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EXECUTIVE SUMMARY

The Department of the Navy has prepared this Radiological Addendum to the Revised
Feasibility Study Report for Parcel C (Addendum) to address potential radioactive contamination
in buildings, former building sites, soil, groundwater, and storm water and sanitary sewers within
Parcel C at Hunters Point Shipyard (HPS). HPS is a deactivated Department of the Navy (DON)
shipyard on San Francisco Bay in southeastern San Francisco, California. This Addendum
provides information to support the future Proposed Plan and Record of Decision (ROD) byre-
evaluating remedial alternatives that address soil, groundwater, buildings, and storm water and
sanitary sewers that may pose a radiological risk.

The primary purpose of this Addendum is to provide decision makers and stakeholders with the
information necessary to select a final remedy for radiologically-impacted buildings (203, 205
and its discharge channel, 211, 214, 224, 241, 253, 271, and 272), and the storm water and
sanitary sewer system. This is accomplished through the development and evaluation of
remedial alternatives. The alternatives in this document are similar to those identified in the
Revised Feasibility Study Report for Parcel C (SulTech, 2007). In addition, alternatives are
recommended for Parcel C radiologically-impacted buildings and the storm water and sanitary
sewer system. The following steps were used to achieve this purpose:

1. Development of a conceptual site model that summarizes the Hunters Point Shipyard
and Parcel C historical background, nature of the contaminant release, environmental
media impacted, fate and transport of radionuclides of concern in the environment,
potential receptors and exposure pathways, and a risk assessment.

2. Development of remedial action objectives for radioactively contaminated media.

3. Development of general response actions (e.g., remediation, demolition, excavation,
or containment) that may be taken to satisfy the remedial action objectives. The
general response actions are similar in scope to those established in the Revised
Feasibility Study Report for Parcel C (SulTech, 2007) along with additional general
response actions for radiologically-impacted buildings and the storm water and
sanitary sewer system.

4. ldentification of radiologically-impacted buildings where general response actions
will be applied.

5. Identification and evaluation of technology options applicable for each general
response action based on the ability of each to achieve the remedial action objectives,
technical and administrative implementability, and cost.

6. Delineation of selected representative technologies and process options as they
correspond to different general response actions to develop a range of remedial
alternatives.
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7. Detailed analysis of remedial alternatives based on seven of the nine evaluation
criteria in the National Oil and Hazardous Substances Pollution and Contingency
Plan (40 Code of Federal Regulations, 8 300.430 [e][9][iii]).

8. Comparative analyses of alternatives for each of the evaluation criteria to identify the
relative advantages and disadvantages of each alternative.

HPS is a former DON shipyard located in the extreme southeast of the City and County of San
Francisco, California on a promontory extending eastward into San Francisco Bay. Currently,
HPS property includes approximately 866 acres, about 446 of which are offshore.

The shipyard is divided into six parcels: B, C, D, E, E-2, and F. The shipyard property previously
included Parcel A, which was transferred to the San Francisco Redevelopment Agency in
December 2004 and is no longer DON property. This Addendum focuses on Parcel C only.

Parcel C is located in the northeast-central quadrant of Hunters Point Shipyard. Multiple
buildings (203, 205 and its discharge channel, 211, 214, 224, 241, 253, 271, and 272), storm
drains and sanitary sewer piping are considered radiologically-impacted. Radiological operations
within these areas included suspected burning of radiologically-contaminated fuel from
OPERATION CROSSROADS ships, pumping potentially contaminated water from Drydock 2,
storage of low-level radioactive waste by a contractor, Naval Radiological Defense Laboratory
Health Physics counting room, storage of samples from atomic weapons testing, use of firebrick
containing naturally radioactive material, radiography source operations, potential radium paint
use and disposal, and maintenance and storage of radioluminescent devices. Drydocks 2, 3, 4,
and the ships’ berths are not part of Parcel C, having been reassigned to Parcel F. The table
below shows the various Parcel C structures, their impacted redevelopment block number,
planned reuses, and exposure scenario.

Impacted

Building/Site Number Redevelopment Block Planned Reuse Reuse Scenario?
203 23 Research and Development Residential
205 and Discharge Channel 22 Educational/Cultural Industrial
211 25 and COS-3 Educational/Cultural and Open Space ::?:Cursegti?(:na;}d
214 20B Educational/Cultural Industrial
224 25 Educational/Cultural Industrial
241 18 Research and Development Residential
253 25 Educational/Cultural Industrial
271 24 Research and Development Residential
272 24 Research and Development Residential
Sanitary Sewers All Blocks {Tsdelfsg:]iglhg/sligi?gxg%’:\t/rei?;bm;ﬁd Residential
Storm Drains All Blocks wg;sé:]iglhggggrté?;:g%’:\t/g:ﬂbm;ﬁd Residential
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Notes:

& The most conservative risk model appropriate for the given planned reuse was utilized.

Most of Parcel C is situated in the lowlands, with surface elevations between zero and ten feet
above mean sea level (SulTech, 2007). No threatened or endangered species are known to
inhabit Parcel C whose ecology is limited to plant and animal species adapted to an industrial
environment. Viable terrestrial habitat is inhibited at Parcel C because more than 90 percent of
the ground surface is covered by pavement and former industrial buildings (SulTech, 2007).

The radionuclides of concern associated with Parcel C buildings include cesium-137, cobalt-60,
plutonium-239, radium-226, strontium-90, thorium-232, potassium-40, and naturally occurring

radioactive materials found in firebrick (primarily thorium-232). The radionuclides of concern

associated with the Parcel C storm water and sanitary sewers are cesium-137, radium-226, and

strontium-90 (Naval Sea Systems Command, 2004).

Radioluminescent devices were commonly used on Navy ships and shore installations through
the late 1960s. The radionuclides associated with these devices are radium-226 and strontium-
90. In addition to being used as a Department of the Navy shipyard, Hunters Point Shipyard was
home to the nascent Radiation Safety Section and its Radiation Laboratory and their successor
the Naval Radiological Defense Laboratory whose primary mission was to study the effects of
atomic weapons. Numerous ships that participated in atomic weapons testing from 1946 through
the early 1960s were returned to Hunters Point Shipyard for storage before disposal,
decontamination and experimentation with decontamination techniques. Many of these ships
participated in the two original atomic weapons tests at Bikini Atoll during OPERATION
CROSSROADS in 1946. Ships’ berths (piers) are known locations of decontamination
operations, and residues from these operations were potentially discharged into both San
Francisco Bay and the sanitary and storm drain system. Only discharges into the sanitary and
storm drain system in Parcel C are considered in this addendum.

Originally, the sanitary and storm water sewer systems were combined with outfalls to San
Francisco Bay. The DON attempted to separate these systems at various times during HPS
operations, but the lines were never completely separated. Therefore, some lines remain
combined today. The lines are considered radiologically-impacted because operations at HPS
resulted in the disposal of radioactive materials through these systems. These included materials
from ship and personnel decontamination, fallout samples, and radioactive materials from the
refurbishment of radioluminescent devices, including radium-bearing paint.

The geologic setting at Parcel C includes the following geologic units, from youngest
(shallowest) to oldest (deepest): Artificial Fill, Undifferentiated Upper Sand Deposits, Bay Mud
Deposits, Undifferentiated Sediments, and Bedrock. The hydrostratigraphic units at Parcel C are
the A-aquifer, the Bay Mud aquitard zone, the B-aquifer, and a bedrock water-bearing zone
(SulTech, 2007). Parcel C groundwater has not been analyzed for radiological constituents.
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The remedial action objectives for radionuclides of concern in Parcel C were developed based on
the media of concern, potential exposure pathways, and applicable or relevant and appropriate
requirements. The following remedial action objectives were identified for radiologically-
impacted buildings and the storm water and sanitary sewer system:

e Prevent ingestion, dermal contact, or inhalation of ROCs in concentrations that
significantly exceed background concentrations.

e Assure that the total effective dose from radiologically-impacted sites to any member
of the public does not exceed 25 millirems per year.

e Ensure that the increased lifetime cancer risk does not exceed the risk range of 10°° to
10™ for future use scenarios.

The following alternatives were identified in the Revised Feasibility Study Report for Parcel C
(SulTech, 2007) and modified to satisfy the remedial action objectives listed above. The
alternatives are grouped S for soil, GW for groundwater, and R for radiologically-impacted sites.

e Alternative S-1: No Action: For this alternative, no remedial action would be taken.
Radionuclides of concern would be left in place. The no-action response is retained
through the evaluation process as required by the National Oil and Hazardous
Substances Pollution Contingency Plan to provide a baseline for comparison with
other alternatives.

e Alternative S-2: Institutional Controls and Maintained Landscaping: Alternative S-2
includes institutional controls and maintained landscaping that together would meet
all applicable or relevant and appropriate requirements and remedial action
objectives. The ICs include parcel-wide access restrictions and covenants to restrict
use of impacted property for all redevelopment blocks. Maintained landscaping
would also prevent potential exposure to asbestos that may be present in surface soil
and transported by wind erosion that would not be addressed by institutional controls
alone.

e Alternative S-3: Excavation, Disposal, Institutional Controls, and Maintained
Landscaping: Alternative S-3 consists of excavation, off-site disposal, institutional
controls, and maintained landscaping similar to Alternative S-2. Areas with elevated
concentrations of lead, mercury, zinc, and organic chemicals would be excavated to
reduce the concentrations of these chemicals to meet remediation goals.

e Alternative S-4: Covers and Institutional Controls: Alternative S-4 consists of covers
(physical barriers) to block the exposure pathway to soil chemicals and institutional
controls over all the redevelopment blocks similar to Alternatives S-2 and S-3.

e Alternative S-5: Excavation, Disposal, Covers, Soil VVapor Extraction, and
Institutional Controls: Alternative S-5 consists of a combination of soil excavation
and off-site disposal, covers, soil vapor extraction, and institutional controls. This
alternative was developed as a combined alternative to 1) remove and dispose of
lead, mercury, zinc, and organic chemicals of concern as described in Alternative S-
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3, 2) implement and maintain block-wide covers as described in Alternative S-4, and
3) implement the appropriate institutional controls.

e Alternative GW-1: No Action: For this alternative, no remedial action will be taken
for groundwater. Groundwater will be left as is, without implementing any response
actions. The no-action response is retained throughout the evaluation process as
required by the National Oil and Hazardous Substances Pollution Contingency Plan
to provide a baseline for comparison with other alternatives.

e Alternative GW-2: Long-term Groundwater Monitoring and Institutional Controls:
Alternative GW-2 consists of groundwater monitoring and institutional controls.
This alternative was developed as a method for monitoring contaminants present at
low concentrations in groundwater. Additionally, groundwater monitoring would be
used to confirm site conditions. Institutional controls are also included in this
alternative to effectively manage risk by preventing exposure from use of the
groundwater. Groundwater monitoring for the radionuclides of concern would be
used to confirm site conditions and ensure that, over time, the potential exposure
pathway remains incomplete. It is assumed that 132 groundwater wells in Remedial
Unit-C1, Remedial Unit-C2, Remedial Unit-C4, and Non-Plume areas that are in or
near radiologically-impacted buildings will be analyzed for radionuclides of concern
when sampled for chemicals of concern.

e Alternative GW-3A: In-situ Bioremediation, Long-Term Groundwater Monitoring,
and Institutional Controls: Groundwater Monitoring and Institutional Controls:
Alternative GW-3A consists of in-situ sequential anaerobic then aerobic treatment
of the chemical plumes followed by monitored natural attenuation, and institutional
controls similar to Alternative GW-2. Groundwater monitoring for the
radionuclides of concern would be used to confirm site conditions and ensure that,
over time, the potential exposure pathway remains incomplete. It is assumed that
132 groundwater wells in Remedial Unit-C1, Remedial Unit-C2, Remedial Unit-C4,
and Non-Plume areas that are in or near radiologically-impacted buildings will be
analyzed for radionuclides of concern when sampled for chemicals of concern.

e Alternative GW-3B: In-situ Zero-Valent Iron Reduction, Bioremediation, Long-Term
Alternative GW-3B includes an initial stage of zero-valent iron reduction at
appropriate plumes followed by bioremediation. Zero-valent iron is injected as a
slurry to create a chemically reducing environment in the aquifer that breaks down
the chlorinated chemicals. Alternative 3B also includes the option to use
bioremediation at plumes where further treatment is required or where aerobic
treatment is necessary. These alternatives were selected to reduce the required time
to meet the groundwater remedial action objectives compared to institutional
controls alone. Groundwater monitoring for the radionuclides of concern would be
used to confirm site conditions and ensure that, over time, the potential exposure
pathway remains incomplete. It is assumed that 132 groundwater wells in Remedial
Unit-C1, Remedial Unit-C2, Remedial Unit-C4, and Non-Plume that are in or near
radiologically-impacted buildings will be analyzed for radionuclides of concern when
sampled for chemicals of concern.
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e Alternative R-1: No Action: No remedial action would be taken for radiologically-
impacted sites. The no-action response is retained through the evaluation process as
required by the National Oil and Hazardous Substances Pollution Contingency Plan
to provide a baseline for comparison with other alternatives.

e Alternative R-2: Survey, Decontamination, Disposal, Release, and Institutional
Controls: Alternative R-2 consists of decontamination of radiologically-impacted
buildings and dismantlement if necessary. Buildings, trenches resulting from sewer
and storm line removal, and remediated storm drain and sanitary sewer piping and
associated soils would be surveyed to meet the remediation goals. The Building 205
shaft below 10 feet would not be surveyed or released due to the building’s
deteriorated condition, health and safety hazards, and other uncertainties.
Institutional controls would be assigned to the Building 205 shaft below 10 feet and
associated piping.

e Alternative R-3: Survey, Decontamination, Disposal, Release, Close In-Place, and
Institutional Controls: Buildings, trenches resulting from sewer and storm line
removal, and remediated storm drain and sanitary sewer piping and associated soils
would be radiologically surveyed, decontaminated, or dismantled and disposed of as
necessary to meet the remediation goals. This alternative assumes that the Building
205 shaft below 10 feet will not be released. It will be closed in-place with
backfilled stone and a concrete cap, and institutional controls will be assigned.

Each remedial alternative developed in the Revised Feasibility Study Report for Parcel C
(SulTech, 2007) and this Addendum was evaluated in comparison to the two threshold and five
balancing National Oil and Hazardous Substances Pollution Contingency Plan evaluation
criteria. Comparison to the two modifying criteria of regulatory and community acceptance will
be included in the final Revised Feasibility Study Report for Parcel C report, this addendum, and
future proposed plans after comments are received. Further discussion of these criteria is not
included in this report. A comparative analysis was then conducted to evaluate the relative
performance of the five soil, four groundwater, and three radiologically-impacted site remedial
alternatives developed for Parcel C.

An overall rating was assigned to each alternative. Each of Alternatives S-2 through S-5 meets
the threshold criteria. Alternative S-5 is rated excellent overall for the two threshold and five
balancing National Oil and Hazardous Substances Pollution Contingency Plan evaluation
criteria. Alternative S-5 is the most effective, with both excavation and covers, and no additional
cost ($zero million) associated with the radiological support required. Alternative S-3, rated
good, is more effective than Alternative S-2 because contaminants are removed and no additional
cost ($zero million) is required. Alternative S-4, rated very good, is not more effective than
Alternatives S-3 or S-5 and is similar in cost ($zero million) to Alternative S-2. Alternative S-2,
rated good, is easiest to implement and costs ($zero million). Alternative S-1 is rated not
acceptable.
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Alternatives GW-3A and GW-3B, which only sample and analyze for radioactive material, are
rated very good. Alternative GW-3A has an additional cost of $2.28 million and

Alternative GW-3B has an additional cost of $2.34 million for radiological monitoring.
Alternative GW-2, rated good, is easy to implement at an additional cost of $1.2 million.
Alternative GW-1 is rated as not acceptable.

Alternative R-3, rated very good, has the highest overall rating and cost of $29.7 million.
Alternative R-2 is rated as next highest with the next highest cost of $29.0 million and
Alternative R-1 is rated not acceptable.

Figure ES-1 summarizes the results of this evaluation.
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ABBREVIATIONS AND ACRONYMS

8 section

AEC Atomic Energy Commission

ALARA as low as reasonably achievable

ARAR applicable or relevant and appropriate requirement
ARIC area requiring institutional control

BRAC PMO Base Realignment and Closure Program Management Office West
CCR California Code of Regulations

CDPH California Department of Public Health
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CFR Code of Federal Regulations
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%co cobalt-60
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DoD Department of Defense
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ELCR excess lifetime carcinogenic risk
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hr hour
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Multi-Agency Radiation Survey and Site Investigation Manual
maximum contaminant level

millirem per year

mean sea level
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1.0 INTRODUCTION

The Department of the Navy (DON) has prepared this Radiological Addendum to the Revised
Feasibility Study Report for Parcel C (Addendum) under Remedial Action Contract (RAC)
N62473-06-D-2201, Contract Task Order (CTO) No. 0006 to address potential radioactive
contamination in buildings, former building sites, soil, groundwater, and storm water and
sanitary sewer systems situated within Parcel C at Hunters Point Shipyard (HPS), San Francisco,
California. The DON is represented by the Base Realignment and Closure Program
Management Office West (BRAC PMO), Naval Facilities Engineering Command, Southwest
(NAVFAC SW), and the Navy’s Radiological Affairs Support Office (RASO). This Addendum
supplements the Revised Feasibility Study (FS) Report for Parcel C (SulTech, 2007) prepared
under RAC No. N62473-06-D-2201, CTO 0003, which addresses chemical contamination, but
not the radiological hazards associated with Parcel C. This Addendum concentrates specifically
on Parcel C and, with the exception of any HPS background information that is needed for
clarity, does not repeat the historical or background documentation provided in the Revised FS
Report (SulTech, 2007).This Addendum complies with the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), as amended by the Superfund
Amendments and Reauthorization Act of 1986, and the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP).

HPS has been divided into six parcels: B, C, D, E, E-2, and F. The former Parcel A has been
transferred to the San Francisco Redevelopment Agency. Parcel C has experienced several
boundary changes over the years. Installation Restoration (IR) Sites 06 and 25 were transferred
from Parcel B to Parcel C in 2002 and a portion of Parcel A was transferred to Parcel C in 2004.
This Addendum addresses the area within the Parcel C boundary as redefined in March 2004.

