10 pCi/g average? Total Thorium (Th-232 + Th-228)

10 pCi/g average Natural Uranium (U-238 + U-234, assummg all daughters in
equilibrium and includes 5 pCi/g Ra-226)

e 5 pCi/g average [excess] Ra-226

Since there are essentially three soil concentration limits applicable to the York, PA site, three
separate sets of evaluations are needed in order to apply the AAR methodology (NRC 1997) to
the York site. To accommodate this, three distinct isotopic profiles were used; one for each of the

three isotopic concentration limits described above.

Thorium 232 and 228 are assumed to be in secular equilibrium. The isotopic profile for the
thorium source term contains 5 pCi/g each of Th-232, Th-228, and Ra-228 (Figure 2-2). That
Ra-228 is included in the source term is an artifact of the way RESRAD accounts for
radionuclides having radioactive parents and progeny. Even though Ra-228 is not part of the
stated thorium concentration limit, it is present in thorium bearing soils. Further, its inclusion in
the source term is appropriate since the AAR method (NRC 1997) establishes ratios based on the
ability of the source term to produce dose, and the most conservative derivation assumes that

radioactive decay series are in secular equilibrium.

2. All soil concentration averages are expressed as the average over a 100 m2 grid area.

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Molycorp, Inc.
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TECHNICAL BASIS

B Th-232 m Th-228 O Ra-228

Figure 2-2 Isotopic Composition of Thorium Source Term

Uranium 234 and 238 isotopes are likewise presumed to be in secular equilibrium. Uranium 235
is not identified as a contaminant of concern. The isotopic profile for the uranium source term
contains 5 pCi/g each of U-238, U-234, Th-230, Ra-226 and Pb-210 (Figure 2-3). Again, the
source term used reflects the limiting assumption of secular equilibrium.

The third source term includes Ra-226 alone with a concentration in soil equal to § pCi/g.

U-238 m U-234 O Th-230 O Ra-226 m Pb-210

Figure 2-3 Isolopic Composition of Uranium Source Term

2.3 DOSE MODELING

Dose modeling, using the site specific suite of radionuclides at the York site is used to arrive at
site specific averaging criteria for the site. This is in lieu of the default averaging criteria
specified in NUREG/CR-5849 (NRC 1992) and in order to establish subsurface soil residual
radioactivity concentration limits that are as protective as those already approved for surface

MACTEC, Inc.
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TECHNICAL BASIS SECTION 2

soils in the site decommissioning plan (Molycorp 1999). The area averaging criteria in
NUREG/CR-5849 specifies that the concentration of residual radioactivity in an area with
elevated radioactivity should not be greater than (100/A) 2 times allowable average release
criteria, where “A” is the size of the elevated area in m? and is further limited (based primarily
on traditional practice) to a maximum concentration of less than 3 times the allowable average

concentration limit.

These averaging criteria were taken from a dose assessment made in 1985 for the Department of
Energy (DOE) using the DOE’s Manual for Implementing Residual Radioactivity Guidelines
(Yu 1993). In that assessment, the dose from elevated areas of various sizes was estimated using
default input parameters to the RESRAD code. This early study concluded that dose is reduced
as the area of contamination is reduced, assuming the same concentration of radioactivity.

The extent of the reduction in dose as a function of area depends on whether the predominant
dose pathway is from direct exposure, or from one or more of the other possible pathways such
as inhalation or ingestion. In general, there is a greater dose reduction for elevated areas
containing radionuclides that deliver a significant fraction of the dose through the inhalation and
ingestion pathway than for radionuclides that deliver a higher fraction of dose via the direct

exposure (from penetrating gamma radiation) pathway.

The area averaging formula recommended in NUREG/CR-~5849 (NRC 1992) was arrived at by
evaluating a broad spectrum of radionuclides considering the relationship between dose and size
of elevated area. It was determined that the (100/A) ' relationship would conservatively bound
the concentration of residual radioactivity in an area of size “A” for all radionuclides evaluated
such that localized concentrations of elevated radioactivity would not likely result in a dose
greater than the allowable average concentration over an area of 100 m* (NRC 1997). A
comparable dose assessment (the essence of the AAR method, and this technical basis document)
for site specific radionuclides will typically show that a less conservative, yet appropriate
relationship exists between dose and size of area having elevated concentrations of residual

radioactivity.

The dose modeling code RESRAD, Version 6.21 (Yu 2002) was used to calculate the dose that
would result from various sizes of 0.3 meter thick, right cylinder, source term geometries (See
Figure 2-1). In developing the AAR methodology originally, the NRC used RESRAD version
5.62 (Yu 1996), which was the current version available at the time (NRC 1997). As a first step
in developing the technical basis for applying the AAR method at the York, PA site, RESRAD
6.21 was benchmarked with version 5.62 using the same input parameter set, most of which are

MACTEC, Inc.
York, PA Solls Remediation Project
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assigned the default value’. While some minor differences exist between the two versions, the
resulting doses projected by the two versions of RESRAD are nearly identical with differences
less than 1 mrem per year. More importantly, when the baseline case (10,000 m?) using version
6.21 is compared with the volume specific cases presented in the NRC’s technical basis
document (NRC 1997) and again using version 6.21, the area factors were identical for the
thorium series radionuclides’. This indicates that in spite of minor dose projection differences
between generations of the RESRAD code, the same area factor result is achieved using either
version, and thus RESRAD Version 6.21 is shown to be functionally equivalent to version 5.62

previously used by the NRC.

Three separate RESRAD input files were created in order to perform the dose modeling; one for
each of the three distinct radionuclide compositions described above (See Figure 2-2 and Figure
2-3). 1In each case, the radionuclide concentration was set at 5 pCi/g—corresponding to the

activity limit from the approved decommissioning plan (Molycorp 1999). All other input
parameters were set equal to those used by the NRC in developing the AAR method (NRC 1997)

or the RESRAD default value was used. Dose modeling was performed as follows:

e A baseline case (contaminated area = 10,000 m?, volume = 3000 m®) was run for each of
the three source terms. The maximum annual dose in the ensuing 1000 year period was

recorded.

e A series of potential excavation volumes was identified ranging from 1 m’ to 3000 m>.
Excavation volumes corresponding to the excavation cases specifically evaluated in the
AAR site technical basis document (NRC 1997) were included along with a number of
other volumes such that a well defined dose response curve as a function of area could be

developed.

o Source size (area of the contaminated zone) was calculated for each excavation volume
assuming that the subsurface soil, once excavated, was spread over the ground surface in
a lift having a thickness of 0.3 meters (e.g., 3000 m’/0.3m = 10,000 m?).

3 The input parameter data set used by the NRC in establishing the technical basis for the AAR method was that
identified In NRC Policy and Guidance Directive PG-8-08 (NRC 1994) as appropriate for a resident (subsistence)

farmer scenario.
4 The NRC in its technical basis considered only thorium series radionuclides since only thorium series
radionuclides were present at the AAR Site. Since there are both thorium and uranium series radionuclides as

well as the potential for radium to be present in concentrations disproportionate to those associated with uranium
series secular equilibrium, each of three radionuclide series have been considered In establishing the technical

basis for application of the AAR methodology to the York, PA site,
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The size of the contaminated area (area of the contaminated zone) in the RESRAD input
file was incrementally reduced while holding all other parameters constant. The case was
rerun and again the maximum annual dose in the ensuing 1000 year period was recorded.

This process was repeated using 15 different volume/areas for each of the three
radionuclide profiles corresponding to the concentration limits applicable at the

York, PA site.
2.4 DERIVATION OF AVERAGING CRITERIA FOR SUBSURFACE SOILS

Having performed the isotope specific dose modeling as described above, a set of dose response
curves relating the maximum annual dose to the size of the contaminated area (using essentially
default input parameters corresponding to a subsistence farming scenario) were derived (Figure

2-4). Using the derived relative dose producing capability of each source term for varying
source sizes, an area factor can be calculated. The area factor is simply the ratio of the dose
produced by the baseline case source term (10,000 m?) to the dose produced by a smaller area

source (Equation 1).
D RBaseline

AF =
DR

Area
Equation 1

For instance, the maxlmum annual dose produced by the thorium source term uniformly
deposited over 10,000 m? is a factor of two larger than the maximum annual dose produced by
the same concentration of thorium in soil umformly deposited over only 33 m?, thus the area
factor for the thorium source term in a 33m? area is 2.0. A new set of curves was generated to
express the dose response relationship in terms of the area factor (Figure 2-5). Area factor
curves are the inverse of the relative dose response curves presented in Figure 2-4,

MACTEC, Inc.
Soils Remediation Project

York, PA
February, 2003 Moalycorp, Inc.
Page 2-11



i G

(

— o ot e F"“

[

TECHNICAL BASIS

SECTION 2

100.0%

8
2

Percentage of Baseline Maximum Annual Dose (mremiy)

10.0%

——Thorium ;
——Radium |

——Uranium

0.0%

125.0
Area (m?)

150.0

Figure 2-4 Relative Dose Response Curves as a Function of Source Size (Area)

10.0

60"

5.0 4

Area Factor

4.0 1

H i [
e S
H
P~
.

| : i : :

3.0 s mn o e ..--..:.“_....;....-_.}.- R -g__....,.-. -
Co o . i

204 - ; - - i .i.._-_‘...u:....___.j.___..._.._J....*....-... .
TR R P T o

104 ; v ? ECIT  E R A
. BN e N

B e LTS NS DO BN SRS SIS N

.0 — - , . T X . o =

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Area {m2)

e Uranium (+D)
emnse=Thorium
=== Radium-226

York, PA
February, 2003

MACTEC, Inc.

Page 2-12

Soils Remediation Project

Motycorp, Inc.



(-~

(-

r - r- ~ r"’" - r*v—- [-

—-

Tramre em

SECTION2

TECHNICAL BASIS

Figure 2-5 Area Factor Curves for the York, PA Site

Since the relationship between dose production and source term concentration is exactly linear,
all other things being equal, the area factor can be used as a factor by which the concentration in
a localized area containing residual radioactivity might be allowed to exceed the approved site

wide average limit approved (Equation 2).

= C'Avg. (AF n)

Equation 2

CArea, n

The area factor curves presented in Figure 2-5 can be further refined for application at the York,
PA site by producing a third set of curves which represent the allowable concentration that might
exist in any given area with elevated residual radioactivity in soil. With these curves, any
combination of acceptable area and residual radioactivity concentration in soil can be determined
(See Figure 2-6). In this way, the technical basis document does not unnecessarily constrain the
elevated concentration criterion to volumes or areas for which discrete calculations were
performed or based upon some presumed sampling and survey density. A printout of the
tabulated results used to produce the curves in Figure 2-4, Figure 2-5, and Figure 2-6 are

provided in Appendix B.

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Molycorp, Inc.
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== Uranlum (pClg)
=== Thorium (pCl/g)
PR = Radlum (pCl/g)

pClg Limit

10.0

50.0 75.0 100.0
Area (m2)

Figure 2-6 Permissible Residual Radioactivity in Soil vs. Area

It is recognized that subsurface contamination contained closer to the surface, say 0-1 meter, may
deliver dose without being excavated. This exposure may occur from: 1) direct gamma radiation
from in-situ soil close to the surface, 2) the root uptake pathway down to about the first meter,
and 3) the uncovering of contaminated surfaces through grading during construction and surface
erosion over time, which could than cause dose through surface exposure pathways. However,
the excavation scenarios considered yield more conservative estimates of the dose response (and
thus averaging criteria) than would in-situ near surface soils in the 0-1 meter bgs position
because the in the excavation scenarios, soil is presumed to be spread over a large area after
excavation. Therefore, the excavation scenario is used to determine conservative averaging limits
for the 0-1 meter layer as well as for deeper subsurface layer. This conservatism is appropriate
due to the uncertainty associated with potential exposure pathways for near-surface residual

radioactivity in soil.

MACTEC, Inc.
Soils Remediation Project

York, PA
Molycom, Inc.
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SURVEY METHOD SECTION 3

3.0 SURVEYMETHOD FOR SUBSURFACE RESIDUAL RADIOACTIVITY

After the concentrations and averaging volumes were determined, a survey method for assessing
the concentrations of residual radioactivity in soil was developed. This survey method is
identical to that derived by the NRC staff in review of the AAR site remediation plan (NRC
1997). While other sampling plans® might also be supported by the dose response curves derived
for the York, PA site, Molycorp and MACTEC have chosen to replicate the survey method
identified in the AAR report given that it has already been shown to be acceptable to the NRC
for demonstrating that the averaging criteria are met and specifically called out and approved as
part of the site decommissioning plan (Molycorp 1999). Section 3 describes the survey method.

3.1 SURVEY METHOD OBJECTIVES

The survey method for assessing residual radioactivity in subsurface soils is designed to ensure
that the number and location of samples are sufficient to: 1) demonstrate, with reasonable
confidence, that a significant volume of subsurface contamination is identified by one of the
samples, and 2) demonstrate that the average contamination level in the identified volume would
not result in a significant dose if it were excavated and brought to the surface where human
exposure is possible. It is also designed with the objective of maintaining a measure of
consistency with the sampling and survey protocol described in NUREG/CR-5849 (NRC 1992)

for surface soils.

The survey method described below can be used to satisfy the above two objectives. The
concentration values are derived using the dose response curves presented in section 2.0 above
which are derived from the currently approved unrestricted use limits for widespread (average)

residual radioactivity in surface soils.
o 10 pCi/g total thorium (average)
e 10 pCi/g total uranium (average)

o 5pCi/g excess Ra-226 (average)

5 The NRC's technical basis document for the AAR site (NRC 1997d) states that: “Other survey methods may be
acceptable if they are justified on a dose basis and provide sufficient confidence that significant volumes of soll

are identified.”

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Molycorp, Inc.
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SURVEY METHOD SECTION3

If the approved guideline value changes, the averaging criteria will change accordingly.

3.2 SURVEY ASSUMPTIONS

The survey method for assessing the residual radioactivity in subsurface soils involves the
physical collection of soil samples from corings advanced to depth at the site. The core holes
from which volumetric samples are obtained are placed using a systematic square sample grid.

Survey Assumptions:

1. Samples are col]ected on a 5 meter square gnd This grid system places four core holes
in each 100 m? area (the fundamental averaging area described in NUREG/CR-5849).

2. Samples are composited over each 1 meter-thick layer of soil. The smallest thickness of
soil of significance is one meter thick. Core holes advanced to depths greater than 1
meter will yield a discrete soil sample from each 1 meter-thick increment below the

ground surface.
3. Each sample is assumed to represent 25 m* (5Sm x 5m x 1m).

4. 100 m’ averages are represented by the average of four “nearest neighbor” samples
collected from each 1 meter layer of soil (Figure 3-1).

5. Volumetnc averages greater than 100 m” are calculated assuming each sample represents
25 m’ and that averaging in the lateral direction is limited to no more than 100 m®.
S5m

] B A
e

Figure 3-1 Nearest Neighbor Grid Geometry for Determining 100 m® Averages

The averaging criteria apply to any contiguous volume defined by the given number of 5 m grid
samples, where each sample represents 25 m’. For averaging over a 100 m?® area, each
combination of the four “nearest neighbor” samples in a given 1 meter layer should be evaluated.
This means that each 5Sm x 5m grid (except those on the boundary of a survey unit) would be

evaluated as a part of four different 100 m? areas (Figure 3-2).

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Molycorp, Inc.
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Volumes greater than 100 m® can and must be evaluated but must be limited laterally to an area
of 10 x 10 meters. This means, for example, that a volume of 200 m’ is evaluated by considering
the eight samples in a 10 x 10 meter area projected to a depth of 2 meters (Figure 3-3).
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Figure 3-2 Four Possible Combinations of *“Nearest Neighbors” Occurring for Each Sample
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SURVEY METHOD SECTION 3

In addition to the areal averaging described above, a vertical averaging criterion is also defined.
These averaging criteria are intended to identify significant volumes of residual radioactivity in
contiguous volumes in the vertical, as opposed to the horizontal (lateral) direction. Again, the
sampling upon which the vertical averagmg criteria is derived assumes a S meter grid size with
one sample collected from each 25m? area and 1 meter depth increment. For example, the two
samples from the o to 1 meter and 1 to 2 meter depths and from the same borehole would be
averaged together. As each of these samples represents 25 m® of soil volume, the two samples
represent 50 m’, and the avera§mg criteria is derived from the dose response curves
corresponding to a volume of 50 m®. Likewise, a vertical (columnar) average will be calculated
for each contiguous combination of samples in a single vertical column starting with the ground

surface.

Figure 3-4 Progressively Deeper Vertical Averaging in a Single 25m® Column

For the Subsurface soil in the depth increment from 0 to 1 meter below ground surface, there are
two criteria that apply as illustrated in Figure 3-5:

e Average of four “nearest neighbor” samples (100 m®), and

o Individual sample (25 m®)

MACTEC, Inc.
Soils Remediation Project

York, PA
Molycorp, Inc.

February, 2003
Page 34
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T~ T~

Figure 3-5 Subsurface Soll Averaging Criteria—0 to 1 Meter Depth

For the Subsurface soil in the depth increment from 0 to 2 meter below ground surface, the
criteria applicable to the 0 to 1 meter increment apply in addition to four other criteria as

illustrated in:
s Average of four “nearest neighbor” samples (100 m’®) in the 1 to 2 meter depth increment,

e Average of the eight samples in a 10 x 10 m in the 0 to 2 meter depth increment (200 m°),

Individual sample (25 m3) from the 1 to 2 meter increment, and

o Average of the two samples from the 0 to 2 meter increment (50 m®) in each vertical

column,

MACTEC, Inc.
York, PA Solls Remediation Project
February, 2003 Molycorp, Inc.
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Figure 3-6 Subsurface Soil Averaging Criteria—1 fo 2 Meter Depth

For the Subsurface soil in the depth increment from 0 to 3 meter below ground surface, the
criteria applicable to the O to 1 and 1 to 2 meter increment apply in addition to four other criteria

as illustrated in :

e Average of four “nearest neighbor” samples (100 m®) in the 2 to 3 meter depth increment,

. A\Blerage of the twelve samples in a 10 x 10 m in the 0 to 3 meter depth increment (300
m’),
e Individual sample (25 m3) from the 2 to 3 meter increment, and

e Average of the three samples from the 0 to 3 meter increment (75 m’) in each vertical
column,

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Molycorp, Inc.
Page 36



(™

(—-

O O T e

G

SURVEY METHOD

SECTION 3

R PR e -:;,3;;5 e 837
RS ;

j 20
o D
o

D AFNIS A e, L A

: %%M#“ﬁﬁ?“z%
R Coth' -E:} ,4&”,,,»);;_”»" ()

AL 4RI

iR
,“ > ¥ a-x, 5 .' _- £ 4
&
o ¥ £ AN h‘“’;‘;’ U?‘..
:

,’ xb’ "fz:'p?ﬂ

R

"‘oc‘/

et 45 o ,:"
’nh 'n‘v FaN]

Figure 3-7 Subsurface Soil Averaging Criteria—2 to3 Meter Depth

For the Subsurface soil in the depth increment from 0 to 4 meter below ground surface, the
criteria applicable to the 0 to 1, 1 to 2, and 2 to 3 meter increments apply in addition to four other

criteria as illustrated in :

e Average of four “nearest neighbor” samples (100 m’) in the 3 to 4 meter depth increment,

MACTEC, Inc.
York, PA Soils Remediation Project
February, 2003 Malycormp, Inc.
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SURVEY METHOD SECTION 3

) Agerage of the sixteen samples in a 10 x 10 m in the 0 to 4 meter depth increment (400
m’),

¢ Individual sample (25 m®) from the 3 to 4 meter increment, and

e Average of the four samples from the 0 to 4 meter increment (100 m®) in each vertical

column
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Figure 3-8 Subsurface Soil Averaging Criteria—3 to4 Meter Depth

For the Subsurface soil in the depth increment from 0 to S meter below ground surface, the
criteria applicable to the 0 to 1, 1 to 2, 2 to 3, and 3 to 4 meter increments apply in addition to

four other criteria as illustrated in :

MACTEC, Inc.
Solls Remediation Project
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Molycorp, Inc.
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SURVEY METHOD SECTION 3
e Average of four “nearest neighbor” samples (100 m®) in the 4 to 5 meter depth increment,
. Average of the twenty samples in a 10 x 10 m in the 0 to 5 meter depth increment (500

m’),
e Individual sample (25 m®) from the 4 to 5 meter increment, and
e Average of the five samples from the 0 to 5 meter increment (125 m’) in each vertical

column
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Figure 3-9 Subsurface Soil Averaging Criteria—4 to5 Meter Depth
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SURVEY METHOD SECTION 3

Based upon the comparative dose modeling performed in this assessment a tabular set of
subsurface soil concentration limits was calculated. Each of the calculated concentration limits
for subsurface units of soil is derived from the approved surface soil concentration limits for
residual radioactivity specified in the York, PA Site decommissioning plan (Molycorp 1999)
using the dose response relationship as a function of volume excavated and brought to the
surface where human exposure might occur. Soil concentration limits for each of the three
isotopes series identified in the DP are presented in Table 3-1 below.

Table 3-1 Site-Specific Subsurface Soil Averaging Limits—Molycorp's York, PA Facility

Average, pCi/g
Layer Volume Uranium (238 + 234) | Thorlum (232 + 228) Ra-226
Four samples from 0-1 meter depth 100 m 16 13 7
Maximum 25 m® 25m° 23 16 9
10 2 MEter LRYSE Ty as 12 ot 27 OIF Ry O s | iR st ¥ T B o R s e e D X FE A

50 m" in a vertical column 50 m 20 15

Four Samples from 1-2 meter Depth 100 m® 26 23

Eight Samples from the 0-2 meter Depth 200 m° 13 12

Maximum 25 m* (1-2 meter depth) 25m° 39 29

10 to 3 meter Layer - . L : -
75m° In a vertical column 75m’ 18 14 7
Four Samples from 2-3 meter Depth 100 m° 32 32 16
Twetve Samples from the 0-3 meter Depth 300 m* 11 11 5
Maximum 25 m® (2-3 meter depth) 25m° 54 42 2
Ofodmetsriayer = = - ——— T
100m°Ina vertlwl column 100 m* 16 13 7
Four Samples from 3-4 meter Depth 100 m° 42 42 21
Sixteen Samples from the 0-4 meter Depth 400 m° 11 1 5
Maximum 25 m"° (3-4 meter depth) 25m° 66 53 27
| DK mgm Layer ": I D T I Sh R I T S IR MC Tl I I L R e L e RN B P N L TR IS
125m’Ina vertlwl column 125m*® 15 13 7
Four Samples from 4-5 meter Depth 100m’ 50 50 25
Twenty Samples from the 0-4 meter Depth 500 m" 10 10 5
Maximum 25 m® (4-5 meter depth) 25m” 77 59 33
EAch layer.deepér. thif & metors isibuosiavantfy Puh)

Maximum 25 m” (5-6 meter depth) 25 m

The concentration limits described in Table 3-1 were derived independent of one another. That
is, there is no presumption about whether the concentration of uranium, thorium, and radium
apply independently or as a component of a sum of fractions. If the approved concentration
limits in the DP are viewed as components of a sum of fractions that must be demonstrated to be
less than or equal to unity, then the same application applies to the subsurface averaging limits
presented herein. In keeping with the previously established protocol at the York site, a sum of

fractions treatment is assumed to be appropriate.

MACTEG, Inc.
York, PA Soils Remediation Project
February, 2003 Molycom, Inc.
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SUMMARY AND CONCLUSIONS SECTION 4

4.0 SUMMARY AND CONCLUSIONS

Having considered the NRC’s technical basis and rationale for the development of subsurface soil
measurement protocol and averaging criteria for the AAR site (NRC 1997), Molycorp concludes
that the application of the AAR method at the York, PA site is appropriate. The isotopic
composition present (or potentially present) at the York site yields averaging limits comparable to

those derived for the AAR site by the NRC.

