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Executive Summary

Radiological contamination was identified in surface soil in the perimeter area of the
former HWMF (near Brookhaven Avenue) in 2005, referred to herein as the former
HWMF Perimeter Area. Additional investigation identified radiological contamination
within an area of 18,750 ft* (1,750 m?) north of Brookhaven Avenue, referred to herein as
the contiguous area, as well as in eleven discrete locations within wooded arcas adjacent
to the northeastern, northwestern, and southeastern corners of the former HWMF
boundaries. The contamination is believed to be a result of historical operations
associated with the transfer of wastes to the former HWMF and historical stormwater
runoff from contaminated soils within the facility.

The cleanup of the former HWMF Perimeter Area was performed as a non-time-critical
removal action authorized by the Final Action Memorandum, Removal Action for
Contaminated Soil from the Former Hazardous Waste Management Facility Perimeter
Area (June, 2009). The cleanup of this area used the same cleanup goals and
methodology required for radiologically contaminated soils in the Operable Unit (OU) I
Record of Decision (ROD).

The soil cleanup objectives for radiological contamination were based on a dose, from
remaining concentrations of all radionuclides present, of less than or equal to 15 millirem
per year (mrem/year) above background to a resident (non-farmer) after 50 years of
institutional control.

Soil remediation activities for the former HWMF Perimeter Area commenced in June,
2009 and were completed in November, 2009. The following summarizes the as-left
conditions at the former HWMF Perimeter Area and how they satisfy the requirements of
the OU [ ROD:

e The average Cs-137 and Ra-226 concentrations within the contiguous area
following remediation are 4.38 picocurie per gram (pCi/g) and 0.65 pCi/g,
respectively. Sr-90 concentrations were below laboratory detection limits (1.1
PCi/g). The as-left average concentrations are well below the site cleanup goals
(Cs-137=23 pCi/g, Sr-90=15 pCi/g and Ra-226=5pCi/g). The maximum
concentrations for the contiguous area survey unit were as follows: 11.0 pCi/g Cs-
137, <1.1 pCi/g Sr-90, and 0.76 pCi/g Ra-226.

e The as-left concentrations for discrete areas that were located outside of the
contiguous area but within the scope of this project were below the site cleanup
goals. The maximum concentrations for discrete areas were as follows: 15.10
pCi/g Cs-137, <1.1 pCi/g Sr-90, and 0.593 Ra-226.

e Chemical results for soil samples analyzed for mercury and lead also indicated
that residual soil concentrations for these contaminants are within the respective
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cleanup goals, i.e., 400 mg/kg for lead and 1.84 mg/kg for mercury. Soil sample
results from the contiguous area and discrete areas ranged from 9.86 mg/kg to
13.0 mg/kg for lead and were below laboratory detection limits for mercury.

e The maximum projected dose to a resident (non-famer) after 50 years of
institutional controls is 5.6 millirem/yr. The maximum projected dose to an
industrial worker with no decay time is 3.1 millirem/yr. The results of the dose
assessment are below the dose objective of 15 millirem/yr and the New York
State Department of Environmental Conservation ALARA goal of 10 millirem/yr
established in the Action Memorandum.

o Site restoration was completed at the former HWMF Perimeter Area in December
2009. Restoration included backfilling with topsoil, re-grading, and reseeding the
site with Long Island native grasses.

The former HWMF Perimeter Area meets all the completion requirements as specified in
Office of Solid Waste and Emergency Response (OSWER) Directive 9320.2-09-A-P,
Closeout Procedures for National Priorities List Sites. Post remediation operation and
maintenance activities at the former HWMF Perimeter Area will be performed by BNL’s
Groundwater Protection (formerly Long Term Response Action) Group to ensure that
land uses remain protective of public health and the environment. These activities will
include institutional controls (land use controls, notifications and restrictions, work
planning controls such as digging permits, and government ownership). The topsoil
cover, placed during site restoration to bring the site back to original grades.

The ARRA-funded portion of the cleanup was completed in December 2009. Additional

areas of contamination were found in the vicinity of the Former HWMF perimeter area.
The characterization of these areas is currently in progress.

1l
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URS URS Corporation

USC United States Code

WAC Waste Acceptance Criteria

WCS Waste Confirmation Sample

WLA Waste Loading Area

wP Work Procedure
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1.0 INTRODUCTION
1.1V Purpose

The purpose of this completion report is to document remedial activities completed at the
former Hazardous Waste Management Facility (HWMF) Perimeter Area, Brookhaven
National Laboratory (BNL), performed with funding under the American Recovery and
Reinvestment Act (ARRA) and in accordance with Closeout Procedures at National
Priority List Sites, OSWER Directive 9320.2-094-P (EPA, 2000a). Activities include:

e The excavation of contaminated soil above site cleanup goals;

e The results of the final status survey (FSS) and sampling, including Oak Ridge
Institute for Science and Education (ORISE) independent verification survey
(IVS) and sampling results;

e The post closure dose assessment in accordance with the Residual Radioactivity
Computer Code (RESRAD);

e The characterization and disposal of soil and debris at Energy Solutions Disposal
Facility of Clive, Utah; and

e Site restoration.

Remedial activities at the former HWMF Perimeter Area were performed by BNL’s
Environmental Restoration Projects (ERP), ERP seconded and task order subcontractors,
Brookhaven Science Associates (BSA) Radiological Control Division (RCD) and
Environmental Protection Division (EPD) personnel. Verification radiological surveys
and sampling were performed by the Oak Ridge Institute for Science and Education
(ORISE).

Work was performed in accordance with the Operable Unit (OU) I Record of Decision
(ROD) and the Final Action Memorandum, Removal Action for Contaminated Soil from
the Former Hazardous Waste Management Facility Perimeter Area (June, 2009). The
final status survey (FSS) was performed in accordance with the Former Hazardous Waste
Management Facility Perimeter Area Field Sampling Plan (BNL, June 2009). This
remedial work is identified throughout this document as the Former HWMF Perimeter
Area Project.

The scope of work for the Former HWMF Perimeter Area Project included the following:

o Remove radiologically contaminated soils above prescribed cleanup goals as
identified in “Investigation and Characterization of the Brookhaven Avenue Cs-
137 Contamination” (BNL, 2007);

e Package, transport, and dispose of radiologically and chemically contaminated
soils and debris at an off-site permitted facility;

e Collect and analyze discrete area endpoint samples to ensure cleanup goals have
been achieved;
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e Perform Final Status Survey;
e Perform site restoration; and
e Prepare a dose assessment and a completion report.

1.2 Site Description and Operational History

BNL site is located in Suffolk County, New York, and is comprised of approximately
5,320 acres. Approximately 1,650 acres are developed. The U.S. Army occupied the
BNL site, formerly Camp Upton, during World Wars I and 1I. Between the wars, the
Civilian Conservation Corps operated the site. It was transferred to the Atomic Energy
Commission in 1947, to the Energy Research and Development Administration in 1975,
and to the U.S. DOE in 1977. A map illustrating the location of the BNL site is
presented as Figure 1-1.

Area of detail: Long Island A N
Queens AN ; _*_

Brooklyn
Figure 1-1. Location of Brookhaven National Laboratory

The former HWMF, which comprises about 12 acres, is located in the southeastern
portion of the BNL site (Figure 1-2). It was used from the 1940s to 1997 as the central
receiving facility for processing, limited treatment (neutralization), and storage of
radioactive waste, hazardous waste, and mixed waste generated at BNL. The former
HWMF operated as a Resource Conservation and Recovery Act (RCRA) permitted
facility from 1992 until it underwent RCRA closure in 1998. As a result of several spills
of hazardous and radioactive materials during operations at the former HWMEF, the soils
became contaminated with levels of cesium-137 (Cs-137), strontium-90 (Sr-90), mercury,
and lead. Remediation of the former HWMF was completed in September, 2005, as
documented by Former Hazardous Waste Management Facility Soil Remediation
Closeout Report (Envirocon, September 2005).
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Figure 1- 2 Former HWMF Location

In 2005, approximately two acres were segregated from the former HWMF and were
designated as the Waste Loading Area (WLA). The remediation of the WLA soils was
completed in 2008, as documented by High Flux Beam Reactor Waste Loading Area
Area of Concern 31 Soil Remediation Completion Report, (BNL, June 2009). The WLA
has been designated as a staging area for loading bulk waste into railcars from the Former
HWMEF, Building 811 and Brookhaven Graphite Research Reactor (BGRR) Projects.

Radiological contamination was identified in surface soil in the perimeter area of the
former HWMF (near Brookhaven Avenue) as the result of a radiological walkover survey
that was performed in 2005. The contamination is believed to be a result of historical
operations associated with the transfer of wastes to the former HWMF and historical
stormwater runoff from contaminated soils within the facility.  Additional site
investigations relative to the former HWMF Perimeter Area (/nvestigation and
Characterization of the Brookhaven Avenue Cs-137 Contamination, BNL, 2007), as well
as the extent of soil contamination and site cleanup criteria are discussed in subsequent
sections of this report.

1.3 Regulatory and Enforcement History

In 1980, the BNL site was placed on New York State’s Department of Environmental
Conservation (NYSDEC) list of Inactive Hazardous Waste Sites. On December 21,
1989, the BNL site was included on the U.S. Environmental Protection Agency (EPA)
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National Priorities List because of soil and groundwater contamination that resulted from
BNL's past operations. Subsequently, the EPA, NYSDEC, and DOE entered into a
Federal Facilities Agreement (herein referred to as the Interagency Agreement; [IAG])
that became effective in May 1992 (Administrative Docket Number: [I-CERCLA-FFA-
00201) to coordinate the cleanup.

The IAG identified AOCs that were grouped into OUs to be evaluated for response
actions. The IAG required a Remedial Investigation/Feasibility Study (RI/FS) for OU 1,
pursuant to 42 United States Code (USC) 9601 et. seq., to meet Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) requirements. OU
I consists of areas of soil contamination at the BNL site where waste was historically
managed or disposed, including the former HWMF. The OUs and AOCs identified by
the TAG are discussed further in Sections 1.6 and 2.0.

Upon completion and review of the results of a Remedial Investigation (RI) and
Feasibility Study (FS) for OU I, the OU I Record of Decision (ROD) was signed in
August, 1999. The OU I ROD specified the excavation and off-site disposal of
radiologically and chemically contaminated soils.

The decision to complete the removal of radiologically contaminated soil from the former
HWMEF Perimeter Area Project was documented by the Final Action Memorandum,
Removal Action for Contaminated Soil from the Former Hazardous Waste Management
Facility Perimeter Area (June, 2009). The memorandum specified that the residential
cleanup goals for radiologically contaminated soils in the OU [ ROD be used for the
former HWMF Perimeter Area Project.

1.4 Site Investigation

A radiological walkover survey performed in 2005 identified contamination the former
HWMEF Perimeter Area surface soils. Additional investigation and characterization of the
former HWMF Perimeter Area was performed in 2007: [Investigation and
Characterization of the Brookhaven Avenue Cs-137 Contamination (BNL, 2007). The
investigation identified Cs-137 contamination in the former HWMF Perimeter Area
surface soils, specifically in areas north/northeast and east of the former HWMEF, as well
as to the west along Brookhaven Avenue. Surface soil (0-6”) concentrations ranged
from near background to 43 pCi/g in the contiguous area, while localized areas of
contamination, referred to herein as discrete areas, ranged from 2.8 pCi/g to 322 pCi/g.
Concentrations of Cs-137 were not detected above site cleanup criteria in deeper soil
sample intervals (>6”). The locations of Cs-137 identified within the former HWMF
Perimeter Area are illustrated by Figure 1-3.
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Figure 1-3 Locations of Cs-137 contamination detected during 2007 investigation at the

former HWMF Perimeter Area
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1.5 Previous Remedial Activities

Limited excavation of several areas within the former HWMEF Perimeter Area with Cs-
137 concentrations exceeding cleanup goals was performed between August and
September, 2008. Discrete areas I, K, T, U, and W were remediated or partially
remediated.

1.6 BNL Operable Units

As part of remedial efforts at BNL, 30 AOCs were identified and grouped into seven
OUs. The seven OUs were subsequently reduced to six OUs as a result of combining OU
II and OU VII. The former HWMF was designated as AOC 1 within OU 1. In February
2009, AOC 31, comprising the HFBR complex and the WL A, was established.

This report documents completion of the remedial action for the former HWMF
Perimeter Area, which is outside of the boundaries of both AOC 1 and AOC 31. As
described in Section 2.1, the cleanup goals established in the OU I ROD were used for
the Former HWMF Perimeter Area Project.



Final Completion Report — Former HWMF Perimeter Area Soil Remediation, April 2010

2.0 OPERABLE UNIT BACKGROUND
2.1 Site Cleanup Criteria

The radiological contaminants of concern for the former HWMF Perimeter Area are the
same as those for OU I radiologically contaminated soils: Cs-137, Ra-226, and Sr-90.
The cleanup goals for specific radionuclides were calculated using RESRAD, but a
residential scenario is considered for the former HWMF Perimeter Area Project, while an
industrial scenario was used for the former HWMF and the WLA. The dose limit used
was 15 millirem per year (mrem/yr) above background (OSWER Directive 9200.4-1.,
EPA, 1997), residential land use with 50 years of institutional control by the DOE, and
industrial land use with no decay time (0 years). In addition, the NYSDEC cleanup
guideline of 10 mrem/yr, from Technical Administrative Guidance Memorandum
(TAGM) 4003, was adopted as an ALARA goal. The primary radiological isotope
present at the site was Cs-137; its cleanup goal established in the OU I ROD is 23 pCi/g,
and this value was used for the former HWMF Perimeter Area as documented in the
Action Memorandum (AM).

The potential for radiologically contaminated soil to impact groundwater was also
considered. A soil cleanup goal of 15 pCi/g was calculated for Sr-90, based on its
potential to impact the groundwater. The goal also protects both residential and industrial
uses. A cleanup goal of 5 pCi/g was selected for Radium-226 (Ra-226) based on DOE
Order 5400.5, Radiation Protection of the Environment and the Public.

The chemical contaminants of concern for the former HWMF Perimeter Area are the
same as those at the former HWMEF: mercury and lead. The cleanup goal established for
mercury is 1.84 mg/kg, based on the EPA’s soil screening level guidance (OSWER
Directive 9355.4-23) for protecting groundwater and residential use. A cleanup goal of
400 mg/kg for lead was also chosen based on the EPA’s soil screening level guidance;
this level is protective of residential use. The cleanup goals for these chemical
contaminants were developed for the Former HWMF Soils Removal Project and applied
to the former HWMF Perimeter Area as documented in the AM.

Radionuclides and chemical contaminants of concern for the former HWMF Perimeter
Area are listed in Table 2-1.
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Table 2-1

Radionuclides and Chemical Contaminants of Concern in the Former HWMF

Perimeter Area

Radionuclides of Cleanup Value Source of Cleanup Goal
Concern (pCi/g) Value
Cs-137 23 OU [ ROD (BNL, 2009)
Sr-90 15 OU [ ROD (BNL, 2009)
OU I ROD (BNL, 2009) and
Ra-226 5 DOE 5400.5
H-3 9.6 E+15* CDM 1996, Table 6.2-10
Co-60 1,100 CDM 1996, Table 6.2-10
U-235 11 CDM 1996, Table 6.2-10
U-238 9 CDM 1999, Table 1-3
Pu-238 65 CDM 1996, Table 6.2
Pu-239/, Pu-240 40 CDM 1996, Table 6.2
Am-241 39 CDM 1996, Table 6.2-10
Chemical Source of Cleanup Goal
Contaminant Soil Cleanup Level (mg/kg) Value
Mercury 1.84 OUl ROD (BNL, 1999)
Lead 400 OUI ROD (BNL, 1999)

* The value of 9.6E+15 is listed for tritium in the RESRAD output; however, the value of 424 pCi/g would
be used if tritium is detected in soils. The value of 424 pCi/g is based on the conservative assumptions of a
residential scenario and 0 years decay.

2.2 Design Criteria

Technical specifications and design criteria for the former HWMF Perimeter Area Project
were established in the Final Action Memorandum, Removal Action for Contaminated
Soil from the Former Hazardous Waste Management Facility Perimeter Area, June 2009
and the Field Sampling Plan for the Former Hazardous Waste Management Facility
Perimeter Area, August 2009. '

The remedial design included:

e A plan and process for ensuring the total exposure from all radioisotopes does not
exceed 15 mrem/yr above background following the 50-year period for
institutional control for the site;

e Methods to reduce waste volumes that require offsite disposal;

e Establishing a correlation of concentrations to counts per minute (cpm) to be used
in guiding excavation activities, and

e An approach for post-remediation sampling to confirm that cleanup goals have
been achieved.
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2.3 Community Relations Activities

2.3.1 BNL Community Relations

The BNL Community Involvement Plan was published April 15, 1999. It is
supplemented by project-specific plans. In the case of the HFBR, a Communications Plan
for the Regulatory Decision-Making Process for Decommissioning the High Flux Beam
Reactor was developed. In accordance with these two plans and CERCLA Sections 113
(k)(2)(B)(i-v) and 117, the Community Relations Program focuses on informing and
involving the public in the decision-making process to ensure that the views of the
internal and external stakeholder communities are considered. A variety of activities are
used to provide information and to seek public participation, including distribution of
materials to a stakeholders” mailing list; holding community meetings, information
sessions, tours, and workshops; and preparing and distributing fact sheets. The
Administrative Record, which documents the basis for removal and remedial actions, was
established and is maintained at the libraries listed below:

Brookhaven National Laboratory
Research Library

Bldg. 477A

Upton, NY 11973
631-344-3483 or 631-344-3489

Stony Brook University

Melville Library

Special Collections and University Archives
Room E-2320

Stony Brook, NY 11794

Phone: (631) 632-7119

U.S. EPA - Region II
Records Room

290 Broadway, 18th Floor
New York, New York 10007
212-637-4308

2.3.2 Community Involvement

After radiological contamination was identified in the Former HWMF Perimeter Area

soils, the BNL Community Advisory Council (CAC) was briefed on February 9, 2006.
The cleanup of the soils using ARRA funds was discussed with the CAC on April 15,

2009 and November 12, 2009.

The cleanup of the soils was performed using the OU I cleanup goals and methodology as
specified in the Final Action Memorandum, Removal Action for Contaminated Soil from
the Former Hazardous Waste Management Facility Perimeter Area.



Final Completion Report — Former HWMF Perimeter Area Soil Remediation, April 2010

3.0 CONSTRUCTION ACTIVITIES

All pre-construction tasks were completed prior to beginning cleanup activities, including
equipment mobilization, radiological walkover surveys, site inspections, excavation area
mark-outs, silt fence installation, and securing the general work area.

As noted in Section 1.2, radiological contamination identified in surface soil in the
former HWMF Perimeter Area is believed to be a result of historical operations
associated with the transfer of wastes to the former HWMF and historical runoft from
contaminated soils within the facility. The objective of the former HWMF Perimeter
Area Project was to safely characterize, remediate, and dispose of radiologically and
chemically contaminated soil in accordance with the AM, as well as the project specific
plans. Following the soil excavation activities, a final status survey (FSS), endpoint
sampling, and a dose assessment were performed by BNL ERP. The FSS and endpoint
sampling were independently verified by ORISE. This work is further discussed in
Section 3.2. The FSS was completed using the Multi-Agency Radiological Survey and
Site Investigation Manual (MARSSIM) guidelines.

A Job Risk Assessment (JRA), Radiological Work Permit (RWP), and project specific
work procedures were developed to address hazards and work steps associated with the
Former HWMF Perimeter Area Project. The information presented in the project plans
was reviewed by the site workers prior to initiating the project work activities. Copies of
project plans were available onsite at all times for site workers to thoroughly review.

The Former Hazardous Waste Management Facility Perimeter Area Field Sampling Plan
(BNL, June 2009) was prepared and detailed the data quality objectives (DQOs) and
quality assurance (QA) requirements for the FSS. The FSP also presented the
radiological survey level (21,500 cpm with unshielded sodium iodide detector) to be used
in guiding the excavation and in determining when the excavation was completed.

10
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Photograph 1 — Pre-Excavation Conditions at the former HWMF Perimeter Area
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A pre-excavation radiological walkover survey of the former HWMF Perimeter Area was
performed in June, 2009. It indicated that radiological contamination was present within
a contiguous area north of Brookhaven Avenue where gamma survey results were greater
than 21,500 counts per minute (cpm), as shown in Figure 3-1.

The contiguous area was considered for a Final Status Survey (FSS). The contiguous
area of Cs-137 contaminated soils is approximately 18,750 ft* (1,750 m?). In accordance
with the MARSSIM guidelines for survey unit (SU) classification and size, this was
designated as one SU, a physical area of structure or land area of specified size and shape
for which a separate decision will be made on whether or not cleanup goals are met.
Soils contaminated above cleanup goals were designated as Class 1 survey units. The
maximum suggested area for Class 1 soil area survey units is 2,000 m?.

11
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Figure 3-1 — Former HWMF Perimeter Area (Contiguous Area) Pre-Remediation
Radiological Walkover Survey Results
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In addition to the contiguous area, a pre-excavation survey was performed at eleven
isolated areas identified during 2007 characterization activities. These isolated areas,
referred to herein as discrete areas, were detected in the wooded areas adjacent to the
northeastern, northwestern, and southeastern corners of the former HWMF boundaries.
The eleven discrete areas were designated 1 through P, T, U and W, as shown in Figure 3-
2. Based upon the pre-excavation walkover survey several of the areas (K, T, and U),
which were previously remediated, did not require additional excavation.

As discussed further in Section 3.1, additional areas of elevated radioactivity were
detected during pre-remediation radiological surveys adjacent to the eleven discrete
areas. These additional areas of elevated radioactivity were not remediated since they
were considered to be outside of the scope of the ARRA-funded former HWMF
Perimeter Area Project.  Furthermore, the presence of these areas of elevated
radioactivity precluded the completion of a FSS in the vicinity of the eleven discrete
areas. Instead, each discrete area within the scope of the Former HWMF Perimeter Area
Project was addressed separately during surveying, sampling and soil remediation.

Additional characterization activities for the areas identified adjacent to the former
HWMF Perimeter Area Project are being performed by BNL EPD. These
characterization activities will be reported during weekly [AG teleconferences, as
necessary.

13
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Figure 3-2 — Former HWMF Perimeter Area (Discrete Areas) Pre-Remediation
Radiological Walkover Survey Results



Final Completion Report — Former HWMF Perimeter Area Soil Remediation, April 2010

3.1 Soil Excavation

Prior to the start of excavation activities, clearing, grubbing and size reduction of
vegetation was performed in the contiguous area and in the vicinity of the discrete areas
where concentrations greater than 21,500 cpm were detected during pre-excavation
radiological surveys.  This material was stockpiled, chipped to reduce volume,
characterized and shipped via truck in intermodal containers to Energy Solutions
Disposal Facility of Clive, Utah as detailed in Section 3.3. Vegetation characterization
results are included with waste verification results in Appendix F.

Upon completion of the clearing and grubbing, the survey unit boundaries for the
contiguous area and the discrete areas were marked. Contaminated soil was excavated in
six-inch lifts. In process field screening was performed using a Sodium lodide (Nal)
gamma scintillation detector after each lift to determine if additional excavation was
required. Soil was removed with an excavator with an attached cutting edge and placed
into an onsite soil stockpile or direct loaded into a staged Lift Liner. The Lift Liners were
then sealed and loaded into railcars for shipment and final disposal at Energy Solutions
Disposal Facility of Clive, Utah, as described further in Section 3.3.

Cs-137 was the primary radiological contaminant driving the remediation of the site. As
a result, gamma count rates using field instruments (Nal gamma scintillation detectors)
were used to identify areas requiring excavation to meet the site cleanup goals. In
accordance with the Field Sampling Plan for the Former Hazardous Waste Management
Facility Perimeter Area (BNL, August 2009), an excavation action level of 21,500 cpm
for the unshielded Nal gamma scintillation detector was established as the criterion for
determining when excavations were complete. This criterion was determined using a
correlation between data from Nal gamma scintillation detector surveys, onsite In-situ
Object Counting System (ISOCS) analyses, and offsite gamma spectroscopy analyses at
GEL Laboratories, LLC of Charleston, South Carolina. Correlation curves and the
associated data used in establishing the excavation action level are presented and further
discussed in Appendix B of the Field Sampling Plan for the Former Hazardous Waste
Management Facility Perimeter Area (BNL, August 2009).

Although mercury and lead were also considered contaminants of concern, radiological
surveys determined the excavation depth and endpoint samples were collected to ensure
cleanup goals were met for chemical contaminants. Additional excavating was not
necessary to meet the site cleanup criteria for mercury and lead, as discussed in Section
3.2.2.

15
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POtl:;iph 2 — Soil removal at the fOl‘.Irliél‘ HWMF Perimeztel_‘.Al_‘eé.

3.1.1 Contiguous Area Excavation

The 18,750 ft* (1,750 m®) contiguous area of contamination was characterized and
excavated as a single Class 1 SU. Once in-process field screenings with Nal gamma
scintillation detectors indicated that site cleanup criteria were met (<21,500 cpm),
preliminary soil samples were collected and analyzed using an on-site ISOCS to confirm
the field screening results. Approximately 50 soils samples were collected from the
contiguous area and analyzed before beginning the FSS. None of the soil samples
collected from the excavation exceeded 23 pCi/g. The FSS was performed, as discussed
in Section 3.2, upon completing the removal of soil above site cleanup criteria. A map
showing the final excavation depths within the Class 1 SU is presented as Figure 3-3.

16
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Figure 3-3 — Final Excavation Depths within the Contiguous Area
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3.1.2 Discrete Area Excavation and Sampling

Eight discrete areas ([, J, L through P, and W) were remediated outside of the contiguous
area (discrete areas K, T, and U were remediated in 2007 and did not require additional
excavation). The discrete areas were located near the northeastern, northwestern, and
southeastern corners of the former HWMF boundaries. As previously discussed,
additional discrete areas that were considered to be outside of the scope of the former
HWMF Perimeter Area Project were detected in the vicinity of discrete areas I through P
during pre-remediation radiological surveys. The presence of these additional discrete
areas precluded the completion of a FSS for these areas. Instead, the eleven discrete
areas within the scope of the former HWMF Perimeter Area Project were treated
separately during surveying, sampling and soil remediation. At each location,
contaminated soil was removed until field screenings with Nal gamma scintillation
detectors indicated that the remaining soil was below the excavation action level (21,500
cpm). Endpoint soil samples were collected at each location and analyzed for the
radionuclides of concern to confirm that the site cleanup criteria were met (including
discrete areas K, T, and U). In addition, a composite sample consisting of an aliquot
from each of the eleven discrete areas was analyzed for mercury and lead. The eleven
discrete area endpoint sample locations are illustrated below by Figure 3-4.

Discrete area endpoint samples were analyzed at an offsite laboratory to confirm that the
site cleanup criteria were met. Results for the eleven endpoint samples were below the
cleanup criteria for the radionuclides of concern. The maximum concentrations for
discrete areas were as follows: 15.10 pCi/g Cs-137, <1.1 pCi/g Sr-90, and 0.593 Ra-226.

Chemical results for the composite sample analyzed for mercury and lead also indicated
that residual soil concentrations for these contaminants at the eleven discrete areas are
within their respective cleanup goals. The composite soil sample results were 0.0222
mg/kg for mercury and 9.22 mg/kg for lead.

Radiological and chemical results for the discrete area endpoint samples are summarized
in Appendix A.

18
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Figure 3-4 — Discrete Area Endpoint Seil Sample Locations

19



Final Completion Report — Former HWMF Perimeter Area Soil Remediation, April 2010

3.2 Final Status Survey and Sampling

As indicated in Section 3.1, excavation of radiologically contaminated soils was
controlled by conducting excavation surveys with gamma scintillation detectors. Gamma
count rates were used to determine when the excavations were complete in each area.
During excavation activities, walkover surveys were performed and soil samples were
collected and analyzed for Cs-137 using the onsite ISOCS unit. Following completion of
the excavation surveys, a FSS was performed as specified in Section 3.2.1.

As discussed in Section 2.1, the primary radionuclides of concern, based on exposure
potential, were Sr-90, Cs-137 and Ra-226. Other radionuclides of concern that were
monitored include Am-241, Pu-238, Pu-239/240, U-235, U-238, Co-60 and tritium.
These additional radionuclides were present in the former HWMF prior to remediation,
so it is possible that they would be present in the former HWMF Perimeter Area.
Several samples were also collected for analysis of mercury and lead, which were
previously detected within the former HWMF but not anticipated in the former HWMF
Perimeter Area.

3.2.1 Final Status Survey Design

The area to the north of Brookhaven Ave. was designated as the contiguous area of
contamination. One Class 1 survey unit is established for this contiguous area. The
suggested maximum size area for a Class 1 survey unit is 2000 m® for soil areas. The
contiguous area is approximately 1750 m?, and is considered a single survey unit for the
ESS.

A two-step approach to cleanup confirmation for radiological soil contamination was
tollowed using MARSSIM for the former HWMF Perimeter Area Project. The first step
consisted of a GPS-based gamma scintillation walkover survey of the contiguous area.
Gamma walkover surveys were conducted using unshielded two-inch-by-two-inch Nal
detectors in conjunction with a Ludlum Model 2221 scaler/ratemeter and a PRO XR
Satellite Receiver Trimble model TSCe Data Logger (Trimble Unit). The second step
involved the collection of 18 soil samples, in accordance with BNL EM standard
operating procedures (SOP) for offsite analysis to verify that residual radiological
contamination levels were sufficiently low to meet the cleanup goals established for the
site.

In addition, one composite soil sample and one grab sample was collected from the
contiguous area. The samples were analyzed for mercury and lead to ensure site cleanup

goals for these compounds were met.

The final dimension of the contiguous area Class 1 SU and the associated FSS soil
sample locations are illustrated below by Figure 3-5. '
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Figure 3-5 — Former HWMF Perimeter Soils Area FSS Survey Unit Soil Sample Locations
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3.2.2 Final Status Survey and Sampling Results

The results of the final status radiological walkover survey exhibit count rates below
21,500 cpm for all areas within the contiguous area of the former HWMF Perimeter Area,
as shown in Figure 3-6. Figure 3-6 also shows the post-excavation walkover survey
results for discrete areas outside of the contiguous area, which were remediated as
described in Section 3.1.2. As specified in Appendix B of the Field Sampling Plan for
the Former Hazardous Waste Management Facility Perimeter Area (BNL, August 2009),
the 21,500 cpm count rate was determined to approximate a Cs-137 concentration of 15
pCi/g in soil, or two-thirds of the cleanup goal for Cs-137 in soil when using the
unshielded Nal gamma scintillation detector.  Radiological walkover surveys indicated
that about 80-90% of the area was less than 15,000 cpm, and about 10-20% of the area
ranged up to 21,500 cpm. In addition, individual one-minute fixed count measurements
were taken with the Nal probe at each of the 18 BNL sample points. The results ranged
from 8,552 to 17,201 cpm. Radiological survey forms for gamma walkover and fixed
point readings are provided in Appendix A.

22



Final Completion Report — Former HWMF Perimeter Area Soil Remediation, April 2010

> i
e B 5;,—;:2

¢ 53 3 f”‘gﬁéé
L 1 ]

Eoa 2indf I

g H8g8 §§ gg%l Ll
%gé 3% s %g e Lk
S I 2l
' ULl
&
g
|
Nl

|
g |
23 i |
3 |
88 ;}:
W

1]

I

-E‘n

Il

Ly
7 o )

= — -
__ UmE AQ ARt |-S00EWS AN _ (LTI 1) B it Sanry gy S BEADEALDOT NN IS Y SESSA T

Figure 3-6 — Former HWMF Perimeter Area Post-Remediation Radiological Walkover
Survey Results

23



Final Completion Report — Former HWMF Perimeter Area Soil Remediation, April 2010

BNL selected 18 soil sample locations based on a random start location. All the soil
samples were below the site cleanup goals for Cs-137, Sr-90 and Ra-226, 23 pCi/g, 15
pCi/g and 5 pCi/g, respectively. A summary of the soil sample results are provided
below in Table 3.1.

Table 3-1 Summary of Former HWMF Perimeter Soils Area Soil Sample Results for

Radionuclides
Cs-137 (pCi/g) Sr-90 (pCi/g) Ra-226 (pCi/g)
Cleanup Goal 23 15 5
1.1 (detection level on
Average 4.38 composite sample) 0.65
Maximum 11.0 1.1 0.76

Chemical results for soil samples analyzed for mercury and lead also indicated that
residual soil concentrations for these contaminants are within their respective cleanup
goals, i.e., 400 mg/kg for lead and 1.84 mg/kg for mercury. Lead results ranged from
9.86 to 13.0 mg/kg and mercury results ranged from 0.02 to 0.03 mg/kg. The mercury
results were detectable but below the reporting level of 0.2 mg/kg.

Radiological and chemical results for offsite laboratory soil sample analysis are provided
in Appendix A.

3.2.3 Sign Test and Elevated Measurement Comparison

Since no samples exceeded the cleanup criteria, the survey unit does not require testing
with the sign test or the elevated measurement comparison. The sign test checks whether
a sufficient number of sample locations are less than the cleanup criteria. Although the
sign test was not required, it was performed, and Table 3-2 presents the sign test results
along with survey data for the 18 points and provides the individual readings for each of
the radionuclides of concern.
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Table 3-2 Soil Sample Results and Sign Test Statistic

Location Fraction of Fraction of Ratios
(BNL Sample| Cs-137 Limit for Ra-226 [Limit for Ra-| including Sr- DCGL
No) (pCi/g) Cs-137 (pCi/g) 226 90 (1.0) - Sum Sign
SU-1 5.34 0.23 0.66 0.13 0.44 0.56 +
SU-2 1.43 0.06 0.63 0.13 0.26 0.74 +
SU-3 8.03 0.35 0.71 0.14 0.56 0.44 +
SuU-4 11.00 0.48 0.54 0.11 0.66 0.34 +
SU-5 2.05 0.09 0.73 0.15 0.31 0.69 +
SU-6 8.73 0.38 0.62 0.12 0.58 0.42 +
SU-7 1.69 0.07 0.50 0.10 0.25 0.75 +
SU-8 4.72 0.21 0.69 0.14 0.42 0.58 +
SU-9 3.91 0.17 0.65 0.13 0.37 0.63 +
SU-10 2.22 0.10 0.52 0.10 0.27 0.73 +
SU-11 0.52 0.02 0.76 0.15 0.25 0.75 +
SU-12 1.85 0.08 0.70 0.14 0.29 0.71 +
SU-13 2.30 0.10 0.64 0.13 0.30 0.70 +
SU-14 2.89 0.13 0.62 0.12 0.32 0.68 +
SU-15 9.02 0.39 0.63 0.13 0.59 0.41 +
SU-16 3.57 0.16 0.69 0.14 0.37 0.63 +
SU-17 2.67 0.12 0.63 0.13 0.32 0.68 +
SU-18 6.91 0.30 0.72 0.14 0.52 0.48 +
# of
Average 4.38 0.19 0.65 0.13 0.39 positives 18

The sign test is not necessary if no samples exceed the ratio of 1.0. However, it is shown here for completeness.
From Table 1.3 of MARSSIM, for 18 sample points and alpha = 0.05, at least 12 values of the sign test must be
positive. Since there are 18 positive values, this SU would pass the sign test based on this data.
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Note that Ra-226 background on BNL property had previously been established at
approximately 0.56 pCvg (CDM, 1996), and previous work on the former HWMF
indicated an average of 0.49 pCi/g (Envirocon, 2005). Therefore, the average Ra-226
value of 0.65 pCi/g from the WLA is close to background levels. For determination of
acceptable levels of cleanup, the value of 0.65 pCi/g was used as a conservative measure,
with no subtraction of background Ra-226 in the soil. However, when performing the
post-remediation dose assessment using RESRAD, background is subtracted to obtain a
more accurate result.

3.2.4 Post Remediation Dose Assessment

A dose assessment was conducted to evaluate radiological dose impacts from residual
radioactive materials remaining following the completion of the former HWMF
Perimeter Area Project. The dose assessment for the soil excavation areas was conducted
using RESRAD, Version 6.4 (ANL, 2001). The average concentration for each
radionuclide was used as input to the model in order to determine the projected dose. As
described in section 3.2.2, the Ra-226 concentrations were close to background
concentrations (0.65 pCi/g average, compared to 0.56 pCi/g background). The RESRAD
model was run with no background subtract Ra-226 = 0.65 pCi/g) and with full
background subtract (Ra-226 = 0.65 — 0.56 = 0.09 pCi/g).

Two potential radiological dose scenarios were evaluated following remediation. The
first assessment considered the radiation dose to a hypothetical future resident (non-
farmer) assuming 50 years of institutional control. The second assessment considers the
radiation dose to a current industrial worker (no decay). The parameters and pathways
used in the dose assessment for the former HWMF Perimeter Area were used for this
dose assessment, and the RESRAD summary reports are included as Appendix B.

The results of the dose assessment are shown in Table 3-3 below. The maximum
projected dose to a resident Year 50 (5.6 mrem/year) at the former HWMF Perimeter
Area would be below the dose objective (non-farmer) of 15 mrenv/year. For an industrial
worker with no decay time, the maximum projected dose to a industrial worker at Year 0
(3.1 mrem/year) is also less than 15 mrem/year. The results also indicate that the
NYSDEC TAGM 4003 guideline of 10 mrem/yr would also be met under each of the two
scenarios described above. If background was not subtracted for Ra-226 (use 0.65 pCi/g
without background subtracted), then the residential and industrial doses would be 14.7
and 4.4 mrem/yr, respectively.

Table 3-3 Summary of Post-Remediation Dose Assessment Results

Resident at 50 Industrial Worker
years (mrem/yr) | at 0 years (mrem/yr)

Dose 5.6 3.1
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3.2.5 Final Status Survey Conclusions

As indicated above, results of the FSS and sampling following the completion of the
remediation of the contiguous portion of the former HWMF Perimeter Area demonstrate
conformance to the site cleanup goals established for the project.

3.2.6 Final Status Survey Independent Verification

The Independent Verification Survey (IVS) was conducted by an ORISE survey team.
The ORISE survey team conducted surveying and sampling during a visit in October
2009.

ORISE performed a gamma walkover survey, which was used, in part, to specify
judgmental sample locations for soil analysis. Six randomly selected locations and three
judgmental locations were used to collect soil samples in the contiguous area. Of the
random locations, one sample indicated that the sum of the ratios to the limit exceeded
1.0 (result was 1.03). Two of the three judgmental samples indicated Cs-137 results
above the cleanup goals, and they are discussed in the ORISE Verification Report
(ORISE, 2009).

With additional data available in the survey unit, statistical tests were performed on the
combination of BNL and ORISE samples to determine if the combined sample
population would meet the cleanup criteria.

Using the total 24 sample points (18 BNL plus 6 ORISE), the MARSSIM Table 1.3 is
used to determine the number of acceptable values. In the sign test method, a sample
point that has a positive value is below the cleanup criteria. From Table 1.3 of
MARSSIM, for 24 sample points and alpha = 0.05, at least 16 values of the sign test must
be positive. Since there are 23 positive values, this survey unit passes the sign test.

The one sample location that exceeded the sum of the fractions limit is considered in the
Elevated Measurement Comparison (EMC). As described in the Field Sample Plan, Area
Factors have been developed for various sized areas down to 1 m® The area of
contamination was small, and the Area Factor (AF) for 1 m’ is applicable (AF = 9.6). The
results of this test indicate a sum of the fractions of 0.49. This is less than 1.0, and the
survey unit would pass the Elevated Measurement Comparison.

Although the three judgmental samples do not need to be included in the sign test or the
EMC, the survey unit would still pass both statistical tests if the data was included.

RESRAD was re-run with the ORISE data included to see if the results of the dose
assessment would be below the dose objective for the residential and industrial worker
scenarios. Note that the 6 random plus 3 judgmental locations in the contiguous survey
unit were included in the soil average to add a level of conservatism. Results are
summarized in Table 3-4.
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Table 3-4 Summary of Post-Remediation Dose Assessment Results with ORISE Data
Included

Resident at 50 Industrial Worker
years (mrem/yr) | at 0 years (mrem/yr)

Dose 7.2 5.5

The two areas within the contiguous area and three additional areas of Cs-137
concentrations above the 23 pCi/g cleanup goal adjacent to discrete areas T and W
identified by ORISE, were subsequently remediated by hand excavation in October 2009.
Post-excavation radiological survey and end-point sampling results from these five areas
are documented on radiological survey forms included in Appendix A.

The results of the IVS are documented in Independent Verification Survey Report for the
Former HWMF Perimeter Soils Area, Brookhaven National Laboratory, Upton, New
York (ORISE, October, 2009), provided in Appendix C.

3.3 Waste Management

3.3.1 Waste Characterization and Handling

The waste management strategy, waste characterization, packaging, handling, and storage
were performed in accordance with the Waste Management Plan for Removal of
Radioactive Soil and Debris from the Former HWMF Perimeter Area Remediation
Project (BNL, April, 2009).

Excavated soil contaminated above cleanup goals was placed in Lift Liners and loaded
into railcars for shipment to Energy Solutions Disposal Facility of Clive, Utah for final
disposal. Wood from the former HWMF Perimeter Area, as well as constructions debris
and plastic used during remedial activities, were size reduced and placed into intermodal
containers for shipment via truck, or sealed in Lift Liners and loaded into railcars for
shipment and final disposal at Energy Solutions Disposal Facility of Clive, Utah.
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5 A

Photograph 3 — Loading Lift Liner containing contaminated soil into railcar at the WLA.

Waste verification sampling for soil and debris disposal was performed, in accordance
with the Waste Management Plan for Removal of Radioactive Soil and Debris from the
Former HWMF Perimeter Area Remediation Project (BNL, April, 2009). Three waste
verification samples were collected for the five railcars and three intermodal containers
that were shipped (total of 307 CY of waste soil and debris). Samples were analyzed for
comparison to Energy Solution’s Waste Acceptance Criteria (WAC), which includes
complete TCLP, gamma spectroscopy, Strontium-90 analysis, alpha spectroscopy, gross
beta, PCBs/Pesticides, and physical parameters (pH, Reactivity, flashpoint). Waste
verification samples were collected by ERP personnel and analyzed by GEL
Laboratories, LLC of Charleston, South Carolina. According to these sample results, the
soil and debris shipped met the Energy Solutions WAC. Waste verification results were
submitted to BNL’s Waste Management Division. Waste verification data is included in
Appendix D.

3.3.2 Waste Shipment and Disposal

MHEF Services provided railcars for transportation of the waste soil and debris to Energy
Solutions Disposal Facility of Clive, Utah. After the railcars arrived on site, they were
inspected and released for loading. The bottom of the inside of each railcar was covered
with a geotextile liner prior to the placement of the loaded and sealed Lift Liners.
Approximately 60-90 tons of waste was placed into each rail car and approximately
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11,500 to 12,500 pounds of waste was placed into each intermodal container. The
weights of the soil and debris were determined utilizing a scale on the crane used to hoist
Lift Liners into the railcars. Either a hard or soft tarp cover was secured over each railcar
prior to shipment.

Waste loading and shipping was initiated on June 23, 2009 and was completed on
September 12, 2009. A total of five railcars and three intermodal containers were loaded
and transported to Energy Solutions Disposal Facility of Clive, Utah for final disposal,
which equates to approximately 427 tons (307 CY) of soil and debris. All waste shipped
as part of the former HWMF Perimeter Area Soil Removal Project was accepted by
Energy Solutions. Waste soil and debris shipments are summarized in a table included in
Appendix E.

3.3.3 Pollution Prevention and Waste Minimization Opportunities

Waste minimization and pollution prevention methods employed during remedial
activities at the FHWMF include:

e Operating equipment outside of the controlled areas as much as possible to
minimize contact with contaminated areas;

e Excavation in as small a lift as possible to minimize excavation of soil below
cleanup goals;

e Constructing run-on berms around excavations to prevent the spread of surface
contamination;

¢ Size reducing waste to meet the Energy Solutions WAC; and
e Judicious use of consumables (PPE).
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3.4 Site Restoration

Site restoration of the former HWMF Perimeter Area included backfilling and re-grading
of the contiguous area with topsoil, to bring the site back to its original grade, from
BNL’s composting operations, which contains material that had been tested to ensure
compliance with NYSDEC guidelines. The contiguous area was reseeded with native
Long Island grasses. Site restoration activities were completed in December 2009.
Future site controls are discussed in Section 7.0.
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4.0 CHRONOLOGY OF EVENTS

The following table lists a chronology of the main remedial events and the associated
plans/reports for the former HWMF Perimeter Area:

Table 4-1

Chronology of Remedial Events for the Former HWMF

Date Remedial Event or Document
October 2005 Radiological contamination identified in areas surrounding the former
HWMF
November 2007 | Issued report /nvestigation and Characterization of the Brookhaven
Avenue Cs-317 Contamination
June 2009 Issued final Action Memorandum, Removal Action for Contaminated

Soil from the Former Hazardous Waste Management Facility
Perimeter Area

June-August
2009

Excavated contaminated soil above cleanup goals at the former
HWMEF Perimeter Area

August- Performed FSS and 1VS of former HWMEF Perimeter Area,
September 2009 | completed waste shipments

October 2009 Remediate five areas identified by ORISE

October — Site restoration of the former HWMF Perimeter Area

December 2009
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5.0 PERFORMANCE STANDARDS AND
CONSTRUCTION QUALITY CONTROL

As discussed in Section 3.2.2, the concentrations for Cs-137, Sr-90, and Ra-226 in soil
were below the cleanup goals of 23 pCi/g, 15 pCi/g and 5 pCi/g, respectively. The
calculated radiological doses from all radioisotopes were also below the levels stipulated
in the AM. In addition, concentrations of mercury and lead in soil were below the
cleanup goals of 1.84 mg/kg and 400 mg/kg, respectively.

Physical and radiological inspections were conducted on both incoming and outgoing
railcars. Inspections were also conducted on stormwater control measures as well as
excavation operations. Excavation monitoring and field sampling procedures were also
reviewed periodically.

Quality control/quality assurance (QA/QC) samples were collected in accordance with
Field Sampling Plan for the Former Hazardous Waste Management Facility Perimeter
Area (BNL, August 2009). Field duplicates were collected at a frequency of one per
twenty soil samples and analyzed for the radiological and chemical contaminants of
concern. QA/QC results are summarized provided in Appendix A.
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6.0 FINAL INSPECTION AND CERTIFICATIONS

As described in Section 3.2., the IVS was performed by ORISE upon the completion of
FSS performed by ERP. Based on the results of the FSS, an evaluation of the dose from
the remaining activity was performed using RESRAD, and results were within the design
criteria described in Section 2.2.

There was strict adherence to industrial safety and radiological safety precautions during
the remediation. Work was performed under written and approved procedures, and any
potentially hazardous steps were highlighted in the procedure to ensure understanding
and compliance. A Job Risk Analysis was performed and approved for the remediation
work. Radiological safety was accomplished by the presence of Radiation Control
Technicians and performance of all work under a Radiological Work Permit.

6.1 Industrial Hygiene Oversight

[H oversight was conducted by ERP personnel in accordance with ERP procedures. The
JRA identified hazards associated with each of the tasks identified and specified the
required controls for each hazard. A designated Site Health and Safety Officer was
onsite during cleanup activities to ensure controls were in place as specified in the JRA,
including the use of safety equipment and safe work practices.

6.2 Radiological Monitoring

Radiological monitoring was conducted by BNL Radiological Control Technicians
(RCTs) during cleanup activities. Radiological monitoring included general area air
sample collection. General area air samples were collected with Science Application
International Corporation (SAIC) low volume air samplers positioned downwind of
cleanup activities and at the soil and debris dumping/railcar loading area. General area
air sample results were used to track derived air concentration-hour (DAC-Hr) exposures.
All general area air sample results were below 0.5 DAC.

Thermoluminescent dosimeters (TLD) were worn by each individual entering the work
zone. No worker received a measurable dose by TLD while working on the Former
HWMEF Perimeter Area Project.