Parcel C is at the feasibility study (FS) stage in the CERCLA remedial process. Draft and Draft
Final FS Reports were developed in 1997 and 1998 for Parcel C. Following the Draft Final FS
Report, the Navy and the regulatory agencies conducted a risk management review that refined
the areas for the proposed response action. The Navy then conducted an interim removal action
at Parcel C and a groundwater data gaps investigation. The Revised FS Report for Parcel C
(SulTech, 2007) updated the 1998 report and included additional information from remedial
activities performed in the interim. This Addendum addresses potential radiological hazards
associated with Parcel C,

1.1 PURPOSE

This Addendum provides decision-makers and stakeholders with the information necessary to
select final remedies for groundwater, buildings and associated structures, and storm water and
sanitary sewer system components that are radiologically-impacted. Alternatives are presented
for those Parcel C sites affected by the radionuclides of concern (ROCs) identified in the
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Historical Radiological Assessment (HRA) (Naval Sea Systems Command [NAVSEA], 2004).
The overall objective of this document is provide information to support a future Proposed Plan
that would align the final radiological remedy for Parcel C with its planned reuse.

The designation “radiologically-impacted” means that a site (buildings and associated structures,
groundwater, and storm water and sanitary sewer components) has the potential for radioactive
contamination based on available historical information or is known to be contaminated with
radioactive material based on survey results. For the purposes of this document, radiologically-
impacted sites will be referred to as “impacted”. An assessment of these impacted Parcel C sites
is documented in the HRA (NAVSEA, 2004).

The following guidelines were used for preparation of this Addendum:

e Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA; Interim Final — U.S. Environmental Protection Agency (EPA) Guidance
(EPA 540-G-89-004) (EPA, 1988).

e Technology Screening Guide for Radioactively Contaminated Sites — EPA Guidance
(EPA 402-R-96-017) (EPA, 1996).

e The National Oil and Hazardous Substances Pollution Contingency Plan (NCP)
(Title 40 of the Code of Federal Regulations [CFR], Section 300.430 [40 CFR 300]).

e Establishment of Cleanup Levels for CERCLA Sites with Radioactive Contamination,
Attachment A, USEPA, OSWER Directive 9200.4-18 (EPA, 1997).

The radiological cleanup alternatives (surveys and remediation) proposed in this document will
be performed and coordinated in conjunction with the chemical CERCLA remediation
alternatives proposed in the Revised FS Report for Parcel C. This Addendum: 1) helps ensure
that worker, public, and environmental exposure to radioactivity is as low as reasonably
achievable (ALARA), and 2) evaluates the combined chemical and radiological risk. The
Addendum to the Revised FS Report evaluates remedial alternatives to address the impacted
sites identified in the HRA (NAVSEA, 2004). The buildings and structures that were designated
as impacted include Building 203, Building 205 and its discharge tunnel, Buildings 211, 213,
224, 241, 253, 271, and 272 as well as the Parcel C storm water and sanitary sewer systems.

This Addendum includes the following components:

e Development of a Conceptual Site Model for radiological contamination, including a
risk evaluation.

e Identification of the radionuclides of concern (ROCs) and development of the
Remedial Action Objectives (RAOS).

¢ Identification of potential applicable or relevant and appropriate requirements
(ARARs) for radionuclides.

2201-0006-0077 FnlRadAdd_RevFS_Parcel C 1-2 Final Radiological Addendum
to the Revised Feasibility Study Report for

Parcel C, Hunters Point Shipyard

DCN: ECSD-2201-0006-0077

CTO No. 0006



e Evaluation of additional costs for soil and groundwater alternatives to include
radionuclides.

e Development and identification of remedial alternatives for relevant media for
radioactive contamination.

e Evaluation of the remedial alternatives.

A Proposed Plan will be prepared in the future that will align the final radiological remedy for
Parcel C with its planned reuse. Both the radiological and chemical contaminants will be
addressed in the Proposed Plan.

1.2 ORGANIZATION OF ADDENDUM

This Addendum has been organized into the following sections:

e Section 1.0: Introduction — This section describes the purpose of this addendum,
guidance documents used in its preparation, and organization of the report.

e Section 2.0: Parcel C Site History and Characterization — This section presents
the site history focusing on the use of radioactive material, potential sources and
mechanisms for release of the ROCs, environmental media impacted, fate and
transport of the radionuclides in the environment, potential receptors, and exposure
pathways.

e Section 3.0: Risk Evaluation Summary and Remediation Goals — This section
summarizes radiological risk to human health based on the conditions in impacted
structures, storm water and sanitary sewer systems, the planned future land and
building use, and remediation (cleanup) goals for the ROCs (NAVSEA, 2004).

e Section 4.0: Remedial Action Objectives, General Response Actions, and
Process Options — This section discusses remedial action objectives (RAOs),
including identification of ARARS, and identification and screening of potential
general response actions (GRAS) to satisfy the RAOs.

e Section 5.0: Development and Description of Remedial Alternatives — This
section includes a detailed description of the remedial alternatives based on the
process options selected in Section 4.0 to satisfy the RAOs. Process options
recommended for consideration are assembled, singularly or in combination, to
create remedial alternatives.

e Section 6.0: Detailed Analysis of Remedial Alternatives — This section presents a
detailed evaluation of alternatives with respect to the evaluation criteria specified in
the NCP (40 CFR, § 300.430[e][9][iii]) to address statutory requirements and
preferences of the CERCLA.

e Section 7.0: References — This section includes references used to prepare this
document.Tables and figures are included following the text. Supporting data,
calculations, and evaluations for this Addendum are presented in the following
appendices:
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e Appendix A: Parcel C Risk Screening Analysis presents detailed analyses and
discussion of the risks associated with Parcel C residual radioactivity.

e Appendix B: Remedial Action Alternative Cost Summary Sheets presents
detailed costs and associated assumptions for each alternative.

e Appendix C: Applicable or Relevant and Appropriate Requirements (ARARS)
identifies and evaluates the applicability of potential federal and State of California
ARARs to the alternatives.

e Appendix D: Response to Comments for the Draft Final Radiological
Addendum to the Revised Feasibility Study Report for Parcel C presents
regulatory agency comments and responses.
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2.0 PARCEL CSITE HISTORY AND CHARACTERIZATION

This section summarizes the site history as it applies to the use of radioactive materials, potential
sources of radiological contamination, nature of release, environmental media impacted, fate and
transport of ROCs potentially present at Parcel C, potential receptors, and exposure pathways.

2.1 BACKGROUND

HPS is a former DON shipyard situated on an irregular promontory extending into San Francisco
Bay in the extreme southeast quadrant of the City and County of San Francisco, California
(Figure 2-1). A summary of the history of HPS, physical descriptions of the site, and discussions
of hydrogeology and geology are included in the Revised FS for Parcel C (SulTech, 2007).

Figure 2-2 shows the division of HPS into six parcels and outlines Parcel C, the focus of this
Addendum. Figure 2-3 shows the proposed reuses and the impacted buildings in Parcel C.
Figure 2-4 shows the impacted Parcel C storm water and sanitary sewer lines.

2.1.1 HPS and Parcel C Radiological History

Parcel C is located in the northeast-central quadrant of HPS (Figure 2-2). It includes 79 acres of
shoreline and lowlands and is described in detail in the Revised FS for Parcel C (SulTech, 2007).
Following the acquisition of HPS by the Navy in 1939, operation at HPS involved the use of
radioactive materials in buildings throughout the site, including Parcel C. Radiological
operations in Parcel C included burning of contaminated fuel from three OPERATION
CROSSROADS ships in the Power House (Building 203), pumping potentially contaminated
water from Drydock 2, contractor low-level radioactive waste (LLRW) storage, the Naval
Radiological Defense Laboratory (NRDL) Health Physics counting room, storage of samples
from atomic weapons testing, use of firebrick containing naturally radioactive materials,
radiography source operations, potential radium paint use, and the maintenance and storage of
radioluminescent devices. According to San Francisco’s Redevelopment Plan (San Francisco
Redevelopment Agency, 1997), once transferred, Parcel C will be subdivided into blocks and
zoned for educational, cultural, mixed use, research and development, industrial, maritime-
industrial, and open spaces. The city’s proposed reuse areas for Parcel C are shown in Figure 2-
3.

Immediately after the end of World War 11 and prior to the beginning of atomic weapons testing
at sea, the DON used the berthing facilities at HPS for anchorage of reserve fleet ships returning
from the Pacific. In 1946, berths and drydocks were used for the decontamination of
radiologically-contaminated target and support ships returning from the OPERATION
CROSSROADS atomic tests conducted at Bikini Atoll in the Marshall Islands. The Navy also
experimented with chemical and physical ship decontamination techniques to evaluate their
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effectiveness. HPS also used these facilities for the decontamination of other ships that
participated in subsequent atomic weapons tests (NAVSEA, 2004).

The Chief of Naval Operations (CNO) recognized the need to study the effects of atomic
weapons and ordered as the formation of the Radiological Safety Section (RSS) at HPS in 1946.
The RSS became known as the Radiation Laboratory (RADLAB) and on April 21, 1948, the
RADLAB became the Naval Radiological Defense Laboratory (NRDL) (NAVSEA, 2004). The
NRDL conducted extensive radiological operations at HPS in support of its mission until it was
disestablished in 1969. In addition to its naval mission, these operations included managing the
receipt and packaging of radioactive waste for deep sea disposal. These wastes were generated
at HPS and at other sites around the Bay area.

Historical radiological operations at HPS included the following (NAVSEA, 2004):

e Repair, use, and disposal of radioluminescent commaodity items (dials, gauges, and
deck markers).

e Use of radioactive sources for gamma radiography for non-destructive testing metal
and weld integrity.

e Use of radioactive sources for calibration laboratory operations to ensure radiation
survey instrument accuracy.

e Decontamination of and research on ships contaminated during atomic weapons
testing.

e Use of various radionuclides for research by the NRDL and its predecessors.

e Receipt and packaging of radioactive waste for deep sea disposal.

The impacted Parcel C areas, including buildings (203, 205 and its discharge channel, 211, 214,
224, 241, 253, 271, and 272) and storm water and sanitary sewer systems, are described with a
synopsis of their use in Table 2-1 (NAVSEA, 2004).

2.1.2 Historical Radiological Assessments and Results

Throughout its history, HPS has been assessed for residual contamination from its radiological

operations. Assessments were performed by the DON, DON contractors, and federal, state, and
local regulatory agencies. These investigations and surveys undertaken at the HPS site include
(NAVSEA, 2004):

e 1946 through 1948 Radiation Safety Section (RSS), RADLAB and NRDL
decontaminated and surveyed OPERATION CROSSROADS ships and HPS berths
and drydocks. There are no surveys for Parcel C sites reported for this period.

e 1955 NRDL surveys to decommission NRDL buildings at HPS. There are no surveys
for Parcel C sites reported.
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o 1969 NRDL survey for disestablishment of NRDL. There are no surveys for Parcel C
sites reported.

e 1969 to 1970 Atomic Energy Commission (AEC) survey to verify the NRDL survey
results and to release buildings for reuse. There are no surveys for Parcel C sites
reported for this period.

e 1974 HPS survey for base closure. The one-page documentation for this survey,
which included Parcel C buildings 214 and 253 does not describe survey or
decontamination procedures. The survey for Building 214 included only Room 150
(the NRDL counting room) and the Building 253 survey included only the building’s
sixth floor. The buildings were released for unrestricted use based on the survey
results (NAVSEA, 2004).

e September 1978 RASO survey of former NRDL buildings. There are no surveys for
Parcel C buildings or areas reported.

e 1979 RASO resurvey of Buildings 364, 815, and 816. There are no surveys for Parcel
C sites reported.

e 1986 U.S. Environmental Protection Agency (EPA) harbor survey at Naval Nuclear
Propulsion Program request. There are no surveys for Parcel C sites reported.

e 1988 to 1989 Harding Lawson Associates site reconnaissance. There are no surveys
for Parcel C sites reported.

e 1991 to 2001 surveys conducted for the Remedial Investigation program in four
phases: Phases I through 1V, including the following interim investigations
(NAVSEA, 2004).

- Phase I did not include any survey activities associated with impacted sites in
Parcel C.

- Phase Il did not include any survey activities associated with impacted sites in
Parcel C.

- Phase Il to Phase Il interim study did not include any survey activities associated
with impacted sites in Parcel C.

- Phase Il did not include any survey activities associated with impacted sites in
Parcel C.

- Phase IV radiological investigation did not include any survey activities
associated with impacted sites in Parcel C.

- Phase IV to Phase V interim investigations did not include any activities
associated with impacted sites in Parcel C.

- Phase V, beginning in January 2002, scoping and characterization surveys were
performed, which included the following activities associated with impacted sites
in Parcel C.

o Building 211: a small area of %*Th contamination was found on the
concrete floor. Remediation of the area of 2*?Th contamination and a Final
Status Survey (FSS) are recommended.
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0 Building 214: surveys of the building were completed. Review and
approval of the FSS report is pending.

o Building 224: a survey was completed. **’Cs levels in one cell slightly
exceeded release criteria. Sampling apparently removed the
contamination. Review and approval of the FSS report is pending.

0 Building 241: a survey was completed. Firebrick and potassium nitrate
were removed and sent off site for disposal. Review and approval of the
FSS report is pending.

o Building 253: the building was surveyed and extensive low-level **'Cs and
*°Ra contamination was found inside and outside the building and in
ventilation ducts. Contamination found on the roof was remediated.
Completing the Characterization Survey, remediation of known areas of
contamination and an FSS are recommended. A follow-up
buildingcharacterization survey was performed in 2004.

o Building 271: low-level “°Ra contamination was found and remediated.
The resultant waste was disposed of off site and a resurvey was
completed. Review and approval of the FSS report is pending.

o0 Building 272: a survey was completed. Review and approval of the FSS
report is pending.

Table 2-2 identifies each historical radiological study, survey, or report associated with HPS and
Parcel C.

2.2 NATURE AND MECHANISM OF RELEASE

The radionuclides listed in Table 2-3 are the ROCs identified for Parcel C (NAVSEA, 2004).
The potential sources of contamination were RSS, RADLAB and NRDL activities, the handling
and refurbishment of radioluminescent devices, radioactive waste accumulation and storage prior
to disposal, and decontamination of ships returned from atomic bomb tests. In addition,
contaminants from radioactive sources used to perform non-destructive analyses (radiography)
are potentially present.

Radioluminescent devices and paint, which typically contained #°Ra, were used on ships to
improve the visibility of dials and gauges in low light conditions and as deck markers. Devices,
dials, and gauges were collected from DON ships, stored, and consolidated prior to disposal.
Contaminated equipment and materials were removed from atomic weapons target vessels.
These items were stored in buildings at HPS, including Building 253. NRDL collected fallout
samples from nuclear weapons tests. These samples were stored at various locations at HPS,
including Building 224 in Parcel C. In addition to Buildings 224 and 253, the historic record
indicates that Buildings 211 and 271 are Parcel C locations where radioactive materials,
including radiography sources, were stored (NAVSEA, 2004).
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Following the July 1946 OPERATION CROSSROADS atomic weapons tests, contaminated
ships were returned to HPS. Three of the vessels contained enough residual fuel oil that the
DON opted to burn the oil in the power plants at HPS. The fuel was contaminated with fission
products and #**Pu from the weapons detonations. The contaminated fuel oil was burned in both
shore power/steam plants: Building 203 in Parcel C, and Building 521 in Parcel E (NAVSEA
2004).

2.3 EXTENT OF RADIOLOGICAL CONTAMINATION

Historically, radiological surveys have been performed on the grounds, buildings, and other sites
at HPS to assess the extent of contamination and the radionuclides present. The HPS Final HRA
(NAVSEA, 2004) lists impacted structures and areas. Table 2-4 of this addendum summarizes
the Parcel C impacted sites and the radionuclides potentially present at each one.

2.4 RADIONUCLIDE FATE AND TRANSPORT

Radioactive material consists of radionuclides that are unstable and undergo spontaneous
transformations by releasing energy until a stable state is reached. This transformation process is
known as radioactive decay and is usually accompanied by the emission of charged particles
(i.e., alpha and beta particles) or photons of energy including x- or gamma rays. Alpha particles
can travel only short distances and cannot penetrate human skin. Beta particles are generally
absorbed in the skin and do not pass through the body. Gamma or x-rays can penetrate the
human body. Table 2-3 lists the ROCs, their half-lives, and major radiations emitted when the
isotopes decay (NAVSEA, 2004). The radionuclides potentially present in Parcel C were either
residue from decontamination of ships or workers or residual contamination as a result of NRDL
experiments or tests and shipyard operations, including the burning of contaminated fuel oil.

Each potential ROC is transported differently through the environment. Typically, cobalt is not
transported well (i.e., concentrated) by plants and animals, while strontium and radium show a
moderate to high degree of food chain transport. Cesium tends to have a higher degree of food
chain transportability than radium and strontium. Plutonium forms insoluble oxides in the
environment that are not readily transported in the food chain (Kathren, 1984).

The overall mobility of the ROCs and the impact mobility has on the conceptual site model does
not affect the estimated risk associated with the ROCs because the pathways influenced by the
difference in mobility (e.g., plant ingestion, meat and milk ingestion) are not complete and,
therefore are not included in the estimated risk.
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3.0 RISK EVALUATION SUMMARY AND REMEDIATION GOALS

This section summarizes the potential human health risks from exposure to radionuclides at
Parcel C and presents remediation goals for the identified ROCs. Human health risks were
evaluated for exposure to the Parcel C storm water and sanitary sewer system and impacted
buildings. Exposure to groundwater was not evaluated because there is no available radiological
data associated with Parcel C. The chemical characterization of soil and groundwater at Parcel C
is presented in the Revised FS for Parcel C (SulTech, 2007).

3.1 EXPOSURE SCENARIOS

The 1997 redevelopment plan identifies planned reuses for the entire Parcel C area. Table 3-1
shows the radiologically-impacted areas of Parcel C, the planned reuse of those areas, and the
associated exposure scenario.

The exposure scenario establishes the receptor parameters used in modeling for risk and
personnel dose. The potential receptors considered for evaluation were selected to be consistent
with the human health risk assessment provided in the Revised FS Report for Parcel C (SulTech,
2007) and are as follows:

¢ Resident (adult and child)

e Industrial worker (adult)

e Recreational user (adult and child)
e Construction worker (adult)

Historical Parcel C activities may have introduced radioactive contaminants to land areas and
buildings. Contaminated media in the form of discrete radioactive sources as well as distributed
contamination from leaks or spills of radioactive material are potentially present with Parcel C;
however, there are no known impacted soil areas. Impacted land areas are limited to the Parcel
C storm water and sanitary sewer system. Because these areas are limited in size and are not
appropriate for inclusion in reuse scenarios because they represent such a small area they have
been included with the impacted buildings. To provide information on potential risks for all
potential reuses, a bounding resident scenario was modeled for both the Parcel C storm water and
sanitary sewer systems and the impacted buildings.