MACTEC, Inc.
York, PA Sails Remediation Project
February, 2003 Moalycorp, Inc.
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ACRONYMS SECTION 5
5.0 ACRONYMS
AAR AAR Corporation
AF area factor
C concentration
D&D decontamination and decommissioning
DCGL derived concentration guideline level
DCGLw mean (or median) concentration guideline level
DOE U.S. Department of Energy
DP decommissioning plan
DR dose rate
ft. foot
HPGe high purity germanium
HSA Historical Site Assessment
m meter
MACTEC  MACTEC Development Corporation, Inc.
MARSSIM  Multi-Agency Radiation Site Survey and Investigation Manual
n number of measurements
NRC United States Nuclear Regulatory Commission
MACTEC, Inc.
York, PA Soils Remediation Project -
February, 2003 Molycorp, Inc.
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ACRONYMS SECTION §
PA Pennsylvania
PADEP Pennsylvannia Department of Environmental Protection
pCi/g picoCuries per gram
QA Quality Assurance
QC Quality Control
Ra radium
Site Molycorp York, PA Site
SDMP Site Decommissioning Management Plan
St. street
TEDE total effective dose equivalent
Th thorium
U uranium
MACTEC, Inc.
York, PA Solls Remediation Project
Molycorp, Inc.

February, 2003
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—summnary : Washington AAR Thorium File: WashAAR Thorium.FAD

Dose Conversion Factor (and Related) Parameter Summary
File: FGR 13 Morbidity

\ } | Current | } Parameter
| tenu | Parameter | value | Default | Narme
= } } } }
B~1 | Dose conversion factors for irhalation, mrem/pCi: | | |
; =1 | Ra-228+D | 5.080E-03 | 5.080E-03 | DCF2( 1)
w3=1 | Th-228+D | 3.450E-01 | 3.4S0E-01 | DCF2( 2)
8~1 | Th-232 [ 1.640E+00 | 1.640E+00 | DCF2( 3)
{ | | | !
{~3—1 | Dose conversion facters for irgestion, mrem/pCis: | | |
D=2 | Ra-228+D ] 1.440E-03 | 1.440E~03 | DCF3( 1)
n-1 | Th-228+D | 8.0805-04 | 8.080E-04 | DCF3{ 2)
-1 | Th-232 | 2.730E-03 | 2.730E-03 | DCE3( 3)
— | I ! |
D-34 | Food transfer factors: ] | |
»-34 | Ra-228+D , plant/soil concentration ratio, dimensionless | 4.000E~02 | 4.000E-02 | RTF( 1,1)
{_)-34 ) Ra-228+D , beef/livestock-intake ratio, (pCi/kg)}/(pCi/d) | 1.000e~03 | 1.000E-03 | RTF( 1,2)
D-34 | Ra-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 1.,000E-03 | 1.000E-03 | RTF( 1,3)
34 | | | |
=34 | Th-228+D , plant/soil concentration ratio, dimensionless | 1.000E~03 | 1.000E-03 | RTF( 2,1)
"D-34 | Th-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 1.000E-04 | 1.000E-04 | RTF( 2,2)
D-34 | Th-228+D , milk/livestock-intake ratio, (pCi/L}/(pCi/d) | 5.000E-06 | S.000E-06 | RTF( 2,3)
=34 | i ] |
“v-34 | Th-232 , plant/soil concentration ratio, dimensionless | 1.000e-03 | 1,000E-03 ] RTF{ 3,1)
D-34 | Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/ad) | 1.000E-04 | 1.000E-04 | RTF( 3,2)
=34 | Th-232 . milk/livestock-intake ratio, {(pCi/L})/{pCi/d) | 5.000E-06 | 5.000E~06 | RTF( 3,3)
L ! | [
D-5 | Bicaccumulation factors, fresh water, L/kg: | i |
-5 | Ra-228+D , fish | 5.000E+01 | S.000E+01 | BIOFAC( 1,1)
-5 | Ra-228+D , crustacea and mollusks | 2.500E+02 | 2.560E+02 | BroFac{ 1,2)
TB-5 | ! | |
p-5 | Th-228+b , fish } 1.000E+02 } 1.000E+02 | BIOFAC( 2,1)
I -s ] Th-228+D , crustacea and mollusks | 5.000E+02 ] 5.000E+02 | BIOFAC{ 2,2)
L-s | | | !
p-5 | Th-232 , fish | 1.000E402 | 1,000E+02 | BIOFAC( 3,1)
-5 | Th=232 , crustacea and mollusks } 5.000E+02 | 5.000E+02 | BIOFAC( 3,2)
L 1 1 1 1
\
}
[

A Y (et

[



tESRAD, Version 6.22 Tw Limit = 0.5 year

w—summary

: Washington AAR Thorium

11/08/2004 14:40 Page 3
File: WashAAR Thorium.RAD

Site-Specific Parameter Surmary

| |  User | } Usad by RESRAD | Parameter
\ Menu | Parameter l Input | Default | (If different from user input) | Name
! } } } } }
“RO011 | Area of contaminated zone (m**2) | 1.000E+04 | 1.000E+04 | - | AREA
RO1l | Thickness of contaminated zone (m} | 3.000E-01 | 2.000E~GCO | -— | THICXO
' 1011 | Length parallel to aquifer flow (m) | 1.000E+02 | 1.000E+02 | -— | LCczPAQ
ln..:!)ll | Basic radiation dose limit (mrem/yr) | 3.000E+01 | 2.5C0E+40%1 | -— | BrOL
RO11 | Time since placement of rmaterial (yr) | 0.000E+00 | 0.000E+CO | -—- | I
| w012 | Times for calculationa (yr) | 1.000E+00 | 1,000E+G0 | ——- | Tt 2
| 011 | Times for calculations (yr) f 3.000E+00 | 3.00GE+CO | - | (3
RO1l | Times for calculations (yr} | 1.000E+01 | 1.C00E+0L | —— Y Y
, 011 | Times for calculations (yr) | 3.000E+01 | 3.000E+01 | - ] TS
1011 | Times for calculations (yr} | 1.000E+02 | 1.000E+02 |} -——- | T¢ 6)
“R011 | Times for calculations {yr) | 3.0600E+02 | 3.000E402 | -— | T(7)
RO11 | Times for calculations (yr) | 1.000E+03 | 1.000E+03 | - | T( &)
L&on | Times for calculations (yr) | not used | 0.000E+00 | ——- ] Tt 9)
011 | Times for calculations (yr) | not used | 0.000E+C0 | -—- ] T110)
| | ] | I
012 | Initial principal radionuclide {pCi/g): Ra-228 | 5.000E+00 | 0.00CE+00 | .- ] s1¢ 1)
.012 | Initial principal radionuclide (pCi/gl: Th-228 | 5.000E+00 | 0.000E+00 | —— | s1( 2y
L71012 | Initial principal radionuclide {pCi/g): Th-232 | S.000E+00 | 0.00CE+00 | -—- | s1t 3
‘R012 | Concentration in groundwater (pCi/L): Ra-228 | not used | 0.000E+00 | — ] wige 1y
012 | concentration in groundwater  (pCi/L): Th-228 | not used | 0.000E+00 | .- [ wi( 2)
Lr'.012 | Concentration in groundwater  (pCi/L): Th-232 | not used | 0.000E+0Q | -—- ] w1¢ 3
} | | | !

‘013 | Cover depth (m) | 0.000E+00 | 0.000E+00 } - | covero
l___013 | Density of cover material {(g/cm**3) | not used | 1.500E+00 | ——- | peEnscv
RO13 | Cover depth erosion rate (m/yr) | not used | 1.000E-03 | -—- | vev
y 013 | Density of contaminated zone (g/cm**3) | 1.630E+00 | 1.S00E+CO | — | DENSC2Z

LFOIB | Contaminated zone erosion rate (m/yr) | 1.000E-03 | 1.000E-03 | -— | vcz
013 | Contaminated zore total porosity } 3.000e-01 | 4.000E-01 '} -~ | TPCZ
RO13 | Contamirated zone field capacity | 2.000E-01 |.2.000E-01 | - | Fccz

i f013 | Contaminated 2one hydraulic conductivity (m/yr) | 1.000E+01 | 1.00CE+0} | —-— | Bccz

013 | Contaminated zone b parameter | 5.300E+400 | 5.300E+00 | -—- | BCZ
RO13 | Average annual wind speed (m/sec) | 2.000E+00 | 2.000E+00 | -~ | wIND
013 | Humidity in air (g/m**3) { not used |} 8,000E+00 ) - | wmMID

l 013 | Evapotranspiration coefficient | 5.000E-01 | 5.000E-01 | —-— | EVAPTR

7013 | Precipitation (wm/yr) | 1.000E+00 | 1.000E+00 } ——— | precIP

"-’013 | Irrigation (m/yr) | 7.600E-01 |} 2.000E-01 | —— | R

| 013 | Irrigation mode | overhead | overhead | — | 1pITCH

43013 | Runoff coefficient | 2.000E-01 | 2.000E-01 | — | RUNOFF
RO13 | Watershed area for nearby stream or pond (m**2} | 1.000E+06 | 1.000E+06 | -— | WAREA

! 313 | Accuracy for water/soil computations ] 1.000E~03 | 1.000E-03 | ~—- | eps

Lo | | | |
R014 | Density of saturated zone {g/cm**3) | 1.630E+00 | 1.500E+00 ] -— } DENSAQ
J14 | Saturated zone total porosity | 3.000E-01 | 4.000E-01 | ——— { Tpsz

L)M | Saturated zone effective porosity | 2.000e-01 | 2.0002-01 | - | Epsz
R014 | Saturated zone field capacity | 2.000E-01 | 2.000E-01 | - | Fcsz

‘nf)ld | Saturated zone hydraulic conductivity {m/yr) | 1.000E+02 | 1.000E+02 | — | Hesz
{ 114 | Saturated zone hydraulic gradieat } 2.000E-02 | 2.000E-02 | - | HGWT
‘R014 | Saturated zone b parameter | 5.300E+00 | 5.300E+0C | - [ Bsz
ROl4 | Water table drop rate (m/yr} | 1.000E-03 | 1.000E-03 | ——— | vwT
Y] ] Well pump intake depth (m below water table) { 1.000E+01 | 1.000E+01 | -— | oWIBWT
LJM | Model: Nondispersion (ND) or Mass-Balance (MB) | ND | ND | e | MODEL

[
b
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urmary : Washingten AAR Thorium File: WashAAR Thorium.RAD

! Site-Specific Parameter Summary (continued)

i .

(-

| | User | | Used by RESRAD | Parameter
Menu | Parameter [ 1Input | Default | (If different from user inputj | Name
: = : : ;
“-R014 | Well pumping rate {m**3/yr) | 2.500E+02 | 2.500E+02 | - | ow
I ! I | |

; 1015 | Number of unsaturated zone strata |1 | 1 | ——- { Ns

L4015 | Unsat. zone 1, thickness (m) } 1.000E+00 | 4.0C0E+D0 } - | H{1)

RO15 | Unsat. zone 1, soil demsity (g/cm**3) | 1.630E+0C | 1.5C0E+00 | ——- | DENSUZ (1)
015 | Unsat. zone 1, total porosity | 3.000E-01 | 4.0CCE-0! | - } TrRUZ (1)

L{OIS | Unsat. zone 1, effective porosity | 2.000E-01 | 2.000E~01 | ——- | EPUZ{1)
ROLS | Unsat. zone 1, field capacity | 2.000E-01 | 2.000E-01 } ——— | Feuz ()
n015 | Unsat. zone 1, soil-specific b parameter ] 5.300E+00 | 5.300E+CO0 | .- ] BUz (1)

! 1015 | Unsat. zone 1, hydraulic conductivity (m/yr) ] 1.000E+0% | 1.000E+01 | ——— | HCUzZ (1)

= I | | I ]
RO16 | Distribution coefficients for Ra-228 | [ | }

L!OIG | Contaminated zone (cm**3/g) | 7.000E+0% | 7.000E+01 | -—— | penuee( 1)
016 | Unsaturated zone 1 (cm**3/g) | 7.000E+01 | 7.000E+01 | -—— | pewucu( 1,1)
RO16 | Saturated zone (cm**3/9) | 7.000E+01 | 7.000E+01 | —— { beNves( 1)

y 016 | Leach rate (/yr) | 0.000E+00 ] 0.000E+00 | 2.274E-02 | ALEACH({ 1)

‘ 016 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | soruBk{ 1)

| | | ] |
RO16 | Distribution ccefficients for Th-228 { | | |
1016 | Contaminated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | -— | pewuee( 2)

“x016 } Unsaturated zone 1 (em**3/g) | 6.000E+04 | 6.000E+04 | ——— | bewucu( 2,1)
RO16 | sSaturated zone (cm**+3/q) | 6.000E+04 | 6.00GE+C4 | ——- | penucs( 2)
016 } Leach rate (/yr) | 0.C00E+00 | 0.000E+00 | 2.658E~0S | ALEACH( 2)
1016 | Soclubility constant | 0.000E+00 | 0.C00E+00 } not used | soLuBK( 2)

| | | | |
=016 } Distribution coefficients for Th-232 1 | i |
1016 | Contaminated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | “—- | peuuccy 3y

“K016 | Unsaturated zone 1 (em**3/g) | 6.000E+04 | 6.000E+04 | --- | pcrucu( 3,1)
RO16 | Saturated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | - | oaucs( 3)

016 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 2.658E-05 | ALEACH( 3)

Lom | Solubility constant | 0.000E+00 | 0.000E+GO | not used | soLuBKk( 3)

| | [ { I
017 | Inhalation rate (m**3/yr) | 1.051E+04 | 8.40CE+0C3 | --—- | INHALR
017 | Mass loading for inhalation (g/m**3) | 2.000E-04 | 1.000E-04 | - | MLINK
~-l-;f.)l‘l | Exposure duration | 3.000E401 | 3.000E+01 | - | ED
5017 | Shielding factor, inhalation | 5.000E-01 | 4.C00E-01 | --- | SHE3
017 | Shielding factor., external gamma | 3.300E-01 | 7.000E-0L | -— | sur1

“%017 | Fraction of time spent indoors | 5.500E-01 | 5.000E-01 | —— | FInD
ROL7 | Fraction of time spent outdoors (on site) | 2.100E-01 | 2.500E-01 | -— | foTD
017 | Shape factor flag, external gamma | 1.000E4+00 | 1.000E+00 | >0 shows circular AREA. | s
—

!

-
|
{

-

—

(—
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File: WashAAR Thorium.RAD

wurmary : Washingten AAR Thorium
1 . Site-Specific Parameter Surmary {continued)
L
) | | User | | Used by RESRAD | Parameter
y enu | Parameter | Inpur | Default | (1f different from user input) | Name
R : : : :
“Fo17 | Radii of shape factor array (used if FS = -1): | | | |
"RO17 | Outer annular radius (m}, ring 1: | not used | 5.000E+401 | -—- | RAD_SHAPE( 1)
{ 017 | Outer annular radius (m), ring 2: | not used | 7.071E+01 | _— | RAD_SHAPE{ 2)
“«017 | Outer annular radius (m), ring 3: | not used | 0.0CCE+00 | --- | RAD_SHAPE( 3)
:R017 | Outer annular radius (m), ring 4: | not used | 0.CO0E+00 | -—— | RAD_SHAPE{ 4)
Y 017 | Outer annular radius (m), ging 5: | not used | 0.000E+00 | ——— | RAD_SHAPE( 5)
L_017 | cuter annular radius (m), ring 6: | not used | G.COCE+00 | -— | RAD_SHAPE( €)
"RO17 | Outer annular radius (m), ring 7: | not useda | 0.006E+00 | - | RAD_SHAPE( 7)
[‘017 | oOuter annrular radius (m), ring 8: | not used | 0.000E+00 | -—- | RAD_SHAPE( 8)
1 017 | Outer annular radius (m), ring 9: | not used | 0.000E+00 | —-— | RAD_SHAPE( 9)
YR017 | Outer annular radius {m), ring 10: | not used | 0.000E+0C | - | RAD_SHAPE (10}
‘RO17 | Outer anrular radius (m), ring 11: | not used | 0.000E+00 |} -— | RAD_SHAPE(11)
l‘OI7 ] Outer arnular radius (m}, ring 12: | not used | 0.000E+00 |} -— | RAD_SHAPE(12)
- | | I | |
:RO17 | Fractions of annular areas within AREA: ] | ] |
y 017 | ®ing 1 | not used | 1.000E+00 | [ | FRACA( 1)
L_017 | Ring 2 | not used | 2.732E-01 | ——— | FRACA( 2)
'RO17 | Ring 3 | not used | 0.00CE+00 | - | FRACA( 3)
®017 | Ring 4 | not used | 0.000E+00 | - | FRACA({ &}
017 | Ring 5 | not useda | 0.000E+00 } ——— | FRACA( S)
“R017 | Ring 6 | not used | 0.000E+00 | —_— | FRACA( 6)
R017 | Ring 7 | not used | 0.000E+00 } -— | ERACA( 7)
017 | Ring 8 | not usea | 0.000E+00 | -—- | FRaCA{ B)
| 017 | Ring § | rot used | 0.000E+00 | - | FRACA( 9)
‘RO17 | Ring 10 | not used | 0.000E+00 | —— | FRACA(10)
" 017 | Ring 11 | not used | 0.000E+00 | -——- | FRACA(11)
017 }| Ring 12 | not used | 0.000E+00 | -— | FRACA(12)
— ] i | I |
‘RO18 | Fruits, vegetables and grain consumption (kg/yr) | 1.66CE+02 | 1.60CE+02 | —— | DIET)
318 | lLeafy vegetable consumption (kg/yr) | 1.100Z2+01 | 1.400£+01 | Y | DIET(2)
‘018 | Milk consumption (L/yr) | 1.000E+02 | 9,200E+01 | - | DIET(3}
ﬁ018 | Meat and poultsy censumption (kg/yr} | 6.300E+01 | 6.300E+01 | — } PIET(4)
318 | Fish consumption (kg/yr) | 5.400E+00 | 5.400E+00 | — | DIET(S)
[_ple | Cther seafood consumption (kg/yr) | 9.000E-01 | 9.C0CE-01 | -— | DIET(6)
RO18 | Soil ingestion rate (g/yr) | 1.825E+01 | 3.650E+01 | -—— | sory
,"I18 | Drinking water irtake (L/yr) | 7.300E+02 | 5.100E+402 | - | owi
L_PIB | Contamination fraction of drinking water | 1.0008+00 | 1.000E+00 | -——— | FOW
K018 | Contamination fraction of household water }| not usea | 1.000E+00 | .- | FHEw
RO18 | Contamination fraction of livestock water | 1.000E+00 | 1.C00E+00 | —— | FLw
| J18 | Contamiration fraction of irrigation water | 1.000E+00 | 1.000E+00 | -a- | FIRW
{—518 | Contamination fraction of aquatic food | 5.000E-01 | 5.C00E~0L | —-- | FR9
RO18 | Contamination fraction of plant food |~ |-1 | 0.500E+00 | EPLANT
| )18 | Contaminatior fraction of meat -1 -1 | 0.S0CE+00 ] FMeaT
L)ls | Contamination fraction of milk 1-1 [-1 | 0.50CE+00 | PMILK
T l l | ;
{7919 | Livestock fodder intake for meat (kg/day) | 6.800E+01 | 6.800E+C1 | ——- | LFI5
| 319 | Livestock fodder intake for milk (kg/day) | 5.500E+01 | 5.500E+01 | —— ) LF1€
L§'019 | Livestock water intake for meat (L/day) | 5.000E+01 | 5.000E401 | - ] 1wis
RO19 | Livestock water intake for milk (L/day) | 3.600E+02 | 1.600E+02 | —— | Lwre
; ns | Livestock soil intake (kg/day) ] 5.600E-01 | 5.000E~01 |} -— | ts1
19 | Mass loading for foliar deposition (g/m**3) } 1.000E~64 | 1.000E~04 | -—- ] MLFD

(—-



Volumetric water content of the cover material

'! 'SRAD, Version 6.22 T4 Limit = 0.5 year 11/08/2004 14:40 Page 6
Stmmary : Washington ARR Thorium File: WashAAR Thorium.RAD
’ . Site-Specific Parameter Surmary (continued}
—_
| | User | | Used by RESRAD | Parameter
i nu | Parameter | Inpur | Default | (If different from user input) | Name
L— +— - : :
RO19 | Depth of soil mixing layer {m) | 1.5008-01 | 1.500E-01 |} — | oM
2019 | Depth of roots (m) | 9.000E-01 | 9.00CE-0} | - | prooT
{ 19 | Drinking water fraction from ground water | 1.000E+00 | 1.00CE+00 | —-- | FGwDw
“5519 | Houserold water fraction from ground water | not used | 1.000E+0G | ~—— | FGWHH
RO19 | Livestock water fraction from greurnd water | 1.000E+00 | 1.000E+00 |} - | FGWLW
! 119 | 1zrigation fraction from ground water ] 1.00CE+00 | 1.000E+00 | .e- | EGWIR
Lo | l | l
R19B | wet weight crop yield for Non-Leafy (kg/m**2) ] 7.00CE-01 | 7.000E-0% | ——— | vl
| -98 | wet weight crop yield for Leafy {kg/m**2) | 1.500E+00 | 1.50CE+00 | ——- | v(2)
L.QB | Wet weight crop yield for Fodder {kg/m*~2) | 1.100E+00 | 1.200E+00 | ——— | ¥v(3)
R19B | Growing Season for Non-Leafy (years) } 1.700E-01 | 1.700E-01 | -—- | TE(1)
R19B | Growing Season for Leafy (years) | 2.500E-01 | 2.S00E-01 | —— | TE(2)
] L98 | Growing Season for Fodder {years) { 6.000B-02 | 8.000E-02 | ——— | TE(3)
‘298 | Translocation Factor for Non-Leafy | 1.000E-01 | 1.000E~01 | —— | TIv()
R19B | Translocation Factor for Leafy { 1.000E+00 | 1.000E+00 | -— | TIV(2)
! 19B | Translocation Factor for Fodder | 1.000£+00 | 1.000E+00 | -— | TIVID)
Llsa | Dry Foliar Interception Fraction for Non-Leafy | 2.500E-01 | 2.500E~DL | -—- | RORY (1)
R19B | Dry Foliar Interception Fraction for Lleafy | 2.500E~01 | 2.S00E~-01 | — | RDRY(2)
y"19B | Dry Foliar Interception Fraction for Fodder | 2.5008-01 } 2,500E-01 ) -— } RDRY(3)
LFIQB | wet Foliar Interception Fraction for Non-Leafy | 2.500E-01 | 2.500E-01 | .- | RWET(1)
19B | Wet Foliar Interception Fraction for leafy | 2.560E-01 | 2.500E~01 | -—— | RWET(2)
R19B | Wet Foliar Interception Fractiocn for Fodder | 2.500E-01 | 2.S00E-D1 | —-— | RRET(3)
!—}93 | weathering Removal Constant for Vegetation | 2.000E+01 | 2.000E+01 | -—- | wLaM
| | | i |
Cl4 | C~12 concentration in water (g/cm**3) | not used | 2.000E-05 | —— | Cl2wTr
t 14 | C-12 concentration in contaminated. s0il (g/q) | not used | 3.000E-02 | ——— } c12cz
LM | Fraction of vegetation carbon from soil | not used | 2.000E-02 | — } cso1L
Cl4 | Fraction of vegetation carbon from air | not used | 9.800E-01 | .- ] CAIR
r14 | c-14 evasion layer thickness in soil (m) | not used | 3.000£-01 | - | oM
{ 14 | €~14 evasion flux rate from soil (1/sec) | not used | 7.000E-07 | - | EVSN
“tl4 | C~12 evastion flux rate from soil (l/sec) | not used | 1.000E-10 | ——— | REVSN
Cl4 | Fraction of grain in beef cattle feed | not used | 8.000E-01 | ——— } AvFG4
| 14 | Fraction of grain in milk cow feed | not used | 2.000E-01 | ——— | AVFGS
214 | DCF correction factor for gaseous forms of Cl4 | not used | 8.894E+01 | - | cozf
| | | ] |
TCR | Storage tirmes of contaminated foodstuffs {days): | | | |
TCR | Fruits, non-leafy vegetables, and grain | 1.400z+01 | 1.400E+01 | ——— | STOR_T (1}
STOR | Leafy vegetables | 1.000E+00 | 1.000E+00 | -—— | STOR_T(2)
_STOR |  Milk | 1.000E+00 | 1.000E+CO | —— | STOR_T{3)
| ToR | Meat and poultry | 2.000£+01 | 2.000E+01 | .- | STOR_T{4)
“3TOR |  Fish | 7.000E+00 | 7.000E+00 | - ] STOR_T{5)
STOR | Crustacea and mollusks | 7.000E+00 | 7.C0CE+00 | - | STOR_T{6)
] TOR |  Well water | 1.000E+400 | 1.0C0E+00 { - | STOR_T(T)
‘TOR | Surface water | 1.000E+00 | 1.CCOE+00 | ——- | STOR_T(8)
STOR | Livestock fodder | 4.50CE+01 |} 4.500E+01 | —— | STOR_T(9)
] | | i [
:021 | Thickness of building foundation (m) | not used | 1.50CE-C1 | - | FLOOR1
RO21 | Bulk density of building foundation {g/cm**3) | not used | 2.400E+00 | -——- | pENsFL
. RO21 | Total porosity of the cover material | not used | 4.000E-Q1 | ——— | TeCV
L:OZI | Total porcsity of the building foundation | not used | 1.000E-01 | ——- | TPFL
021 | | not used | S.000E-02 | — | eHzocv



l ZISRAD, Version 6.22
SSummary

T# Limit = 0.5 vear
: Washington AAR Thorium

11/08/2004

14:40 Page 7

File: WashAAR Thorium.RAD

Site-Specific Parameter Summary (continued)