Workers entering the work zone were also required to have an annual whole body count
prior to starting work on the project. In addition workers were required to complete a
whole body monitoring using a PCM-1B or equivalent hand held instrument each time
they exited the site, in accordance with BNL Radiological Control Manual requirements.

In addition to personal and general area monitoring, equipment used during cleanup
activities was monitored for radiological contamination. All equipment that was released
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from the work zone was surveyed in accordance with FS-SOP-1005, Radiological
Surveys Required For Release of Materials from Areas Controlled For Radiological
Purposes (BNL, November 2007).
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7.0 OPERATION AND MAINTENANCE ACTIVITES

Land use and institutional control information for the former HWMF Perimeter Area will
be included in a BNL Factsheet: Former Hazardous Waste Management Facility
Perimeter Area. In addition, the BNL LUCMP will be revised to include the former
HWMF Perimeter Area.

Post remediation operation and maintenance activities at the former HWMF Perimeter
Area will be similar to those detailed in the Operable Unit 1 Soils and Operable Unit V
Long-Term Monitoring and Maintenance Plan (BNL, May 2006) to ensure that land uses
remain protective of public health and the environment. These activities will include
institutional controls (land use controls, notifications and restrictions, work planning
controls such as digging permits, and government ownership).

BNL’s Groundwater Protection Group will perform operation and maintenance activities,

in addition to maintaining institutional controls. This group will ensure that the controls
listed above are in place. The DOE will ensure enforcement of all institutional controls.
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8.0 SUMMARY OF PROJECT COSTS

The remediation of soils at the former HWMF Perimeter Area cost approximately
$950,000 to complete. The original estimate cost for former HWMF Perimeter Area
remediation was $1,062,000.

The clean-up costs of the former HWMF Perimeter Area included the following details:
Engineering and planning $ 150,000
Remediation & Restoration $ 550,000
Waste Transportation & Disposal ~ $ 250,000
Total Cost $ 950,000

Costs associated with the characterization and initial remediation of former HWMF
Perimeter Area soils is approximately $100,000.

9.0 OBSERVATIONS AND LESSONS LEARNED

The following is a summary of the lessons learned from this project and the corrective
actions for future projects:

e Used a railcar soft top that was installed using bungee cords instead of tie downs.
The soft top was easier to install and provided for a better fitting cover.

e The project team was not successful in renting a forklift that could be approved
for use with the lifting rack used to transfer loaded Lift Liners. Ultimately an
attachment to a front end loader was approved for use. However, the rated
capacity for the loader attachment was approximately 10,000 lbs less than the
maximum rated capacity for the lifting rack and package. In the future an
appropriately sized forklift needs to be identified early on in the planning process.

e Excavating in 6-inch lifts minimized the volume of soil removed. I[nstallation of a
smooth cutting edge on the excavator was important in being able to achieve the
small lifts.

e When clearing wooded areas for excavation large trees should be left behind and
only small saplings and underbrush removed to minimize waste volumes and time
spent clearing and grubbing. If subsequent radiological surveys identify
contamination around trees they can be removed individually.
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10.0 PROTECTIVENESS

The removal of contaminated soils at the former HWMF Perimeter Area (associated with
the scope of the project) as well as the implementation of monitoring and institutional
controls will protect human health and the environment. The removal of these wastes has
minimized both the risk of exposure to on-site workers and the risks associated with
future-use scenarios by decreasing radiation dose levels at the site. These actions have
also minimized the potential for the migration of contaminants into the underlying
groundwater.

11.0 FIVE YEAR REVIEW

Five-year reviews will be conducted to determine whether the remedy implemented
continues to be protective of human health and the environment. These reviews will be
performed 1n accordance with the Comprehensive Five-Year Review Guidance, OSWER
No. 9355.7-03B-P (EPA, June 2001). The former HWMF, including the Perimeter Area,
will be included in the second sitewide Five-Year Review in 2011.
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41



Completion Report — HFBR Waste Loading Area Soil Remediation, December 2009

APPENDIX A

Former HWMF Perimeter Soils Area
Final Status Survey and Endpoint Results

1- BNL FSS and Endpoint Sample Results

2- BNL Radiological Survey Form s — Gamma Walkover Survey and
Fixed Point Readings

3- Analytical Results
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Radionuclide Concentrations By Gamma Spectroscopy
Procedure CP1 - Revision 16

Reported Data
ORISE
Sample S;”;‘ge Geom. | SQ De;?gfof §é11/3g7 MDC
ID
506250001 | 9/29/2009 | IM | 63667 | DET07 | 543 + 47 016
506250002 | 9/29/2000 | 1M | 638.18 | DETO8 | 305 + 28 013
506250003 | 9/29/2000 | FM | 871 | DETO7 | 486 + 065 005
506250004 | 9/29/2000 | TA | 72878 | DETO8 | 209 £ 19 008
506250005 | 9/29/2000 | IAL | 59691 | DETO7 | 231  + 022 006
506250006 | 9/29/2000 | IAM | 68961 | DETO8 | 982 + 092 0.06
506250007 | 9/29/2000 | TA[ | 70523 | DETOs | 155 + 043 004
506250008 | 9/29/2009 | IAI | 73088 | DET09 | 510 + 047 007
506250009 | 9/29/2000 | TM | 49401 | DETO6 | 840 + 060  0.07
506250010 | 9/29/2000 | IM | 6615 | DETO7 | 182 + 16  0.10
506280011 | 9/29/2009 | IM | 519.66 | DETOS | 266 + 25 010
506250012 | 9/29/2000 | T | 73392 | DET09 | 308 + 28 015
506250013 | 9/29/2000 | IM | 6547 | DET09 75  + 43 019
506250014 | 9/20/2000 | 1AL | 59229 | DETo6 | 151 + 013 005
506280015 | 9/29/2000 | M | 58489 | DETO7 | 096 + 011  0.05
506250016 | 9/20/2000 | 1AL | 52494 | DETO8 | 179 + 018 005
506250017 | 9/29/2000 | TAI |521.02 | DET09 | 107 + 012 006
506280018 | 9/29/2000 | IM | 47012 | DETO6 | 243 + 020  0.06
506280019 | 9/29/2000 | IM | 44691 | DETO7 | 188 + 019 006
506250020 | 9/29/2000 | IAM | 799.82 | DETO8 | 018 + 003 002
506250021 | 9/29/2000 | FM[ | 890.82 | DET09 | 003 + 001 0.0
506250022 | 9/29/2000 | EFM | 86163 | DETO7 | 006 + 002 003
506250023 | 9/20/2000 | FA | 96543 | DETOS | 010 + 002 002




REASON FOR SURVEY . INSTRUMENT
” 3 Routine [ Special
g ] ¢ T 7 | @ pwpg 2009-ERP-010 O WP Model # Serial # CAL DUE
Location / Equipment: FH.W.M.F., @ M.S.R.A. Date: 08/12/09 Time: 17:00 Trimble ProXRS 022027631 N/A
Survey: Final status GPS walk over of the main soil remediation area, post excavation LUD-2221* 254783 01/12/10
N | B Main Soil Remediation Area LUD-2221* 211784 01/10/10
W . N/A , >
LEGEND
S O - SMEAR SURVEY LOCATION > AIR SAMPLE LOCATION
E - MASSLINN SURVEY LOCATION # ) DIRECT FRISK LOCATION
C - CONTAMINATION sk CONTACT

ﬁ XXX = contact reading Y = radiation type ZZZ = reading @ 30cm

Brookhaven Avenue Note: AIRBORNE ACTIVITY SURVEY
The dark spots / marks Field Analysis
| inside of the MSRA are . . .
mnﬁﬂﬂmﬂm trees and —N—.Wo Sample # Duration |Flow Rate cpm pCilec % DAC
> root infra structure, N/A >
DOSE RATE (HIGHEST)
1 CONTACT READING N/A
// GENERAL AREA READING N/A
MASSLINN SURVEY RESULTS (in dpm)
Note: 1. N/A 5. N/A
(A) The above GPS map of the main soil remediation area is indicative of post excavation / walk over with 2 &
the standard Ludlum - 2221% and follow up final status walk over using the Trimble / Ludlum - 2221*, N .
as indicated on the attached map legend, all grid squares inside of this area regarding activity are
<21, 500 cpm. 4 \4 8. v
. . SMEAR SURVEY RESULTS (dpm/100cm?®) a, -y, °H
(B) All equipment and tools used inside of the MSRA have been removed and all activity checks of the same . N/A N/A s
were =~ Bkgd. and / or < 1K dpm, see RWP and contamination / activation log for surveys. i > . N/A
2 9. 16.
(C) Seepage2of 2 [attached sheet | for cpm and distance legend. o
3. g 17.
4, 11. 18.
5. 2. 19.
3 13, 20.
7. v 14, v v

21,
Surveyed By:  Sean A. Gully : Date:  09/03/09 Reviewed By: \& § Date: M\V \\Q
FS-SOP-1000
v Page 1 of “ 2

Att-~gment 9. 2




Coordinate System: NAD83, New York Long Island - Units: Feet
0 62.5 125 250

ey F ccf, -

GPS-Based Radiological Survey
Brookhaven National Laboratory
SRA

Legend

I:l FHWMF Survey Perimeter
Gamma Count Rate
(cpm)

@ <15,000

O 15,000 - 21,500

® >21500

August 12, 2009




REASON FOR SURVEY INSTRUMENT
O Routine 0O Special
: YT X grwps 2009-ERP-010 0O wp Model # Serial # CAL DUE

Location / Equipment: F.H.W.M.F., @ M.S.R.A. Date: 08/18/09 Time: 17:00 rimble ProXRS 022027631 N/A
Survey: Post excavation GPS final status walk over of the Remote Discrete Area locations [ J-K-I-L-M-N-O & P ]. |LUD-2221" 254783 01/12/10
AR N T LUD-2221 211784 01/10/10
N/A >

LEGEND

Q - SMEAR SURVEY LOCATION > AR SAMPLE LOCATION

l - MASSLINN SURVEY LOCATION t DIRECT FRISK LOCATION

C - CONTAMINATION sk CONTACT

MNHN%NR XXX = contact reading Y =radiation type ZZZ = reading @ 30cm

AIRBORNE ACTIVITY SURVEY
Field Analysis
Sample # Duration |Flow Rate cpm pCifee % DAC
N/A >
DOSE RATE (HIGHEST)
CONTACT READING N/A
GENERAL AREA READING N/ >
MASSLINN SURVEY RESULTS (in dpm)
Note: L N/A s. N/A
(A) The above GPS map showing the remote discrete area locations. Initial post excavation use of the standard |* 6
Ludlum 2221? meter perusing the original remote discrete area locations and the follow up final status N ,
survey [ above ] using the GPS / Ludlum 2221 meter. :
4, \ 4 8. \ 4
B) Al SM_,W ﬂ:ﬂ og:MJE»:An ___NMM inside o”ﬂ%ﬂﬂbw have co.on _..aEq\Zon.mEm all activity checks of the same SMEAR SURVEY RESULTS (dpm/100cm®) @, By, °H
were = Bkgd. and / or pm, see and contamination / activation log for surveys. L N/A N N/A s N/A
(C) Seepage2of 2 |attached sheet ] for cpm and distance legend. 2 9. 16
(D) For information only, the larger remote discrete area on the south side of brookhaven avenue has been 5 o e
posted as a Soil Contamination Area, due to new hot spots found [ not part of the original survey ]. ¢ 1. 18
. 5 12. 19,
6, 13. 20,
4.\ Lﬂ 14 v 21, v
Surveyed By:  Sean A. Gully Q'Vug . Date:  09/04/09 Reviewed By: \& § Date: W\m\\ﬁ g
FS-SOP-1000
Att~shment 9. 2 Page 1 of 2

)

)




" Coordinate System: NAD83, New York Long Island - Units: Feet

0 625 125 250
P I Feet

GPS-Based Radiological Survey
Brookhaven National Laboratory
Remote Discrete Areas

August 17, 2009

Legend

D FHWMF Survey Perimeter
Gamma Count Rate
(cpm)

® <15,000

O 15,000 - 21,500

® >21500

Puge Lo 2




probe.

(A) The attached GPS map [ page 2 of 2 ] is indicative of the eighteen (18) sample point locations from
which the final status soil samples were taken. Using a Ludlum 2221' = meter with a 44-10 Nal 2 x 2

(B) As per procedure, prior to taking the samples, one minute static counts were taken using a Ludlum

222

(O - SMEAR SURVEY LOCATION

[] - MASSLINN SURVEY LOCATION

C - CONTAMINATION

REASON FOR SURVEY s ial INSTRUMENT
O Routine [ Specia
5 . ® rwps 2009-ERP-010 _ 0O WP Model # Serial # CAL DUE
Location / Equipment: F.H.W.M.F., M.S.R.A. Date: 08/19/09 |_. Time: 17:00 Trimble Pro XRS 0220276431 N/A
Survey: GPS walk over of the main soil remediation area, showing the final status sample point locations. LUD-2221" 254783 01/12/10
LUD-2221" 211784 01/10/10
Note: N/A >
LEGEND

P. AIR SAMPLE LOCATION

* DIRECT FRISK LOCATION

sk CONTACT

XXXY XXX = contact reading Y = radiation type  ZZZ = reading @ 30cm

22212 meter with a 44-10 Nal 2 x 2 probe. The following static count results are in cpm and correlate AIRBORNE ACTIVITY SURVEY
with the visual sample locations, see attached page 2 of 2, ! )
Field Analysis

SL #1 = 17,201 cpm. Sample# | Duration |Flow Rate cpm pCifee % DAC
SL# = 9,615cpm. 5
SL#3 =~ 12,856 cpm. N/A -
SL#4 = 13,810 cpm. DOSE RATE (HIGHEST)
SL#5 =~ 12,876 cpm. CONTACT READING N/A
SL# =~ 12,293 cpm.
SL#7 = 8,552 cpm. GENERAL AREA READING N/A
SL#8 = 10,695 cpm. MASSLINN SURVEY RESULTS (in dpm)
SL#9 = 12,084 cpm.
SL#10 = 9,967 cpm. b N/A > N/A
SL#11 = 10,334 cpm. 2. &
SL#12 = 9,751cpm. .
SL#13 =~  924dcpm. > :
SL#14 = 10,473cpm. 4.
SL#15 = 11,881lcpm.
SL#16 = 13,182cpm.
SL#17 = 10,781cpm. L N/A 8 N/A 18 N/A
SL#18 = 11,838cpm. 2 9. 16,

3. 10. 17.

4. 11, 18.

5. 12, 19,

6. 13, 20.

7 v 14. v L 4

Surveyed By: Sean A. Gully % . Date: 09/02/09 Reviewed By: \& % Date: \W \%
FS-SOP-1000

Att ‘52: 9,2

)

Page 1 l.u 2




K-19-04

SL#9
SL#5

SL#6 SL#10

sL#2

SL#7

Coordinate System: NAD83, New York Long Island - Units: Feet

0 62.5 125 250
W Feet

GPS-Based Radiological Survey
Brookhaven National Laboratory
SRA Sample Locations

August 27, 2009

Legend

@ SRA Sample Locations
[__] FHWWMF Survey Perimeter




REASONFOR SURVEY N INSTRUMENT
RADIOLOGICAL SURVEY FORM (0 Routine [ Specal
FS-SOP-1000 ® rwp# 2009-ERP-010 [ WP Model # Serial# CAL DUE
Location / Equipment: M.S.R.A. and D.S.R.A. Date: 10/20/09 _ Time: 13:00 LB5100S4 32487 07/17/09

LuD2221 211784 01/10/10

Survey: Remediate M.S.R.A. locations [ S001-S002- ], and D.S.R.A. location [ S011 ].

N Main Soil Remediation Area | o Jg i€ e : LUD-3 74417 03/27/10

() - SMEARSURVEY LOCATION ’ AR SANMPLE LOCATION

@ 2 A" e e ael /A —
- 4 G LEGEND

_ Discrete Soil Area (W) [[]- MASSLINN SURVEY LOCATION #§ DIRECT FRISK LOCATICN

C - CONTAMINATION 3K CONTACT

w.l.N#.VNM 3OO0 = contact reading ¥ = radwationtyps 222 = reading (@ Zlcm

ATRBORNE ACTIVITY SURVEY

=
Field Analysis
Sample# |Durstion |FlewRate | cpm nCifce % DAC
COIN/A >
4 DOSE RATE (HIGHEST)
CONTACTREADING N/A
GENERAL AREA READING N/A

MASSLINN SURVEY RESULTS (in dpim)
L = 1K 5. N/A
Note:
(A) Post remediation of S001, perusal of affected area with Nal probe =~ 12K cpm to 18K cpm and a one 2. 6.
minute static count =17, 909 cpm. And the outer surrounding area [ 2 ft. from edge | is 4K cpm to 6K cpm. [ N
Post remediation of S002, perusal of affected area with Nal probe = 14K cpm to 17K cpm and a one 4. A 4 8. v
minute static count ~ 16,995 cpm. And the outer surrounding area [ 2 ft. from edge ] is 4K cpm to 6K cpm. SMEAR SURVEY RESUL TS (dpm/100cm?) gﬁ g
Post remediation of S011, perusal of affected area with Nal probe = 15K cpm to 18K cpm and a one - See *- _ Attached ' Results
minute static count =~ 17,800 cpm. And the outer surrounding area [ 2 ft. from edge ] is 12K cpm to 15.7 cpm. §2. Batch % Number 16. 662
(B) Marinelli samples [S001A-S002A-S011A] taken for ISOCS. s v il
ISOCS Results: 4. 1. 18.
# 001-S001A weighed 627 grams, Cs137 15. 4 pCi / Grams. ! T
# 002-S002A weighed 578 grams, Cs137 7. 6 pCi/ Grams. > ' *
# 003-S011A weighed 482 grams, Cs137 11. 07pCi/ Grams. 6. 13. 20.
(C) Smear results for external sample containers and equipment used, see page 2 of 2. . » :
v v 2 \
Surveyed By:  Sean A. Gully Date: 10/22/09 Reviewed By: Date:

FS-SOP-1000

Atte uaaw.u \v Page 1 of

\Tw




REASONFOR SURVEY INSTRUMENT
RADIOLOGICAL SURVEY FORM [0 Routine [ Special
FS-SOP-1000 ® pwps 2009-ERP-010 _ [J WP Model# Serial # CAL DUE
Location/Equipment: Discrete Soil Remediation Area T | Date: 10/22/09 Time: 11:30 LB5100S4 32487 07/17/10
Survey: Remediate D.S.R.A. “T” sample locations [ S012 and S013 ]. LuD-2221 211784 01/10/10 |

7 - T - _;._... Mx s, LUD-3 74417 03/27/10
BICRON CO94E 04/13/10
o - SMEARSURVEY SO.}HHOWHOHZ‘U > AIR SANMPLE LOCATION
D - MASSLINN SURVEY LOCATION %*. DIRECT FRISK LOCATION

G - CONTAMINATION 3 CONTACT

% KK = contact reading ¥ = radiaontyps  ZZZ = reading @ Mo

ATRBORNE ACTIVITY SURVEY

Field Analysis
Sample # Duration |Flow Rate cpm pCi/ce %% DAC
N/A >
DOSE RATE (HIGHEST)
Note: CONTACTREADING 6 premvhr.
(A) Post remediation of S012, perusal of affected area with Nal probe = 11K cpm to 15K cpm and a one minute -
static count = 14,640 cpm. And the outer surrounding perimeter [ 2 ft. from the edge ] is 9K cpm to 16K cpm. e S T A

MASSLINN SURVEY RESULTS (in dpm)

(B) Post remediation of S013, perusal of affected area with Nal probe =~ 9K cpm to 16K cpm and a one minute

: < 1K 5.
static count = 15,223 cpm. And the outer surrounding perimeter [ 2 ft. from the edge }is 11K cpm to 17K cpm. . < 1K
2. 6
(C) Marinelli samples [ S012A and S0134 | taken to WMD for ISOCS. z ..
ISOCS Results: i .
4. A 4 8. v
# 004-S012A weighed 985 grams, Cs137 15. 2 pCi/ Grams. SMEAR SURVEY RESUL TS (dpr/100cr) | o2 } SH
# 005-S013A weighed 1017 grams, Cs137 7. 5 pCi / Grams. I See 5. Aftached 15 Results
2. Batch 9. Number 6. §77
(D) Smear results for external sample containers and equipment used, see page 2 of 2. "
3 2 17
(E) Contact and general area dose rate on hoth sample containers was =~ Bkgd. [ 6 prem/hr. ]. . 1. 18.
5 12, 19
6 13. 20
7 2 i 4 21 v
Surveyed By: Sean A. Gully : Date:  10/22/09 Reviewed By: Date:

FS-SOP-1000
Atta*ynent 9.2

v Page 1 of

b’



Completion Report — HFBR Waste Loading Area Soil Remediation, December 2009

Appendix B

RESRAD Dose Assessment Summary Reports
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Dose Conversion Factor (and Related) Parameter Summary

Dose Library: FGR 11

Current °? Base ? Parameter

Menu 3 Parameter 3 Value# ° Case* 3 Name

A-1 * DCF's for external ground radiation, (mrem/yr)/(pCi/g) 2 2 ?
A-1 ® At-218  (Source: FGR 12) 2 5.847E~03 ?* 5.847E-03 3 DCFl( 1)
A-1 ® Ba-137m (Source: FGR 12) 3 3.606E+00 * 3.606E+00 * DCFl{ 2)
A-1 * Bi-210  (Source: FGR 12) * 3.606E~03 * 3.606E-03 * DCFl{ 3)
A-1 *® Bi-214  (Source: FGR 12) 3 9.B08E+00 * 9.808E+00 * DCFl( 4)
A-1 7 Cs-137  (Source: FGR 12} * 7.510E-04 * 7.510E-04 * DCFl( 5)
A-1 * Pb-210  (Source: FGR 12) 3 2.447E~03 * 2.447E-03 * DCF1( §)
A-1 *® Pb-214  (Source: FGR 12) 3 1.341E+00 * 1.341E+00 * DCFl( 7)
A-1 *® Po-210  (Source: FGR 12) * 5.231E-05 * 5.231E-05 * DCFl( 8)
A-1 *® Po-214  (Source: FGR 12) * 5.138E-04 * 5.138E-04 ° DCF1({ 9}
A-1 ° Po-218  ({Source: FGR 12) * 5.642E-05 * 5.642E-05 * DCF1{ 10)
A-1 * Ra-226  (Source: FGR 12) 3 3.176E-02 * 3.176E-02 * DCF1( 11)
A-1 ?® Rn-222  (Source: FGR 12) : 2.354E-03 * 2.354E-03 * DCFl{ 12)
A-1 2 Sr-90 (Source: FGR 12) * 7.043E-04 * 7.043E-04 * DCF1( 13)
A-1 * T1-210 {(Source: no data) . 3 0.000E+00 °-2.000E+00 * DCF1{ 14)
A-1 * Y-90 (Source: FGR 12) 3 2.391E-02 * 2.391E-02 2 DCFl( 15)
3 3 3 3
-1 * Dose conversion factors for inhalation, mrem/pCi: 3 3 2
-1 * Cs-137+D * 3.19%0E-05 * 3.190E-05 @ DCF2( 1)
B-1 * Pb-210+4D ® 2.320E-02 * 1.360E-02 * DCF2{ 2)
-1 2 Ra-226+D * B.594E-03 3 B8.580E-03 * DCF2{ 3)
-1 * Sr-90+D * 1.308E~03 * 1.300E-03 * DCF2( 4)
3 3 3 3
D-1 * Dose conversion factors for ingestion, mrem/pCi: ? ? 3
D-1 * Cs-137+4D ® 5.000E-05 ?® 5.000E-05 * DCF3({ 1)
D-1 2 Pb-210+D 3 7.276E-03 * 5.370E-03 * DCF3( 2)
D-1 * Ra-226+D 3 1.321E-03 ° 1.320E-03 ?° DCEF3( 3)
D-1 * Sr-90+D 3 1.528E-04 * 1,420E-04 3 DCF3( 4)
3 3 3 3
D-34 * Food transfer factors: 2 ' 2 2
D-34 * Cs-137+D , plant/soil concentration ratio, dimensionless ® 4.0008-02 ® 4.000E-02 ?* RTF( 1,1)

D-34 * Cs-137+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 3.000E-02 * 3.000E-02 * RTF( 1,2)
D-34 ? Cs-137+4D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 8.000E-03 * 8.000E-03 * RTF({ 1,3)
D>34 3 3 3 3

D-34 ? Pb-210+D , plant/soil concentration ratio, dimensionless 3 1.000E-02 * 1.000E-02 * RTF( 2,1)

D-34 ? Pb-210+4D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ® 8.000E-04 * 8.000E-04 * RTF( 2,2)
D-34 3 Pb-210+D , milk/livestock-intake ratio, (pCi/L}/ (pCi/d) 3 3.000E-04 * 3.000E-04 * RTF({ 2,3)
D_34 3 3 3 3

D-34 ? Ra-226+D , plant/soil concentration ratio, dimensionless 3 4.000E-02 ?® 4.000E-02 * RTF( 3,1)

D-34 ° Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d} 3 1.000E-03 * 1.000E-03 * RTF( 3,2)
D-34 * Ra-226+D , milk/livestock-intake ratio, {(pCi/L)/({pCi/d) * 1.000E-03 * 1.000E-03 ® RTE( 3,3)
D-34 3 s 3 3
D-34 * Sr-90+D , plant/soil concentration ratio, dimensionless > 3.000E-01 * 3.000E-01 * RTF( 4,1)
D-34 * Sr-90+D , beef/livestock-intake ratio, (pCi/kg)/{pCi/d) ® 8.000E-03 * B.000E-03 * RTF( 4,2)
D-34 * Sr-90+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ® 2.000E-03 * 2.000E-03 * RTF({ 4,3)

3 3 3 3
D-5 * Bioaccumulation factors, fresh water, L/kg: 3 3 3
D-5 3 Cs-137+D , fish ® 2.000E+03 ?* 2.000E+03 ?* BIOFAC( 1,1)
D-5 ? (Cs-137+D , crustacea and mollusks ®> 1.000E+02 * 1.000E+02 * BIOFAC( 1,2)

D-5 3 3 3 3
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Dose Conversion Factor (and Related) Parameter Summary (continued)

Dose Library: FGR 11

2 ? Current °? Base * Parameter

Menu 3 Parameter B Value# 3 Case* 2 Name

D-5 3 Pb-210+D , fish 3 3.000E+02 * 3.000E+02 * BIOFAC({ 2,1)
D-5 2 Pb-210+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC( 2,2)
D_5 3 3 3 3

D~-5 3 Ra-226+D , fish * 5.000E+01 * 5.000E+01 * BIOFAC({ 3,1)
D-5 * Ra-226+D , crustacea and mollusks * 2.500E+02 * 2.500E+02 * BIOFAC({ 3,2)
D__5 3 3 3 3

D~5 * Sr-90+D , fish ®* 6.000E+01 * 6.000E+01 * BIQFAC( 4,1)
D-5 3 Sr-90+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC( 4,2)

#For DCF1(xxx} only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.Lib w/o Associate Nuclide contributions.
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Site-Specific Parameter Summary

User 3 3 Used by RESRAD ? Parameter

Menu 3 Parameter 3 Input 3 Default 3 (If different from user input) 2 Name

RO11 °® Area of contaminated zone (m**2) * 2.290E+03 ? 1.000E+04 * - ® AREA
RO11 * Thickness of contaminated zone (m) * 5.000E+00 * 2.000E+00 * -—= * THICKO
R0O11 ° Length parallel to aquifer flow (m) ® 2.500E+02 * 1.000E+02 2 --= ® LCZPAQ
RO11 ° Basic radiation dose limit (mrem/yr) * 1.500E+01 * 3.000E+Q1 * -—= * BRDL
RO11 ? Time since placement of material (yr) * 0.000E+00 * 0.000E+0Q * - *TI
RO11 ? Times for calculations (yr) * 1.000E+00 * 1.000E+00 2 -—= 2 T( 2)
R011 ? Times for calculations (yr) * 5.000E+00 3* 3.000E+00Q 2 -—= 2 T( 3)
RO11 * Times for calculations (yr)} * 1.000E+01 * 1.000E+01 ° -—= 3T( 4)
RO11 * Times for calculations (yr) * 5.000E+01 * 3.000E+01 3 -—- *T{ 5)
RO11 ? Times for calculations {yr) * 1.000E+02 2 1.000E+02 2 ——- 3T 6)
RO11l ? Times for calculations {yr) * 5.000E+02 3 3,000E+02 3 ——= TN
RO11 * Times for calculations (yr) 3 1.000E+03 * 1.000E+03 3 -—= 2 T{ 8)
RO11 * Times for calculations (yr) ® not used 3 0.000E+00 ° -—= 2T( 9)
R011 ? Times for calculations (yr) ® not used 3 0.000E+00 32 -— 2 T(10)

3 3 3 3 3
. R012 * Initial principal radicnuclide (pCi/g): Cs-137 ?* 4.380E+00 * 0.000E+00 * - *81(1)
RO12 * Initial principal radionuclide (pCi/g): Ra-226 * 9.000E-02 * 0.000E+00 ° - P 81(3)
R012 * Initial principal radionuclide (pCi/g): Sr-9%0 3 1.100E+00 * 0.000E+00 2 - * 81{4)
R012 * Concentration in groundwater (pCi/L): Cs-137 * not used * 0.000E+00 2 - TW1I()
RO12 ? Concentration in groundwater (pCi/L): Ra-226 2 not used 3 0.000E+00 ° - 2 Wl( 3)
R012 * Concentration in groundwater (pCi/L): Sr-90 ® not used ° 0.000E+00 ? - P Wl 4

3 3 3 3 3
RO13 * Cover depth (m) * 0.000E+00 * 0.000E+00 ? - * COVERO
RO13 ? Density of cover material (g/cm**3) ®> not used ? 1.500E+00 * --- ® DENSCV
RO13 ® Cover depth erosion rate (m/yr) * not used * 1.000E-03 ° - *vev
RO13 * Density of contaminated zone (g/cm**3) ® 1.660E+00 * 1.500E+00 3 --= ® DENSCZ
R013 ° Contaminated zone erosion rate (m/yr) ®> 1.000E-03 * 1.000E-03 ° - *veez
R013 ° Contaminated zone total porosity ® 3.300E-01 °® 4.000E-01 ° - . * TPCZ
R013 ? Contaminated zone field capacity ® 2.400E-01 ° 2.000E-01 ° --= ? FCCZ
R013 * Contaminated zone hydraulic conductivity (m/yr) * 5.000E+03 * 1.000E+01 * - ? HCCZ
R013 * Contaminated zone b parameter ® 4.900E+00 * 5.300E+00 ? --= * BCZ
R013 * Average annual wind speed (m/sec) * 2.000E+00 * 2.000E+00 ? - > WIND
R013 * Humidity in air (g/m**3) ® not used * 8.000E+00 2 - * HUMID
RO13 ° Evapotranspiration coefficient ® 4.600E-01 * 5.000E-01 3 - ® EVAPTR
R0O13 * Precipitation (m/yr) 3 1.230E+00 * 1.000E+00 * -—- 3 PRECIP
RO13 ? Irrigation (m/yr) 3 2.600E-01 ® 2.000E-01 * - * RI
R013 2 Irrigation mode 3 overhead ? overhead °? -—- ® IDITCH
R013 * Runoff coefficient ® 2.000E-01 * 2.000E-01 * -—= ® RUNOFF
R013 3 Watershed area for nearby stream or pond (m**2) 3 1.000E+06 3 1.000E+06 * -—= ® WAREA
R013 * Accuracy for water/soil computations 3 1.000E-03 * 1.000E-03 * -—= ® EPS

3 3 s 3 3
R014 * Density of saturated zone (g/cm**3) ® 1.660E+00 * 1.500E+00 ° -—= > DENSAQ
R014 * Saturated zone total porosity 3 3.300E-01 * 4.000E-01 * - * TPSZ
R014 * Saturated zone effective porosity ® 2.400E-01 * 2.000E-01 3 - ® EPSZ
RO14 * Saturated zone field capacity ® 2.000E-01 ® 2.000E-01 2 - ? FCsZ
RO14 * Saturated zone hydraulic conductivity (m/yr) ® 2.000E+04 * 1.000E+02 ° --= > HCSZ
R014 * Saturated zone hydraulic gradient * 4.800E-03 * 2.000E-02 3 - > HGWT
R014 * Saturated zone b parameter > 4.900E+00 ° 5.300E+00 2 - > BSZ
RO14 * Water table drop rate (m/yr) ® 1.000E-03 * 1.000EB-03 ? - * VWT
RO14 * Well pump intake depth (m below water table) ® 1.800E+01 * 1.000E+01 ® -—= ® DWIBWT
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Site-Specific Parameter Summary (continued)

E) E)

User 2 2 Used by RESRAD 3 Parameter

Menu 3 Parameter 3 Input 3 Default * (If different from user input) °? Name

R0O14 ? Model: Nondispersion (ND) or Mass-Balance (MB) ® ND 3 ND B ——- ®> MODEL
R014 * Well pumping rate (m**B/yr) * 2.500E+02 ® 2.500E+02 ? -—- 2 UW
3 3 3 3 3
R0O15 * Number of unsaturated zone strata 1 21 2 - > NS
RO15 ? Unsat. zone 1, thickness (m) * 0.000E+00 * 4.000E+00 3 —-—— T H(L)
RO15 * Unsat. zone 1, soil density (g/cm**3) * 1.660E+00 3 1.500E+00 3 —-—— 3 DENSUZ (1)
RO15 * Unsat. zone 1, total porosity * 3.300E-01 * 4.000E-01 ® -—= * TPUZ (1)
RO15 3 Unsat. zone 1, effective porosity * 2.400E-01 3 2.000E-01 3 - * EPUZ(1)
RO15% 3 Unsat. zone 1, field capacity * 2.000E~01 * 2.000E-01 3 -——= ? FCUZ (1)
RO15 * Unsat. zone 1, soil-specific b parameter 3 4.300E+00 * 5.300E+00 * - * BUZ (1)
R015 ? Unsat. zone 1, hydraulic conductivity (m/yr) * 5.000E+03 * 1.000E+401 ? -—= * HCUZ (1)
3 3 3 3 3
R016 * Distribution coefficients for Cs-137 3 3 3 2
RO16 *  Contaminated zone (cm**3/g) ® 2.800E+02 * 4.600E+03 * == * DCNUCC( 1)
RO16 3 Unsaturated zone 1 (cm**3/q) ® 2.800E+02 * 4.600E+03 ° - * DCNUCU( 1,1)
RO16 *  Saturated zone (cm**3/g) 3 2.800E+02 * 4.600E+03 3 ——— > DCNUCS{ 1)
RO16 3 Leach rate (/yr) * 0.000E+00 * 0.000E+00 3 2.889E-04 * ALEACH( 1)
RO16 *  Solubility constant > 0.000E+00 * 0.000E+00 * not used ® SOLUBK( 1)
3 3 3 3 3
RO16 * Distribution ccefficients for Ra-226 2 2 3 2
RO16 2 Contaminated zone {(cm**3/g) * 7.000E+01 * 7.000E+01 ® ~—= * DCNUCC( 3)
RO16 2 Unsaturated zone 1 {(cm**3/g) * 7.000E+01 * 7.000E+01 2 - * DCNUCU( 3,1)
RO16 ? Saturated zone (cm**3/q) * 7.000E+01 * 7.000E+01 2 - * DCNUCS( 3}
RO16 ° . Leach rate (/yr) ' * 0.000E+00 * 0.000E+00 2 1.154E-03 * ALEACH( 3)
RO16 3 Solubility constant > 0.000E+00 * 0.000E+00 ? not used * SOLUBK( 3)
3 3 3 3 3
R016 * Distribution coefficients for Sr-90 3 3 2 2
ROl6 ° Contaminated zone (cm**3/g) ®> 3.000E+01 * 3.000E+01 * --- *> DCNUCC{ 4)
RO16 * Unsaturated zone 1 (cm**3/q) > 3.000E+01 * 3.000E+01 2 -—= ®> DCNUCU( 4,1)
RO16 3 Saturated zone (cm**3/g) * 3.000E+01 ?® 3.000E+01 ° -—= > DCNUCS( 4}
RO16 ? Leach rate (/yr) * 0.000E+00 * 0.000E+00 ° 2.685E-03 > ALEACH( 4)
RO16 3 Solubility constant * 0.000E+00 * 0.000E+00 * not used * SOLUBK( 4)
3 3 3 3 3
RO16 * Distribution coefficients for daughter Pb-210 ? 2 2 ?
RO16 2 Contaminated zone (cm**3/g) *> 1.000E+02 ?* 1.000E+02 °? - * DCNUCC( 2)
RO16 2 Unsaturated zone 1 (cm**3/q) * 1.000E+02 * 1.000E+02 ? - 3 DCNUCU( 2,1)
ROl6 3 Saturated zone {(cm**3/g) 3 1.000E+02 ? 1.000E+02 3 - * DCNUCS{ 2)
RO16 3 Leach rate (/yr) * 0.000E+00 * 0.000E+00 * 8.082E-04 > ALEACH({ 2)
RO16 * Solubility constant * 0.000E+00 * 0.000E+00 * not used * SOLUBK{ 2)
3 3 3 3 3
RO17 * Inhalation rate (m**3/yr) * 7.300E+03 * 8.400E+03 ° -—- * INHALR
RO17 * Mass loading for inhalation (g/m**3) ®> 1.000E-04 * 1.000E-04 ? - * MLINH
RO17 ?* Exposure duration > 3.000E+01 * 3.000E+01 2 - * ED
RO17 * Shielding factor, inhalation > 4.000E-01 * 4.000E-01 °® - > SHF3
RO17 * Shielding factor, external gamma ®> 8.000E-01 * 7.000E-01 * - ® SHF1
RO17 * Fraction of time spent indoors *> 5.000E-01 * 5.000E-01 * - * FIND
RO17 * Fraction of time spent outdoors (on site) > 2.500E-01 * 2.500E-01 * - * FOTD
RO17 * Shape factor flag, external gamma * 1.000E+00 * 1.000E+00 2 >0 shows circular AREA. > FS
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Site-Specific Parameter Summary (continued)

User 2 3 Used by RESRAD ® Parameter

Menu 3 Parameter 2 Input * Default * (If different from user input) 3 Name

RO17 * Radii of shape factor array (used if FS = -1): 3 3 3 3
RO17 3 Outer annular radius (m), ring 1: * not used ?* 5.000E+01 3 -——= * RAD SHAPE({ 1}
RO17 3 Outer annular radius (m), ring 2: * not used * 7.071E+01 ? - * RAD SHAPE( 2)
RO17 2 Outer annular radius (m), ring 3: ® not used * 0.000E+00 3 - * RAD SHAPE( 3)
RO17 2 Outer annular radius (m}, ring 4: * not used * 0.000E+00 2 - * RAD_SHAPE( 4)
RO17 3 Outer annular radius {(m), ring 5: ® not used * 0.000E+0Q * —-—= * RAD_SHAPE( 5)
RO17 *  Outer annular radius (m), ring 6: *> not used * 0.000E+00 ? - * RAD SHAPE( 6)
RO17 3 Outer annular radius (m), ring 7: * not used * 0.000E+00 2 - * RAD_SHAPE( 7)
RO17 * Outer annular radius (m), ring 8: * not used * 0.000E+00 2 - * RAD_SHAPE( 8)
RO17 2 Outer annular radius (m), ring 9: * not used * 0.000E+00 3 --- * RAD SHAPE( 9)
RO17 @ Outer annular radius (m), ring 10: * not used * 0.000E+00 °? - * RAD_SHAPE (10)
RO17 * Outer annular radius (m), ring 11: ® not used * 0.000E+00 2 --- * RAD_SHAPE (11)
RO17 3 Outer annular radius (m), ring 12: * not used 3 0.000E+00 2 - ® RAD_SHAPE (12)
3 3 3 3 3
RO17 * Fractions of annular areas within AREA: 2 2 3 2
RO17 3 Ring 1 * not used * 1.000E+00 ? -—- * FRACA( 1)
RO17 @ Ring 2 * not used * 2.732E-01 3 -—= * FRACA( 2)
ROL7 3 Ring 3 * not used * 0.000E+00 3 - * FRACA( 3)
RO17 2 Ring ¢ ® not used * 0.000E+00 3 - ® FRACA( 4)
RO17 3 Ring 5 ® not used * 0.000E+00 3 - * FRACA( 5)
R017 * Ring 6 * not used * 0.000E+00 3 -—= * FRACA( 6)
RO17 * Ring 7 ® not used * 0.000E+00 ? - * FRACA{ 7)
RO17 ® Ring 8 * not used * (.000E+00 3 -—- * FRACA( 8)
RO17 2 Ring 9 * not used * 0.000E+00 2 - * FRACA( 9)
RO17 3 Ring 10 > not used ? 0.000E+00 3 - * FRACA(10)
RO17 ® Ring 11 ’ ®> not used * 0.000E+00 3 -—- * FRACA(11)
RO17 3 Ring 12 * not used * 0.000E+00 ? --- ® FRACA(12)
3 3 3 a 3
RO18 * Fruits, vegetables and grain consumption (kg/yr) * 1.600E+02 * 1,600E+02 2 --= * DIET (1)
RO18 * Leafy vegetable consumption (kg/yr) ®> 1.400E+01 * 1.400E+01 3 - * DIET(2)
RO18 * Milk consumption (L/yr) ® not used * 9,200E+01 * --= ® DIET{(3)
RO18 * Meat and poultry consumption (kg/yr) * not used * 6.300E+01 ° --= * DIET(4)
R018 * Fish consumption (kg/yr) * not used * 5.400E+00 ? --- * DIET(5)
R018 * Other seafood consumption (kg/yr) *> not used * 9.000E-01 2 -== * DIET (6)
RO18 * Soil ingestion rate (g/yr) * 4.380E+01 3* 3,650E+01 °? - * SOIL
RO18 * Drinking water intake (L/yr) *> 7.000E+02 * 5.100E+02 * -—= ? DWI
RO18 * Contamination fraction of drinking water 2 1.000E+00 * 1.000E+00 * - * FDW
R018 * Contamination fraction of household water * not used * 1.000E+00 ? -== * FHEW
RO18 * Contamination fraction of livestock water * not used 2 1.000E+00 3 - * FLW
R018 * Contamination fraction of irrigation water 2 1.000E+00 * 1.000E+00 2 - 2 FIRW
RO18 * Contamination fraction of aquatic food * not used ? 5,000E-01 3 - * FRO
R018 * Contamination fraction of plant food -1 -1 3 0.500E+00 * FPLANT
R0O18 * Contamination fraction of meat * not used 2-1 N - * EMEAT
R018 * Contamination fraction of milk * not used 3*-1 ? - * FMILK
3 a 3 a 3
RO19 * Livestock fodder intake for meat (kg/day) * not used * 6.800E+01 * -—= * LFIS5
RO19 ?* Livestock fodder intake for milk (kg/day) * not used * 5.500E+01 3 --= * LFI6
R019 * Livestock water intake for meat (L/day) * not used * 5.000E+01 ? - * LWI5
RO19 * Livestock water intake for milk (L/day) * not used ?* 1,600E+02 3 - * LWIe

RO19 * Livestock soil intake (kg/day) ?* not used * 5.000E-01 2 - * LSI
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Site-Specific Parameter Summary (continued)

3 3 User 2 3 Used by RESRAD ? Parameter

Menu 3 Parameter 2 Input * Default °? (If different from user input) 3 Name

RO19 * Mass loading for foliar deposition (g/m**3) * 1.000E-05 * 1.000E-04 3 - ® MLFD
RO19 * Depth of soil mixing layer (m) * 1.500E-01 * 1.500E-01 * - ® DM
RO19 ? Depth of roots (m) ® 9.000E-01 * 9.000E-01 2 - > DROOT
RO19 ? Drinking water fraction from ground water ® 1.000E+00 * 1.000E+00 ? - ® FGWDW
RO19 * Household water fraction from ground water * not used ? 1.000E400 ° - ® FGWHH
RO19 * Livestock water fraction from ground water * not used * 1.000E+00 °? - * FGWLW
RO19 ? Irrigation fraction from ground water ® 1.000E+00 * 1.000E+00 * - * FGWIR

3 3 3 3 3
R19B ? Wet weight crop yield for Non-Leafy (kg/m**2} * 7.000E-01 * 7.000E-O1 3 -—= 2 YV(1)
R19B * Wet weight crop yield for Leafy (kg/m**2) * 1.500E+00 3 1.500E+00 ? == 2 YV(2)
R19B * Wet weight crop yield for Fodder {kg/m**2) ® not used 3* 1.100E+00 * - 2 YV(3)
R19B * Growing Season for Non-Leafy (years) * 1.700E-01 * 1.700E-01 * -—= ? TE(1)
R19B ? Growing Season for Leafy (years) * 2.500B-01 * 2.500E-~01 ? - 2 TE(2)
R19B ® Growing Season for Fodder {years) ® not used * 8.000E~02 °? - ? TE(3)
R19B ? Translocation Factor for Non-Leafy * 1.000E-01 * 1.000E-01 °® —--- T TIV(1)
R19B ? Translocation Factor for Leafy * 1.000E+00 * 1.000E+00 °? -—= 2 TIV(2)
R19B * Translocation Factor for Fodder ® not used ?* 1.000E+00 ° - ? TIV(3)
R19B ? Dry Foliar Interception Fraction for Non-Leafy 2 2.500E-01 * 2.500E-01 °? -=- * RDRY (1)
R19B ? Dry Foliar Interception Fraction for Leafy ? 2.500E-01 ?* 2.500E-01 *? -—= ? RDRY (2)
R19B ? Dry Foliar Interception Fraction for Fodder ® not used 2 2,500E-01 *? -—= ? RDRY (3)
R19B ? Wet Foliar Interception Fraction for Non-Leafy * 2.500E-01 * 2,500E-01 °* -—= ? RWET({1)
R19B * Wet Foliar Interception Fraction for Leafy ® 2.500E-01 ®* 2.500E-01 °? - * RWET(2)
R19B * Wet Foliar Interception Fraction for Fodder * not used ?* 2.500E-01 °? -—= * RWET (3)
R19B ? Weathering Removal Constant for Vegetation * 2.000E+01 * 2.000E+01 * - * WLAM

3 3 3 3 a
Cl4 * C-12 concentration in water (g/cm**3) > not used * 2.000E-05 ? - ® CI2WTR
Cl4 2 C-12 concentration in contaminated soil (g/g) > not used * 3.000E-02 ? - * cla2cz
Cl4 * Fraction of vegetation carbon from soil * not used * 2,000E-02 ° - ® CSOIL
Cl4 * Fraction of vegetation carbon from air ® not used * 9.800E-01 °? -== *> CAIR
Cl4 * C-14 evasion layer thickness in soil (m) ®> not used * 3.000E-01 °? -—-- ® DMC
Cl4 * C-14 evasion flux rate from soil (1/sec) ®* not used * 7.000E-07 °? - ® EVSN
Cl4 * C-12 evasion flux rate from soil (1/sec) > not used * 1.000E-10 ? -== *> REVSN
Cl4 * Fraction of grain in beef cattle feed > not used * 8.000E-01 ? - * BVFGY4
Cl4 * Fraction of grain in milk cow feed 3> not used * 2.000E-01 ? - > AVFGS

3 3 3 3 3
STOR * Storage times of contaminated foodstuffs {(days): ? 2 2 2
STOR 2 Fruits, non-leafy vegetables, and grain > 1.400E+01 * 1.400E+01 °? - ® STOR_T(1)
STOR * Leafy vegetables 3 1.000E+00 * 1.000E+00 2 -—- 3 STOR_T(2)
STOR *  Milk 3 1.000E+00 ? 1.000E+00 3 -—- * STOR_T(3)
STOR *  Meat and poultry 3 2.000E+01 * 2.000E+01 ? -—- 3 STOR_T(4)
STOR 3  Fish * 7.000E+00 ° 7.000E+00 ? -—- 3 STOR_T(5)
STOR ? Crustacea and mollusks * 7.000E+00 @® 7.000E+00 2 -—= ® STOR_T(6)
STOR * Well water 3 1.000E+00 * 1.000E+00 ? --- * STOR_T(7)
STOR ? Surface water > 1.000E+00 * 1.000E+00 ? -—= ® STOR_T(8)
STOR 2 Livestock fodder 3 4.500E+01 * 4.500E+01 ? --= * STOR_T (9}

a 3 3 3 a
R021 * Thickness of building foundation {m) * not used * 1.500E-01 °? - * FLOOR1
RO21 * Bulk density of building foundation (g/cm**3) *> not used 3 2.400E+0C ? -—- ® DENSFL
R0O21 ?® Total porosity of the cover material ®> not used ?* 4.000E-01 °? - 3. TPCV
R021 * Total porosity of the building foundation ®> not used * 1.000E-01 ? --= * TPFL
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Site~Specific Parameter Summary (continued)