3.2 EXPOSURE PATHWAYS

As discussed in the human health risk assessment in the Revised FS Report for Parcel C
(SulTech, 2007), a complete exposure pathway consists of four elements:

e A source and mechanism of contaminant release.
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e A retention or transport medium (or media in cases involving transfer of chemicals).

e A point of potential human contact with the contaminated medium (referred to as the
exposure point).

e An exposure route (such as ingestion) at the contact point.

When any of these elements are missing (except in a case where the source itself is the point of
exposure) the exposure pathway is considered incomplete. These elements are further explained
in the Appendix A, Conceptual Site Model, Figure A.3-1. For example, if receptor contact with
the source or transport medium does not occur, then the exposure pathway is incomplete and is
not quantitatively evaluated for risk. Similarly, if human contact with an exposure medium is
not possible, the exposure pathway is considered incomplete and is not evaluated.

For potentially contaminated structure surfaces, the exposure pathways are external radiation
from contaminated surfaces and inhalation of re-suspended contaminated dust.

3.3 REMEDIATION GOALS

Remediation goals (RGs) are selected to achieve the RAOs. Table 3-2 identifies the RG for each
ROC. The soil RGs were derived from the EPA preliminary remediation goals based on an
increased lifetime cancer risk range of 10 to 10™ for future use scenarios except for >°Ra,
which is based on an agreement with EPA (DON, 2006). The RGs for building and equipment
surfaces were based on Atomic Energy Commission (AEC) Regulatory Guide 1.86 to meet the
25 millirem per year (mrem/y) dose limits of the NRC. The water RGs were derived from
Radionuclides Notice of Data Availability Technical Document, (EPA, 2000) by comparing the
limits from two criteria and using the most conservative limit.

3.3.1 Radiological Constituents of Potential Concern

The ROCs *'Cs, ®Co #?Th, ?*°Pu, *°Ra, and *°Sr have been associated with Parcel C
radiologically-impacted buildings, and ?°Ra, **'Cs, and *°Sr have been associated with the storm
water and sanitary sewer system (NAVSEA, 2004). Specific isotopic information for these ROCs
is shown in Table 2-2.

3.3.2 Media of Concern

The media of concern for Parcel C include the remaining impacted structures (buildings 203, 205
and its discharge channel, 211, 214, 224, 241, 253, 271, and 272), and the remediated storm
water and sanitary sewer system.

3.4 RISK EVALUATION BY REDEVELOPMENT BLOCK

The following sections summarize which impacted sites are in each redevelopment block and
which computer program was used to assess the risk. Figure 2-3 shows the redevelopment
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blocks, structures, and planned reuses. The potentially radiologically-impacted sites in Parcel C
will be identified by redevelopment block as described in the following sections of this FS
Addendum. Impacted storm water and sanitary sewers are present throughout Parcel C and will
not be individually listed as belonging to a particular development block.

3.4.1 Redevelopment Block 10

Redevelopment Block 10 is just southwest from Block 11 and includes no radiologically-
impacted buildings. Redevelopment Block 10 is identified for mixed use, and since it has no
radiologically-impacted sites, it was not evaluated.

3.4.2 Redevelopment Block 11

Redevelopment Block 11, located in the northwest corner of Parcel C, includes no
radiologically-impacted buildings. Redevelopment Block 11 is identified for mixed use, and
since it has no impacted sites, it was not evaluated.

3.4.3 Redevelopment Block 13

Redevelopment Block 13 is south of Block 11 and southeast of Block 10 and includes no
radiologically-impacted buildings. Redevelopment Block 13 is identified for mixed use, and
since it has no radiologically-impacted sites, it was not evaluated.

3.4.4 Redevelopment Block COS-1

Redevelopment Block Parcel C Open Space (COS)-1 in the north-central portion of Parcel C
includes no radiologically-impacted sites. Redevelopment Block COS-1 is identified for open
space, and since it has no radiologically-impacted sites, it was not evaluated.

3.4.5 Redevelopment Block 18

Redevelopment Block 18 in the west-central Parcel C includes impacted Building 241 where a
forge shop used firebrick containing naturally occurring radioactive material (**Th) and
potassium nitrate (*°K). Redevelopment Block 18 is identified for research and development
reuse. The risk and dose were calculated using a Residual Radioactivity-Building (Model)
(RESRAD-BUILD) residential exposure scenario.

3.4.6 Redevelopment Block 20A

Redevelopment Block 20A in west-central Parcel C does not include any impacted buildings.
Redevelopment Block 20A is identified for research and development use, and since it has no
radiologically-impacted sites, it was not evaluated.
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3.4.7 Redevelopment Block 20B

Redevelopment Block 20B in central Parcel C includes impacted Building 214. Activities inside
Building 214 included NRDL Health Physics sample counting in Room 105. The ROCs for
Building 214 are *°Sr, **’Cs, **Ra, and “’Pu (NAVSEA, 2004). Redevelopment Block 20B is
identified for educational/cultural use and was evaluated using a RESRAD-BUILD residential
exposure scenario.

3.4.8 Redevelopment Block 22

Redevelopment Block 22 in east-central Parcel C includes Building 205 and its discharge
channel. Pumping Drydock 2 water that was potentially contaminated during ship
decontamination resulted in the impacted classification for Building 205. ROCs for Building 205
included %°Sr, 2*'Cs, **Ra, and >*°Pu (NAVSEA, 2004). Redevelopment Block 22 is identified
for educational/cultural use and was evaluated using a RESRAD-BUILD residential exposure
scenario.

3.4.9 Redevelopment Block COS-2

Redevelopment Block COS-2 in east-central Parcel C does not include any radiologically-
impacted buildings. Redevelopment Block COS-2 is identified for open space use, and since it
has no impacted sites, it was not evaluated.

3.4.10 Redevelopment Block 23

Redevelopment Block 23 in southwestern Parcel C includes impacted Building 203, a
power/steam plant, where contaminated fuel oil was burned in 1947. ROCs for Building 203 are
%5y 137Cs, #Ra, and #°Pu (NAVSEA, 2004). Redevelopment Block 23 is identified for
research and development use. Building 203 was evaluated using a RESRAD-BUILD residential
exposure scenario.

3.4.11 Redevelopment Block 24

Redevelopment Block 24 in south-central Parcel C includes impacted Buildings271 and Building
272. Building 271 contained a paint shop annex where radium dial painting may have occurred.
The ROC for Building 271 is **Ra (NAVSEA, 2004). Building 272 included a machine shop
where radiography sources possibly were used and/or stored. ROCs for Building 272 are *°Co,
137¢s, and 2°Pu (NAVSEA, 2004). Redevelopment Block 24 is identified for research and
development use. Buildings 271 and 272 were evaluated using a RESRAD-BUILD residential
exposure scenario.

3.4.12 Redevelopment Block 25

Redevelopment Block 25 in east-central Parcel C includes impacted Buildings 211 (partial), 224,
and 253. Building 211 included storage of low-level radioactive waste (LLRW) by a contractor.
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ROCs for Building 211 are *¥'Cs, ?*Ra, and #*Th (NAVSEA, 2004). Building 224 served as a
storage building for OPERATIONS CROSSROADS and GREENHOUSE fallout samples.
ROCs for Building 224 are *°Sr, **’Cs, and *°Ra (NAVSEA, 2004). Building 253 served as a
radiography and instrument calibration shop, hosted storage of equipment from OPERATION
CROSSROADS ships, and was a probable location for radium painting in the gauge shop.
ROCs for Building 253 are *°Sr, 1*Cs, *Ra, %?Th, and ?°Pu (NAVSEA, 2004).
Redevelopment Block 25 is identified for educational/cultural use. Buildings 211, 224, and 253
were evaluated using a RESRAD-BUILD residential exposure scenario.

3.4.13 Redevelopment Block COS-3

Redevelopment Block COS-3 in eastern Parcel C includes a portion of Building 211.

Building 211 included contractor LLRW storage. ROCs for Building 211 are *'Cs, **Ra, and
282Th (NAVSEA, 2004). Redevelopment Block COS-3 is identified for open space use.
Building 211 was evaluated using a RESRAD-BUILD residential exposure scenario.

3.4.14 Redevelopment Block 26

Redevelopment Block 26 in south-central Parcel C does not include any impacted buildings.
Redevelopment Block 26 is identified for mixed use, and since it has no impacted sites, it was
not evaluated.

3.4.15 Redevelopment Block CMI-1

Redevelopment Block Parcel C Maritime/Industrial (CMI)-1 in southern Parcel C does not
include any impacted buildings. Redevelopment Block CMI-1 is identified for
maritime/industrial use, and since it has no impacted sites, it was not evaluated.

3.5 ANALYSIS OF RADIOLOGICAL DOSE AND RISK

As described above, each impacted building was modeled using RESRAD-BUILD while the
storm water and sanitary sewer system was modeled using RESRAD. Appendix A discusses the
input parameters and modeling results for the radiological dose and risk for each impacted
building and the sewer systems. The results were compared against the increased lifetime cancer
risk range of 10 to 10 and the 25 mrem/yr dose to an individual limit. U.S. EPA does not
believe this NRC regulation is protective of human health and the environment, and the HPS
cleanup goals are more protective. This regulation is an ARAR only for radiologically-impacted
sites that are undergoing TCRASs and any additional remedial action required for those sites. It is
not an ARAR for radiologically-impacted sites, buildings, or structures that will be transferred
with engineering and institutional controls for radiological contaminants.

Lifetime cancer risk is a measurement of absolute risk and refers to the actual numeric chance or
probability of developing cancer during a specified time period, in this case the lifespan of an
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average individual. A lifetime cancer risk of 10°® implies that the probability of developing
cancer is increased by one in 1,000,000. Likewise, a lifetime cancer risk of 10 implies that the
probability of developing cancer is increased by one in 10,000. Tables 3-3 and 3-4 summarize
the modeling results. As shown in these tables, the modeled increased lifetime cancer risk in
within the 10°® to 10™ risk range. The modeled dose values are all below 25 mrem/yr except for
the modeled dose associated with Building 211, Building 241, and Building 253, which have
modeled doses above 25 mrem/yr. The majority of the dose in these three buildings is due to the
presence of **Th. The actual residual “**Th in these three buildings after remediation will be
less than the RGs and the associated dose will be less than 25 mrem/yr.

The modeling effort reported in Appendix A is based on the RGs. Currently, there is very little
data available to accurately and appropriately assess current risk at each radiologically impacted
site. A combination of scoping, remedial action, and final status surveys, based on MARSSIM
methodology, will be conducted at each radiologically impacted building or site, as appropriate.
This approach allows the results of field investigations to define and refine the direction of field
work, guide cleanup decisions, and establish the basis for modeling risk after the results of final
status surveys are known.

The modeling was performed with conservative input parameters to ensure that uncertainties
would be minimized, and a separate set of models and results for uncertainty analysis would not
be needed. Uncertainty analysis for the various modeling input parameters, as well as various
assumptions required for the modeling, are discussed in Appendix A.

3.6 COMBINED CHEMICAL AND RADIOLOGICAL RISK

Estimates of the lifetime risk of cancer to exposed individuals resulting from radiological and
chemical risk assessments may be summed to determine the overall potential human health
hazard associated with a site (Chapter 10, Risk Assessment Guidance for Superfund Volume I
Human Health Evaluation Manual, EPA/540/1-89/002, December, 1989).

To combine the chemical and radiological risks, the same approach used in the Revised FS
Report for Parcel C (SulTech, 2007) to calculate chemical risk must be taken, namely,
calculating total risk from ROCs including background and calculating incremental risk from the
ROCs present at levels that do not include background. Of the ROCs for Parcel C, only *Ra
and #*2Th are naturally occurring. **’Cs and *°*Sr may be present in trace quantities because of
fallout resulting from nuclear weapons testing. For purposes of radiological modeling, the
background concentrations for the ROCs other than ?*°Ra are assumed to be essentially zero (i.e.,
zero picocuries per gram [pCi/g]). The #?°Ra background concentration is assumed to be the
measured background level of 0.485 pCi/g based on the background reference areas use to
support the Parcel B storm water and sanitary sewer removal actions. This value has been
rounded to 0.5 pCi/g for modeling purposes.
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To estimate the total risk from impacted buildings and the storm water and sanitary sewer
system, the background surface contamination for the ROCs is assumed to be zero disintegration
per minute (dpm)/100 square centimeters (cm?) (0 dpm/100 cm?). This is a reasonable
assumption since none of the ROCs are found in building materials except for °Ra, which can
be found in building material made of earthen materials (i.e., cement, ceramic tiles). However,
to simplify the modeling effort, the background concentration of °Ra in building materials also
IS assumed to be zero.

The combined total risk and incremental risk (chemical and radiological) were derived by
reviewing the Revised FS Report for Parcel C (SulTech, 2007) and locating grid points in close
proximity to each impacted building. The combined total radiological and chemical risk is
shown on Table 3-5. The combined incremental risk (a combination of radiological and
chemical incremental risks) is shown on Table 3-6. As shown in tables 3-5 and 3-6, the
combined increased lifetime cancer risk is within the 10 to 10 risk range.
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4.0 REMEDIALACTION OBJECTIVES, APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS, GENERAL RESPONSE
ACTIONS, AND PROCESS OPTIONS

This section identifies and screens potentially applicable alternatives for removing, stabilizing,
containing, or reducing risk and exposure from the ROCs associated with the structures
(buildings 203, 205 and its discharge channel, 211, 214, 224, 241, 253, 271, and 272) and storm
water and sanitary sewer systems within Parcel C. The identification and screening of
alternatives included:

e Development of RAOs for structures, and storm water and sanitary sewer systems for
the ROCs identified in Section 3.3.1 above.

e Development of GRAS (e.g., containment and excavation) that may be taken to
satisfy the RAOs.

e Delineation of target remediation sites to which GRAs might be applied.

¢ Identification and evaluation of technologies applicable to each GRA on the basis of
their effectiveness to achieve the RAOs, technical and administrative
implementability, and cost.

41 REMEDIAL ACTION OBJECTIVES

RAOs are medium-specific goals for protecting human health and the environment. Each RAO
should specify 1) the ROC, 2) the exposure route and receptors, and 3) an acceptable
contaminant concentration or range of concentrations for each medium of concern (such as
structures). RAOs include both an exposure pathway and a contaminant concentration in a given
medium because protectiveness may be achieved in two ways: limiting or eliminating the
exposure pathway, or reducing contaminant concentrations.

Typically, separate RAOs are developed for human health receptors and for ecological receptors.
No ecological RAOs were developed because the majority of the Parcel C land area (greater than
90 percent) is paved, which precludes the presence of viable habitat (SulTech, 2007).

The RAO:s for radiologically-impacted sites are as follows:

e Prevent ingestion, dermal contact, or inhalation of ROCs in concentrations that
significantly exceed background concentrations.

e Assure that the total effective dose from radiologically-impacted sites to any member
of the public does not exceed 25 mreml/y.

e Ensure that the increased lifetime cancer risk does not exceed the risk range of 10° to
10™ for future use scenarios.
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The NCP provides a range of cancer risks from 10°® to 10™ for the DON as lead agency along
with its regulatory partners to use when making decisions on remedies for contaminated sites.
Cancer risks less than 10°® (one in a million) are not considered to warrant a cleanup response.
Cancer risks greater than 10 (one in a ten thousand) excess cancer risk warrant action to reduce
exposure. NCP 8300.430(e)(2)(A) provides factors that must be considered when making
decisions regarding RAOs and remedial alternatives in the context of the NCP Risk Management
Range as follows:

e Preliminary remediation goals for carcinogens are set at a 10 excess cancer risk as a
point of departure, but may be revised to a different risk level within the acceptable
risk range based on the consideration of appropriate factors including but not limited
to exposure factors, uncertainty, and technical limitations (NCP preamble at 55 Fed.
Reg. 8717, March 8, 1990).

There is a high level of confidence that the cancer risks are representative of the site conditions
and the decisions at the 10 risk level may be acceptable.

4.2 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Section 121(d)(l) of CERCLA require that remedial actions attain (or the decision document
must justify the waiver of) any ARAR that includes environmental regulations, standards, or
criteria promulgated under federal or more stringent state laws. An ARAR may be either
applicable or relevant and appropriate, but not both.

Applicable requirements are those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal or state
law that specifically address the situation at a CERCLA site. The requirement is applicable if the
jurisdictional prerequisites of the standard show a direct correspondence when objectively
compared to the conditions at the site. An applicable federal requirement is an ARAR. An
applicable state requirement is an ARAR only if it is more stringent than federal ARARs.

If the requirement is not legally applicable, then the requirement is evaluated to determine
whether it is relevant and appropriate. Relevant and appropriate requirements are those cleanup
standards, standards of control, and other substantive environmental protection requirements,
criteria, or limitations promulgated under federal or state law that, while not applicable, address
problems or situations similar to the circumstances of the proposed response action and are well
suited to the conditions of the site. A requirement must be determined to be both relevant and
appropriate to be considered an ARAR.

Section 121(e) of CERCLA exempts any response action conducted entirely on site from having
to obtain a federal, state, or local permit when the action is carried out in compliance with
Section 121. In addition, on-site actions need only comply with the substantive requirements of
ARARs, and not with the corresponding administrative procedures, such as administrative
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reviews and record-keeping requirements. Off-site actions must comply with all legally
applicable requirements, both substantive and administrative.

The identification of ARARs is based on site-specific factors, including potential remedial
actions, chemicals and compounds found at the site, physical characteristics of the site, and the
location of the site. ARARs are usually divided into three categories: chemical-specific,
location-specific, and action-specific.

As the lead federal agency, the DON has primary responsibility for identification of potential
ARARs for HPS Parcel C. The final identification of ARARs will be in a final Record of
Decision (ROD). EPA guidance recommends that the lead federal agency consult with the state
when identifying potential state ARARs for remedial actions (EPA, 1988). In October 2003, the
DON requested that the state identify potential ARARs. On December 24, 2003, Department of
Toxic Substances Control (DTSC) responded and identified potential state ARARSs. This
response also included potential state ARARs identified by the Department of Fish and Game
and the California Department of Public Health (CDPH). The Water Board also submitted a
response that identified potential state ARARs for remediation of soil and groundwater. To
qualify as a state ARAR under CERCLA and the NCP, a state requirement must be 1) a standard,
requirement, criterion, or limitation under a state environmental or facility siting law; 2)
promulgated (of general applicability and legally enforceable); 3) substantive (not procedural or
administrative); 4) more stringent than the federal requirement; 5) identified by the state in a
timely manner; and 6) consistently applied. Requirements identified by these state agencies that
the DON identified as potential ARARSs are presented in Appendix C.

The sections below summarize the potential federal and State of California radiological ARARs.
The non-radiological ARARs are discussed in Section 4.2 of the Revised FS Report for Parcel C
(SulTech, 2007).