I | User } | Used by RESRAD | Parameter
) enu | Parameter | Input | Default | (If different from user input) | Name
L — ; s : 4
R0O21 | Volumetric water content of the foundation | not used | 3.000E-02 | - | PH2OFL
, 7021 | Diffusfon coefficient for raden gas (m/sec): { | | {
| 021 | an cover material | not used | 2,000E-06 | ——— | prFcv
021 | in foundation material | rot used | 3.000E-07 | -— | DIFFL
R021 | in coataminated zone scil | rot used | 2.00CE-06 | - | prrcz
021 | Radon vertical dimension of mixing (m) | rot used | 2.000E+CO ) - | EMIX
021 | Average building air exchange rate (l/hr) | not used | $.000E-01 | ——— | REXG
RO21 | Height of the building (room) (m) | not used | 2.500E+00 | -— | HRM
{ 021 | Building interior area factor | not used |} 0.0C0E+0D | .- | Far
! 021 | Building depth below ground surface (m) | not used |-1.C00E+00 | - | oMFL
_pfozx | Emanating power of Rn-222 gas | not used | 2.500E-01 | -—— | BMANA(L)
2021 | Emanating power of Rn-220 gas | not used | 1.500E-01 | -— | EMANA(2)
b | | | |
“TITL | Number of graphical time points | 32 i - | - | neTS
TITL | Maximum number of integration points for dose | 17 } —— | — | LeMax
i ITL | Maximum number of integration points for risk § 257 H -—- | -—— | KyMax
h—' 1 1. 1 4 [l
.
|

— r—

—

{

Summary of Pathway Selectioas

Pathway | User Selection
—+-
1 -- external garma ] active
2 -~ inhalation {w/o radon)| active
3 -- plant ingestion | active
4 -- meat ingestion } active
5 == milk ingestion { active
6 -- aquatic foods | active
7 ~-- drzinking water i active
8 -- so0il ingestion ] active
9 -~ radon | suppressed
Find peak pathway doses { active
1
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Ummary : Washington AAR Thorium File: WashAAR Thorium.RAD

L_ . Contaminzted Zone Dimensions Initial Soil Concentrations, pCi/g
Area: 10000.00 sguare meters Ra-228 S$.000E+00

| Thickness: 0.30 meters Th-228 5.000E+00

L:vez Depth: 0.C0 meters Th-232 5.0C0E+00

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 3.000E+0l mrem/yr
Total Mixture Sum M{t) = Fraction of Basic Dose Limit Received at Time {(t)

-

!
L— t (years): O0.000E+00 1.000E+00 3.000E+00 1.00CE+01 3.000E+0) 1.0C0E+D02 3.000E+02 1.000E+03
TDOSE(t): 4.152E+01 4.096E+01 3,982E+01 3.693E+01 3.457E+01 3.163£+01 2,652E-05 1.090E-12

M{t): 1.364E+00 1.36SE+00 1.327E+00 1.231E+00 1.152E400 1.0S4E+00 8.841E-07 3.634E-14

G

Maximum TDOSE(t): 4.152E+C! mrem/yr at t = (Q.000E+00 years

r— r— . (— [~

— — - 1=

(I
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Total Dose Contributions TDOSE(4i,p,t) for Individual Radionuclides {i) and Pathways (p}
As mrem/yr and Fraction of Total Dose At t = 0.00QE+00 years

Ground

Water Independent Pathways (Inhalation excludes radon)

Inhalation

Radon

Plant

Yeat

Milk

Soil

}
l aclide mrem/yr fract.

Ra-228
| a-228
L_\-232

mrem/yr frace.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

rmrem/yr fract.

nrem/yr fract.

1.324e401 0.3188
1.574E+01 0.3790
7.€08E-01 0.0183

4.978E-02 0.0012
2.498E-01 0.0060
1.417E+00 0.0341

©.000E+00 0.0000
0.000E+00 0.0000
0.060E+00 0.0000

7.975E+00 0.1921
1.002E-01 0.0024
8.64SE-01 0.0208

0.0072
0.6001
0.0009

3.016E-01
5.583E-03
3.684E-02

4.143E-01 0.0100
4.3%4E-04 0.0000
2.3972-02 0.0006

1.016E-01 0.0024
4.701E~02 0.0011
1,954E-01 0.0047

Jtal

[

Radio-
~ruclide

2.973E+01 0.7262

Total Dose Contributions TDOSE(i,p,t) for Individual Radiocnuclides (i} and

Water

1,717e+00 0.0414

0.000E+00 0.0000

8.940E+00 0.2153

3,444E-~01 0.C083

As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

Fish

Water Dependent Pathways

Radon

Plant

Meat

4.387E-01 0.0106

Pathways (p)

Milk

3.441E-01 0,0083

All Pathways*

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

“Ra~228
Th~228
h-232

0.000E+00 0.0000
0.000E+C0 0.0000
0.0COE+GO 0.0000

0.0GCGOE+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000
0.0G0E+00 0.0000

0.000E+0C 0.0000
0.000E+00 0.0000
0.000E400 0,0000

0.G00E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

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

2.208E+01 0.5318
1.614E+01 0,3887
3.299e+00 0.0785

(e

Total

S—-—

r—

O

0.000E+C0 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

Sum of all water independent and dependent pathways.

0.000E+00 0.0000

0.CC00E+00 0.0000

0.000E+00 0.0000

4.152E401 1.0000



AAR

l 'SRAD, Version 6.22
ry : Washington

—
Ground

T Limit = 0.5 year

Thorium

1170872004 14:40 Ppage

10

File: WashAAR Thorium.RAD

As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

Water Independent Pathways (Inhalaticn excludes radon}

Inhalation

Radon

Plant

Meat

Total Dose Contributicns TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

Milk

Soil

Radic-
chlide mrem/yr fract.

mrem/yr <fract.

mrem/yr fract.

wrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

1.550E+01 0.3683
1.095E+01 0.2673
2,538E+00 0.0620

Ra-228

1.136E~01 0.0028
1.738E-01 0.0042
1.428E+00 0.0349

0.000E+00 0.0000
G.000E+00 0.0000
0.000E+00 0.0000

6.924E+00 0.1690
6.949E-02 0.0017
1.752E+400 0.C428

2.633E-01 0.0064
3.885E-03 0.0001
7.010E-02 0.0017

3.586E-01 0.0088
3.056E-04 0.0000
6.983E-02 0.0017

1.013E-01 £.0025
3.272E-02 0,0008
2.077E-01 0,0051

2.939E+0! 0.7176

1.715E+00 0.0419

0.000E+00 0.0000

8.7482+00 0.2135

3.373e-01 0.0082

4.287E-01 0.0105

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1,000E+00 years

' Water

Fish

Water Dependent Pathways

Radon

Plant

Meat

Milk

3.417E-01 0.00383

All Pathways*

Radio-

*3clide mrem/yr fract.

mrem/yr fract.

mren/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+0D 0.0000

"Ra-228
Th-228
n=-232

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

0.000E+00 0.0000
0.000E+C0 0.0000
0.000E+00 0.0000

0.C00E+0C 0.0000
0.000E+0C 0.0000
0.000E+00 C.0000

0.000E+00 0.0000
0.000E+0C 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
¢.000E+00 0.0000
0.000E+00 0.0000

2,367E+01 0.5777
1.123E+01 0.2742
6.066E+00 0,1481

Total 0,000E+00 0.00C0

r— r —

[

0.000E+0C 0.0000

0.000E+00 0.0000

Sum of all water independent and dependent pathways.

0.000E+00 0.000C

0.000E+00 ©.0000

0.000E+00 0.0000

4.096E+01 1.0000
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As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

Water Independent Pathways {Inhalation excludes radon)

Inhalaticn

Radon

Plant

Meat

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

Milk

Soil

‘Radio-

uclide mnrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

Ra-228 1.67¢E+01 0.4209
! h-228 5.303E+00 0.1332
L_h-232 6.560E+00 0.1647

1.818E-01 0.0041
8.422E-02 0.0021
1.462E+00 0,0367

0.000E+00 0.0000
0.000E+00C 6.0000
0.003E+00 0.0000

0.1304
0.0008
C.0600

5.195E+00
3.344E-02
3.18€E+00

1.985£-01 0.0050
1.882E-03 0.0000
1.251e-01 0.0031

2.663E-01 0.0067
1.481E-04 0.0000
1.444E-01 0.0036

9.049z2-02 0.0023
1.585E-02 0.0004
2.3102-01 0.0058

‘“ocal 2,862E+01 0.7188

L

1.708E+00 0.0429

C.000E+C0 0.0000

8.415E+00 0.2113

3.255E-01 0.0082

4.129E-01 0.0104

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

]

3.373£-01 0.0085

Water Dependent Pathways
N .
L‘ Water Fish Radon Plant Meat Milk All Pathways”
Radio-
*“uclide mrem/yr fract. mrem/yr fract. mren/yr fract. mrem/yr fract. mrem/yr fract, mrem/yr fract. mrem/yr fract.

“Ra-228 0.COOE+00 0.0000
Th-228 0.C00E+00 0.0000
h-232 0.0C0E+00 0.0000

0.000E+00 0.0000
0.Q00E+C0 0.0000
0.000E+00 0.0000

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

0.000E+00 0.0000
0.000E+00 0,0000
0.000E+00 0.0000

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

0.000E+00 0.0600
0.000E+00 0.0000
0.000E+00 0.0000

2.267E+01 0,.5694
5.439E+00 0.1366
1.171+01 0.2940

Total 0.0000

0.0C0E+00D

Sum of 21l water

s

t

0.GC0CE+00 0.0000

0.000E+00 0.0000

independent and dependent pathways.

0.000E+00 0.0000

0.000E+CO 0.0000

0.000E+00 C.0000

3.982E+01 1.0000
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Total Dose Contributions TbosE(i,p.t) for Individual Radionuclides (i) and Pathways (p}

i
L' As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years
, Water Independent Pathways (Inhalation excludes radon)
= Ground Inhalation Radon plant Meat Milk Soil
PRadio-
uclide mrem/yr fract. erem/yr fract, rmren/yr fract, mrem/yr fract. mrem/yr fract. mrem/yr fract. mremn/yr fract.
—

Ra-228 B.659E+C0 0.2345 9.943£~02 0.0027 0.00CE+00 0.0000 1.876E+00 0.0508 7.2632-02 C.0020 9.710E-02 0.0026 4,C73E-02 0.0011
) h-228 4.191E-01 0.0113 6.666E-03 C€.0002 O0.000E+00 0.0000 2,585E~03 0.0001 1.468E~04 0.0000 1.171E-05 0.0000 1,255E-03 0.0000
Lﬂh-232 1.745E+01 0.4726 1.5802+00 0.0428 0.00CE+00 0.0000 5.825E+00 ©.1577 2.284E-01 0.0062 2.834E~01 0.0077 2.851E-01 0.0077

~otal 2.653E+0l 0.7184 1.68€E+00 0.0457 0.000E+00 0.0000 7.703E+C0O 0.2086 3.012E-01 0.0082 3.806E-01 0.0103 3.271E-01 0.0089

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides {i) and Pathways (p)
E As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years
LS
Water Dependent Pathways
+
L~ Water Fish Radon Plant Meat Milk All Pathways*

Radio-

, Muclide mrem/yr fract. mrem/yr fract, mrem/yr £fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Lﬂa-228 0.00CE+00 0.0000 O0,.000E+00 0.0000 O©.000E+00 0.0000 0.000£+00 0.0000 0.0C0E+00 0.0000 0.000E+00 0.C000 1.084E+01 0.2937?

Th-228 0.000E+00 0.0000 0.000E+00 0.0000 G.000E+00 0.0000 0.000E+00 6.0000 0.000E+00 0.0008 C.000E+00 0.0000 4.298BE-0l 0.0116
L~h-232 0.000E+00 ©0.0000 0,000E+00 0.0000 O0.00CE+0Q0 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 O©.000E+00 0.0000 2.565E+01 0.6S47

Total 0.000E+00 0.0000 O0.000E+00 0.0000 O0.00CE+00 0.0000 O.000E+00 0.0000 O0,000E+00 0.0000 O0.Q00E+00 0.00C0 3.6%32+01 1.0000

|
|

L

O P O G

|

Sum of all water independent and dependent pathways.
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Summary : Washington AAR Thorium
i 7Total Dose Contributions TDOSE({i,p,t) for Individual Radionuclides (i) and Pathways (p)
L‘ As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
: Water Independent Pathways {Inhalation excludes radon)
'
L=
Ground Irhalation Radon Plant Heat Milk soil
)°Rd10-
| iclide mrem/yr £ract. mrem/yr fract. mrem/yr fract. mrem/yr fract. nrem/yr fract. nrem/yr fract, mrem/yr fract.
e

Ra~228 5,29%E-01 0.0153
1-228  2.969E-04 0.0000
2.452E+01 0.7091

——

g__)'232

6.282E-03 0.C002
4.749E-06 0.0000
1.663E+00 0.0481

0.000E+00 0.0000
0,00CE+Q00 0.000C0
0.000E+00 0.0000

9.967E-02 6.0029
1.715e~06 0.0000
€.806E+00 0.1969

3.972E-03 0.0001
1.057E-07 0.0C00
2.746E-C1 0.0079

$.307E-03 0.0C02
8.325E-09 0.0000
3,459E-01 ¢,0100

2.43€E-03 0.0001
8.938E-07 0.0000
3.182E-01 0.00%2

1.669E+00 0.0483

0.000E+00 0.0000

6.906E+00 0,1998

2.766E-01 0.0081

3.512E-01 0.0102

3.206E-01 0.0093

1 >tal  2,505E+01 0.7245
!
L
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
S
Water Dependent Pathways

E
- Water Fish Radon Plant Meat Milk All Pathways*
Radio-~-

mrem/yr <fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. nrem/yr fract. mrem/yr fract.

|"Jclide mrem/yr fract.

.

!
“Ka-228 0.000E+00 0.0000

Th-228 0.000E+C0 0.00G0
’ h-232 0.000E+00 0.0000

0.000E+00 0.0000
0.0Q0E+CO 0.0000
0.0C0E+00 0.0000

0.000E+00 0.0000
0.0C0E+G0 0.0000
0.0C0E+C0 0.0000

0.000E+00 0.0000
0.0C0E+00 0.0000
0.0D0E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.C000
0.000E+0C 0.0000

0.000E+00 0.0000
0.00CE+00 0.0000
0.000E+00 0.0000

6.471E-01 0.0187
3.044E~04 0.0000
3.392g+01 0.9813

Total 0.000E+00 0.0000

\

0.0G0E+00 0.0000

0.000E+00 0.0000

L;Sum of all water independent and dependent pathways.

0.0002+00 0.0000

0.000E+400 ©.0000

0.000E+00 0.0000

3.457E+01 1.0000
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Total Dose Contributions TDOSE{i,p,t} for Individual Radionuclides (i) and Pathways (p)}
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

. Water Independent Pathways (Inhalation excludes radon)

1

= Ground Inkalation Radon Plant Meat Milk Seil
Radioc-
uclide mrem/yr Zfract. mren/yr fract. mrem/yr : fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

1.477E-07 0.0000

1.993E-07 0.000C

1.074E-07 0.0000

Pa-228 2.247E-05 0.0000 2.771E-07 0.0000 0.000E+00 0.0000 3.251E-0€ 0.0000
! h-228 2.747e-15 0.0000 4.583E-17 0.0000 0.000E+00 0.0000 1,227£-17 €.0000 1.010E-18 0.0000 7.968E-20 0.0000 B8,626E-18 0.000C
L_h-232 2.402E+01 0.7593 1.66SE+00 0.0526 0.000E+CO 0.6000 5.082E+00 0.1610 2.372E-01 0.0075 2.987E-01 0.0094 3.197E-01 0.0101
"otal 2.402E+01 0.7593 1.665E+00 0.0526 0.000E+00 0.0000 5.092E+00 0.1610 2.372E-C1l 0.0075 2.987E-01 0.0094 3.197E~D1 0.0101

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways {p)
2 As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
| S
Water Dependent Pathways

£~ Water Fish Radon Plant Meat Milk All Pathways*

Radio-

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract, mrem/yr fract. mrem/yr fract.

‘“uclide

i

LFa-ZZB 0.000E+00 ©0.0000

Th~228 0.000E+00

0.0000

| -h-232 0.000E+00 0.0000

L

r—

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

0.000E+00 0.0000
0.C00E+00 0.0000
0.000E+00 0.0000

0.000E+00 ©.0000
0.000E+C0 0.0000
0.000E+00 0.€000

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

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 ©.0000

2.645E~05 0.0000
2.814E~15 0.0000
3.163E+01 1.0000

Total 0.0C0E+00

i

[

[~

[

[~

"

0.0000

0.000E+00 0.0000

0.000E+00 ©.0000

Sum of all water independent and dependent pathways.

0.000E+00 0.0000

0.000E+00 C.0000

0.000E+00 0.0000

3.163E+01 1.00060
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Total Dose Contributions TDOSE(i,p,t) for Individual Radicnuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

Ground

Water Independent Pathways {Inhalation excludes radon)

Inhalation

Radon

Plant

Meat

Milk

Soil

mren/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

(

Ra-~228
1-228

=232

0.C00£+0C 0.G000
€.000E+00 0.0000
0.000E+00 0.0000

C.CQCE+00 0.0000
C¢.000E+00 0.0000
0.000E400 0.0000

0.CO00E+00 0.0000
0.000E+00 0.000C
0.0COE+00 0.0000

2.710E-24 0.0000
0.000E+00 0.0000
1.093E-05 0.4123

2.50iE~24 0.0000
¢.0002+00 0.06000
9.741E~06 0.3672

1.503E-24 (.0000
0.000E+00 0.0000
5.779E-06 0.2179

0.0C0E+00 ©.0000
0.000E+00 0.0C00
0.000E+00 0.0000

xtal

[~

(—

Radio-

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

1.0938-05 0.4123

9.741E~06 0.3672

5.779E-06 0.2179

0.Q00E+00 0.0090

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pPathways*®
nrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr f£ract. mrem/yr fract. mrem/yr fract. mrem/yr fract,

‘“uclide
1]

“Fa-228
Th-228
h-232

5.308E-186 0.0000
0.000E+00 0.0000
5.573E-08 0.0021

1.807E-18 0.0000
0.000E+00 0.0000
1.893E-10 0.0000

0.000E+0C 0.0000
0.000E+00 0.000Q0
0.0QCE+00 0.0000

1.061E-16 0.0000
0.000E+G0 0.0000
1.110£-08 0.0004

1.203E-17 0.0000
0.000E+00 0.0000
1.240E~-09 0.0000

1.960E-17 0.0000
0.000E+00 0.0000
2.037E~09 0.06001

6.703E-16 0.000C
0.000E+CO 0.0000
2,652E-05 1.0000

Total
t

5.5738-08 0.0021

1.893e-10 0.0000

0.CO0E+00 0.00G0

L~5um of all water independent and dependent pathways.

-

[

1.110E-08 0.0004

1.240£-09 0.0000

2.037e-09 0.0001

2.652£-05 1.0000
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Total Dose Contributions TLCOSE(i{,p,t) for Individual Radionuclides (i} and Pathways (p)
As nmrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Ground

Water Independent Pathways (Inhalation excludes radon)

Inhalaticn

Radon

Plant

Meat

MLk

Soil

aclide mrem/yr

fract,

nmrem/yr fract.

mrem/yr fract.

mzem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

-
Ra-228
! a-228

w1232

0.0GCE+00 0.0000
0.000E+C0 0.00CO
0.000E+00 0.0000

0.0002+C0 0.0000
0.000E+0C 0.0000
0.000E+00 0.0000

0.000E+Q0 0.0C00
0.000£400 0.0000
0.000E+00 0.00600

0.00CE+00 0.0000
0.C00E+00 0.0000
0.0Q0E+0C 0.0000

0.000E+00 0.0000
0.000E+00 0.C000
0.060E+00 0.0000

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

0.000E+00 0.0000
6.000E+00 0.0000
0.00CE+GC 0.0000

>tal

[

L

}

e
Radio-

0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and

Water

0,00CE+GO 0.0C00

0.00CE+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Fish

Water Dependent Pathways

Radon

Plant

Meat

0.000E+00 0.0000

Pathways (p)

Milk

0.000E+00 0.0000

All Pathways*

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

l'hclide mrem/yr fract.

“Ha-228
Th-228
h-232

0.0COE+00 0.0000
0.0C0E+00 0.0000
8.643E-13 0.7928

0.000E+00 0.0CC0C
0.00CE+00 €.0000
2.93€6E-15 0.0027

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

0.000E+00 0.0000
0.000E+00 0.0000
1.721E-13 0.1579

0.000E+00 0.0000
0.000E+00 0.0000
1.921e-14 0.0176

0.00CE+Q00Q 0.0000
0.000E+00 0.0000
3.158E-14 0.029%0

0.000E+00 0.0000
0.000E+00 0.0000
1.090E-12 1.0000

Total

8.643E-13 0.7928

2.93€E-15 0.0027

0.C00E+00 ©.0000

)
L;Sum of all water independent and dependent pathways.