2 3 User 3 3 Used by RESRAD 3 Parameter

Menu ? Parameter 3 Input 3 Default 2 (If different from user input) 3 Name

R021 ? Volumetric water content of the cover material ® not used °?* 5.000E-02 * -—= * PH20CV
R0O21 ? Volumetric water content of the foundation ® not used * 3.000E-02 °? - s PH20FL
R021 * Diffusion coefficient for radon gas (m/sec): 3 3 3 3
RO21 ? in cover material ®> not used °?* 2.000E-06 * -—= * DIFCV
R021 3 in foundation material ®* not used * 3.000E-07 3 -—- * DIFFL
RO21 3 in contaminated zone soil 3 not used ? 2.000E-06 * -—= * DIFCZ
R0O21 * Radon vertical dimension of mixing (m) ? not used 3 2.000E+00 3 -—= 3 HMIX
R021 3 Average building air exchange rate (1/hr) 3 not used ? 5.000E-01 3 —-—= 3 REXG
R021 * Height of the building (room) (m) 3 not used ? 2.500E+00 * -—= 3 HRM
R021 * Building interior area factor 3 not used * 0.000E+00 * - * FAI
R021 ? Building depth below ground surface (m) ? not used 3*-1.000E+00 * -—= * DMFL
R021 * Emanating power of Rn-222 gas * not used * 2.500E-01 2 - * EMANA (1)
R0O21 * Emanating power of Rn-220 gas ) * not used 3 1.500E-01 3 - * EMANA(2)
3 3 3 3 3
TITL * Number of graphical time points 3 32 3 - 2 —=- 3 NPTS
TITL * Maximum number of integration points for dose 2 17 2 --- 2 ' - * LYMAX
TITL * Maximum number of integration points for risk 2 257 2 -== 3 - * KYMAX

Summary of Pathway Selections

Pathway 3 User Selection

1 -- external gamma 3 active
2 -- inhalation (w/o radon)? active
3 -- plant ingestion 3 active
4 -- meat ingestion 2 suppressed
5 -- milk ingestion 2 suppressed
6 -- aguatic foods 2 suppressed
7 —-- drinking water 2 active
8 -- soil ingestion 3 active
9 -- radon 3 suppressed
Find peak pathway doses 2 active
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Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g

Area: 2290.00 square meters Cs-137 4.380E+00
Thickness: 5.00 meters Ra-226 9.000E-02
Cover Depth: 0.00 meters Sr-90 1.100E+00

Total Dose TDOSE(t), mrem/yr

Basic Radiation Dose Limit = 1.500E+01 mrem/yr

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t (years): 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02
TDOSE (t): 1.479E+01 1.448E+01 1.331E+01 1.199E+01 5.600E+00 2.802E+00 1.046E+00
M(t): 9.859E-01 9.652E-01 8.871E-01 7.994E-01 3.733E-01 1.868E-01 6.970E-02

Maximum TDOSE(t): 1.479E+01 mrem/yr at t = 0.000E+00 years

1.000E+03
4.713E~-01
3.142E-02
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Total Dose Contributions TDOSE(i,p;t) for Individual Radionuclides (i} and Pathways {p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio- R R R R R S R R R R R R R R R R R R R KB R S R KRR R TR T R R R R TR R R R K R R R R K 5 S B 5 R 56 5 5 5
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
R R R R R R K R R R R R R R 5 5 8 K R R R KRR KRR R R R KRR KRR KRR KK KA KR RRRKKR R g s K

Cs-137 8.652E+00 0.5851 6.596E-06 0.0000 0.000E+00 0.0000 7.533E-01 0.0509 0.000E+00 0.0000 0.000E+00 0.0000 7.111E-03 0.0005
Ra-226 5.945E-01 0.0402 3.845E-05 0.0000 0.000E+00 0.0000 4.238E-01 0.0287 0.000E+00 0.0000 0.000E+00 0.0000 4.233E-03 0.0003
Sr-90  1.576E-02 0.0011 6.784E-05 0.0000 0.000E+00 0.0000 4.330E+00 0.2928 0.000E+00 0.0000 0.000E+00 0.0000 5.449E-03 0.0004
tiffffs fffffeets fEE008 ffffffffs fEffff fEfPLf8ff fPPfff fffffffff fEffff PIfLfRfff fEffff PEEPEfIfL fRffff fEffffff fffffl
Total  9.262E+00 0.6263 1.129E-04 0.0000 0.000E+00 0.0000 5.507E+00 0.3724 0.000E+00 0.0000 0.000E+00 0.0000 1.679E-02 0.0011

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

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
Radio- s R S S K S SR SR R R K RS R K R R R S S KRS R SR R R R R R R 5 R R K K R KRR R R R K K 5 5
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
s R 3 R RS R S R K R RS 3 R R K K R R K K K 3 K 5 NP RAARARA RAKAAR AAAAAAARA KAAAAZ e e s

Cs-137 1.462E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.711E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.413E+00 0.6365
Ra-226 ' 2.419E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.685E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.023E+00 0.0692
Sr-90  1.849E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.377E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.353E+00 0.2943
tiffftt fiffffift fiffff frfffffff ffffif frfffffff ffffff frfffffff ffffff  ffffffffl ffffff IITELLfff fRffff fffffffff fRffff
Total  2.105E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.555E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.479E+01 1.0000

*Sum of all water independent and dependent pathways.
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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+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk
Radio- g R R R R R K B S K KRR K R R R SR K K R 5 e R R R - . - -
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
(AARAAA AAAARAARA ARAAAA AAAKAMAA AAAAAA AAAAAKARA AAAAAR AAAAARARA AAARAA A s R  ARRAAA  ARARARAAL AAAAAZ

Cs-137 8.452E+00 0.5838 6.443E-06 0.0000 0.000E+00 0.0000 7.359E-01 0.0508 0.000E+00 0.0000 0.000E+00 0.0000 6.946E-03 0.0005
Ra-226 5.936E-01 0.0410 4.139E-05 0.0000 0.000E+00 0.0000 4.405E-01 0.0304 0.000E+00 0.0000 0.000E+00 0.0000 4.873E-03 0.0003
Sr-90  1.535£-02 0.0011 6.607E-05 0.0000 0.000E+00 0.0000 4.217E+00 0.2912 0.000E+00 0.0000 0.000E+00 0.0000 5.307E-03 0.0004
frfffft fEffff888 fEf08% fRffrfffs fAf8fF PELfSfSff ffffff fEffff8ff fESf9f fffffffff ffffff PEETfffMf fEffff fffffffff fiffff
Total  9.061E+00 0.6259 1.139E-04 0.0000 0.000E+00 0.0000 5.393E+00 0.3725 0.000E+00 0.0000 0.000E+00 0.0000 1.713E-02 0.0012

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 Radon Plant Meat Milk All Pathways*
Radio- R S N 3R S S R KRR K S R R KR KR K R R R R R K KR AR 5 B 3 R R 5 R 3 s R K K R R 5 56 5 R 8 3 S 5 K K 5
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARRAAAA RARAARARA RARAAA AAAARAKAA AAAAAA AAAAAAAAA AAKAAZ AAAAAAAAA AAAAAS s " s R R R R R R 5 5

Cs-137 4.321E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.060E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.195£+00 0.6351
Ra-226 7.858E-04 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 5.663E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.040E+00 0.0718
Sr-90  5.441E-03 0.0004 0.000E+00 0.0000 0.000£+00 0.0000 4.186E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.243E+00 0.2931
tifffff fiffifftt tfiifr fifffffff teffff fifffffff ffffft fffffffff fEffff ffffffiff fEffff fESSfM88f ffffEf ffffeifff ffffis
Total  6.270E-03 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 4.783E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.448E+01 1.0000

*Sum of all water independent and dependent pathways.
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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 = 5.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk
Radio- R R K K R KR R R KR R KK R R R R K 35 K R R R R K K R R R R R o
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
CARAAAR AARAAAAAA AARAKA AAKAAA . e CAARARAAA RAAAAA RARAAAAAR ARAARS AARAAAKAA ARAKAR o g

Cs-137 7.697E+00 0.5784 5.868E-06 0.0000 0.000E+00 0.0000 6.701E-01 0.0504 0.000E+00 0.0000 0.000E+00 0.0000 6.326E-03 0.0005
Ra-226 5.899E-01 0.0443 5.218E-05 0.0000 0.000E+00 0.0000 5.009E-01 0.0376 0.000E+00 0.0000 0.000E+00 0.0000 7.229E-03 0.0005
Sr-90  1.380E-02 0.0010 5.943E-05 0.0000 0.000E+00 0.0000 3.793E+00 0.2850 0.000E+00 0.0000 0.000E+00 0.0000 4.773E-03 0.0004
fifffef ffffftfss ffffff fEffff88F fofffs fEfffffft fffffs fffftffff fIrfff fffffffff fIffff fffffffff fEffff fffffftft ffffft
Total  8.301E+00 0.6238 1.175E-04 0.0000 0.000E+00 0.0000 4.964E+00 0.3730 0.000E+00 0.0000 0.000E+00 0.0000 1.833E-02 0.0014

Total Dose Contributions TDOSE({i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+00 years

Water Dependent Pathways

Water Fish Radon Plant Meat All Pathways*
Radio- s R R R K K KR . k5 « s R 5 b 5 3
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
SAAAARA ARRARANAA AARAAA AAKAAAAAA ARARAA AAAKAAAAA KAAAS AAARARARA AAARA AAAA AAARAL s S K K K B K SR s s

Cs-137 1.449E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.055E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.374E+00 0.6293
Ra-226 3.765E-03 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 2.750E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.102E+00 0.0828
Sr-90  1.808E-02 0.0014 0.000E+00 0.0000 0.000E+00 0.0000 1.412E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 3.831E+00 0.2879
tififit frfftttis fitfit ffiffffff fffftf ffffffffd fiffff ffRffffff ffffft fffrffffr fEffff ffffffff tiffff ffffffffr fiffff
Total 2.199E-02 0.0017 0.000E+00 0.0000 0.000E+00 0.0000 1.698E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.331E+01 1.0000

*Sum of all water independent and dependent pathways.
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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+01 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio- R R R KRR R R R R R R R R K R S R R R R R RS R R s R R B s
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.:@ mrem/yr fract. mrem/yr fract.
........ AAAAAAAAA ANAARA AAAAAAARA AAAAAA AAAAARRAA AARAAR AAAARAAAR AAARAR AARAAARA ARAAAA g

Cs-137 6.847E+00 0.5710 5.220E-06 0.0000 0.000E+00 0.0000 5.962E~01 0.0497 0.000E+00 0.0000 0.000E+00 0.0000 5.627E-03 0.0005
Ra-226 5.853E-01 0.0488 6.374E-05 0.0000 0.000E+00 0.0000 5.654E-01 0.0471 0.000E+00 0.0000 0.000E+00 0.0000 9.754E-03 0.0008
Sr-90  1.209E-02 0.0010 5.205E-05 0.0000 0.000E+00 0.0000 3.322E+00 0.2771 0.000E+00 0.0000 0.000E+00 0.0000 4.181E-03 0.0003
tifffit fitiffffs ffffff Sffffffff ffffff fRfffffff fEffff fEfffffff fEffff fffffffff fEffff fEfffEfff ffffff fffffffid fiffis
Total  7.445E+00 0.6209 1.210E-04 0.0000 0.000E+00 0.0000 4.484FE+00 0.3739 0.000E+00 0.0000 0.000E+00 0.0000 1.956E-02 0.0016

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

Water Fish Radon Plant Meat Milk All pathways*
Radio- R R KRR R KRR K KRR R R R R K S R R KKK KRR R R KK R R KR KRR K R R R K KRR

KRR R R R
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
R R R SRR R R K e K R R R K K g5 ARAAAAAAL AAARAR AAAAARARA ARAAAA R R KR R S 5 B R
Cs-137 2.465E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.804E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.449E+00 0.6213
Ra-226 9.035E-03 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 6.609E-04 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.170E+00 0.0976
".-' Sr-90 3.045E-02 0.0025 0.000E+00 0.0000 0.000E+00 0.0000 2.384E-03 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 3.371E+00 0.2812

tiittts frififffs fEffft ffffrfift fiffff fffffffff fffttf ffffffift fiffft fftrrfffl frffff tEfffffff frfffs fIfffifff ffffif
Total  3.973E-02 0.0033 0.000E+00 0.0000 0.000E+00 0.0000 3.063E-03 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 1.199E+01 1.0000

*Sum of all water independent and dependént pathways.
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File : F:\RESRAD FAMILY\RESRAD\FHWMF-PERIMETER-RES-NON-FARM-BKG-SUBTRACT-PRELIM.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 = 5.000E+0l1 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio- R KR R R R AR R KR B 9 R SR SR 5 5 5 4 R SR e
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
KRR R R R R KRR R R KR SAREAARAZ AARARA HEAAKARAR AAZAKA ARARRARKA KAAZAR \ARAAAAA AAABAA AAAAAR SR (REAAK  RERKAARKA RAKELE

Cs-137 2.686E+00 0.4797 2.048E-06 0.0000 0.000E+00 0.0000 2.339E-01 0.0418 0.000E+00 0.0000 0.000E+00 0.0000 2.208E-03 0.0004
Ra-226 5.494E-01 0.0981 1.081E~04 0.0000 0.000E+00 0.0000 8.062E-01 0.1440 0.000E+00 0.0000 0.000E+00 0.0000 1.956E-02 0.0035
Sr-90  4.191E-03 0.0007 1.804E-05 0.0000 0.000E+00 0.0000 1.152E+00 0.2056 0.000E+00 0.0000 0.000E+00 0.0000 1.449E-03 0.0003
fifffsy feffffefs feffef fiffffffy fEffff fIfAf084F T1P3ff ffLfIf80F fIffff fIfITTISL fff1fT ffSf889%F fRffff fffffffff ffffsf
Total  3.240E+00 0.5785 1.282E-04 0.0000 0.000E+00 0.0000 2.192E+00 0.3914 0.000E+00 0.0000 0.000E+00 0.0000 2.322E-02 0.0041

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+0l1 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
Radio- R S K K RS B BB R R 5 S K S % K R K K R s s R R S 5 5 s s R 5 s R R K R R 5 R R 5 B R R R B 8 5
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
........ ARARAAARA AAAAAA AARARARAA AKARAA s s R R R R R R R R KR K 5 K R 5 (ARAAAAR AARAAA \ ARAAAR AAAAAAAAA AAAAAZ

Cs-137 4.684E-04 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 3.443E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.923E+00 0.5219
Ra-226 8.102E-02 0.0145 0.000E+00 0.0000 0.000E+00 0.0000 5.927E-03 0.0011 0.000E+00 0.0000 0.000E+00 0.0000 1.462E+00 0.2611
Sr-90  5.358E-02 0.0096 0.000E+00 0.0000 0.000E+00 0.0000 4.204E-03 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 1.215E+00 0.2170
o frtfftf ffffffift fiffft Iffffffff fiffff fffffffff ffffff fITEfffff fEffff ffLLEL0f fL0f1 fRLLfLTIf fEPTEF fffffffff fLfff
Total 1.351E-01 0.0241 0.000E+00 0.0000 0.000E+00 0.0000 1.017E-02 0.0018 0.000E+00 0.0000 .0.000E+00 0.0000 5.600E+00 1.0000

*Sum of all water independent and dependent pathways.
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File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-RES~NON-FARM~BKG-SUBTRACT-PRELIM.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+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

ARAAAAR ARARAA | ARAAAA ARAAAAAAA AANAAA AAAAAAAAR AARAKA (ARAAAAA AAAAAA AABAAAAAA ABAAKA \ ARARAA
Cs-137 8.340E-01 0.2977 6.358E-07 0.0000 0.000E+00 0.0000 7.261E-02 0.0259 0.000E+00 0.0000 0.000E+00 0.0000 6.854E-04 0.0002.
Ra-226 5.075E-01 0.1812 1.145E-04 0.0000 0.000E+00 0.0000 8.289E-01 0.2959 0.000E+00 0.0000 0.000E+00 0.0000 2.125E-02 0.0076
Sr-90  1.115E-03 0.0004 4.799E-06 0.0000 0.000E+00 0.0000 3.063E~01 0.1093 0.000E+00 0.0000 0.000E+00 0.0000 3.854E-04 0.0001
fifffff fifffifes ffffff ffffffIif ffffff fffffffff fffffr fffffffff fiffff ffffiffff fiffif ffiffffif fiffft fffffifft fifift
Total 1.343E+00 0.4792 1.2005-04 0.0000 0.000E+00 0.0000 1.208E+00 0.4311 0.000E400 0.0000 0.000E+00 0.0000 2.232E-02 0.0080

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

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
o S CARARAZ KAAAAA ARKAAAAAA ARAA  AAAAAAAAA AAAAAR ARAAARAAA AAAAAA ARAAAARAA ARAAAK e s K s A3 55

Cs-137 2.919E-04 0.0001 0.000E+00 0.000C 0.000E+00 0.0000 2.146E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.076E-01 0.3239
Ra-226 1.825E-01 0.0652 0.000E+00 0.0000 0.000E+00 0.0000 1.335E-02 0.0048 0.000E+00 0.0000 0.000E+00 0.0000 1.554E+00 0.5546
Sr-90  3.030E-02 0.0108 0.000E+00 0.0000 0.000E+00 0.0000 2.379E-03 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 3.404E-01 0.1215
friffff fifffftss fiffts fififffff fIffff ffffrffff ffffff fffffffff ffffif fREffffff (fP1ff fRfffffff Tfffr ffffffffr ffffff
Total  2.131E-01 0.0761 0.000E+00 0.0000 0.000E+00 0.0000 1.575E~02 0.0056 0.000E+00 0.0000 0.000E+00 0.0000 2.802E+00 1.0000

*Sum of all water independent and dependent pathways.
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File : F:\RESRAD_ FAMILY\RESRAD\FHWMF-PERIMETER~RES-NON-FARM-BKG-SUBTRACT-PRELIM.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 = 5.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio- o R R R KRR R R % S R R KR R K R R SR S5 SR R s s R KRR R K KRR SR R S K B 5 R R K R R R R K S 55 s S S R s s s o 5 55
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
KAARARA ABAAARRAA RAARAA AAAARAKKA BAAAAA  AARAAAAAZ AAAARA AAAAAAARA ARAAAR ARAAAAARA ARARRR AA - ) e

Cs-137 7.198E-05 0.0001 5.488E-11 0.0000 0.000E+00 0.0000 6.267E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.916E-08 0.0000
Ra-226 2.690E-01 0.2573 6.291E-05 0.0001 0.000E+00 0.0000 4.519E-01 0.4322 0.000E+00 0.0000 0.000E+00 0.0000 1.174E-02 0.0112
Sr-90  2.790E-08 0.0000 1.201E-10 0.0000 0.000E+00 0.0000 7.668E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.650E-09 0.0000
fifffft fffifef1s fE8fff fffffffff fRff8f SLfffffff fEf78f FIfffffff fEffff fEfffffff fEEPFF fffffffff $Effff PISffffEf Ifffif
Total  2.691E-01 0.2574 6.291E-05 0.0001 0.000E+00 0.0000 4.519E-01 0.4322 0.000E+00 0.0000 0.000E+00 0.0000 1.174E-02 0.0112

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+02 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAARARAR ARARRK AARARAAAR AAAAAR AAAAAAARA ARARAR AARAARRAR ARAARA | AARARA
Cs-137 1.342E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.872E-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.845E-05 0.0001
Ra-226 2.914E-01 0.2787 0.000E+00 0.0000 0.000E+00 0.0000 2.131E-02 0.0204 0.000E+00 0.0000 0.000E+00 0.0000 1.045E+00 0.9999
Sr-90 7.432E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.836E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.507E-06 0.0000
‘.." tiffftt fftfiffst ffitft fftffitts ffffft fffififfd frffffr fiffffiff fiffff fffffffdf fIffff fLfffffff fIffff fifffffff ffidft
Total 2.914E-01 0.2787 0.000E+00 0.0000 0.000E+00 0.0000 2.131E-02 0.0204 0.000E+00 0.0000 ©0.000E+00 0.0000 1.046E+00 1.0000

*Sum of all water independent and dependent pathways.
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File : F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER—RES—NON—FARM—BKG-SUBTRACT*PRELIM.RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Independent Pathways (Inhalation exc¢ludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio- R KR R R R R RS 5B R R SRR R R R KSR % 5% S R R K 5 g R R R R RS K K a5 KK R R KRR R 5 53 8 S 5 3 . e

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARABARAR AAARARARA ARAAAR AARARARAA ARAAAR ABRAKAARAR AAABRA AAARAARAR BRARAA ARARAAAAR AAAAAR AAAAAARAR RAARAA AAAAAAARAR ARAARR
Cs-137 5.989E-~10 0.0000 4.565E~16 0.0000 0.000E+00 0.0000 5.214E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.922E-13 0.0000
Ra-226 1.217E-01 0.2582 2.845E-05 0.0001 0.000E+00 0.0000 2.044E~01 0.4336 0.000E+0Q 0.0000 0.000E+Q0 0.0000 5.308E-03 0.0113
Sr-90 4.942E-14 0.0000 2.128E-16 0.0000 0.000E+00 0.0000 1.358E~11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.709E-14 0.0000
tiiffif frtffifis frffft ffffffffd fiffff ffffffiff fiffif ffiffifff ffffff fffffffiff ffffif ffffffffi fiffff fffffiffr frfiitf
Total 1.217E-01 0.2582 2.845E-05 0.0001 0.000E+00 0.0000 2.044E-01 0.4336 0.000E+00 0.0000 0.000E+00 0.0000 5.308E-03 0.0113

Total Dose Contributions TDOSE(i,p,t}) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
RARRARR AAAARARAR AAAAAA ARRARAAAA ARARAR ARAKAAAAR AAKARA RAAR ARBAAR AAARAAABRA AAABAR AAAARRAAR ARARAR y AAAARR
Cs-137 2.428E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.786E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.541E-10 0.0000
Ra-226 1.304E-01 0.2766 0.000E+00 0.0000 0.000E+00 0.0000 9.536E-03 0.0202 0.000E+00 0.0000 0.000E+00 0.0000 4.713E-01 1.0000
Sr-90 1.269E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.965E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.501E-11 0.0000
ffffitt fiftftfts fiftts tffffffif fiffdf ffffffffd fiffft tffffftff fififf ffffffffif ffffdf fITffffff fEffff friffffff fifftf
Total 1.304E-01 0.2766 0.000E+00 0.0000 0.000E+00 0.0000 9.536E-03 0.0202 0.000E+00 0.0000 0.000E+00 0.0000 4.713E-01 1.0000

*Sum of all water independent and dependent pathways.
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Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr)/ (pCi/qg)

(i) (3) Fraction 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
s e R R R R K K R R RS K R K AAR AAARANAAL RAARAARAR KAAAAAAAA AAAAAAALA ARARARAAR AAAAARLAZ
Cs-137+D Cs-137+D 1.000E+00 2.149E+00 2.099E+00 1.912E+00 1.701E+00 6.673E-01 2.072E-01 1.791E-05 1.493E-10

Ra-226+D Ra-226+D 1.000E+00 1.125E+01 1.123E+01 1.118E+01 1.112E+0l1 1.065E+01 1.009E+01 5.797E+00 2.613E+00
Ra-226+D Pb-210+D 1.000E+00 1.191E-01 3.208E-01 1.062E+00 1.B79E+00 5.601E+00 7.176E+00 5.819E+00 2.623E+00
Ra-226+D aDSR (]) 1.136E+01 1.155E+01 1.225E+01 1.300E+01 1.625E+01 1.726E+01 1.162E+01 5.237E+00

Sr-90+D Sr-90+D 1.000E+00 3.957E+00 3.857E+00 3.483E+00 3.065E+00 1.105E+00 3.095E-01 7.733E-06 1.365E-11

tifffiffis foffffties feffddtdt fffffifds fffffesis ffffee8f fiffdif81 f1fffeedf fffff180F f1fsfiffs ffffftist
The DSR includes contributions from associated (half-life 6 180 days) daughters.

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

Basic Radiation Dose Limit = 1.500E+01 mrem/yr

Nuclide

(i) t= 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
AARARAA AARARAAAR  ARARAAARE  AARAAAAAS  AARARARAA  AABRARARKA R R R R AARARAARA
Cs-137 6.980E+00 7.145E+00 7.846E+00 8.819E+00 2.248E+01 7.239E+01 8.375E+05 1.004E+11
Ra-226 1.320E+00 1.298E+00 1.225E+00 1.154E+00 9.232E-01 8.689E-01 1.291E+00 2.864E+00
Sr-90 3.791E+00 3.889E+00 4.307E+00 4.894E+00 1.358E+01 4.847E+01 1.940E+06 1.099E+12
11iffit fifffefis  ffffffiff fifffffff  fffffffff  fffffffff  fffffffff fEfffffff ffffififf

Summed 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

and at tmax = time of maximum total dose = 0.000E+00 years

Nuclide Initial tmin DSR(i,tmin) G(i,tmin) DSR{i,tmax) G(i,tmax)
(i) (pCi/g) (years) (pCi/g) (pCi/qg)
s b A R K K R R R R S S S K S K R R K R R R R SR 5 K R R R B K R 5 R B
Cs-137 4.380E+00 0.000E+00 2.149E+00 6.980E+00 2.149E+00 6.980E+00
Ra-226 9.000E-02 143.5 1 0.3 1.739E+01 8.625E-01 1.136E+01 1.320E+00
Sr-90 1.100E+00 0.000E+00 3.957E+00 3.791E+00 3.957E+00 3.791E+00

tfiffff fifffiffs ffffffffffffifis ffffffffs fffffffff fffffffir fffifffitf
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Individual Nuclide Dose Summed Over All Pathways

Parent Nuclide and Branch Fraction Indicated

Nuclide Parent THF (1) DOSE(j, t}, mrem/yr
t= 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02

Cs-137 (Cs-137 1.000E+00 9.413E+00 9.195E+00 8.374E+00 7.449E+00 2.923E+00 9.076E-01 7.845E-05 6.541E-10
Ra-226 Ra-226 1.000E+00 1.012E+00 1.011E+00 1.007E+00 1.001E+00 9.582E-01 9.078E-01 5.217E-01 2.352E-01
Pb-210 Ra-226 1.000E+00 1.072E-02 2.887E-02 9.557E-02 1.691E-01 5.041E-01 6.458E-01 5.237E-01 2.361E-01

Sr-90 Sr-90 1.000E+00 4.353E+00 4.243E+00 3.831E+00 3.371E+00 1.215E+00 3.404E-01 8.507E-06 1.501E-11

fififff fifffif ffffff81t fiffffift fifffiidf feiffiift ffifft44f f1888084% f2f9f444% fff4f844f f11dd1141

THF (i) is the thread fraction of the parent nuclide.

Individual Nuclide Soil Concentration

Parent Nuclide and Branch Fraction Indicated

Nuclide Parent  THF (i) S{j,t), pCi/g

(3 (1) t= 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
AAAAAAR AAAARAA AAANAAAAR AARAAAARA ARARAAAAA AMARARAAN KAKNARARS ANAARAAAA AAAAARARA AARARAARA AAAAAAAAA
Cs-137 Cs-137 1.000E+00 4.380E+00 4.279E+00 3.897E+00 3.466E+00 1.360E+00 4.222E-01 3.644E-05 3.032E-10

Ra-226 Ra-226 1.000E+00 9.000E-02 8.986E-02 8.929E~02 8.B58E-02 8.313E-02 7.679E-02 4.070E-02 1.841E-02
Pb-210 Ra-226 1.000E+00 0.000E+00 2.751E-03 1.288E-02 2.375E-02 6.653E-02 7.496E-02 4.175E-02 1.8B8BE-02

Sr-90 Sr-90 1.000E+00 1.100E+00 1.071E+00 9.636E-01 8.440E-01 2.926E-01 7.781E-02 1.948E-06 3.450E~12

fiffffs ffiffff fffeffift ftittftet titteeett fefttftet fefffftes feffitees teftdteat ittt L4181t
THF (i) is the thread fraction of the parent nuclide.

RESCALC.EXE execution time = 1.65 seconds



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 22:32 Page 1
Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD FAMILY\RESRAD\ FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-PRELIM.RAD

Table of Contents

-

Part I: Mixture Sums and Single Radionuclide Guidelines

Dose Conversion Factor (and Related) Parameter Summary ... 2

Site-Specific Parameter SUMMArY ....-c.i.ieiuniiimnnnnnneanns 4

Summary of Pathway Selections ......iiiiiiiiiiinniiinnaas 8

Contaminated Zone and Total Dose SUMM@ry .........c.ooee..- 9
Total Dose Components

Time = 0.000E+00 .. .tiuuiutiiiinniiennr i ianennnnns 10

Time = 1.000E+00 wuiueeieniiiinineniiaiesennnnsnnnnns 11

Time = 5.000E+00 +ivuiniiitiieiiiiinennnecanaaeasnnans 12

Time = 1.000E+01 ..ttt iinnnnncnannaneannnan 13

Time = 5.000E+0] ..ttt uiuininainiinananianennnannennnnn 14

Time = 1.000E+02 .« itiiiiieeineiaiiienntnnannnnn 15

Time = S5.000E+02 ...ttt ittt ieaiiimiiiannennns 16

Time = 1.000E+03 ..ttt ittt einnnennnnn 17

Dose/Source Ratios Summed Over All Pathways .............. 18

. Single Radionuclide Soil Guidelines .......ivimvnnieenannn 18

Dose Per Nuclide Summed Over All Pathways ................ 19

Soil Concentration Per Nuclide ..............cciiuvinnns, 19



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 22:32 Page 2
Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-PRELIM.RAD

Dose Conversion Factor (and Related) Parameter Summary

Dose Library: FGR 11

2 3 Current °? Base 3  Parameter

Menu ? Parameter 3 Value# °? Case* 2 Name

A-1 ° DCF's for external ground radiation, (mrem/yr)/(pCi/g) 3 2 2
A-1 3 At-218 (Source: FGR 12) 3 5.847E-03 * 5.847E-03 * DCF1l{ 1)
A-1 ? Ba-137m {Source: FGR 12) ? 3.606E+00 * 3.606E+00 * DCF1{ 2)
A-1 3 Bi-210 {Source: FGR 12) > 3.606E-03 ° 3.606E-03 ? DCF1{ 3)
A-1 * Bi-214 (Source: FGR 12) ’ ® 9.808E+00 * 9.808E+00 * DCF1l( 4)
A-1 ? Cs-137 (Source: FGR 12) * 7.510E-04 ?* 7.510E-04 * DCF1( 5)
A-1 ? Pb-210 (Source: FGR 12) 2 2.447E-03 ?® 2.447E-03 2 DCFl{ 6}
A-1 ? Pb-214 {Source: FGR 12) ® 1.341E+00 ® 1.341E+00 * DCFl( 7)
A-1 ? Po-210 (Source: FGR 12) * 5.231E-05 ?® 5.231E-05 * DCF1( 8)
A-1 ? po-214 (Source: FGR 12) 3 5.13BE-04 * 5.138E-04 ® DCFl({ 9)
A-1 * po-218 (Source: FGR 12) * 5.642E-05 * 5.642E-05 * DCF1l( 10)
A-1 * Ra-226 (Source: FGR 12) * 3.176E-02 * 3.176E-02 ® DCF1{ 11
A-1 ? Rn-222 (Source: FGR 12) 3 2.354E-03 ? 2.354E-03 ? DCF1{ 12)
A-1 3 Sr-930 (Source: FGR 12) * 7.043E-04 * 7.043E-04 * DCF1{ 13)
A-1 2 T1-210 (Source: no data) ®> 0.000E+00 *-2.000E+00 * DCF1{ 14)
A-1 ? Y-80 (Source: FGR 12) * 2.391E-02 ® 2.391E-02 ® DCF1l( 15)
3 3 3 3
B-1 °? Dose conversion factors for inhalation, mrem/pCi: 3 3 3
B-1 2 Cs-137+4D : * 3.190E-05 * 3.190E-05 * DCF2( 1)
B-1 3 Pb-210+D * 2.320E-02 * 1.360E-02 * DCF2( 2)
B-1 3 Ra-226+D * 8.594E-03 * 8.580E-03 * DCF2({ 3)
B-1 2 Sr-90+D 3 1.308E-03 ® 1.300E-03 * DCF2{ 4)
3 a 3 3
D-1 * Dose conversion factors for ingestion, mrem/pCi: 2 3 3
D-1 3 Cs-137+D 3 5.000E-05 ® 5.000E~05 * DCF3( 1)
D-1 * Pb-210+4D 3 7.276E-03 * 5.370E-~03 3 DCF3({ 2)
D-1 * Ra-226+D * 1.321E-03 * 1.320E-03 * DCF3( 3)
D-1 * Sr-90+D 3 1.528E-04 * 1.420E-04 * DCF3( 4)
3 3 3 3
D-34 ? Food transfer factors: 3 3 3
D-34 3 Cs-137+D , plant/soil concentration ratio, dimensionless * 4.000E-02 ® 4.000E~02 * RTF{ 1,1)

D-34 * Cs-1374D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 3.000E-02 * 3.000E-02 ® RTF( 1,2)

D-34 3 Cs-137+D , milk/livestock-intake ratio, (pCi/L)/{(pCi/d) 3 8.000E-03 3* 8.000E-03 * RTF( 1,3)
D-34 3 3 3 3
D-34 3 Pb-210+D , plant/soil concentration ratio, dimensionless 2 1.000E-02 * 1.000E-02 * RTF({ 2,1)
D-34 * Pb-210+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 8.000E-04 ® 8.000E-04 * RTF( 2,2)
D-34 * Pb-210+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) * 3.000E-04 3 3.000E-04 3 RTF( 2,3)
D_34 3 3 3 a

D-34 ?* Ra-226+D , plant/soil concentration ratio, dimensionless * 4.000E~02 * 4,.000E-02 ?® RTF( 3,1)

D-34 3 Ra-226+D , beef/livestock-intake ratio, {(pCi/kqg)/(pCi/d) * 1.000E~03 * 1.000E-03 ® RTF( 3,2)
D-34 3 Ra-226+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) * 1.000E-03 * 1.000E-03 * RTF{ 3,3)
D_34 3 3 3 3
D-34 * Sr-90+D , plant/soil concentration ratio, dimensionless * 3.000E-01 ?* 3.000E-01 * RTF( 4,1)
D-34 3 Sr-90+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) * 8.000E-03 * 8.000E-03 * RTF({ 4,2)
D-34 3 Sr-390+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 2.000E-03 * 2.000E-03 * RTF{ 4,3)

3 3 3 3
D-5 2 Biocaccumulation factors, fresh water, L/kg: 2 2 2
D-5 ? Cs-137+D , fish * 2.000E+03 3 2.000E+03 * BIOFAC( 1,1)
D-5 * Cs-137+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC( 1,2)

D-5 a 3 3 a



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 22:32 Page 3
Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-PRELIM,RAD

Dose Conversion Factor (and Related) Parameter Summary (continued)

Dose Library: FGR 11

2 * Current °? Base ®  Parameter

Menu 2 Parameter 3 Value# °? Case* 2 Name

D-5 3 Pb-210+D , fish 2 3.000E+02 2* 3.000E+02 2 BICFAC( 2,1)
D-5 3 Pb-210+D , crustacea and mollusks > 1.000E+02 * 1.000E+02 * BIOFAC{ 2,2)
D_5 3 3 3 3

D-5 2 Ra-226+D , fish ? 5.000E+01 * 5.000E+01 * BICFAC( 3,1)
D-5 3 Ra-226+D , crustacea and mollusks * 2.500E+02 * 2.500E+02 * BIOFAC( 3,2)
D_5 3 3 3 3

D-5 3 Sr-90+D , fish ?® 6.000E+01 * 6.000E+01 * BIOFAC( 4,1)
D-5 3 8r-90+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC{ 4,2)

#For DCF1(xxx) only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.Lib w/o Associate Nuclide contributions.
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Site-Specific Parameter Summary

User 2 3 Used by RESRAD 3  Parameter

Menu * Parameter 3 Input * Default. 3* (If different from user input) 3 Name

RO11 * Area of contaminated zone (m**2) * 2.290E+03 * 1.000E+04 3 = 3 AREA
RO11 * Thickness of contaminated zone (m) ® 5.000E+00 3 2.000E+00 3 —-- 3 THICKO
RO11 ? Length parallel to aquifer flow (m) 3 2.500E+02 3 1.000E+02 3 - * LCZPRQ
RO11 * Basic radiation dose limit (mrem/yr) ® 1.500E+01 * 3.000E+01 3 - * BRDL
RO11 * Time since placement of material (yr) ® 0.000E+00 * 0.000E+00 3 - *TI
RO11 * Times for calculations (yr} ® 1.000E+00 * 1.000E+00 * -—- 2T 2)
RO11 * Times for calculations (yr) * 5.000E+00 * 3.000E+00 * - 3T 3)
RO11 * Times for calculations {yr) * 1.000E+01 * 1.000E+01 * - 2T 4)
R011 * Times for calculations (yr) * 5.000E+01 * 3.000E+01 = - 5 T( 5)
R0O11 * Times for calculations (yr) * 1.000E+02 * 1.000E+02 * -—- 3 T( 6)
RO11 * Times for calculations (yr} * 5.000E+02 * 3.000E+02 * - 3T 7)
RO11 * Times for calculations (yr) ? 1.000E+03 * 1.000E+03 2 -—- 2 T( 8)
RO11 * Times for calculations (yr) * not used * 0.000E+0Q0 ? - 3T(9)
RO11 * Times for calculations {(yr) * not used * 0.000E+00 3 - 3 T(10)

a a a a 3
RO12 * Initial principal radionuclide (pCi/g): Cs-137 2 4.380E+00 * 0.000E+00 ? -—= ? S1(1)
R012 * Initial principal radionuclide (pCi/g): Ra-226 * 9.000E-02 * 0.000E+00 ? - * 51(3)
R012 * Initial principal radionuclide (pCi/g): Sr-90 ®> 1.100E+00 * 0.000E+00 * - 3 81(4)
RO12 * Concentration in groundwater (pCi/L): (Cs-137 3 not used 3 0.000E+00 ? ~—= P Wi( 1)
R012 * Concentration in groundwater (pCi/L): Ra-226 3 not used * 0.000E+00 ° -—= 3 Wl( 3)
RO12 * Concentration in groundwater (pCi/L): 8r-90 ? not used 3 0.000E+00 3 - 2 Wl( 4)

3 3 3 3 3
RO13 * Cover depth (m) *> 0.000E+00 * 0.000E+00 * -—- 3 COVERO
RO13 3 Density of cover material (g/cm**3) 3 not used * 1.500E+00 3 ~—- 3 DENSCV
RO13 3 Cover depth erosion rate (m/yr} 3 not used 3 1.000E-03 3 -— 3 yCv
RO13 3 Density of contaminated zone (g/cm**3) 2 1.660E+00 ? 1.500E+00 3 - 3 DENSCZ
R013 3 Contaminated zone erosion rate (m/yr) 3 1.000E-03 * 1.000E-03 ? -—— 3 VCZ
RO13 ? Contaminated zone total porosity * 3.300E-01 ?* 4.000E-01 3 —-—— 3 TPCZ
RO13 ? Contaminated zone field capacity * 2.400E-01 3 2.000E-01 ?® —-——= 3 FCCZ
R013 ® Contaminated zone hydraulic conductivity (m/yr) * 5.000E+03 * 1.000E+01 3 -—= 3 HCCZ
RO13 ? Contaminated zone b parameter 3 4.900E+00 * 5.300E+00 °? -—— 3 BCZ
RO13 * Average annual wind speed (m/sec) > 2.000E+00 * 2.000E+00 ? - 3 WIND
RO13 * Humidity in air (g/m**3) * not used > 8.000E+00 3 --- > HUMID
R013 3 Evapotranspiratiocn cocefficient 3 4.600E-01 3 5.000E-01 3 - 3 EVAPTR
R013 3 Precipitation (m/yr) 3 1.230E+00 * 1.000E+00 3 - ? PRECIP
RO13 3 Irrigation (m/yr} * 0.000E+00 * 2.000E-01 ® —== * RI
R013 3 Irrigation mode * overhead 3 overhead *? - * IDITCH
RO13 * Runoff coefficient 3 2.000E-01 * 2.000E-01 ° --- * RUNOFF
RO13 * Watershed area for nearby stream or pond (m**2) 2 1.000E+06 * 1.000E+06 32 -— 3 WAREA
R0O13 3 Accuracy for water/soil computations ®* 1.000E-03 * 1.000E-03 ? -—= 3 EPS

3 3 3 3 3
R014 * Density of saturated zone (g/cm**3) * 1.660E+00 * 1.500E+00 3 - * DENSAQ
R014 * Saturated zone total porosity ® 3.300E-01 * 4.000E-01 ® - * TPSZ
RO14 * Saturated zone effective porosity ® 2.400E-01 * 2.000E-01 * - 3 EPSZ
R014 * sSaturated zone field capacity * 2.000E-01 * 2.000E-01 * et > FCSZ
R014 3 Saturated zone hydraulic conductivity (m/yr) * 2.000E+04 * 1.000E+02 ? - 3 HCSZ
R014 * Saturated zone hydraulic gradient ® 4,800E-03 * 2.000E-02 * - ® HGHWT
R014 * Saturated zone b parameter 3 4.900E+00 * 5.300E+00 3 - ® BSZ
R014 * Water table drop rate (m/yr) * 1.000E-03 * 1.000E-03 * - 3 VWT
R014 * Well pump intake depth (m below water table) * 1.800E+01 * 1.000E+01 3 -—= ® DWIBWT
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Site-Specific Parameter Summary (continued)

3

3

Used by RESRAD

(If different from user input)

Parameter

Name

RO15
RO15
RO15
RO15
RO15
RO15
RO15
RO15

RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16

ROl6
RO16
RO16
RO16
RO16é
RO16

RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17

* Model: Nondispersion (ND) or Mass-Balance

* Well pumping rate (m**3/yr)

3

3

E)

3

* Distribution coefficients for Ra-226

3

3

k)

3

3

3

* Distribution coefficients for Sr-90

3

3

k)

3

3

k)

3 Distribution coefficients for daughter Pb-210

3

3

3

3

3

3

3

3

3

3

Number of unsaturated zone strata

Unsat. zone
Unsat. zone
Unsat. zone
Unsat. zone
Unsat. zone
Unsat. zone

Unsat. zone

Distribution coefficients for Cs-137

1,

thickness (m)

soil density ({(g/cm**3)

total porosity

effective porosity

field capacity

soil-specific b parameter

hydraulic conductivity (m/yr)

Contaminated zone (cm**3/g)

Unsaturated zone 1

Saturated zone {cm**3/qg)
(/yr)
Solubility constant

Leach rate

Contaminated zone (cm**3/g)

Unsaturated zone 1 (cm**3/g)

Saturated zone (cm**3/g)

Leach rate

(/yr)

Solubility constant

Contaminated zone (cm**3/g)

Unsaturated zone 1 (cm**3/g)

Saturated zone (cm**3/g)
(/yr)
Solubility constant

Leach rate

Contaminated zone (cm**3/g)

Unsaturated zone 1 (cm**3/g)

Saturated zone (cm**3/g)
(/yr)
Solubility constant

Leach rate

Inhalation rate

Mass loading for inhalation

(m**3/yr)

Exposure duration

Shielding factor, inhalation

Shielding factor,
Fraction of time spent indoors
Fraction of time spent outdoors

Shape factor flag,

(cm**3/q)

(g/m**3}

external gamma

external gamma

w

w

w

ND

not used

1

0.000E+00
1.660E+00
3.300E-01
2.400E-01
2.000E-01
4.900E+00
5.000E+03

2.800E+02
2.800E+02
2.800E+02
0.000E+00
0.000E+00

7.000E+01
7.000E+01
7.000E+01

"0.000E+00

0.000E+00

3.000E+01
3.000E+01
3.000E+01
0.000E+00
0.000E+00

1.000E+02
1.000E+02
1.000E+02
0.000E+00
0.000E+00

8.400E+03
1.000E-04
2.500E+01
4.000E-01
8.000E-01
6.000E-02
1.700E-01
1.000E+00

w

w

w

w

w

ND
2.500E+02

1

4.000E+00
1.500E+00
4.000E-01
2.000E-01
2.000E-01
5.300E+00
1.000E+01

4.600E+03
4.600E+03
4.600E+03
0.000E+00
0.000E+00

7.000E+01
7.000E+01
7.000E+01
0.000E+00
0.000E+00

3.000E+01
3.000E+01
3.000E+01
0.000E+00
0.000E+00

1.000E+02
1.000E+02
1.000E+02
0.000E+00
0.000E+00

8.400E+03
1.000E-04
3.000E+D1
4.000E-01
7.000E-01
5.000E-01
2.500E-01
1.000E+00

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

3

2.285E-04

not used

9.127E-04

not used

2.124E-03

not used

6.393E-04

not used

>0 shows circular AREA.