4.2.1 Potential Chemical-specific ARARs

Chemical-specific ARARs are health- or risk-based numerical values or methodologies that,
when applied to site-specific conditions, result in the establishment of numerical cleanup values.
Chemical-specific ARARs for soil and structures are described in Table 4-1 and summarized
below.

4211 Soil

Section 4.2.1.1 of the Revised FS Report for Parcel C discusses potential chemical-specific
ARARs for soil. Parcel C does not contain radiologically-impacted soil except possibly in the
vicinity of the remediated storm water and sanitary sewer lines. Because the land areas
associated with the remediated sewer systems is very small, they have been included with the
impacted buildings for the purposes of this study. No federal requirements for radioactive
material are potentially applicable. However, the substantive provisions of the following
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potential radiation-specific requirements were identified as potentially relevant and appropriate
for the remediation of soil and solid waste containing radioactive material at the site:

e Standards for Protection Against Radiation (10 CFR 8§ 20.1402).

e Standards for Cleaning of Land and Building Contaminated with Residual
Radioactive Materials from Inactive Uranium Processing Site (40 CFR 192.12[a]).

U.S. EPA does not believe 10 CFR § 20.1402 is protective of human health and the environment,
and the HPS cleanup goals are more protective. This regulation is an ARAR only for
radiologically-impacted sites that are undergoing TCRASs and any additional remedial action
required for those sites. It is not an ARAR for radiologically-impacted sites, buildings, or
structures that will be transferred with engineering and institutional controls for radiological
contaminants.

California state requirements (California Code of Regulations [Cal.Code Regs.] title 17,
8 30253) are not more stringent than federal ARARs in 10 CFR 20. Therefore, the state
requirements are not potential ARARS.

4.2.1.2 Groundwater

Section 4.2.1.2 of the Revised FS Report for Parcel C (SulTech, 2007) discusses potential federal
and state chemical-specific ARARs for groundwater. The discussion includes the federal
maximum contaminant levels (MCLs) promulgated by EPA under the Safe Drinking Water Act.
This addendum specifically includes the 40 CFR 141.66 MCLs for radionuclides.

4.2.1.3 Surface Water

Section 4.2.1.3 of the Revised FS Report for Parcel C discusses potential ARARs associated with
surface waters. No additional ARARs for surface waters are included in this addendum.

4.2.1.4 Structures

Parcel C has structures (i.e., buildings) that are radiologically-impacted; therefore ARARs are
included for radiologically-impacted structures. No federal requirements for radioactive material
are potentially applicable. However, the substantive provisions of the following potential
radiation-specific requirements were identified as potentially relevant and appropriate for the
remediation of radiologically-impacted structures:

e Standards for Protection Against Radiation (10 CFR 20.1402).

e Standards for Cleanup of Land and Buildings Contaminated with Residual
Radioactive Materials from Inactive Uranium Processing Sites 40 CFR 192.12(a).
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U.S. EPA does not believe 10 CFR § 20.1402 is protective of human health and the environment,
and the HPS cleanup goals are more protective. This regulation is an ARAR only for
radiologically-impacted sites that are undergoing TCRASs and any additional remedial action
required for those sites. It is not an ARAR for radiologically-impacted sites, buildings, or
structures that will be transferred with engineering and institutional controls for radiological
contaminants.

4.2.2 Potential Location-specific ARARs

Section 4.2.2 of the Revised FS Report for Parcel C discusses potential federal location-specific
ARARs. No additional location-specific ARARs are included in this addendum.

4.2.3 Potential Action-specific ARARS

Action-specific ARARs are technology- or activity-based requirements or limitations for
remedial activities. These requirements are triggered by the specific remedial actions conducted
at the site and indicate how a selected remedial alternative should be achieved. The DON has
identified potential action-specific ARARSs for the alternatives evaluated in this addendum.
These action-specific ARARSs supplement the action-specific ARARSs discussed in Section 4.2.3
of the Revised FS Report for Parcel C.

4.2.3.1 Soil Alternatives

Remedial alternatives evaluated for Parcel C soil include the following types of actions for
radioactive material remediation, as discussed in more detail in Section 5.0: 1) no action; 2)
institutional controls (ICs) and maintained landscaping; 3) excavation (removal of the chemicals
of concern), disposal, 1Cs, and maintained landscaping; 4) covering and ICs; and 5) excavation,
disposal, covers, soil vapor extraction, and ICs. As there are no known impacted land areas in
Parcel C (with the possible exception of residual radiation associated with the remediated storm
water and sanitary sewer system that has been included with the impacted buildings), there are
no potential action-specific radiological ARARSs for soil.

Maintained Landscaping

The DON has not identified any federal ARARs for maintained landscaping. The DON has
identified as a potential state ARAR Maintained Landscaping in Section 4.2.3.1 of the Revised
FS Report for Parcel C (SulTech, 2007).

Excavation

The DON has identified that the substantive provisions of the federal and state requirements as
potential ARARs for excavated soil and other wastes generated during implementation of the
alternatives as the same for chemicals and radionuclides described in Section 4.2.3.1 of the
Revised FS Report for Parcel C (SulTech, 2007).
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Covers for the Soil

The DON has identified that the substantive provisions of the federal and state requirements as
potential ARARs for constructing the redevelopment block covers during implementation of the
alternatives as the same for chemical and radionuclides. The ARARs are found in Section
4.2.3.1 of the Revised FS Report for Parcel C (SulTech, 2007).

4.2.3.2 Structures

Remedial alternatives evaluated for Parcel C radiologically-impacted structures (buildings and
the storm water and sanitary sewer system) include the following: 1) no action; 2) survey,
decontamination, disposal, and release following the remediation goals in Table 3-2; 3)
containment; and, 4) ICs. The substantive provisions of the following potential radiation-
specific requirements were identified as potentially relevant and appropriate for radiologically-
impacted structures:

¢ Radiation Dose Limits for Individual Members of the Public (10 CFR 20.1301).
e Standards for Protection Against Radiation (10 CFR 20.1402).

U.S. EPA does not believe 10 CFR § 20.1402 is protective of human health and the environment,
and the HPS cleanup goals are more protective. This regulation is an ARAR only for
radiologically-impacted sites that are undergoing TCRASs and any additional remedial action
required for those sites. It is not an ARAR for radiologically-impacted sites, buildings, or
structures that will be transferred with engineering and institutional controls for radiological
contaminants.

4.3 GENERAL RESPONSE ACTIONS AND PROCESS OPTIONS ANALYSES

GRASs describe those actions that will satisfy RAOs for both groundwater and structures. Unlike
non-radioactive hazardous substances, which have the ability to be altered by physical, chemical,
or biological processes that can reduce or destroy the hazard itself, radioactive substances
generally cannot be similarly altered or destroyed. Since destruction of radioactivity is not an
option, response actions at radioactively contaminated sites use the concepts of “Time, Distance,
and Shielding”. Time allows the natural decay of the radionuclide to take place, resulting in
reduction in risk to human health and the environment. Distance and shielding from the
radioactive material rapidly reduce the risk from radiation by reduction of the intensity of the
imparted energy (EPA, 1996). A process option is defined as a specific technology used to carry
out a general response action. The following GRASs have been identified for Parcel C:
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Soil (Note that soil areas are not considered radiologically-impacted within Parcel C. There isa
possibility that some impacted soil associated with the removal of the storm water and sanitary
sewer system may remain. However, this soil will be considered part of the debris to be
removed with the storm water and sanitary sewer and is not included in this evaluation).

Groundwater
e No Action: Under this GRA, no further response action will be conducted.

¢ Institutional Controls: ICs include non-engineered methods such as administrative
and/or legal controls that minimize the potential for human exposure to contaminated
material by limiting land or resource use and that protect the integrity of remedial
action.

e Long-term Monitoring: This GRA includes groundwater monitoring for ROCs to
confirm site conditions and ensure that, over time, the potential exposure pathway
remains incomplete. This long term monitoring augments the groundwater
monitoring discussed in Part 4.3.2.2 of the Revised FS Report for Parcel C associated
with chemical contaminants of concern.

e VOC Treatment with reduced monitoring: This GRA includes treatment for volatile
organic compounds (VOCs) and metals with reduced monitoring as described in Part
4.3.2.2 of the Revised FS Report for Parcel C associated with chemical contaminants
of concern. The radiological status of the Parcel C groundwater is unknown.

Structures (including buildings and the remediated storm water and sanitary sewer system).
e No Action: Under this GRA, no further response action will be conducted.

e Survey of Impacted Sites: A radiological survey of all impacted sites and structures
will be performed according to the guidance provided in the Multi-Agency Radiation
Survey and Site Investigation Manual (MARSSIM) (NUREG-1575; Department of
Defense [DOD] et al., 2000) to determine actual site conditions and provide
information to guide decontamination and disposal.

e Scabbling and Demolition: This includes removal of thin layers of contaminated
building material to remove the surface contamination, sinks, floor drains and
associated piping, and/or complete demolition and removal of contaminated
structures. All removal actions will be guided by radiological survey data, and
followed up with additional progress of work surveys to ensure removal of the
ROCs.

o Institutional Controls: These include non-engineered methods such as administrative
and/or legal controls that minimize the potential for human exposure to contaminated
material by limiting land or resource use and that protect the integrity of remedial
action.

44 ANALYSIS OF GENERAL RESPONSE ACTIONS AND PROCESS OPTIONS

General response actions selected for this Addendum underwent initial screening and analysis.
During the initial screening, the range of technology types and process options were evaluated in
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terms of technical implementation, site conditions, waste characteristics, contaminant properties,
and the ability to meet NCP requirements and RAOs. The results of the initial screening are
summarized in Table 4-2. The GRASs and process options carried forward from the initial
screening were then analyzed in terms of effectiveness, implementability, and cost. The
summary of this screening and analysis of GRASs and process options for soil, groundwater, and
structures is presented in Table 4-3.

The implementability evaluation focused on technical, as well as institutional aspects of
implementability, such as the ability to obtain necessary permits and approvals, availability of
equipment and skilled workers, extensiveness of knowledge required to implement the process
option, and the need for treatment or disposal of process waste.

The cost evaluation included semi-quantitative analysis based on engineering judgment and the
unit costs given in the Revised FS Report for Parcel C (SulTech, 2007).

44.1 Evaluation of Applicable Soil Process Options

Potentially applicable GRAs identified for soil at Parcel C consist of 1) no action, 2) ICs, 3)
removal, and 4) containment. The initial screening of process options for the remedial
technology types for these GRASs is shown in Table 4-2. This table presents the various
technology types, process options, and results of the screening analysis for each GRA for soil
and structures.

Those process options retained during the initial screening were evaluated for effectiveness,
implementability, and cost, and are discussed in this section. Table 4-3 summarizes the results
for this evaluation.

44.1.1 No Action

The NCP requires that the no-action alternative be carried through the detailed analysis of
alternatives. Under the no-action response, no remedial action is taken. Soil would be left as is
without implementing any ICs, containment, removal, treatment, or other mitigating actions.
Because soil at Parcel C is not known to contain any ROCs and poses no known radiological risk
to human health and the environment under the anticipated future land-use scenario, the no-
action response could be considered an acceptable alternative that meets the requirements of
CERCLA. No cost is associated with this option because no action is taken. The no-action
option will be retained for further evaluation as a remedial alternative for comparison purposes,
as required under the NCP.
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4.4.1.2 Institutional Controls

There are no land use restriction requirements or ICs associated with Parcel C soil, as it is
already considered radiologically non-impacted. Those generally applicable land-use restrictions
and ICs specified in Part 4.3.2.1 of the Revised FS Report for Parcel C associated with chemical
contaminants of concern will be applicable.

44.1.3 Removal

As part of a separate approach, the DON is remediating radiologically-impacted storm water and
sanitary sewer systems at HPS. Excavation and removal of soil from Parcel C other than that
found to be above the RGs during the Parcel C storm water and sanitary sewer line removal
action is not considered a radiological alternative because there are no known ROCs associated
with the Parcel C soil areas. Those applicable excavation and removal processes specified in
Part 4.3.2.1 of the Revised FS Report for Parcel C associated with chemical contaminants of
concern will be applicable.

4414 Containment

Containment or covering of soil is not considered a radiological alternative because Parcel C soil
is not radiologically-impacted. Those applicable containment and soil covers specified in Part
4.3.2.1 of the Revised FS Report for Parcel C associated with chemical contaminants of concern
will be applicable.

4.4.2 Evaluation of Applicable Groundwater Process Options

Potentially applicable GRAs identified for groundwater at Parcel C consist of 1) no action, 2)
ICs, 3) long-term monitoring and 4) treatment for volatile organic compounds (VOCs) and
metals with reduced monitoring. The initial screening of process options for the remedial
technology types for these groundwater GRAs is shown in Table 4-2. This table presents the
various technology types, process options, and results of the screening analysis for each
groundwater process option. Treatment, removal, and containment of groundwater were not
retained after the initial screening based on difficulty of implementation and poor effectiveness.
A summary of the selected GRASs is shown in Table 4-3.

4.4.2.1 No Action

The NCP requires that the no-action alternative be carried through the detailed analysis of
alternatives. Under the no-action response, no remedial action is taken. The no-action response
would not be an effective alternative that meets the requirements of CERCLA. No cost is
associated with this option because no action is taken. The no-action option will be retained for
further evaluation as a remedial alternative for comparison only, as required under the NCP.
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4.4.2.2 Institutional Controls

As previously discussed in Section 4.4.1.2, ICs will be used to implement land use and access
restrictions to limit the exposure of future landowner(s) and/or user(s) of the property to
hazardous substances and to maintain the integrity of the remedial action until remediation is
complete and remediation goals have been achieved. Section 4.3.2.2 of the Revised FS Report
for Parcel C provides a discussion of ICs and land use restrictions relative to groundwater.

4.4.2.3 Groundwater Monitoring

Groundwater monitoring for the ROCs will be used to confirm site conditions and ensure that,
over time, the potential exposure pathway remains incomplete.

4.4.2.4 VOC Treatment with Reduced Monitoring

This GRA includes treatment for volatile organic compounds (VOCs) and metals with reduced
monitoring as described in Part 4.3.2.2 of the Revised FS Report for Parcel C associated with
chemical contaminants of concern. The radiological status of the Parcel C groundwater is
unknown. This alternative is not applicable to the radiological condition of the Parcel C
groundwater, but instead applies to the chemical condition.

4.4.3 Evaluation of Applicable Structure Process Options

Potentially applicable GRASs identified for impacted structures at Parcel C consist of 1) no action;
2) survey, decontamination, and release to meet the remediation goals listed in Table 3-2, and 3)
scabbling and ICs. The initial screening of process options for the remedial technology types for
these GRAs is shown in Table 4-2. A summary of the selected GRAs is shown in Table 4-3.

4.4.3.1 No Action

The NCP requires that the no-action alternative be carried through the detailed analysis of
alternatives. Under the no-action response, no remedial action is taken. Impacted structures
would be left as is without implementing any survey or decontamination. Because impacted
structures at Parcel C may pose a risk to human health and the environment under the anticipated
future land-use scenario, the no-action response would not be an effective alternative that meets
the requirements of CERCLA. No cost is associated with this option because no action is taken.
The no-action option will be retained for further evaluation as a remedial alternative for
comparison only, as required under the NCP.
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4.4.3.2 Survey of Impacted Sites

A Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) (NUREG-1575;
Department of Defense [DOD] et al., 2000) radiological survey would be performed on all
impacted sites. The impacted sites would be divided into survey units and any ROCs at or above
Table 3-2 remediation goals would be remediated.

4.4.3.3 Scabbling and Demolition

This could include decontamination or removal of building material to remove the surface
contamination and/or demolition of impacted sinks, floor drains and piping or other media within
the structures, removal of ventilation components, and/or complete demolition and removal of
contaminated structures. Limited storm drain and sanitary sewer piping and system components
may be left in place permanently or be addressed through task-specific work plans. Piping under
the footprint of radiologically-impacted buildings and outdoor areas will be evaluated as part of
the characterization of each building/area. Piping laterals originating at non-radiologically
impacted buildings initially will only be removed within the first 10 feet of their union with a
main trunk line. If no radiological contamination is present in this segment of the line, then the
exposed ends of the lateral will be capped or plugged and the remaining portions left in place. If
evidence of radiological contamination is encountered, the remaining lateral will be removed in
10-foot sections until the line has been determined to be free of radioactive contamination or to
the face of an existing build, whichever comes first. All removal actions will be guided by
radiological survey data and followed up with additional progress of work surveys to ensure any
ROC:s at or above Table 3-2 remediation goals would be remediated.

4.4.3.4 Institutional Controls

The following land use restriction requirements shall apply in the Area Requiring Institutional
Controls (ARIC) for potential radionuclides located in the deep pump shaft under Building 205
(see Figure 2-3) in addition to those generally applicable land use restrictions specified in
Section 4.4.1.2 previously discussed. At the time of transfer, the areas that require this
restriction will be surveyed to define the legal metes and bounds for inclusion in the property
transfer documents.

The Parcel C Risk Management Plan (RMP) shall address any necessary additional soil and
radiological management issues within the ARIC for potential radionuclides designated in Figure
2-3 and defined in the property transfer documents. For activities disturbed the deep pump shaft
under Building 205, the proposed activity will be required to be described in a work plan that
will include but not be limited to a radiological work plan, sampling and analysis requirements,
and a plan for off-site disposal of any removed radionuclides by the transferee in accordance
with federal and state law. This work plan must be submitted to and approved by one or more
Federal Facility Agreement (FFA) Signatories in accordance with procedures (including dispute
resolution procedures) and timeframes that will be set forth in the RMP. The integrity of the
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cover/cap must be restored upon completion of excavation as provided in the Parcel C RMP and
approved by the FFA Signatories. A completion report describing the details of the
implementation of the work plan, the sampling and analysis, the off-site disposal and the
restoration of the cover/cap must be submitted to and approved by one or more Federal Facility
Agreement (FFA) Signatories in accordance with procedures (including dispute resolution

procedures) and timeframes that will be set forth in the RMP.
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5.0 DEVELOPMENT AND DESCRIPTION
OF REMEDIAL ALTERNATIVES

The remedial action alternatives for ROCs at Parcel C were developed by combining different
technologies and process options corresponding to different GRAs. The target remediation areas
were also considered while developing the alternatives. This process ensured the development of
a range of alternatives from those involving removal of radiologically contaminated soil,
groundwater, or structures posing unacceptable risk to human health to those involving little or
no treatment but providing protection to human health by minimizing exposure to the remaining
ROCs of Parcel C.

5.1 DEVELOPMENT OF REMEDIAL ALTERNATIVES

Process options were developed and screened as described in Section 4.0. The retained process
options were combined into remedial alternatives to meet RAOs and to satisfy ARARs. The
remedial alternatives were derived using experience and engineering judgment to formulate
process options into the most plausible site-specific remedial actions.