(O N

vt

1.721E-13 0.1578%

1.921E-14 0.017€

3.158E-14 0.0290

1.090E-12 1.0000
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T : Washington AAR Thorium File: WashAAR Thorium.RAD

4
Cose/Source Ratios Summed Over All Pathways
Parent and Progeny Principal Radionuclide Contributions Indicated

.rent Product Eranch DSR(3,t) (mrem/yr)/{pCi/g)
‘1) {3} raction* t= 0.000E+00 1.000E+C0 3.000E+00 1.000E+01 3.00CE+01 1.000E+02 3.000E+02 1.000E+03

}RA-228 Ra-228 1.000E+00 3.815E400 3.301E+400 2.471E+00 8.967E-C1 4,947E-02 1.%12E-06 1.337E-16 0,0002+00
i 1-228 Th-22 1.000E+00 6.007E-01 1.432E+00 2.064E+0Q 1.272E+00 7,995E-02 3.378E-06 3.584E-19 0.000E+00
“x3-228 EDSR(J) 4.416E+00 4,733E+00 4.535E+00 2.169E+400 1.294E-01 5.291E-0€ 1.341E-16 0,0002+00

] 1-226 Th-228 1.000E+00 3.228E400 2.24€E+00 1.088E+00 B.595E~02 6.087E~05 5.629E-16 0.000E+00 0.00CE+00

—

Th-232 Th-232 1.000E+00 4.06€E-01 4.064E-01 4.058E-01 4.039E-01 3.9€32~01 3.787E-0! 1,561E~Q07 0.COCE+00

1 =232 Ra-228 1.000E+00 2.277E-01 6.540E-01 1.342E+00 2.6302+00 3.236E+00 2.871E+00 5.069E-06 2.175E-13
=232 Th-228 1.000E+00 2.540E-02 1,528E-01 5.942E-01 2.097E+00 3.151E+00 3.076E+00 7.964E-08 $,138E-16

Th-232 3IDSR({3) 6.59BE~-01 1.213E+00 2.342E+00 5.131E+0D 6.785E+00 6.326E+00 5,305E-~06 2.180E~13

l 3ranch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF{j) = BRF(1l)*BRF{2)}* ... BRF(5).
Lsae DSR includes contributions from associated (half-life £ 0.5 yr) daughters.

Single Radionuclide Soil Guidelines G(i,t} in pCi/g
Basic Radiation Dose Limit = 3,000E+40l mrem/yr

}
‘ uclide
gty te 0.000E+Q00  1.0C0E+00  3,000E+00 1.000E+01  3,000E+0% 1.000E+02 3.000E+02 1.000E+03

a-228 6.794E+00 6.338E+00 6.615E+00 1.383E+01 2.318E+02 5.670E+06 *2.726E+14 <*2,726E+14
_h-228 9.294E+00 1.336E+01  2.758E+01 3.490E+02 4.928E405 *8.192E+14 *8,192E+14 <*8,192E+14
Th-232 4.547E401 2.473E+01 1.281E+01 5.847E+00C 4.422E+00 4.742E+00 *1.096E+405 <*1.096E+0S

\
L;At specific activity limit

Summed Dose/Source Ratios DSR{i,t) in (mrem/yr)/(pCi/g)
— and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

ac tmin = time of minimum single radionuclide soil guideline
! and at tmax = time of maximum total dose = 0.000E+0D years

——

-
Nuclide Initial tmin DSR(i, tmin) G(i,tmin) DSR{i,tmax} G(i,tmax}
} V(1) {pCi/g) (yeazs) (pCi/g) {pCi/g)

’

L§3—228 5.000E+00 1.466 = 0.003 4.762E+00 6€.300E+00 4.416E+00 6.794E+00
. Th-228 S5.CO0E+00 0.000E+0C0O 3.223E+00 9.294E+400 3.228E400 9.294E+00
!:h-232 5.000E+00 35.53 2 0.07 6.806E+00 4.408E+00 6.598E-01 4.547E+01

-
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SGnmary ; Washington AAR Thorium File: WashAAR Thorium.RAD
; o Individual Nuclide Dose Summed Over All Pathways
— Parent Nuclide and Branch Fraction Indicated
} clide Parent  BRF(i) DOSE(j.t}, mren/yr
L {1) t= 0.0COE+00 1.000E+00 3.000E+00 1.000E+01 3.C00E+CL 1.000E+02 3.000£+02 1,0C0E+03
;' t-228 Ra-228 1.CGOOE+00 1.908E+01 1.651E+01 1,.236E+01 4.484E+00 2.473E-01 9,.562E-C6 6.665E-16 0,00CE+00
i =228 Th-232 1.000E+00 1.139E+00 3.270E+00 6.709E+00 1.315E¢01 1.618E+01 1,436E+01 2,.53%E-05 1,088E~12
?3-228 TDOSE(3) 2.021E401 1,.978E+01 1.907E+01 1.763E+01 1,643E+01 1.436E+01 2,593%E-05 1.08BE-12
; =228 Ra-228 1.000E+00 3.004E+00 7.159E+00 1.032E+01 6.361E+00 3,998E~01 1,.669E~05 1.792E-18 0.000E+00
“—-228 Th-228 1.000E+00 1.614E+01 1.123E+01 5.435E+00 4.298E~01 3.044E~04 2.814E~15 0.000E+C0 0.GO0E+00
Th-228 Th-232 1.C00E+00 1.270E-01 7.638E-01 2,.971E+00 1.049E+0l 1.S76E+0l 1.538E+0l 3.582E-07 2.56%E-15
{ 1-228 ZDOSE(3) 1.927E+01 1.915E+01 1.873E+01 1.728E+01 1.616E+01 1.538E+01 3.982E-07 2.569E-1S
L
Th-232 Th-232 1.000E+00 2.033E+00 2,032E400 2.029E+00 2,.019E+00 1,991E+C0 1,.894E+00 7.80€E-07 0.000E+00
l ﬁr(i) is the branch fraction of the parent nuclide.
—
3
L_ Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated
'
l uclide Parent BRE (i) S(3,t), pCi/g
3 (1) 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
' a-228 Ra-228 1,000E+00 5.000E+0C 4,333E+00 3.253E+00 1.193E+00 6.794E~02 2,994E-06 1.073E-18 0.000E+00
Laa-228 Th-232 1.000E+00 0.0D0E+00 5,615£-01 1.47CE+00 3.202E+00 4.147E+00 4.196E+00 4.174E+00 4.05978+00
Ra-228 EIS(3): 5.000E+D0 4.8S4E+D0 4.723E+00 4.395E+0D0 4.215E+00 4.196E+00 4.174E+00 4,.097E+00
}
L:h-zze Ra-228 1.000E+00 0.000E+00 1.4108+00 2.592E+400 1.753E+00 1,122E-01 4.851E-06 1.775E-18 G.C00E+G0
Th-228 Th-228 1.000E+00 5.000E+00 3.480E+0C 1.686E+00 1,335E-01 9,.507E-05 9.175E-16 0.00CE+00 0.000E+00
, ™h-228 Th-232 1.000E+00 0.0G0E+0C 9.251E-02 6,074E-01 2.619E+00 4.109E+00 4.196E+00 4.174E+00 4.097E+0C
'h-228 TS{3): 5,.000E+00 4.982E+00 $.885E+00 4.S05E+00 4.222E+00 4.196E+00 4.174E+00 4.097E+00
—
Th~232 Th~-232 1,000E+00  5.000E+00 5.000E+00 5.000E+0C 4.S9SE+00 4.996E+00 4,987E+00 4.960E+CO 4.869E+00
1
[]
i
W JIRF{i) is the branch fraction of the parent nuclide.

} (ESCALC.EXE execution time =

_

3.23 seconds
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uxmary : Washington AAR Radium File: Wash AAR Radium .FAD

Dose Conversion Factor (and Related) Parameter Summary

]
_L File: FGR 13 Morbidity
; | | Current | | Parameter
| eru | Parameter |  value | pDefault | Name
— y [ 1 L
: L4 T 1 T
.B-1 | Dose conversion factors for inhalation, mrem/pCi: | | |
)’ -1 ] Pb-210+D | 2.320E-02 | 2.320E~-02 | CCEF2{ 1)
-1 | Ra-226+D | 8.€002-03 | 8.600E-03 | SCF2( 2)
i i | | |
i -1 | Dose conversion factors for ingestion, mrem/pCi: | | )
{_ -1 | eb-210+D [ 7.270E-03 | 7.270E-03 | DCF3{ 1)
:D-1 |} Ra-226+D { 1.3302-03 | 1.330E-03 | DCF3( 2)
i
: 1 | | I
{ =34 | Food transfer factors: } } |
'D-34 | Pb-210+D , plant/soil concentration ratio, dimensionless | 1.0008-02 | 1.000E-02 | RTF{ 1,1)
$D=34 | Pb-2104D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 8.000E-04 | 8.000E-04 | RTF({ 1,2)
L-u ] Pb=210+D , milk/livestock-intake ratio, {pCi/L)/(pCi/d) | 3.000E-04 | 3.000E~04 | RTF{ 1,3)
__-34 | ] | |
“p-34 | Ra-2264D , plant/soil concentration ratio, dimensionless | 4.000E~02 | 4.000E~02 | RTF( 2,1}
{ ~34 | Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)} | 1.000E-03 | 1.000E~03 | RTF( 2,2)
{_‘-34 | Ra-226+D , milk/livestock-intake ratio, (pCi/L)/{(pCi/d) | 1.0005-03 | 1.000E~03 | RTF{ 2,3)
I | ! 1
iD-§ | Bioaccumulation factors, fresh water, L/kg: | i i

-5 | Pb-210+D , fish | 3.000E+02 | 3.000E+02 | BIOFAC( 1,1)
95-5 | Pb-210+D , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC( 1,2)
D=5 | | ! !
i -5 | Ra-226+D , f£fish ] 5.000E+01 | 5.000E+01 | BIOFAC( 2,1)
-5 | Ra-226+D , crustacea and mollusks | 2.500E+02 | 2.S00E+02 | BICFAC( 2,2)
| 1 4 1
!
)
boad
!
!
_
i
P
H
vt

" ..

(— "ﬁ-'
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;_pmmary : Washington AAR Radium File: Wash AAR Radium ,RAD
?s Site~-Specific Parameter Summary
)
g- | |  User ] | Used by RESRAD | Parameter
%&enu | Parameter [ Input | Default | (If different from user input) | Name
| — : + : z
| Area of contaminated zone {m**2) | 1,000E+04 | 1.000E+04 | -— | aAPEA
| Thickness of contaninated zone {m) | 3.000E-01 | 2.000%+00 } - | THICKO
| Length parallel to aquifer flow (m) | 1.00CE+C2 | 1.0008+02 | - | LCc2pPAQ
| Basic radiation dose limit (mrem/yr) | 3.000E+01 | 2.5C0E+01 | -—- | BRDL
| Time since placement of material (yr) | 0.000E+00 | 0.GO0CE+00 | -—— | 71
| Times for calculations {yr) | 1.000E+00 | 1.000E+00 | -— | Tt 2)
011 | Times for calculations (yr) ] 3.000E+0C | 3.000E+00 | --- ] TC 3
“RO11 | Times for calculations (yz) | 1.000E+01 | 1.000E+C1 | - | T 4)
iR011 | Times for calculations (yr) | 3.00CE+01 | 3.000E+01 | —— | TC )
011 | Times for calculations [yr) | 1.000E+02 | 1.000E+02 | —— | T &)
011 | Times faor calculations (yr) | 3.000E+02 | 3.000E+02 | — | ¢
§R011 | Times for calculations (yr) | 1.000E+03 | 1.000E+03 | ——— | Tt 8}
" 011 | Times for calculations lyr) | not used | 0.000E+00 | -— | ¢ 9)
o1 | Times for calculations ({yr) | not used | 0.00DE+00 | -——— ] Tt10)
¥ l | | |
"~012 | Initfal principal radionuclide (pCi/g): Ra~226 | 5.000E+00 | 0.000E+00 | — ] si¢t 2)
plZ | Concentration in groundwater (pCi/L}: Ra-226 | not used | 0.COCE+00 | -~ | w1t 2)
T ! | ! !
#R013 | Cover depth (m) | 0.000E+00 | 0.000E+00 | — | coveRg
013 | Density of cover material (g/cm**3) | not used | 1.500E+00 | ——— | DENSCV
(013 | Cover depth erosion rate (m/yr) | not used | 1.000E-03 | - | vev
53013 | Density of contaminated zone (g/cm**3) | 1.630E+00 | 1.S500E+00 | —— | DENSCZ
f'013 | Contaminated zone erosion rate (m/yr) | 1.000E-03 { 1.000E-03 | - | vez
} 013 | Contaminated zone total porosity | 3.000E-01 | 4.000E-01 | -—— | Tecz
{RO13 | Contaminated zone field capacity | 2.000e-0t | 2.000E-01 | -—- | recz
5013 | Contaminated zome hydraulic conductivity (m/yr) | 1.000E+0l | 1.000E+01 | “—— | Heez
LKOIB ] Contaminated zone b parameter | S.300E+00 | 5.300E+00 | - | BC2
X013 | Average annual wind speed (m/sec) | 2.000E+00 | 2.000E+00 | -— | winp
3013 | Humidity in air (g/m**3) | not used | §.000E+0O | - | HuMID
013 | Evapotranspiration ccefficient | 5.0002-01 | 5.000E-OL | - | EVAPTR
i_p13 | Precipitation (m/yr} | 1.000£+00 | 1.600E+00 | ——— | PreCIP
R013 | Irrigation {m/yc) ] 7.600E-01 | 2.000E-01 | -—- | RI
i?pl3 | Irrigation mode | ovechead | overhead | -~ | IDITCR
013 | Runoff coefficient | 2.000E~01 | 2.000E-01 | —— | RUNOFF
RO13 | watershed area for nearby stream or pond (m**2) | 1.000E+06 | 1.0G0E+06 | — | WAREA
ROL3 | Accuracy for water/soil computations | 1.000E-03 | 1.000E-03 | - | EPS
' | ] ! | i
3014 | Density of saturated zone (g9/cm**3) } 1.6305+00 | 1.500E+00 } — | DENSAQ
%014 | saturated zone total porosity | 3.000E-01 | 4.000E-01 | —-— | TpSz
7314 | saturated zone effective porosity | 2.000B-01 | 2.000E-01 |} -— | EPSZ
| 314 | saturated zone field capacity | 2.000E-01 | 2.000E-01 | - | rcsz
RO14 | Saturated zone hydraulic conductivity (m/yr) ! 1.000E+02 | 1.006E+02 | - | Hesz
Zo14 | saturated zone hydraulic gradient | 2.000E-02 | 2.000E-02 | -— | HGw?
J14 | Saturated zone b parameter | 5.300E+400 | 5.300E+00 | ~~- | Bsz
"R014 | Water table drop rate {(m/yr) | 1.0008-03 | 1.0G0E~03 | - | var
5014 | Well pump intake depth (m below water table} | 1.000E+01 ] 1.000E+01 | .- | pwiewr
N4 | Model: Nondispersion (ND) or Mass-Balance (M3) | D | X | — | MODEL
‘w014 | Well pumping rate (m**3/yr) | 2.500E+02 | .S00E+02 | -—— ] uw
L ] | | !
] | |1 I - | us

Lns

i

Number of unsaturated zone strata
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File: Wash AAR Radium .PAD

Site-Specific Parameter Surmary {continued)

! | User ) | Used by RESRAD | Parameter
bomua | pParameter i Input | Default | (If different from user input) | Name

: } + i 1 }

EIS | unsat. zone 1, thickness (m} | 1.000E+C0 | 4.000E+00 | -——- | By
D15 | unsat. zone 1, soil density (g/cm*¢3) | 1.630E+00 | 1.500E+00 | ~—- | peusuz (1)
| 15 | Unsat. zore 1, total porosity } 3.000E~01 | 4.000E~01 | ~——— ] TPUZ (1)

LFDlS | Unsat. zore 1, effective porosity | 2.000E~01 | 2.00CE-01 | ~—- | EPUZ2(1)

RO15 | Unsat. zone 1, field capacity | 2.0008-01 | 2.CCOE-01 | ~— | Feuz (1)
| V15 | Unsat. zome 1, soil-specific b parameter | 5.300E+00 | 5.300E+00 | ~—- | BUZ(1)

LIS { unsat. zone 1, hydraulic conductivity (m/yr} | 2.000E+02 | 1.000E+02 | ——— | HCuz (1)

] | | | |
)16 | pistribution coefficients for Ra-226 ] | | |

‘__us | contaminated zone (cm**3/qg) | 7.000E+01 | 7.000E+401 | ——— | pexwucc( 23
R0O16 | Unsaturated zone 1 {(cm**3/g) | 7.000E401 | 7.000E+01 | - | pewucu( 2,1)
©316 | Saturated zone (cm**3/g) } 7.000E+01 | 7.000E+01 ) ——— | bavues( 2)

316 | Leach rate (/yr) { 0.000E+00 | 0.000E+0C } 2.274E~02 | ALEACH{ 2)

016 | Solubility constant | ©.000E400 | 0.000E+00 | not used | soLusk( 2)

| | | I ]

| 316 | pistribution coefficients for daughter Pb-210 | { | {

316 | Contaminated zane (cm**3/g) | 1.000E+02 | 1.0008+02 | ~—— | benveet 1)

RO16 | Unsaturated zome 1 (em**3/g) | 1.000E402 | 1.000E+02 | --- | pewucu( 1,1)

016 | Saturated zone (cm**3/g) | 1.000E402 | 1.000E+02 | —— | pcNues( 1)

016 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 1.593E-02 | ALEACH( 1)
RO16 | Solubility constant { 0.000E+00 | 0.006E+00 { not used | sorusx( 1)

' | | l ] ]

{ 017 | Inhalation rate (m**3/yr) | 1.051E+04 | 8.400E403 | ——- | INHALR

017 | Mass loading for inhalation (g/m**3) { 2.000E-04 | 1.000E-04 |} .- ] MuINm
RC17 | Exposure duration | 3.000E+01 | 3.000E+01 | —— | ED
} 017 | shielding factor, inhalation | 5.000E-01 | 4,.000E-01 |} -— | SHF3
L017 } Shielding factor, external gamma | 3.300E-01 ] 7.000E-OL } .- | sHFl

RO17 | Fraction of time spent indoors | 5.500E-01 | 5.000E-01 | - | FinD
017 | Fraction of time spent outdoors (on site) | 2.1008-01 | 2.500E-01 | .- | FoTD
LOU | sShape factor flag, external gamma } 1.000E+00 | 1.000E+00 | >0 shows circular AREAR. | £s

{017 | Radii of shape factor array {used if FS = =1): | ) } )

RO17 | Outer annular radius (m), ring 1: | not used | 5,000E+01 | ——— | RAD_SHAPE( 1)
i 017 | Outer annular radius (m), ring 2: | not used | 7.071E401 ) ——— | RAD_SHAPE( 2)
LOH | Outer annular radius (m), ring 3: | not used | 0.G00E+00 | --- | RAD_SHAPE!( 3)

RO17 | Outer ananular radius (m), ring 4: | not used | 0.000E+00 | -— | RAD_SHAPE( 4)

017 | oOuter annular radiuvs {m), ring 5: | not used | 0.000E+00 |} - | RAD_SHAPE( 5)
L’°” | Outer annular radius (m), ring 6: | not used | 0.000E+00 | .—- | RAD_SHAPE( 6)

R017 | Outer annular radius (m), ring 7: | not used | 0.000E+00 | .—- | RAD_SHAPE( 7)

R017 | Outer annular radius (m}, ring B8: | not used | 0.000E+00 | .- | RAD_SHAPE( 8)
L.Ol? | Outer annular radius (m}, ring 9: | not used | 0.800E+00 | -— | RAD_SHAPE( 9)

017 | Outer annular radivs (m), ring 10: | not used | 0.000E+00 | -— | RAD_SHAFPE(10)

RO17 | Outer annular radius (m), ring 11: | not used | 0.000E+00 | ——- | RAD_SHAPE(11)

017 | Cuter annular radius (m), ring 12: | not used | 0.000E400 | ——- | RAD _SHAPE(12)

1 ! |

|

!
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Summary : Washington AAR Radium File: Wash AAR Radium .RAD

Site-Specific Parameter Summary (continued)

-
) ] User | | Used by RESRAD | Parameter
ma | Parameter | Input | Default | (If different from user input} | Name
i — } } }
RO17 | Fractions of annular areas within RREA: | | } )
©117 | Ring 1 | not used | 1.000E+00 | - | FRACA( 1)
N7} Ring 2 | not used | 2.732E-01 | -— | FrRACA( 2)
‘K017 | Ring 3 | not used | 0.000E+00 | - | ERACA( 3)
RO17 | Ring 4 | not used | 0.COCE+00 | ——- | FRACA( 4)
L})n | Ring 5 | not used | 0.000E+00 | - | FPACA{ S)
17| Rirg 6 | not used | 0.000E+00 | -——- | FRACAL 6)
R0O17 | Ring 7 | not used | 0.000E+00 | -— | FRACAL )
317 | Ring B | not used | 0.000E+00 | -—— | FRACA( 8)
l 317 | Ring 9 | not used | 0.000E+00 } .- | FRACA( 9)
017 | Ring 10 | not used | 0.000E+00 | -—- | FRACA(10)
®017 | Ring 11 | not used | 0.000E+00 | —— | FRACA(11)
017 | Ring 12 | not used |} 0.000E+00 | - | FRACA(12)
| | | ! |
RO18 | Fruits, vegetables and grain consumption {kg/yr) | 1.660E+02 | 1.600E+02 | -— | DIET(1)
018 | Leafy vegetable consumption (kg/yr) | 1.100E+01 | 1.400E+01 | -— | breET(2)
LOIB | Milx consumption (L/yr) [ 1.000E+02 | 9.200E+01 | -— | DIET(3)
RO18 | Meat and poultry censumption (kg/yr) | 6.300E+01 | 6.300E+01 |} — | DIET(4)
=018 | Fish consumption (kg/yr) ] 5.400E+00 | 5.400E+00 | -— | DIET(5)
018 | Other scafaod consumption (kg/yr) | 9.000E-01 | 9.000E-01 | -— | pIET(6)
RO18 | Soil ingestion rate (g/yr) | 1.825E+01 | 3.650E+01 | -—- | soiL
R01B | Drinking water intake (L/yr) | 7.300E+02 | 5.100E+02 | - | DwI
, .018 | Contamination fraction of drinking water | 1.000E+00 | 1.0C00E+00 | -—— | Fow
LOIB | Contamination fraction of household water | not used | 1.000E+00 | - | FHEW
RO1B | Contamination fraction of livestock water | 1.000E+00 | 1.000E+00 | -— } FLw
:018 | Contamination fraction of irrigation water | 1.000E+00 | 1.000E+00 | - | FIRW
L:oxa | Contamination fraction of aquatic food | 5.000E-01 | 5.000E-01 | --- | FR9
R0O18 | Contamination fraction of plant food |~1 [=1 [ 0.500E+00 | FPLANT
2018 | Contamination fraction of meat |~1 -1 | 0.500E+00 | FMEAT
' .018 | Contamination fraction of milk |-1 |-1 | 0.500E+00 | eMILE
= ! ! | | |
RO19 | Livestock fodder intake for meat (kg/day) | 6.800E+01 | 6.800E+01 | -—— | LFIs
1019 | Livestock fodder intake for milk (kg/day) | 5.5008+01 | 5.S500E+01 | ——- | LF16
| _:019 | Livestock water intake for meat (L/day) | 5.000E+01 | 5.000E+01 | ——- | Lwis
RO19 | Livestock water intake for milk (L/day) | 1.600E+02 | 1.600E+02 | -—— | Lw1e
* 1019 | Livestock scil intake (kg/day) | 5.000E~01 { 5.C00E-01 | -—- | Lst
1019 | Mass loading for foliar deposition (g/m**3) | 1.000E-04 | 1.000E-04 | — | MLFD
TRO19 | Depth of soil mixing layer (m) | 1.500E-01 | 1.500E-01 | ——- | om
RO19 | Depth of roots (m} | 9.000E-01 | 9,000E-01 | - | prooT
1015 | Drinking water fraction from ground water | 1.000E+00 | 1.0Q0E+00 | - | FGwDow
019 | Household water fraction from ground water | not used | 1.000E+0D |} - } FGWHH
RO19 | livestock water fraction from ground watex | 1.000E+00 | 1.000E+00 | — | rewiw
1019 | Irrigation fraction from ground water | 1.C00E+00 | 1.000E+0Q0 | -—- | FGWIR
(- | | l | I
P19B | Wet weight crop yield for Non-Leafy (kg/m¢**2) | 7.000E~01 | 7.000E-01 | -— | Yvin)
198 | Wet weight crop yield for Leafy tkg/m**2) | 1.500E4+00 | 1.500E+00 | ——- | yvi2)
119B | Wet weight crop yield for Fodder {kg/m**2) | 1.100E+00 | 1.100E+00 | -—— | w3y
_R19B | Growing Season for Non-Leafy (years) | 1.700E-01 | 1.700E-01 | —— | TE()
R19B | Growing Season for Leafy {years) | 2.500e-01 | 2.500E-01 | -— | TE(2)
R19B | Growing Season for Fodder (years) | 8.000E-02 | 8.000E-02 | - | TE(3)
“—R19B | Translocation Factor for Non-Leafy | 1.000E-01 | 1.000E-01 | -—- | TIVi1)




RESRAD, Version 6.22

T% Limit = 0.5 year

11/08/2004
File: Wash AAR Radium .RAD

15:02 Page 6

—Surmary : w.ashington AAR Radium
Site-Specific Parameter Summary (continued)

- i | User | ] Used by RESRAD | Parametex
Menu | Parameter | Ieput | Default | (If different from user input) | Name
, } } } +— .