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

3

MODEL

UW

NS

B(1)

DENSUZ (1}
TPUZ (1)

EPUZ (1)

FCUZ (1)

BUZ (1)

HCUZ (1)
DCNUCC( 1)
DCNUCU( 1,1)
DCNUCS( 1)
ALEACH({ 1)
SOLUBK{ 1)
DCNUCC( 3)
DCNUCU( 3,1)
DCNUCS ( 3)
ALEACH( 3)
SOLUBK( 3)
DCNUCC{ 4)
DCNUCU( 4,1)
DCNUCS ( 4)
ALERCH( 4)
SOLUBK( 4)
DCNUCC( 2)
DCNUCU( 2,1)
DCNUCS ( 2)
ALEACH( 2)
SOLUBK{ 2)
INHALR
MLINH

ED

SHF3

SHF1

FIND

FOTD

Fs
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Site-Specific Parameter Summary {continued)

? 3 User 3 3 Used by RESRAD ?  Parameter

Parameter 3

Input 2

Default ?* (If different from user input) 3 Name

RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17

RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18

RO19
RO19
RO19
RO19
RO19

E)

* Radii of shape factor array (used if FS =

k)

El

3

E)

E)

E)

E)

E)

E)

3

E)

E)

3

3

E)

3

E)

E)

3

E)

E)

E)

3

Outer annular radius (m), ring 1:
Outer annular radius (m), ring 2:
Outer annular radius (m), ring 3:
Outer annular radius (m}, ring 4:
Outer annular radius (m), ring 5:
Outer annular radius (m), ring 6:
Outer annular radius (m), ring 7:
Outer annular radius {(m), ring 8
Outer annular radius {(m}, ring 9
Outer annular radius (m), ring 10

Outer annular radius (m), ring 11:

Outer annular radius (m), ring 12:

used
used
used
used
used
used
used
used
used
used
used

used

Fractions of annular areas within AREA:

-

Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring

AVo T o o TR B« AR S 2 B R VRN N }

Ring
Ring 10
Ring 11
Ring 12

Fruits, vegetables and grain consumption

Leafy vegetable consumption (kg/yr)

Milk consumption (L/yr)

Meat and poultry consumption {kg/yr)

Fish consumption (kg/yr)

Other seafood

consumption (kg/yr)

Soil ingestion rate (g/yr)

Drinking water intake (L/yr)

Contamination
Contamination
Contamination
Contamination
Contamination
Contamination
Contamination

Contamination

fraction of drinking water
fraction of household water
fraction of livestock water
fraction of irrigation water
fraction of aquatic food
fraction of plant food
fraction of meat

fraction of milk

Livestock fodder intake for meat (kg/day)

Livestock fodder intake for milk (kg/day)

Livestock water intake for meat (L/day)

Livestock water intake for milk {(L/day)

Livestock soil intake (kg/day)

(kg/yr)

not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used

not used

not used
not used
not used
not used
not used
not used
3.650E+01
3.500E+02
1.000E+00
not used
not used
not used
not used
not used
not used

not used

not used
not used
not used
not used

not used

3

E)

E)

E)

3

3

3

5.000E+01
7.071E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

1.000E+00
2.732E-01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

1.600E+02
1.400E+01
9.200E+01
6.300E+01
5.400E+00
9.000E-01
3.650E+01
5.100E+02
1.000E+00
1.000E+00
1.000E+00
1.000E+00
5.000E-01

-1

-1

-1

6.800E+01
5.500E+01
5.000E+01
1.600E+02
5.000E-01

w

w

w

w

w

w

w

w

w

w

w

w

w

w

w

@

@

w

w

w

@

w

w

w

w

w

w

w

w

@

w

w

w

w

w

@

@

w

RAD_SHAPE( 1)
RAD_SHAPE( 2)
RAD_SHAPE( 3)
RAD_SHAPE( 4)
RAD SHAPE( 5)
RAD_SHAPE( 6)
RAD SHAPE( 7)
RAD_SHAPE( 8)
RAD SHAPE( 9)

RAD_SHAPE (10)
RAD_SHAPE (11)
RAD_SHAPE (12)

FRACA( 1)
FRACA( 2)
FRACA{ 3)
FRACA( 4)
FRACA( 5)
FRACA( 6)
FRACA({ 7}
FRACA ( 8)
FRACA( 9)
FRACA (10)
FRACA (11)
FRACA(12)

DIET (1)
DIET(2)
DIET{3)
DIET (4)
DIET(5)
DIET (6)
SOIL
DWI
FDW
FHHW
FLW
FIRW
FRS
FPLANT
FMEAT
EMILK

LFI5
LFI6
LWIS
IWI6
LSI
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Site-Specific Parameter Summary (continued)

3 3 User 3 3 Used by RESRAD ?® Parameter

Menu 3 Parameter 2 Input * Default * (If different from user input) 3 Name

R019 * Mass loading for foliar deposition (g/m**3) * not used * 1.000E-04 ? - * MLFD
RO19 * Depth of soil mixing layer (m) ® 1.500E-01 ?® 1.500E-01 * -—- ® DM
R0O19 * Depth of roots (m) ®> not used * 9.000E-01 °? -—= * DROOT
R019 * Drinking water fraction from ground water * 1.000E+00 * 1.000E+00 * - ® FGWDW
R019 * Household water fraction from ground water ® not used * 1.000E+00 °® - ® FGWHH
RO19 * Livestock water fraction from ground water ®> not used ?* 1.000E+00 ° -—- ® FGWLW
R019 ? Irrigation fraction from ground water ® not used * 1.000E+Q0 °? i * FGWIR

3 3 3 3 3
R19B * Wet weight crop yield for Non-Leafy (kg/m**2) ® not used * 7.000E-01 ? - *Yv(l)
R19B * Wet weight crop yield for Leafy (kg/m**2) ® not used * 1.500E+00 2 - 2 YV{2)
R19B * Wet weight crop yield for Fodder (kg/m**2) * not used 3 1.100E+00 2 ~—- YV (3)
R19B ? Growing Season for Non-Leafy (years) ®> not used 3 1.700E-Q1 2 - ® TE(1)
R19B ? Growing Season for Leafy (years) * not used ? 2.500E-01 * ~-- * TE(2)
R19B * Growing Season for Fodder (years) ® not used °* 8.000E-02 ? - * TE(3)
R19B * Translocation Factor for Non-Leafy ® not used * 1.000E-01 ? ~-- * TIV (1)
R19B * Translocation Factor for Leafy ® not used * 1.000E+00 °* - ® TIV(2)
R19B * Translocation Factor for Fodder * not used * 1.000E+00 * i > TIV(3)
R19B ? Dry Foliar Interception Fraction for ©Non-Leafy ? not used ? 2.500E-01 °? - ® RDRY (1)
R19B ? Dry Foliar Interception Fraction for Leafy ® not used *? 2.500E-01 ° -—= ® RDRY (2)
R19B * Dry Foliar Interception Fraction for Fodder ® not used * 2.500E-01 °* -—- ® RDRY (3)
R19B * Wet Foliar Interception Fraction for Non-Leafy *? not used °?* 2.500E-01 ? -—= ® RWET(1)
R19B * Wet Foliar Interception Fraction for Leafy ®> not used ? 2.500E-01 2 - ® RWET (2)
R19B * Wet Foliar Interception Fraction for Fodder ® not used * 2.500E-01 ? - ® RWET(3)
R19B * Weathering Removal Constant for Vegetation ®> not used * 2.000E+01 2 -~- ? WLAM

3 3 3 3 3
Cl4 ? C-12 concentration in water (g/cm**3) ® not used * 2.000E-05 °? - * C12WTR
Cl4 3 C-12 concentration in contaminated soil (g/g) ® not used * 3.000E-02 °? - ® Clzcz
Cl4 * Fraction of vegetation carbon from soil ® not used * 2.000E-02 ? - * CSOIL
Cl4 *? Fraction of vegetation carbon from air > not used * 9.800E-01 °? —-—- * CAIR
Cl4 * C-14 evasion layer thickness in soil (m) ®> not used ° 3.000E-01 * = * DMC
Cl4 2 C-14 evasion flux rate from soil (l/sec) * not used * 7.000E-07 ° -—= ® EVSN
Cl4 * C-12 evasion flux rate from soil (l/sec) ® not used * 1.000E-10 ° - * REVSN
Cl4 ? Fraction of grain in beef cattle feed ® not used ?* 8.000E-01 2 - ? AVFG4
Cl4 3 Fraction of grain in milk cow feed ® not used ?* 2.000E-01 3 - * AVFGS

3 3 3 3 3
STOR * Storage times of contaminated foodstuffs (days): ? 3 3 2
STOR 3 Fruits, non-leafy vegetables, and grain ® 1.400E+01 * 1.400E+01 ® - ® STOR_T (1)
STOR * Leafy vegetables * 1.000E+00 * 1.000E+00 * --= 3 STOR_T(2)
STOR *  Milk * 1.000E+00 * 1.000E+00 3 -—- * STOR_T(3)
STOR 3 Meat and poultry ? 2.000E+01 * 2.000E+01 *? - ® STOR_T(4)
STOR ? Fish ® 7.000E+00 * 7.000E+00 * - ® STOR_T(5)
STOR ? Crustacea and mollusks 3 7.000E+00 * 7.000E+00 ? -—= * STOR_T(6)
STOR ? Well water ®> 1.000E+00 * 1.000E+00 * - ® STOR_T(7)
STOR 3 Surface water * 1.000E+00 * 1.000E+00C * - ® STOR_T(8)
STOR ? Livestock fodder ? 4.500E+01 3* 4.500E+01 ? ) - ® STOR_T(9)

3 3 3 3 3
R021 ? Thickness of building foundation (m) * not used * 1.500E-01 °? - ® FLOOR1
RO21 ? Bulk density of building foundation (g/cm**3) ® not used ?* 2.400E+00 2 -—= > DENSFL
R0O21 * Total porosity of the cover material ®* not used ? 4.000E-01 ? -—- * TPCV

R021 ? Total porosity of the building foundation ? not used ?* 1.000E-01 ? -—= ? TPFL
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Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD_ FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-PRELIM.RAD

Site-Specific Parameter Summary (continued)

2 2 User 2 2 Used by RESRAD *  Parameter

Menu 3 Parameter 2 Input > Default 2 (If different from user J.nput) 2 Name

R0O21 * Volumetric water content of the cover material ®* not used * 5.000E-02 ? --- * PH20CV
RO21 * Volumetric water content of the foundation * not used * 3.000E-02 2 -—= * PH20FL
R021 3 Diffusion coefficient for radon gas (m/sec): 2 2 2 2
RO21 3 in cover material * not used 3 2.000E-06 * - ? DIFCV
RO21 2 in foundation material * not used * 3.000E-07 * ~—- ® DIFFL
RO21 2 in contaminated zone soil ®> not used * 2.000E-06 ? == 3 DIFCZ
RO21 3* Radon vertical dimension of mixing (m) ® not used * 2.000E+00 ?* - 3 HMIX
R0O21 ? Average building air exchange rate (1/hr) * not used ? 5.000E-01 ? - * REXG
R021 ® Height of the building {(room) (m) * not used ° 2.500E+00 -——- ? HRM
R021 * Building interior area factor ®> not used * 0.000E+00 ° --- * FAI
R0O21 ? Building depth below ground surface (m) ® not used 3-1.000E+00 2 ' -—= * DMFL
R021 ? Emanating power of Rn-222 gas > not used ?* 2.500E-01 ? --= ? EMANA (1)
R021 * Emanating power of Rn-220 gas * not used °* 1.500E-01 3 - 3 EMANA(2)
3 3 3 3 3
TITL * Number of graphical time points 2 32 3 - 2 —-== * NPTS
TITL * Maximum number of integration points for dose 2 17 3 -~ 2 - * LYMAX
TITL * Maximum number of 1ntegratlon points for risk 2 257 2 --- 2 - ® KYMAX

Summary of Pathway Selections

Pathway 2 User Selection

1 -- external gamma 2 active
2 -- inhalation (w/o radon)? active
3 —- plant ingestion 3 suppressed
4 -- meat ingestion 2 suppressed
5 —— milk ingestion 3 suppressed
6 —-- aquatic foods 3 suppressed
7 -- drinking water 3 active
8 -- soil ingestion 3 active
9 -- radon 2 suppressed
Find peak pathway doses 2 active



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 22:32 Page 9
Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim

File : F:\RESRAD_FBMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-PRELIM.RAD
Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
— Area: 2290.00 sguare meters Cs-137 4.380E+00
Thickness: 5.00 meters Ra-226 9.000E-02
Cover Depth: 0.00 meters Sr-90 1.100E+00

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 1.500E+01 mrem/yr

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t (years): 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
TDOSE(t): 3.112E+00 3.046E+00 2.798E+00 2.519E+00 1.150E+00 5.442E-01 2.327E-01 1.193E-01
M(t): 2.074E-01 2.031E-01 1.866E-01 1.680E-01 7.665E-02 3.628E-02 1.552E-02 7.956E-03

Maximum TDOSE(t): 3.112E+00 mrem/yr at t = 0.000E+00 years



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 22:32 Page 10
Summary : FHWMF~Perim-Ind-Bkg-subtract-prelim
File H F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER—INDUST—BKG—SUBTRACT—PRELIM.RAD

Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways (p)
3 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
Radio- R R R R S R S RS 3 S 5 R % S B s R 3 8 8 S R R K 5 R R KK K R R R KK 5 5 s
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
g AARAAAAAA AAAAAR AAAAAARAA ARAAAA FUAAAAAAR AAAAAA CUKAAAAAA AAARAA AAKAAAAAR AAANAK

Cs-137 2.902E+00 0.9326 3.272E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.817E-03 0.0006
Ra-226 1.994E-01 0.0641 1.907E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.082E-03 0.0003
Sr-90 5.286E-03 0.0017 3.366E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.393E-03 0.0004
fifffdf fiftfffes f1ffff fffffffff fiffff fffffffff frffff fffffffff fiffff fffffffff fiffff fifrfffif ffffff fffffffif fiitis
Total 3.107E+00 0.9983 5.601E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.292E-03 0.0014

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

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
( RAAAAA R 5 5

Cs-137 4.213E-06 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 2.904E+00 0.9331

Ra-226 9.192E-05 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 2.006E-01 0.0645

\ Sr-90  7.200E-04 0.0002 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 7.433E-03 0.0024

*'." ftiffit fttiftdit titfif ftftffiff fififf fffffffff fiffff fffttifff fftfff tfftffift fiffif fififffif fiffit tiffftiir ffffti

Total 8.161E-04 0.0003 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 3.112E+00 1.0000

*Sum of all water indeépendent and dependent pathways.
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Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD_ FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-PRELIM.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
Radio— s s R R S s R R R R R SR R K R b S SR R S S S s R S S K B K S R s a5 s 5 o o

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARARAR ARARARARA AAAARK ARAAAAAAR AAAARR AARAAAAAA ARKAAR AR A ABARAR ARARABAAA ARARAA A BAARAR AAAKARARA ARARAR
Cs-137 2.835E+00 0.9307 3.197E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.775E-03 0.0006
Ra-226 1.992E-01 0.0654 2.054E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.246E-03 0.0004
Sr-90 5.151E-03 0.0017 3.280E~05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.357E-03 0.0004
fifffef fffi444% fffifd fEffefifs fififf fffffffff fEffff fIfffffft ffffff frfffffff 88897 Iffffffff ffffff ffffffrif ffffft
Total 3.039E+00 0Q.9977 5.654E-05 0.0000 0.000E+00 0.Q000 0.0Q00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.378E-03 0.0014

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 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.
AARARAR ARAARAAAA AAAARA AAARAABRA AARAAR AAAARAAAA AAAAAR AARRARAAA ARAAAR AAARARRRA RAAAAA A AAAARA

Cs-137 1.250E-05 ©.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 2.837E+00 0.9313

Ra-226 2.986E-04 0.0001 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 2.007E-01 0.0659

. Sr-90 2.120E-03 0.0007 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 8.661E-03 0.0028
- tifffts fifrfftes feedet ffiifffff fiffdif ffffffffs ffffff fffffifff fiffff fffffffff ITEfEf IITfLffff fIffff fffffffff ffffif
Total 2.431E-03 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.046E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perim-Ind-Bkg—-subtract-prelim
File : F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER—INDUST—BKG-SUBTRACT-PRELIM.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 = 5.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mren/yr fract. mrem/yr fract. mrem/yr fract.
AARARBA AAAAAAAAA ARARAN AAARAAARA AAKANA ARAARAAAK AAAARA AAARAAAAR AAARAR ARRAAAAAR
Cs-137 2.582E+00 0.9228 2.912E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.617E-03 0.0006
Ra-226 1.981E-01 0.0708 2.592E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.850E-03 0.0007
Sr-90 4.643E-03 0.0017 2.957E-05 0.0000 0.000E+0C 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 1.224E-03 0.0004
fiffiff fffiffffs ffifff ffffffiif fiffff ffffffiff fiffff Ifffffiff fffiff fIffSESSf ffffff ffIffffff fiifff Iiffffifr ffifif
Total 2.785E+00 0.93953 5.840E-05 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 4.690E-03 0.0017

Total Dose Contributions TDOSE{i,p,t} for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+00 years

Water Dependent Pathways

Water Fish Radon Plant Meat All Pathways*
Radio- R R R R R K SR R 5 R 5 5 e ks ks s R R R KR SR K KRR 5 5 R R A s

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARABRBA AAARARARA BAARAR AARAARBAA AAARAK AAAAAAAKA AARAAR A \ RARAAA ARARARARA ARARAA A AAAAAR AAAARAARR AAAAAR
Cs-137 4.196E-05 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 2.584E+00 0.9234
Ra-226 1.429E-03 0.0005 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 2.014E-01 0.0720
Sr-90 7.054E-03 0.0025 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 1.295E-02 0.0046
- tittift tiffffiit fiifft ffffiffds ffffff fiffffiff ffffff fffffffff fiffdf tifffiffl fffiffr fifffifif fifidf ffifiirif ffffidf
Total 8.525E-03 0.0030 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 2.798E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER—INDUST—BKG—SUBTRACT—PRELIM.RAD

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

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARARBA ABARRAAAA ABBAAA AAARRRAAA ARRAAR AAAAARAAA ABAARA ARARAAAAA AAABAR ARAAAARAR AARARA A\ AARARA | AARARA
Cs-137 2.298E+00 0.9121 2.591E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.439E-03 0.0006
Ra-226 1.968E-01 0.0781 3.170E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.499E-03 0.0010
Sr-90  4.079E-03 0.0016 2.598E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.075E-03 0.0004
frititt fiftitttt fifffs fiffftift ffffft frtifttff ffffff fffffftft fiffff fftiffffr fftfif fEffiffif fitfft frffftiff fitift
Total 2.499E+00 0.9919 6.026E~05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.012E-03 0.0020

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

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.
AARARRAAR ARABAR AAARARARA AAAAAR AAAARAAAAA AARAAA AARARARARAR AARARK AAAARABAA AARRAA
Cs-137 7.139E-05 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 2.299E+00 0.9127

Ra-226 3.426E-03 0.0014 0.000E+00 0.000C 0.000E+00 0.0000 O0.C00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.027E-01 0.0B05

) Sr-90 1.190E-02 0.0047 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 1.708E-02 0.0068
‘.." tiffftt tiiftiits ffffft fitfftfif ffffff fifftfifd fEfffi pififffff fffffif fffffffff fIfffT fffffffff fiffff fffffffil ffffif
Total 1.539E-02 0.0061 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 2.519E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER*INDUST—BKG—SUBTRACT—PRELIM.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 = 5.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat “Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARARAA ABAARAARR ARRAAA AARARARAA ARAAAR AAAARARAA AARARA AAARARAAA BAAAAR AAARAAAAAR AAARAR A\ AARAAA
Cs-137 9.036E-01 0.7859 1.019E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.659E-04 0.0005
Ra-226 1.865E-01 0.1622 5.421E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.055E-03 0.0044
Sr-90 1.446E-03 0.0013 9.208E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.810E-04 0.0003
Tiff1tf fiffiffes frfift Iffififff ffffff fffffffff ffffrf ffiffifffr ffffff fffffffif ffffff fffffffif fiffif fifftifff fiifft
Total 1.092E+00 0.9494 6.444E-05 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.002E-03 0.0052

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+01 years

Water Dependent Pathways

Water Fish Radon Plant Meat All Pathways*

Radio- s RS N AR B R 5 B B 5 3 s e K R R R R R K SRR R R 5 R K K 5 3 s R R
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARRAAA AAARAARAA EAAARA AAAARAAAA AAZAAAR s R KRR R R R 6 5 55 ARAAAARAR ARAAAR . { ARARAR e

Cs-137 1.359E-04 0.0001 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 9.044E-01 0.7865

Ra-226 3.082E-02 0.0268 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 2.225E-01 0.1935

) Sr-90  2.116E-02 0.0184 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 2.300E-02 0.0200

h tiifttt fitffffis feffff ffffffifr fiffff fffffifff ffffff ffEffff9f fffffr rfffffff fEffff fILLffPET ffffff fEfffffff ffffff
Total 5.212E-02 0.0453 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 1.150E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perim-Ind-Bkg-subtract-prelim
File : F:\RESRAD_ FAMILY\RESRAD\FHWMF-PERIMETER~INDUST-BKG-SUBTRACT-PRELIM.RAD

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

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk
Radio- s e R R R K 3 S B S K K A B K s s B e B B A K S s TR R 5 R R a3 R 53 K K 85 R R K B 5 5 R 3 )
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
. . ’ ? s s srsr  gegrsr ’ .. i .... 1 .... 2 .. . ? P ooasae P P PR e ? .. i 44 S0 % s oreosroae ozoose avacoar z . S;

Cs-137 2.814E-01 0.5171 3.173E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.762E~04 0.0003
Ra-226 1.744E-01 0.3205 5.813E-05 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.554E-03 0.0102
Sr-90 3.955E-04 0.0007 2.519E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.042E-04 0.0002
fiitftf fffffiees ffffff fffffffff frffff ffffffiff ffffff fffffffif ffffff fffffffff fffff fifffffff ffffff ffftfffff fPffif
Total 4.562E-01 0.8382 6.097E-05 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.834E-03 0.0107

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

Water Fish Radon Plant Meat

Radio-
Nuclide mrem/yr fract. mrem/yr fract. mren/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
RAARARA ARARAARAR AARAAA ARAAKARAR AAARAA AAARARARA AAAAAR AARARARAR ARAAAAR ARAAARAAA ARAAAR AARAARARA RARARA AAARAARRA BAAARA
Cs-137 8.488E-05 0.0002 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 2.817E-01 0.5175
Ra-226 6.989E-02 0.1284 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 2.499E-01 0.4592
Sr-90 1.215E-02 0.0223 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 1.266E-02 0.0233
- titfftf fifffffis fifffd fffffffft feffft fftfffffd fffffr fffffrifr ffffft ffffiffdif frffff fffffffff fEffff frfffffif fiffif
Total 8.213E-02 0.1509 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 5.442E-01 1.0000

*Sum of all water independent and dependent pathways.
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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 = 5.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARBRARAR ARAKAAAAR ARARAR 2 AR ARARAA  ARARARARA RARARK AAR AAAARA ARARARRAR ABRARA AAAARARKA AAAARA
Cs-137 2.488E-05 0.0001 2.806E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.00OE+00 0.0000 0.000E+00 0.0000
Ra-226 1.018E-01 0.4374 3.515E-05 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000 0.000E+C0 0.0000
Sr-90 1.239E-08 0.0000 7.892E-11 0.0000 0.000E+00 0.0000 0.CO0E+00 0.0000 0.000E+00 0.0000 0.CO0CE+00 0.0000
fitffit fiffffffs fiffft fffffffff fifffi Iffffffff tiffff fffifffff ffffit fffffffif fiffft ifffiifff fififf
Total 1.018E-01 0.4375 3.515E-05 0.0002 0.0C00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.060E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+02 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk
Radio- R R s s s s R R R SR RS RS B R R R R 5 5 R 5 5 A R R K R
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
R R K KRR KRR KRR R 5 5 R K 5 KAz (AAAAA AAAAAAAAS ARAAAA AANAAR ARABAA ARAAAARAR ARAKAR AARRARA ARKAAA

Cs-137 3.971E-08 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
Ra-226 1.275E-01 0.5478 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000
Sr-90 3.792E-07 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
tiftftt frifitdts ffffff fifffffff fiffff fffffffff fEffft fffffffff fEff8f fEfffffff fffiff ffffffIffr fffffs
Total 1.2756-01 0.5478 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

*Sum of all water independent and dependent pathways.

mrem/yr fract.
RARRARAA AAAAAR
1.558E-08 0.0000
3.377E-03 0.0145
3.266E-09 0.0000

fffffffes ffffit
3.377E-03 0.0145

All Pathways*

mrem/yr fract.
) A AKAAAA
2.494E-05 0.0001
2.327E-01 0.9999
3.94%E-07 0.0000
tiffsifs t1itts
2.327E-01 1.0000
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Total Dose Contributions TDOSE(i,p,t) for Individuwal Radionuclides (i) and Pathways (p)
. As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk
Radio- R R K R R S R A B S S B R R K B K A R 5 A A S 53 3¢ g s K K R R 5 56 B 5 s 5 5 5
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
s KRR R KR 5 R R R R R R S R A R R K K K K K SR S B S K B K 5

Cs-137 2.134E-10 0.0000 2.406E-16 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.336E-13 0.0000
Ra-226 5.194E-02 0.4352 1.793E-05 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.723E-03 0.0144
Sr-90 2.906E-14 0.0000 1.850E-16 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.656E-15 0.00Q0
ffifift fifffifif frffft fiffffiff ffffff fefffffff ffffff IIffEfIIf ffffff IffEfDDff fIffff ffffffifl rfffff Ififffffff ffifff
Total 5.194E-02 0.4352 1.793E-05 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.723E-03 0.0144

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARKAAAR AAARRAKAR ARAAAR AAKAKARAR AAKAAR ARARRRAKA ABARAA AAKARAARR AARASA ARARARAAR ARARAR ARAAARAKAR KASAAA ARAKAKAAR ARAARA
Cs-137 7.339E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©.00CE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.142E-10 0.0000
Ra-226 6.566E-02 0.5502 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000 1.193E-01 1.0000
Sr-90 8.589E-13 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 8.958E-13 0.0000
e fitfitt ffffefifs fiffff fftfftfed tiffet fffffffft ffffff ffffiffff frffff fffffffff ffffff fffffffff fiffff fffffffff ffffftf
Total 6.566E-02 0.5502 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0C0E+00 0.0000 1.193E-01 1.0000

*Sum of all water independent and dependent pathways.



-

4

RESRAD, Ve
Summary :

File

Parent

(1)

rsion 6.4

T« Limit =

180 days

FEWMF-Perim-Ind-Bkg-subtract-prelim
F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-PRELIM.RAD

Product
(3)

AAARARARRA KAKE

Cs-137+D

Ra-226+D
Ra-226+D
Ra-226+D

Sr-90+D

Cs-137+D

Ra-226+D
Pp-210+D
4DSR {7}

Sr-90+D
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Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Thread

Fraction

1.000E+00

1.000E+00

1.000E+00

1.000E+00

DSR{j,t) At Time in Years

(mrem/yr)/ (pCi/g)

0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03

ARARAAAR  AAARRAAAR ARARRARAA AAAAAA

6.629E-01 6.4776-01 5.900E-01 5.250E-01 2.065E-01

2.228E+00 2.227E+00 2.223E+00 2.217E+00 2.175E+00

1.029E-03 3.2390E-03 1.514E-02 3.532E-02

2.965E-01

6.431E-02 5.693E-06

2.229E+00 2.230E+00 2.238E+00 2.253E+00 2.472E+00 2.777E+00 2.586E+00

6.757E-03 7.874E-03 1.177E-02 1.552E-02

The DSR includes contributions from associated

(half-life & 180 days)

Single Radionuclide Soil Guidelines G(i,t}

Basic Radiation Dose Limit =

Nuclide

(i) t= 0.000E+00 1.000E+00
Cs-137 2.263E+01 2.316E+01
Ra-226 6.729E+00 6.726E+00
Sr-90 2.220E+03 1.905E+03
fifiiit fififffit fiff1eises

at tmin =

and at tmax =

5.000E+00
.

2.543E+01
6.703E+00
1.274E+03
fiifffiss

Summed Dose/Source Ratios DSR({i,t)

and Single Radionuclide Soil Guidelines G(i,t)

time of maximum total dose

Nuclide 1Initial tmin

(i) (pCi/g) (years)
AARKAAA ARAAAARAA o
Cs-137 4.380E+00 0.000E+00
Ra-226 9.000E-02 262.3 11 0.5
Sr-90 1.100E+00 35.09 i 0.07
ffitfff feififffs fifffiffefeifiit

DSR{i, tmin}

ARAARAARS
6.629E-01
3.518E+00
2.210E-02

1.000E+01 5.000E+01
AAAAAAAAA  AAAAAKAAA
2.857E+01 7.265E+01
6.659E+00 6.069E+00
9.662E+02 7.174E+02
frifffess ffffifiis
in (mrem/yr)/ (pCi/g)

in pCi/g

time of minimum single radionuclide soil guideline

0.000E+00 years

G(i,tmin) DSR(i, tmax}

(pCi/q)

R BARARARAA
2.263E+01 6.629E-01
4.264E+00 2.229E+00
6.787E+02 6.757E-03
fiifffiiss ffffffffs

2.091E-02
fffffifitf
daughters.

in pCi/g

1.500E+01 mrem/yr

1.000E+02
AARBAARAR
2.333E+02
5.402E+00
1.304E+03
frrrffeis

G(i, tmax)
{(pCi/qg)
s s s a5
2.263E+01
6.729E+00
2.220E+03

K R K R R
4.891E-11

2.124E+00 1.425E+00 7.240E-01

6.5295-01 1.160E+00 6.020E-01

1.326E+00

1.151E-02 3.590E-07 8.143E-13

fifffffff frffffifs fiffste8s
5.000E+02  1.000E+03
.
2.635E+06  3.067E+11
5.801E+00  1.131E+01
4.178E+07  1.842E+13
FHETEEEEE fPfrifit
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Nuclide Parent THF (1)
(3} (i)

R R R R R R R 5 5 R R A5 5

Cs-137 Cs-137 1.000E+00

Ra-226 Ra-226 1.000E+00

Pb-210 Ra-226 1.000E+00

Sr-90 Sr-90 1.000E+00

Individual Nuclide Dose Summed Over All Pathways

Parent Nuclide and Branch Fraction Indicated

t= 0.000E+00 1.000E+00 5.000E+00
2.904E+00 2.837E+00 2.584E+00
2.005E-01 2.004E-01 2.000E-01
9.261E-05 2,961E-04 1.363E-03

7.433E-03 8.661E-03 1.295E-02

THF(i) is the thread fraction of the parent nuclide.

Nuclide Parent THF (1)

Cs-137 Cs-137 1.000E+00

Ra-226 Ra-226 1.000E+00

Pb-210 Ra-226 1.000E+00

Sr-90 Sr-90 1.000E+00

ti1ff1s frfffff fEiffff1s

THF (i) is the thread fract

RESCALC.EXE execution time

DOSE(j,t), mrem/yr

1.000E+01 5.000E+01
R R R K AAA AAAAARAAR AAAARAAAR AAAAAKAAA

2.299E+00 9.044E-01 2.817E-01 2.494E-05 2.142E-10

1.996E-01 1.958E-01 1.911E-01 1.283E-01 6.516E-02

3.179E-03 2.668E-02 5.876E-02 1.044E-01 5.418E-02

1.708E-02 2.300E-02 1.266E-02 3.949E-07 8.958E-13

Individual Nuclide Scil Concentration

Parent Nuclide and Branch Fraction Indicated

t= 0.000E+00 1.000E+00 5.000E+00
\ARAAAAAA AAAARAAAA ARAAAAAA
4.380E+00 4.279E+00 3.898E+00

9.000E-02 8.988E-02 8.940E-02

0.000E+00 2.752E-03 1.289E-02

1.100E+00 1.072E+00 9.663E-01

ion of the parent nuclide.

= 1.57 seconds

S(3,t),
1.000E+01

3.468E+00
8.880E-02
2.380E-02

8.488E-01
T1ifffist

pCi/g

5.000E+01 1.000E+02 5.000E+02 1.000E+03
AARAAARA AAAARAARA AAMAAAARA AAAAAAAAR
1.364E+00 4.247E-01 3.756E-05 3.220E-10

8.414E-02 7.867E-02 4.592E-02 2.343E-02

6.725E-02 7.664E-02 4.699E-02 2.397E-02

3.009E-01 8.230E-02 2.579E-06 6.046E~12
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Dose Conversion Factor (and Related) Parameter Summary

Dose Library: FGR 11

2 3 Current °? Base 3  Parameter

Menu °? ' Parameter 3 Value# °? Case™* 3 Name

A-1 3 DCF's for external ground radiation, (mrem/yr)/(pCi/qg) 3 3 2
A-1 * At-218 (Source: FGR 12) ® 5.847E-03 ® 5.847E~03 * DCF1( 1)
A-1 * Ba-137m (Source: FGR 12) * 3.606E+00 ? 3.606E+00 * DCF1( 2)
A-1 * Bi-210 (Source: FGR 12) ® 3.606E-03 * 3.606E-03 * DCF1( 3)
A-1 * Bi-214 (Source: FGR 12) * 9.808E+00 * 9.808E+00 * DCF1( 4)
A-1 * Cs-137 {Source: FGR 12) * 7.510E~04 * 7.510E-04 * DCF1{ 5)
A-1 * Pb-210 (Source: FGR 12) 3 2.447E-03 * 2.447E-03 * DCF1l{ 6)
A-1 * Pb-214 (Source: FGR 12) ®* 1.341E+00 ? 1.341E+00 * DCF1({ 7)
A-1 * Po-210 (Source: FGR 12) * 5.231E-05 * 5.231E-05 * DCF1{ 8}
A-1 * Po-214  (Source: FGR 12) > 5.138E-04 * 5.138E-04 * DCF1({ 9)
A-1 * po-218 (Source: FGR 12) * 5.642E-05 * 5.642E-05 * DCF1( 10)
A-1 ? Ra-226 (Source: FGR 12) ®> 3.176E-02 * 3.176E-02 * DCF1{ 11)
A-1 * Rn-222 (Source: FGR 12) * 2.354E-03 ? 2.354E-03 * DCF1{ 12)
A-1 * Sr-90 (Source: FGR 12) ®> 7.043E-04 * 7.043E-04 ? DCF1{ 13)
A-1 * T1-210 (Source: no data) > 0.000E+00 *-2.000E+00 * DCF1{ 14)
A-1 ? Y-90 (Source: FGR 12) * 2.391E-02 * 2.391E-02 * DCF1( 15)
3 3 3 3
-1 * Dose conversion factors for inhalation, mrem/pCi: 2 2 2
-1 Cs-137+D * 3.190E-05 * 3.190E-05 * DCF2( 1)
-1 * Pb-210+D > 2.320E-02 ? 1.360E-02 ® DCF2( 2)
-1 ® Ra-226+D > 8.594E-03 * 8.580E-03 * DCF2( 3)
-1 * Sr-90+D * 1.308E-03 * 1.300E-03 * DCF2{ 4)
3 3 3 3
D-1 ° Dose conversion factors for ingestion, mrem/pCi: 3 2 2
D-1 * Cs-137+D > 5.000E-05 * 5.000E-05 * DCF3( 1)
D-1 * Pb-210+D 3 7.276E-03 * §.370E-03 * DCF3( 2)
D-1 * Ra-226+D ® 1.321E-03 * 1.320E-03 * DCF3( 3)
D-1 * Sr-90+D ' > 1.528E-04 * 1.420E-04 * DCF3{ 4)
3 3 3 3
D-34 * Food transfer factors: 2 2 3
D-34 ? Cs-137+D , plant/soil concentration ratio, dimensionless * 4,000E-02 * 4.000E-02 » RTF{ 1,1}
D-34 * Cs-137+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)  * 3.000E-02 * 3.000E-02 ° RTF( 1,2)
D-34 * Cs-137+D , milk/livestock-intake ratio, (pCi/L)/ (pCi/d) * 8.000E-03 * 8.000E-03 * RTF( 1,3)
D-34 ° 2 2 2

D-34 * Pb-210+D , plant/soil concentration ratio, dimensionless 3 1.000E-02 * 1.000E-02 ® RTF{ 2,1)

D-34 * Pb-210+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) > 8.000E-04 * 8.000E-04 * RTF({ 2,2)
D-34 ® Pb-210+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 3.000E-04 * 3.000E-04 * RTF({ 2,3)
D_34 3 3 3 3

D-34 * Ra-226+D , plant/soil concentration ratio, dimensionless 2 4,000E-02 * 4.000E-02 * RTF({ 3,1)

w

D-34 * Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-03 * 1.000E-03 * RTF( 3,2}
D-34 * Ra-226+D , milk/livestock~intake ratio, (pCi/L)/(pCi/d) 1.000E-03 * 1.000E-03 * RTF( 3,3)
D._34 3 3 3 3

w

D-34 * S5r-9%0+D , plant/soil concentration ratio, dimensionless > 3.000E-01 * 3.000E-01 * RTF( 4,1)
D-34 * Sr-90+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) > 8.000E-03 * 8.000E-03 ® RTF( 4,2)
D-34 * Sr-90+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) > 2.000E-03 * 2.000E-03 * RTF( 4,3)

3 3 3 3
D-5 * Bioaccumulation factors, fresh water, L/kg: 2 3 2
D-5 * Cs-137+D , fish > 2.000E+03 * 2.000E+03 * BIOFAC( 1,1)
D-5 ? Cs-137+D , crustacea and mollusks 3 1.000E+02 * 1.000E+02 * BIOFAC( 1,2)

D-5 E) E) 3 E)
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Dose Conversion Factor (and Related) Parameter Summary {continued)

Dose Library: FGR 11

N 3 Current 3 Base ? Parameter

Menu ? Parameter 3 Value# 3 Case* 3 Name

D-5 3 Pb-210+D , fish * 3.000E+02 3 3.000E+02 * BIOFAC( 2,1)
D-5 * Pb-210+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC( 2,2}
D_5 3 3 3 3

D-5 3 Ra-226+D , fish ? 5.000E+01 * 5.000E+01 * BIOFAC( 3,1)
D-5 2 Ra-226+D , crustacea and mollusks * 2.500E+402 * 2.500E+02 3 BIOFAC( 3,2)
D_5 a 3 3 3

D-5 3 Sr-90+D , fish 2 6.000E+01 * 6.000E+01 * BIOFAC( 4,1)
D-5 ?* Sr-90+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC( 4,2)

#For DCF1l(xxx) only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.Lib w/o Associate Nuclide contributions.
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Site-Specific Parameter Summary

2 2 User 2 2 Used by RESRAD *  Parameter

Menu 3 Parameter 2 Input * Default * (If different from user input) 2 Name

RO1l ® Area of contaminated zone (m**2) ® 2.290E+03 * 1.000E+04 3 - * AREA
RO11 * Thickness of contaminated zone (m) ® 5.000E+00 * 2.000E+00 * - * THICKO
RO11 * Length parallel to aquifer flow ({(m) * 2.500E+02 * 1.000E+02 * - * LCZPAQ
RO11 3 Basic radiation dose limit (mrem/yr) * 1.500E+01 * 3.000E+01 * - ? BRDL
RO11 * Time since placement of material (yr) * 0.000E+00 * 0.000E+00 2 - *TI
RO11 * Times for calculations (yr) 2 1.000E+00 * 1.000E+00 ? -—= *T{ 2)
RO11 ? Times for calculations {yr) * 5.000E+00 * 3.000E+00 ? - 2 T( 3)
RO11 * Times for calculations (yr) ®* 1.000E+01 * 1.000E+01 2 -—= 2 T({ 4)
RO11 * Times for calculations (yr) * 5.000E+01 * 3.000E+01 ° - *T( 5)
RO11 * Times for calculations (yr) * 1.000E+02 * 1.000E+02 3* —-——= 2 T( 6)
R011 * Times for calculations (yr) * 5.000E+02 * 3.000E+02 3 - 2T(7)
RO11 * Times for calculations (yr) * 1.000E+03 * 1.000E+03 * - 2 T( 8)
R011 * Times for calculations (yr) ® not used * 0.000E+00 * - 2 T( 9)
R011 * Times for calculations (yr} * not used * 0.000E+00 3 - 2 T(10)

3 3 3 3 3
RO12 * Initial principal radionuclide {pCi/g): Cs-137 * 8.020E+00 * 0.000E+00 3 - * 811y
RO12 * Initial principal radionuclide (pCi/g): Ra-226 3 6.000E-02 * 0.000E+00 2 -—= ® 81(3)
RO12 * Initial principal radionuclide (pCi/g): Sr-90 * 7.800E-01 * 0.000E+00 2 -—= : 81(4)
R012 * Concentration in groundwater (pCi/L): Cs-137 * not used * 0.000E+00 * --- P Wl( 1)
R012 * Concentration in groundwater (pCi/L): Ra-226 * not used * 0.000E+00 ? - P W1(3)
RO12 * Concentration in groundwater (pCi/L): Sr-9%0 * not used * 0.000E+00 @ - 2 W1( 4)

3 3 3 3 3
RO13 * Cover depth (m) * 0.000E+00 * 0.000E+00 3 - * COVERO
RO13 * Density of cover material (g/cm**3) * not used * 1.500E+00 * - * DENSCV
RO13 * Cover depth erosion rate (m/yr) * not used * 1.000E-03 * - 2 vev
RO13 * Density of contaminated zone {(g/cm**3) * 1.660E+00 * 1.500E+00 3 -== * DENSCZ
RO13 * Contaminated zone erosion rate (m/yr) ®* 1.000E-03 * 1.000E-03 * - * VCZ
R013 * Contaminated 2zone total porosity > 3.300E-01 * 4.000E-01 2 -= * TPCZ
R0O13 ? Contaminated zone field capacity * 2.400E-01 * 2.000E-01 2 - ® FCCZ
R013 * Contaminated zone hydraulic conductivity (m/yr}) * 5.000E+03 * 1.000E+01 * ~-=- 3 HCCZ
R013 ? Contaminated zone b parameter ®> 4.900E+00 * 5.300E+00 ? - ® BCZ
RO13 * Average annual wind speed (m/sec) ® 2.000E+00 * 2.000E+00 ° -—= > WIND
R013 * Humidity in air (g/m**3) ®> not used ? 8.000E+00 ? - ® HUMID
R0O13 * Evapotranspiration coefficient . ® 4.600E-01 * 5.000E-01 ? -== ®> EVAPTR
RO13 * Precipitation (m/yr) : 1.230E+00 * 1.000E+00 2 - * PRECIP
RO13 * Irrigation (m/yr) * 2.600E-01 * 2.000E-01 * --- * RI
RO13 ? Irrigation mode * overhead °* overhead °? - ® IDITCH
RO13 ? Runoff coefficient : 2.000E-01 * 2.000E-01 ? - ? RUNOFF
R013 * Watershed area for nearby stream or pond (m**2) 2 1.000E+06 ° 1.000E+06 2 --- * WAREA
RO13 * Accuracy for water/soil computations ®> 1.000E-03 * 1.000E-03 ° -== ® EPS

3 3 a 3 3
RO14 * Density of saturated zone (g/cm**3) 3> 1.660E+00 2 1.500E+00 2 -== ® DENSAQ
RO14 * Saturated zone total porosity > 3.300E-01 ?° 4.000E-01 3 - * TPSZ
R014 * Saturated zone effective porosity ® 2.400E-01 * 2.000E-01 * = : * EPSZ
RO14 * Saturated zone field capacity ®> 2.000E-01 ® 2.000E-01 2 - * FCSZ
R014 * Saturated zone hydraulic conductivity (m/yr) * 2.000E+04 * 1.000E+02 * - ® HCSZ
R0O14 * Saturated zone hydraulic gradient > 4.800E-03 ?* 2.000E-02 2 - ® HGWT
R014 * Saturated zone b parameter 3 4.900E+00 * 5.300E+00 ° -—= ® BSZ
R014 * Water table drop rate (m/yr) * 1.000E-03 % 1.000E-03 ° - > VWT

R014 3 Well pump intake depth (m below water table) * 1.800E+01 ? 1.000E+01 2 --= 3 DWIBWT
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Site-Specific Parameter Summary (continued)

3 2 User 2 2 Used by RESRAD * Parameter

Menu 2 Parameter - 2 Input * Default 2 (If different from user input) 32 Name

R014 * Model: Nondispersion (ND) or Mass-Balance (MB) * ND * ND 3 - * MODEL
R0O14 * Well pumping rate (m**3/yr) ) * 2.500E+02 * 2.500E+02 * --- 2 UW
3 a 3 a 3
RO15 * Number of unsaturated zone strata =1 21 3 - * NS
RO15 * Unsat. zone 1, thickness (m) * 0.000E+00 * 4.000E+00 3 -—= @ H(1)
RO15 * Unsat. zone 1, soil density (g/cm**3) 3 1.660E+00 ? 1.500E+00 2 - * DENSUZ (1)
RO15 ? Unsat. zone 1, total porosity 3 3.300E-01 * 4.000E-01 3 - ? TPUZ (1)
RO15 * Unsat. zone 1, effective porosity 3 2.400E-01 ® 2.000E-01 °® - ? EPUZ (1)
R0O15 ? Unsat. zone 1, field capacity * 2.000E-01 ®* 2.000E-01 ? -—= * FCUZ (1)
RO15 ? Unsat. zone 1, soil-specific b parameter ® 4.900E+00 * 5.300E+00 3 -—= * BUZ (1)
R015 ? Unsat. zone 1, hydraulic conductivity (m/yr) > 5.000E+03 2 1.000E+01 ? -——= * HCUZ (1)
3 a 3 3 3
RO16 * Distribution coefficients for Cs-137 2 2 2 2
RO16 * Contaminated zone (cm**3/g) * 2.800E+02 * 4.600E+03 2 -=- ® DCNUCC( 1)
RO16 * Unsaturated zone 1 (cm**3/g) ® 2.800E+02 * 4.600E+03 * -~ * DCNUCU( 1,1)
RO16 * Saturated zone (cm**3/q) * 2.800E+02 ? 4.600E+03 * —-—= * DCNUCS({ 1)
RO16 * Leach rate (/yr) ® 0.000E+00 * 0.000E+00 ° 2.889E-04 ® ALEACH( 1)
RO16 * Solubility constant * 0.000E+00 * 0.000E+00 @ not used ® SOLUBK( 1)
3 3 3 a 3
RO16 * Distribution coefficients for Ra-226 2 2 3 2
RO16 * Contaminated zone (cm**3/q) * 7.000E+01 * 7.000E+01 ? - * DCNUCC( 3)
RO1l6 *? Unsaturated zone 1 (cm**3/g) * 7.000E+01 * 7.000E+01 * --- * DCNUCU{ 3,1)
R0O16 *  Saturated zone (cm**3/g) * 7.000E+01 * 7.000E+01 3 -—= ® DCNUCS( 3)
RO16 3 Leach rate (/yr) * 0.000E+00 * 0.000E+00 3 1.154E-03 * ALEACH( 3)
RO16 3 Solubility constant * 0.000E+00 * 0.000E+00 2 not used * SOLUBK( 3)
3 3 a 3 3
R0O16 * Distribution coefficients for Sr-90 3 3 3 3
RO16 ? Contaminated zone (cm**3/g) * 3.000E+01 * 3.000E+01 ? - * DCNUCC({ 4)
RO16 * Unsaturated zone 1 (cm**3/g) * 3.000E+01 * 3.000E+01 * - * DCNUCU( 4,1)
RO16 ° Saturated zone (cm**3/g) * 3.000E+01 * 3.000E+01 ? -—= * DCNUCS( 4)
RO16 * Leach rate (/yr) 2 0.000E+00 2 0.000E+00 ? 2.685E-03 * ALEARCH( 4)
RO16 ? Solubility constant * 0.000E+00 * 0.000E+00 ? not used * SOLUBK( 4)
3 3 a a 3
RO16 * Distribution coefficients for daughter Pb-210 3 3 3 3
RO16 3 Contaminated zone (cm**3/g) 3 1.000E+02 * 1.000E+02 3 —-—= * DCNUCC( 2}
RO16 ? Unsaturated zone 1 {cm**3/g) * 1.000E+02 * 1.000E+02 * —— * DCNUCU( 2,1)
RO1€ 3 Saturated zone (cm**3/g) 3 1.000E+02 * 1.000E+02 °* -—= * DCNUCS{ 2)
RO16 3 Leach rate (/yr) * 0.000E+00 * 0.000E+00 3 8.082E-04 * ALEACH( 2)
RO16 3 Solubility constant * 0.000E+00 * 0.000QE+00 * not used * SOLUBK( 2)
3 3 3 a 3
R017 * Inhalation rate (m**3/yr) 3 7.300E+03 * B.400E+03 2 -=- * INHALR
RO17 * Mass loading for inhalation (g/m**3) * 1.000E-04 * 1.000E-04 ? - * MLINH
RO17 * Exposure duration ® 3.000E+01 * 3.000E+01 2 - * ED
RO17 ?* Shielding factor, inhalation ® 4.000E-01 * 4.000E-01 ? - ® SHF3
RO17 * Shielding factor, external gamma ®> 8.000E-01 * 7.000E-01 * - * SHF1
RO17 ? Fraction of time spent indoors * 5.000E-01 * 5.000E-01 * - * FIND
RO17 * Fraction of time spent outdoors (on site) * 2.500E-01 * 2.500E-01 * - * FOTD
RO17 °* Shape factor flag, external gamma ®> 1.000E+00 * 1.000E+00 * >0 shows circular AREA. > FS
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Site-Specific Parameter Summary (continued)

2 2 User 3 2 Used by RESRAD 3 Parameter

Menu 3 Parameter 3 Input 3> pefault 3 (If different from user input) 2 Name

R0O17 * Radii of shape factor array (used if FS = -1): 3 3 3 2

RO17 3 Outer annular radius (m), ring 1 ? not used 3 5.000E+01 ? - * RAD_SHAPE( 1)
RO17 3 Outer annular radius (m), ring 2 3 not used * 7.071E+01 3 - * RAD SHAPE( 2)
RO17 2 Outer annular radius (m), ring 3 * not used 3 0.000E+00 3 - 3 RAD SHAPE({ 3)
RO17 2 Outer annular radius (m), ring 4: * not used ? 0.000E+00 3 -—- ® RAD SHAPE( 4)
RO17 3 Outer annular radius (m), ring 5 3 not used ?* 0.000E+00 ? - * RAD_SHAPE( 5)
RO17 3 Outer annular radius (m), ring 6 * not used ? 0.000E+00 3 - ® RAD SHAPE( 6)
RO17 3 Outer annular radius (m), ring 7 * not used * 0.000E+00 3 -_—— ®* RAD SHAPE( 7)
RO17 2 Quter annular radius {m), ring 8 3 not used ?* 0.000E+00 ? -—= 3 RAD_SHAPE({ 8)