The DON’s strategy for groundwater remedial alternatives is to eliminate complete exposure
pathways to the potential receptors and to monitor the known affected areas while the aquifer
recovers. Various ICs are included in the remedial alternatives for groundwater to assure that the
RAOs and ARARs are satisfied.

The DON’s strategy for remedial alternatives for radiologically-impacted buildings is to
eliminate complete exposure pathways to the potential receptors to assure that the RAOs and
ARARs are satisfied. In certain chemically-driven remedial alternatives, soil covers will
eliminate exposure to potential unacceptable risk. Covers will use existing materials
(rehabilitated as necessary) and newly installed materials to eliminate exposure. Various ICs are
also integrated with each alternative to assure that the RAOs and ARARs are satisfied.

Groundwater remedial alternatives include five-year reviews of ICs to confirm that the remedies
are continuing to protect human health and the environment. Costs for five-year reviews, as well
as other long-term activities, are included in the cost estimates for all alternatives.

The alternatives developed for further analysis for soil, groundwater, and buildings are presented
in the following sections.

5.1.1 Alternatives Developed for Soil

Section 5.2 of the Revised FS Report for Parcel C (SulTech, 2007) discusses the alternatives
developed for soils summarized below.
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Alternative S-1: No Action

For this alternative, no remedial action would be taken. Soil would be left in place without
implementing any response actions. The no-action response is retained throughout the
evaluation process as required by the NCP to provide a baseline for comparison with other
alternatives.

Alternative S-2: Institutional Controls and Maintained Landscaping

Alternative S-2 consists of ICs and maintained landscaping that, together, will meet all ARARs
and RAOs. The ICs include access restrictions and covenants to restrict use of property that will
be implemented parcel-wide for all of the redevelopment blocks. The maintained landscaping
would prevent potential exposure to asbestos that may be present in surface soil and transported
by wind erosion that would not be addressed by ICs alone (SulTech, 2007).

Alternative S-3: Excavation, Disposal, Institutional Controls, and Maintained Landscaping

Alternative S-3 consists of limited soil excavation of chemicals of concern, off-site disposal of
chemicals of concern, ICs, and maintained landscaping as described in the Revised FS Report for
Parcel C (SulTech, 2007).

Alternative S-4: Covers and Institutional Controls

Alternative S-4 consists of covers to ensure that the exposure pathway to soil contaminants is
blocked and ICs similar to Alternatives S-2 and S-3.

Alternative S-5:Excavation, Disposal, Covers, Soil Vapor Extraction, and Institutional
Controls

Alternative S-5 consists of a combination of soil excavation (S-3), disposal (S-3), covers (S-4),
soil vapor extraction, and ICs (S-2 and S-3) to ensure that the exposure pathways to soil
contamination are blocked. In addition, extraction of VOCs will provide further remediation.

5.1.2 Alternatives Developed for Groundwater

Section 5.3 of the Revised FS Report for Parcel C discusses the alternatives developed for
groundwater summarized below (SulTech, 2007).

A Parcel C ROC groundwater monitoring program currently does not exist nor has the
groundwater been completely characterized. The following groundwater alternatives include
ROC sampling and analysis whenever a sample is collected for chemicals of concern in remedial
units (RU)-C1, RU-C2, RU-C4, and non-plume areas. Appropriate alternatives will be evaluated
upon review of groundwater data.
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Alternative GW-1: No Action

For this alternative, no remedial action will be taken for groundwater. Groundwater conditions
will be left as is, without implementing any response actions. The no-action response is retained
throughout the evaluation process as required by the NCP to provide a baseline for comparison
with other alternatives.

Alternative GW-2: Institutional Controls and Long-Term Groundwater Monitoring

Alternative GW-2 consists of groundwater monitoring and ICs. This alternative was developed
as a method for monitoring contaminants present at low concentrations in groundwater.
Additionally, groundwater monitoring would be used to confirm site conditions and ensure that,
over time, the potential exposure pathways remain incomplete. 1Cs are also included in this
alternative to effectively manage risk by preventing exposure and use of the groundwater.
Groundwater monitoring in the wells identified in the Revised FS Report for Parcel C (SulTech,
2007) for the ROCs would be used to confirm site conditions and ensure that, over time, the
potential exposure pathway remains incomplete. Monitoring would occur in the 132 wells in and
proposed for RU-C1, RU-C2, RU-C4, and non-plume areas. These wells are in or near
radiologically-impacted buildings.

Alternative GW-3A: In-Situ Bioremediation, Long-Term Groundwater Monitoring and
Institutional Controls

Alternative GW-3A consists of in-situ treatment of the contaminant plumes in addition to
groundwater monitoring and ICs, similar to Alternative GW-2. Groundwater monitoring for the
ROCs will be used to confirm site conditions and ensure that, over time, the potential exposure
pathway remains incomplete. Monitoring would occur in the 132 wells in and proposed for RU-
C1, RU-C2, RU-C4, and non-plume areas.

Alternative GW-3B: In-Situ Zero-Valent Iron Reduction, Bioremediation, Long-Term
Groundwater Monitoring, and Institutional Controls

Alternative GW-3B consists of a zero valent iron slurry as an additive to create a chemically
reducing environment in the aquifer that mineralizes chlorinated chemicals similar to the
bioremediation reaction and followed by anaerobic and aerobic bioremediation. This alternative
would reduce the required time to meet the groundwater remedial action objectives, and as a
result, the length of groundwater monitoring and possibly the time required for ICs.
Groundwater monitoring for the ROCs would be used to confirm site conditions and ensure that,
over time, the potential exposure pathway remains incomplete. Monitoring would occur in the
132 wells in and proposed for RU-C1, RU-C2, RU-C4, and non-plume areas.
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5.1.3 Alternatives Developed For Radiologically Impacted Sites

The following alternatives were developed for radiologically-impacted buildings and the storm
water and sanitary sewer system in Parcel C.

Alternative R-1: No Action

No remedial action will be taken for this alternative. Parcel C building and site conditions will be
left as is, without implementing any response actions. The no-action response is retained
through the evaluation process as required by the NCP to provide a baseline for comparison with
other alternatives.

Alternative R-2: Survey, Decontamination, Disposal, Release, and Institutional Controls

Alternative R-2 consists of decontamination of radiologically-impacted buildings and
dismantlement if necessary except for Building 205. Institutional controls only will apply to
Building 205. The radiological wastes would be packaged and sent off-site to a licensed disposal
facility. The effort includes survey and decontamination of buildings, trenches resulting from
sewer and storm sewer removal, and rstorm water and sanitary sewer piping and associated soils
to meet the remediation goals.

Alternative R-3:  Survey, Decontamination, Disposal, Release, Close In-Place, and
Institutional Controls

Alternative R-3 consists of decontamination of impacted buildings, dismantlement if necessary;
survey of buildings, trenches resulting from sewer and storm line removal, and storm drain and
sanitary sewer piping to meet the RAOs; and use of ICs. Under this alternative the above-grade
portions of Building 205, the discharge channel, and first 10 feet of the Building 205 Shaft would
be surveyed to verify that no residual radioactivity is present above the RGs. The shaft in
Building 205 below 10 feet would not be remediated. The shaft below 10 feet and connecting
piping would be closed in-place with backfilled stone and a concrete cap. ICs would be utilized
to prevent exposure to potentially unacceptable risk by the ROCs left in place.
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6.0 DETAILED ANALYSIS OF ALTERNATIVES

This section provides a detailed analysis of each remedial alternative developed in Section 5.0.
This information will be used to help select a final remedy for Parcel C. The alternatives are
evaluated using criteria based on the statutory requirements of CERCLA as amended by the
Superfund Amendments and Reauthorization Act, Section 121; the NCP; and Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988).

The NCP specifies nine criteria to be used in the comparative analysis. The first two are
threshold criteria that must be satisfied for a remedy to be eligible for selection; the next five are
balancing criteria used to evaluate the comparative advantages and disadvantages of the
remedies; and the final two are modifying criteria generally taken into account after agency and
public comments are received on the proposed plan. The nine criteria include:

Overall protection of human health and the environment: This criterion describes how each
alternative, as a whole, protects human health and the environment and indicates how each
hazardous substance source is to be eliminated, reduced, or controlled.

Compliance with ARARs: This criterion evaluates each alternative’s compliance with ARARS,
or, if an ARAR waiver is required, how the waiver is justified. ARARSs consider location-
specific, chemical-specific, and cleanup action-specific concerns.

Long-term effectiveness and permanence: This criterion evaluates the effectiveness of each
alternative in protecting human health and the environment after the remedial action is complete.
Factors considered include magnitude of residual risks and adequacy and reliability of release
controls.

Reduction of toxicity, mobility, or volume through treatment: This criterion evaluates the
anticipated capability of each alternative’s specific treatment technology to reduce the toxicity,
mobility, or volume of hazardous substances.

Short-term effectiveness: This criterion addresses the effectiveness of each alternative in
protecting human health and the environment during the construction and implementation phase.
Factors considered include:

e Exposure of the community during implementation.
e Exposure of the workers during construction.

e Environmental impacts.

e Time required to complete the remedial action and achieve RAOs.
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Implementability: This criterion addresses the technical and administrative feasibility of
implementing an alternative and the availability of the required services and materials during its
implementation. Factors considered include:

¢ Ability to construct the technology.
¢ Reliability of the technology.
e Monitoring considerations.

e Auvailability of equipment and specialists.

Cost: This criterion evaluates the capital and operation and maintenance (O&M) costs for each
alternative. Capital and O&M cost estimates are order-of-magnitude level estimates and have an
expected accuracy of minus 30 to plus 50 percent (EPA, 2000).

Community Acceptance: This criterion evaluates issues and concerns the public may have
about each alternative. This criterion will be assessed after community comments have been
received on the Revised FS Report for Parcel C, this addendum, and the proposed plan.

Regulatory Agency Acceptance: This criterion evaluates technical and administrative issues
and concerns the regulatory agencies may have about each alternative. This criterion will be
assessed after agency comments are received on the Revised FS Report for Parcel C, this
addendum, and the proposed plan.

In the following sections each remedial alternative is evaluated to the two threshold and five
balancing NCP criteria, and subsequently compared with other alternatives to assess the relative
performance with respect to these criteria.

6.1 INDIVIDUAL ANALYSIS OF SOIL REMEDIAL ALTERNATIVES

A discussion of individual analyses of each of the soil alternatives with respect to the evaluation
criteria is provided in Section 6.1 of the Revised FS Report for Parcel C. This Addendum adds
no radiological monitoring of soil removed per the soils (S) alternatives as defined for chemical
remediation in the Revised FS Report for Parcel C. Remedial alternatives are discussed in
Section 6.5 below.

6.2 COMPARISON OF SOIL REMEDIAL ALTERNATIVES

A discussion comparing the five soil remedial alternatives is provided in Section 6.2 of the
Revised FS Report for Parcel C (SulTech, 2007). Comparison of remedial alternatives that
address radiologically-impacted sites in Parcel C is discussed in Section 6.6 below.
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6.3 INDIVIDUAL ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES

A discussion of individual analyses of groundwater alternatives with respect to the evaluation
criteria is provided in Section 6.3 of the Revised FS Report for Parcel C (SulTech, 2007). For
this Addendum, Alternatives GW-2, GW-3A, and GW-3B include monitoring for radionuclides
because there is no available groundwater data associated with radionuclides for Parcel C. The
inclusion of monitoring for radionuclides does not change the conclusions presented in Section
6.3 of the Revised FS Report for Parcel C. Therefore, no additional discussion of the
groundwater alternatives is presented in this addendum. The groundwater monitoring will
provide data to propose any remedial alternatives that may be necessary pertaining to potential
risk from ROCs in the groundwater.

6.4 COMPARISON OF GROUNDWATER REMEDIAL ALTERNATIVES

A discussion comparing the groundwater alternatives is provided in Section 6.4 of the Revised
FS Report for Parcel C. Both alternatives include monitoring for radionuclides. The inclusion of
monitoring for radionuclides does not change the conclusions presented in Section 6.4 of the
Revised FS Report for Parcel C. Therefore, no additional discussion of the groundwater
alternatives is presented in this addendum.

6.5 INDIVIDUAL ANALYSIS OF RADIOLOGICALLY-IMPACTED SITES
REMEDIAL ALTERNATIVES

A discussion of individual analyses of each of the radiologically-impacted sites’ (buildings and
the storm water and sanitary sewer system) remedial alternatives with respect to the evaluation
criteria described in Section 6.0 is described in the following sections. A summary is presented
in Table 6-1.

6.5.1 Individual Analysis of Alternative R-1

Under Alternative R-1, no remedial action would be taken. Impacted sites would be left as is
without implementing any ICs, containment, removal, or other mitigating actions. The no-action
response is retained through the evaluation process as required by the NCP to provide a baseline
for comparison with other alternatives. As discussed below, the overall rating of Alternative R-1
is not acceptable.

6.5.1.1 Overall Protection of Human Health and the Environment: Alternative R-1

ROC:s at Parcel C pose unacceptable risks to human health under the proposed planned reuse for
several redevelopment blocks. Alternative R-1 does not address these risks; therefore, the rating
for Alternative R-1 for overall protection of human health and the environment is not protective.

2201-0006-0077 FnlRadAdd_RevFS_Parcel C 6-3 Final Radiological Addendum
to the Revised Feasibility Study Report for

Parcel C, Hunters Point Shipyard

DCN: ECSD-2201-0006-0077

CTO No. 0006



6.5.1.2 Compliance with ARARs: Alternative R-1

There is no need to identify ARARSs for the no-action alternative because ARARs apply to “any
removal or remedial action conducted entirely on-site” and “no action” is not a removal or
remedial action. CERCLA § 121 (42 United States Code § 9621) cleanup standards for selection
of a Superfund remedy, including the requirement to meet ARARS, are not triggered by the no-
action alternative (EPA, 1988). Therefore, a discussion of compliance with ARARs is not
appropriate for this alternative.

6.5.1.3 Long-term Effectiveness and Permanence: Alternative R-1

The factors evaluated under long-term effectiveness and permanence included the magnitude of
residual risks and the adequacy and reliability of the controls. Under the no-action alternative,
residual contamination above remediation goals have not been addressed. No controls to prevent
exposure and no long-term management measures such as ICs are implemented. Based on this
evaluation, the overall rating for Alternative R-1 for long-term effectiveness and permanence is
not acceptable.

6.5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment: Alternative R-1

Alternative R-1 does not include treatment that would result in the destruction, transformation, or
irreversible reduction in contaminant mobility. Therefore, the overall rating for Alternative R-1
for the reduction of toxicity, mobility, and volume through treatment is poor.

6.5.1.5 Short-term Effectiveness: Alternative R-1

Four factors are considered as part of the short-term effectiveness criteria and are assessed below
for Alternative R-1.

No remedial actions would occur therefore the on-site community would not be exposed to
additional risks. The off-site community would be protected, as radiologically-impacted sites
that present unacceptable risk would not be disturbed.

No workers would be exposed to health risks during implementation of Alternative R-1 because
no remedial action will be taken.

No adverse environmental impacts would result from construction and implementation of
Alternative R-1 because no remedial action will be taken.

Because no remedial action will be taken, no time would be required to complete Alternative
R-1. However, time is an inappropriate measure because no action is taken.

The overall rating for Alternative R-1 for short-term effectiveness is very good based on no
additional risks or exposure as compared with current conditions.
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6.5.1.6 Implementability: Alternative R-1

Implementability includes technical and administrative feasibility and the availability of required
resources. No action, including implementing ICs or constructing and operating a remedial
system, would be required to implement this alternative; therefore, Alternative R-1 would be
very easily implemented, and the overall rating for Alternative R-1 for implementability is very
good.

6.5.1.7 Cost: Alternative R-1

There are no costs associated with this alternative since no remedial activities would be
performed. Therefore, the overall rating for Alternative R-1 for costs is excellent.

6.5.1.8 Overall Rating: Alternative R-1

Alternative R-1 is not acceptable because it fails to meet the threshold criteria and is not
acceptable in terms of long-term effectiveness.

6.5.2 Individual Analysis of Alternative R-2

Alternative R-2 consists of decontamination of radiologically-impacted buildings and
dismantlement if necessary. Surveys would be performed on buildings except Building 205,
trenches resulting from sanitary sewer and storm line removal, and remediated storm water and
sanitary sewer system components and associated soils to meet the remedial action objectives.

The above-grade portions of Building 205, the discharge tunnel, and the first 10 feet of the
Building 205 shaft would be surveyed to verify that no residual radioactivity is present above the
RAOs. The Building 205 shaft below 10 feet would be abandoned as is, due to the unsound
condition of the building, health and safety hazards associated with field conditions, as well as
many other unknowns. ICs would be implemented to minimize inadvertent contact with
radiologically-impacted media.

6.5.2.1 Overall Protection of Human Health and the Environment: Alternative R-2

Alternative R-2 provides protection to human health and the environment because radiologically-
impacted buildings (to include the above-grade portions of Building 205, the discharge tunnel,
and the shaft to 10 feet below ground), storm drains, and sanitary sewers would be remediated.
Unacceptable risks based on planned reuse associated with radiologically-impacted portions of
the Building 205 shaft below 10 feet would be mitigated by implementing ICs. Therefore, the
overall rating for Alternative R-2 for protection of human health and the environment is
protective but limited based on available information.
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6.5.2.2 Compliance with ARARs: Alternative R-2

Alternative R-2 includes both ICs and remedial actions. Both action- and chemical-specific
ARARs associated with this alternative would be met. As a result, Alternative R-2 would meet
ARARS.

6.5.2.3 Long-term Effectiveness and Permanence: Alternative R-2

The factors evaluated under long-term effectiveness and permanence included the magnitude of
residual risks and the adequacy and reliability of implemented controls. Abandonment of the
Building 205 shaft below 10 feet as is, due to the unsound condition of the building as well as
many other hazards, results in long-term effectiveness and permanence that is not protective.
The long-term effectiveness and permanence of the existing Building 205 condition and shaft
below 10 feet is unacceptable.

Under Alternative R-2, radiologically-impacted buildings, trenches resulting from sewer and
storm line removal, and excavated storm drain and sanitary sewer piping will be remediated and
surveyed to verify that the RAOs are met. The overall rating for Alternative R-2 for long-term
effectiveness and permanence is good.

6.5.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment: Alternative R-2

Alternative R-2 includes remediation of radiologically-impacted building materials. The
remedial activities do not include treatment that would result in the destruction, transformation,
or irreversible reduction in contamination mobility. Therefore, Alternative R-2 rating for
reduction of toxicity, mobility, or volume is poor.

6.5.2.5 Short-term Effectiveness: Alternative R-2

Four factors are considered as part of the short-term effectiveness criteria and are assessed below
for Alternative R-2.