TRI9B | Translocaticn Factor for Leafy | 1.000E+00 | 1.000E+00 | - | TIV(2)
RLSB | Translocation Factor for Fodder | 1.000E+00 | 1.000E+00 | ——- | TIv(3)
R19B | pry Foliar Interception Fraction for Non-leafy | 2.500E-01 | 2.500E-01 | —-—- | RORY (1)

—R1SB | Dry Foliar Interception Fraction for Leafy | 2.500E-01 | 2,500E-01 | -——- | RORY(2)
"R19B | Dry Foliar Interception Fracticn for Fodder | 2.500E-01 | 2.500E-01 | - | RDRY(3)
"Ri9B | Wet Foliaz Interception Fraction for Non-Leafy | 2.500E-01 | 2.500E-01 | ——— | R¥ET(1)

__R19B | Wer Foliar Intexception Fraction for Leafy | 2.500E-01 | 2.500E-01 | - | RWET(2)
‘RL9B | Wet Foliar Interception Fraction for Fodder ] 2.500E-01 | 2.500E-01 | - | RWET(3)
"R19B | Weathering Removal Constant for Vegetation | 2.000E+01 | 2.000E+01 | -—— | wiam

I | 1 | |

TCl4 | C-12 concentration in water (g/cm**3) | not used | 2.000E-05 | -— | cr2wTR
"Cl4 | ¢-12 concentration in contaminated soil (g/g) | rot used | 3.000E-02 | ——— | cizcz
Cl4 | Fraction of vegetation carbon from soil | not used | 2.000E-02 | — ] csorL

—Cl14 | Fraction of vegetation carbon from air | not used | 9.800E-01 | -— | carr
-cla | c-14 evasion layer thickness in soil (m) | not used | 3.000E-01 |} -— { oMc
"cld4 | c-14 evasion flux rate from soil (l/sec) | not used | 7.000E-07 | -— | EVsy
Cl4 | c-12 evasion flux rate from soil (1/sec) | not used | 1.000e-10 | -—- | REVSN

Tcld | Fraction of grain in beef cattle feed | not used | 8.000E-01 | -—- | AvVFGS
Cl4 | Fractior of grain in milk cow feed | not used | 2.000E-01 | ——- | AVFGS
Cl4 | DCF correction factor for gaseous forms of Cl4 | not used | 8.894E+01 | - | cozr

- I ! i | |
-STOR | Storage times of contaminated foodstuffs (days): | | ) i
STOR | Fruits, non-leafy vegetables, and grain ] 1.400E+01 | 1.400E+C1 | — | STOR_T(1)

_STOR | Leafy vegetables } 1.000E+00 | 1.G00E+00 | — | sToR_T(2)
STOR | Milk | 1.0002400 | 1.000E+00 | - | STOR_T(3)
STOR | Meat and poultry | 2.000E401 | 2.000E401 | - | STOR_T(4)
STOR | Fish | 7.000E+00 | 7.00CE+00 | ——— | STOR_T(5)

TSTOR |  Crustacea and mollusks | 7.000E+00 | 7.000E+00 | -——- } sTOR_T(6)
'STOR |  Well water | 1.000£+00 ] 1.0008+00 | - | STOR_T(7)
STOR | Surface water | 1.000E+00 | 1.0002+00 | ——- | STOR_T(8)

—3STOR | Livestock fodder } 4.500E+01 | 4.500E+01 | -—- | STOR_T(9}
i ! I I ! I

© 2021 | Thickness of building foundation (m) | not used | 1.50CE-01 |} -— | FLOOR1

LROZI | Bulk density of building foundation (g/cm**3) | not used | 2.400E+00 | -~ | DEMSFL
‘RO21 | Total porosity of the cover material | not used | 4.000E-01 | - | TPCY

, %021 | Total porosity of the building foundation | not used | 1.00CE-O01 |} -~ | TPFL

E 2021 | Volumetric water content of the cover material | not used | 5.000E-02 | - | pa20CV

~R021 | volumetric water ccntent of the foundation | not used | 3.000E-02 | -~ | PH20FL
-R021 | Diffusion coefficient for radon gas (m/sec): H | | ]

; 021 | in cover material’ | not used | 2.000E-06 | —-- | prFcv

{021 | in foundation material | not used | 3.000E-07 | ——— | DIFFL
R021 | in contaminated zone soil | not used | 2.000z-06 | - | p1FCZ
w2 | Radon vertical dimension of mixing (m) | not used | 2.000E+00 | ——— | mMIx
LlOZl | Average building air exchange rate (1/hx) | not used | 5.000E-01 | - | REXG
RO21 | Height of the building (rcom} (m) | not used | 2.500E+00 | ——— | HRM
n021 | Building interior area factor | not used | 0.000E+00 | — | Ear
L;OZI | Building depth below ground surface (m) | not used [~1.000E+00 | ~—- | DMFL

021 | Emanating power of Rn-222 gas | not used | 2.500E-01 | -—- | EMANA(L)
RO21 | Emanating power of Rn-220 gas | not used | 1.500E-01 | -—- | EMANA(2)

[ ! l | |
L2 ITL | Fumber of graphical time points ] 32 | - I — | NeTS
TITL | Maximun number of integration points for dose | 17 | — i -—— | LyMAx

L
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wimmary : Washington AAR Radium File: Wash AAR Radium ,PAD

Site-Specific Parameter Summary (continued)

-
| | User | } Used by RESRAD | Parameter
2nu |} Parameter | Input | Default | (If different frem user input) | Name
t } } } 1
TITL | Maximum npumber of integration points for risk | 257 | ——— } -— ] KyMax
1 L 3 1 1

Find peak pathway doses

Summary of Pathway Selections
—
Pathway | User selection
%
1 -- external gamma } active
- 2 -- inhalation {w/o radon) | active
3 -- plant ingestion | active
4 -- meat ingestion ) active
— 5 -- milk ingestion | active
6 -- aquatic foods | active
7 -- drinking water ) active
— 8 ~- s0il ingestion | active
9 -- radon | suppressed
| active
1
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Summary ; Washington AAR Radium File: Wash AAR Radium .RAD

Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
Area: 10000.00 square meters Ra-226 5.000E+00
Thickness: 0.30 meters
over Depth: 0.00 meters

. Total Dose TDOSE(t), mrem/yr
-~ Basic Radiation Dose Limit = 3.C00E+0l mrem/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

L_ t (years): O0.000E+00 1.0005+00 3.000E+00 1.000E+01 3.000E+01 1.000£+02 3.C00E+02 1.000E+03

TDOSE{t): 2.928E+01 2.894E+01 2.823E+01 2.554E+01 1.778E+01 3.517E+00 11.403E+0% 1.045E+01
: M{t): 9.76CE-01 9.648E-01 9.411E-01 8.513E-01 5.925E-01 1.172E-01 4.677E-01 3.484£-01
i

A
Maximum TDOSE(t): 2.928E+0]1 mrem/yr at t = 0.000E+00 years

v
\
l

—
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Summary : Washington RAR Radium File: Wash AAR Radium .PAD

-

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

Water Independent Pathways {(Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
adio-
uclide mrem/yr fract. nrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
S

Ra-226 2.0S1E+01 0.7005 7.6402-03 0.6003 C.O000E+0C 0.0000 7.944E+00 0.2713 3.0S4E-01 C.0104 4.125E-01 0.0141 9.683E-02 0.0034

'

i

~rotal 2.051E+0l 0.7005 7.640E-C3 0.0003 0.0C0E+00 0.CO0C0 7.944E+00 0.2713 3.054E-01 0,0104 4.125E~01 0.0141 9.£83E-02 0.0034

; Total Dose Contributions TDOSE({i,p,t) for Individual Radionuclides (i) and Pathways {p)

As mrem/yr and Fraction of Total Dose At t = 0,000E+00 years
} Water Dependent Pathways
L
Water Fish Radon Plant Meat Milk All Pathways*
i :adio-

wJduclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

| ta=-226 O,D00E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.0CCE+00 0,0000 2.928E+01 1.0000

~;‘otal 0.000E+00 ©.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 ¢.0000 0.000E400 0,0000 0.C00E+00 0.0000 2.928E+01 1.0000

‘sum of all water independent and dependent pathways.

—
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File: Wash AAR Radium .RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1,000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil

,"adio-

» uclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract, mrem/yr fracet. mrem/yr fract.
Ra-226 2.C04E+01 0.6923 8.052E-03 €.0003 0.000E+00 0.0000 8.055B+00 0.2783 3.180E-01 0.0110 4.135E-01 0.0143 1.113E-01 0.0038
i

[ -

—otal 2,004E+01 0.6523 6.052E-03 0.0003 O0.0COE+00 0.0000 8.0SSE+00 0.2783 3.180E-01 0.0110 4.1235E-01 0.0143 1.113E-01 0.0038
‘\

N Total Dose Contributions TDOSE({i,p.,t) for Individual Radioruclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

1 Water Dependent Pathways

[

: Water Fish Radon Plant Meat Milk All Pathways*
, tadio-
;_juclide mren/yr fract. nmrem/yr fract. mrem/yr fract. mrem/yr (fract. mrem/yr fract. mren/yr fract. mrem/yr frace.

\ a-226 0.000E+00 0.0000 0.000E+D0 0.0000 O.0Q00E+00 0.0000
.

0.000E+00 0.0000

0.000E+00 0.0000

0.0COE+00 0.0000

2.894E+01 1.0000

Np—
Total 0.000E+00 0.0000

0.000E+00 0.0000 O©0.000E+00 0.0000

i rSum of all water independent and dependent pathways.

§
[—

i

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

2.894£+01 1.0000
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%ﬁmma:y : Washington AAR Radium
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File: Wash AAR Radium .RAD

Total Dose Contributions TDOSE(i,p.t) for Individual Radionuclides (i} and Pathways (p)

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

{ Water Independent Pathways (Inhalation excludes radon)
, ’
Ground Inhalation Radon Plant Meat Milk Soil

‘“}dio-
t iclide mrem/yr fract.

mren/yr fract.

mrem/yr fract. mrem/yr fract.

mrem/yr fract. mrem/yr fract.

mrem/yr fract.

L

Ra~226 1,913e+01 0.6775
\

8.7€9E-03 0.0003

0.000E+00 0.0000 8.212E+00 ©.2909

3,382E-01 0.0120 4.133£-01 0.0146

1.335E-01 0.0047

}
—otal  1.9135401 0.€37S

8.769E-03 0.0003

0.000£+00 0.0000 8.212g+00 0.2903 3.382E-01 0.0120 4.133e-01 0.0146€

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways {(p)

1.335e-01 0.0047

[ S
As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years
‘ Water Dependent Pathways
—
Water Fish Radon Plant Meat Milk All Pathways*
adio-
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract, mrem/yr <fract.

t_uclide mrem/yr fract.

mrem/yr fract.

y "a=-226 0.000£+00 0,0000

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

0.000E+00 0.0000 0.000E+00 0.0000

2.823E+01 1.0000

T 0.00DE+G0 0.0000 O©.000E+Q0 0.0000 0.000£+00 0.0000 0©.000E+00 0.0000

Total

e

(N R

Sum of all water independent and dependent pathways.

0.C00E+00 0.0000 0.000E+00 0.0000

2.823E+01 1.0000
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“Summary : Washington AAR Radium
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File: Wash AAR Radium .RAD

| Total Dose Contributions TﬁOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 1.C00E+0l years

S
1 Water Independent Pathways {Inhalaticn excludes radon)
!
st
Ground Inhalation Radon Plant Meat Milk Soil
°§d£o~

!
y uclide mrem/yr fract.

3

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

mrem/yr fract.

~—

Ra-226 1.625E+J1 0.6362

1.035e-02 0,0004 0.000£+00 0.0000 8.315E+00 0.3256 3.790E-01 0.0148 4.CO01E-01 0.0157

1.664E-01 0.0073

{
-
w—otal 1.625E+01 0.6362

[

(—

Water

1.035E-02 0.000¢ O0.0COE+00 0.0000 8.315E+00 0.3256 3.730E-01 0.0148 d,001E-01 0.0157

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i} and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 1,000E+01 years
Water Dependent Pathways

Fish Radon Plant Meat Milk

1.864E-01 0.0073

All Pathways*

adio-
‘uclide mrem/yr fract.

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

mrem/yr fract.

“a-226 0.000E+00 0.0000

0.000E+00 0.0C00 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

2.554E+01 1.0000

Total

0.000E+00 €.0000 0.000E+00 0.0000 O©.000E+00 0.0000 0.000E+D0 0.CO00 O.00DE+00 0.0000 0.000E+00 0.0000

! Sum of all water independent and dependent pathways.

—

[T

2.554E+01 1.0000
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urmary : Washington AAR Radium File: Wash AAR Radium .RAD

] Total Dose Contributions TUOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

L_ As mrem/yr and Fraction of Total Dose At t = 3.000E+0l1 years

i Water Independent Pathways {Inhalation excludes radon)

ot Ground Inhalation Radon Plant Meat Milk Soil
Radio-~

} uclide mrem/yr fract. mrem/yr fract. mren/yr fract. arem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

oy

Ra-226 1.019E+401 0.5731

1.031g-02 0.0006 0.00CE+00 0.0000 6.701E+00 €.3770 3.527e-01 0.01968 3.11€E-01 0.0175

2.130E-01 0.012C

otal 1,019E401 0.5731

(—

1.031E-02 0,0006 0.000E+00 D.0000 6.701E+00 0.3770 2.527eE-01 0.0198 3.116E-01 0.0175

Total Dose Contributions TDOSE({,p,t) for Individual Radionuclides (i) and Pathways (p)

2.130E-01 ©.0120

~ As mrem/yr and Fraction of Total Dose At t = 3.000E+01l years
Water Dependent Pathways
—
Water Fish Raden Plant Meat Milk All Pathways*
:adio-
leclide mrem/yr fract. mrem/yr fract. mrenm/yr £ract, meem/yr fract. mrem/yr fract. ' mrem/yr fract. mren/yr fract.

Ra-226 0.000E+00 0.0000

0.000E+00 0.0000 0.000E+00 0.0000 0,.000E+00 0.0000 0.0D00E+00 0.0000 ©0.000E+00 0.0000

1.778E+01 1.0000

“Total 0.000E+00 0.0000

-

.- —-—

r— -

(.

l

0.0002+00 0.0000 0.000£+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

‘Sum of all water independent and dependent pathways.

1.778e+01 1.00C0
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§3hmary 1 Washington AAR Radium
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Ground
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File: Wash AAR Radium .RAD

Water Independent Pathways {(Inhalaticn excludes radon)

Radon Plant

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
A3 mrem/yr and Fractior of Total Dose At t = ),000E+02 years

Milk

Soil

;- dio-

«clide mrem/yr fract.
-

mren/yr fract,

mrem/yr fract. mrem/yr fract.

nrem/yr fract.

rem/yxr fract.

Ra-226 1.94BE+00 0.5529

3.035e-C3 0.000%

0.CO00E+00 0.0000 1.336E+00 0.3758 9.182E~02 0.0261 7.134E-02 0.0203

€.720E-02 0.0191

Vo
!

‘rotal  1.94BE+00 0.5539

(==

l

Water

3.035E-03 0.0003%

0.00CE+00 0.0000 1.3362+00 0,3798 9.182E~02 0.0261

Water Dependent Pathways

Radon Plant

7.134E-02 0.0203

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

Milk

6.720E~-02 0.01591

All Pathways*

adio-
Lwuclide mrem/yr fract.

mrem/yr fract. mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

a-226 0.0060E+00 0.0000 O.0CO0E+00 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

3.517E400 1.0000

Total

-—————

(— — [ 1

|

0.000E+00 0.0000 O0.000E+00 0.0000 0.00Q0E+00 0.0000 0.000E+00 0.0000

Sum of all water incdependent and dependent pathways.

0.000E+00 0.0000

0.000E+00 0.0000

3.517E+00 1.0000
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“Summary : Washington AAR Radium File: Wash AAR Radium .RAD

; Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Fathways (p)
[N As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

o

—

Ground Inhalation Radon Plant Meat Milk Soil
|°adio-
5 uclide mrem/yr £ract. mrem/yr fract. nrem/yr fract. mrem/yr fract. mrem/yr fract, mrem/yr <fract. mrem/yr fract.
—

Ra-226 0,0C0E+00 0.0CO0 ©.00CE+00 0.00C0 0.000E+00 0.0000 2.102E~07 0.00CO0 4.254E-08 0.C000 1.339E-08 €.0000

0.C00E+Q0 0,00600

«otal 0.000E+00 0.0000 O0.CQOE+00 0.0000 0.0OCOE+00 0.0000 2.102-07 0.0000 4.254E-08 0.0000 1.339E-0G8 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides {i) and Pathways (p)

0.000E+00 0.0000

As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
% . Water Dependent Pathways
—
Water Fish Raden Plant Meat Milk All Pathways*
'}adlo-
Ljuclide mrem/yr fract. mrem/yr fract, mrem/yr fract. mrem/yr fract. mrem/yr fract. wmrem/yr fract. mrem/yr fract.

y ta=226 1.1292+01 0.8047 1.129E-01 0.0080 0.000E+00 0.0000 2.229E+00 0.1589 2.131E-01 0.0152 1.852E-01 0.0132

1.403E+01 1.0000

I}
L?otal 1.125£+01 0.8047 1.129z-01 0.0080 O0.C00E+00 0.0000 2,2292+00 0.1589 2.131E-Cl 0.0152 1.852E-01 0.0132

k ‘Sum of all water independent and dependent pathways.

i
[

(— (T

|

=

t T

t

1.403E+01 1.0000
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File: Wash AAR Radium .RAD

Tv Limit = 0.5 year

As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

,,,.-.[v——»~.-.-.-

Water Independent Pathways {Irhalation excludes radon)

‘;..-r-.« e

Total Dose Contributions TDOSE({i,p,c) for Individual Radionuclides (i) and Pathways (p}

Z Ground Inhalation Radon Plant Meat Milk Soil
?"1d10-
\ iclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract, mrem/yr fract.

[

e
‘Ra-226 0.000E+00 G.0000 O©.0CQE+0C 0.0000 0.00CE+CO 0.C00C 0.000S+30 ¢.0000 0.000E+00 C.0000

0.000E+00 0.0000 0.000E+00 0,0C00

0.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000

0.000E+00 0.0C00 C.C0CE+00 0.0000

}
wotal 0.000E+00 0.0000 0.00CE+00 0.0000
i
l; Total Dose Contributions TDOSE{i,p,t) for Individual Radionuclides (i) and Pathways (p)
¥ As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years
;& .
Water Dependent Pathways
ol
z
Y Water Fish Radon Plant Meat Milk All Pathways*
‘adio~
75_\.u:lide mrem/yr fract. nrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mxem/yi fract.

3
Py

“a=226 8.411E+00 0.8047 8.415E-C2 0.0081 0.000E+CO0 0.0000 1.587£-01 0.0152

1.661E+00 0.1589

1.379E-01 0.0132 1.045E401 1.0000

1.587e-01 0.0152

Fotal 8.415E-02 0.0081 0.00CE+00 0.0000 1.661E+00 0.1589

8.411E+00 0.8047

-«

Sum of all water independent and dependent pathways.

e
P
z
b

2|

sherwte

e

1.379E-01 0.0132 1.045E+01 1.0000
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L:mnary : Washington AAR Radium File: Wash AAR Radium .RAD

i Dose/Source Ratios Summed Over All Pathways

L_ Parent and Progeny Principal Radionuclide Contributions Indicated

rent Product Branch DSR({j,t) (mrem/yr}/(pCi/g)
1) 3) Fraction*® t= 0.COOCE+00 1.00CE+00 3,000E+00 1.00CE+0l 3.000E+01 1,000E+02 3.000E+02 1.000E+03

(=

5.811E+00 5.673E+400 5.40SE+00 4.562E+00 2,.808E+00 5.040E~01 5.847E-01 4.345E-01
4.428E-02 1.162E~-01 2.418E-01 5.460E~01 7.472E-01 1.994E~01 2.221E+00 1.656E+C0
5.856E+00 5.789E+00 5.€47E+400 5.106E+00 3.555E+00 7.034E~01 2.8062+400 2.091E+00

Ra-226 Ra-226 1.000E+00
\ =226 Pb-210 1.000E+00
ba-226 $DSR(3)

! \.ranch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRE(j) = BRF(1l)*BRF{2)* ... BRF(j).

}
‘e DSR includes contributions from associated (half-life £ 0.5 yr) daughters.

N Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 3.000E+0l mrem/yr

l fclide

— (8] t= 0.000E+00 1.000E+00C  3.000E+00 1.000E+01  3.000E+01 1.000E+02 3.000E+02 1.000E+03

{ 2-226 $.123E+00 5.162E+400 5.313E+00 S.B73E+00 8.43BE+00 4.265E+01 1.069E+01  1,435E+01
-

[: Surmed 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 radionuclide soil guideline

5 and at tmax =~ time of maximum total dose = 0.000E+00 years
— et e e eeeeiieieiiiieeie meie seeistaesaas o reesaserasreaencttianainneontroeaan oennn n . . .
Nuclide 1Initial tmin DSR(4i,tmin} G(i,tmin) DSR(i,tmax) G(i,tmax)

l (i) {pti/g) {vears) (pCi/g) {pC1i/g)

‘Ea~226 S.000E+00 0.000E+00 5.856E+00 5.123E+00 5.856E+00 5.123E+00
.' -
L

—
?'“,
.
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; File: Wash AAR Radium .RAD
! Individual Nuclide Dose Summed Cver All Pathways
L; Parent Nuclide and Branch Fraction Indicated

DOSE(j, t), mrem/yr

"~ clide Parent BRF {4)
t~ 0.CCCE+00 1.000E+00 3.000E+0C 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

{
o) 1)

Ra-226 Ra-226 1.0GCOE+00 2.506E+01 2.836E+01 2.702E+01 2.281E+01 1.404E+01 2.520E+00 2,823E+00 2.173E+00

ro-210 Ra~226 1.000E+00 2,214e~01 5.808E-01 1.205E+00 2.730E+00 3.726£+00 9.971E-01 1.111E+01 8.280E+00

% :F{4) is the branch fraction of the parent nuclide.

—

Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated

(——

BRF (%) S(j.v), pCi/q

iclide Parent
t= 0.GCOE+00 1.00CE+00 3.000E+00 1.000E+0! 3.000E+01 1.000E+02 3.000E+02 1.00Q0E+03

— (1) (L)

i 1-226 Ra-226 1.000E+00 5.000E+00 4.8B85E+00 4.664E+00 3.966E+00 2,.495E+00 4.528E-01 4.78785-03 4.326E-10

o .
Pb~210 Ra-226 1.000E+00 0.0C0E+00 1.501E-01 4.197E~01 1.097E+00 1.662E+00 5.833E-01 6.237E-03 5.640E-10

l RF({i) is the branch fraction of the parent nuclide.