R017 *  Outer annular radius (m}), ring 9: ® not used * 0.000E+00 ? - ®> RAD_SHAPE( 9)
RO17 2 Outer annular radius (m), ring 10: ®> not used 3 0.000E+00 ? - * RAD_SHAPE (10)
RO17 2 Outer annular radius (m), ring 11: ®> not used > 0.000E+00 * - * RAD SHAPE(11)
RO17 3 Outer annular radius (m), ring 12: ® not used > 0.000E+00 * - * RAD_SHAPE (12)
3 3 3 3 3
R017 * Fractions of annular areas within AREA: 3 3 2 2
RO17 * Ring 1 ’ * not used ? 1.000E+00 > - > FRACA( 1)
RO17 2 Ring 2 ® not used * 2.732E-01 ? - ? FRACA( 2)
RO17 * Ring 3 * not used 2 0.000E+00 2 -— * FRACA( 3)
RO17 2 Ring 4 ® not used ?* 0.000E+00 3 - * FRACA( 4)
RO17 * Ring 5 * not used * 0.000E+00 ° -—- > FRACA({ 5)
RO17 * Ring 6 ® not used * 0.000E+00 3 -~- * FRACA( 6)
RO17 3 Ring 7 ®> not used * 0.000E+00 3 = ®* FRACA( 7)
RO17 ? Ring 8 ®> not used > 0.000E+00 ? - ® FRACA( 8)
RO17 ® Ring 9 ®> not used * 0.000E+00 2 - * FRACA( 9)
RO17 *  Ring 10 > not used > 0.000E+00 ? --- * FRACA(10)
RO17 * Ring 11 * not used * 0.000E+00 ° - * FRACA(11)
RO17 * Ring 12 * not used 2 0.000E+00 3 -—- * FRACA(12)
3 3 3 a 3
RO18 * Fruits, vegetables and grain consumption (kg/yr) * 1.600E+02 ?* 1.600E+02 * - * DIET (1)
R018 * Leafy vegetable consumption (kg/yr) * 1.400E+01 * 1.400E+401 ? ——- 3 DIET({2)
R0O18 * Milk consumption (L/yr) ® not used ? 9,200E+01 * -—= * DIET(3)
R018 * Meat and poultry consumption (kg/yr) * not used * 6.300E+01 ? - 3 DIET(4)
RO18 ?* Fish consumption (kg/yr) * not used 3 5.400E+00 3 - * DIET(5)
R018 * Other seafood consumption (kg/yr) * not used * %.000E-01 ? - ? DIET(6)
R018 ? Soil ingestion rate {(g/yr) 3 4.380E+01 * 3.650E+01 2 - ? SOIL
RO18 * Drinking water intake (L/yr) * 7.000E+402 3 5.100E+02 ? -— * DWI
RO18 * Contamination fraction of drinking water * 1.000E+00 * 1.000E+00 3 -—= * FDW
RO18 * Contamination fraction of household water * not used * 1.000E+00 2 - * FHHW
RO18 * Contamination fraction of livestock water ?* not used * 1.000E+00 ? --= * FIW
R018 * Contamination fraction of irrigation water * 1.000E+00 * 1.000E+0Q0 ? ~—= ? FIRW
R018 3 Contamination fraction of aguatic food * not used 3 5.000E-01 3 - * FRY
RO18 * Contamination fraction of plant food 3-1 -1 3 0.500E+00 * FPLANT
R018 * Contamination fraction of meat * not used 2-1 3 ~—= ® FMEAT
RO18 ? Contamination fraction of milk * not used 3*-1 2 - * FMILK
3 a 3 3 3
RO19 ? Livestock fodder intake for meat (kg/day) ® not used * 6.800E+01 2 -—- * LFI5
RO19 * Livestock fodder intake for milk (kg/day) ® not used * 5.500E+01 3 - * LFI6
RO19 * Livestock water intake for meat (L/day) * not used * 5.000E+01 * -—- * LWIS
RO19 * Livestock water intake for milk (L/day) ® not used * 1.600E+02 ? - * LWIe

RO19 * Livestock soil intake (kg/day) ? not used 3 5.000E-01 2 -—= * LSI
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Site-Specific Parameter Summary {continued)

2 2 User 2 2 Used by RESRAD *  Parameter

Menu 3 Parameter 3 Input 3 Default * (If different from user input) ? Name

RO19 * Mass loading for foliar deposition (g/m**3) 2 1.000E-05 * 1.000E-04 2 - * MLFD
RO19 * Depth of soil mixing layer (m) * 1.500E-01 * 1.500E-01 * - * DM
R019 * Depth of roots (m} * 9.000E-01 * 9.000E-01 = - * DROOT
RO19 * Drinking water fraction from ground water 3 1.000E+00 * 1.000E+0Q0Q * - * FGWDW
RO19 2 Household water fraction from ground water * not used ?* 1.000E+00 3 - 3 FGWHH
RO19 * Livestock water fraction from ground water 3 not used * 1.000E+00 3 - ? FGWLW
RO19 ® Irrigation fraction from ground water 3 1.000E+00 * 1.000E+00 ?® —-——= 3 FGWIR

3 3 3 3 3
R19B * Wet weight crop yield for Non-Leafy (kg/m**2}) ® 7.000E-01 * 7.000E-01 °* - 2 YV (1Y
R19B * Wet weight crop yield for Leafy (kg/m**2) > 1.500E+00 * 1.500E+00 °* - P YV(2)
R19B * Wet weight crop yield for Fodder (kg/m**2) * not used * 1.100E+00 3 --- 2 YV (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 * 2.500E-01 * - * TE(2)
R19B * Growing Season for Fodder (years) * not used * 8.000E-02 = --= * TE(3)
R19B * Translocation Factor for Non-Leafy ®* 1.000E-01 * 1.000E-01 ° --= * TIVI(1)
R19B * Translocation Factor for Leafy * 1.000E+00 * 1.000E+00 * -—= 2 TIV(2)
R19B ? Translocation Factor for Fodder * not used *?* 1.000E+00 * - * TIV(3)
R19B * Dry Foliar Interception Fraction for Non-Leafy * 2.500E-01 * 2.500E-01 * - * RDRY (1)
R19B ? Dry Foliar Interception Fraction for Leafy ® 2.500E-01 * 2.500E-01 * - * RDRY (2)
R198 * Dry Foliar Interception Fraction for Fodder * not used 3 2.500E-01 * - ® RDRY (3)
R19B * Wet Foliar Interception Fraction for Non-Leafy 2 2.500E-01 ° 2.500E-01 ? - ® RWET (1)
R19B * Wet Foliar Interception Fraction for Leafy * 2.500E-01 * 2.500E-01 * --= ® RWET (2)
R19B * Wet Foliar Interception Fraction for Fodder > not used ?* 2.500E-01 °* --= * RWET (3)
R19B * Weathering Removal Constant for Vegetation ® 2.000E+01 * 2.000E+01 * - > WLAM

3 3 a 3 3
Cl4 * C-12 concentration in water (g/cm**3) ®* not used * 2.000E-05 3 -—= ® CL2WTR
Cl4 * C-12 concentration in contaminated soil (g/g) ® not used * 3.000E-02 3 -== ® cla2cz
Cl4 * Fraction of vegetation carbon from soil ®* not used * 2.000E-02 * --= * Cs0IL
Cl4 ? Fraction of vegetation carbon from air ® not used * 9.800E-01 ? - * CAIR
Cl4 * C-14 evasion layer thickness in soil (m) ®* not used * 3.000E-01 3 - ® DMC
Cl4 * C-14 evasion flux rate from soil (1l/sec) * not used * 7.000E-07 3 -—= * EVSN
Cl4 * C-12 evasion flux rate from soil (1/sec) * not used ? 1.000E-10 ? --- * REVSN
Cl4 * Fraction of grain in beef cattle feed ®* not used * 8.000E-01 ? = * AVFG4
Cl4 * Fraction of grain in milk cow feed ®* not used * 2.000E-01 ? - * AVFG5

3 3 3 3 3
STOR * Storage times of contaminated foodstuffs (days): 3 ? 2 ?
STOR 3 Fruits, non-leafy vegetables, and grain 2 1.400E+01 * 1.400E+01 3 -—= 3 STOR_T (1)
STOR * Leafy vegetables * 1.000E+400 * 1.000E+00 * - * STOR_T(2)
STOR 3 Milk * 1.000E+00 * 1.000E+00 @ -== * STOR_T(3)
STOR 2 Meat and poultry * 2.000E+01 * 2.000E+01 * - ® STOR_T(4)
STOR 3 Fish * 7.000E+00 * 7.000E+00 3 - * STOR_T (5}
STOR * Crustacea and mollusks * 7.000E+00 * 7.000E+00 3 m== ® STOR_T(6)
STOR 3 Well water * 1.000E+00 * 1.000E+00 * - * STOR_T(T)
STOR * Surface water ® 1.000E+00 * 1.000E+00 * -== * STOR_T(8)
STOR ? Livestock fodder ®* 4.500E+01 * 4.500E+01 ® ~—= ® STOR_T(9)

3 a 3 3 3
R021 * Thickness of building foundation (m) ®* not used * 1.500E-01 ® = ® FLOOR1
RO21 * Bulk density of building foundation (g/cm**3) ® not used * 2.400E+00 ® - * DENSFL
R021 * Total porosity of the cover material ®* not used * 4.000E-01 ° - @ TPCV
R021 * Total porosity of the building foundation ®* not used * 1.000E-01 * -== * TPFL
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Site-Specific Parameter Summary (continued)

3 3 User 3 3 Used by RESRAD *  Parameter

Menu * Parameter 2 Input ? Default °* (If different from user input) 3 Name

R021 ? Volumetric water content of the cover material * not used ?* 5.000E-02 3 - * PH20CV
R021 * Volumetric water content of the foundation * not used * 3.000E-02 ? -—- * PH20FL
R021 * Diffusion coefficient for radon gas (m/sec): 2 3 3 3
RO21 2 in cover material ®> not used * 2.000E-06 3 - * DIFCV
R0O21 * in foundation material * not used 3 3.000E-07 3 - * DIFFL
RO21 3 in contaminated zone soil * not used 3 2.000E-06 32 - * DIFCZ
RO21 * Radon vertical dimension of mixing (m) * not used * 2.000E+00 3 - * HMIX
R021 * Average building air exchange rate (1l/hr) ®> not used ?* 5.000E-01 ® --- * REXG
R021 * Height of the building (room) (m) ® not used 3 2.500E+00 3 - ® HRM
R021 * Building interior area factor * not used 2 0.000E+00 3 - * FAI
R0O21 * Building depth below ground surface (m) * not used 3-1.000E+00 ? -—= * DMFL
R021 * Emanating power of Rn-222 gas * not used * 2.500E-01 3 ——= * EMANA(1)
R021 ? Emanating power of Rn-220 gas ® not used * 1.500E-01 3 -——= 2 EMANA(2)
3 3 3 3 3
TITL * Number of graphical time points 2 32 2 - 3 - * NPTS
TITL * Maximum number of integration points for dose 2 17 2 -—= 2 - ® LYMAX
TITL ?* Maximum number of integration points for risk 2 257 2 - 2 -——= ® KYMAX

Summary of Pathway Selections

Pathway 2 User Selection

1 ~- external gamma 3 active
2 -- inhalation (w/o radon)? active
3 -- plant ingestion 2 active
4 -- meat ingestion 2 suppressed
5 -- milk ingestion 2 suppressed
6 -- aquatic foods 2 suppressed
7 -- drinking water 2 active
8 -- soil ingestion 2 active
9 -- radon 2 suppressed
Find peak pathway doses 2 active
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Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g

Area: 2290.00 square meters Cs-137 8.020E+00
Thickness: 5.00 meters Ra-226 6.000E-02
Cover Depth: 0.00 meters Sr-90 7.800E-01

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 1.500E+01 mrem/yr
Total Mixture Sum M{t) = Fraction of Basic Dose Limit Received at Time (t)

t (years): 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
TDOSE(t): 2.100E+01 2.054E+01 1.878E+01 1.681E+01 7.188E+00 2.939E+00 6.971E-01 3.142E-01
M{t): 1.400E+00 1.369E+00 1.252E+00 1.121E+00 4.792E-01 1.959E-01 4.647E-02 2.095E-02

Maximum TDOSE(t): 2.100E+01 mrem/yr at t = 0.000E+00 years
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon . Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

ARABAAAAA AAAAAS AAAARAARA AARAAA AAAAAAAAA AAAAAR AAAAAAARA AAAAAN ARAARAAAA AAAABA ASAAAAKAA ANAAAA
Cs-137 1.584E+01 0.7543 1.208E-05 0.0000 0.000E+00 0.0000 1.379E+00 0.0657 0.000E+00 0.0000 0.000E+00 0.0000 1.302E-02 0.0006
Ra~226 3.964E-01 0.0189 2.563E-05 0.0000 0.000E+00 0.0000 2.825E-01 0.0135 0.000E+00 0.0000 0.000E+00 0.0000 2.822E-03 0.0001
'Sr~90 1.117E-02 0.0005 4.811E-05 0.0000 0.000E+00 0.0000 3.070E+00 0.1462 0.000E+00 0.0000 0.000E+00 0.0000 3.864E-03 0.0002
f1fff3f fffffffEt fiffff fitffffff ffffff fffffitf ffffff tffffffff fiffft fffffffff fiffff fffffff%f ffffff ffffftfff ffftitf
Total 1.625E+01 0.7737 8.581E-05 0.0000 0.000E+00 0.0000 4.732E+00 0.2253 0.000E+00 0.0000 0.000E+00 0.0000 1.971E-02 0.0009

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

Water Dependent Pathways

Water Fish Radon Plant Meat
Radio- R R R 5 5 R S S R RS K R R I R R R 3 5 5 5 5 K B s R K B R 5 R R B S B R R
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
.................... z., e 2iae se aropraroaroge ?’. 2 n i T 3 47 AT &% 11 ;...... .1'2 ? + e ae seose so " e o 4o g se so sl 304t s zeose av

Cs-137 2.677E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.778E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.723E+01 0.8206
Ra-226 1.613E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.123E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.819E-01 0.0325
Sr-90  1.311E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 §.764E~05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.087E+00 0.1470
- tiififf fifffffit fiffff fffffffff ffifff Iffffffff fiffff fEEEfff9F fRffff fffffffff fRffff fEEffPTPE fEffff fffffffil fiffif
Total  1.499E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.107E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.100E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perimeter-Res-Non-Farm-BKG-subtract-la-orise

File : F:\RESRAD_FAMILY\RESRAD\FHWMF~PERIMETER~RES-NON-FARM-BKG-SUBTRACT-1A~121609.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
Radio- s s s R O B S R R R R R 3 K 5 K R B K K55 3356 5 s s S R S SR R 5 K 55 R R R RS R R R 3 3 5 st 5t
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARARAAA ARAAARAAA ABAAAA AAAAAARAA AAAAAR AAAAAAAAA AMAAAA AAAAAAAAA ARAASA AARARAAAA ARAAAA AAAABRAAAA AAAAAA AARAAA s AR

Cs-137 1.548E+01 0.7535 1.180E-05 0.0000 0.000E+00 0.0000 1.347E+00 0.0656 0.000E+00 0.0000 0.000E+00 0.0000 1.272E-02 0.0006
Ra-226 3.957E-01 0.0193 2.759E-05 0.0000 0.000E+00 0.0000 2.937E-01 0.0143 0.000E+00 0.0000 0.000E+00 0.0000 3.249E-03 0.0002
Sr-90  1.088E-02 0.0005 4.685E-05 0.0000 0.000E+00 0.0000 2.990E+00 0.1456 0.000E+00 0.0000 0.000E+00 0.0000 3.763E-03 0.0002
tififff feffffts L1088 ffffffL0f fiffff fffffffff frffff fffffffff fEffff fIfffffff fEfLff fLLfR1f8f ffffS5 fRfffffif fiffft
Total  1.588E+01 0.7733 8.624E-05 0.0000 0.000E+00 0.0000 4.631E+00 0.2255 0.000E+00 0.0000 0.000E+00 0.0000 1.973E~02 0.0010

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 Radon Plant Meat Milk Al]l Pathways*
Radio- s s g s A B B B B B B KBRS 5 B S A B B S B B R s SRR 5 R S K S S S S S B R S R SR S S 5 KR SRR K R K 5 RS 5 S K S B S KR B 555 5 R a3 ¢ B¢ 8¢
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
NARAREK ARARRRAAA o R K R KR KR R R R R R R S K R K S K R g

Cs-137 7.913E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.602E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.684E+01 0.8198
Ra-226 5.239E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.775E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.932E-01 0.0338
Sr-90 3.858E-03 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 2.968BE-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.009E+00 0.1465
fiiifff ttfffffds fiffff frfffffds ffffff fffffffff fifftf fffffffff ffffff frfffffff fiiff LI ff9f ffffff ffffffiff fiftff
Total 4.461E-03 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 3.402E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.054E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perimeter-Res-Non-Farm-BKG-subtract-la-orise
File F:\RESRAD FAMILY\RESRAD\FHWMF-PERIMETER-RES-NON~FARM-BKG-SUBTRACT-1A-121609.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 = 5.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk

Radio- AABAARA ARARRAAAARARRARR
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ABAAAAA ARAAARAAA ARAAAA (ARAAAAA AAAARA AAAAAAAAA ARAAAA ABAAAAAAA AAAAAA AAABAARAA AAAAAK
Cs-137 1.409E+01 0.7503 1.074E-05 0.0000 0.000E+00 0.0000 1.227E+00 0.0653 0.000E+00 0.0000 0.000E+00 0.0000
Ra~-226 3.932E-01 0.0209 3.479E-05 0.0000 0.000E+00 0.0000 3.339E-01 0.0178 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 9.787E-03 0.0005 4.214E-05 0.0000 0.000E+00 0.0000 2.689E+00 0.1432 0.000E+00 0.0000 0.000E+00 0.0000
feiffft fffffffef ffffff fffffffff fEffff fffffffff ffffff fffffffff ffffff fffffffdl ffffff fffffffff ffffftf
Total 1.450E+01 0.7718 8.767E-05 0.0000 0.000E+00 0.0000 4.250E+00 0.2263 0.000E+00 0.0000 0.000E+00 0.0000

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

As mrem/yr and Fraction of Total Dose At t = 5.000E+00 years

Water Dependent Pathways

Plant Meat

Radio- R R R R
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
BARARAA AAAABAAAR ARARAR ARAARASAR ARAARA AARABARAR ABARAR AARAARARR AARARA ARARRKAAARA ARARAR
Cs-137 2.653E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.932E-05 0.0000 0.000E+00 0.0000
Ra-226 2.510E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.834E~04 0.0000 0.000E+00 0.0000
Sr-90 1.282E-02 0.0007 0.000E+00 0.0000 0.000E+00 0.0000 1.001E-03 0.0001 0.000E+00 0.0000
fittttt titffttes ffffff Iftifffff fiffif ffffffffd ffffff fifffffff fiffff fffffffif fiiffs
Total 1.560E-02 0.0008 0.000E+00 0.0000 0.000E+00 0.0000 1.204E-03 0.0001 0.000E+00 0.0000
*Sum of all water independent and dependent pathways.

and

Pathways

(p)

fract.
R KRR R R
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

mrem/yr

0.000E+00 0.0000

mrem/yr

1.158E-02
4.819E-03
3.385E-03

1.979E-02

fract.

R KR

0.0006
0.0003
0.0002
f1f1ts
0.0011

All Pathways*

mrem/yr

1.533E+01
7.347E-01
2.716E+00

1.878E+01

fract.

s

0.8163
0.0391
0.1446

1.0000



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 19:37 Page 13
Summary : FHWMF-Perimeter-Res-Non-Farm-BKG-subtract-la-orise

File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-RES-NON-FARM-BKG-SUBTRACT-1A-121609.RAD

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

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARAARR AAARRAAAA AAAAAA \ ARRARA AAAAAARAA AAAARA \ ARARAR AARAARARAA ARAAAA \AAAAA AAARAR AAAARARAA ARABRAA
Cs-137 1.254E+01 0.7458 9.55BE-06 0.0000 0.000E+00 0.0000 1.092E+00 0.0649 0.000E+00 0.0000 0.000E+00 0.0000 1.030E-02 0.0006
Ra-226 3.902E-01 0.0232 4.250E-05 0.0000 0.000E+00 0.0000 3.769E-01 0.0224 0.000E+00 0.0000 0.000E+00 0.0000 6.503E-03 0.0004
Sr-90  B8.573E-03 0.0005 3.691E-05 0.0000 0.000E+00 0.0000 2.356E+00 0.1401 0.000E+00 0.0000 0.000E+00 0.0000 2.965E-03 0.0002
fiififs tifffdfet tiefit ffifitiff fiffif ffffftiif fiftif fffffffff ffiff1 fffffffff fififf fiffiifif f1ffff ififffifff fffitt
Total 1.294E+01 0.7695 B8.896E~05 0.0000 0.000E+00 0.0000 3.824E+00 0.2275 0.000E+00 0.0000 0.000E+00 0.0000 1.977E-02 0.0012

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

Water Fish Radon Plant Meat 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.
CRARAAARA ARRKAK AAAKAAAAZ AKAKAR KAAARKARA RARAAN ANAAAAKAA AKAAAK .

Cs-137 4.513E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.303E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.364E+01 0.8114

Ra-226 6.023E-03 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 4.406E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.801E-01 0.0464

Sr-90  2.159E-02 0.0013 0.000E+00 0.0000 0.000E+00 0.0000 1.691E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 2.391E+00 0.1422

hd tittted frffttffd ffftff ffffffiff fiffff fiffiffff fiffft Iffffffff ffffff ffffSffff fifffr fEfffffff ffffff ffffifffl ffffff
Total  2.807E-02 0.0017 0.000E+00 0.0000 0.000E+00 0.0000 2.164E-03 0.0001 0.000£E+00 0.0000 0.000E+00 0.0000 1.681E+01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perimeter-Res-Non-Farm-BKG-subtract-la-orise

File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-RES-NON-FARM-BKG-SUBTRACT-1A-121609.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 = 5.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk
Radio- s s s N s S R R R K R K KRR R R R K R 555 5 L s s s s s R R 5
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Cs-137 4.918E+00 0.6843 3.750E-06 0.0000 0.000E+00 0.0000 4.282E-01 0.0596 0.000E+00 0.0000 0.000E+00 0.0000 4.042E-03 0.0006
Ra-226 3.663E-01 0.0510 7.204E-05 0.0000 0.000E+00 0.0000 5.375E-01 0.0748 0.000E+00 0.0000 0.000E+00 0.0000 1.304E-02 0.0018
Sr-90  2.972E-03 0.0004 1.279E-05 0.0000 0.000E+00 0.0000 8.165E-01 0.1136 0.000E+00 0.0000 0.000E+00 0.0000 1.028E-03 0.0001
ftfffft ffffffessr fffffs fffffffff ffffff fifffffff ffffff fffffffff fRfEfF fffffffff ffffff pffffffff ffffff ffffffffd ffffif
Total  5.288E+00 0.7356 8.858E-05 0.0000 0.000E+00 0.0000 1.782E+00 0.2479 0.000E+00 0.0000 0.000E+00 0.0000 1.811E-02 0.0025

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+01 years
Water Dependent Pathways

Water Fish Radon Plant Meat

Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARBAARA AARARKARA AAAAAA ARAAAAAAA AAAAAR AAAAARARA AAAARA A ARAARA AAARAAARA AARAAA AAABRAAARA AARAAK A BARKAA
Cs-137 8.577E-04 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 6.304E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.352E+00 0.7445
Ra-226 5.402E-02 0.0075 0.000E+00 0.0000 0.000E+00 0.0000 3.951E-03 0.0005 0.000E+00 0.0000 0.000E+00 0.0000 9.748E-01 0.1356
P Sr-390 3.799E-02 0.0053 0.000E+00 0.0000 0.000E+00 0.0000 2.981E-03 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 8.615E~01 0.1199
‘..’ ftifftt fitffitts feftit fftffiffd tiffff fffffffff fiffff fifffffff ffffif fffffffff ffffff fIfffffff fiffft fffffifif fffiftf
Total 9.287E-02 ©.0129 0.000E+00 0.0000 0.000E+00 0.0000 6.995E-03 0.0010 0.000E+00 0.0000 0.000E+00 0.0000 7.188E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perimeter-Res-Non-Farm-BKG-subtract-la-orise
File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-RES~NON-FARM-BKG~SUBTRACT-1A-121609.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+02 years

-
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio- e s B R SR SRR R R R R R S0 R 5R  S KH S R R R K K R R ¢ R R K KR KRR KK R R K 55
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
BAARRAR ARAARAARR AAKAAK AAAAKARAR AARAAA AARARAAAR AANARA ARRARARAR KAAARA AARAARARA AAAARA ARABAARAK KAARAR AAARAARAA ARARAA
Cs~137 1.527E+00 0.5196 1.164E-06 0.0000 0.000E+00 0.0000 1.329E-01 0.0452 0.000E+00 0.0000 0.000E+00 0.0000 1.255E-03 0.0004
Ra-226 3.384E-01 0.1151 7.636E-05 0.0000 0.000E+00 0.0000 5.526E-01 0.1880 0.000E+00 0.0000 0.000E+00 0.0000 1.416E-02 0.0048
Sr-90 7.903E-04 0.0003 3.403E-06 0.0000 0.000E+00 0.0000 2.172E-01 0.0739 0.000E+00 0.0000 0.000E+00 0.0000 2.733E-04 0.0001
ftiftit tfffitifs ffftfd fffffftff ffffff fffffffff fftfef ffffffifs ffffff Iffffffff fIffff fifffffff fiffft fffftriff fftftf
Total 1.866E+00 0.6350 8.093E-05 0.0000 0.000E+00 0.0000 9.027E-01 0.3071 0.000E+00 0.0000 0.000E+00 0.0000 1.569E-02 0.0053
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways*

Radio- [ s s e s R S RS R R SR R B R R R R S A B S R KR R R K S RSB SR SRR R R R R S K KR 35 a 55 55 55 5 ¢
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
BABRAAAR ARBAAAKAR BABAKA AAAAARARA ARARAR AAAAARAKA AARARARAA ABARAA AAARAARAR AARARA AAAARAARA AARARR
Cs=-137 5.345E-04 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 3.930E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.662E+00 0.5654
Ra-226 1.217E-01 0.0414 0.000E+00 0.0000 0.000E+00 0.0000 8.300E-03 0.0030 0.000E+00 0.0000 0.000E+00 0.0000 1.036E+00 0.3524

‘..-' Sr-30 2.149E-02 0.0073 0.000E+00 0.0000 0.000E+00 0.0000 1.6B87E-03 0.0006 0.000E+00 0.0000 0.000E+00 0.0000 2.414E-01 0.0821

Tifffs frfffffes fEE98F  fEfffffds fffffF fRLIFLCRf fEffff fEfffffff fIfTff fTELfffff fEfIfD TILfff08F ffffff frfffffff fffffs
Total  1.437E-01 0.0489 0.000E+00 0.0000 0.000E+00 0.0000 1.063E-02 0.0036 0.000E+00 0.0000 0.000E+00 0.0000 2.939E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perimeter-Res-Non-Farm-BKG-subtract-la-orise

File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-RES-NON~FARM-BKG-SUBTRACT-1A~121609.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 = 5.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
BABARAR AAARRABAA RAAAAA AABAAARAA ARKABA AAAARARAR AABARA ASARARARA ABAARA AARARRARA AAARAR ARAAARARR AARAAR AAARRKARAA AARKAA
Cs-137 1.318E-04 0.0002 1.005E-10 0.0000 0.000E+00 0.0000 1.148E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.083E~07 0.0000
Ra-226 1.793E-01 0.2573 4.194E-05 0.0001 0.000E+00 0.0000 3.013E-01 0.4322 0.000E+00 0.0000 0.000E+00 0.0000 7.824E-03 0.0112
Sr-90 1.979E-08 0.0000 8.51%E-11 0.0000 0.000E+00 0.0000 5.437E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.842E-0% 0.0000
Tifffts frffffffs fiffft frfffffff rififf ffffffiff fffrff ffffffifl fifffr ffiffifff ffffff fifffffif ffffff ffffffifi frfiff
Total 1.795E-01 0.2575 4.194E-05 0.0001 0.000E+00 0.0000 3.013E-01 0.4322 0.000E+00 0.0000 0.000E+00 0.0000 7.824E-03 0.0112

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+02 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk

Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARRBAA AAABAAARA ARBAAR AAAARABRAA ARAAAR ARAAAKAAA BAAAAA AABRARAARK KAKAAR AAABAARAA AAAAAR AARARRAARR AARARR ARAARAARA AARAAR
Cs-137 2.457E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.808E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.436E-04 0.0002
Ra-226 1.943E-01 0.2787 0.000E+00 0.0000 0.000E+00 0.0000 1.421E-02 0.0204 0.000E+00 0.0000 0.000E+00 0.0000 6.969E-01 0.9998
Sr-90 5.270E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.138E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.032E-06 0.0000
tiffift ffiftfffs fffffd fffiffiff ffffff ffffffffs fiffff Ifffffffff fiffff fffffffff ffffff fffffffff fEffff Iffffifif fiffif
Total 1.943E-01 0.2787 0.000E+00 0.0000 0.000E+00 0.0000 1.421E-02 0.0204 0.000E+00 0.0000 0.000E+00 0.0000 6.971E-01 1.0000

*Sum of all water independent and dependent pathways.
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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+03 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

GUSARAAA ARBARA AAAAAARAA AAARAR AAAAAAAAA ARAAAA ARAABAAAA AAAAAA AARAAAAAR ARARKA
Cs-137 1.097E-09 0.0000 8.359E-16 0.0000 0.000E+00 0.0000 9.547E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.012E-13 0.0000
Ra-226 8.111E-02 0.2582 1.897E-05 0.0001 0.000E+00 0.0000 1.362E-01 0.4336 0.000E+00 0.0000 0.000E+00 0.0000 3.538E-03 0.0113
Sr-90 3.504E-14 0.0000 1.509E-16 0.0000 0.000E+00 0.0000 9.629E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.212E-14 0.0000
fiffffs fiffffifs ffiftf ffffffffs fiffff fifffffffr fffff fffffttif ffffff frffffiff ffffif frfffffff foffff fffffiiff fiffff
Total 8.111E-02 0.2582 1.897E-05 0.0001 0.000E+00 0.0000 1.362E-01 0.4336 0.000E+00 0.0000 0.000E+00 0.0000 3.538E-03 0.0113

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio~

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAARKAR AAAABARRA AARARA ; A ARRARK \ ARARRA AAAAAARAR ARAARR AAAAARAAR AAAAAR ARAAARAAR AAARAK AARAAAAA BARBRRA
Cs-137 4.446E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.271E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.198E-09 0.0000
Ra-226 8.692E-02 0.2766 0.000E+00 0.0000 0.000E+00 0.0000 6.357E-03 0.0202 0.000E+00 0.0000 0.000E+00 0.0000 3.142E-01 1.0000
Sr-90 8.999E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.066E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.065E-11 0.0000
fiitesf teftftddf fiffes fitfftdss tffefs fftffffft fEffff tiffffffd ffffff fffffffft ffffff fffffifif ffffr fiffiffff frfiif
Total 8.692E-02 0.2766 0.000E+00 0.0000 0.000E+00 0.0000 6.357E-03 0.0202 0.000E+00 0.0000 0.000E+00 0.0000 3.142E-01 1.0000

*Sum of all water independent and dependent pathways.
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Dose/Source Ratios Summed Over ARll Pathways
Parent and Progeny Principal Radionuclide Contributions Indicated
Parent Product Thread DSR(j,t) At Time in Years (mrem/yr)/ (pCi/g)
(1) (3) Fraction 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
AAAAARAA ARAAAAAAAN AAAARAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAARAAAA ABARAAAAA ARAAAAAAA
Cs~137+D  Cs-137+D 1.000E+00 2.149E+00 2.099E+00 1.912E+00 1.701E+00 6.673E-01 2.072E-01 1.791E-05 1.493E-10
Ra-226+D Ra-226+D 1.000E+00 1.125E+01 1.123E+01 1.118E+01 1.112E+01 1.065E+01 1.009E+01 5.797E+00 2.613E+00
Ra-226+D Pb-210+D 1.000E+00 1.191E-01 3.208E-01 1.062E+00 1.879E+00 5.601E+00 7.176E+00 5.819E+00 2.623E+00
Ra-226+D aDSR () 1.136E+01 1.155E+01 1.225E+01 1.300E+01 1.625E+01 1.726E+01 1.162E+01 5.237E+00
Sr-90+D 5r-90+D 1.000E+00 3.957E+00 3.857E+00 3.483E+00 3.065E+00 1.105E+00 3.095E~01 7.733E-06 1.365E-11
fEfffrfeff fE1f0f¢88f fE000088F fEf80200F fETTLL00f L0000 0F SO0 E00F FERLE088F SIS0 080F SETTE0E00 TRITE8S
The DSR includes contributions from associated (half-1life 6 180 days) daughters.
Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 1.500E+01 mrem/yr
Nuclide
(1) t= 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
ABRBARRA ARRAARARA  ARAKARARA  AARARARAAR  AAARAAAAA ARARBRARAR  AAAAAAARA AARAARRAR BAARARARA
Cs-137 6.980E+00 7.145E+00 7.846E+00 8.819E+00 2.248E+01 7.239E+01 8.375E+05 1.004E+11
Ra-226 1.320E+00 1.298E+00 1.225E+00 1.154E+00 9.232E-01 8.689E-01 1.291E+00 2.864E+00
Sr-90 3.791E+00 3.889E+00 4.307E+00 4.894E+00 1.358E+01 4.847E+01 1.940E+06 1.099E+12
fffftit fffffiiis fiffffftst fifififesf fffifitit tefifffis ffffifiit friffiift ffifiifit
Summed 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
and at tmax = time of maximum total dose = 0.000E+00 years
Nuclide 1Initial tmin DSR(i, tmin) G(i,tmin) DSR(i,tmax) G(i, tmax)
(i) (pCi/qg) (years) (pCi/qg) (pCi/qg)
ARAALA AAARARAAL a5 AARAARARE R R
Cs-137 8.020E+00 0.000E+00 2.149E+00 6.980E+00 2.149E+00 6.980E+00
Ra-226 6.000E-02 143.5 1 0.3 1.739E+01 8.625E-01 1.136E+01 1.320E+00
Sr-90 7.800E-01 0.000E+00 3.957E+400 3.791E+00 3.957E+00 3.7891E+00
fiffifs ffffifies fiffifffffififes fffffffff ffffffifi ffffffrif fIfiififl
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Individual Nuclide Dose Summed Over All Pathways

Parent Nuclide and Branch Fraction Indicated

Nuclide Parent THF (i) DOSE(j,t), mrem/yr

(3) (i) t= 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01
KRR T 3 R R R R B S R R AAKRKAR RAKRRAKAA RAKRKKAAR KARKARAKA KEKKKAKKA
Cs-137 Cs-137 1.000E+00 1.723E+01 1.684E+01 1.533E+01 1.364E+01 5.352E+00

Ra-226 Ra-226 1.000E+00 6.747E-01 6.740E-01 6.710E-01 6.673E-01 6.388E-01

Pb-210 Ra-226 1.000E+00 7.145E-03 1.925E-02 6.371E-02 1.127E-01 3.361E-01

Sr-90 Sr-90 1.000E+00 3.087E+00 3.009E+00 2.716E+00 2.391E+00 8.615E~01

Tiffifs fffffff frfftfits fffffffes fifff90f fEffffres fEfIf0008 fEET1T1S

THE (i) is the thread fraction of the parent nuclide.

Individual Nuclide $Soil Concentration

Parent Nuclide and Branch Fraction Indicated

Nuclide Parent THF (1) S(j,t), pCi/g

(3) (1) t= 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01
CRARAAR ARAKAAR AKBARRALL AAARARARA ARAAAARAS ARARAAAAR ARARARAAR AAAARAAAA
Cs-137 Cs-137 1.000E+00 8.020E+00 7.835E+00 7.135E+00 6.,347E+00 2.490E+00

Ra-226 Ra-226 1.000E+00 6.000E-02 5.990E-02 5.953E-02 5.906E-02 5.542E-02

Pb~210 Ra-226 1.000E+00 0.000E+00 1.834E-03 8.584E-~03 1.584E-02 4.435E-02

Sr-90 Sr-90 1.000E+00 7.800E-01 7.596E-01 6.832E-01 5.985E-01 2.075E-01
fiifffs ffffffs fifffifit frifffifs fifffffds feftieeds fiffff8ff fff81111
THF (i) is the thread fraction of the parent nuclide.

\

RESCALC.EXE execution time = 1.59 seconds

1.000E+02

BAKBARARA

1.662E+00

6.052E-01

4.306E-01

2.414E-01

IIIIIIIII

1.000E+02

N

7.730E-01

5.119E-02

4.997E-02

5.517E-02

5.000E+02
1.436E-04
3.478E-01
3.491E-01

6.032E-06
friffises

5.000E+02

6.672E-05

2.713E-02

2.783E-02

1.381E-06
fiff1ft1t

1.000E+03
1.198E~09
1.568E-01
1.574E-01

1.065E-11
frffrfiis

1.000E+03

5.551E-10

1.227E-02

1.259E-02

2.446E-12
ffffiftss



\ 4

RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009

Summary : FHWMF-Perim-Ind-Bkg-subtract-2A-orise

File : F:\RESRAD FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG~SUBTRACT-2A.RAD

Table of Contents

Part I: Mixture Sums and Single Radionuclide Guidelines

Dose Conversion Factor (and Related) Parameter Summary ...
Site-Specific Parameter SUMMATY ......enveceiesnransacanns
Summary of Pathway.Selections ............................
Contaminated Zone and Total Dose SUMMArY ......venvaceeens

Total Dose Components

Time = 0.000E+00 .. viurririmni it iiiieenaeennnnnnns
Time = 1.000E+00 .ttt e i itienieeanennsnn
Time = 5.000E+00 ...ttt ittt iiinienincnnaenans
Time = 1.000E40L +.vtieuniinnniineennnnennnennnenannn
Time = 5.000E+01 ... ..ottt ieneanananns
Time = 1.000E402 +.tunneiiinniinernernrennnenonannnns
Time = 5.000E402 ... vuetnirnnnrieinnanennnnnnnnnnn
Time = 1.000E403 ...ttt nnnninneneanrennannanns
Dose/Source Ratios Summed Over All Pathways ..............
Single Radionuclide Soil Guidelines ..........cciiiiennnn.
Dose Per Nuclide Summed Over All Pathways ......cciveveesas
Soil Concentration Per Nuclide ........iiiiiiiniininnnnnnns

O oo e N

10
11
12
13
14
15
16
17
18
18
19
19

19:43

Page

1



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 19:43 Page 2
Summary : FHWMF-Perim-Ind-Bkg-subtract-2A-orise
File ¢ F:\RESRAD_FAMILY\RESRAD\ FHWMF-PERIMETER-INDUST-BKG-SUBTRACT~2A.RAD

Dose Conversion Factor (and Related) Parameter Summary

Dose Library: FGR 11

2 ? Current °? Base ? Parameter

Menu ° Parameter 2 Value# °2 Case* 2 Name

A-1 ? DCF's for external ground radiation, (mrem/yr}/(pCi/g) 2 2 2
A-1 ° At-218  (Source: FGR 12) 2 5.847E-03 * 5.847E-03 * DCF1{ 1)
A-1 * Ba-137m (Source: FGR 12) ® 3.606E+00 * 3.606E+00 * DCF1( 2)
A-1 ? Bi-210 (Source: FGR 12) ® 3.606E-03 * 3.606E-03 * DCF1( 3)
A-1 > Bi-214 (Source: FGR 12) ® 9.808E+00 * 9.808E+00 * DCFl( 4)
A-1 * Cs-137  (Source: FGR 12) ® 7.510E-04 * 7.510E-04 * DCF1{ 5)
A-1 ? Pb-210  (Source: FGR 12) 3 2.4478-03 3 2.447E-03 2 DCFl{ 6)
A-1 * Pb-214  (Source: FGR 12) * 1.341E+00 * 1.341E+00 * DCFl( 7)
A-1 * Po-210 (Source: FGR 12) ® 5.231E-05 * 5.231E-05 * DCF1l{ 8)
A-1 ? Po-214  (Source: FGR 12) * 5.138E-04 * 5.138E-04 * DCF1({ 9)
A-1 ° Po-218  (Source: FGR 12) * 5.642E-05 * 5.642E-05 * DCF1l{ 10)
A-1 * Ra-226 (Source: FGR 12) * 3.176E-02 * 3.176E-02 2 DCF1( 11)
A-1 *® Rn-222  (Source: FGR 12) 2 2.354E-03 * 2.354E-03 * DCF1l( 12}
A-1 * Sr-90 (Source: FGR 12) 2 7.043E-04 * 7.043E-04 * DCF1( 13)
A-1 * T1-210 (Source: no data) * 0.000E+00 *-2.000E+00 * DCF1( 14)
A-1 2 Y-90 (Source: FGR 12) ® 2.391E-02 * 2.391E-02 * DCF1l{ 15)
3 3 3 3
B-1 ? Dose conversion factors for inhalation, mrem/pCi: 2 3 3
B-1 * Cs-137+D ® 3.190E-05 * 3.190E-05 * DCF2( 1)
-1 * Pb-210+D * 2.320E-02 * 1.360E-02 ? DCF2{ 2)
B-1 * Ra-226+D > 8.594E-03 * 8.580E-03 * DCF2( 3)
B-1 * Sr-90+D ®* 1.308E-03 * 1.300E-03 * DCF2( 4)
3 3 3 3
D-1 * Dose conversion factors for ingestion, mrem/pCi: 2 2 2
D-1 2 Cs-137+D * 5.000E-05 * 5.000E-05 * DCF3( 1)
D-1 * Pb-210+D * 7.276E-03 * 5.370E-03 * DCF3( 2)
D-1 * Ra-226+D 3 1.321E-03 * 1.320E-03 2 DCF3( 3)
D-1 * Sr-90+D 3 1.528E-04 * 1.420E-04 * DCF3( 4)
3 3 3 3
D-34 3* Food transfer factors: : 3 3 2
D-34 * Cs-137+D , plant/soil concentration ratio, dimensionless * 4.000E-02 * 4.000E-02 * RTF( 1,1}

D-34 3 Cs-137+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 3.000E-02 * 3.000E-02 ®* RTF( 1,2)
D-34 3 Cs-137+D , milk/livestock-intake ratio, (pCi/L)/{(pCi/d) 3 8.000E-03 * 8.000E-03 * RTF( 1,3)
D_34 3 3 3 3

D-34 * Pb-210+D , plant/soil concentration ratio, dimensionless 3 1.000E-02 * 1.000E-02 * RTF( 2,1}

D-34 * Pb-210+4D , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d} * 8.000E-04 * 8.000E-04 * RTF({ 2,2)
D-34 3 Pb-210+4D , milk/livestock-intake ratio, (pCi/L)/{pCi/d) > 3.000E-04 * 3.000E-04 * RTF( 2,3)
D_34 3 3 3 3

D-34 3 Ra-226+D , plant/soil concentration ratio, dimensionless 3 4.000E-02 ? 4.000E-02 * RTF({ 3,1

D-34 * Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/{(pCi/d) * 1.000E~03 * 1.000E-03 * RTF{ 3,2)
D-34 * Ra-226+D , milk/livestock-intake ratio, {pCi/L)/{pCi/d) 2 1.000E-03 * 1.000E-03 * RTF( 3,3}
D_34 3 3 3 3

D-34 3* Sr-90+D , plant/soil concentration ratio, dimensionless 3 3.000E-01 * 3.000E-01 3® RTF( 4,1)

D-34 * Sr-90+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) * 8.000E-03 * 8.000E-03 * RTF( 4,2)

D-34 ? Sr-90+D , milk/livestock-intake ratio, (pCi/L)/{(pCi/d) 3 2.000E-03 * 2.000E-03 * RTF( 4,3)
3 3 3 3

D-5 3 Bioaccumulation factors, fresh water, L/kg: 3 2 3

w

D-5 ? Cs-137+D , fish 2.000E+03 * 2.000E+03 * BIOFAC( 1,1)
1.000E+02 * 1.000E+02 * BIOFAC( 1,2)

D-5 E) 3 3 3

w

D-5 2 Cs-137+D , crustacea and mollusks
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Dose Conversion Factor (and Related) Parameter Summary (continued)

Dose Library: FGR 11

Current °* Base 3 Parameter

Menu 3 Parameter 3 Value# 3 Case* 2 Name

D-5 2 Pb-210+D , fish 3 3.000E+02 * 3.000E+02 * BIOFAC({ 2,1)
D-5 3 Pb-2104D , crustacea and mollusks * 1.000E+02 * 1.000E+02 * BIOFAC({ 2,2)
D_5 3 3 3 3

D-5 3 Ra-226+D , fish . 3 5.000E+01 * 5.000E+01 * BIOFAC( 3,1)
D~5. * Ra-226+D , crustacea and mollusks 3 2.500E+02 3 2.500E+02 3 BIOFAC{ 3,2)
D_5 3 3 3 3

D-5 * Sr-90+D , fish 3 6.000E+01 * 6.000E+01 * BIOFAC( 4,1)
D-5 3* Sr-90+D , crustacea and mollusks * 1.000E+02 * 1.000E+02 3 BIOFAC( 4,2)

#For DCF1l(xxx) only, factors are for infinite depth & area. See ETFG table in Ground Pathway of Detailed Report.