The on-site and off-site community would be protected by containment controls such as dust
suppression during scabbling, demolition, and removal of ROCs.

Workers would be protected during ROC remediation from Parcel C radiologically-impacted
sites by implementing containment controls such as dust suppression and following health and
safety protocols, including personal protective equipment and decontamination procedures.

The estimated time required to implement Alternative R-2 is less than 1 year, and the effects of
implementing this alternative would be nearly immediate.

The overall rating for alternative R-2 for short-term effectiveness is very good.
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6.5.2.6 Implementability: Alternative R-2

Implementability includes technical and administrative feasibility and the availability of required
resources. The alternative is technically feasible and easily implemented since the action can be
readily implemented using widely available commercial services, materials, and equipment. The
overall rating for implementability is very good.

6.5.2.7 Cost: Alternative R-2

The cost estimate for Alternative R-2 was generated based on data collected from site
information, dated drawings, and engineering estimates. The estimated cost for Alternative R-2
is rated as good.

Appendix B of this addendum provides a detailed description of the Alternative R-2 cost
estimate and associated assumptions and limitations.

6.5.2.8 Overall Rating: Alternative R-2

Alternative R-2 is protective of human health and the environment, meets ARARS, is effective in
the short and long term, and is easily implemented, but is costly. The overall rating for this
alternative is good.

6.5.3 Individual Analysis of Alternative R-3

Alternative R-3 consists of decontamination of impacted buildings, except for Building 205,
dismantlement if necessary, and surveys. In addition surveys and remediation of storm water
and sanitary sewers as in R-2 are included to ensure the remedial action objectives are met. This
alternative assumes that the Building 205 shaft below 10 feet would be closed in-place with
backfilled stone and a concrete cap and ICs will be assigned.

6.5.3.1 Overall Protection of Human Health and the Environment: Alternative R-3

Alternative R-3 provides protection to human health and the environment because it would
remediate impacted buildings and the storm water and sanitary sewer system. The Building 205
shaft below 10 feet and associated piping would be closed in-place with backfilled stone,
covered with a concrete cap, and ICs implemented. The backfilled stone and concrete cap would
provide a barrier to eliminate risk associated with potentially encountering ROCs. Therefore, the
overall rating for Alternative R-3 for protection of human health and the environment is
protective.
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6.5.3.2 Compliance with ARARs: Alternative R-3

Alternative R-3 includes both ICs and remedial actions. Both action- and chemical-specific
ARARs associated with this alternative would be met. As a result, Alternative R-3 would meet
ARARS.

6.5.3.3 Long-term Effectiveness and Permanence: Alternative R-3

The long-term effectiveness and permanence of the existing Building 205 condition and shaft
below 10 feet is unacceptable. Thus, closure in-place of the Building 205 shaft below 10 feet
with backfilled stone and a concrete provides long-term effectiveness and permanence.

Under Alternative R-3, impacted buildings, trenches resulting from sewer and storm line
removal, and excavated storm water and sanitary sewer piping will be remediated and surveyed
to verify that the RAOs are met. The long-term effectiveness and permanence are rated
excellent. The overall rating for Alternative R-3 for long-term effectiveness and permanence is
very good.

6.5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment: Alternative R-3

Alternative R-3 includes remediation of impacted building materials. The remedial activities do
not include treatment that would result in the destruction, transformation, or irreversible
reduction in contamination mobility. Therefore, Alternative R-3 rating for reduction of toxicity,
mobility, or volume is poor.

6.5.3.5 Short-term Effectiveness: Alternative R-3

Four factors are considered as part of the short-term effectiveness criteria and are assessed below
for Alternative R-3.

The on-site and off-site community would be protected by containment controls such as dust
suppression during scabbling, demolition, and removal of ROCs.

Workers would be protected during ROC remediation from Parcel C impacted structures by
implementing containment controls such as dust suppression and following health and safety
protocols, including personal protective equipment and decontamination procedures.

The estimated time required to implement Alternative R-3 is less than 1 year, and the effects of
implementing this alternative would be nearly immediate.

The overall rating for alternative R-3 for short-term effectiveness is very good.
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6.5.3.6 Implementability: Alternative R-3

Implementability includes technical and administrative feasibility and the availability of required
resources. The alternative is technically feasible and easily implemented since the action can be
readily implemented using widely available commercial services, materials, and equipment. The
overall rating for implementability is very good.

6.5.3.7 Cost: Alternative R-3

The cost estimate for Alternative R-3 was generated based on data collected from site
information, dated drawings, and engineering estimates. The estimated cost for Alternative R-3
is rated as good.

Appendix B of this addendum provides a detailed description of the Alternative R-3 cost
estimate and associated assumptions and limitations.

6.5.3.8 Overall Rating: Alternative R-3

Alternative R-3 is protective of human health and the environment, meets ARARSs, is effective in
the short and long term, is easily implemented, but is costly. The overall rating for this
alternative is very good.

6.6 COMPARISON OF RADIOLOGICALLY-IMPACTED SITE REMEDIAL
ALTERNATIVES

This section compares the radiological remedial alternatives. The discussion of each evaluation
criterion generally proceeds from the alternative that best satisfies the criterion to the one that
least satisfies the criterion. Table 6-1 summarizes the ratings for each alternative and shows a
comparison of the ratings for each alternative for the two threshold and five balancing NCP
evaluation criteria.

6.6.1 Overall Protection of Human Health and the Environment

Overall protection of human health and the environment is a threshold criterion. Protection is
not measured by degree; rather, each alternative is considered as either protective or not
protective. Alternative R-3 is protective because it includes remediation that reduces exposure to
ROCs. Alternative R-2 is protective except for the Building 205 shaft below 10 feet and
associated piping. Alternative R-1 does not address any risk at the site and hence does not
provide any protection to human health and the environment.
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6.6.2 Compliance with Applicable or Relevant and Appropriate Requirements

Compliance with ARARSs is a threshold evaluation criterion. An alternative must either comply
with ARARs or justification must be provided for a waiver. Alternatives R-2 and R-3 fulfill all
the pertinent ARARs. Alternative R-1 does not meet the ARARs.

6.6.3 Long-term Effectiveness and Performance

Alternative R-3 provides very good long-term effectiveness and performance. Alternative R-2
provides long-term effectiveness and performance for impacted sites except for the Building 205
shaft below 10 feet and associated piping. Alternative R-1 will have very little long-term
effectiveness and performance because it includes no action.

6.6.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternatives R-1, R-2, and R-3 rate equally poorly because they do not include treatment that
would result in the destruction, transformation, or irreversible reduction in ROC mobility.

6.6.5 Short-term Effectiveness

Alternative R-1 has the least effect on the community, remedial workers, or the environment
because it includes no actions and therefore would not disturb the ROCs. Alternatives R-2 and
R-3 include removing and hauling contaminated soil. This would pose potential risk to the
community, remedial workers, or the environment, although this risk is considered low and
mitigation measures would be implemented.

6.6.6 Implementability

Distinction among the alternatives for implementability is minimal. Alternatives R-2 and R-3
require implementation of ICs and utilize standard technologies that are easy to implement.
Alternative R-1 does not involve remedial technologies or ICs and requires no implementation.

6.6.7 Cost

Alternative R-1 requires no action; therefore, no costs are associated with this alternative.
Alternative R-2 is the least costly because it does not address the Building 205 shaft below 10
feet and associated piping. Alternative R-3 is the most costly but does address all impacted sites
within Parcel C.

6.6.8 Overall Rating of Impacted Site Alternatives

An overall rating was assigned to each alternative. Alternative R-3 is rated very good overall for
the two threshold and five balancing NCP evaluation criteria. Alternative R-2 is rated good for
the two threshold and five balancing NCP evaluation criteria. Alternative R-1 is rated as not
acceptable.
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TABLE 2-1

Page 1 of 2

PARCEL C IMPACTED AREAS, RADIONUCLIDES OF CONCERN,
HISTORICAL USES, AND PLANNED REUSE

Building Number | Radionuclides of Building Planned Reuse
or Area Title Concern or Area Use
203 Strontium-90 | power plant facility where | Research and Development
Cesium-137 contaminated fuel oil was
Radium-226 potentially burned
Plutonium-239
205 and Discharge Strontium-90 | pymp house for Drydock 2 | Educational/Cultural
Channel Cesium-137
Radium-226
Plutonium-239
211 Cesium-137 Machinery and electrical Educational/Cultural and
Radium-226 test/repair facility and Open Space
Thorium-232 contractor LLRW storage
214 Strontium-90 Combat Weapons System Educational/Cultural
Cesium-137 office, administrative
Radium-226 offices, and NRDL Health
Plutonium-239 | Physics counting room
224 Air raid shelter and Educational/Cultural
Strontium-90 OPERATION
Cesium-137 CROSSROADS and
Plutonium-239 | GREENHOUSE fallout
sample storage
241 Forge shop with use of Research and Development
Thorium-232 natural thorium fire brick
and potassium nitrate
253 Radiography and instrument | Educational/Cultural
Strontium-90 calibration, storage of
Cesium-137 equipment from
Radium-226 OPERATION
Plutonium-239 CROSSROADS ships, and
Thorium-232 probable location of radium
paint activities
271 Radium-226 Spray pain'ging, paint shop Research and Development
annex, equipment
storage/barge service office
272 Cobalt-60 Machine shop and possible | Research and Development
Cesium-137 radiography
Radium-226
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TABLE 2-1

Page 2 of 2

PARCEL C IMPACTED AREAS, RADIONUCLIDES OF CONCERN,
HISTORICAL USES, AND PLANNED REUSE

Building Number
or Area Title

Radionuclides of
Concern

Building
or Area Use

Planned Reuse

Sanitary Sewer
System

Strontium-90
Cesium-137
Radium-226

Radiological liquid wastes
from ship decontaminations
and buildings

Educational/Cultural,
Research and Development,
Mixed Use, and Open
Space

Storm Water Sewer
System

Strontium-90
Cesium-137
Radium-226

Radiological liquid wastes
from ship decontaminations
and buildings

Educational/Cultural,
Research and Development,
Mixed Use, and Open
Space

Abbreviations and Acronyms:

LLRW
NRDL

— low level radioactive waste
— Naval Radiological Defense Laboratory
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TABLE 2-2

Historical Radiological Studies, Surveys, or Reports Associated with Parcel C Radiologically-Impacted Sites

Page 1 of 3

oo . . - . Parcel C or — L .
Report Date Building Site Duration Dates Investigation Report Title Company Facility-Wide Objective Activity Conclusions
Conduct scoping and Class 1 and 2 surveys completed Elevated levels found in areas not
characterization surveys, soil used for (current) LLRW storage:
and other media sampling and summary of actions completed
January 2002 through | Survey Plan and Survey Results Building New World o Final Status Surveys meeting submitted to RASO. Remediation
9 July 2003 211 July 2003 211 Characterization Technology Facility-Wide  |MARSSIM guidelines and Final Status Survey (FSS)
(NWT) remain to be done
Radiation/contamination surveys|Address concerns about prior use of No detectable activity found by
. of selected buildings at radioactive materials at HPS by NRDL [either swipe or instrument survey.
- Hynters Point Partial Facility- [disestablishment of shipyard and determine if sites meet free-release |Class 1 survey needed.
6 December 1974 214 Unknown Radioactive Survey; results of Shipyard (HPS) . -
Wide criteria
Internal Survey
Address concerns about prior  |Reviewed previous documented surveys | The survey performed by HPS in
use of radioactive materials at  [to determine if further activity was 1974 was adequate: no further
. o _PRC . X HPS by NRDL and determine if |required surveys recommended or
15 October 1996 214 1996-1997 Phase 111 Radiation Investigation Environmental Facility-Wide sites meet free-release criteria performed
Management, Inc.
Conduct scoping and Class 3 surveys completed No elevated levels found: Final
New World characterization surveys, soil Status Survey results submitted to
ew Worl : f
January 2002 through . : and other media sampling and RASO
7 January 2003 214 January 2003 Survey Plan and Survey Results Technology Facility-Wide Final Status Surveys meeting
(NWT) MARSSIM guidelines
Conduct scoping and Class 3 surveys completed No elevated levels found: Final
New World characterization surveys, soil Status Survey results submitted to
- ew Worl ; ;
January 2002 through | Survey Plan and Survey Results Building o and other media sampling and RASO
18 March 2003 224 March 2003 294 Characterization Technology Facility-Wide  |rinal Status Surveys meeting
(NWT) MARSSIM guidelines
Conduct scoping and Class 3 surveys completed: elevated No elevated levels found after
characterization surveys, soil levels found. Removed firebrick and Class 1 and 2 surveys: Final Status
January 2002 through | Survey Plan and Survey Results Building New World and other media sampling and | potassium nitrate. Class 1 and 2 surveys |Survey submitted to RASO
13 June 2003 241 - Technology Facility-Wide  |Final Status S ti leted
March 2003 241 Characterization Inal Status surveys meeting  |completel
(NWT) MARSSIM guidelines
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TABLE 2-2

Historical Radiological Studies, Surveys, or Reports Associated with Parcel C Radiologically-Impacted Sites

Page 2 of 3

Report Date Building Site Duration Dates Investigation Report Title Company Fzzciirl(i:te; f/:v(i)(;e Objective Activity Conclusions
Radiation/contamination surveys|Swipe and instrument surveys of sixth  [No detectable activity found by
) Hunters Point i . of selected buildings at floor either swipe or instrument survey
6 December 1974 253 1074: exact dates Radioactive Survey; results of Shipyard (Hps) | "artial Facility- | gicetaplishment of shipyard
unknown Wide
Internal Survey
Address concerns about prior  |Reviewed previous documented surveys | The survey performed by HPS in
use of radioactive materials at  [to determine if further activity was 1974 was adequate: no further
. o _PRC . X HPS by NRDL and determine if |required surveys recommended or
15 October 1996 253 1996 Phase 111 Radiation Investigation Environmental Facility-Wide sites meet free-release criteria performed
Management, Inc.
Conduct scoping and Class 3 surveys completed on floors 1-6.[Summary of activities completed
characterization surveys, soil Contamination found and remediated on |submitted to RASO: remediation
and other media sampling and  |fifth and sixth floors. Class 1 surveys  |and Final Status Survey
Final Status Surveys meeting conducted on fifth and sixth floors and  [recommended
MARSSIM guidelines roof and additional surveys throughout
- New World building. Contamination found
20 October 2003 253 January 2002 through | Survey Plan and Survey_Res_uIts Building Technology Facility-Wide tr}rc_)ughout building, ventilation shai_‘ts,
October 2003 253 Characterization (NWT) piping, manholes, and on ledge outside
building. Roof and parts of ventilation
system remediated.
Complete the characterization  [Survey equipment, materials, drainage [Contamination remains in the
survey and collect data to assess |systems, and floor surfaces by direct building and additional
August 2004 through | Internal Draft Characterization Survey New World Parcel C (Building [the nature and extent of measurement and swipes to determine  |remediation is needed
23 November 2005 253 November 2004 and Results Technology 253 only) radioactive contamination in  extent of contamination
(NWT) Building 253
Conduct scoping and Class 3 survey completed. Radium contamination found.
characterization surveys, soil Characterization, remediation and Class [Final Status Survey results
January 2002 through | Survey Plan and Survey Results Building New World o and other media sampling and |1 survey completed. submitted to RASO. Class 1
28 March 2003 an March 2003 271 Characterization Technology Facility-Wide  |Final Status Surveys meeting survey needed.
(NWT) MARSSIM guidelines
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TABLE 2-2

Historical Radiological Studies, Surveys, or Reports Associated with Parcel C Radiologically-Impacted Sites

Page 3 of 3

oo . . - . Parcel C or — L .
Report Date Building Site Duration Dates Investigation Report Title Company Facility-Wide Objective Activity Conclusions
Conduct scoping and Class 3 survey completed: no Final Status Survey results
characterization surveys, soil contamination found submitted to RASO. Class 1
- New World : f
28 March 2003 072 January 2002 through | Survey Plan and Survey Results Buildingl and other media sampling and survey needed.
March 2003 272 Characterization W d Final Status Surveys meeting
(NWT) MARSSIM guidelines
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Page 1 of 1

TABLE 2-3

LIST OF RADIONUCLIDES, HALF-LIVES, AND RADIATIONS EMITTED

Radionuclides of

Concern Half-life Radiations Released When Decayed
Cesium-137 30 years Beta particles, gamma rays
Cobalt-60 5.3 years Beta particles, gamma rays
Plutonium-239 24,100 years Alpha particles, x-rays
Radium-226 1,600 years Alpha and beta particles, and gamma rays
Strontium-90 29.1 years Beta particles
Thorium-232 14,100,000,000 years Alpha particles, gamma rays
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Page 1 of 1

TABLE 2-4
PARCEL C BUILDING/AREA ASSESSMENT AND CLASSIFICATION

Contamination Potential Contaminated Media Potential Migration Pathways

2 4

< <
2 § Z = — =
2| E _2 5 5 g _ B E 3 g
g 3 c 38§35 go98E3sE 89
o = = 2 @ £ g © S 2 @t @ © SHIN=
[) [©) Q Qo C = © O o c 2 ®©
s = X & &8 3 &8 3 S £ 8 2 & 5 5 c
Building No. or Area e 2 = £|/5 5 5 2l=sE|8 5 2|5 2|=|E E
g No. ¥ ¥ 5 O » & » O < h o dp s »dp O H A
203 v L{N[N|N|N|JL|N|JL|[N[N|[N[NJ|JL]|N
205 and Discharge Channel v NIN|N|NIN|LI[L[N|N|N|N|NJ|JL|L
211 v NIN|N|NIN[M[L[N|N|N|N|NJ|JL|L
214 v NIN|N|N|INIL[{N[N|N|N|N|NJL|N
224 v NIN|N|N[N[L[N[N|N|N|N|NJL|N
241 v NIN|N|N[N[L[N[N|N|N|N|NJL|N
253 v NIN|N|N[N[H[H[N|N|N|N|N|M|M
271 v NIN|N|N|INIL[N[N|N|N|N|NJL|N
272 v NIN|N|N|IN[L[{N[N|N|N|N|NJL|N
Storm Water Sewer System v N|[{L{N[N[(N|[LH|[N|L|I[N|[N|NJ|L|M
Sanitary Sewer System v N|[{L{N[N[N[L|{H[N|L|I[N|[N|NJ|L|M

Abbreviations and Acronyms:

H High — Evidence of contamination in the media or migration pathway has been identified.

M Moderate — The potential for contamination in the media or migration pathway exists, although the extent has not been fully assessed.

L Low — The potential for contamination in the type of media or migration pathway is remote.