'Y

et

RESCALC.EXE execution time = 1.17 seconds

c r— (—

(—
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5 Ammary : Washington AAR 3000-m3 Resident Gardaner
QFile : Wash AAR Uranium .RAD
l; Dose Conversion Factor (and Related) Parameter Summary
: File: FGR 13 Morbidity
L_ | | Current | | Parameter
iMenu | Pazameter | value |} pDefault | Name
: t } } }
L;-l | pose conversion factors for inhalation, mrem/pCi: | | [
iB~1 | Pb-210+D | 2.320£-02 | 2.3208-02 | DCF2( 1)
'B-1 | Ra-226+D | 8.60CE-03 | 8.600E-03 | DCF2( 2)
I “1 | Th-230 | 3.260E~0L | 3.260E-01 | DCF2( 3)
L;—l | u-234 | 1.3208-01 | 1.320E-01 | DCF2¢{ 4)
{B-1 | U-238+D | 1.180E-01 | 1.180E-01 | CCF2{ 5)
l"_ [ I 1 !
-1 | Dose conversion factors for ingestion, mrem/pCi: | | |
iD-1 | Pb-210+D | 7.270e-03 | 7.270E-03 | DCF3( 1}
In-1 | Ra~226+D | 1.330E-03 | 1.330E-03 | LCF3( 2)
l‘-l | Th~230 | 5.480E-04 | 5.480E-04 | DCF3( 3)
tp-1 | u-23¢ | 2.8308-04 | 2.830E-04 | DCF3( 4)
ip-1 ) u-23g+D | 2.690E-04 | 2.690E-04 | DCF3{ 5)
g | | I l
L_~-34 | Food transfer factors: | | |
§D-34 ] Pb-210+D , plant/soil concentration ratio, dimensionless ] 1.000E-02 | 1.000E-02 |} RTF( 1,1)
~-34 | Pb-2104D , beef/livestock-intake ratie, (pCi/kg)/{pCi/d) | 8.000E-04 | 8.000E-04 | RTF( 1,2)
-34 | Pb-210+D , milk/livestock~intake ratio, (pCi/L)/{(pCi/d) | 3.0008-04 | 3.000E-04 | RTF( 1,3)
7534 | | ! |
’p-34 | Ra=226+D , plant/soil concentration ratio, dimensionless | 4.000E~02 | 4.000E-02 |} RTF( 2,1)
.’ =34 | Pa-226€+D , beef/livestock-intake ratio, (pCi/kg}/(pCi/di | 1.000E-03 | 1.000£-03 | RTF( 2,2}
—=34 | Ra~226+D , milk/livestock-intake ratiec, (pCi/L})/(pCi/d) | 1.000E-03 | 1.000E-03 | RTF( 2,3)
p-34 | ( ! |
[--34 | Th=-230 , plant/soil concentration ratio, dimensionless | 1.0008-03 | 1.000E-03 | RTF( 3,1)
L_-34 | Th=230 , beef/livestock~intake ratio, (pCi/kg)/(pCi/d) | 1.000E-04 | 1.000E-04 | RTF( 3,2)
ép-Bd | Th-230 , milk/livestock-intake ratio, (pCi/L)/{pCi/d) | 5.000E-06 | 5.000E~06 | RTF{ 3,3)
n-34 | ! ! I
-34 | U-234 , plant/soil concentration ratio, dimensionless | 2.500E~03 | 2.500E-03 | RTF( 4,1}
15-34 | v-234 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 3.400E-~04 | 3.400E-D4 | RTF( 4,2)
';'D-Ba } v-233 , milk/livestock-intake ratio, (pCi/L)/{pCi/d) } €.000E-04 | 6.000E-04 | RTF( 4,3)
=-34 i 1 '
_-34 | U-238+D , plant/soil concentration ratio, dimensionless { 2.500E~03 | 2,500E-03 [ RTF( 5,1)
ip-34 | U-238+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 3.400E-04 | 3.400E-04 } RTF( 5,2)
-34 | U-238+D , milk/livestock-intake ratio, (pCi/L)/{(pCi/d) | 6.000E~04 | 6.000E-04 | RTF( 5,3}
B i i |
| Bioaccumulation factors, fresh water, L/kg: | | |
| eb=-210+D , fish | 3.000E+02 | 3.000E+02 | BIOFAC( 1,1)
] Pb=2104D , crustacea and mollusks | 1.000E+02 | 1,000E+02 | BILOFAC( 1,2}
| | | i
} Ra-226+D , fish | 5.000E+01 | S.C00E+01 | BIOFAC{ 2,1)
| Ra=226+D , crustacea and mollusks | 2.500E+02 | 2.5C0E+02 | BIOFAC( 2,2)
| | | |
; | Th-230 , fish | 1.00CE+02 | 1.000E+02 | BIOFAC{ 3,1}
“)-5 | Th-230 , crustacea and mollusks | 5.000E+02 | 5.000E+02 | BIOFAC{ 3,2)
L | | | |
b | v-234 , fish | 1.000E+01 | 1.000E+01 | BIOFAC( 4,1}
n-5 | U-234 , crustacea and mollusks ] 6.000E+01 | 6.000E+01 | BIOFAC{ 4,2}
| | | |
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mary : Washington AAR 3000-m3 Resident Gardener
File : Wash AAR Uranium .RAD
'_ Dose Conversion Factor (and Related) Parameter Summary (continued)

File: FGR 13 Morbidity

| | | Curzent | | Parameter
Menu | Parameter |  value | Cefault | Name
1 1 ] 1
¥ |1 1] ¥
-5 | U~238+D , fish | 1.0002+0! | 1.000E401 | BIOFAC{ 5,1)
‘o-5 | U-238+D , crustacea and mollusks | 6.000E+01 | €.000E+0) | BIOFAC( 5,2)
L 3 L J
L.

|
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File

Version 6.22 T Limit = 0.5 year
washington AAR 3000-m3 Resident Gardener
: Wash AAR Uranium .PAD

11/08/2004 15:04

Page 1

Site-Specific Parameter Summary

i | User | | Used by RESRAD | Parameter
tenu | Parameter | Input | Default | (If different from user input) | Name
— —+ - + :
RO11 | Area of contaminated zone (m**2) | 1.000E+04 | 1.000E+04 | - | AREA
1011 | Thickness of contaminated zone {m) | 3.000E-01 | 2.000E+00 | -— | THICKO
-r0l1 | Length parallel to aquifer flow (m) | 1.000E+02 | 1.00CE+02 | -~ | rczeaQ
RO11 | Basic radiation dose limit (mzem/yr) | 3.000E+01 | 2.50CE+01 | —--a | BROL
011 | Time since placement of material (yr) | 0.000E+00 | 0.000£+00 | —— | 71
_$011 | Times for calculations (yr) | 1.000E+00 § 1.000E+00 | -— | Tt )
ROIl | Times for calculations {yr) | 3.000E+00 | 3.000E+00 | _— 1 Tt 3)
011 | Times for calculations (yr) | 1.000E+01 | 1.000E+01 | - | T4
011 | Times for calculations (yr) | 3.000E+01 | 3.000E+01 } -— ! T 5)
“RO11 | Times for calculations (yr) | 1.000E+02 | 1.000E+02 | - ] Tt 8
RO11 | Times for calculations (yr) | 3.000E+02 | 3.000E402 | ——— 1Tt
011 | Times for calculations (yr) | 1.000E+03 | 1,000E+03 | —— | ¢ 8)
—t011 | Times for calculations (yx) | not used | 0.000E+00 | -—- | Tt 9
RO11 | Times for calculations (yr) | not used | 0.000g+00 | —— | T(10)
| I | | l
_ro12 | Initial principal radionuclide (pCi/g): Pb-210 | 5.000E+D0 |} 0.C00E+00 | -— | sat 1)
R012 | Initial principal radionuclide (pCi/g): Ra-226 | 5.000E+00 | 0.C00E+00 | - | s1( 2)
012 | Initial principal radionuclide (pCi/g): Th-230 | 5.000E+00 | G.CO0E+00 | —— | s1t 3)
W12 | Initial principal radionuclide (pCi/g): U-234 | S5.000E+00 | 0.000E+00 | .- | s1t 4y
—R012 | Initial principal radionuclide (pCi/g): U-238 | $.000E+00 } 0.COOE+00 | —-— | st 5
RO12 | Concentration in grouadwater {pCi/L): Pb-210 | not used | 0.000E+00 |} -— | wi( 1)
1012 | Concentration in groundwater {pCLi/L): Ra=226 | not used | 0.00DE+00 | -—— | wi( 2)
012 | Concentration in groundwater (pCi/L): Th-230 | not used | 0.000£+00 |} -— } Wit
RO12 | :Concentration in groundwater (pCi/L): U-234 | not used | 0.000E+00 | -— | W1( 4)
i 012 | Concentration in groundwater  (pCi/L): U-238 | not used | 0.000E+CO | - | wi¢ 5)
: | | i ] |
TR013 | Cover depth (m) | 0.000E+00 | 0.000E400 | —— | COVERO
’ R013 | Density of cover material (g/cm**3) | not used | 1.500E+00 |} - | DENSCV
| 013 | Cover depth erosion rate (m/yr) ] not used | 1.000E-03 | — | vev
1013 | Density of contaminated zone (g/cm**3) | 1.630E+00 | 1.500E+00 | —— | DENSCz
R0O13 | Contaminated zone erosion rate (m/yr) | 1.000E-03 | 1.000E-03 | -—- | vez
| 013 | Contaminated zone total porosity | 3.000E-01 | 4,000E-01 | -— ] TRCZ
L1013 | Contaminated zone field capacity | 2.000E-01 | 2,000g-01 | -—- | ¥ccz
RO13 | Contaminated zone hydraulic conductivity (m/yr) | 1.000E+01 | 1,000E+01 | —— | Hcez
1013 | Contaminated zone b parameter | 5.300E400 | 5.300E+00 | - | BC2
1013 | Average annual wind speed (m/sec}) | 2.0002+00 | 2.000E+00 | -— )} wino
TRO13 | Humidity in air (g/m*+*3) | not used | 8.000E+00 | -— | HuMID
RO13 | Evapotranspiration coefficient | 5.000E-01 | $.000E-01 | —-— | EVAPTR
1013 | Precipitation (m/yr) | 1.000E400 | 1.000E+00 { -— | PRECIP
\ 1013 | Irrigation (m/yr) | 7.600E-01 | 2.000E-01 |} - } r1
RO13 | Irrigation mode | overhead | overhead | ——— | IDITCH
1013 | Runoff coefficient ] 2.000E-01 | 2.CO0E-01 | -— | RUNOFF
| 1013 | Watershed area for nearby stream or pond (m**2} | 1.000E+06 | 1.000E406 | —— { WAREA
RO13 | Accuracy for water/soil computations | 1.000E-03 | 1.C00E-03 | ——— | £ps
] ! | | |
1014 | Density of saturated zone (g/cm**3) | 1.630E+00 | 1.500E+00 | - | DENSAQ
TRO14 | Saturated zone total porosity | 3.000E-01 | 4.CO0E-O01 | ——- | TpSZ
2014 | Saturated zone effective porosity [ 2.000E-01 | 2.¢00E-01 ) -~ } EPSZ
014 | Saturated zone field capacity | 2.000E-01 | 2.000E-01 | —— | Fesz
014 | Saturated zone hydraulic conductivity (m/yr) | 1.000E+02 } 1.000E+02 | - | uesz
—
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‘Summary : Washington AAR 3000-m3 Resident Gardener

File : Wash AAR Uranium .RAD

L, Site-Specific Parameter Summary (continued)

\ | | User | | Used by RESRAD | Parameter
Lmu | Parameter |  Input | Default | (If different from user input) | Name
; { } ! —+ +
foou | Saturated zone hydraulic gradient | 2.000E-02 | 2.000E-02 | ——- | HGwe
| Ji4 | saturated zone b parameter | not used | 5.300E+00 | -—- | Bsz
%‘8014 | water table drop rate (m/yr) { o.000£+00 | 1.c002-03 | —— ] vwr
RO14 | well pump intake depth (m below water table) | 1.000E+01 | 1.000£+01 | ~—- | pwiBwT
I 314 | Model: Nondispersion {ND) or Mass-Balance (MB) | ¥ | ND | -~ | MopEL
14 | Well pumping rate (m**3/yr) | 2.500E+02 | 2,500E+02 | -—— | uw
P | | | |
)15 | Number of unsaturated zone strata ] 2 1 ] - | us
LJIS | Unsat, zone 1, thickness (m) | 1.000E400 | 4.000E+00 | -— | #)
{RO15 | Unsat. zone 1, soil density (g/cm**3) | 1.630E+00 | 1,5005+00 | - | DENSUZ(1)
2015 | Unsat. zone 1, total porosity | 3.000E-01 [ 4.000E-01 | -—- | TeuzZ (1)
315 | Unsat. zone 1, effective porosity | 2.000E-01 | 2.000E-01 | - | EpUZ (1)
‘7015 | Unsat. zone 1, field capacity | 2.000E-01 | 2,000E-01 | ——— | Feuz(1)
f:?OlS | Unsat. zone 1, soil-specific b parameter | 5.300E+00 | 5.300E+00 | -—- | BUZ(1)
| 015 | unsat. zone 1, hydraulic conductivity {m/yr) ] 1.000E+0r | 1.000E+01 | -— | Heuz(1)
Lo | ! ! |
}RO16 | Distribution coefficients for Pb-210 | | i ]
,,"016 | Contaminated zone (cm**3/g) ] 1.000E+02 | 1,000E+02 | —-— | pewucc( 1)
L016 | Unsaturated zone 1 (cm**3/g) | 1.000E+02 | 1.000E+02 | -—— | penucu( 1,1)
R016 | Saturated zone (cmé*3/q) | 1.000E+02 | 1.000E+02 | - } pcnucs( 1)
016 | Leach rate (/yr) | 0.000E400 | 0.COOE+00 } 1.593E-02 | ALEACH{ 1)
! 016 | Solubility constant | 0.0002+00 | 0.000E+00 | not used | soLusxy 1)
L. I | | | |
';;'ROI.G [ Distribution coefficients for Ra-226 } } ] |
1 016 | Contaminated zone (cm**3/g) | 7.000E+01 | 7.000£+01 | --- | penueer 23
016 | Unsaturated zone 1 (cm**3/q) | 7.000E+01 | 7.000E+01 | -—- | parucu( 2,1)
RO16 | Saturated zone (cm**3/g) } 7.000E+401 | 7.000E+01 | -—- | pcvucs¢ 23
‘?'n_oxs |  Leach rate (/yr) | 0.000E+00 | 0.000E+0C | 2.274E-02 | ALEACH( 2}
| 016 | Solubility constant | 0.000E+00 | 0.0O00E+00 | not used | sowuBk( 2)
L-— i | I ! I
RO16 | Distribution coefficients for Th-230 | | l |
‘ 016 | Contaminated zone (cm**3/g) | 6.000E+04 | &.000E+04 | -— | perucc 3)
(016 | Unsaturated zone 1 {cwm**3/g) ] 6.000E+04 | 6.000E+04 | -— | penucut 3,1)
;3..{1016 | Saturated zone (cm**3/qg) | 6.000E+04 | 6.000E+04 | “=- | paucs( 3)
!"' 016 | Leach rate (/yr) | 0.000E+00 | 0.0005+06 | 2.658E~05 | azeacu( 3)
L{.OIG | Solubility constant | 0.000E+00 | 0.000E+00 | not used | sorusk( 3)
T | | l !
"45016 | Dastribution coefficients for U-234 | | | I
| 016 | Contaminated zone {cm**3/g} | 5.000E+01 | 5.000E+01 | ——— | penucc( 4)
5_1«015 | Unsaturated zone 1 (em**3/g) | 5.0C0E+01 } 5.000E+01 } -— | pcuucuy 4,1)
RO16 | Saturated zone (cm**3/q) | 5.000£401 | 5.000E+01 | -- | pcwucst 4)
| 016 | Leach rate (/yr) | ©.000E+00 | 0.000E+00 | 3.180E-02 | ALEACH( 4)
L_,'cns | Solubility constant | 0.000£+00 | 0.000E+00 { not used | soLuBkt 4)
oo ! | ! |
1 .016 | Distribution coefficients for U-238 | | i I
016 | Contaminated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | --- | cenuce( s)
{R016 | Unsaturated zone 1 {cm**3/g) | 5.000E+01 | 5,0002+01 | - | penucu( s5,1)
"fucus | saturated zone (eme*3/g) | 5.000£+01 | 5.000E+01 | - | peNucst s)
\ 016 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.1B0E-02 | ALEACH( 5)
] Solubility constant | 0.000£+00 | 0.000E+00 | not used | scLuBx( s}
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File : Wash AAR Uranium .PAD
L Site-Specific Parameter Summary (continued)

i 1 | User | { Used by RESRAD | Parameter

L_mu i Parameter | Input | Default | (If different from user input) | Name

; — ; : 3
=117 | Inhalation rate (m**3/yr) | 1.051E+04 | 8.400E+03 | _——- | INHALR
L.ull'l | Mass loading for inhalation (g/m**3) | 2.000E-04 | 1.000E-04 | —— | MLINH
17 | Exposure duration | 3.000E+01 | 3.000E+01 | - | ED
RO17 | Shielding factor, inhalation | 5.000E-01 | 4.000E-0L | ~——— | sur3
L:l? | Shielding factor, external garma | 3.300E-01 | 7.000E-OL | — | skr1
17 | Fraction of time spent indoors | 5.S00E-01 | 5.00CE-O1 |} -— | Fzvp

RO17 | Fraction of time spent outdoors (on site) | 2.100g-0t | 2.500E-01 | —— | rorD
J17 | Shape factor flag, external gamma | 1.0008+00 | 1.000E+00 | >G shows circular AREA, | Fs
317 | Radii of shape factor array (used if FS = -1): | | ] |
R017 | Outer annular radius (m), ring 1: | not used | 5.000E+01 | — | PAD_SHAPE( 1}
©017 | Outer annular radius (m), ring 2: | not used | 7.071E+01 | ——- | RAD_SHAPE{ 2}

I 917 | Outer annular radius (m), ring 3: | not used | 0.000E+00 | -—— | RAD_SHAPE( 3)

017 | Outer annular radius (m), ring 4: | not used | 0.000E+00 | —— | RAD_SHAPE({ 4)
RO17 { Outer annular radius (m), ring S5: | not used | 0.000E+00 | ——- | RAD_SHAPE{ 5)

‘ 017 | Outer annular radius (m), ring 6: | not used | 0.000E+00 | _— | RAD_SHAPE{ 6)

L 017 | Outer annular radius (m), ring 7: | not used | 0.00CE+00 | -— | RAD_SuaPE( 7)
R017 | Outer annular radius (m), ring 8: | not used | 0.000E+00 | - | RAD_SHAPE( 8)

i 017 | Outer annular radius (m}, ring 9: | not used | 0.000E+00 | —— | RAD_SHAPE( 9)

| o17 | Outer annular radius (m), ring 10: | not used | 0.000E+00 | ——— | RAD_SHAPE (10}
R017 { Outer annular radius (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 r | | |

{017 | Fractions of anrular areas within AREA: | | } i
R017 | Ring 1 | not used | 1.000E+00 | -— | FRACA( 1)

} 017 | Ring 2 | not used | 2,732E-01 | — | FRACA( 2)
017 | Ring 3 | not used | 0.000E+00 | ——- | FRACAL 3)
RO17 | Ring 4 | not used | 0.000E+00 | — | FRACA{ 4)

} 2017 | Ring 5 | not used | 0.000E+00 | ——- | FRACA{ S)

| 017 | Ring 6 | not used | 0.000E+GO | ——- | FRACAL 6)

“®017 | Ring 7 | not used | 0.000E+00 | _— | FRACA({ 7)
RO17 | Ring 8 | not used | 0.000E+00 | -— | FRACA( 8)

L-.on | Ring 9 | not used | 0.000E+00 | ~—- | FRACA( 9)
2017 | Ring 10 | not used | 0.00CE+00 | ——— | FRACA(10)
RO17 | Ring 11 | not used | 0.000E+00 | e | FRACA(11)

1 1017 | Ring 12 { not used | 0.000E+00 | -—- | FRACA(12)

R I ! | |
RO18 | Fruits, vegetables and grain consumption (kg/yr) | 1.660E+02 | 1.600E+02 |} -—- | pIET(1)

. %018 | Leafy vegetable consumption {(kg/yr) | 1.100E+401 | 1.400E+01 | -——— | DIET(2)

{ 1018 | Milk consumption (L/yr) ] 1.000£402 | 9.200E401 | -— | DIET(Y)

L'IIOIB | Meat and poultry consumption (kg/yr) | 6.300E+01 | 6.300E+01 | — { DIET(4)

RO18 | Fish consumption (kg/yr) | 5.400E+00 | 5.4002+00 | — | DIET(S)

) 1018 | Other seafood consumption (kg/yr) | 9.000E~01 | $.000E-01 | _— | DIET(6)

L\OIB | Soil ingestion rate (g/yr) | 1.825E401 | 3,650E+01 | -—— { sort
RO18 | Drinking water intake (L/yr) | 7.300E+02 | 5.100E+02 | -— | owr
018 | Contamination fraction of drinking water ] 1.000e+00 | 1.000E+00 | - | fow

L(Ole | Contamination fraction of household water | not used | 1.000E+00 | -— | EHHW
RO18 | Contamination fraction of livestock water | 1.000£+00 | 1.000E+00 | -— | r1w

, 3018 | Contamination fraction of irrigation water | 1.000E+00 | 1.000E+00 | - | FIRW