*Base Case means Default.lLib w/o Assoclate Nuclide contributions.
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Site-Specific Parameter Summary
3 3 User 2 3 Used by RESRAD ? Parameter

Menu 2 Parameter 3 Input * Default ?* (If different from user input) ? Name

RO11 * Area of contaminated zone (m**2) * 2.290E+03 * 1.000E+04 ? - ® AREA
RO11 * Thickness of contaminated zone (m) * 5.000E+00 * 2.000E+00 * == * THICKO
RO11 * Length parallel to aquifer flow {m) * 2.500E+02 * 1.000E+02 3 -—- * LCZPAQ
RO11 * Basic radiation dose limit (mrem/yr) * 1.500E+01 * 3.000E+01 3 - ? BRDL
RO11 * Time since placement of material (yr) * 0.000E+00 * 0.000E+00 ? - 2 TI
RO11 ?* Times for calculations {yr) 2> 1.000E+00 * 1.000E+00 2 - 2 T( 2)
R011 ® Times for calculations (yr) 2 5.000E+00 * 3.000E+00 3 - 3T 3)
R0O11 ®* Times for calculations (yr) 3 1.000E+01 * 1.000E+01 ? - 2T 4)
RO11 * Times for calculations (yr) 3 5.000E+401 3 3.000E+01 2 -~ 3 T( 5)
RO11 ? Times for calculations (yr) * 1.000E+02 * 1.000E+02 * -—= *T( 6)
RO11 ?* Times for calculations (yr) * 5.000E+02 * 3.000E+02 3 -—= 2T
RO11 3 Times for calculations (yr) * 1.000E+03 3 1.000E+03 3 -—= 2 T( 8)
RO11 * Times for calculations (yr} * not used ? 0.000E+0Q0 3 -——= T 9)
RO11 * Times for calculations (yr) ? not used 3 0.000E+00 3 - * T(10)

3 a 3 3 3
RO12 * Initial principal radicnuclide (pCi/g): Cs-137 * 8.020E+00 * 0.000E+00 3 - 2 s1(1)
RO12 * Initial principal radionuclide (pCi/g}: Ra-226 * 6.000E~02 ° 0.000E+00 3 --= * 81(3)
R0O12 ? Initial principal radionuclide (pCi/g): Sr-90 * 7.800E-01 * 0.000E+00 3 - * 814y
R012 * Concentration in groundwater (pCi/L): Cs-137 3 not used 3 0.000E+00 3 - P Wl( 1)
R012 ? Concentration in groundwater (pCi/L): Ra-226 * not used 3> 0.000E+00 3 --- > Wl( 3)
RO12 * Concentration in groundwater (pCi/L): Sr-90 ®> not used * 0.000E+00 * -—= 2 Wl( 4)

3 3 a 3 3
R013 * Cover depth (m) * 0.000E+00 * 0.000E+00 ® - * COVERO
RO13 * Density of cover material (g/cm**3) ®> not used * 1.500E+00 ? - * DENSCV
R013 * Cover depth erosion rate (m/yr) * not used * 1.000E-03 * - 3 vev
R013 * Density of contaminated zone (g/cm**3) ® 1.660E+00 * 1.500E+00 ? - * DENSCZ
R013 * Contaminated zone erosion rate (m/yr) * 1.000E-03 * 1.000E-03 * —-—= 3 VvCZ
RO13 * Contaminated zone total porosity ® 3.3008-01 * 4.000E-01 * - * TPCZ
R013 * Contaminated zone field capacity * 2.400E-01 * 2.000E-01 * - * FCCZ
R013 * Contaminated zone hydraulic conductivity (m/yr) * 5.000E+03 * 1.000E+01 3 - * HCCz
RO13 * Contaminated zone b parameter * 4.%00E+00 * 5.300E+00 3 -—= 3 BCZ
R013 * Average annual wind speed (m/sec) ®> 2.000E+00 * 2.000E+00 * - ? WIND
RO13 * Humidity in air (g/m**3) > not used ? 8.000E+00 ? --= 3 HUMID
RO13 ? Evapotranspiration coefficient * 4.600E-01 * 5.000E-01 ? -—= * EVAPTR
R0O13 ? Precipitation (m/yr) * 1.230E+00 * 1.000E+00 3 - 3 PRECIP
RO13 * Irrigation (m/yr) ® 0.000E+00 * 2.000E-01 ® -—- * RI
RO13 * Irrigation mode ? overhead °3* overhead °? -== * IDITCH
R0O13 * Runoff coefficient 3 2.000E-01 * 2.000E-01 2 ——= > RUNOFF
R0O13 * Watershed area for nearby stream or pond (m**2) 3 1.000E+06 * 1.000E+06 2 —-= * WAREA
RO13 * Accuracy for water/soil computations * 1.000E-03 * 1.000E-03 3 - * EPS

a 3 3 3 a
ROl4 * Density of saturated zone (g/cm**3) ®* 1.660E+00 * 1.500E+00 2 - * DENSAQ
R014 * Saturated zone total porosity ® 3.300E-01 * 4.000E-01 * -—- * TPSZ
R014 * Saturated zone effective porosity * 2.400E-01 * 2.000E-01 °* == * EPSZ
R014 * Saturated zone field capacity * 2.000E-01 * 2.000E-01 * - > FCSZ
RO14 * Saturated zone hydraulic conductivity (m/yr) * 2.000E+04 * 1.000E+02 * - * HCSZ
RO14 ? Saturated zone hydraulic gradient * 4.800E-03 * 2.000E-02 3 -—= * HGWT
R014 * Saturated zone b parameter * 4.900E+00 * 5.300E+00 ? -== * BSZ
R014 * Water table drop rate (m/yr) * 1.000E-03 * 1.000E-03 * == * VWT
R014 * Well pump intake depth (m below water table) * 1.800E+01 * 1.000E+01 °? -—= 3 DWIBWT
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Site-Specific Parameter Summary (continued)

3 3 User 3 3 Used by RESRAD 3  Parameter

Menu ? Parameter 3 Input 3 Default * (If different from user input) ? Name
P

RO14 * Model: Nondispersion (ND) or Mass~Balance (MB) * ND * ND N - * MODEL
R014 * Well pumping rate (m**3/yr) ®* not used * 2.500E+02 3 - 2 UW
b 3 3 3 3
R015 * Number of unsaturated zone strata 1 1 3 it * NS
RO15 * Unsat. zone 1, thickness (m) * 0.000E+00 * 4.000E+00 ° - * H(1)
RO15 * Unsat. zone 1, soil density (g/cm**3) ® 1.660E+00 * 1.500E+00 * --= > DENSUZ (1)
RO15 * Unsat. zone 1, total porosity > 3.300E-01 * 4.000E-01 * -~ * TPUZ (1)
RO15 * Unsat. zone 1, effective porosity ® 2.400E-01 * 2.000E-01 * - * EPUZ(1)
RO15 * Unsat. zone 1, field capacity > 2.000E~01 * 2.000E-01 * - * FCUZ (1)
RO15 * Unsat. zone 1, soil-specific b parameter ® 4.900E+00 * 5.300E+00 3 - ® BUZ (1)
RO15 * Unsat. zone 1, hydraulic conductivity {m/yr) * 5.000E+03 * 1.000E+01 * - * HCUZ (1)
3 3 3 3 3
R016 * Distribution coefficients for Cs-137 2 3 3 3
RO16 * Contaminated zone (cm**3/g) * 2.800E+02 * 4.600E+03 3 - ? DCNUCC( 1)
RO16 ? Unsaturated zone 1 (cm**3/g) > 2.800E+02 * 4.600E+03 °? - * DCNUCU{ 1,1}
RO16 * Saturated zone (cm**3/g) ® 2.800E+02 * 4.600E+03 °* - ® DCNUCS( 1)
R016 *  Leach rate (/yr) * 0.000E+00 * 0.000E+0C * 2.285E-04 ® ALEACH( 1)
RO16 *  Solubility constant > 0.000E+00 * 0.00CE+00 * not used * SOLUBK( 1)
3 3 3 3 3
R016 * Distribution coefficients for Ra-226 2 3 2 2
RO16 * Contaminated zone (cm**3/g) ® 7.000E+01 * 7.000E+01 * - 3 DCNUCC( 3)
RO16 ° Unsaturated zone 1 {cm**3/g) > 7.000E+01 * 7.000E+01 * - ® DCNUCU( 3,1)
RO16 *  Saturated zone (cm**3/g) * 7.000E+01 * 7.000E+01 2 - * DCNUCS( 3}
R016 * Leach rate (/yr) ®> 0.000E+00 * 0.000E+00 °* 9.127E-04 ®> ALEACH( 3)
RO16 *  Solubility constant ® 0.000E+00 * 0.000E+00 °* not used > SOLUBK({ 3)
3 3 3 3 3
R016 * Distribution coefficients for Sr-90 2 2 3 2
RO16 * Contaminated zone (cm**3/g) * 3.000E+01 ®* 3.000E+01 ? - * DCNUCC( 4)
RO16 ? Unsaturated zone 1 (cm*;3/g) * 3.000E+01 * 3.000E+01 °? —-—= ® DCNUCU( 4,1)
RO16 *  Saturated zone (cm**3/g) * 3.000E+01 * 3.000E+01 3 - * DCNUCS( 4)
RO16 * Leach rate (/yr) > 0.000E+00 * 0.00CE+00 * 2.124E-03 > ALEACH( 4)
R016 *  Solubility constant * 0.000E+00 * 0.000E+00 °* not used 3 SOLUBK( 4)
3 3 3 P 3
RO16 ? Distribution coefficients for daughter Pb-210 2 2 2 . 2
RO16 * Contaminated zone (cm**3/g) * 1.000E+02 ? 1.000E+02 ° - * DCNUCC({ 2)
RO1l6 ? Unsaturated zone 1 {cm**3/g) 3 1.000E+02 * 1.000E+02 ? ~— * DCNUCU( 2,1)
RO16 °? Saturated zone (cm**3/q) * 1.000E+02 * 1.000E+02Z * - * DCNUCS( 2)
ROl6 * Leach rate (/yr) > 0.000E+00 ?* 0.000E+00 ° 6.393E-04 * ALEACH{ 2)
ROl6 ? Solubility constant * 0.000E+00 * 0.000E+00 ? not used 3 SOLUBK({ 2)
3 3 3 P 3
RO17 * Inhalation rate (m**3/yr) > 8.400E+03 * 8.400E+03 3 - ® INHALR
R017 * Mass loading for inhalation (g/m**3) > 1.000E-04 * 1.000E-04 * -—= > MLINH
RO17 * Exposure duration 2 2.500E+01 2 3.000E+01 2 - * ED
RO17 * Shielding factor, inhalation * 4.000E-01 * 4.000E-01 3 - > SHF3
R017 * Shielding factor, external gamma > 8.000E-01 * 7.000E-01 ° - > SHF1
R0O17 ? Fraction of time spent indoors * 6.000E-02 * 5.000E-01 ? - ®> FIND
RO17 * Fraction of time spent outdoors (on site) > 1.700E-01 * 2.500E-01 ° - ® FOTD

RO17 * Shape factor flag, external gamma > 1.000E+C0 * 1.000E+00 2 >0 shows circular AREA. * FS
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Site-Specific Parameter Summary (continued)

3 2 User 3 3 Used by RESRAD 32  Parameter

Menu 3 Parameter 2 Input 32 Default 3 (If different from user input) 3 Name

RO17 * Radii of shape factor array (used if FS = -1): 2 3 3 3

RO17 2 Outer annular radius (m), ring 1: ?® not used * 5.000E+01 2 -——= > RAD SHAPE( 1)
RO17 2 Outer annular radius (m), ring 2: 3 not used ? 7.071E+01 2 -—= > RAD_SHAPE( 2)
RO17 ° Outer annular radius (m), ring 3: > not used ?* 0.000E+00 2 - ®> RAD_SHAPE( 3)
RO17 * Outer annular radius (m), ring 4 ®* not used 2 0.000E+00 ? == ~* RAD_SHAPE( 4)
RO17 ? Outer annular radius (m), ring 5: * not used * 0.000E+00 ? - ® RAD_SHAPE( 5)
RO17 ? Outer annular radius (m}, ring 6 ® not used ? 0.000E+00 2 ——- ? RAD_SHAPE{ 6)
RO17 ? Outer annular radius (m), ring 7 3 not used ? 0.000E+00 ? -~ > RAD_SHAPE( 7)
RO17 ? Outer annular radius (m), ring B8: ? not used ?* 0.000E+00 ? - * RAD_SHAPE( 8)

RO17 2 Outer annular radius (m), ring 9: ®> not used ?* 0.000E+00 ? - ®* RAD SHAPE( 9)
RO17 ? OCuter annular radius (m}, ring 10: ®> not used ? 0.000E+00 * -== * RAD SHAPE(10)
RO17 *  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)
3 3 3 3 3
R017 * Fractions of annular areas within AREA: 2 3 3 2
RO17 2 Ring 1 ?® not used * 1.000E+00 2 —-—= 2 FRACA( 1)
RO17 2 Ring 2 * not used * 2.732E-01 ? -—= ? FRACR{ 2)
RO17 2 Ring 3 ® not used * 0.000E+00 2 -—= ? FRACA{ 3)
RO17 2 Ring 4 3 not used ? 0.000E+00 * - > FRACA( 4)
RO17 * Ring 5 ? not used * 0.000E+00 ? -—- ? FRACA{ 5)
RO17 ? Ring 6 3 not used * 0.000E+00 * - > FRACA( 6)
RO17 ? Ring 7 ®> not used ? 0.000E+00 ? - 3 FRACA( 7)
RO17 * Ring 8 "7 not used 3 0.000E+00 ° -—- 3 FRACA( 8)
RO17 ? Ring 9 3 not used ?* 0.000E+00Q 2 -—= * FRACA( 9)
RO17 * Ring 10 3 not used ° 0.000E+00 3 - 3 FRACA(10)
RO17 * Ring 11 3 not used * 0.000E+00 ? - ® FRACA(11)
RO17 * Ring 12 * not used ?* 0.000E+00 3 - ® FRACA(12)
3 3 a 3 3
RO18 ° Fruits, vegetables and grain consumption (kg/yr) * not used * 1.600E+02 °3 -—- ® DIET(1)
RO18 * Leafy vegetable consumption (kg/yr) * not used * 1.400E+01 * - ® DIET(2)
RO18 * Milk consumption {L/yr) ® not used * 9.200E+01 ? - ® DIET(3)
RO18 ? Meat and poultry consumption (kg/yr) ®> not used * 6.300E+01 ? - * DIET (4)
RO18 ?* Fish consumption (kg/yr) ®> not used ? 5.400E+00 * --= ® DIET(5)
RO18 ? Other seafood consumption (kg/yr) ®> not used * 9.000E-01 ? - ® DIET(6)
R018 ? Soil ingestion rate (g/yr) 3 3.650E+01 * 3.650E+01 ? ~-- * SOIL
RO18 2 Drinking water intake (L/yr) 3 3.500E+02 * 5.100E+02 2 -——= * DWI
R018 ? Contamination fraction of drinking water 3 1.000E+00 * 1.000E+00 ? —--= * FDW
R0O18 * Contamination fraction of household water ® not used * 1.000E+00 * - ® FHRW
R018 ? Contamination fraction of livestock water > not used ? 1.000E+00 3 - ® FLW
R018 ? Contamination fraction of irrigation water ? not used * 1.000E+00 ? - 3 FIRW
RO18 ? Contamination fraction of aquatic food * not used * 5.000E~01 °® -—= ? FRY
R018 ? Contamination fraction of plant food ® not used -1 2 -—= ? FPLANT
R018 ? Contamination fraction of meat * not used °-1 3 - ® FMEAT
R018 ? Contamination fraction of milk * not used -1 2 - ® FMILK
3 a 3 3 3
RO19 ? Livestock fodder intake for meat (kg/day) ®> not used ? 6.800E+01 ? - ? LFI5
R019 * Livestock fodder intake for milk (kg/day) ®> not used ? 5.500E+01 * - * LFI6
RO19 * Livestock water intake for meat (L/day) * not used ?* 5.000E+01 2 -—= > LWIS
RO19 3 Livestock water intake for milk (L/day) ®> not used * 1.600E+02 ° - ® LWIie

R019 * Livestock soil intake {kg/day) ? not used ? 5.000E-01 ° - ? LST
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Site-Specific Parameter Summary (continued)

3 2 User 3 3 Used by RESRAD ® Parameter

Menu 3 Parameter 3 Input * Default 3 (If different from user input) ? Name
p -

RO19 * Mass loading for foliar deposition (g/m**3) ®> not used * 1.000E-04 * -—- 3 MLFD
RO19 3 Depth of soil mixing layer (m) * 1.500E-01 * 1.500E-01 * - > DM
RO19 * Depth of roots (m) ®> not used * 9.000E-01 ° -—= * DROOT
R019 * Drinking water fraction from ground water * 1.000E+00 * 1.000E+00Q ° - * FGWDW
RO19 * Household water fraction from ground water * not used ? 1.000E+00 ° - ® FGWHH
RO19 * Livestock water fraction from ground water * not used * 1.000E+00 3 === * FGWLW
R019 * Irrigation fraction from ground water * not used * 1.000E+00 3 - ® FGWIR

3 3 3 3 a
R19B * Wet weight crop yield for Non-Leafy (kg/m**2) * not used * 7.000E-01 2 -—= 3 Yv(1)
R19B * Wet weight crop yield for Leafy (kg/m**2) ®> not used * 1.500E+00 2 - 3 YV (2)
R19B * Wet weight crop yield for Fodder (kg/m**2) * not used * 1.100E+00 2 - T YV(3)
R19B * Growing Season for Non-Leafy (years) ®> not used * 1.700E-01 2 - * TE(1)
R19B * Growing Season for Leafy (years) ®* not used * 2.500E-01 ? - * TE(2)
R19B * Growing Season for Fodder (years) ®> not used * 8.000E-02 * - * TE(3}
R19B * Translocation Factor for Non-Leafy ®> not used * 1.000E-01 ° - T TIV(1)
R19B * Translocation Factor for Leafy ®> not used * 1.000E+00 * --- T TIV(2)
R19B * Translocation Factor for Fodder ®> not used * 1.000E+00 ° - * TIV(3)
R19B ® Dry Foliar Interception Fraction for Non-Leafy °* not used * 2.500E-01 3 - * RDRY (1)
R19B * Dry Foliar Interception Fraction for Leafy ®> not used * 2.500E-01 3 -~ * RDRY(2)
R19B * Dry Foliar Interception Fraction for Fodder ®> not used * 2.500E-01 3 - * RDRY (3)
R19B * Wet Foliar Interception Fraction for Non-Leafy 3> not used 3 2.500E-01 ° - ® RWET (1)
R19B ® Wet Foliar Interception Fraction for Leafy ®* not used ? 2.500E-01 3 - ® RWET (2)
R19B * Wet Foliar Interception Fraction for Fodder ® not used * 2.500E-01 ? - * RWET (3}
R19B * Weathering Removal Constant for Vegetation ® not used * 2.000E+01 2 - ® WLAM

3 3 3 3 a
Cl4 3 C-12 concentration in water (g/cm**3) * not used 2 2.000E-05 2 —-——- ? C12WTR
Cl4 3 C-12 concentration in contaminated soil (g/g) ? not used ?* 3.000E-02 °® —-—- 2 Cl2cz
Cl4 ° Fraction of vegetation carbon from soil ® not used 2 2.000E-02 ° - ? CSOIL
Cl14 ? Fraction of vegetation carbon from air ® not used * 9.800E-01 °? - * CAIR
Cl4 * C-14 evasion layer thickness in soil (m) ® not used * 3,000E-01 ? —-——= 3 DMC
Cl4 2 C-14 evasion flux rate from soil (1l/sec) ®> not used ?* 7.000E-07 ° - ® EVSN
Cl4 * C-12 evasion flux rate from soil (1/sec) > not used * 1.000E-10 ° - ® REVSN
Cl4 2 Fraction of grain in beef cattle feed ®> not used ?* 8.000E-01 ? - ? AVFG4
Cl4 ? Fraction of grain in milk cow feed ® not used * 2.000E-01 ? - ? AVFEGS

3 3 3 3 3
STOR ? Storage times of contaminated foodstuffs (days): 3 3 3 3
STOR 3 Fruits, non-leafy vegetables, and grain * 1.400E+01 * 1.400E+01 3 —-— ® STOR_T (1}
STOR 2 Leafy vegetables ®> 1.000E+00 * 1.000E+00 * - * STOR_T (2}
STOR *  Milk ®> 1.000E+00 * 1.000E+00 * -—= ® STOR_T{(3)
STOR * Meat and poultry * 2.000E+01 * 2.000E+01 ? --= 3 STOR_T(4)
STOR ? Fish ® 7.000E+00 * 7.000E+00 3 - ® STOR_T({5)
STOR ? Crustacea and mollusks 3 7.000E+400 * 7.000E+00 °* -—- ® STOR_T(6)
STOR ? Well water > 1.000E+00 * 1.000E+0Q0 ? - ® STOR_T(7)
STOR ? Surface water 3 1.000E+00 * 1.000E+00 3 -—- ® STOR_T(8)
STOR 3 Livestock fodder ® 4.500E+01 * 4.500E+01 ? - ® STOR_T(9)

3 3 3 3 3
R021 * Thickness of building foundation (m) ®* not used * 1.500E-01 ° - ®> FLOOR1
RO21 * Bulk density of building foundation (g/cm**3) ®> not used ?* 2.400E+00 2 - * DENSFL
R021 * Total porosity of the cover material ® not used * 4.000E-01 ? - > TPCV
R021 * Total porosity of the building foundation ®> not used * 1.000E-01 ? - > TPFL
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Site-Specific Parameter Summary (continued)

3 3 User 3 3 Used by RESRAD * Parameter

Menu °? Parameter 2 Input 3 Default * (If different from user input) 3 Name

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
R0O21 * Diffusion coefficient for radon gas (m/sec): 2 2 2 3
RO21 * in cover material ®> not used ?* 2.000E-06 ? - > DIFCV
RO21 » in foundation material * not used ?* 3.000E-07 2 - * DIFFL
R021 ? in contaminated zone soil * not used * 2.000E-06 * -== ® DIFCZ
R021 * Radon vertical dimension of mixing (m) ® not used ?* 2.000E+00 3 - * HMIX
R021 * Average building air exchange rate (1/hr) ® not used * 5.000E-01 3 - ® REXG
R0O21 * Height of the building (room) (m) ? not used  2.500E+00 ? -— * HRM
R021 * Building interior area factor ®> not used * 0.000E+00 * —-= * FAI
R0O21 * Building depth below ground surface (m) ®> not used *-1.000E+00 ? - * DMFL
R021 * Emanating power of Rn-222 gas ®> not used * 2.500E-01 * - > EMANA(1)
R021 * Emanating power of Rn-220 gas ®> not used * 1.500E-01 * - * EMANA(2)
3 3 3 3 3
TITL * Number of graphical time points 2 32 3 -—= 3 -—= 3 NPTS
TITL * Maximum number of integration points for dose 3 17 3 —— 3 - ? LYMAX
TITL ? Maximum number of 1ntegratlon p01nts for risk 3 257 3 - 3 - 3 KYMAX

Summary of Pathway Selections

Pathway 2 User Selection

1 -- external gamma 2 active
2 -- inhalation (w/o radon)? active
3 -- plant ingestion 3 suppressed
4 -- meat ingestion 2 suppressed
5 -- milk ingestion 3 suppressed
6 -- aquatic foods 2 suppressed
7 -- drinking water 2 active
8 -- soil ingestion 2 active
9 -- radon 3 suppressed
Find peak pathway doses 2 active
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Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g

Area: 2290.00 square meters Cs-137 8.020E+00
Thickness: 5.00 meters Ra-226 6.000E-02
Cover Depth: 0.00 meters Sr-90 7.800E-01

Total Dose TDOSE(t), mrem/yr

Basic Radiation Dose Limit = 1.500E+01 mrem/yr

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t (years): 0.000E+00 1.000E+00 5.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
TDOSE (t): 5.456E+00 5.334E+00 4.875E+00 4.358E+00 1.821E+00 6.913E-01 1.552E-01 7.3856E-02
M(t): 3.637E-01 3.556E-01 3.250E-01 2.905E-01 1.214E~01 4.609E~02 1.035E-02 5.304E-03

Maximum TDOSE({t): 5.456E+00 mrem/yr at t = 0.000E+0Q0 years
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Total Dose Contributions TDOSE (i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract: mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARRARA AAAARARRA AARAAR ARARARAAA ARRARA AAARARARR ARAAAR AAAARARRK AARAAK A AT A\AARARR ARARAR BARAARAAR AARARA
Cs-137 5.313E+00 0.9739 5.992E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.327E-03 0.0006
Ra-226 1.329E-01 0,0244 1.272E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.212E-04 0.0001
Sr-90  3.748E-03 0.0007 2.387E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 9.877E-04 0.0002
frff1ff tiiffif4f fiffff fifffffit fitifi ftftffift tiffif fiffffiff ffffff ffffftfff ffffff fIfffffff ffifif fifffifff fffitf
Total  5.450E+00 0.9990 4.258E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.036E-03 0.0009

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

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-
ﬁuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAKAAR ARAAABARS AARAAA AARAAAARAA AAAAAA AARARRARR ARAAAA AAAAAARAA ARARAR AARAARARA AARAAAR AARARARABRA AARARAR A AARAAR
Cs-137 7.713E-06 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 5.317E+00 0.9745
Ra-226 6.128E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.337E-01 0.0245
Sr-90  5.105E-04 0.0001 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 5.270E-03 0.0010
"." fitfftf fffffffet fiffft fftffffff feftff fittfffft feffff tffffffft ffffff frfffffff ffffff frfifffif ffffff fffrfffff fiffft
Total 5.795E-04 0.0001 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 5.456E+00 1.0000

*Sum of all water independent and dependent pathways.
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for Individual Rad

As mrem/yr and Fraction of Total Dose At t

Water Independent Pathways

Inhalation

mrem/yr fract.

Radon

mrem/yr

fract.

{Inhalation e

Plant

mrem/yr fract.

ionuclides (i) and

= 1.000E+00 years

xcludes radon)

Meat

mrem/yr fract.

GAAKARAL RARAAR AASARAAAA AAAARA ARASAAARA AAAAAR AAARAAAAA AARARE

5.853E-06
1.369E-05
2.326E-05
ffftitist
4.280E-05

0.0000
0.0000
0.0000
fiiftt
0.0000

0.000E+00
0.000E+00
0.000E+00
frififiit
0.000E+00

0.0000
0.0000
0.0000

0.0000

Total Dose Contributions TDOSE(i,p,t)

Summary :
File
Ground
Radio-
Nuclide mrem/yr fract.
AAARAAA AAARAARAA AARAAA
Cs-137 5.191E+00 0.9731
Ra-226 1.328E-01 0.0249
Sr-90  3.652E-03 0.0007
ffiffif f1ffffdss 11ttt
Total 5.327E+00 0.9987
Water
Radio-

Nuclide mrem/yr

fract.

CKARARA KEAKRKAAZ EAALAA

Cs-137 2.288E-05
Ra-226 1.991E-04
Sr-90  1.503E-03
fffifff fffftiist
Total  1.725E-03

*Sum of all water

0.0000
0.0000
0.0003
111141
0.0003

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
frififits ittt
0.000E+00 0.0000

for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

fract.

mrem/yr

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
Tfififits ffffff
0.000E+00 0.0000

mrem/yr

0.000E+00
0.000E+00
0.000E+00
fififiitst
0.000E+00

independent and dependent pathways.

Water Dependent Pathways

fract.

0.0000
fififst
0.0000

Plant

fract.
T —
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

mrem/yr

0.000E+00 0.0000

0.000E+00
0.000E+00
0.000E+00
ffifftttt
0.000E+00

0.0000
0.0000
0.0000
fif11t
0.0000

(1) and

= 1.000E+00 years

Meat

mrem/yr fract.
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000

Pathways (p)

Milk

fract.

mrem/yr

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
frifffifs fffitt
0.000E+00 0.0000

Pathways (p)

mrem/yr fract.

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

0.000E+00 0.0000

mrem/yr

fract.

3.251E-03
8.306E-04
9.624E-04

ITITIITIT
5.044E-03

0.0006
0.0002
0.0002
ffiifs
0.0009

All Pathways*

mrem/yr fract.
5.194E+00 0.9738
1.338E~01 0.0251
6.141E~03 0.0012

5.334E+00 1.0000
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Summary : FHWMF-Perim-Ind-Bkg-subtract-2A-orise
File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-2A.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 = 5.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil

Radio~
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract\ mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARRARAAR ARAAAR . AARAAR \RARAAA AARARA i ARAARR ARAARAARA ARAARA AARKAARAR AARAARR \ ARAARR
Cs-137 4.728E+00 0.9699 5.332E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.961E-03 0.0006
Ra-226 1.321E-01 0.0271 1.728E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.233E-03 0.0003
Sr-90 3.293E-03 0.0007 2.097E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0Q0 0.0000 B8.676E-04 0.0002
fifffff fifffifif ffifff fffffffff fffiff fEfffffff ffffff fffffffff ffffff fifffffff fififf fffifffff fifffir fiffiffff frifitf
Total 4.864E+00 0.9977 4.358E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.062E-03 0.0010

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+00 years

Water Dependent Pathways

Fish Radon Plant Meat Milk
Radio- s s s R R 5 R 5 8 e s s s S R SR R R RS R R R R K R % K 3 3¢ 5
Nuclide mrem/yr fract. mrem/yf fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARAA AAAAAAAAK gk ke AARA AAAAR AAARAAAAA ARAAAA A AAAAL s AARAARA AAAAAA ABABARA KA ARAAAR  AAKAA AARA AAA RAS

Cs-137 7.682E-05 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 4.731E+00 0.9706
Ra-226 9.524E-04 0.0002 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 1.343E-01 0.0275
Sr-90  5.002E-03 0.0010 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 9.183E-03 0.0019
A 4 tiiffft fEffffffs fiffff ffffftffr fiffff fffffffff fEffff fffffffff ffffff fEfffSf0f fEffff fRfffffff ffffff fEffPffff fffff
Total  6.031E-03 0.0012 0.000E+0C 0.0000 0.000E+00 0.0000 0.0C0E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.875E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary :

File

Radio-
Nuclide

Sr-90
fififit
Total

Radio-
Nuclide

Cs-137
Ra-226
Sr-90
fi1ffit
Total

*Sum of all water
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180 days
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Page 13

: F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER-INDUST—BKG-SUBTRACT—ZA.RAD

Total Dose Contributions TDOSE(i,p,t)

Ground

mrem/yr fract.
4.208E+00 0.9656
1.312E-01 0.0301
2.892E-03 0.0007
fffffffes 1111t
4.342E+00 0.9963

for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t

Water Independent Pathways

Inhalation

mrem/yr fract.
AARAARBAR ARRAAA
4.745E-06 0.0000
2.113E-05 0.0000
1.842E-05 0.0000
fffftiifs ffiifs
4.429E-05 0.0000

Radon

mrem/yr

fract.

Pla

mrem/yr

nt

fract.

KAAAAAAAL AAAAAA AAAAAAAAN AAAARE

0.000E+00
0.000E+00
0.000E+00
ffffitiss
0.000E+00

0.0000
0.0000
0.0000
f1fiit
0.0000

Total Dose Contributions TDOSE(i,p,t)

Water

mrem/yr fract.
0.0000
0.0005
0.0019
11111t
0.0025

1.307E-04
2.284E-03
8.436E-03
frffftfds
1.085E-02

0.000E+00
0.000E+00
0.000E+00
Ifffififs
0.000E+00

for Individual Radionuclides

0.0000
0.0000
0.0000

IIIIII
0.0000

As mrem/yr and Fraction of Total Dose At t

Fish

fract.

mrem/yr

ARAAARAAA AAARAK

0.0000
0.0000
0.0000

ffffft
0.0000

0.000E+00
0.000E+00
0.000E+00
fifffitit
0.000E+00

independent and dependent

Water Dependent Pathways

Radon

mrem/yr

0.000E+00
0.000E+00
0.000E+00
tirfffift
0.000E+00

pathways.

fract.

0.0000
0.0000
0.0000
11111
0.0000

Pla

mrem/yr

0.000E+00
0.000E+00
0.000E+00
tititftss
0.000E+00

nt
fract.

0.0000
0.0000
0.0000
11111t
0.0000

(1)
1.000E+01 years

(Inhalation excludes radon)

Meat

mrem/yr fract.

and Pathways

(p)

Milk

mrem/yr fract.

GAARAAAA ARRAAA ARAAARARA AAMAAR

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
tfffffies ff1f1t
0.000E+00 0.0000

(i)
1.000E+01 years

Meat

mrem/yr fract.
ARARARARA AARKAR
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
frffifidt fffiit
0.000E+00 0.0000

and Pathways

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

0.000E+00 0.0000

(p)

Milk

fract.

mrem/yr

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

0.0000
0.0000
0.0000
1fif1t

0.000E+00 0.0000

fract.
R
2.635E-03 0.0006
1.666E-03 0.0004
7.621E-04 0.0002

mrem/yr

5.063E-03 0.0012

All Pathways*

fract.
\ ARAARA
4.210E+00 0.9662
1.352E-01 0.0310
1.211E-02 0.0028

mrem/yr

4.358E+00 1.0000
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Summary : FHWMF-Perim-Ind-Bkg-subtract-2R-orise
File : F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER—INDUST—BKG—SUBTRACT—ZA.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 = 5.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AKARRAR ARAAAAARA AAARRA AARARAAAR AARAAA ARAAAARAA AARAKA AARARAAAR ARRARA AARANRRAA ARAARA AARARAAAR AARARA AARARARAA AAAARA
Cs-137 1.655E+00 0.9089 1.866E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.036E-03 0.0006
Ra-226 1.243E-01 0.0683 3.614E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.370E-03 0.0019
Sr-90 1.025E-03 0.0006 6.528E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.702E-04 0.0001
1 6 4 S 5 0 A 0 A 0 0 S 5 S 0 00 o 0 1 O e
Total 1.780E+00 0.8777 4.454E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.676E-03 0.0026

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+0l1 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARARAAA ARARABRAAA AAAAAA AARARAAAA AABAAK AAAARAARA AARAAR AAAAAARAA ABRAAAA AARARAAAA AAAAAA ARAARARAR AARARA AAAAARAAA AARAAA
€s-137 2.489E-04 0.0001 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 1.656E+00 0.9096
Ra-226 2.055E-02 0.0113 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 1.483E-01 0.0815
Sr-90 1.501E-02 0.0082 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 1.631E-02 0.0090
- tififtt fifftfees fLfffs fffffiffs feffft fffffffft ffffff fffffffff ffffff ffffifffl fifffi ffIffffff fIffff fffffffff fifift
Total 3.580E-02 0.0197 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 1.821E+00 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF-Perim-Ind-Bkg-subtract-2A-orise
File : F:\RESRAD_FAMILY\RESRAD\FHWMF-PERIMETER—INDUST—BKG-SUBTRACT—ZA.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+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAARRAR ARAAARARA ARARAAA ARKAARAAA AARARA AAARAAARA AAAARKR AAAARAAAR BAARARAAR ARRBAR AXARRRARA ARAAAA
Cs-137 5.153E-01 0.7453 5.810E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.227E-04 0.0005
Ra-226 1.163E-01 0.1682 3.875E-05 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.702E-03 0.0054
Sr-90 2.804E-04 0.0004 1.786E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.390E-05 0.0001
fifffft fifffffff ffffff ffffffffs ffffff fffffffff ffffff IDifffifff ffffff ffffffiff ffffff ffffffflf fiffff fitfffiff frffff
Total 6.318E-01 0.9139 4.112E-05 0.0001 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.099E-03 0.0059

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

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
Radio- R R K R R SRR R R KR R R R R R R R 3 R . R R K 5 R 8 s R R R

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
KARRAAR AARARARRA AAARAA ARKABARAN ARKAAK AAAKRARAA AAKARE AAKAKAARR BAARKA ASAARARAAR ARAKAK \ BERARA AAARKABAKA AARAAR
Cs-137 1.554E-04 0.0002 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 5.157E-01 0.7460
Ra-226 4.660E-02 0.0674 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 1.666E-01 0.2410
Sr~90 8.619E-03 0.0125 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 8.975E-03 0.0130
tittfts fitfftffs fftffs fftftfiff fiftti fftfffitd ffffff fffffffff ffffff fffifffff ffffir ffffiffif fiffft frffiffff ffffif
Total 5.537E-02 0.0801 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.913E-01 1.0000

-

*Sum of all water independent and dependent pathways.
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Summary : FHWMEF-Perim-Ind-Bkg-subtract-2A-orise
File : F:\RESRAD FAMILY\RESRAD\FHWMF-PERIMETER-INDUST~BKG-SUBTRACT-2A.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 = 5.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio- R R R KR K 5 R R R KR K 5 g R R A R s - R
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
CKARARA AAAARARAA AAARAK R . 5

Cs-137 4.556E-05 0.0003 5.1378-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.853E-08 0.0000
Ra-226 6.787E-02 0.4373 .343E-05 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.251E-03 0.0145
Sr-9%0 8.788E-09 0.0000 5.596E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.316E-09 0.0000
fift11ff frfffifes ffffft ffffffrffr feffff fffffffff feffff fEfDDf%f% IfifE fEELIISEL ffffff Iffifffii fffffi frfffifff ffffif
Total 6.791E-02 0.4376 2.343E-05 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.251E-03 0.0145

[\S)

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 5.000E+02 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AARRABA ABAARAAAR ARAAAK AAARAAAAA ARAKRA AARKARARA BAAAAR AKARARARAR ARANAK ABAKAARAA AARAAA AAAARRARA AAARAR AAARRAAARA ARARAA
Cs-137 7.270E-08 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 4.566E-05 0.0003
Ra-226 8.499E-02 0.5477 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 1.551E-01 0.9997
Sr-90  2.689E-07 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 2.800E-07 0.0000
‘.." titfttt fitffftes tiffff fififffdt fffffs fifffiffs fftfft fffffffff fiffff fffffffff fiffft Iffffffif fiiiff fffffffff fiiiit
Total 8.499E-02 0.5477 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 1.552E-01 1.0000

*Sum of all water independent and dependent pathways.



RESRAD, Version 6.4 T« Limit = 180 days 12/16/2009 19:43 Page 17
Summary : FHWMF-Perim-Ind-Bkg-subtract-2A-orise
File : F:\RESRAD FAMILY\RESRAD\FHWMF-PERIMETER-INDUST-BKG-SUBTRACT-2A.RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-
Nuclide mrem/yr fract. mren/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARRAARA AARAAARAR ARRAAA ARAARAAAA AAAAAA AAARAAARA BAARRRRARA ABARAAR AAAAAARAR AARARR AARKARAAK AAARAA ARRAARAAA ARRAAR
Cs-137 3.907E-10 0.0000 4.405E-16 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.446E-13 0.0000
Ra-226 3.463E-02 0.4352 1.196E-05 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.149E-03 0.0144
Sr~90 2.060E~14 0.0000 1.312E-16 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 5.429E-15 0.0000
fifffes fffffddds fifffd fffffffff ffffff fffffffff ffffif fffffff4f fEffff fffEff888 ffffff fffffffif ffffif ffffifffd frfftf
Total 3.463E~-02 0.4352 1.196E-05 0.0002 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.149E-03 0.0144

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

Plant Meat Milk All Pathways*

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
\ARARARARR ARAAAR ARAAARARA RARARK AAARAARRA ARAKARA AARRARAARR ARAAAR ARAAAAAAR RKARAR ARAAAARAR ARAARA
Cs-137 1.344E-12 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 3.922E-10 0.0000
Ra-226 4.377E-02 0.5502 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 7.956E-02 1.0000
Sr-90 6.090E-13 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 6.352E-13 0.0000
ftiffis fifrfifff fftfff fiffttffs ffttff fiffiffft fiffft fifffffff ffffff fffffffff ffffff Iffffffff ffffff ffffffifr fifffs
Total 4.377E-02 0.5502 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 7.956E-02 1.0000

*Sum of all water independent and dependent pathways.
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Summary : FHWMF~Perim-Ind-Bkg-subtract-2A-orise
File : F:\RESRAD_FAMILY\RESRAD\FHWMF—PERIMETER—INDUST—BKG—SUBTRACT—ZA.RAD/

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

A4

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr}/{(pCi/q)

(i) (3) Fraction 0.000E+00 1.000E+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03

A VAAAAAA AAAAAAAAA AAARAAARA (ARAAAAAL ARARAAAAA AAAAAAAAA AAAABAAAA AAAAAAAAA
Cs-137+D Cs-137+D 1.000E+00 6.629E-01 6.477E-01 5,900E-01 5.250E-01 2.065E-01 6.431E-02 5.693E~06 4.891E-11
Ra-226+D Ra-226+D 1.000E+00 2.228E+00 2.227E+00 2.223E+00 2.217E+00 2.175E+00 2.124E+00 1.425E+00 7.240E-01
Ra-226+D  Pb-210+D 1.000E+00 1.029E~03 3.290E-03 1.514E-02 3.532E-02 2.965E-01 6.529E-01 1.160E+00 6.020E-01
Ra-226+D  &DSR(3j) 2.229E+00 2.230E+00 2.23BE+00 2.253E+00 2.472E+00 2.777E+00 2.586E+00 1.326E+00
Sr-90+D Sr-90+D 1.000E+00 6.757E-03 7.874E-03 1.177E-02 1.552E-02 2.091E-02 1.151E~02 3.590E-07 8.143E-13
frrfffefes f11ffff44% tefffffas ff039758F fETEfe00f P44 080F fETEPLLEE fEffF0 P8 fELEEEL00 TSI TEE fEEffELEL
The DSR includes contributions from associated (half-life 6 180 days) daughters.

Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 1.500E+0l1 mrem/yr

Nuclide

(i) t= 0.000E+00 1.000E+00  5.000E+00 1.0008+01 5.000E+01 1.000E+02 5.000E+02 1.000E+03
AAARRAK T K 5 AAUSAARAAR  AABAARAAA  AAAAMAAAA  AAAAAAAAA GAMAAARA  ARAAAAARA  AABABARAA
Cs-137 2.263E+01 2.316E+01  2.543E+01 2.857E+01  7.265E+01 2.333E+02 2.635E+06  3.067E+11
Ra-226 6.729E+00 6.726E+00 6.703E+00 6.659E+00 6.069E+00 5.402E+00 5.801E+00 1.131E+01
Sr-90 2.220E+03 1.905E+03 1.274E+03 9.662E+02 7.174E+02 1.304E+03 4.178E+07 1.842E+13
frefett fiftffffs  fffffffff  fffffffff  fffffrfft  fffffffff  fffffffff  ffffffffi ffffffiff

\ 4

Summed 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

and at tmax = time of maximum total dose = 0.000E+00 years

Nuclide 1Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)
(1) (pCi/qg) (years) (pCi/qg) (pCi/qg)
GARIARE ARAKARARE  AARAARARAARAKAL T SARAAARA  ARAARAAAR
Cs-137 8.020E+00 0.000E+00 6.629E-01 2.263E+01 6.629E-01 2.263E+01
Ra-226 6.000E-02 262.3 1 0.5 3.518E+00 4.264E+00 2.229E+00 6.729E+00
Sr-90 7.800E-01 35.09 11 0.07 2.210E-02 6.787E+02 6.757E-03 2.220E+03

fiffff fiefefdds ffffffififidsdes fffffffft fffffffff fifffffff frifffifs
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Summary :

File : F:\RESRAD FAMILY\RESRAD\FHWMF~PERIMETER-INDUST-BKG-SUBTRACT~2A.RAD
Individual Nuclide Dose Summed Over All Pathways

Parent Nuclide and Branch Fraction Indicated

Nuclide Parent  THF(i) DOSE(j,t), mrem/yr

(3) (1) t= 0.000E+00 1.000E+00 5.000E+00 1.000E+01 S5.000E+01 1.000E+02
s a N s R K 3R K A S S S R SRR R 5 B K S S S 3 A S5 3 B 53 3¢ B B 5
Cs-137 Cs-137 1.000E+00 5.317E+00 5.194E+00 4.,731E+00 4.210E+00 1.656E+00 5.157E-01
Ra-226 Ra~226 1.000E+00 1.337E-01 1.336E-01 1.334E-01 1.330E-01 1.305E-01 1.274E-01
Pb-210 Ra-226 1.000E+00 6.174E-05 1.974E-04 9.083E-04 2.119E-03 1.779E-02 3.918E-02
Sr-90 Sr-90 1.000E+00 5.270E-03 6.141E~03 9.183E-03 1.211E-02 1.631E-02 8.975E-03
fiffiff fffffff fEffffifs fifffftes ftffffesd ffffff88f feffff4ff fEffff64f fEfLe1831
THF (i) is the thread fraction of the parent nuclide.

Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated

Nuclide Parent THF (1) S(j,t), pCi/g

(3) (1) 5.000E+00 1.000E+01 5.000E+01 1.000E+02
R K R R 3 R R KR 5 o s S R RS R R 5
Cs-137 Cs-137 1.000E+00 8.020E+00 7.835E+0D 7.137E+00 6.351E+00 2.497E+00 7.777E-01
Ra-226 Ra-226 1.000E+00 6.000E-02 5.992E-02 5.960E-02 5.920E-02 5.610E-02 5.244E-02
Pb-210 Ra-226 1.000E+00 0.000E+00 1.834E-03 8.593E-03 1.587E-02 4.483E-02 5.109E-02
Sr-90 Sr~90 1.000E+00 7.800E-01 7.600E-01 6.852E-01 6.019E-01 2.134E-01 5.836E-02
fifffff fifffff fEf1f858 fiffftffs ffffffeft ffftiffff fEff884ff fEfffifst

THF (i) is the thread fraction of the parent nuclide.

RESCALC.EXE execution time 1.55 seconds

5.000E+02

4.566E-05

8.551E-02

6.963E-02

2.800E-07

5.000E+02
« < R R
6.877E-05

3.061E-02

3.132E-02

1.000E+03
3.922E-10
4.344E-02
3.612E-02

6.352E-13

1.000E+03
5.897E~10
1.562E-02

1.598E-02

1.829E-06 4.287E-12
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Brookhaven Site Office

53 Bell Ave, Building 161
Upton, NY 11973

DOL CONTRACT NO. DE-AC05-000R23100
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The Oak Ridge Institute for Science and Education (ORISE) i1s a U.S. Department of
Energy facility focusing on scientific initiatives to research health risks from occupatonal
hazards, assess environmental cleanup, respond to radiation medical emergencies, support
national security and emergency preparedness, and educate the next generation of scientists.
ORISE is managed by Oak Ridge Associated Universitics. Established in 1946, ORAU is a
consortium of 97colleges and universities.

NOTICES

‘The opinions expressed herein do not necessarily reflect the opinions of the sponsoring
institutions of Oak Ridge Associated Universitcs.

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States Government nor the U.S. Department of Energy,
nor any of their employees, makes any warranty, expressed or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe on
povately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, mark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement or recommendation, or favor by the U.S. Government or any agency
thercof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the U.S. Government or any agency thereof.
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INDEPENDENT VERIFICATION SURVEY REPORT
FORTHE
FORMER HAZARDOUS WASTE MANAGEMENT FACILITY
PERIMETER SOILS AREA,
BROOKHAVEN NATIONAL LABORATORY,
UPTON, NEW YORK

INTRODUCTION AND SITE HISTORY

The Brookhaven National Laboratory (BNL) located in Upton, Suffolk County, New York conducts
research and development for the Department of Energy (Figure A-1). BNL was originally
occupied by the U.S. Army as Camp Upton during both World Wars I and II. In 1947, the site was
transferred to the Atomic Energy Commission (AEC). The AEC was resolved into the Energy
Research and Development Administration, and later into the Department of Energy (DOE)

Brookhaven Area Office (BAO).

Research operations and processes conducted at the site have produced a variety of radioactive and
hazardous materials and wastes. On December 21, 1989, BNL was included on the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCILA) National Priority List (BNL
1999). In May 1992, the DOE entered into an Interagency Agreement (IAG) with the
Environmental Protection Agency (EPA) and New York State Department of Environmental
Conservation (NYSDEC) under CERCLA, Section 120 to establish the framework and schedule for
characterizing, assessing, and remediating the site in accordance with CERCLA and the Resource
Conservation and Recovery Act (RCRA) requirements (EPA 1997). BNL genecrated the Response
Strategy Document that identified various Areas of Concern (AOC) and grouped each AOC into
seven “Operable Units” (OU). OU-1 is the Former Hazardous Waste Management Facility
(FHWME); a 12-acre controlled compound that once served as the central receiving facility for
processing, limited treatment, and storage of radioactive wastes during the late 1940s to 1997.
RCRA hazardous wastes were handled at the facility from 1976 until it closed in 1997. In 2003,
remediation of the FHWMEF began with the removal of several building structures and operations

areas and remediation of soils and subsurface structures was completed in 2005 (ORISE 2008a).
BNL has recently performed remediation of several locations outside of the FHWMEF designated as

the Perimeter Soils Areas (PSAs) (BNL 20092). In 2007, this area east of Brookhaven Avenue
across from the FHWMF was sutveyed by BNL and soil samples were collected for Cs-137 and
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St-90, and gamma analysis. Additional surveying also identified other small discrete areas of
contaminated soil contiguous to the FHWMF which includes small areas to the northwest and
north, east, and several discrete spots just to the south beyond the former Waste Loading Area
(WLA) also associated with the FHWMF. BNL suspects that the contamination identified in these
areas 1s a result of operations associated with the transport and transfer of waste materials to the

FHWMLE, spills, and runoff from contaminated soils within the FHWMEF (ORISE 2009a).

DOE-BAO is responsible for oversight of remedial actions that are conducted at the BNL. It is the
policy of the DOE to perform independent (third party) verification of final status survey (FSS)
activities (DOE 2006). The purpose of independent verification (IV) is to confirm that remedial
actions have been effective in meeting established guidelines and that documentation accurately and
adequately describes the final site conditions. Oak Ridge Institute for Science and Education
(ORISE) has been requested by DOE-BAO to perform IV of the PSA. Through a third party,
DOE can provide a level of assurance to the stakeholders that the as-left radiological concentration
in the PSA will be well below the approved remediation guidelines. ORISE had previously
petformed IV of the larger phase of FHWMF remediation and the WLA (ORISE 2005 and 2008a).