N None — Evidence of contamination in the specific media or migration pathway has not been found, or known contamination has been
removed, and surveys indicate that the media or migration pathway meets today’s release criteria.
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TABLE 3-1

PARCEL C BUILDINGS

Page 1 of 1

ALONG WITH THEIR IMPACTED REDEVELOPMENT BLOCKS,
PLANNED REUSE, AND REUSE SCENARIOS

Building/ Impacted
. 9 Redevelopment Planned Reuse Reuse Scenario
Site Number a
Block
203 23 Research and Development Industrial
205 and 22 Educational/Cultural Industrial
discharge
channel
211 25 and COS-3 Educational/Cultural and Open Space | Industrial
214 20B Educational/Cultural Industrial
224 25 Educational/Cultural Industrial
241 18 Research and Development Residential
253 25 Educational/Cultural Industrial
271 24 Research and Development Residential
272 24 Research and Development Residential
Storm Water All Blocks Educational/Cultural, Mixed Use, Residential
Sewer System Research and Development, Open
Space
Sanitary Sewer | All Blocks Educational/Cultural, Mixed Use, Residential

System

Research and Development, Open
Space

Notes:
COoSs
a

Parcel C Open Space
There are seven redevelopment blocks in this table but there are a total of 15 Parcel C redevelopment blocks as shown

in Figure 2-3.
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TABLE 3-2

HUNTERS POINT SHIPYARD RESIDUAL
RADIOACTIVITY REMEDIATON GOALS'

Page 1 of 1

Surfaces (dpm/100 cm?)

Soil°" (pCilg)

. . - f
"ot Concern Eq\?\/lgsntq;‘nt' Structures? | Construction | - e niiay Eglgfe/i)
(dpm/100 ) (dpm/100 cm?) Worker
Cesium-137 5,000 5,000 0.113 0.113 119
Cobalt-60 5,000 5,000 0.0602 0.0361 100
Plutonium-239 100 100 14.0 2.59 15
Radium-226 100 100 1.0d 1.0d 5.0e
Strontium-90 1,000 1,000 10.8 0.331 8
Thorium-232 1,000 36.5 19.0 1.69 15
Notes:

a

Point Shipyard, San Francisco, California. February 14.

Abbreviations and Acronyms:

AEC - Atomic Energy Commission

cm? — square centimeter

dpm  — disintegration per minute

EPA - U.S. Environmental Protection Agency
MDA - minimum detectable activity

mrem/y — millirem per year

pCi/g - picocurie per gram

PRG - Preliminary Remediation Goal

2201-0006-0077 FnlRadAdd_RevFS_Parcel C

These limits are based on AEC Regulatory Guide 1.86 (1974). Limits for removable surface activity are
20 percent of these values.

These limits are based on 25 mrem/y, using D&D Version 2 or Regulatory Guide 1.86, whichever is lower.
EPA PRGs for two future-use scenarios.
Limit is 1 pCi/g above background; not to exceed 2 pCi/g total, per agreement with EPA.
Limit is for total radium concentration.
Taken from Revised Final Basewide Radiological Removal Action, Action Memorandum. 2006. Hunters
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Parcel C Impacted Sites Radiological Risk” Dose™
Building 203 1.44 x 10° 5.43
gﬁggrl]r;? 205 and Discharge 144 % 10° 5.43
Building 211 1.30 x 10°® 9.29
Building 214 1.44 x 10°° 5.43
Building 224 1.48 x 10°® 7.02
Building 241 8.70 x 10” 12.8
Building 253 1.29 x 10° 9.32
Building 271 1.34x10° 0.64
Building 272 3.09x10° 3.66

Notes:

a o o o

RESRAD-BUILD RESULTS?

TABLE 3-3

Page 1 of 1

Total risk and dose is equivalent to incremental risk and dose

Total excess lifetime carcinogen risk

millirems per year

Dose is calculated using DCGLs. Actual dose will be determined after remediation.
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Page 1 of 1

TABLE 3-4

RESRAD RESULTS

Total Dose and Risk

Impacted Areas Radiological Risk® Dose™
Storm Water Sewer System 6.75 x 10° 3.09
Sanitary Sewer System 6.75 x 10™ 3.09
Incremental Dose and Risk
Impacted Areas Radiological Risk® Dose™
Storm Water Sewer System 454 x 10° 2.08
Sanitary Sewer System 454 x10° 2.08

Notes:
a
b

c

Total excess lifetime carcinogen risk.
millirems per year.
Dose is calculated using DCGLs. Actual dose will be determined after remediation.
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TABLE 3-5

COMBINED TOTAL RISK FROM
CHEMICAL AND RADIOLOGICAL RISKS

Page 1 of 1

Parcel C Impacted | Radiological Chemical Redevelopment | Parcel C ComF;Iisr:;tion
Sites Risk” Risk®"* Block Grid(s)
Results

Building 203 1.44 x 10°® 5.00 x 10™* 23 089040 5.01x10™*
g‘ijs'('fﬂ]':r%ezgsh:ggel 1.44 x 10° 4.00x 10° 22 BBO3 5.40 x 10°
Building 211 1.30x 10°® 5.00 x 10° 25 and COS-3 BEO06 5.13x10°
Building 214 1.44 x 10°® 5.00 x 10°° 20B BA09 5.14 x 10°
Building 224 1.48 x 10°® 4,00 x 10° 25 BDO8 414 x10°
Building 241 8.70 x 107 4.00 x 10™ 18 079041 4.08 x 10™
Building 253 1.29 x 10°® 4.00x10* 25 BDO8 4.01x 10"

o % 4 093035, 4
Building 271 1.34 x 10 4.00 x 10 24 004035 4.01x 10
Building 272 3.09x 10°® 2.00x 10°® 24 088036 2.00x 10°°
gsgt'g’r‘;y Sewer 6.75 x 10 2.00x 10° All Blocks 088036 272x10°
g;c;rt;nmwmer Sewer 6.75 x 10° 2.00 X 10° All Blocks 088036 | 2.72x10°

Notes:
a
b

C.

overlay.
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Chemical risk was taken from Revised Feasibility Study Report for Parcel C, Tables 3-2 and 3-3.

Excess lifetime carcinogenic risk.
The worst case chemical risk was chosen from the girds that the radiologically-impacted buildings or sites
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TABLE 3-6

COMBINED INCREMENTAL RISK
FROM CHEMICAL AND RADIOLOGICAL RISKS

Page 1 of 1

Parcel C Impacted | Radiological Chemical Redevelopment | Parcel C ComF;Iisr:;tion
Sites Risk” Risk®" Block Grid(s)
Results
Building 203 1.44 x 10°® 5.00 x 10™* 23 089040 5.01 x 10™
Building 205 and 6 7 BAO3, 5
Discharge Channel 1.44 x 10 6.00 x 10 22 BBO3 2.00 x 10
Building 211 1.30x 10°® 5.00 x 10°° 25 and COS-3 BEO06 5.13x10°
Building 214 1.44 x 10°® 5.00 x 10°° 20B BAO09 5.14 x 10°
Building 224 1.48 x 10°® 3.00 x 10° 25 BD08 3.14x10°
Building 241 8.70x 107 4.00 x 10™ 18 079041 4.00 x 10™
Building 253 1.29 x 10°® 4.00x10° 25 BD08 412 x10°
o - 4 093035, 4
Building 271 1.34 x 10 4.00 x 10 24 004035 4.01x 10
Building 272 3.09x 10°® 2.00x 10°® 24 088036 2.00x 10°°
gsgt'g’r‘;y Sewer 454 x10° 2.00x 107 All Blocks 088036 2.04%10°
g;cg[;anater Sewer 454x10° 2.00 X 10° All Blocks 088036 2,04 x 10°

Notes:

a

b

C.
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Chemical risk was taken from Revised Feasibility Study Report for Parcel C, Tables 3-8 and 3-9.

Excess lifetime carcinogenic risk.
The worst case chemical risk was chosen from the girds that the radiologically-impacted buildings overlay.
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TABLE 4-1

POTENTIAL FEDERAL AND STATE ARARs TO BE CONSIDERED CRITERIA

FOR POTENTIALLY CONTAMINATED SITES AT HPS

Page 1 of 5

Regulation Requirement Citation® ARAR . Comments
Determination

Chemical-Specific* ARAR

Resource Defines RCRA hazardous waste. A solid waste is characterized as | 22 CFR 66261.21, Applicable Applicable for determining

Conservation and | toxic, based on the TCLP, if the waste exceeds the TCLP maximum | 66261.22(a)(1), whether waste is hazardous

Recovery Act concentrations. 66261.23, and already identified in the
66261.24(a)(1), and Revised FS for Parcel C.
66261.100

Cal/EPA Definitions of designated waste, nonhazardous waste, and inert CCR tit. 27 8§ 20210, | Applicable Potential ARARs for

Department of
Toxic Substances
Control

waste.

20220, and 20230

classifying waste and
determining ARAR status
of other requirements.
These requirements are
already identified in the
Revised FS Report for
Parcel C (SulTech, 2007).

Uranium Mill Standards for cleanup of land and buildings contaminated with 40 CFR 192.12(a), Relevant and Not applicable because

Tailings Radiation | ?°Ra, “®Ra, and thorium from inactive uranium processing sites. 192.32(b)(2) and Appropriate Parcel C is not an

Control Act As a result of residual radioactive materials from any designated 19241 UMTRCA site and is not
processing site: potentially relevant and

’ appropriate for sites with

(a) The concentration of ?°Ra in land averaged over any area of soil contaminated with
100 square meters shall not exceed the background level by more radioactive waste.
than: The surface and subsurface
(1) 5pCilg, averaged over the first 15 cm of soil below the concentration of 5pCi/g is
surface, and potentially relevant and
(2) 15 pCilg, averaged over 15-cm-thick layers of soil more appropriate only for an
han 15 cm below the surface. unrestr_lcted land-use
t scenario.

Uranium Mill In any occupied or habitable building, the objective of remedial 40 CFR 192.12(b)(1) | Relevant and Not applicable because

Tailings Radiation

action shall be, and reasonable effort shall be made to achieve, an

192.41(b)

Appropriate

Parcel C is not an
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TABLE 4-1

Page 2 of 5

POTENTIAL FEDERAL AND STATE ARARs TO BE CONSIDERED CRITERIA
FOR POTENTIALLY CONTAMINATED SITES AT HPS

ARAR

Regulation Requirement Citation® L Comments
Determination
Control Act annual average (or equivalent) radon decay product concentration UMTRCA site. Relevant
(including background) not to exceed 0.02 WL. In any case, the and appropriate since the
radon decay product concentration (including background) shall not alternatives will result in
exceed 0.03 WL. Provisions applicable to *°Rn shall also apply to radioactive material with
220Rn. radioactive contamination
that may produce this level
of dose.
Uranium Mill Concentration limits for cleanup of gamma radiation in buildings at | 40 CFR 192.12(b)(2) Relevant and Not applicable because
Tailings Radiation | inactive uranium processing sites designated for remedial action. Appropriate Parcel C is not an
Control Act . . _— - UMTRCA site.
In any occupied or habitable building, the level of gamma radiation . .
shall not exceed the background level by more than 20 A poten_tlal ARAR since the
microroentgens per hour alt(_arn_atlve§ will Igave_a
' building with radioactive
contamination at the
remedial action objective
level.
Radiological A site will be considered acceptable for unrestricted use if the 10 CFR 20.1402 Relevant and This ARAR is not
Criteria for residual radioactivity that is distinguishable from background Appropriate applicable because Parcel C

Unrestricted Use
at Closing NRC
Licensed Facilities

radiation results in a TEDE to an average member of the critical
group that does not exceed 25 mrem/y, including that from
groundwater sources of drinking water, and that the residual
radioactivity has been reduced to ALARA.

is not an NRC-licensed
radiologically contaminated
site. This ARAR is
potentially relevant and
appropriate for an
unrestricted land-use
scenario®.

NESHAPs under
CAA that Apply
to Radionuclides

Emissions of radionuclides into the ambient air from Department of
Energy facilities shall not exceed those amounts that would cause
any member of the public to receive in any year an effective dose
equivalent of

10 mremly.

40 CFR 61 Subpart H,

61.92

Relevant and
Appropriate

Not applicable because
Parcel C isnot a
Department of Energy site

Potentially relevant and
appropriate because

2201-0006-0077 FnlIRadAdd_RevFS_Parcel C
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TABLE 4-1

Page 3 of 5

POTENTIAL FEDERAL AND STATE ARARs TO BE CONSIDERED CRITERIA
FOR POTENTIALLY CONTAMINATED SITES AT HPS

Regulation

Requirement

Citation®

ARAR
Determination

Comments

potential radioactive
material remains after
cleanup under restricted
conditions.

Location-specific ARAR

National Historic
Preservation Act

Action to preserve historic properties; planning of action to
minimize harm to properties listed on or eligible for listing on the

of 1966 national Register of Historic Places.

16 U.S.C., Sections
470-470x-6, 36 CFR
800, and 40 CFR
6.301(b)

Applicable

The DON has determined
that Buildings 205 and 253
may be eligible for
inclusion on the National
Register of Historic Places.
The DON is in compliance
with this ARAR because
none of the remedial
alternatives evaluated in
this Revised Feasibility
Study Addendum include
activities that will have a
significant impact on the
building structure.

McAteer-Petris

Reduce fill and disposal of dredged material in San Francisco Bay,

Act maintain marshes and mudflats to the fullest extent possible to

conserve wildlife, abate pollution, and protect the beneficial uses of
the Bay.

San Francisco Bay
Plan at CCR title 14
§8 10110 through
11990

Relevant and
Appropriate

The San Francisco Bay
Plan is an approved state
coastal zone management
program, and the DON will
continue to conduct its
response actions in
accordance with the goals
of the San Francisco Bay
Plan.

McAteer-Petris
Act

Reduce fill and disposal of dredged material in San Francisco Bay.

California
Government Code 88§

Relevant and
Appropriate

The San Francisco Bay
Plan is an approved state
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TABLE 4-1

Page 4 of 5

POTENTIAL FEDERAL AND STATE ARARs TO BE CONSIDERED CRITERIA

FOR POTENTIALLY CONTAMINATED SITES AT HPS

Regulation

Requirement

Citation®

Determination

Comments

66600 — 66661.

coastal zone management
program, and the DON will
continue to conduct its
response actions in
accordance with the goals
of the San Francisco Bay
Plan.

Federal Coastal This act specifies that federal actions that affect the coastal zone 16 US.C. Relevant and The San Francisco Bay

Zone Management | must be consistent with the policies of the San Francisco Bay 1456(c)(1)(A) Plan is an approved state

Act Conservation and Development Commission’s federally approved coastal zone management

coastal management program. program, and the DON will

continue to conduct its
response actions in
accordance with the goals
of the San Francisco Bay
Plan.

Notes:

8 Many potential action-specific ARARs contain chemical-specific limitations and are addressed in the action-specific ARAR tables.

b Only the substantive provisions of the requirements cited in this table are potential ARARSs.

¢ U.S. EPA does not believe this NRC regulation is protective of human health and the environment, and the HPS cleanup goals are more protective. This

regulation is an ARAR only for radiologically-impacted sites that are undergoing TCRAs and any additional remedial action required for those sites. Itis
not an ARAR for radiologically-impacted sites, buildings, or structures that will be transferred with engineering and institutional controls for radiological
contaminants.

Abbreviations and Acronyms:

pug/L  — microgram per liter
ALARA - as low as reasonable achievable
ARAR - applicable or relevant and appropriate requirement

e — carbon-14

2201-0006-0077 FnlIRadAdd_RevFS_Parcel C

DON

— Code of Federal Regulations

— curie

— Department of the Navy
— hydrogen-3
— Hunters Point Shipyard
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TABLE 4-1

POTENTIAL FEDERAL AND STATE ARARs TO BE CONSIDERED CRITERIA
FOR POTENTIALLY CONTAMINATED SITES AT HPS

LLRW - low-level radioactive waste ?%Ra - radium-226

MCL  — maximum contaminant level %Ra - radium-228

mrem/y — millirem per year %5y — strontium-90

NRC - Nuclear Regulatory Commission TEDE - total effective dose equivalent

pCi/L - picocurie per liter U.S.C. - United States Code
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 1 of 8

General

Remedial - _— - - Screening
Resp_onse Technology Type Process Option Description Effectiveness Implementability Cost Comments
Action
SOIL
No Action Not Applicable Not Applicable No Action Does not achieve Not acceptable to | None Retained -
RAOs. local government required by NCP.
or public.
Institutional Institutional Institutional Controls | Fencing, barriers, and posting signs to restrict | Effective at preventing | Requires legal Low Cost Eliminated — No
Controls Controls land use where there is exposure to potentially | exposure of receptors | documents and fill areas hence
contaminated soil. to contamination, authority to soils will be
Prohibits activities not specified for the espec!ally whep used in enfo_rce_ . released.
designated land use: prohibits growing comblnatlon with other _restrlctlons, Easily
produce in native soil. options; does not implemented.
) reduce volume or
Restricts the use of the parcel to those re-uses | toxicity of
that are identified at the time the ROD contamination.
amendment is signed; includes criteria during
and after future development to assure that
mitigated exposure conditions are maintained
such as covers, barriers, or other engineering
controls.
Removal Excavation Conventional Excavation of contaminants, soil and materials | Effective at removing | Easily Moderate Retained —
excavation with the ROC concentration above RAOs. contamination and implemented for | cost (based | effective for
preventing long-term defined areas of on previous | ROCs and quickly

exposure to
contamination; may
expose workers and
environment to
contaminants during
implementation; uses
conventional
construction methods;
proven technology.

contamination;
easily
implemented for
ROCs; may need
to excavate to 10
feet bgs.

excavations)

implemented;
moderate cost.
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 2 of 8

General
Response
Action

Remedial
Technology Type

Process Option

Description

Effectiveness

Implementability

Cost

Screening
Comments

Off-site Disposal

Disposal of
excavated
radioactively
contaminated soil
and material into a
facility licensed to
receive low-level
radioactive waste.

Transport and dispose of soils at a permitted
treatment and disposal facility.

Effective at preventing
exposure of receptors
to contamination; does
not reduce total amount
of contamination; may
expose workers and
environment to
contaminants during
implementation;
conventional method.

Requires
appropriate
transportation
permits and waste
characterization.
Easily
implemented.

High cost

Retained —
effective; easily
and quickly
implemented;
permanent
remedy; high cost.

Containment

Covers

Soil, Asphalt, or
Concrete Cover

Placement of a soil, asphalt, or concrete cover
over contaminated soil, prevents contact with
contamination.

Effective at preventing
exposure of receptors
to contamination, must
be used with land-use
controls to maintain
protectiveness,
susceptible to
weathering and
cracking.

Paved areas can
be easily
maintained using
conventional
methods; soil or
asphalt cover
could be used in
areas currently
unpaved. Easily
implemented.