} 2018 | Contamination fraction of aquatic food | $.000E~01 | 5.000E-01 | — | eR9

ko018 | Contamination fraction of plant food j-1 j-1 | 0.S00E+D0 | FPLANT
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Site-Specific Parameter Summary (continued)

b | User § | Used by RESRAD | Parameter
L_nu | Parameter }  Input | pefault | (If different from user input) | Name
3 { —+ } }
"8 | Contamination fraction of meat |-t |-1 | 0.500E+00 { EMEAT
{ 118 | Contamination fraction of milk j-1 -1 ] 0.500E+00 | FMIzK
~ o | | r r
R019 | Livestock fodder intake for meat (kg/day) | 6.800E+01 { €.800E+0L | -—- | LFI8
s 119 | Livestock fodder intake for milk (kg/day) | 5.50CE+01 | 5.500E+01 f —_— | LFI6
(19 | Livestock water intake for meat (L/day) | $.000B+01 | S.000E+01 | —— | Lw1s
RO19 | Livestock water intake for milk (L/day) { 1.600E+02 | 1.600E+02 | - | w16
i 119 | Livestock soil intake (kg/day) | 5.000E-01 | 5.000E-01 | - | LsI
i_)lQ | Mass loading for foliar deposition (g/m**3) | 1.000E-04 | 1.000E-04 | -— | MLED
R019 | Depth of soil mixing layer (m) | 1.500E-01 | 1.500E-01 | - | oM
©n19 | Depth of roots (m) | 9.000E-01 | 9.000E-01 | - | broor
{ J19 | Drinking water fraction from ground water | 1.000E+00 | 1.000E+00 | -— | FGWDW
“Ro19 | Household water fraction from ground water | not used | 1.000E+00 ] —— } FGwaH
'RO19 | Livestock water fraction from ground water | 1.000E+00 | 1.000E+00 | -— | FowLw
{ 919 | Irrigation fraction from ground water } 1.000E+00 | 1.000E+00 ) - | FGWIR
e | ] | |
R19B | Wet weight crop yield for Non-Leafy {kg/m**2) { 7.000E-01 | 7.000E~01 ] -— | yv()
| 198 | Wet weight crop yield for Leafy {kg/m**2) | 1.500E+00 | 1.500E+00 } - | Yv(2)
) 19B | Wet weight crop yield for Fodder tkg/m**2) | 1.200E+00 |} 1.100E+00 | -— | vi3)
R19B | Growing Season for Non-Leafy (years) | 1.700E-01 | 1.700E-01 | —— | TEC(L)
, R19B | Growing Season for Leafy {years) | 2.500E-01 | 2.500E~01 | -— | TE(2}
! 198 | Growing Season for Fodder (years) | 8.000E-02 | 8.000E-02 | -— | TE(3)
‘w198 | Translocation Factor for Non-Leafy | 1.000E-01 | 1.000E-G1 | - | TIV(L)
RISB | Translocation Factor for Leafy | 1.000E+00 | 1.000E+00 | -—— | TIV(2)
! '19B | Translocation Factor for Fodder | 1.000E+00 | 1.000E+00 | - | TIV(3)
£;19B | Dry Foliar Interception Fraction for Mon-Leafy | 2.S00E-01 | 2.S500E-01 | -~ | rRDRY (1)
R19B | Dry Foliar Interception Fraction for Leafy | 2.500E-01 | 2.500E-01 { - | RDRY(2)
’5198 | Dry Foliar Interception Fraction for Fodder | 2.500E~01 | 2.500E-01 | -—— | RDRY(3)
198 | Wet Foliar Interception Fraction for Non-Leafy | 2.500E-01 | 2.S00E-01 | ——— | RWET(1)
198 | Wet Foliar Interception Fraction for Leafy | 2.500E-01 | 2.500E-01 | -— | RWET(2)
R19B | Wet Foliar Interception Fraction for Fodder | 2.500E-01 | 2.500E-01 | _— | RWET(3)
g 1198 | Weathering Removal Constant for Vegetation ! 2.000E+0) | 2,000E+01 | - | wLAM
(- i | | [ |
€14 | C~12 concentration in water (g/cm**3) | not used | 2.000E-05 | ——— | clawTr
} 14 | C-12 concentration in contaminated soil (g/g) | not used | 3.000E-02 | -— | c12cz
le4 | Fraction of vegetation carbon from soil | not used | 2.000E-02 | - | csoir
€14 | Fraction of vegetation carbon from ajix | not used | 9.800E-01 | — | cAIR
©14 | €-14 evasion layer thickness in soil (m) } not used | 2.00CE-O01 | - | oMe
; 214 | C-14 evasion flux rate from soil (1/sec) ] not used | 7.000E-07 | -— | Evsy
“T14 | €-12 evasion flux rate from soil (1/sec) | not used | 1.000E-10 ] - | rEVSN
Cl14 | Fraction of grain in beef cattle feed ] not used | 8.000E-01 | - | avrG4
314 | Fraction of grain in milk cow feed | not used | 2.000E-01 | -—— | AvFGs
—518 | DCF correction factor for gaseous forms of C14 | not used | B.894E+01 | - | cozr
| i i i |
STOR | Storage times of contaminated foodstuffs {days}: | { ] |
3STOR |  Fruits, non-leafy vegetables, and grain | 1.400E401 | 1.400E+01 | —— | STOR_T(1)
_'STOR | Leafy vegetables | 1.000E+00 | 1.000E+00 | _— | STCR_T(2)
STOR |  Milk | 1.000E+00 | 1.000E+00 | -— | STOR_T(3)
STOR | Meat and poultry | 2.00GE+01 | 2.000E+01 | ——— | sTorR_T(4)
“STOR | Fish } 7.000E+00 | 7.000E400 | - | STOR_T(S)
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File : Wash AAR Uzanium .RAD
!
[ Site~Specific Parameter Summary (continued)
\ | | User | | Used by RESRAD | Parameter
Lgnu | Parameter { Input | Default | (If different from user input) | Name
! { — —- }
STOR | Crustacea and mollusks | 7.000E+00 | 7.000E+00 | -— | STOR_T (6)
| TOR | Well water | 1.060E+00 { 1.000E+00 | — | STOR_T(T)
“SToR |  Surface water | 1.000E+00 | 1.0008+400C | -— | STOR_T (8}
TOR { Livestock fodder { 4.s00s+0L | 4.500E+01 | -—- | STOR_T(9)
b ! | | f
92! | Thickness of building foundation (m) | not used | 1.500E-01 | -— | FLOORL
RO21 | Bulk density of building foundation (g/em**3) { not used | 2.400E+00 { -—- | DEMSFL
} 021 | Total porosity of the cover material | not used | 4.000E-0t { -— | Tecv
LOZI { Total porosity of the building foundation | not used | 1.000E-01 | -—- | TPFL
R021 | Volumetric water content of the cover material | not used | 5.000E-02 { - | pH20CV
R021 | Volumetric water content of the foundation | not used | 3.000E-02 | —-—— | pH20FL
* 021 | Diffusfon coefficient for radon gas (m/sec): | { | i
%021 | in cover material | not used | 2.000E-06 | - | precv
RO2L | in foundation material | not used | 3.0002-07 | —— | pIFFL
{ o2t | in contaminated zone soil | not used | 2.000E-06 |} —— | precz
{_.021 | Radon vertical dimension of mixing (m} | not useda | 2.000E+00 | ~- ] mMIx
RO21 | Average building air exchange rate {1/hr) | not used | 5.000E-01 | -— | REXG
} 7021 | Height of the building (room} (m) | not used | 2.500E+00 | -—— | Hea
Li.on | Building interior area factor | not used | 0.000E+00 | — | Fa1
021 | Building depth below ground surface {(m) | not used |-1,000E400 | ——— ] DMFL
R021 ] Emanating power of Rn-222 gas | not used | 2,500E-01 | — | EMANA[1)
2 1621 | Emanating power of nn-zz? gas | not used |} 1.500E-01 | — | EMANA(2)
- ! | | |
TITL | Number of graphical time points | 32 | — | —- ] ¥p1S
! 'ITL | Maximum number of integration points for dose | 17 | -— | - | LyMax
ITL | Maximum number of integration points for risk | 257 1 — | —- | xnax
3 1 2 L 1
¢
L
Surrnary of Pathway Selections
i
= pathway | User Selection
t
\ 1 -~ external gamma | active
;— 2 -- inhalation (w/o radon) | active
3 -- plant ingestion ] active
’ 4 -- meat ingestion I active
; S -- milk ingestion } active
— 6 -- aquatic foods | active
7 ~- drinking water | active
§ -- s0il ingestion | active
— 9 -- radon | suppressed
Find peak pathway doses | active
£




: Washingten ARR 3000-m3 Resident Gardener
H 'wash AAP. Uzanium JRAD

.

2 SRAD, Version 6.22 T Limit = 0.5 year 11/068/2004 115:04 Page 9
ary
File

{e. Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g

v Area: 10000.00 square meters ?b-210 5.000E+00

L—’rhickness: 0.30 meters Ra-226  5.000E+00

Cover Depth: 0.00 meters Th-230 5.000E+00
y-234 5.000E+00

! -238 5.000E+00

o

[ Total Dose TDOSE(t), mrem/yr

l__ Basic Radiation Dose Limit » 3.000E+0l mrem/yr

Total Mixture Sum M{t) = Fraction of Basic Dose Limit Received at Time (t)

; t (years): O0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3,000E+D2 1.QODE+03
TDOSE{t): 4.249E+01 4.156E+01 3.973E+01 3.392E+01 2.144E+01 6.187E+00 1.679E+01 1.111E+401
M(t): 1.416E+00 1.385E+00 1.324E+00 1.131E+00 7,148E-01 2.0€2E-01 5.598E-01 3.70SE-01

| .

Laaximum TDOSE(t): 4.24%9E+01 mrem/yr at t = 0.000E+00 years

- o

r—
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i
“Stimmary : Washingtor AAR 3000-m3 Resident Gardener
File : Wash AAR Uranium .RAD
[ Total Dose Contributions TDOSE(i,p,t) for Iandividual Radicnuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

t

1
; Water Independent Pathways (Inhalation excludes radon)

. Ground Inhalation Radon Plant Meat Milk Sofl

; adio-

“Tuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yzr fract. rrem/yr fracet. mrem/yr fract. mrem/yr £ract.
\ ©~210 1.147E-02 0.0003 1.956E-02 0.0005 O0.COO0E+00 €.0000 1.047£+01 0.2464 6.511E-01 0.0153 3.€32E-01 0.0086 4.S25E~01 0.01l6
L_a-226 2.051E+01 0.4827 7.640£-03 0.0002 O0.000E+00 C.0000 7.944E+00 0.1870 3.C54E-Q0l 0.0072 4.125E-01 0.0097 9.883E-02 0.0023
Th~230 &.751E-03 0.0002 2.813E-01 0.0066 0.000E+00 0.000C 8.259E-02 0.0019 4.565E-03 0.0001 4.332E-04 C.0000 3.802E-02 0.000%
i =234 7.511E-04 0.0000 1.121E-01 0.0026 0.000E+00 0.0000 1.028E-01 0.0024 B.322E-03 G.0002 2.282E-02 0.0005 1,932E-02 0.0005
} =238 2.790E-01l 0.0066 1.002E-01 0.0024 O0.00CE+0Q0 0.0000 9.771E-02 0.0023 7.911E-03 0.0002 2.169E-02 0.0005 1.836E-02 0.0004
[ S

,Total 2.081E+01 0.4897 5.209E-01 0.0123 0.000E+00 0.0000 1.869E+01 0.4400 9.773E-01 0.0236 8.216E-01 0.0193 6.670E-01 0.0157
N

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
; . As mrem/yr and Fraction of Total Dose At t = (,.000E+00 years
-
Water Dependent Pathways

‘ v 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. nrem/yr fract.
|
L.b-zxo 0.C00E+00 0.00C0 0.000E+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0,0000 O.000E+00 0.0000 1.201E+01 0.2826
Ra-226 0.COOE+0C 0.0000 0.000E+C0 0,0000 0.0002+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O.00CE+00 0.0000 2,928E+01 0.6851
} h-230 0.000E+00 0.0000 0.000E+00 6.0000 0.CCOE+00 0.0000 0.C0CE+00 0.00C0 O0.000E+00 0.0000 0.000E+00 0.0000 4.137E-01 0.0097
14-234 0.000E+00 0.0000 O.000E+00 0,.0000 0.000Z+00 0.0C00 0.0COE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.661E-01 0.0063
U-238 0.000E+00 0.0000 0.0002+00 0.0006 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 5.24%5E-01 0.0124
{ otal 0.000E+00 0.0000 0.000E+00 0.0000 O0.COCE+00 0.0000 O0.000E+00 0.0000 O,000E+00 0.0000 O0.000E+00 0.0000 4.2492+01 1.0000
S

_*Sum of all water independent and dependent pathways.

-
\

[
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SUmmary : Washington AAR 3000-m3 Resident Gardener

File : Wash AAR Uranium .RAD

b Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 1,000E+00 years
!
L_ Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil

)

i dio-

hﬁclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. rrem/yr fract. mrem/yr fract. mrem/yr fract.
} =210 1.095E~02 0.0003 1.666E-02 0.0004 O.CCOE+00 0.0000 G.955E+00 0.23%5 6€.207E-01 0.0149 3.472E-01 0.0084 4.699E-01 0.0113
L_-226 2.004E+01 0.4822 §.052E-03 0.0002 O0.CCOE+00 0.0000 8.GSSE+00 G.1938 3.180E-01 0.0077 4.13SE-01 0.0099 1.113E-01 0.0027
Th~230 1.553E~02 0.0004 2.813E-01 0.0068 O.0COE+00 0.0000 B.576E-02 0.0021 4.697E-C3 0.0001 6.09%E-04 0.0000 3.807E~02 0.0009
\ 234 7.277E-04 0.0000 1.0B€E-Ol 0.0026 0.00CE+00 0.0000 9.927E-02 0.0024 8.062E-03 0.6002 2.210E-02 0.0005 1.871E-02 0,0005
! .238  2,703e~01 C.0065 9.709E-02 0.0023 O0.000E+00 0.0000 9.435E-02 0.0023 7.663E-03 0.0002 2.101E-02 0.0005 1.779E-02 0.0004
Tntal 2.034E+01 0.4893 5.137E-01 0.0124 O0.000E+00 0.0000 1.829E+0l 0.4401 9.591E-01 0.0231 8.044E-01 0.01%94 6.558E-01 0.0158
;

—

B Total Dose Contributions TDOSE(i,p,t} for Individual Radionuclides (i) and Pathways (p)

} As mrem/yr and Fraction of Total Dose At t = 1,.000E+00 years

| -,

Water Dependent Pathways

!

] Water Fish padon Plant Meat Milk All Pathways*
‘E}dio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. Trem/yr fract. mrem/yr fract.
L'b-zzo 0.000E+00 0.0000 0.000E+00 0.0000 O0.0COE+0D 0.0000 (©.COCE+00 0.C000 O.000E+00 0.0000 0.00Q0E+00 0.0000 1.142E+01 0.2748
Ra-226 O.000E+00 0.00C0 0.000E+00 0.0000 0,CO00E+00 0.0000 0.000E+00 0.0000 O©O.000E+00 0.0000 0.000£+00 0.0000 2.894E+0l G.6S65
! h-230 0.000E+00 0.0000 0.000E+00 0.0000 0.0002+00 0.0000 0.000E+00 0.0000 0,000E+00 0.0000 0.000E+GC 0.0000 4.260E-01 0.0103
L;-234 0.000E+00 0.0000 O0.000E+CG 0.0000 Q.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+400 0.0000 2.575£-01 0.0062
U-238 0.000E+00 0.0000 0.000E+00 0.0000 ¢O.C0CE+00 0.0000 O.000E+0C 0.0000 0.0002+00 0.0000 0.000E+00 0.0000 5.082E-01 0.0122
? otal 0.000E+00 0.0000 0.000E+00 0.0000 O.00CE+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 4.156E+01 1.0000
—

*Sum of all water independent and dependent pathways.
]
!
L
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Version 6.22 Th Limit = 0.5 year
§E&mary : Washington AAR 3000-m3 Resident Gardener
File : Wash AAR Uranium .RAD
t
!
- - Total Dcse Contributions TDOSE(i,p,t) for Individual Radionuclides (i} and Pathways (p}
As mrem/yr and Fraction of Total Dose At t = 3.0CCE+00 years
1
L; Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
! dio-
kﬁclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
}i-ZIO 9.963E-03 0.0003 1.695E-02 0.0004 0.C00E+00 0.0000 9.001E+00 0.2265 5.6395E-01 0.0142 3.154E-01 0.0079 4.277e-01 0.0108
Ya=226 1.913E+01 0.4814 8.765E-03 0.0002 0.000E+D0 0.0000 8.212E+00 0.2067 3.382E-01 0.0085 4.133E-0) 0.0104 1.335E-01 0.0034
Th=230 3.249E-02 0.0008 2,.813E-0! 0.0071 O0.000E+00 00,0000 9.221E-C2 0.0023 4.978E-03 0.0001 S.8664E-04 0.0000 3.817E-02 0.0010
} -234 6.B33E-04 0.0000 1.019E-01 0.0026 O.0002+00 0.0000 95.253e-02 0.0023 7.56CE-03 0.0002 2.073E-02 0.0005 1.756E-02 0.0004
1;238 2.536E-01 0.0064 9.111E-02 0.0023 0.000E+00 0.0000 8.795E-02 0.0022 7,186E-03 0.0002 1.570E-02 0.0005 1.669E-02 0.0004
i"*tal 1.942E+01 0.4888 5.001E-01 0.0126 O0.000E+00 0.0000 1.745e+01 0.4400 9.218E-01 0.0232 7.701E-01 0.0194 6.337E-01 0.0159
O
. Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i} and Pathways (p)
k As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years
—
Water Dependent Pathways
)
L- Water Fish Radon Plant Meat Milk All Pathways*
Radio-
Wuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract,
Lrb-210 0.000E+00 0.0000 0.C00E+00 0.0000 0.CO00E+00 0.0000 O0.000E+00 0.000C O0.000E+00 0.00C0 0.000E+00 0.0000 1,033E+01 0.2601
Ra-226 0.000E+4C0 0.0000 0.000E+00 0.00C0 (@.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 2.823E+01 0.7105
! n=230 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0,0000 O.000E+00 0.0000 0.000£+00 0.00C0 0.000£+00 0.06000 4.S01E~01 0.0113
l_}234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00C 0.0000 0.000£+00 0.0000 2,410E-01 0.0061
U-238 0.00CE+00 0.0000 OQ.0COE+00 0.0000 0.000E+C0 0.0000 0.000E+00 0.0000 0.0002+00 0.0000 C.000E+00 0.0000 4.762E-01 0.0120
{ otal 0.000E+00 0.0000 ©.000E+00 0.0000 O0,000E+D0C 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 3.973E+01 1.0000
—
*Sum of all water independent and dependent pathways.
i
—_
}
'
=
:
—
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File  : Wash AAR Uzanium .RAD

;

[ Total Dose Contributions TDOSE(i,p,t) Zor Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At ¢t = 1.000E+0]l years
i
L_ Water Independent Pathways {Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil

! dio~

hﬁclide nmrem/yr fract. nrem/yr fract. rrem/yr £ract. mzem/yr f£ract. mrem/yr fract. mrem/yr fract. mrem/yr fracc.
l ~-210 7.1708-03 0.0002 1.222E-02 0.0004 O0.0002+00 0.0000 6.324E+4CO 0.1664 4,028E~01 0.0Cl19 2,256E-01l 0.C066 3.078E-01 0.0091
=226 1.625E+C1 0.4791 1.035E-02 0.0003 0.000E+G0 C,0000 8,315E+00 0.2451 3.790E~01 0.0112 4.001E-01 0,0118 1.864E-01 0.0055
Th~230 8.5%4E-02 0.0025 2.813E-01 0.0083 0.000E+D0 0.0000 1.149E-01 0.0034 &6.0S57E-03 0.0002 2.187&-03 0.0001 3.866E~02 0.0011
{ '234  5.503e-04 0.0000 B8.160E-02 0.0024 0.000E+00 0.0000 7,232E-02 0.0021 &.037E-03 0.0002 1.656E-02 0.0005 1.406E-02 0.0024
L;238 2,029e-01 0.0060 7.283E-02 0.0021 0.000E+00 0.0000 €.874E-02 0.0020 5.738E~-03 0.0002 1.574E-02 0,.0005 1.336E-02 0.0004
Total  1.655E+01 0.4878 4.564E-0L 0.0135 0.0C0E+00 0.0000 1.490E+01 0.4391 7.996E~01 0.0236 6.602E-01 0.0195 5.603E-01 0.0165
P

A ]

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
! ) As mrem/yr and Fraction of Total Dose At t = 1.000E+0]l years
—
Water Dependent Pathways

)

) Water Fish Radon Plant Meat Milk All Pathways®
Radio-

Nuclide mrem/yr f£ract. mren/yr fract. mrem/yr fract. mzem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Lrb-Zlo 0.00CE+00 ©.0000 O0.00CE+00 0.0000 0,.000E+GCO0 0.C000 O0.COOE+00 0.0000 0.0CO0E+00 0.0000 O©.000E+00 0.0000 7.2B0£+00 0.214€
Ra-226 (©.000E+CO0 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0C00 0.000E+00 0.C000 0.000E+00 0.0000 2.554E+01 0.7530
! h~230 0.000E+00 0.0000 O0.0C0E+00 0,0000 0©0,000E+G0 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.00600 5.290E-01 0.0156
i_}234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.00CE+00 0.0000 0.000E+00 0.0600 1.911E-01 0.0056
U~238 0.000E+00 0.0000 0.000E+00 0.0000 0.000z+00 0.0000 0.000E+00 0.0000 0.000E+00 0,0000 O0.000E+00 0.000C 3.794E-01 G.0112
{_otal 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0.C00E+00 0.0000 0.0C0E+00 0.0000 O0.000E+00 0.0000 3.392+01 1.0000

*Sum of all water

|
{
H
—

\
t
—

independent and dependent pathways.
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Summary : Washington AAR 3000-m3 Resident Cardener
r}" e  : Wash AAR Uranium .RAD
- Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides ({} and Pathways {p)
. As nrem/yr and Fraction of Total Dose At t = 3.000E+0l years

)
— Water Independent Pathways (Inhalation excludes radon)
i Ground Inhalaticn Radon Plant Meat Milk Soil
{_dio-
Nuclide mrem/yr fracet. mrem/yr fract. nmrem/yr fract. mrem/yz fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
-
i_TZIO 2.800E~03 0,0001 4.774E-03 0.0002 0©0,000£E+D0 0.0000 2.29%E+00 0.1072 1,.540E-0! 0.0072 8,650E-02 0.0030 1.202E-01 0.0056
RKa-226 1.019E+01 0.4750 1.031e-02 0.0005 O0.000E+00 0.0000 6.701E+00 0.3125 3.527E-01 0.0164 3.116E-01 0.0145 2.2130E-01 0.0099
Th-230 1.9788-01 0.0082 2.812E-Gl 0.0131 O0.000E+00 0.0000 1.707E-01 C.0080 9.192E-03 0.0004 5.170E-03 0.0002 4.045E-02 0.0018
L—234 3.115E-04 0.0000 4.323E-02 0.0020 O.000E+00 0.0000 3.566E-02 0.0017 3.175E-03 0.0001 B8.716E-03 0.0004 7.446£-03 0.0003

238 1.072E-01 0.0050 3.861E-02 0.0018 O0.000E+00 0.0000 3,388E-02 0.0016 3.017E-03 0.0001 8.286E-03 0.0004 7.072E-03 0.0003
{‘:al 1.049E+0! 0.4894 3.781E-0! 0.0176 0.000E+00 0.0000 9,241r+00 0.4309 5.221E-O01 0.0243 4.203E-01 0.0196 3.882E-01 0.0181
l .
—
| - Total Dose Contributions TDOSE(i,p.t) for Individual Radionuclides (i) and Pathways (p)
[ As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
—

Water Dependent Pathways

}
!
(- Water Fish Radon Plant Meat Milk All Pathways*
Radio-
‘ 1clide wmrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract, nrem/yr fract.
-
Pb~210 O0.CO0OE+00 G.0Q00 0.000E+00 0.0060 0.000E+00 0.0000 O0.000E+32 (.0000 0.000E+Q00 0.0000 O0.000E+00 0.0000 2.€668E+00 0.1244
Ra-226 O©.000E+00 0.0000 0.000E+00 6.0000 0.QCCE+00 0.0000 O.Q00E+00 Q.0000 0.000E+00 0.0060 0.0C0E+00 0.0000 1.778E+01 0.8289
1
i 1~230 0.000E+00 0.0000 G.000E+00 0,0000 0.CO0CE+00 6.0000 0.000E+0C 0.6000 0,000E+00 0.0060 0.000E+00 0.0000 7.04SE-01 0,0329
234 0.000E+00 0.0000 0.000E+00 0.00C0 0.C00E+00 0.0000 0.Q00E+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000 9.853E-02 0.0046
U-238 0.000E+00 0.000C 0.0QCOE+00 0.0000 0.000E+00C 0.0000 0.000E+00 00,0000 0.000E+00 0.0000 0.000E+C0 0.0000 1.980E-01 0.0092
!
L_ptal 0.000E+00 0.0000 0.G00£+00 0.0000 0.000E+00 0.0000 O©0.000E+00 0.0000 O0.000E+00 0.0000 O0.000E+00 0.0000 2.144E+01 1.0000