OBJECTIVE

The objective of the verification survey was to obtain evidence by means of measurements and
sampling to confirm that the final radiological conditions were less than the established release
criteria. This objective was achieved via multiple verification components including document

reviews to determine the accuracy and adequacy of FSS documentation

PROCEDURES

ORISE personnel visited the BNL site September 28 and 29, 2009 to perform visual inspections and
independent measurements and sampling. The verification activities were conducted in accordance
with the project-specific verification plan, the IEAV Survey Procedures, and Quality Program
Manuals (ORISE 2009a and 2008b, and ORAU 2009). The collective site areas verified consisted of
several small isolated locations; the largest of which is approximately 2000 m®.  All sutvey units
(SUs) were designated Class 1 due to the nature of the activities conducted in the nearby area and

the contaminants associated with the process activities. ORISE defined these units as SU 1 (the

o
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largest of the PSA), SU 2 (located adjacent to SU 1), and SU 3 which was further subdivided into
survey units 3A through 3D (Figure A-2).

REFERENCE SYSTEM

ORISE used a global positioning system (GPS) for documenting survey area boundaries and
tracking data. The specific geographical reference system used was the State Plane Coordinate
System (SPCS) New York Long Island Federal Information Processing Standard (FIPS) 3104. A
shape file for each SU boundary and dimension was created and then loaded into a GPS for use by
the Independent Verification Team (IVT) for tracking survey data and identifying measurement and
sampling locations. Coordinate measurements collected using the GPS were accurate to within one

meter.

SURFACE SCANS

High density scans for gamma radiation were performed within the accessible areas associated with
the PSA. Surfaces scans were performed using Nal scintillation detectors coupled to ratemeters or
ratemeter-scalers with audible indicators. Detectors were coupled to GPS systems that enable real-
time gamma count rate and position data capture. Locations of elevated direct radiation, suggesting

the presence of residual contamination, were marked and identified for further investigation.

SOIL SAMPLING

The Visual Sampling Plan (VSP) software was used to generate random coordinates for gamma
measurements and soil sampling. These measurement/sample points were down-loaded to the GPS
and werc based upon the reference system established by the site. These predetermined random
field assessment and the resultant soil sample locations were designed and generated based on the
ranked set sampling (RSS) approach (EPA 2002). A one-minute static gamma count rate
measurement was performed at 18 pre-determined assessment locations. The data within a given
cycle-set were then ranked as exhibiting either the lowest, medium, or highest gamma count. Table
B-1 provides the RSS cycle set with field assessment data and ranked set soil sample identification.
Surface soil samples were also collected from judgmental locations where elevated direct gamma

radiation was detected. Figure A-2 identifies both random and judgmental locations.
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SAMPLE ANALYSIS AND DATA INTERPRETATION

Samples and data were returned to the ORISE/IEAV laboratory in Oak Ridge, Tennessee for
analysis and interpretation. Sample analyses were performed in accordance with the ORISE
Laboratory Procedures Manual (ORISE 1999). Soil samples were analyzed by gamma spectroscopy
for Ra-226 and Cs-137. The spectra were reviewed for other identifiable photopeaks. Sr-90 was
quantified by radiochemical separation and counting on a low background proportional counter.

Soil sample results were reported in units of picocuries per gram (pCi/g).

APPLICABLE SITE GUIDELINES

The radiological contaminants of concern and the soil cleanup levels are shown in Table 1 and have
been previously identified in the OU I ROD (BNL 2009a). This Field Sampling Plan (FSP) relies on
the previously developed cleanup goals and derived concentration guideline levels (DCGL), due to
the proximity of the PSA to the FHWMEF. Since multiple contaminants are present, application of
the unity rule is involved requiring calculation of the sum-of-ratios (SORs) in accordance with the
following equation:

Conc.g, s N Conc.,_3, . Conc. g, 4 <
DCGLRH—ZZG DCGLC:—137 DCGLSV—‘)O

TABLE 1
RADIONUCLIDES OF CONCERN IN THE
PERIMETER SOILS AREA

FORMER HAZARDOUS WASTE MANAGEMENT FACILITY
RESIDENTIAL LAND USE CLEAN-UP GOALS

Radionuclide OUIROD (pCi/g)
Cs-137 23
Sr-90 15
Ra-226 5

FINDINGS AND RESULTS

The results for each verification component at the PSA are discussed below.
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SURFACE SCANS

The gamma scan pattern and count rates are provided in Figures A-3 to A-6. Scan density varied in
the survey units typically between 50 percent to upwards of 75 percent or greater of accessible areas,
with the exception of SU 3D. Due to the low lying brush and the fact that ORISE was aware that
additional work would be required, scanning was scaled back to just those locations that were
remediated for this scope of work. This was not unexpected as BNL had also identified additional
areas to be remediated during future activities. Additionally, Figure A-3 (SU 1) does not illustrate
the complete scan results for this survey unit as a portion of the position-correlated gamma data was
not captured by the recording instrument. Per ORISE procedure, the surveyor determines whether

there is elevated gamma radiation present in real time based on the audio output of the detector.

Ambient background gamma radiation levels ranged from about 1,300 to 3,800 cpm and averaged
just slightly greater than 2,300 cpm. Gamma scan count rates within the PSA survey units generally
ranged from 2,300 to approximately 7,500 counts per minute (cpm). Gamma surface scans
identified several locations of radicactivity greater than two times the localized ambient levels that
were marked for additional evaluation in SUs 1, 2, 3A, 3C, and 3D. The highest count rate of
48,000 cpm was found in SU 3D. The count rate frequency distributions for gamma radiation scans

are illustrated in Figures A-7 to A-12.

SOIL SAMPLING

Twelve surface soil samples were collected from RSS locations. Additionally, seven judgmental
samples were collected where elevated direct gamma radiation was detected during surface scans
(Figure A-2). Judgmental soil samples collected were S001 to S003 from SU 1; S010 and S011 trom
SU 3A; and S012 and S013 from SU 3C (Figure A-2). Although scans identified elevated gamma
radioactivity in SU 3D, no judgmental samples were collected because of BNLs plan to address this

soil under a different scope of work.

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES

The gamma count rate data used for selecting the RSS sample locations can be found in Table B-1.
The mean radionuclide concentration data for each survey unit are summarized in Table B-2. The
data for the radionuclide concentrations in individual samples and the sum-of-ratios are provided in

Table B-3. The concentration of Ra-226 in random samples ranged from 0.50 to 0.71 pCi/g, Cs-137
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ranged from 0.96 to 9.82 pCi/g, and Sr-90 ranged from -0.02 to 0.37 pCi/g. The highest
concentration of Cs-137 (54.3 pCi/g) was identified in the judgmental sample SO01from SU 1. BNL
was notified that several samples exceeded the Cs-137 clean-up goal (ORISE 2009c¢).

COMPARISON OF RESULTS WITH GUIDELINES

The final radionuclide concentration for the PSA must meet the guidance per the BNL FSP for each
individual soil sample and the SOR for the average concentration of each radionuclide of interest
must be less than one. Six soil samples exceeded the SOR of 1 due primarily to the level of Cs-137
concentration remaining in the soil. Five of the six samples were from judgmental locations: S001,
S002, S003, S011, S012, and S013. The sixth sample, S004 was a random location. Sample S004 is
just slightly over the SOR at 1.03. The SOR for each individual sample location is included in Table
B-3. Cs-137 concentrations in the random samples ranged from 0.96 to 20.9 pCi/g (includes
samples S004 to S009 and S014 to S019). Cs-137 concentrations in judgmental samples ranged from
4.86 pCi/g to 54.3 pCi/g. The survey unit mean concentrations for Cs-137 were within clean-up
goals except for SU 3C with a concentration of 39.1 pCi/g. All Ra-226 and Sr-90 concentration

results were well below the site clean-up goals as provided in Table 1.

ORISE provided preliminary gamma spectroscopy results for Cs-137 to BNL indentifying those
locations that exceeded the site clean-up goal of 23 pCi/g (ORISE 2009¢). BNL immediately
remediated each of the five sample locations which exceeded the Cs-137 cleanup goals. All the areas
were between approximately 1to 5 ft” in size. Endpoint sample results reported by BNL at ORISF,
sample corresponding locations SO01A, S0024, S011A, S012A, and S013A were 15.4pCi/g,
7.6pCi/g, 11.07pCi/g, 15.2pCi/g, and 7.5pCi/g, respectfully (BNL 2009b). All are below the
Cs-137 clean-up goal. After the completion of radiochemical analysis, sample S004 was just slightly
greater than the SOR. However, the SOR has not been adjusted for the contribution from

background activity. Therefore, the net SOR would be less than 1.

SUMMARY

During the period between September 28 and 29, 2009, an independent verification team with the
Oak Ridge Institute for Science and Education conducted measurements and sampling of the

Perimeter Soils Areas at the Brookhaven National Laboratory site. The PSAs are a small group of
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localized contaminated areas located at the northeast end of the 12 acre Former Hazardous Waste
Management Facility. The PSA consists of at least six distinct areas. However, the two larger
distinct areas were defined as SU 1 and SU 2 and the four other smaller areas were grouped as SU 3

and further subdivided A through D.

Gamma scans identified a few small areas of elevated radiation in SUs 1, 2, 3A, 3C, and 3D. Seven
judgmental soil samples were collected from locations identified during walkover scans. ORISE also
collected 12 random soil samples using the RSS methodology. Samples were analyzed by gamma
spectroscopy and wet chemistry. Preliminary data identified five of the seven judgmental samples
were above the cleanup goal for Cs-137. Cs-137 concentrations in soil samples ranged from 0.96 to

54.3 pCi/g. BNL was notified of the findings and responded by remediating these locations.

Additionally, one random sample location just slightly exceeded the SOR. Although the
concentration of Cs-137 in the random sample was below the clean-up goal, the multiple
radionuclides of concern pushed it slightly over the limit at 1.03, without adjusting for the
background contribution. The survey units mean concentrations for Cs-137 were within the clean-

up goals when considering only random sample location results.
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RANKED SET SAMPLING GAMMA MEASUREMENTS
PERIMETER SOILS AREA

FORMER HAZARDOUS WASTE MANAGEMENT FACILITY
BROOKHAVEN NATIONAL LABORATORY

TABLE B-1

UPTON, NEW YORK
LOCATION Sample
NAD 83 Ranked. Set Select*/ID
SPCS NY Long Island Sampling Gamma L=Low
FIPS 3104 M=Medium SOIL
Easting, Northing Cycle-Set-Loc cpm H=High SAMPLE
1300426, 255007 1-1-1m 4304 L
1300403, 254973 1-1-2m 2459 L S004
1300305, 254928 1-1-3m 2833 L
1300430, 254995 1-2-1A 2496 M S005
1300431, 254982 1-2-2A 1950 M
1300367, 255009 1-2-3A 4253 M
1300384, 254939 1-3-1e 1822 H
1300430, 254960 1-3-2e 1499 H
1300363, 255020 1-3-3e 4471 H S006
1300394, 255009 2-1-1@ 2457 L S007
1300308, 254942 2-1-2a& 3084 L
1300321, 254959 2-1-38 3957 L
1300369, 254912 2-2-1a 1726 M
1300330, 254871 2-2-2a 3304 M
1300445, 254967 2-2-3a 2188 M S008
1300428, 255009 2-3-13 4111 H
1300313, 254991 2-3-2% 3859 H S009
1300442, 254948 2-3-3% 1664 H
‘Refer to Figure A-2.
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TABLE B-1 (cont.)
RANKED SET SAMPLING GAMMA MEASUREMENTS
PERIMETER SOILS AREA

FORMER HAZARDOUS WASTE MANAGEMENT FACILITY
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK

LOCATION Ranked Set Sample
NAD 83 Select®/ID
SPCS NY Long Island Sampling Gamma L=Low
FIPS 3104 M=Medium SOIL
Easting, Northing Cycle-Set-Loc cpm H=High SAMPLE
1300488, 254821 1-1-1m 1897 L S017
1300469, 254783 1-1-2m 2214 L
1300448, 254827 1-1-3m 2127 L
1300470, 254819 1-2-1A 2520 M S016
1300474, 254809 1-2-24A 2747 M
1300485, 254799 1-2-3A 2426 M
1300497, 254806 1-3-1e 2339 H
1300481, 254787 1-3-2¢ 2550 H S018
1300469, 254787 1-3-3e 1944 H
1300481, 254796 2-1-1% 2235 L
1300480, 254819 2-1-2m 2520 L
1300491, 254821 2-1-3@ 2004 L S019
1300592, 254585 2:2-1a 1364 M
1299543, 255583 2-2-24 3096 M
1300467, 254429 2-2-3 4 2468 M S015
1300454, 254455 2-3-1e 2443 H
1300462, 254461 2-3-2¢ 2657 H
1300466, 254438 2-3-3% 2733 H S014
Refer to ligure A-2.
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TABLE B-2
RADIONUCLIDE CONCENTRATION RANGES IN SOIL SAMPLES
SUMMARY RESULTS

PERIMETER SOILS AREA

FORMER HAZARDOUS WASTE MANAGEMENT FACILITY

Survey Unit

Ra-226 (pCi/g)

Cs-137 (pCi/g)

Sr-90 (pCi/g)

Random Samples

Survey Unit 1 0.51 to 0.71 1.55 to0 20.9 -0.02 to 0.37
Mean Survey Unit 0.58 8.01 0.16
Concentration
Survey Unit 2 0.55 to 0.67 1.07 to 2.43 0.11 t0 0.16
Mean Survey Unit 0.61 1.79 0.14
Concentration
Survey Unit 3D 0.50 to 0.52 0.96 to 1.51 0.01 to 0.09
Mean Sutvey Unit 0.51 1.04 0.05
Concentration
Judgmental Samples
Survey Unit 1 0.52 t0 0.59 4.86 to 54.3 0.11 to 0.12
Survey Unit 3A 0.43 to 0.54 18.2 t0 26.6 0.11 t0 0.21
Survey Unit 3C 0.30 to 0.35 30.8 to 47.5 0.13t0 0.23

“The mean survey unit concentration does not include judgmental samples.
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TABLE B-3
RADIONUCLIDE CONCENTRATION IN SOILS

PERIMETER SOILS AREA

FORMER HAZARDOUS WASTE MANAGEMENT FACILITY
BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK BROOKHAVEN NATIONAL LABORATORY

UPTON, NY

Sample Radionuclide Concentration (pCi/g)
ID/Location: Cs-137 Sr-90 Ra-226 SOR®»

S001 543 £ 4.7 0.12 +0.24 0.52+0.14 247"
S002 305+ 2.8 0.11 £0.28 0.59 + 0.09 145¢
S003 4.86 + 0.65 0.11 £0.24 0.53 £ 0.08 0.32¢
S004 209 +1.9 0.24 £ 0.25 0.54 £ 0.07 1.03
S005 231 +£0.22 -0.02 £0.23 0.71 £ 0.09 0.24
S006 9.82+0.92 0.10 £0.23 0.57 £ 0.07 0.55
S007 1.55 +0.13 0.37 £0.25 0.57 £ 0.07 0.21
S008 5.10 £ 0.47 0.07 £0.24 0.56 + 0.07 0.34
S009 8.40 £ 0.60 0.21 £0.23 0.51 £ 0.08 0.48
S010 182+ 1.6 021 +0.22 0.43 +0.09 0.89¢
SO11 26.6 £ 2.5 0.11 +£0.22 0.54 + 0.09 1.27
S012 30.8 £ 2.8 0.23 +0.23 0.30 + 0.08 1.41°¢
S013 475443 0.13 £ 0.21 0.35 + 0.10 2.14¢
S014 151 +0.13 0.09 £0.21 0.50 £ 0.07 0.17
S015 0.96 £ 0.11 0.01 £0.22 0.52 + 0.07 0.15
S016 1.79 £ 0.18 0.16 £ 0.22 0.55 £ 0.06 0.20
S017 1.07 £ 0.12 0.16 £ 0.24 0.67 £ 0.08 0.19
S018 243 +£0.20 0.13 £ 0.26 0.60 £ 0.08 0.23
S019 1.88 + 0.19 0.11 £ 0.21 0.63 £ 0.09 0.22

“Refer to Iigure A-2.

bSum of the ratos.

cUncertaintics are at the 95% confidence level based on total propagated uncertainties.

dIdentifies judgmental sample location.
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APPENDIX C

MAJOR INSTRUMENTATION

The display of a specific product is not to be construed as an endorsement of the product or its
manufacturer by the author or her employer.

SCANNING INSTRUMENT/DETECTOR COMBINATIONS

Ludlum Nal Scintillation Detector Model SPA-3, Crystal: 2 inch x 2 inch

(Ludlum Measurements, Inc., Sweetwater, TX)

Coupled to

Ludlum Ratemeter-Scaler Model 2221

Coupled to

Trimble GeoXH Receiver and Data Logger (Trimble Navigation Limited, Sunnyvale, CA)

Fluke Nal Scinallation Detector Model 489-55, Crystal: 3.2 cm x 3.8 cm

(Fluke, Cleveland, OH)

Coupled to '

Ludlum Ratemeter-Scaler Model 2221

Coupled to

Trimble GeoXH Receiver and Data Logger (Trimble Navigation Limited, Sunnyvale, CA)

LABORATORY ANALYTICAL INSTRUMENTATION

High Purity Extended Range Intrinsic Detector
CANBERRA /Tennelec Model No: ERVIDS30-25195
(Canberra, Meriden, CT)

Used in conjunction with:

Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, TN) and

Multichannel Analyzer

DEC ALPHA Workstation

(Canberra, Meriden, CT)

High Purity Extended Range Intrinsic Detector
Model No. GMX-45200-5
(AMETEK/ORTEC, Oak Ridge, TN)

used in conjunction with:

Lead Shield Model SPG-16-K8

(Nuclear Data)

Multichannel Analyzer

DEC ALPHA Workstation

(Canbertra, Meriden, CT)

BNI. Waste Loading Arca C-1 5062-SR-02-0



LABORATORY ANALYTICAL INSTRUMENTATION (CONT.)

High-Purity Germanium Detector
Model GMX-30-P4, 30% Eff.
(AMETEK/ORTEC, Oak Ridge, TN)
Used in conjunction with:

Lead Shield Model G-16

(Gamma Products, Palos Hills, IL) and
Multichannel Analyzer

DEC ALPHA Workstation

(Canberra, Meriden, CT)

Low background alpha/beta counting system
Canberra/Tennelec LB5100W
(Canberra, Inc., Meriden, CT)

BNI, Waste Loading Arca Cc-2
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APPENDIX D

SURVEY AND ANALYTICAL PROCEDURES

PROJECT HEALTH AND SAFETY

The survey and sampling procedures were evaluated to ensure that any hazards inherent to the
procedures themselves were addressed in current job hazard analyses (JELAs). All survey and
laboratory activities were conducted in accordance with ORISE health and safety and radiation

protection procedures.

Pre-survey activities included an overview of potential health and safety issues. Representatives with
the Brookhaven National Laboratory provided site-specific safety awareness training for each
individual ORISE survey effort. In-process and verification surveys were performed according to
the ORISE generic health and safety plan, site-specific integrated safety management (ISM) pre-job

hazard checklist, and safety procedures discussed during the on-site training.

QUALITY ASSURANCE

Analytical and field survey activities wete conducted in accordance with procedures from the

following ORAU and ORISE documents:

. Survey Procedures Manual
. Laboratory Procedures Manual
. Quality Program Manual

The procedures contained in these manuals were developed to meet the requirements of

10 CFR 830 Subpart A, Quality Assurance Requirements, Department of Energy Order +14.1C Qunality
Assurance, and the U.S. Nuclear Regulatory Commission Quality . Assurance Manual for the Office of
Niuclear Material Safety and Safegnards and contain measures to assess processes during their

performance.

Quality control procedures include:

BNIT. Waste Loading \rca D-1 5062-8R-02-0



*  Daily instrument background and check-soutce measurements to confirm that equipment

operation is within acceptable statistical fluctuations.
* Participation in MAPEP, NRIP, and ITP Laboratory Quality Assurance Programs.
* Training and certification of all individuals petforming procedures.
* DPeriodic internal and external audits.

CALIBRATION

Calibration of all field and laboratory instrumentation was based on standards/soutces, traceable to
the National Institute of Standards and Technology (NIST), when such standards/sources were
available. In cases where they were not available, standards of an industry-recognized organization

wete used.

SURVEY PROCEDURES

Sutface Scans

Scans for elevated gamma radiation were performed by passing the detector slowly over the surface.
The distance between the detector and surface was maintained at a nominal of about 1 to 5 cm. Nal
scintillation detectors were coupled to GPS units that enabled real-time recording of position in one-
second intervals. Identification of elevated radiation levels was based on increases in the audible
signal from the instrument. Positioning data files were downloaded from field data loggers for
plotting using commercially available software

(http:/ /trl.trimble.com/docushare /dsweb/Get/Document-

261826/ Geolxpl2005 100N GSG ENG.pdb).

The scan minimum detectable concentrations (MDCs) for the Nal scintillation detector for the
contaminants of concern in surface soil were obtained directly from NUREG-1507 when available
or estimated using the calculational approach described in NUREG-1507". A typical Nal 2 inch by
2 inch detector MDC for Cs-137 is 6.4 pCi/g. An audible increase in the activity rate was

INUREG-1507. Minimum Detectable Concentrations With Typical Radiation Survey Instruments for Various Contaminants and lield Conditions.

U.S. Nuclear Regulatory Commission. Washington, DC; June 1998,

BNL Waste Loading Area D-2 5062-SR-02-0



investigated by ORISE. It is standard procedure for the ORISE staff to pause and investigate any

locations where gamma radiation is distinguishable from background levels.

Soil Sampling

Approximately 0.5 to 1 kg of soil was collected at each sample location. Collected samples were

placed in plastic bags, sealed, and labeled in accordance with ORISE survey procedures.

RADIOLOGICAL ANALYSIS

DETECTION LIMITS

Detection limits, referred to as MDC, were based on 3 plus 4.65 times the standard deviation of the
background count [3 + (4.65 (BKG)"?)]. Because of variations in background levels, measurement
efficiencies, and contributions from other radionuclides in samples, the detection limits differ from

sample to sample and instrument to instrument.

Strontium Analysis

Soil samples were dissolved by a combination of potassium hydrogen fluoride and pyrosulfate
fusions. The fusion cake was dissolved and strontium was coprecipitated on lead sulfate. The
strontium was separated from residual calcium and lead by reprecipitating strontium sulfate from
EDTA at a pH of 4.0. Strontium was separated from barium by complexing the strontium in
DTPA while precipitating barium as barium chromate. The strontium was ultimately converted to
strontium carbonate and counted on a low-background gas proportional counter. The typical MDC

of the procedure is 0.4 pCi/g for a one hour count time.

Gamma Spectroscopy

Samples of soil were dried, mixed, crushed, and/or homogenized as necessary, and a portion sealed
in a 0.5-liter Marinelli beaker or other appropriate container. The quantity placed in the beaker was
chosen to reproduce the calibrated counting geometry. Net material weights were determined and
the samples counted using intrinsic germanium detectors coupled to a pulse height analyzer system.
Background and Compton stripping, peak search, peak identification, and concentration calculations
were performed using the computer capabilities inherent in the analyzer system. All total absorption

peaks (TAP) associated with the radionuclides of concern were reviewed for consistency of activity.

BNI. Waste Loading Area D-3 5062-8R-02-0



Total absorption peaks used for determining the activities of radionuclides of concern and the

typical associated MDCs for a one-hour count time were:

Radio de AP p ) D o
Cs-137 0.662 0.05
Ra-226 (from Pb-214) 0.351 0.08

Spectra were also reviewed for other identifiable TAPs.

Uncertainties

The uncertainties associated with the analytical data presented in the tables of this report represent
the total propagated uncertainties for those data. These uncertainties were calculated based on both

the gross sample count levels and the associated background count level.
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Completion Report - HFBR Waste Loading Area Soil Remediation, December 2009

Appendix D

Former HWMF Perimeter Area Waste Verification Results
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l Laboratories Lic SAMPLE RECEIPT & REVIEW FORM

Clientzéﬁﬂ A) . R - SDG/ARCOC/WorlgOrder: o? SQ I T

Received By: p, VMM Date Received: 2 0, 200 ?

Suspected Hazard Information E S *If Coux‘lts.> X2 area bjckground on s§mﬁlc5_ not marked “"radioactive”, contact
the Radiation Safety Group of further investigation.
COC/Samples marked as radioactive? x Maximum Counts Observed*: 4O C, P, M.
Classified Radioactive II or Il by RSO? X
COC/Samples marked containing PCBs? .)(‘
Shipped as a DOT Hazardous? X |Hazard Class Shipped: UN#:
Samples identified as Foreign Soil? )(
Sample Receipt Criteria E é 2 Comments/Qualifiers (Required for Non-Conforming Items)
.. . . . Circle Appiicable:
1 Shipping containers received intact and sealsbroken  damaged container  leaking container  other (describe)
sealed? &
- . Preservation Method:
2 Samples requiring cold preservation ice bags blue ice dry ice none other (describe)
within 0 < 6 deg. C? X Z_[ 0__'
Chain of custody documents included J
3 . .
with shipment? X
Circle Applicable:

4 |Sample containers intact and sealed? seals broken  damaged container  leaking container  other (describe)

.. . Sampie ID's, containers affected and observed pH:
5 Samples requiring chemical
preservation at proper pH? x If Preservation added, Lot#:
. le ID's and i af} d:
p VOA vials free of headspace (defined as Sample ID's and containers affocte
< 6mm bubble)?

(If yes, immediately deliver to Volatiles laboratory)

7 |Are Encore containers present?

Id's and tests affected:
8 |Samples received within holding time?
o |Sample ID's on COC match ID's on Sample ID's and containers affected:
bottles? _
10 Date & time on COC match date & time Sample ID's affected:
on bottles?
's affe s
11 Number of containers received match Sample ID's affected
number indicated on COC?
12 COC form is properly signed in
relinquished/received sections?
Comments:

Fep £x #95
7600 539) #250-2¢
geb 5391 +20l-4c

Zﬁé/ Date é:// 20 //0?

PM (or PMA) review: Initials __




RE: Regarding Perimeter FHWMF Samples

Subject: RE: Regarding Perimeter FHWMF Samples

From: "Lockwood, Andrew" <lockwood@bnl.gov>
Date: Wed, 24 Jun 2009 11:29:18 -0400
To: "LaToya Hughes" <lat01423 @gel.com>
That's fine. Thanks.
Andrew Lockwood
Project Manager
Building 701, ERP
Brookhaven National Laboratory
Upton, NY 119573-5000
Cell: (516) 315-9238
————— Original Message~----
From: LaToya Hughes [mailto:lat0l1423@gel.com]
Sent: Wednesday, June 24, 2009 10:14 AM
To: Lockwood, Andrew
Cc: team.skradski
Subject: Regarding Perimeter FHWMF Samples
Good morning Mr. Lockwood,
Due to the delay with adding the correct tests for the analysis of your
samples, the lab is asking if a possible due date of July 2nd would be
an acceptable date; with the complete package to follow a week later.
Please let us know if this is acceptable.
Thank you in advance,
- LaToya Hughes
LaToya D. Hughes
Project Manager Assistant
General Engineering Laboratories, LLC
2040 savage Road
Charleston, SC {(USA) 29407
Direct: 843.769.7376 x4707
Main: 843.556.8171
Fax: 843.766.1178
E-mail: LaToya.Hughes@gel.com
Web: www.gel.com
CONFIDENTIALITY NOTICE: This e-mail and any files transmitted with it are the
property of The GEL Group, Inc. and its affiliates. All rights, including without
limitation copyright, are reserved. The proprietary information contained in this
e-mail message, and any files transmitted with it, is intended for the use of the
recipient (s) named above. If the reader of this e-mail is not the intended recipient,
you are hereby notified that you have received this e-mail in error and that any
review, distribution or copying of this e-mail or any files transmitted with it is
strictly prohibited. If you have received this e-mail in error, please notify the
sender immediately and delete the original message and any files transmitted. The
unauthorized use of this e-mail or any files transmitted with it is prohibited and
disclaimed by The GEL Group, Inc. and its affiliates.

lof1l 6/24/2009 12:15 PM



[Fwd: FHWMF PA]

Subject: [Fwd: FHWMF PA]

From: Jake Crook <jhc@gel.com>

Date: Wed, 24 Jun 2009 08:33:48 -0400
To: LaToya Norman <lat01423 @gel.com>

-------- Original Message --------

Subject: FHWMF PA

Date: Wed, 24 Jun 2009 07:03:13 -0400
From: Lockwood, Andrew <lockwood@bnl.gov>
To: <jhc@gel .com>

Jake,

Sorry for the confusion, I am back in the office today and have the COC here. We
only need TCLP for mercury and lead, as well as TAL metals. 7 day TAT is not
critical. Just send me an e-mail confirming receipt of this and when you think we can
get the data. Thanks.

Andrew Lockwood

Project Manager

Building 701, ERP
- g

Brookhaven National Laboratory

Upton, NY 11973-5000
Cell: (516) 315-9238

o o o ot Pl P g et e i Pt

Jake Crook

Project Manager

GEL Laboratories, LLC

2040 Savage Road
Charleston, SC (USA) 29407
Direct: 843.769.7390

Main: 843.556.8171

Fax: 843.766.1178
E-mail: jhc@gel.com

Web: www.gel.com

1ofl 6/24/2009 9:02 AM



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory

Address:  Building 51

Upton, New York 11973—5000

Contact: Mr. John Burke
Project: Perimeter FHWMF

Chient Sample ID:
Sample ID:
Matrix:

Collect Date:
Receive Date:
Collector:
Moisture:

Parameter Qualifier Result

Electrorder.rAnalysis Federal
SW9045C pH Federal "As Received”

pH at Temp 21.7C H 541
Flow Injection Analysis Federal

27274001
232172001
Solid
09—JUN-09 10:00
20—JUN-09 09:30
Client

36.9%

DL

0.010

SW 7.3.3 Reactivity, Releasable "Dry Weight Corrected”

Reactive Releasable Cyanide < 250000
Hazardous Waste Federal

ASTM _D5057 Bulk Density Soil "As Received”
Density 1.71

Mercury Analysis—CVAA

TCLP Hg in Solid "As Received"

Mercury U ND
Metals Analysis—ICP

TCLP ICP Metals for Solid "As Received"

Lead U ND
30505/6010 Lead Federal "Dry Weight Corrected”
Aluminum 10200
Antimony J 0.435
Arsenic 2.80
Barium 282
Beryltium J 0.360
Cadmium U ND
Calcium 893
Chromium 8.91
Cobalt 1.60
Copper 12.0
[ron 7340
Lead 42.7
Magnesium 717
Manganese 113
Nickel 6.16
Potassium 241
Selenium 5.48
Silver J 0.427
Sodium 31.7
Thallium J 1.49

0.010

0.00067

0.025

10.6
0.482
0.778
0.156
0.156
0.156

4.67
0.156
0.311
0.467

3.89
0.389

132
0.311
0.156

7.78
0.778
0.156

7.00
0.778

RL

0.100

250000

0.100

0.002

Proiect:

Report Date:  July 7, 2009

Client ID:

Samp Recv.:

BRKL0030%
BRKLO005
27274

Client Desc.: PFHWMF

Vol. Recv.:

Units

SU

ug/kg

g/mL

mg/L

mg/L

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

DF

—_ e e e e e e e e e s

AnalystDate Time Batch Method

RXG2 06/24/09 1423 879796 1
AXC2 06/29/09 1204 878896 2

NXM 06/23/09 1330 879400 3
1

JXL1 06/26/09 0949 880001 4

HSC 06/25/09 1555 879982 5

HSC 06/26/09 0214 879277 6



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address :  Building 51
Upton, New York 11973—5000
Report Date: July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF
Client Sample ID: 27274-001 Proiect: BRKL00309
7 7 Sample ID: 232172001 7 ClientID:  BRKL005 7
Parameter Qualifier Result DL RL Units DF  AnalystDate Time Batch Method

Metals Analysis—1CP
3050S/6010 Lead Federal "Dry Weight Corrected"

Vanadium 19.9 0.156 0.778 mg/kg 1
Zinc 27.8 0311 1.56 mg/kg 1
Semi—Volatiles—PCB Federal

8082/3550B PCB soil—Fed "Dry Weight Corrected”

Aroclor-1016 U ND 1.76 5.28 ug/kg 1 YSI 06/25/09 1332 879470 7
Aroclor-1221 U ND 1.76 5.28 ug/kg 1
Aroclor—1232 U ND 1.76 5.28 ug’kg 1
Aroclor—1242 U ND 1.76 5.28 ug/kg 1
Aroclor—1248 U ND 1.76 5.28 ug/kg 1
Aroclor—1254 U ND 1.76 5.28 ug/kg 1
Aroclor—1260 U ND 1.76 5.28 ug/kg 1

Semi—Volatiles—Pesticide Federal
8081A4/3550B Pesticide Soil Federal "Dry Weight Corrected”

4,4-DDD U ND 0.527 2.11 ug/kg 1 JXM 06/25/09 1351 879634 9
Aldrin U ND 0.264 1.05 ug/kg 1

Chlordane (tech.) U ND 2.64 13.2 ug/kg 1

Dieldrin U ND 0.527 2.11 ug/kg 1

Endosulfan I U ND 0.264 1.05 ug’kg 1

Endosulfan I1 U ND 0.527 2.11 ug/kg 1

Endrin U ND 0.527 2.11 ug/kg 1

Endrin aldehyde U ND 0.527 2.11 ug/kg 1

Endrin ketone 8] ND 0.527 2.11 ug/kg 1

Heptachlor U ND 0.264 1.05 ug’kg 1

Heptachlor epoxide U ND 0.264 1.05 ug’kg 1

Methoxychlor U ND 2.64 10.5 ug/kg 1

Toxaphene U ND 8.78 52.7 ug/kg 1

alpha—BHC U ND 0.264 1.05 ug/kg 1

beta—BHC U ND 0.264 1.05 ug/kg 1

deltaBHC U ND 0.264 1.05 ug/kg 1

gamma—BHC (Lindane) U ND 0.264 1.05 ug’kg 1

4,4'-DDE 11.6 0.527 2.11 ug/kg 1 JXM 06/25/09 1351 879634 10
4,4-DDT 5.88 0.527 2.11 ug/kg 1

Endosulfan sutfate I 0.886 0.527 2.11 ug/kg 1

Titration Analysis Federal
Reactive Sulfide SW846 Chapter 7.3.4 "Dry Weight Corrected”
Reactive Releasable Sulfide < 500 500 mg/kg TXTL 06/25/09 1506 880225 11

The following Prep Methods were performed . . L
Method Description Analyst Date Time Prep Batch
SW846 1311 SW846 1311 TCLP Leaching  RXD2 0623009 1600 879420



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address:  Building 51
Upton, New York 11973—5000
Report Date: July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF

Client Sample ID: 27274-001 Proiect: BRKL00309

7 o Sample ID: 232172001 Client ID: BRKLO005

Parameter Qualifier Result DL RL Units DF  AnalystDate Time Batch Method

SW846 1311 SW846 1311 TCLP Leaching ~FEDERAL RXD2 06/23/09 1600 879420

SW846 3010A [ICP-TRACE TCLP by SW846 3010A FGA 06/24/09 1630 879981

SW846 3050B 846 3050BS PREP AXG2 06/24/09 0820 879276

SW846 3550B 3550B PCB Prep Soil FED NXP2 06/23/09 1600 879469

SW846 35508 3550B Pesticide/PCB Prep Soil NXP2 06/23/09 1600 879633

SW846 7.3.3 Prep SW 7.3.3 Reactivity, Releasable Cyanide— AXS5 06/26/09 0903 878894

SW846 7470A Prep EPA 7470A Mercury Prep TCLP Liquid TXB3 06/25/09 1345 880000

_The following Analytical Methods were performed o N

Method Description . Analyst Comments

o | SW8469045C/9045D -

2 SW8467.3.3

3 ASTM D 5057

4 SW846 7470A

5 SW846 3010/6010B

6 SW846 3050B/6010B

7 SW846 8082

8 SWg46 8082

9 SW846 8081A

10 SW846 8081A

11 SW846 Chpt. 7.3.4-TIT

Surrogate/Tracer recovery Test Result Nominal Recovery% Acceptable Limits

4emx 8082/3550B PCB soil-Fed "Dry Weight 4.91 ug/kg 10.6 46.5 (34%—~105%)
Corrected"”

Decachlorobiphenyl 8082/3550B PCB soil—Fed "Dry Weight 6.04 ug/kg 10.6 57.2 (33%—115%)
Corrected”

4dcmx 8081A/3550B Pesticide Soil Federal "Dry 38.7 ug/kg 527 734 (34%—105%)
Weight Corrected"

Decachlorobiphenyl 8081A/3550B Pesticide Soil Federal "Dry 35.9 ug/kg 52.7 68.1 (33%—115%)

Weight Corrected"



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory

Address :  Building 51

Upton, New York 11973—5000

Contact: Mr. John Burke
Project: Perimeter FHWMF

Client Sample ID:
Sample ID:
Matrix:

Collect Date:
Receive Date:
Collector:
Moisture:

Parameter Qualifier Result

Electrode Ah;llysis Federél
SW9045C pH Federal "As Received"

pH at Temp 21.6C H 5.11
Flow Injection Analysis Federal

27274-002
232172002

Solid

09—-JUN-09 10:05
20—JUN-09 09:30
Client

21.6%

0.010

SW 7.3.3 Reactivity, Releasable "Dry Weight Corrected”

Reactive Releasable Cyanide < 250000
Hazardous Waste Federal

ASTM _D5057 Bulk Density Soil "As Received”
Density 1.96

Mercury Analysis—-CVAA
TCLP Hg in Solid "As Received"

Mercury 8] ND
Metals Analysis—1CP

TCLP ICP Metals for Solid "As Received”

Lead U ND
30508/6010 Lead Federal "Dry Weight Corrected"
Aluminum 11800
Antimony 8] ND
Arsenic J 1.53
Barium 17.4
Beryllium J 0.262
Cadmium 0] ND
Calcium 61.6
Chromium 11.1
Cobalt 2.09
Copper 3.80
Iron 7790
Lead 7.80
Magnesiumn 939
Manganese 36.1
Nickel 5.23
Potassium 158
Selenium 4.62
Silver J 0.333
Sodium 29.7
Thallium J 1.85

0.010

0.00067

0.025

8.38
0.382
0.616
0.123
0.123
0.123

3.70
0.123
0.246
0.370

3.08
0.308

10.5
0.246
0.123

6.16
0.616
0.123

5.54
0.616

DL

RL

0.100

250000

0.100

0.002

0.100

24.6
1.23
1.85
0.616
0.616
0.616
12.3
0.616
0.616
1.23
12.3
[.23
37.0
1.23
0.616
18.5
1.85
0.616
18.5
2.46

Proiect:

Report Date: July 7, 2009

Client ID:

COC:

Samp Recv.:

BRKL00309
BRKLO005

27274

Client Desc.: PFHWMF

Vol. Recv.:

Units
SuU
ug’kg

g/mL

mg/L

mg/L

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

DF

— e e e ek m e e e e e

AnalystDate Time Batch Method

RXG2 06/24/09 1426 879796 1
AXC2 06/29/09 1206 878896 2

NXM 06/23/09 1341 879400 3
1

JXL1 06/26/09 0957 880001 4

HSC 06/25/09 1610 879982 5

HSC 06/26/09 0249 879277 6



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 ~ (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address:  Building 51
Upton, New York 11973—5000
Report Date:  July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF
Client Sample ID: 27274-002 Proiject: BRKL00309
Sample ID: 232172002 N Client ID:  BRKL005 7
Parameter Qualifier Result DL RL Units DF  AnalystDate Time Batch Method

Metals Alialysis—lCP
30505/6010 Lead Federal "Dry Weight Corrected”

Vanadium 16.8 0.123 0.616 mg/kg 1
Zinc 10.6 0.246 1.23 mg/kg 1
Semi—Volatiles—~PCB Federal

8082/3550B PCB soil—Fed "Dry Weight Corrected”

Aroclor—1016 U ND 1.42 4.25 ug/kg 1 YSL 06/25/09 1403 879470 7
Aroclor—1221 U ND 1.42 4.25 ug’kg 1
Aroclor—1232 U ND 1.42 4.25 ug/kg 1
Aroclor—1242 U ND 1.42 4.25 ug/kg 1
Aroclor—1248 U ND 1.42 4.25 ug/kg 1
Aroclor—1254 U ND 1.42 4.25 ug/kg 1
Aroclor—1260 U ND 1.42 4.25 ug/kg 1

Semi—Volatiles—Pesticide Federal
80814/3550B Pesticide Soil Federal "Dry Weight Corrected”

4,4'-DDD U ND 0.425 1.70 ug/’kg 1 JXM 06/25/09 1431 879634 9
4,4'-DDE U ND 0.425 1.70 ug’kg 1
44'-DDT U ND 0.425 1.70 ug/kg 1
Aldrin U ND 0.212 0.849 ug’kg |
Chlordane (tech.) U ND 2.12 10.6 ug’kg 1
Dieldrin U ND 0.425 1.70 ug/kg 1
Endosulfan | U ND 0.212 0.849 ug/kg 1
Endosulfan 11 U ND 0.425 1.70 ug/kg 1
Endosulfan sulfate U ND 0.425 1.70 ug/kg 1
Endrin U ND 0.425 1.70 ug/kg 1
Endrin aldehyde u ND 0.425 1.70 ug/kg 1
Endrin ketone U ND 0.425 1.70 ug/kg 1
Heptachlor U ND 0.212 0.849 ug/kg 1
Heptachlor epoxide u ND 0.212 0.849 ug/kg 1
Methoxychlor u ND 2.12 8.49 ug/kg |
Toxaphene u ND 7.07 42.5 ug/kg 1
alpha-BHC ] ND 0.212 0.849 ug/kg l
beta-BHC U ND 0212 0.849 ug/kg 1
delta—BHC 8] ND 0.212 0.849 ug/kg 1
gamma—BHC (Lindane) U ND 0.212 0.849 ug/kg [

Titration Analysis Federal

Reactive Sulfide SW846 Chapter 7.3.4 "Dry Weight Corrected”

Reactive Releasable Sulfide < 500 500 mg/kg TXT1 06/25/09 1514 880225 [0
The following Prep Methods were performed

Method Description h Analyst Date © Time Prép Batch
SW846 1311 SW846 1311 TCLP Leaching RXD2 06/23/09 1600 879420



Company :

Address :

Contact:
Project:

Parameter

SW846 1311
SW846 3010A
SW846 3050B
SW846 3550B
SW846 3550B
SW846 7.3.3 Prep
SW846 7470A Prep

GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 — (843) 556-8171 — www.gel.com

Certificate of Analysis

Brookhaven National Laboratory
Building 51
Upton, New York 11973—5000

Mr. John Burke
Perimeter FHWMF

Client Sample ID: 27274-002

”Sample b: 232172002 o
Qualifier Result DL

SW846 1311 TCLP Leaching ~-FEDERAL
1CP-TRACE TCLP by SW846 3010A
846 3050BS PREP

3550B PCB Prep Soil FED

3550B Pesticide/PCB Prep Soil

SW 7.3.3 Reactivity, Releasable Cyanide—
EPA 7470A Mercury Prep TCLP Liquid

The following Analytical Methods were performed

Method

= © ® A B W N -

Description

'SW846 9045C/9045D
SW846 7.3.3

ASTM D 5057
SW846 7470A
SW846 3010/6010B
SW846 3050B/6010B
SW846 8082

SW846 8082

SW846 8081A
SW846 Chpt. 7.3.4-TIT

Surrogate/Tracer recovery Test

4cmx
Decachlorobipheny!
4cmx

Decachlorobiphenyl

8082/3550B PCB soil-Fed "Dry Weight
Corrected"

8082/3550B PCB soil—Fed "Dry Weight
Corrected"

8081A/3550B Pesticide Soil Federal "Dry
Weight Corrected"

8081A/3550B Pesticide Soil Federal "Dry
Weight Corrected"

Report Date:
Project: BRKL00309
Client ID: BRKLO005
RL Units DF  AnalystDate
RXD2 06/23/09 1600 879420
FGA 06/24/09 1630 879981
AXG2 06/24/09 0820 879276
NXP2 06/23/09 1600 879469
NXP2 06/23/09 1600 879633
AXSS 06/26/09 0903 878894
TXB3 06/25/09 1345 880000
Analyst Comments
Result Nominal Recovery%
3.87 ug/kg 8.51 455
3.34 ug/kg 8.51 393
32.9 ug/kg 42.5 77.4
29.2 ug/kg 42.5 68.7

July 7, 2009

Time Batch Method

Acceptable Limits

(34%-105%)
(33%—115%)
(34%—105%)

(33%-115%)



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory

Address:  Building 51

Upton, New York 11973——5000

Contact: Mr. John Burke
Project: Perimeter FHWMF

Client Sample ID:
Sample ID:
Matrix:

Collect Date:
Receive Date:
Collector:
Moisture:

Electrode Analysis Federal
SW9045C pH Federal "As Received”

pH at Temp 21.5C H 5.53
Flow Injection Analysis Federal

Parameter Qualifier Result

27274-003
232172003

Solid

09—-JUN-09 10:10
20-JUN-09 09:30
Client

18.3%

DL

0.010

SW 7.3.3 Reactivity, Releasable "Dry Weight Corrected”

Reactive Releasable Cyanide < 250000
Hazardous Waste Federal

ASTM_D5057 Bulk Density Soil "4s Received”
Density 1.91

Mercury Analysis—CVAA

TCLP Hg in Solid "As Received”

Mercury U ND
Metals Analysis—ICP

TCLP [CP Metals for Solid "As Received"

Lead U ND
30508/6010 Lead Federal "Dry Weight Corrected"
Aluminum 9900
Antimony U ND
Arsenic 2.05
Barium 15.1
Beryllium J 0.308
Cadmium U ND
Calcium 129
Chromium 10.5
Cobalt 2.55
Copper 4.86
Iron 10600
Lead 5.50
Magnesium 1150
Manganese 943
Nickel 5.77
Potassium 226
Selenium 7.37
Silver J 0.323
Sodium 372
Thallium J 1.75

0.010

0.00067

0.025

8.04
0.366
0.591
0.118
0.118
0.118

3.55
0.118
0.236
0.355

2.96
0.296

10.0
0.236
0.118

5.91
0.591
0.118

5.32
0.591

RL
0.100

250000

0.100

0.002

0.100

23.6
1.18
1.77
0.591
0.591
0.591
11.8
0.591
0.591
1.18
11.8
1.18
355
1.18
0.591
17.7
1.77
0.591
17.7
2.36

Project:

Report Date: July 7, 2009

Client ID:

Samp Recv.:

BRKL00309
BRKL005

27274

Client Desc.: PFEHWMF

Vol. Recv.:

Units

SU

ug/’kg

mg/L

mg/L

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

DF

e m e e e e et i ettt et e

AnalystDate Time Batch Method
RXG2 06/24/09 1428 879796 1

AXC2 06/29/09 1207 878896 2

NXM 06/23/09 1345 879400 3
1

JXL1 06/26/09 0958 880001 4

HSC 06/25/09 1614 879982 5

HSC 06/26/09 0256 879277 6



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 5568171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address :  Building 51
Upton, New York 11973—5000

Report Date: July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF
Client Sample ID: 27274-003 Proiect: BRKLO00309
- Sample ID: 232172003 - Client ID: BRKLO005
Parameter Qualifier Result DL RL Units DF  AnalystDate Time Batch Method

Metals Analysis—ICP
30505/6010 Lead Federal "Dry Weight Corrected”

Vanadium 16.9 0.118 0.591 mg/kg 1
Zinc 11.2 0.236 1.18 mg/kg 1
Semi—Volatiles—PCB Federal

8082/3550B PCB soil—Fed "Dry Weight Corrected”

Aroclor—1016 U ND 1.36 4.07 ug/kg 1 YSI 06/25/09 1419 879470 7
Aroclor—1221 ] ND 1.36 4.07 ug/kg 1
Aroclor—1232 U ND 1.36 4.07 ug/kg 1
Aroclor—1242 ] ND 1.36 4.07 ug/kg 1
Aroclor—1248 P 17.8 1.36 4.07 ug’kg 1
Aroclor-1260 U ND 1.36 4.07 ug/kg 1
Aroclor—1254 13.8 1.36 4.07 ug/kg [ YSI 06/25/09 1419 879470 8

Semi—Volatiles—Pesticide Federal
8081A4/3550B Pesticide Soil Federal "Dry Weight Corrected”

4,4-DDD U ND 0.408 1.63 ug/kg 1 JXM 06/25/09 1445 879634 9
4,4-DDE U ND 0.408 1.63 ug/kg 1
4,4-DDT U ND 0.408 1.63 ug/kg 1
Aldrin ] ND 0.204 0.816 ug/kg 1
Chlordane (tech.) U ND 2.04 10.2 ug/kg 1
Dieldrin ] ND 0.408 1.63 ug’kg 1
Endosulfan 1 U ND 0.204 0.816 ug/kg 1
Endosulfan 11 U ND 0.408 1.63 ug/kg 1
Endosulfan sulfate ] ND 0.408 1.63 ug/kg 1
Endrin u ND 0.408 1.63 ug/kg 1
Endrin aldehyde U ND 0.408 1.63 ug/kg 1
Endrin ketone U ND 0.408 1.63 ug/kg 1
Heptachlor U ND 0.204 0.816 ug/kg 1
Heptachlor epoxide U ND 0.204 0.816 ug/kg 1
Methoxychlor U ND 2.04 8.16 ug/kg 1
Toxaphene U ND 6.79 40.8 - ug/kg |
alpha—BHC ] ND 0.204 0.816 ug’kg 1
beta-BHC U ND 0.204 0.816 ug/’kg 1
delta~BHC U ND 0.204 0.816 ug/kg |
gamma—BHC (Lindane) U ND 0.204 0.816 ug/kg 1

Titration Analysis Federal

Reactive Sulfide SW846 Chapter 7.3.4 "Dry Weight Corrected”
Reactive Releasable Sulfide < 500 500 mg/kg TXT1 06/25/09 1517 880225 10

The foilowing Prep Methods were performed . , o
Method Description Analyst Date Time Prep Batch

SW846 1311 © SWS46 1311 TCLP Leaching  RXD2  06/23/09 1600 879420



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analvsis

Company : Brookhaven National Laboratory
Address:  Building 51
Upton, New York 11973—5000
Report Date:  July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF
Client Sample ID: 27274-003 Project: BRKL00309
Sample ID: 232172003 Client ID: BRKLO005

Parameter Qualifier Result DL RL Units DF AnalystDate Time Batch Method

SW846 1311 SW846 1311 TCLP Leaching —-FEDERAL RXD2 06/23/09 1600 879420

SW846 3010A ICP-TRACE TCLP by SW846 3010A FGA 06/24/09 1630 879981

SW846 3050B 846 3050BS PREP AXG2 06/24/09 0820 879276

SW846 3550B 3550B PCB Prep Soil FED NXP2 06/23/09 1600 879469

SW846 3550B 3550B Pesticide/PCB Prep Soil NXP2 06/23/09 1600 879633

SW846 7.3.3 Prep SW 7.3.3 Reactivity, Releasable Cyanide— AXSS 06/26/09 0903 878894

SW846 7470A Prep EPA 7470A Mercury Prep TCLP Liquid TXB3 06/25/09 1345 880000

The following Analytical Methods were performed - S

Method Description Analyst Comments

o SW846 9045C/9045D o 7

2 SWg46 7.3.3

3 ASTM D 5057

4 SW846 7470A

5 SW846 3010/6010B

6 SW846 3050B/6010B

7 SW846 8082

8 SW846 8082

9 SWE846 8081 A

10 SW846 Chpt. 7.3.4-TIT

Surrogate/Tracer recovery Test Result Nominal Recovery% Acceptable Limits

4cmx 8082/3550B PCB soil-Fed "Dry Weight 5.86 ug/kg 8.15 72.0 (34%—105%)
Corrected"

Decachlorobiphenyl 8082/3550B PCB soil—Fed "Dry Weight 5.20 ug/kg 8.15 63.8 (33%—115%)
Corrected" _

4emx 8081A/3550B Pesticide Soil Federal "Dry 32.1 ug/kg 40.8 78.6 (34%—-105%)
Weight Corrected”

Decachlorobiphenyl 8081A/3550B Pesticide Soil Federal "Dry 31.9 ug/kg 40.8 78.2 (33%—115%)

Weight Corrected"”
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Certificate of Analysis

Company :  Brookhaven National Laboratory

Address :  Building 51

Upton, New York 11973—5000

Contact: Mr. John Burke
Project: Perimeter FHWMF

Client Sample ID:
Sample ID:
Matrix:

Collect Date:
Receive Date:

Collector: Client
Moisture: 36.99%
Parameter Qualifier Result  Uncertainty
Gravimetric Solids o
"As Received"
Rad Alpha Spec Analysis
Alphaspec Am241 Solid "Dry Weight Corrected”
Americium—241 U 0.212 +/—0.234
Alphaspec Pu, Solid "Dry Weight Corrected”
Plutonium—238 U -0.0293 +/-0.278
Plutonium—239/240 U 0.0587 +/—0.165
Alphaspec Th, Solid "Dry Weight Corrected”
Thorium—228 1.25 +/-0.633
Thorium~—230 J 0.693 +/-0.475
Thorium—232 1.43 +/-0.657
Alphaspec U, Solid "Dry Weight Corrected”
Uranium—233/234 1.19 +/-0.669
Uranium—235/236 U 0.0812 +/-0.215
Uranium—238 J 0.691 +/-0.479

Rad Gamma Spec Analysis

27274-001
232172001
Solid

09—JUN—-09 10:00
20—JUN-09 09:30

Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected”

Actinium—227 U -0.0105
Actinium—228 1.07
Americium—241 J-U1 0.126
Antimony—124 U 0.0148
Antimony—125 U -0.0145
Antimony—126 U 0.0606
Antimony—127 U 0.824
Barium—133 U 0.0128
Barium—137m J 3.29
Barium—140 U 0.0816
Beryllium—7 DL -0.0102
Bismuth—207 U 0.0239
Bismuth—211 I-U1 2.29
Bismuth—212 0.709
Bismuth—214 0.726

+/—0.156
+/—0.152
+/—0.0675
+/-0.0306
+/—0.0433
+/-0.0825
+/-1.96
+/-0.021
+/—0.173
+/-0.156
+/-0.174
+/—0.0176
+/-0.258
+/-0.170
+/—0.0824

DL

0.333

0.655

0.372

0.536

0.495
0.458

0.639

0.512
0.259

0.267
0.0717
0.106
0.0529
0.0715
0.132
3.38
0.0314
0.0225
0.270
0.288
0.0309
0.142
0.164
0.0433

RL

1.00

1.00

1.00

1.00

1.00
1.00

0.900

0.900
0.900

10000
0.800
0.200
0.100
0.200
10000
10000
0.100
10000
0.500
0.074
10000
10000
0.500
0.200

Project:

Report Date:  July 7, 2009

Client ID:

COC:

Samp Recv.:
Client Desc.:
Vol. Recv.:

Units

pCi/g

pCi/g
pCi/g
pCi/g

pCi/g
pCi/g

pCi/g

pCi/g
pCi/g

pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

DF

BRKL00309
BRKLO005

27274
PFHWMF

AnalystDate Time Batch Method

HAK 06/26/09 1455 879815 2
B

HAK 06/26/09 1455 879817 3
B

HAK 06/26/09 1446 879818 4
B

HAK 06/26/09 1944 879819 5
B

MXR107/02/09 0602 879862 6



Company :
Address :

Contact:
Project:

Parameter

GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 ~ (843) 556-8171 — www.gel.com

Certificate of Analysis

Brookhaven National Laboratory

Building 51

Upton, New York 11973—5000

Mr. John Burke
Perimeter FHWMF

DL

Client Sample ID: 27274-001
Sample ID: - 232172001
Qualifier Result  Uncertainty

Rad Gamma Spec An;lﬂysiisr

Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected”

Cadmium—109
Cadmium—115
Cerium—139
Cerium—141
Cerium—143
Cerium—144
Cesium—134
Cesium—135
Cesium—136
Cesium—137
Chromium—51
Cobalt—56
Cobalt-57
Cobalt—58
Cobalt—60
Europium—152
Europium—154
Europium—155
Gadolinium—153
Iodine—126
lodine—131
Iodine—133
lodine—135
Iridium—192
Iron—59
Lanthanum—140
Lead-210
Lead-211
Lead-212
Lead—214
Manganese—54
Mercury-203
Molybdenum—99
Neodymium—147
Neptunium—239
Niobium—94
Niobium-95
Potassium—40
Praseodymium—144
Promethium—1{44
Promethium—146
Promethium—1[49

J-UI 2.25
—4.98
—-0.006
—0.00591
12200
0.0262
0.0708
0.0479
0.0311
3.48
0.144
—0.00973
0.000983
—0.00707
—0.00343
0.052
—0.0267
0.0887
—0.00181
—0.0496
—0.012
—-1.02E+06
—7.16E+23
0.0064
—0.0381
0.104
4.87
—0.0248
1.06
0.797
0.0212
0.0529
9.12
—0.334
—0.0193
0.0051
0.0456
9.14
-0.317
—0.00466
0.00449
—220

H
|
cc ccEcESccocce

T T o o
c ScccccccCScoccocrc®

v}

|
cccECE

tT. —
o

cccc

+/—0.439
+/-51.4
+/-0.0114
+/—0.0388
+/—4500
+/-0.0904
+/—0.0243
+-0.0714
+/—0.0544
+/-0.184
+/—0.192
+/-0.0141
+/—0.00995
+/—0.0141
+/—0.0135
+/—0.0472
+/-0.0379
+/—0.0513
+/—0.0335
+/~0.114
+/-0.102
+/—1.64E+06
+/—8.59E+23
+-0.0157
+/—0.0347
+/—0.0495
+/-3.03
+/—0.431
+/—0.0871
+/—0.0984
+/—0.0136
+/-0.0273
+/—34.0
+/—0.420
+/—0.0724
+—0.0118
+/-0.0177
+/—0.806
+/—0.803
+/-0.0118
+/-0.0214
+/—460

0.453
0.00
0.0199
0.0486
0.00
0.133
0.0309
0.109
0.0923
0.0237
0.329
0.023
0.0165
0.0232
0.0225
0.0719
0.062
0.0664
0.0497
0.166
0.171
0.00
0.00
0.0268
0.0537
0.0855
2.64
0.717
0.0394
0.0493
0.0231
0.0305
0.00
0.616
0.120
0.0203
0.0291
0.176
1.35
0.0198
0.0356
0.00

RL

10000
10000
0.050
0.100
10000
0.500
0.100
10000
0.300
0.010
0.600
0.100
0.007
0.100
0.011
0.200
0.500
0.500
10000
10000
10000
10000
10000
0.100
0.300
10000
4.00
100060
0.100
0.100
0.008
0.100
10000
1000
2.00
1.00
0.050
0.180
10000
0.080
1.00
10000

Proiect:

Report Date:  July 7, 2009

BRKL00309

Client ID: BRKLO0O0S5

Units

pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

DF  AnpalystDate Time Batch Method



Company :

Address :

Contact:
Project:

Parameter

GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Brookhaven National Laboratory
Building 51
Upton, New York 11973—5000

Mr. John Burke
Perimeter FHWMF

Client Sample ID: 27274-001
Sample ID: 232172001
Qualifier Result  Uncertainty

Rad Gamma Spec Analysis

Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected”

Protactinium—231
Protactinium—233
Protactinium—234
Protactinium—234m
Radium—223
Radium—224
Radium—-226
Radium—228
Radon—219
Rhodium—106
Ruthenium—103
Ruthenium—106
Scandium—46
Selenium—75
Silver—108m
Silver—110m
Sodium—22
Sodium—24
Strontium—85
Tantalum—182
Technetium—99m
Tellurium—123m
Tellurium—125m
Tellurium—132
Thallium—208
Thorium—227
Thorium—228
Thorium—229
Thorium—230
Thorium—231
Thorium—232
Thorium—234
Tin—113
Tin—117m
Tin—126
Uranium—234
Uranium—235
Uranium—238
Vanadium—48
Yttrium—88
Zinc—65
Zircontum—95

U —0.0187 +/—0.640
U -0.0222  +/-0.0267
U 0.117 +/—0.101
U 1.49 +/-3.38
U -0.0231 +/-0.314
J-UIl 2.64 +/—0.452
0.726  +/-0.0824

1.07 +/—0.152

U 0.0234 +/—0.188
U 0.005 +/—0.123
U 0.00578  +/-0.0202
U 0.005 . +/-0.123
U -0.00946  +/-0.0141
U -0.0181 +/-0.0215
U 0.0121 +/—0.0155
U 0.0072  +/-0.0157
DL —0.00948  +/—0.0136

~7.33E+08 +/—1.56E+09
0.116  +/-0.0193
0.00655  +/-0.0621
—2.19E+25 +/-5.54E+25
—0.000483 +/—-0.0123
1.32 +/—4.30

0.859 +/—1.47
0352  +/-0.0368
—0.0105 +/—0.156
1.06  +/-0.0871
—0.101 +/—0.197
0.726  +/-0.0824
—-0.0231 +/-0.314
1.07 +/—0.152

0.900 +—0.817
-0.0079  +/-0.0211
0.0172  +/-0.0338
0218  +/-0.0426
0.726  +/—0.0824
0.0307 +/~0.121
0.900 +/—0.817
-0.0399  +/-0.0321
-0.0106  +/-0.0128
-0.014  +/-0.0349
0.0342  +/-0.0269

T

cccccc,Socccacern © cocceSa

DL

1.05
0.0444
0.174
3.85
0.465
0.421
0.0433
0.0717
0.315
0.211
0.0336
0.211
0.0229
0.0316
0.0262
0.0238
0.0223
0.00
0.0345
0.107
0.00
0.019
6.41
2.56
0.0232
0.267
0.0394
0.340
0.0433
0.465
0.0717
0.830
0.035
0.053
0.0443
0.0433
0.131
0.830
0.0497
0.0154
0.048
0.0475

RL

10000
10000
10000
10000
10000
10000
0.026
0.500
10000
10000
10000
0.800
10000
10000
10000
0.080
0.010
10000
10000
10000
10000
10000
10000
10000
0.080
10000
0.021
10000
1.00
10000
10000
5.00
0.100
10000
10000
10000
0.500
1.00
10000
0.100
0.300
0.200

Report Date: July 7, 2009

Proiect: BRKL00309
Client ID: BRKLQOS

Units DF AnalystDate Time Batch Method

pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

" pCi/g

pCi/g
pCi/g .
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address :  Building 51
Upton, New York 11973——5000
Report Date:  July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF
Client Sample ID: 27274001 Proiect: BRKL00309
o Sample ID: 232172001 Client ID: BRKLO0O0S5 7
Parameter Qualifier Result  Uncertainty DL RL Units DF AnalystDate Time Batch Method

Rad Gas Flow Proportiona] Coun ting
GFPC, Gross A/B, solid "Dry Weight Corrected”

Alpha 10.6 +/~3.11 3.09 4.00 pCilg DXBS5 06/30/09 0850 880115 7
Beta 19.1 +/-2.41 1.85 10.0 pCi/g

GFPC, 5r90, solid "Dry Weight Corrected"

Strontium-90 U 0.120  +-0.340 0.622 2.00 pCi/g JXR1 06/26/09 1343 880114 8
The following Prep Methods were performed ; L AT o

Method Description Analyst Date Time Prep Batch

Dry Soil Prep " DrySoil Prep GL-RAD-A-021 ~ DRSI 06/24/09 1142 879813

The following Analytical Methods were performed o B ) ) o
Method Description Analyst Comments
o ASTM D 2216 (Modified) ) ' -
DOE EML HASL-300, Am—05-RC Modified
DOE EML HASL-300, Pu—11-RC Modified
DOE EML HASL-300, Th—01-RC Modified
DOE EML HASL-300, U-02—RC Modified
EML HASL 300, 4.5.2.3

EPA 900.0/SW846 9310 Moditied

EPA 905.0 Modified

oI B« Y I N L

Surregate/Tracer recovery Test Result Nominal Recovery% Acceptable Limits

Americium—243 Tracer Alphaspec Am241 Solid "Dry Weight 101 (15%—125%)
Corrected"

Plutonium—242 Tracer Alphaspec Pu, Solid "Dry Weight Corrected” 96.1 (15%—125%)

Thorium—229 Tracer Alphaspec Th, Solid "Dry Weight Corrected” 93.7 (15%—125%)

Uranium—232 Tracer Alphaspec U, Solid "Dry Weight Corrected" 80.8 (15%—125%)

Strontium Carrier GFPC, Sr90, solid "Dry Weight Corrected" 79.8 (25%—125%)
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Company : Brookhaven National Laboratory

Address:  Building 51

Upton, New York 11973—5000

Contact: Mr. John Burke
Project: Perimeter FHWMF

DL

0.331

0.169

0.270

0.509

0.378
0.297

0.441

0.546

Client Sample ID: 27274-002
Sample ID: 232172002
Matrix: Solid
Collect Date: 09—JUN-09 10:05
Receive Date: 20—JUN-09 09:30
Collector: Client
Moisture: 21.6%

Parameter Qualifier Result Uncertainty

Graﬁmetric Solids 7 7

"As Received"

Rad Alpha Spec Analysis

Alphaspec Am241 Solid "Dry Weight Corrected”

Americium—241 U -0.00452 +/~0.115

Alphaspec Pu, Solid "Dry Weight Corrected”

Plutonium—238 U 0.00 +/—0.110

Plutonium—239/240 U 0.0428 +/-0.114

Alphaspec Th, Solid "Dry Weight Corrected”

Thorium—228 1.42 +/-0.618

Thortum—230 J 0.765 +/—-0.442

Thorium—232 1.52 +/—0.604

Alphaspec U, Solid "Dry Weight Corrected”

Uranium—233/234 U 0371 +/—-0.358

Uranium—235/236 U —0.0473 +/—0.204

Uranium—238 J 0.520 +/—0.417

Rad Gamma Spec Analysis

Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected”

Actinium—227 U —0.0906
Actinium—228 1.04
Americium—241 6] 0.0309
Antimony—124 U 0.0131
Antimony—125 U 00141
Antimony—126 U 0.062
Antimony-127 U —-0.853
Barium—133 U 0.00818
Barium—137m J 1.34
Barium—140 U 0.0729
Beryllium—7 DL  -0.0344
Bismuth—207 U 0.0207
Bismuth—211 J-Ul 2.17
Bismuth—212 0.697
Bismuth—214 0.668

+/—0.120
+/~0.151
+/—0.0555
+/—0.0248
+/-0.0314
+/~0.0705
+/~1.62
+/-0.0153
+/—0.0913
+—0.131
+/~0.125
+/—0.0148
+/—0.234
+/—0.152
+/—0.0763

0.441

0.211
0.0619
0.0945
0.0438
0.0532

0.114

2.76
0.0238
0.0184

0.220

0.211
0.0269

0.111

0.139
0.0345

1.00

1.00

1.00

1.00

1.00
1.00

0.900

0.900
0.900

10000
0.800
0.200
0.100
0.200
10000
10000
0.100
10000
0.500
0.074
10000
10000
0.500
0.200

RL Units

Proiect:

Report Date:  July 7, 2009

Client ID:

COC:

Samp Recv.:
Client Desc.:
Vol. Recv.:

pCi/g

pCi/g
pCi/g
pCi/g

pCi/g
pCi/g

pCi/g

pCi/g
pCi/g

pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

DF

BRKL00309
BRKL005

27274
PFHWMF

AnalystDate Time Batch Method

HAK 06/26/09 1455 879815 2
B

HAK 06/26/09 1455 879817 3
B

HAK 06/26/09 1446 879818 4
B

HAK 06/26/09 1944 879819 5
B

MXR107/02/09 0603 879862 6



Company :

Address :

Contact:
Project:

Parameter

Rraier;émma'Spec Analysis

GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Brookhaven National Laboratory
Building 51
Upton, New York [1973—5000
Report Date:  July 7, 2009
Mr. John Burke

Perimeter FHWMF

Client Sample ID: 27274-002 Proiect: BRKL00309

Sample ID: 232172002 o - ClientID:  BRKLO00S
Qualifier Result  Uncertainty DL RL Units DF  AnalystDate Time Batch Method

Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected"

Cadmium—109
Cadmium—115
Cerium—139
Cerium—141
Cerium—143
Cerium—144
Cesium—134
Cesium—135
Cesium—136
Cesium—137
Chromium—51
Cobalt—56
Cobalt-57
Cobalt-58
Cobalt-60
Europium—152
Europium—154
Europium—155
Gadolinium—153
lodine—126
lodine—131
lodine—133
lodine—135
Iridium—192
Iron—59
Lanthanum—140
Lead—210
Lead—211
Lead—212
Lead—214
Manganese—54
Mercury—203
Molybdenum—99
Neodymium—147
Neptunium—239
Niobium—94
Niobium—95
Potassium—40
Praseodymium—144
Promethium—144
Promethium—146
Promethium—149

J-Ul 267 +-0.426 0376 10000 pCilg
J-UI 217 +/-42.2 0.00 10000 pCi/g
U 000532 +-0.00951  0.0164 0.050 pCilg

U 0.028  +~0.0251  0.0401 0.100 pCi/g
ul 14000  +-4360 0.00 10000 pCilg
U -0.0608 +/-0.0661 0.109 0.500 pCilg
UL 00786  +-0.0222  0.0277 0.100 pCi/g
U 00473  +-0053  0.0854 10000 pCilg

U  -00139 +-0.0441  0.0752 0.300 pCilg
142 +/-0.0968  0.0195 0.010 pCilg

U 00366  +-0.144 0.253 0.600 pCilg

U 000346 +-00118  0.0203 0.100 pCi/g
DL 000172 +~00077  0.0138 0.007 pCi/g
U  —0.0042 +-00119  0.0199 0.100 pCi/g
DL  0.00816 +-0.0107  0.0187 0.011 pCi/g
U 000814 +/-0.0333  0.0544 0.200 pCi/g

U 00132 +-0.0336  0.0559 0.500 pCi/g

U 00533 +-0.0497  0.0556 0.500 pCi/g
UL 0.0494  +/-0.0366  0.0399 10000 pCi/g
U 00435 +/-0.0916 0.141 10000 pCilg

U 00413 +/-0.0739 0.127 10000 pCilg
ul 57000 +/—1.16E+06 0.00 10000 pCi/g
U —9.52E+23 +/-9.58F+23 0.00 10000 pCilg
U 000169 +-0.0119  0.0209 0.100 pCi/g

U 00181 +-0.0285  0.0477 0.300 pCilg
U 00372 +-0.0416 0.066 10000 pCilg
U 2.46 +/-2.07 2.99 4.00 pCi/g
U 0.178  +/-0.362 0.532 10000 pCi/g
112 +-0.110 00299 0.100 pCilg

0.754  +/~0.090  0.0387 0.100 pCi/g

DL ~0.00215 +-00116  0.0195 0.008 pCi/g
U 000224  +-0.0206  0.0272 0.100 pCilg

U -9.19 +/-24.9 0.00 10000 pCi/g

U —0.000627  +/-0.300 0.503 1000 pCilg
U —0.0421  +~00555  0.0978 2.00 pCi/g

U 0.00697 +-00103  0.0182 1.00 pCilg

U ~0.00893  +-0.021  0.0249 0.050 pCilg
978  +—0.825 0.167 0.180 pCi/g

U 00329  +-0710 1.23 10000 pCi/g

U 0000484 +/-0.0104  0.0181 0.080 pCi/g

U 0.012  +-0.0153  0.0266 1.00 pCilg
Ul 45.1 +/-342 0.00 10000 pCi/g



Company :

Address :

Contact:
Project:

Parameter

GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Brookhaven National Laboratory
Building 51
Upton, New York 11973—5000

Mr. John Burke
Perimeter FHWMF

Client Sample ID: 27274-002
Sample ID: 232172002
Qualifier Result  Uncertainty

Rad Gamma Spec Anélysis

Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected”

Protactinium—231
Protactinium—233
Protactinium—234
Protactinium-234m
Radium—-223
Radium-224
Radium—226
Radium—228
Radon—-219
Rhodium—106
Ruthenium—103
Ruthenium—106
Scandium—46
Selenium—75
Silver—108m
Silver—110m
Sodium—22
Sodium—24
Strontium—85
Tantalum—182
Technetium—99m
Tellurium—123m
Tellurium—125m
Tellurium—132
Thallium—208
Thorium—227
Thorium—228
Thorium—229
Thorium—230
Thorium—231
Thorium—232
Thorium—234
Tin—113
Tin—-117m
Tin—126
Uranium—234
Uranium—235
Uranium—238
Vanadium—48
Yttrium—88
Zinc—65
Zirconjum—95

U -0.15 +/~0.471
U 0.0071 +/-0.0205
U 0.0263  +/—0.0829
U -3.65 +/-2.80
U 0.0544 +/—0.233
J-U1 296 +/—0.488
0.668  +/-0.0763

1.04 +/—0.151

U —-0.0666 +/—0.137
U -0.0876 +/-0.0979
U —-0.00218 +/-0.0151
U 00876  +/-0.0975
U -0.00373  +/-0.0119
U 0.0106  +-0.0157
U -0.0013 +-0.0112
U 0.0041 +/~0.0125
DL  —-0.0046  +/-00121
U —1.47E+09 +/—1.68E+09
J=UI 0.051 +/-0.0154
U —00178 +-0.0546
Ul 1.02E+25 +/=5.39E+25
U -0.00276 +/-0.00896
U 3.23 +/-3.41
U -0.23 +/—1.20
0337  +-0.0378

U -0.0906 +/-0.120
1.12 +/-0.110

U 0.0634 +/-0.162
J 0.668  +/-0.0763
U 0.0544 +/-0.233
J 1.04 +/-0.151
J 1.05 +/—0.846
U 0.00447  +/-0.0153
U —-0.00541 +/—0.0261
J-UlL 0259  +/-0.0414
J 0.668  +/—0.0763
U 0.00149 +/-0.105
1.05 +/-0.846

U 00277 +/-0.0284
U 0.00505  +/-0.0106
U -0.00616  +/-0.0281
U 0.0372 +/-0.024

DL

0.834
0.0364
0.140
3.54
0.363
0.340
0.0345
0.0619
0.234
0.166
0.0255
0.166
0.0197
0.0252
0.0191
0.0192
0.0201
0.00
0.0247
0.0917
0.00
0.0155
5.57
2.03
0.0178
0.211
0.0298
0.279
0.0345
0.363
0.0619
0.737
0.0267
0.0431
0.0367
0.0345
0.109
0.737
0.045
0.0185
0.0411
0.0428

RL

10000
10000
10000
10000
10000
10000
0.026
0.500
10000
10000
10000
0.800
10000
10000
10000
0.080
0.010
10000
10000
10000
10000
10000
10000
10000
0.080
10000
0.021
10000

1.00
10000
10000

5.00
0.100
10000
10000
10000
0.500

1.00
10000
0.100
0.300
0.200

Proiect:

7C1ient ID:

Units

pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCvg
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

Report Date:

BRKL00309

BRKL005

DF  AnalystDate

July 7, 2009

Time Batch Method



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address:  Building 51
Upton, New York 11973—5000

Contact: Mr. John Burke
Project: Perimeter FHWMF

Client Sample ID: 27274-002
Sample ID: 232172002
Parameter Qualifier Result Uncertainty

Rad Gas Flow Proportional Cohritiﬁg
GFPC, Gross A/B, solid "Dry Weight Corrected”

Alpha 12.8 +/—4.62
Beta 215 +/-4.32
GFPC, 5r90, solid "Dry Weight Corrected"”

Strontium—90 U 0.0157 +-0.320

‘The following Prep Methods were performed
Method Description

Dry Soil Prep © DrySoil Prep GL-RAD-A-021

The following Analytical Methods were performed
Method Description
o ASTM D 2216 (Modified)

EML HASL 300, 4.5.2.3
EPA 900.0/SW846 9310 Modified
EPA 905.0 Modified

[« <IN BN NV I - N R

Surrogate/Tracer recovery Test

Americium—243 Tracer Alphaspec Am241 Solid "Dry Weight

Corrected”

Plutonium—242 Tracer Alphaspec Pu, Solid "Dry Weight Corrected"”
Thorium—229 Tracer Alphaspec Th, Solid "Dry Weight Corrected”

DL

2.89
433

0.616

RL

4.00
10.0

2.00

Analyst

~ DRSI

DOE EML HASL-300, Am—05-RC Modified
DOE EML HASL-300, Pu—11-RC Modified
DOE EML HASL—-300, Th—01-RC Modified
DOE EML HASL-300, U-02—-RC Modified

Uranium—232 Tracer Alphaspec U, Solid "Dry Weight Corrected"
Strontium Carrier GFPC, Sr90, solid "Dry Weight Corrected"

Report Date: July 7, 2009

BRKL00309

Time Batch Method

DXB5 06/30/09 1147 880115 7

JXR1 06/26/09 1344 880114 8

Proiect:

ClientID: BRKLO005
Units DF  AnalystDate
pCi/g
pCi/g
pCi/g
Date © Time Priep'B;trcrlrlﬁ
06/24/09 1142 879813

o Ahalyst Comments

Result Nominal

Recovery®o

100

91.1

109
90.2
78.7

Acceptable Limits -

(15%—125%)

(15%—125%)
(15%—125%)
(15%—125%)
(25%—125%)



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory

Address:  Building 51

Upton, New York 11973——5000

Contact: Mr. John Burke

0.425

0.285

0.391

0.577

0.210
0.336

0.494

0.553
0.388

0.247
0.0505
0.130
0.0351
0.0759
0.096
231
0.0305
0.0187
0.244
0.299
0.0236
0.141
0.116

Project: Perimeter FHWMF
Client Sample 1D: 27274-003
Sample ID: 232172003
Matrix: Solid
Collect Date: 09—JTUN-09 10:10
Receive Date: 20—TUN=-09 09:30
Collector: Client
Moisture: 18.3%
Parameter Qualifier Result  Uncertainty
Gravimetric Solids
"As Received”
Rad Alpha Spec Analysis
Alphaspec Am241 Solid "Dry Weight Corrected”
Americium—241 U 0.0361 +/-0.181
Alphaspec Pu, Solid "Dry Weight Corrected”
Plutonium—238 U 0.0451 +/—0.120
Plutonium—239/240 U —-0.057 +—0.129
Alphaspec Th, Solid "Dry Weight Corrected"
Thorium—228 J 0.830 +—0.524
Thorium-230 J 0.641 +—0.416
Thorium—232 J 0.526 +/—0.384
Alphaspec U, Solid "Dry Weight Corrected”
Uranium—233/234 9} 0.436 +/—0.397
Uranium—235/236 ] 0.052 +—0.207
Uranium—238 ] 0.223 +—0.277
Rad Gamma Spec Analysis
Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected”
Actinium—227 U —0.0131 +/—0.137
Actinium—228 0.824 +/-0.118
Americium—241 U 0.0705 +/—0.0768
Antimony—124 U 0.00682  +/-0.0204
Antimony—125 U 0.00321 +/—0.0438
Antimony—126 0] 0.0794  +/-0.0592
Antimony—127 u 0.152 +/—1.31
Barium—133 U 0.00591  +/-0.0196
Barium—137m J 8.02 +/—0.391
Barium—140 U —0.16 +/—-0.156
Beryllium—7 DL -0.0154 +/-0.174
Bismuth—207 ] 0.022  +~0.0131
Bismuth—-211 J-Ul 1.80 +/—0.205
Bismuth-212 0.624 +/~0.129
Bismuth-214 0.555  +/-0.0595

0.0384

DL

RL

1.00

1.00

1.00

1.00

1.00
1.00

0.900

0.900
0.900

10000
0.800
0.200
0.100
0.200
10000
10000
0.100
10000
0.500
0.074
10000
10000
0.500
0.200

Proiect:

Report Date: July 7, 2009

Chient ID:

COC:

Samp Recv.:

BRKL00309
BRKL005
27274

Client Desc.: PFHWMF

Vol. Recv.:

Units

pCi/g

pCi/g
pCi/g
pCi/g

pCi/g
pCi/g

pCi/g

pCi/g
pCi/g

pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

DF

AnalystDate Time Batch Method

HAK 06/26/09 1455 879815 2
B

HAK 06/26/09 1455 879817 3
B

HAK 06/26/09 1446 879818 4
B

HAK 06/26/09 1944 879819 5
B

MXR107/02/09 0604 879862 6



Company :
Address :

Contact:
Project:

Parameter

GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Brookhaven National Laboratory
Building 51
Upton, New York 11973—5000

Mr. John Burke

Perimeter FHWMF

Client Sample ID: 27274-003

Sample ID: , 232172003
Qualifier Result  Uncertainty

Rad Gamma Spec Analysis

Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected”

Cadmium—109
Cadmium—115
Cerium—139
Cerium—141
Cerium—143
Cerium—144
Cesium—134
Cesium—135
Cesium—136
Cesium—137
Chromium—51
Cobalt—56
Cobalt-57
Cobalt—58
Cobalt—60
Europium—152
Europium—154
Europium—155
Gadolinium—153
lodine—126
lodine—131
[odine—133
lodine—135
Iridium—192
Iron—59
Lanthanum—140
Lead-210
Lead-211
Lead—212
Lead—214
Manganese—54
Mercury—-203
Molybdenum—99
Neodymium—147
Neptunium—239
Niobium—94
Niobium—95
Potassium—40
Praseodymium-—1i44
Promethium—144
Promethium—146
Promethium—149

J-Ul 1.76 +/—0.391
8] -1.94 +/—49.9

U -0.0068 +/-0.0103

] 0.0155 +-0.024

Ul 16800 +/=5150
U -0.0327 +/-0.0674
J-UI 0.0402  +/-0.0134
] 0.0577  +/-0.0639

u —0.015  +/-0.0391
8.48 +/-0.416
0.0947 +/—0.174
0.00287  +-0.0101
0.00176  +/-0.00834
—0.00639  +/-0.0095
0.00184 +/—0.00934
0.00823  +/-0.0387
-0.0208  +/-0.0283
0.0384  +/-0.0342
—0.016 +/-0.0281
0.0352  +/-0.0805
-0.0571 +/—0.0961
—1.37E+05 +/—1.35E+06
—1.20E+23 +/-6.51E+23
—-0.0101 +/-0.0143
0.00451 +/-0.0238
0.0083 +/—0.0341
2.23 +/=2.96

-0.24 +/—0.436

CECCCCCCCCCCCE‘CQCC

0.873  +/-0.0761

0.626 +/-0.078

DL  0.00651 +/-0.0142

] 0.00637  +/—0.0184

J-Ul1 6.23 +/-20.6

U -0.0797 +—0.350

U —0.00105  +/-0.0601

U 0.000811 +/-0.00861

J-U1 0.0242  +/-0.0128

7.79 +/-0.645

] —0.084 +/-0.617

U —0.00123 +/-0.00906

U 0.00435 +/-0.0224
J-Ul 75.0 +/—416

DL

0.425
0.00
0.0177
0.0425
0.00
0.118
0.0228
0.103
0.0645
0.0198
0312
0.0176
0.0149
0.0159
0.0162
0.0685
0.0468
0.0621
0.0449
0.126
0.167
0.00
0.00
0.0252
0.0402
0.0506
5.62
0.708
0.0342
0.0492
0.0173
0.0293
0.00
0.590
0.107
0.0151
0.021
0.134
1.08
0.0158
0.0388
0.00

‘RL

10000
10000
0.050
0.100
10000
0.500
0.100
10000
0.300
0.010
0.600
0.100
0.007
0.100
0.011
0.200
0.500
0.500
10000
10000
10000
10000
10000
0.100
0.300
10000

4.00
16000
0.100
0.100
0.008
0.100
10000

1000

2.00

1.00
0.050
0.180
10000
0.080

1.00
10000

Proiect:

Report Date: July 7, 2009

BRKL00309

Client ID: BRKLO005

Units

pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

DF  AnalystDate Time Batch Method



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analvsis

Company : Brookhaven National Laboratory
Address:  Building 51
Upton, New York 11973-—5000
Report Date:  July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF

Client Sample ID: 27274-003 Project: BRKL00309
) Sample ID: 232172003 ~ ClientID: BRKL005
Parameter Qualifier Result  Uncertainty DL RL Units DF AnalystDate Time Batch Method

Rad GammaSpec Aﬁalysis
Gammaspec, Gamma, Solid (Long List) "Dry Weight Corrected"”

Protactinium—231 U 0.284 +/—0.565 1.02 10000 pCi/g
Protactinium—233 U 0.0088  +/-0.0242 0.0433 10000 pCi/g
Protactinium-234 U 0.0172  +/-0.0692 0.119 10000 pCi/g
Protactinium—234m U 1.49 +/-1.54 2.70 10000 pCi/g
Radium—223 U —0.141 +/—0.283 0.436 10000 pCi/g
Radium—224 J-UI 2.49 +/—0.485 0.389 10000 pCi/g
Radium—226 0.555  +/-0.0595 0.0384 0.026 pCi/g
Radium—-228 0.824 +—0.118 0.0505 0.500 pCi/g
Radon—-219 U -0.0335 +/—0.181 0.315 10000 pCi/g
Rhodium—106 U 0.0431 +/—0.104 0.176 10000 pCi/g
Ruthenium—103 U 000308  +/-0.0202 0.0345 10000 pCi/g
Ruthenium-106 U 0.0431 +—0.104 0.176 0.800 pCi/g
Scandium—~46 U 0.00117 +/-0.00967 0.0166 10000 pCi/g
Selenium—75 U  0.00316 +/-0.0189 0.0302 10000 pCi/g
Silver—108m U -0.0158 +/-0.0156 0.0265 10000 pCi/g
Silver—110m Ul 0339  +/-0.0266 0.0413 0.080 pCi/g
Sodium—22 DL -0.00973  +/~0.0102 0.0168 0.010 pCi/g
Sodium—24 Ul 4.31E+08 +/-~1.39E+09 0.00 10000 pCi/g
Strontium—85 J-UI 0.0327  +/-0.0169 0.0264 10000 pCi/g
Tantalum—182 U  —-0.0039 +/-0.0461 0.0795 10000 pCi/g
Technetium—99m U —1.25E+25 +/-4.33E+25 0.00 10000 pCi/g
Tellurium-123m U -0.00288 +/—-0.00985 0.0171 10000 pCi/g
Tellurium—-125m U 4.13 +/~3.23 5.84 10000 pCi/g
Tellurium—132 9} 0.613 +/—1.43 2.44 10000 pCi/g
Thallium—208 0.260  +/—0.0298 0.0198 0.080 pCi/g
Thorium—227 U —0.0131 +-0.137 0.247 10000 pCi/g
Thorium—228 0.873  +/-0.0761 0.0342 0.021 pCi/g
Thorium—229 U -0.09 +—0.189 0322 10000 pCi/g
Thorium—230 J 0.555  +/-0.0595 0.0384 1.00 pCi/g
Thorium—231 U ~0.141 +/-0.283 0.436 10000 pCi/g
Thorium—232 J 0.824 +/—0.118 0.0505 10000 pCi/g
Thorium—234 U 0.936 +/~0.854 0.956 5.00 pCi/g
Tin—113 U 0.00905 +/—0.0201 0.0353 0.100 pCi/g
Tin-117m U 0.00308 +~0.0273 0.0477 10000 pCi/g
Tin—126 J-UI 0.171 +/—0.038 0.0416 10000 pCi/g
Uranium—-234 J 0.555  +/~0.0595 0.0384 10000 pCi/g
Uranium—235 U 0.0754  +/-0.0689 0.121 0.500 pCi/g
Uranium—238 U 0.936 +/—0.854 0.956 1.00 pCi/g
Vanadium—48 U 0.00037 +/-0.0229 0.0388 10000 pCi/g
Yttrium—88 U  0.00686 +/—0.00951 0.0167 0.100 pCi/g
Zinc—65 U -0.00699  +/—0.0245 0.0346 0.300 pCi/g
Zirconium—95 J-ut 0.0415  +/-0.0213 0.0352 0.200 pCi/g



GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address :  Building 51
Upton, New York 11973—5000
Report Date:  July 7, 2009
Contact: Mr. John Burke

Project: Perimeter FHWMF

Client Sample ID: 27274-003 Proiect: BRKL00309

Sample ID: 232172003 ~ ClientID: BRKL00S
Parameter Qualifier Result  Uncertainty DL RL Units DF  AnalystDate Time Batch Method

Rad Gas Flow Prroprofrtrional Counting
GFPC, Gross A/B, solid "Dry Weight Corrected”

Alpha 11.9 +/~-3.92 2.80 4.00 pCi/g DXBS5 06/30/09 0851 880115 7
Beta 20.9 +/—3.58 3.55 10.0 pCi/g
GFPC, Sr90, solid "Dry Weight Corrected"
Strontium—90 6] 0.0276 +/—0.467 0.873 2.00 pCi/g JXR1 06/26/09 1344 880114 8
The following Prep Methods were performed S e L

Method Description Analyst Date Time Prep Batch

Dry Soil Prep Dry Soil Prep GL-RAD-A-021 "~ DRSI  06/24/09 1142 879813

The following Analytical Methods were performed o )

Method Description Analyst Comments

[  ASTM D 2216 (Modified) - V ' ’ -

2 DOE EML HASL—-300, Am—05—RC Modified

3 DOE EML HASL-300, Pu—11-RC Modified

4 DOE EML HASL-300, Th—01-RC Modified

5 DOE EML HASL-300, U-02—-RC Modified

6 EML HASL 300,4.5.2.3

7 EPA 900.0/SW846 9310 Modified

8 EPA 905.0 Modified

Surrogate/Tracer recovery Test Result Nominal Recovery% Acceptable Limits
Americium—243 Tracer Alphaspec Am241 Solid "Dry Weight 99.8 (15%—125%)

Corrected"

Plutonium—242 Tracer Alphaspec Pu, Solid "Dry Weight Corrected" 94.0 (15%—125%)
Thorium—229 Tracer Alphaspec Th, Solid "Dry Weight Corrected" 101 (15%—125%)
Uranium—232 Tracer Alphaspec U, Solid "Dry Weight Corrected" 93.2 (15%—125%)

Strontium Carrier GFPC, Sr90, solid "Dry Weight Corrected" 70.1 (25%—125%)



(+odwes) - 4do33 ppayd - (+) ACUNIAT10D

Loday Ipim U3 01 pawimay - {g) NITYO

4910y 40 qe7 - {2} WNId

sajdiurs im séos - (1) JUHAM UoRnquasiq

Qlore4INg

sumnud)g

aameudig

P Po §\ asmeudis

Iy

Ly

Jmﬂ\\Q\,v J\Yw\w H&BN\ g

( Yaapo sheq
=0 gEQ el (g ) umin
:pasnbay awiy punosy-wng
»._uEEzﬁ mnin :23maeg meg
404 ALY O

2wl | A1eQ/Ag pasEasy

awiy) jAIeCyAE PBAIR3RY T |

Al @14 PaAIaIaY |

(UL
gy Ag _nmunn_n_{ Wy oL wmay 0
esods)q ajdweg g Jotnuad

araeudis asmeufis g ) ~ /# W®4 m Q g T w aimituB)g
Ly g g

E ? = LW

aw) | mrqyAg paysinbulpy

aw| yacqyég paismbuysy T

sy feey/Ag paysinblEy |

//\,\H\N\/
/
/
/
~—
™ — 119|777 TN TS SN 0S| T A S5 T |9]00]
X | |— 1D~ PR TS S 5 ADes) FO7 | 59 57300
X — 112771 ] SvE9) SN AL Q9 N = O Pl7icn0
X — 19|77/ ‘Fo2ern QA A Q07 9 d_Pp?%0
X[ =197/ P A4Sy || G55 5D 7950
X — 12|77/ g/ "ys08 S INShSI 9-G 2D 29hm|
— 27/ P S | N[ ohS] M- 2 D[Is0
X | |—[19]77 Yy T rsey 9D IAsEsT T T Pl
X | [=—1[D[7] [(557%D) 77> o TS 90 |NSESTIF[Fll O 150-90 DDI00 |
W w W m m m, m.,. m. W = %E.EJM:E%_u_n_s._m_ea__ﬂnﬁ — . — — = .mﬁxn\m_ﬂmes e e i ..s. an._&a -
.m . C.w m “ f IP \4 \d\% ﬂ\l % RUaWWDD
g W — — 7] PS-FWwhi3 B |
.MM. mau:_m:m Pl o . Lmuu:nz.bumn.i .\ : X . mweN wfong T .
. T S e AT 7 e I —
drz as A auoyy m‘w adag \A\l\w ‘ 10N 173y
pEy mes| FLTC ™ @ L0 © N
VAT ey m\w\:\\.ﬁw BN ToTT T e
EBEBB |opdeuy sonenuoy Sujdwes - . 4g pasanbay sjsdpeuy c
AQOLSND 40 NIVHD DNIMdWYS —10a aq3 sunboy
pmsanbay stsdjeuy . ° X
#°0d AYOIVYODEYT TYVNOILVN

z_%&s%o LpegS

# lghean e

NINJHHO0YY
L

‘m! _oq{aa

)

C(SSS

I,
| )

)




Company :

Address :

Contact:
Project:

GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 — (843) 556-8171 - www.gel.com

Certificate of Analysis

Brookhaven National Laboratory
Building 51

Upton, New York 11973—5000
Mr. John Burke

Analytical Services Lab—Summary

Report Date:  September 19, 2007

Client Sample ID: 24765~001 Proiect: BRKLOO506
. Sample ID: 193557001 Client ID: BRKL00S
Matrix: Vegatation COC: 24765
Collect Date: 06-SEP-07 15:25 Samp Recv.:
Receive Date: 12—-SEP-07 09:30 Client Desc.: C6-08
Collector: Client
Parameter Quualifier Result  Uncertainty DL RL Units DF AnalystDate Time Batch Method
Rad Gamma Spec Analysis
Gammaspec, Gamma, Solid (Sandard List)
Cesium~137 U 0.121 +/-0.0808 0.140 0.200 pCi/g MIJH| 09/1B/07 0910 684062 1
-Potassium—40 6.88 +/—1.58 0.989 0.500 pCi/g
The following Prep Methods were performed
Method Description Analyst Date Time Prep Batch
Dry Soil Prep Dry Soil Prep GL-RAD-A-021 LXM2 09/13/07 1606 682828

The following Analytical Methods were performed

Method

Description

Analyst Camments

[

EML HASL 300, 4.5.2.3

CL Ouwlside

Page 22 of 327

avea. C@—Y‘qss)



GEL LABORATORIES LLC

2040 Savage Road Charleston 8C 29407 — (843) 556-8171 — www.gel.com

Certificate of Analysis

Company : Brookhaven National Laboratory
Address :  Building 5}
Upton, New York 1973—5000

Report Date:  September {9, 2007
Contact: Mr. John Burke

Project: Anulytical Services Lab—Summury
Client Sample ID: 24765-002 Project: BRKLO0506
Sample ID: 193557002 ClientID: BRKLOO05
Matrix: Vepatation COocC: 24765
Collect Date: 06-SEP-07 15:35 Samp Recv.:
Receive Date: 12-SEP-07 09:30 Client Desc.: C6
Collector: Client
Parameter Qualifier Result  Uncertainty DL RL Units DF  AnalystDate Time Batch Method
Rad Gamma Spec Analysis
Ganimaspec, Gamma, Solid (Standard 1is1)
Cesium—137 0.65! +/-0.122 0.0885 0.200 pCilg MIH1 09/18/07 1112 684062 1|
Potassium—40 4.4( +/-1.18 0.840 0.500 pCifg
The following Prep Methods were performed
Method Description Annalyst Date Time Prep Batch
Dry Sail Prep Dry Soil Prep GL-RAD-A-011 LXM2 09/13/07 1606 682828

The {ollowing Analytical Methods were performed
Method Description Anglyst Comments

1 EML HASL 300, 4.5.2.3

6 ('6:4511\/ P/anvl)
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