“sum of all water

L

T

"’

independent and dependent pathways.
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! ISRAD, Version 6.22 Th Limit = 0.5 year
S
Summary : Washington AAR 3000-m3 Resident Gardener
File : Wash AAR Uranium .RAD
— Total Dose Contributions TDCSE(4i,p,t) for Individual Radionuclides (i) and Pathways (p}
As mrem/yr and Fraction of Total Dose At t = 1.C00E+02 years
\
[ water Independent Pathways (Inhalation excludes radon)
: Ground Inhalation Radon Plant Meat Milk Soil
leio-
Nuclide mrem/yr fract. rrem/yr fract. mrem/yr fract, mrem/yr fract. mrem/yr £fract. mrem/yr fract. mrem/yr fract.
\
} »~210 1.040E-04 0.0000 1.777E-04 0.0000 0.C00E+00 0.0000 6.338E-02 0.0102 5.302E~03 0,0009 3.013E-03 0.0005 4.475E-03 0.0007
“%1-226 1.948E+00 0.3149 3.035£-03 0.0065 0.000E+CO 0.0000 1,336E+CO 0.2159 9.182E-02 0.0148 7.134E-02 0.0115 6.720E-02 0.0109
Th~230 3.388E-01 0.0548 2,8072-01 0.0454 0.000E+QC 0.0000 2.140E-01 0.0346 1.43%E-02 £.0023 9.315E-03 0.0015 4.450£-02 0.0072
V=234 1.111E~04 0.0000 4.735%E-03 0.0008 ©.000E+00 0.00C0 2.899E-C3 0.0005 3.376E-04 0.0001 9.239E-04 0.0001 8.144E-04 0.0001
1_7238 1.131E~02 0.0018 4.167E~-03 0.0007 O.000E+00 0.0000 2.709E-03 0.000% 3.178E-04 0.0001 8.767E-04 0.0001 7.634E-04 0.0001
, tal  2.298E+00 0.3715 2.928E-01 0.0473 0.000E+00 0.0000 1.619E+00 0.2616 1.122e~01 0.0181 8.547E-02 0.0138 1.178E-01 0.0190
—
R Total Dose Contributions TDOSE({i,p,t} for Individual Radionuclides (i) and Pathways (p)
{ As mrem/yr and Fraction of Total Dose At t = 1,000E+02 years
—
Water Dependent Pathways
\
L; Water Fish Radon Plant Meat Milk All Pathways*
Radio-
‘"uclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mren/yr fract, mrem/yr fract, mrem/yr fract.
{
“Yb-210 0.00CE+00 0.0000 ©.0C0E400 0.0000 O0.000E+00 0.0000 O0,000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.00G0 7.645E-02 0.0124
Ra-226 2.725E~01 0.0441 1.679e~03 0.0003 O0.00CE+00 0.0000 5,351E-02 0.0086 5.37CE-03 0.0009 7.456E-03 0.0012 3.858E+00 0.6236
’ ne230 1.491E-04 C.0000 8.164E-07 0.0000 0.000E+CO 0.0000 2.898E-05 0.0000 2.824E-06 0.00C0 4.236E-G6 0.0000 9.01%E-01 0.14%8
234 5.517E~01 0,0892 4.081E-04 0.0001 0.000E+00 0.0000 1.084E-01 0.0175 4.186E-03 0.0007 1.220E-02 0.0020 6.867E-01 0.1110
U-238 5.2478-01 0.0848 3.880E-04 0.0001 0.000E+00 0.0000 1.031E-01 0.0167 3.981E-03 0.0006 1l.161E-02 0.0019 6.639E-01 0.1073
!
L_otal 1.349E+00 0.2181 2.476E~03 0.0004 O.000E+00 0.0000 2.651E-01 0.0429 1.354E-02 0.0022 23.127E-02 0.0051 6.187E+00 1.0000
*Sum of all water independent and dependent pathways.
'
!
—
)
}
N
{ -
‘ .
-
'
I
W
:
d
.~
{
.
e



Version 6.22

: 'Wash AAR Uranium .RAD

Th Limitc = 0.5 year
: Washington AAR 3000-m3 Resident Gardener

11/08/2004

15:04 Page

16

Total Dose Contributions TDOSE(i,p,t} for Individual Radionuclides (i) and Pathways (p}

Ground

As mrem/yr and Fraction of Total Dose At t = 3,000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Inhalation

Radon

Plant

Meat

Milk

S0il

mrem/yr fract.

mrem/yr

fract.

mrem/yzr

fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

mrem/yr fract.

0.000E+GD 0.0000
0.000E+Q0 0.0000
0.000E+00 0.0C00
0.000E+00 C.0000
0.000E+00 0.0000

0.000E+00
0.000E+00
0.000E+00
0.0C0E+00
0.0C00E+00

0.0000
0.0000
0.0000
0.0000
0.0000

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

0.0000
0.0000
0.0000
0.0000
0.0000

1.158E-11 0.0000
3.009E-08 0.0000
§.136E-07 0.0000
1.559e-10 0.00CC
1.029e-11 0.0000

1.051E-11 0.0000
2.783E-08 0.0000
4.1182-07 0.0000
1.233e-10 0.0000
6.754E-12 0.0000

2.012E-12
9,597E-09
1.538E~07
4.735E-11
3,.707E-12

0.C000
0.0000
0.0000
0.0000
0.0000

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

0.0000
0.0C00
0.0000
0.0000
0.0000

“Radio~

;“uclide

0.000E+00 0.0000C

0.000E+00

0.0000

Total Dose Contributions TDOSE({i,p.t) for Individual Radionuclides (i) and

Water

0.000E+00

0.0000

5.4398-07 0.0000

4.395e-07 0.0000

As mrem/yr and Fraction of Total Dose At t = 3.000E+D2 years

Fish

Water Dependent Pathways

Radon

Plant

Meat

1.635g-07 0.0000

Pathways (p)

Milk

0.000E+00 0.0000

All Pathways*

mrem/yc

frace.

mrem/yr fract.

mrem/yr

fract.

mrem/yr fract.

mren/yr fract.

mrem/yr fract.

mrem/yr fract.

8.071E-04
1.135E+01
5.614E-01
8.300E-01
7.868E-01

0.0000
D.6760
0.0334
0.04594
0.0470

9.452E-06 0.0000
1.136E-01 0,0068
5.58€6E-03 0.0003
6.281E-04 0.0000
$.835E-04 0.0000

0.000E+00
0.000E+00
0.CO0E+00
0.000E+00
0.000E+00

€.0000
0.0000
0.0000
0.0000
0.0000

1.591E-04 0.0000
2.242E400 0.1335
1.109E-01 0.0066
1.632e-01 0.0097
1.551E-01 0.0092

1.445E-05 0.000C
2,142g-01 0.0128
1.060E-02 0.0006
6.335E-03 0.0004
6.003E-03 0.0004

8.941F-06 0.0000
1.861E-01 0.0111
9.291E-03 0.0006
1.838E-02 0.0011
1.748E-02 0.0010

9.950E-04
1.411E+01 0.8401
6.977E~01 0.0415
1.019E+00 0.0607
9.68GE-01 0.0576

0.0001

1.353E+01

all water

0.8059

1.204E-01 0.0072

0.000E+00

independent and dependent pathways.

0.0000

2.671E+00 0.1591

2.372E-01 0.0141

2,.313E-01 0.0138

1.679E+01 1.0000
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urmary : Wasnhington AAR 3000-m3 Resident Gardener
Fise : Wash AAR Uranium .RAD
!
L_ Total Dose Contributions TbOSE(L,p,C) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years
[
L- Water Independent Pathways (Inhalation excludes radon)
. Ground Inhalation Radon Plant Meat Milk Soil
| adio-
“Ruclide mrem/yr fract. nrem/yr fract. mrem/yr fract. mrem/yr fracc. mrem/yr fract. mrem/yr fract. mrem/yr fract.
! b-210 0.000E+CO 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0000 O0.000E+00 0.0C00 O0.C00E+00 0.0000 ©.000E+00 00,0000 O0.000E+00 0.0000
{_a-226 ©.G00E+00 0.0000 0.00QE+0C C.0000 §.0C0CE+00 0.0000 ©.000=+0C 0.0000 O0.CQCE+00 0.0000 O©.CO0E+00 0.C000 0.COO0E+00 0.0000
Th-230 0.000E+00 0.0000 O0.000E+00 0.C000 0.00QCE+0C 0.000C 0.000E+00 0.0000 O0.0C0E+00 0.0000 0,000E+00 0.06000 (.C000E+00 0.0000
} -234 0.000E+00 0.0000 O0.000E+00 0.C000 0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.C000 0.CCOE+00 0.0000
%'-233 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 O0,.000E+00 0.0000 O0.000E+0C 0.0000 O0.000E+00 0.0000 0.000E+00 0,0000
Total 0.000E+00 0.0000 O0.000E+00 0.0000 0.0C0E+00 0.0000 O,000E+00 0.0000 O0.00Q0E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000
!
1
—
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
| As mrem/yr and Fraction of Total Dose At t = 1,000E+03 years
!
—
Water Dependent Pathways
1. 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.
;
L.b-210 2.947E-13 0.0000 3.452E-15 0.0000 0.000E+00 0.0000 5.808E-14 0.0000 5.278E-15 0.0000 3.265E-15 0.0000 3.648E-13 0.0000
Ra-226 8.411E+400 0.7568 8.415E-02 0.0076 0.000E+00 0.0000 1,661E+00 0.1495 1.587e-01 0.0143 1,.379E-01 0.0124 1.0458+01 0.5405
' h-230 S5.144E-01 0.0463 5.14€E-03 0.0005 O0.000E+00 0.0000 1.016E-01 0.0091 S.707E-03 0.0009 8.432E-03 0.0008 6.392E-01 0.0575
’ -234 1.754E-02 0.0016 1.733E-04 0.0000 0.000E+00 0.0000 3,464E-03 0.0003 3.307E-04 0.0000 2.920E-04 0.0000 2.180E-02 0.0020
U-238 9.046E-05 0.0000 1.999E-07 0.0000 0.0C0E+00 0.0000 1.783E-05 0.0000 8,.578E-07 0.0000 1.933E~-06 0.0000 1.113E-04 0.0000
+
i-otal 8.943E+00 0.8047 8.947e-02 0.0081 0.000E+00 0.0000 1,766E+00 0.158% 1.688E-01 0.0152 1.466E-01 0.0132 1.111E+01 1.0000
.*Sum of all water independent and dependent pathways.
,.
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— Summary : Washington AAR 3000-m3 Resident Gardener
% File  :'wWash AAR Uranium .RAD

Dose/Source Ratics Surmed Over All Pathways
Parent and Progeny Principal Radionuclide Contrabutiocns Indicated

]
]
et
. x
| Parent Product Branch DSRIj,t) (mrem/yr)/(pCi/g)

HT (1) {3) Fraction* t= 0.000E+00 1.CCOE+00 3.CO0CE+00 1.000E+01 3.000E+C1 1.000E+02 3,.000E+02 1.000E+03
|

{

—

Pb~210 PL-210 1.000E+00 2.401E+00 2.284E+00 2.067E+00 1.456E+00 5,335E-01 1.528E-02 1.998E-04 7.296E-14

§R5-226 Ra~226 1.000E+00 5.811E+00 5.673E+00 5.405E+00 4.562E+00 2.808E+00 5.494E-01 S5.871E-01 4.34S5E-01
Ra-226 Pb-210 1.000E+C0 4.428E-02 1.162E-01 2.418E-01 5.460E-01 7.472E-01 2,222E-01 2.235E+00 1.656E+00
_;Ra-226 ZDSR{3j} S.856E+00 5.7892+00 5.647E+00 5.108E+00 3.55SE+00 7.T716E-01 2.622E+00 2.091E+00

“Th-230 Th-230 1.00CE+00 §.149E-02 8.144E-02 8.132E~02 8.092E-02 7.97%E-G2 7,582E-02 3.125E-08 0.000E+CO

Th-230 Ra-226 1.000E+00 1.238E-03 3.719E-03 8.504E-03 2.346E-02 5.387E-02 8,709E-02 2.989E-02 2.65BE-02
h?’I‘h-230 Pb-210 1.000E+00 6.971E-06 4.212E-05 1.980E-04 1.424E-03 7.232E-03 1.746E-02 1.096E-01 1.013E-01
?Th-230 IDSR{3) 8.274E-02 B.520E-02 $.002E-02 1.058E-01 1.4092-01 1.804E-01 1.39%E-01 1.278E-01

—J-234 U-234 1.000E+00 $.323E-02 5.150E~02 4.819E-02 3.822E-02 1.9698-02 1.373E-01 2.033E-01 1.950E-05
;p-234 Th-230 1.000E+00 3.707E-07 1.082E-06 2.432E-06 €.510E-06 1.403E~05 2.065E-05 6.196E-07 2.027E-06

b

“9-234  Ra-226 1.000E+00 3.646E-09 2.556E-08 1.312E-07 1,033E-06 6.025E-06 2.177E-05 9,614E-05 $.427E~04
} 3-238  Pb-210 1.000E+CO 1.657E-11 2.116E-10 2,145E~09 4.428E-08 6.134E-07 5.395E-06 2.973E-04 3,395E-03
U-234  IDSR(3) 5.323E-02 $.150E-02 4.820E-02 3.822E-02 1.5971E-02 1.373E-01 2.037E-01 4.359E-03

; J-238  U-238  1.000E+00  1.050E=-01 1.016E-01 9.524E-02 7.587E-02 3.960E-02 1.327E-01 1.934E-01 1.8S9E-0S
y-238 U-234 1.000E+00  7.504S-08 2.186E-07 4.778E-07 1.137E-06 1.702E-06 3.913E-05 1.733E-04 5.535E-08
U238 Th-230 1.000E+400  3.534E-13 2.381E-12 1.196E-11 9.166E-11 5.103E-10 1.602E-09 3.534E-10 2.570E-09
| 3-238 Ra-226 1.000E+00  2.548E-15 3.833E-14 4.331E-13 9.886E-12 1,559E-10 7.230E-09 3.402E-08 7.562E-07
| s-238  »b-210 1.000E400  ©,B29E-18 2.569E-16 5.530E~-15 3.286E-13 1.270E-11 2.211E-08 1.008E-07 2.812E-06
%-238  EDSR(Y) 1.050E-01 1.016£-01 9.524E~02 7.587E-02 3.961E-02 1.328E-01 1.536E-01 2.22SE-05

‘Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF({j) = BRF(1)*BRF(2)* ... BRF(J).

&?; Single Radionuclide Soil Guidelines G(i,t) in pCi/g
! Basic Radiation Dose Lirit = 3,000E+01 mrem/yr

L_uclide
N EY t= 0,000E+00 1.0COE+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3,.000E+02 1.000E+03

2
-

‘ 2-210 1.299E+01  1.313E+01 1.451E+01  2.061E+01 5.623E+01 1.962E+03 1.502E+05 *7,631E+13
L‘F'a-226 $.123E+00 5,182E+00 S5.313E+00 S5.873E+00 8.438E+00 3.888E+01 1.063E+01 1.435E+01

&h-230 3.626E402  3.521E+02  3.332E+02 2.835E+402 2.126E+02 1.663E+02 2.150E+02 2.347E+02
‘ -234 5.636E+02 5.826E+02 6.225E+402  7.849E+02 1.522E+63  2.184E+402 1.473E+02 6.882E+03

L,}238 2.858E+02 2.952E+02  3.1S0E+02  3.954E+02  7.575E+02 2.259E+02 1.550E+02 *3.360E+0S

3

1'\t specific activity limit
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ary : Washington AAR 3000-m3 Resident Gardener
File : Wash AAR Uranium ,PAD
i
— Summed Dose/Source Ratios DSR{i,t) in imrem/yr)/{pCi/qg)
and Single Radiconuclide Soil Guidelines G{i,t) in pCi/g
' at tmin = time of minimum single radionuclide soil guideline
] and at tmax = time of maximum total dose = 0.000E+(00 years
|“ucl1de Initial tmin DSR{{, tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)
i_ 1) (pCisyg) (years) {pCi/g) (pCi/g)
Pb-210 5.000E+00 0.000E+00 2.401E+400 1.245E401 2.401E+00 1.249E+01
a-226 5.000E+00 0.000E+00 5.856E+00 S5.123E+00 S.856E+400 5,123£+00
—h-230 5.000E+C0O 192.3 ¢t 0.4 1.953E~01 1.505E+02 8.274E-02 3,626E+02
U-234 5.CO00E+GO 767 & 2 2.C61E-01 1,456E+02 5,323E-02 5.636E+02
y -238 5.C00E+00 767 t 2 1.938E-01 1.547E+02 1.050E-01 2.858E+02
b
]
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ISRAD, Version 6.22 T% Limit = 0.5 year
?ﬁhmna:y : Washington AAR 3000-m3 Resident Gardener

File : Wash AAR Uranium

;
L

L_)clide Parent  BRE({i})

-RAD

11/08/2004

15:04 Page 20

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

COSE({},t), mrem/yz

|

L

[
{

(S

(3 (1) t= 0.0C0E+00 1.0COE+CO 3.000E+00 1.000E+01 3.00GE+01 1.000E+02 3.0C0E+02 1.0COE+03

-
>~210 Pb-210 1.000E+00 1.201E401 1.142E+01 1.033E+01 7.280E+00 2.668E+00 7.645E~02 9.990E-04 3.648E~-13
Pb-210 Ra-226 1.000E+0C 2.214E-01 5.8C82-01 1.2092+00 2.730E+00 3.736E+C0 1.111E+00 1.117E+01 8.280E+00
,Pb—ZIO Th-23C 1.000E+00 3.48€E-05 2.106E-04 9.899E-04 7.121E~03 3.616E-02 8.728E-02 5.482E-01 5.063g-01
- >-210 U-234 1.000E+00 §.26SE~11 1.058E-09 1.072E~08 2.214E-07 3.067E~06 2.697E-05 1.486E-C3 1.658E~02
Lro-ZIO U-238 1.000E+00 4.914E-17 1.285E~15 2.765E-14 1.643E-12 €.348E-11 1.105E-07 5.041E-07 1.406E-05
Pb-210 3XDOSE()) 1.223+01 1.200E+01 1.154E+01 1.002E+01 6.440E+00 1.27SE+00 1.172E+01 8.804E+00
1_3-226 Ra-226 1.000E+00 2.906E+01 2,836E+01 2.702E+01 2.281E+01 1.404E+01 2.747E+00 2.936E+00 2.173E+00
Ra-226 Th-230 1.000E+00 6.190E-03 1,.859E-02 4.252E-02 1.173E-01 2.694E-01 4.355E-01 1.495E-01 1.329g-01
."21-226 U-234 1.000E+00 1.823E-08 1.278E-07 €.562E-07 5.163E-06 3.013E~-05 1.089E-04 4.807E-04 4.714E-D3
1-226 U-238 1.000E+00 1.274E~14 1.91€E-13 2.165E~12 4.943E-11 7.794E-10 3.615E-08 1.701E-07 3.981E-06
Lﬁb-zze LDOSE(3) 2.906E+01 2.838E+4C1 2.707E+01 2.293E+01 1.431E£+401 3.183E+00 3.086E+00 2.310E+00
i n=-230 Th-230 1.000E+00 4,075E-01 4.072E-01 4.066E-01 4.046E-01 3.989E-01 3,791E-01 1.563E-07 0.000E+00
—1-230 U-234 1.00CE+00Q 1.854E-06 5,.409E-06 1.216E-05 3.255E-05 7.016E-05 1.033E-04 3.098E-06 1,014£-C5
Th-230 U-238 1.000E+00 1.767E~12 1,190E-11 5.979E-11 4.583E-10 2.552E~09 8,.009E-09 1.767E-09 1.285E-08
! n-230 FDOSE(3) 4,075e-01 4.072E-01 4.066E-01 4.047E-01 3.990E-01 3.792E-01 3.256€E-06 1.015E-05
U-234 U-234 1.000E+00 2.661£-01 2,575E~01 2.410E-01 1.811E-01 9.843E-02 6.865E-01 1.017E+00 9.7S0E-05
n-234 U-238 1.000E+00 3.752E-07 1.093E-06 2.389E~06 S.686E-06 8.511E-06 1.956E-04 8.664E-04 2,770E-07
=234 §DOSE()) 2.661E-01 2,575E-01 2.410E-01 1,811E-01 9.844E-02 6.867E-01 1.017E+00 5.778E~05
y-238 U-238 1.000E+00 5.249E-01 5.082E-01 4.762E-01 3.794E-01 1.980E-01 6.637E-01 9.671E-01 9.294E-05

X

— — r— r—

(—

("

L_AF(i) is the branch fraction of the parent nuclide.
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“—Summary : Washington AAR 3000-m3 Resident Gardener

File  : Wash AAR Uranium .RAD

L_ Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated

uclide Parent  BRF(i) S(j.t), pCi/g
(3) (1) t= 0.000E+00 1.000E+00 3.0CO0E+00 1.000E+01 3.000E+01 1,000E+02 3.000E+02 1.000E+03

'
L_;b-ZlO Pb-210 1.000E+00 5.000E+CO 4.770E+00 4.342E+00 3.125E+00 1.220E+00 4.543E-02 3.751E-06 1.519E-20

£-210 Ra-226 1.000E+00 0.000E+00 1.501E-01 4,197E-01 1.097E+00 1.662E+00 5.833E-01 6.237E-03 5.640E-10
Pb-210 Th-230 1.0Q00E+GC 0.000E+CO 3,28SE-05 2.825E-04 2.676E~03 1.564E~02 5.025E-02 6.118E-02 5,979E-02
l_jb-ZlO U-234 1.000E+00 0.0005#00'9.847E-11 2.527E-09 7.850E-08 1.303E-06 1.066E-05 1,726E~05 1.694E-05
'b-210 U-238 1.000=+00 0.000E+00 6.970E-17 5.352E-15 5.489E~13 2.646E-11 6.1C07E~-1C 1.521E-C9 1.512E-09
Pb-21C EFS(3): 5.000E+00 4.920£+00 4.762E+00 4.224E+00 2.898E+00 6.790E-01 6.744E-02 5.980E-02

1a-226 Ra-226 1.000E+00 5.000E+00 4.885E+00 4.664E+00 3.966E+C0 2,495E+00 4.928E-01 4.787E-03 4.326E-10
—ia-226 Th-230 1.000E+00 0.0COE+00 2,141E-03 6.277E-03 1.933E-02 4.681E~02 8.407E-02 9.254E-02 9.03SE-02
Ra-226 U-234 1.000E+00 0.000E+00 9.573E-09 8.307E-08 8§.134E-07 5.168E-06 1.977E-05 2.616E-05 2.5€0E-05
a-226 U-238 1,000E+00 0.000E+00 9.015E-15 2.331E~13 7.428E-12 1.318E-10 1.271E-09 2.318E-09 2.284E-09
—nra=-226 TS{j): 5.000E+00 4.888E+00 4.671E+00 3.98SE+00 2.542E+00 S.769E-0l 9.736E-02 9.038E-02

'h-230 Th-230 1.000E+00 5.000E+00 5.000E+00 4.999E+00 4.998E+00 4.995E+00 4.982E+00 4.947E+00 4.825E+00
| 'h-230 U-234 1.000E+00 0.000E+00 4.430E-05 1.288E-04 3.855E-04 8.696E-04 1.353E-03 1.401E-03 1.367E-03
Th-230 U-238 1.000E+00 0.000E+00 €6.246E~11 S5.389E~10 5.175E-09 3.119E-08 1.040E-07 1.250E-07 1.22CE~07
~h-230 $S(3): 5.000E+00 5.000E+00 5.000E+00 4.99SE+00 4.996E+0Q0 4.984E+00 4.948E+00 4.827E+00

TU-234  U-234 1.000E+00 5.000E+00 4.843E+00 4.54S5SE+00 3.63BE+00 1.92€E+00 2.078E-01 3.58BE-04 7.675E-14
U-234 U-238 1.000E+00 0.000E+00 1.373E-05 3.865E-~0S5 1.031E-04 1.638E-04 5.891E~05 3.053E-07 2.17%E-16
=234 TS(i): $.000E+00 4.843E+00 4.54SE+00 3.€38E+00 1.926E+00 2.078E-01 3.591E-04 7.6%97E~14

U-238 U-228 1.000E+00 5.000E+00 4.843E+00 4.545E+00 3.638E+00 1.926E+00 2.078E-01 3.591E-04 7.€97E-14

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

°ESCALC.EXE execution time = 23.15 seconds