Moderate

Retained - for
areas that are
paved or require
paving to achieve
planned land uses;
can be used with a
soil cover.
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 3 of 8

General Remedial Screening
R;ipzioon;e Technology Type Process Option Description Effectiveness Implementability Cost Comments
Manual screening Manual screening of excavated soil and Effective at preventing | Requires High cost Retained — for fill
material to separate the soil and material exposure of receptors | appropriate areas that need to
exceeding the cleanup standard from the soil to contamination; equipment, be excavated.
below the cleanup standard. This may be reduces the total instrumentation,
accomplished by soil sampling and analyses in | amount of and trained
the field. contamination; may personnel.
expose workers and
environment to
contaminants during
implementation;
conventional method.
GROUNDWATER
No action Not Applicable Not Applicable No Action Not effective Easy to implement | Not Retained —
Applicable required by NCP.
Institutional Institutional Institutional Controls | Prohibits activities that could spread Effective as long as ICs | Easy to implement | Low cost Retained — easily
Controls Controls groundwater contamination by requiring are in effect implemented and

locked well caps and secured utility access
covers and requiring identifying and securing
any additional conduit where potential
receptors could be exposed to the groundwater;
requires posted signs and locked doors to
prohibit occupancy of existing buildings or
other enclosures where there is unacceptable
risk from the vapor intrusion pathway; requires
vapor barriers for new construction in areas of
unacceptable risk.

Prohibits extraction and use of groundwater at
the site, except actions performed in
accordance with site health and safety
requirements; allows only designated land use

effective; prevents
exposure to
ROCs.
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 4 of 8

General Remedial ) o ffecti | il Screening
Resp_onse Technology Type Process Option Description Effectiveness Implementability Cost Comments
Action

in accordance with the proposed

redevelopment plan.

Prohibits certain type of construction and

development based on designated land use,

and must be in accordance with the land use

restrictions; includes criteria during and after

development to assure that mitigated exposure

conditions to groundwater and to VOCs from

the vapor intrusion pathway are maintained or

modified for continued protection for the

receptors.

Treatment Passive Monitoring Groundwater is sampled and analyzed for Effective for all ROCs | Easily Low cost Retained — easily
ROCs; results are evaluated and reported to at low concentrations implemented implemented;
assess if ROCs are in aquifer and migration of effective for all
the contaminants to potential exposure points. ROCs at low

concentrations;
low cost; slow
results.
Natural recovery ROCs are allowed to naturally attenuate via Effective for all ROCs | Easily Low cost Retained - but
decay, dispersion, dilution, or adsorption; at low concentrations implemented slow results.

requires monitoring to assess recovery rates
and success.
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 5 of 8

Rospons Remedial Process Opti Descripti Effecti Implementability | Cost Screening
iipzioon;e Technology Type rocess Option escription ectiveness mplementability 0S Comments
Ex-Situ Pump and | Chemical, physical, | Vertical or horizontal wells are pumped to Not effective for all Not effective for | High O & M | Eliminated - not
Treat or biological extract contaminated groundwater from the chemicals and not ROCs cost effective for
treatment saturated zone; extracted groundwater is effective for ROCs ROCs.
treated through chemical, physical, or
biological processes; treated water is released
to the surface, to surface water, or to a
wastewater treatment plant or is re-injected
Dual Phase Vertical wells are pumped to extract Effective for VOCs and | Requires high High O&M | Eliminated —
Extraction contaminated groundwater, and are under not ROCs level of effortto | cost mostly effective
negative pressure to extract volatile implement for VOC
contaminants for the water surface, capillary chemicals not
fringe, and the vadose zone soils; extracted ROCs.
groundwater and vapors are treated through
chemical, physical, or biological processes.
In-Situ Physical/ | Chemical Oxidation | Chemicals such as hydrogen peroxide, Effective for chemicals | Not easily High cost Eliminated — not
Chemical potassium permanganate, or Fenton’s reagent | and not ROCs implemented retained;
Treatment are injected into the contaminated groundwater alternative
to enhance the oxidation state of the aquifer, retained in
chemically altering dissolved contaminants to SulTech, 2007.
less toxic compounds or precipitants.
Chemical Reduction | Chemicals such a zero-valent iron, are injected | Not effective for ROCs | Not easily High cost Eliminated — not
into the contaminated groundwater to enhance implemented retained,
the reduction state of the aquifer, chemically alternative
altering dissolved contaminants to less toxic retained in
compounds or precipitants. SulTech, 2007.
Electrokinetic Induced electronic current creates an acid front | Not effective for ROCs | Not easily High cost Eliminated — not
Separation (low pH) at the anode and a base front (high implemented retained,;
pH) at the cathode; acidic conditions mobilize alternative
metal contaminants for transport and collection eliminated in
at the cathode. SulTech, 2007.
Air Sparging with Air is injected into the aquifer to mobilize Not effective for ROCs | Not easily High cost Eliminated — not
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 6 of 8

General Remedial . - ffecti | ili Screening
Resp_onse Technology Type Process Option Description Effectiveness Implementability Cost Comments
Action

SVE volatile organic chemicals into the unsaturated implemented retained;
vadose zone soil; volatile organic chemicals alternative
are extracted from the soils with SVE system. eliminated in

SulTech, 2007.

Ozone Sparging with | Ozone is injected into the aquifer to mobilize Eliminated — not

SVE volatile chemicals into the unsaturated vadose retained;
zone soil and create a highly oxygenized alternative
environment; mobilized chemicals are eliminated in
extracted from the soils with SVE system. SulTech, 2007.

Permeable Reactive | Passive reactive treatment walls are installed Eliminated — not

Barriers across the flow path of a contaminant plume, retained;
allowing the water portion of the plume to alternative
passively move through the wall; these walls eliminated in
allow the water to pass while prohibiting SulTech, 2007.
movement of contaminants by employing
agents.

In-Situ Biological | Aerobic and Electron donors, electron acceptors, nutrients, | Not effective for ROCs | Not easily High O&M | Retained — Not
Treatment Anaerobic and possibly microorganisms are injected into implemented cost effective for

Bioremediation the contaminated groundwater to create or ROCs and
enhance aqueous biological activity that retained by
degrades the contaminants to less toxic or SulTech, 2007.
mineralized compounds requires monitoring.

Phytoremediation Uses plant uptake to remove, transfer, Eliminated — not
stabilize, and destroy organic/inorganic retained;
chemicals in groundwater; requires monitoring alternative
to assess remedial progress. eliminated in

SulTech, 2007.
Removal Pump and Dispose | Pumping Large volumes of groundwater are pumped Eliminated — not

of Groundwater
Contaminants

from the aquifer to capture the contaminated
plume; extracted groundwater is either
released to a wastewater disposal facility or is

retained;
alternative
eliminated in
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 7 of 8

General Remedial Screening
R;ipzioon;e Technology Type Process Option Description Effectiveness Implementability Cost Comments
hauled off site for disposal. SulTech, 2007.

Containment | Vapor Barriers Epoxy Coating The floor of the building is sealed with an Eliminated — not

epoxy-based sealant, providing a physical retained;
barrier to vapor migration into buildings. alternative
eliminated in
SulTech, 2007.
Sub-slab Blowers and vapor collection points are Eliminated — not
Depressurization installed below the building to maintain a retained,;
negative pressure gradient and prevent vapor alternative
intrusion. eliminated in
SulTech, 2007.
Raised-floor System | A new floor is installed above the building Eliminated — not
slab foundation and a depressurization system retained;
is installed between the floors to maintain a alternative
negative pressure gradient and prevent vapor eliminated in
intrusion. SulTech, 2007.
STRUCTURES

No Action Not Applicable Not Applicable No Action Does not achieve Not acceptable to | None Retained -
remedial action local government required by NCP.
objectives. or public.

Treatment Removal Scabbling Scabbling Removal of Easily Moderate Retained —
contaminated structural | implemented. cost removes specific
materials with the ROC area
above RAOs. contamination.

Demolition Demolition Removal of Easily Moderate Retained —
contaminated building | implemented. cost removes large
materials with the ROC area
above RAOs. contamination.

Off-site Disposal Disposal of excavated | Easily High cost Retained —
radioactively effective; quickly
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TABLE 4-2

IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES

AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 8 of 8

General Remedial Screening
Resp_onse Technology Type Process Option Description Effectiveness Implementability Cost Comments
Action
contaminated soil and | implemented. implemented;
material into a facility permanent
licensed to receive low- remedy.
level radioactive waste.
Institutional Institutional Institutional controls | Prohibits activities that could spread Effective as long as ICs | Easy to implement | Low cost Retained — easily
controls controls contamination by requiring locked and secured | are in effect implemented and

access covers where potential receptors could
be exposed to the ROCs; requires posted signs
and locked doors to prohibit occupancy of
existing buildings or other enclosures where
there is unacceptable risk from the ROCs.

effective; prevents
exposure to
ROCs.

Abbreviations and Acronyms:

bgs -
IC -
NCP -
o&M -
RAO -
ROC -
ROD -
SVE -
VOC -
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TABLE 4-3

A SUMMARY OF THE SELECTED GENERAL RESPONSE ACTIONS

AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 1 of 4

General Response Remedial . I . - Screening
Action Technology Type Process Option Description Effectiveness Implementability Cost Comments
SOIL
No Action Not Applicable Not Applicable No Action Does not achieve Not acceptable to None Retained —
remedial action local government or required by
objectives. public. NCP.
Institutional Institutional Institutional Fencing, barriers, and posting Effective at preventing | Requires legal Low Cost Retained —
Controls Controls Controls signs to restrict land use where exposure of receptors | documents and easily
there is exposure to potentially to contamination, authority to enforce implemented

contaminated soil.

Prohibits activities not specified
for the designated land use;
prohibits growing produce in
native soil.

Restricts the use of the parcel to
those re-uses that are identified at
the time the ROD amendment is
signed; includes criteria during
and after future development to
assure that mitigated exposure
conditions are maintained such as
covers, barriers, or other
engineering controls.

especially when used in
combination with other
options; does not
reduce volume or
toxicity of
contamination.

restrictions. Easily
implemented.

and effective,
usually required
to restrict
activity based
on land use.
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TABLE 4-3

A SUMMARY OF THE SELECTED GENERAL RESPONSE ACTIONS
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 2 of 4

GenerX\LE()esponse Tecr?rfgl]sgﬁll'ype Process Option Description Effectiveness Implementability Cost gg;:ﬁ?elzgs
Removal Excavation Conventional Excavation of contaminants, soil, | Effective at removing | Easily implemented | Moderate cost Retained —
excavation and materials with the ROC contamination and for defined areas of | (based on effective for
concentration above RAOs. preventing long-term contamination; previous ROCs and
exposure to easily implemented | excavations) quickly
contamination; may for ROCs; may need implemented;
expose workers and the | to excavate to 10 moderate cost.
environment to feet bgs.
contaminants during
implementation; uses
conventional
construction methods;
proven technology.

Off-site Disposal Disposal of Transport and disposal of soils at | Effective at preventing | Requires appropriate | High cost Retained —
excavated a permitted treatment and exposure of receptors | transportation effective; easily
radioactively disposal facility. to contamination; does | permits and waste and quickly
contaminated soil not reduce total amount | characterization. implemented;
and material into a of contamination; may | Easily implemented. permanent
facility licensed to expose workers and remedy; high
receive low-level environment to cost.

radioactive waste.

contaminants during
implementation;
conventional method.

Containment

Covers

Soil, Asphalt, or
Concrete Cover

Placement of a soil, asphalt, or
concrete cover over contaminated
soil, prevents contact with
contamination.

Effective at preventing
exposure of receptors
to contamination, must
be used with land-use
controls to maintain
protectiveness,
susceptible to
weathering and
cracking.

Paved areas can be
easily maintained
using conventional
methods; soil or
asphalt cover could
be used in areas
currently unpaved.
Easily implemented.

Moderate cost

Retained - for
areas that are
paved or
require paving
to achieve
planned land
uses; can be
used with a soil
cover.
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TABLE 4-3

A SUMMARY OF THE SELECTED GENERAL RESPONSE ACTIONS

AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 3 of 4

General Response Remedial . I . - Screening
Action Technology Type Process Option Description Effectiveness Implementability Cost Comments
Manual screening | Manual screening of excavated Effective at preventing | Requires appropriate | High cost Retained — for
soil and material to separate the exposure of receptors | equipment, fill areas that
soil and material exceeding the to contamination; instrumentation, and need to be
cleanup standard from the soil reduces the total trained personnel. excavated.
below the cleanup standard. This | amount of
may be accomplished by soil contamination; may
sampling and analyses in the expose workers and
field. environment to
contaminants during
implementation;
conventional method.
GROUNDWATER
No Action Not Applicable Not Applicable No Action Does not achieve Not acceptable to None Retained —
RAOs local government or required by
public NCP.
Institutional Not Applicable Not Applicable Breaks the exposure pathway if Effective as long as Easy to implement Low Cost Retained -
Controls controls are maintained. institutional controls
are maintained.

Treatment Passive Monitoring Groundwater is sampled and Effective for Easy to implement Moderate Cost Retained —
analyzed for ROCs; results are identifying if Identifies if
evaluated and reported to assess if | radionuclides are of radionuclides
ROCs are in aquifer and concern. are of concern.
migration of the contaminants to
potential exposure points.

STRUCTURES
No Action Not Applicable Not Applicable No Action Does not achieve Not acceptable to None Retained —
RAOs. local government or required by
public NCP.

Treatment Removal Scabbling Scabbling Removal of Easily implemented | Moderate cost Retained —

contaminated structural removes

materials with the ROC
above RAOs.

specific area
contamination.
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TABLE 4-3

A SUMMARY OF THE SELECTED GENERAL RESPONSE ACTIONS
AND PROCESS OPTIONS FOR SOIL, GROUNDWATER, AND STRUCTURES

Page 4 of 4

Gener’;a\\::tli?oesponse Tecr?rfgl]sgﬁll'ype Process Option Description Effectiveness Implementability Cost gg;:ﬁ?elzgs
Demolition Demolition Removal of Easily implemented | Moderate cost Retained —
contaminated building removes large
materials with the ROC area
above RAOs. contamination.
Off-site Disposal Disposal of excavated | Easily implemented | High cost Retained -
radioactively effective;
contaminated soil and quickly
material into a facility implemented;
licensed to receive low- permanent
level radioactive waste. remedy.

Abbreviations and Acronyms:

bgs — below ground surface

NCP -

RAO - Remedial Action Objective
ROC - radionuclide of concern
ROD - Record of Decision
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TABLE 6-1

COMPARATIVE ANALYSIS OF ALTERNATIVES SUMMARY

Page 1 of 2

Cost in
Reduction of Toxicity, Addition to
Alternatives Overa_ll ARA.‘R Long'-term Mobility, Volume Short_—term Implementability | Revised FS Overall Rank
Protection Compliance | Effectiveness Effectiveness
through Treatment Report for
Parcel C
SOIL ALTERNATIVES
S-1: No Action Not protective | Does not meet | Not Acceptable | Poor Very Good Excellent Very Good Not Acceptable
ARARs

$0
S-2: Institutional Controls | Protective Meets Good Poor Good Very Good Very Good Good

$0°*
S-3: Excavation, Disposal, | Protective Meets Good Poor Good Very Good Very Good Good
and Institutional Controls a

$0
S-4: Covers and Protective Meets Very Good Poor Very Good Very Good Very Good Very Good
Institutional Controls a

$0
S-5: Excavation, Disposal, | Protective Meets Excellent Poor Very Good Good Very Good Excellent
Covers, Soil Vapor $0°
Extraction, and Institutional
Controls

GROUNDWATER ALTERNATIVES
GW-1: No Action Not protective | Does not meet | Not Acceptable | Poor Very Good Excellent Excellent Not Acceptable
ARARs

$0
GW-2: Long-Term Protective Meets Poor Poor Excellent Excellent Good Good
Groundwater Monitoring
and Institutional Controls $1,172,000
GW-3A In-Situ Protective Meets Excellent Excellent Very Good Very Good Good Very Good
Bioremediation, Long-
Term Groundwater
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TABLE 6-1

COMPARATIVE ANALYSIS OF ALTERNATIVES SUMMARY

Page 2 of 2

Cost in
Reduction of Toxicity, Addition to
Alternatives Overa_ll ARA.‘R Long'-term Mobility, Volume Short_—term Implementability | Revised FS Overall Rank
Protection Compliance | Effectiveness Effectiveness
through Treatment Report for

Parcel C
Monitoring, and $2,281,000
Institutional Controls T
GW-3B: In-Situ Zero- Protective Meets Excellent Excellent Excellent Very Good Good Very Good
Valent Reduction,
Bioremediation, Long- $2,344,000
Term Groundwater
Monitoring, and
Institutional Controls

IMPACTED STRUCTURES ALTERNATIVES
R-1: No Action Not protective | Does not meet | Not Acceptable | Poor Very Good Very Good Excellent Not Acceptable
ARARs $0

R-2: Surveys, Protective Meets Good Poor Very Good Very Good Good Good
Decontamination, Disposal,
Release, and Institutional $28,987,000
Controls
R-3: Survey, Protective Meets Very Good Poor Very Good Very Good Good Very Good
Decontamination, Disposal,
Release, Close In-Place, $29,698,000
and Institutional Controls
Abbreviations and Acronyms:
ARAR - applicable or relevant and appropriate requirement
Notes:
8 Additional costs for radiological services associated with cleanup of chemicals of concern.
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FIGURE ES-1

RANKING OF REMEDIAL ALTERNATIVES FOR SOIL, GROUNDWATER, AND RADIOLOGICALLY-IMPACTED SITES
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Soil Alternatives

Alternaitve S-1: No Action

Alternative S-2: Institutional Controls and Maintained Landscaping Protective Meets ARARs

Alternative S-3: Excavation, Disposal, Institutional Controls, and Maintained Landscaping Protective Meets ARARs

Alternative S-4: Covers and Institutional Controls

Alternative S-5: Excavation, Disposal, Covers, SVE, and Institutional Controls Protective Meets ARARs

Not Protective | Not Applicable

Protective Meets ARARs

e &6 & & O
®e &6 & & o
e &6 & & O
o
2

® & &8 & O

Legend

O Not acceptable

O Poor

Good

Groundwater Alternatives

Alternative GW-1: No Action

Alternative GW-2: Long-Term Groundwater Monitoring and Institutional Controls Protective Meets ARARs

Alternative GW-3A: In Situ Bioremediation, Long-Term Groundwater Monitoring, and

Institutional Controls

Alternative GW-3B: In-Situ ZVI Reduction, Bioremediation, Long-Term Groundwater Monitoring,

and Institutional Controls

Not Protective | Not Applicable O O ‘) . 0
© O o o 1.2°
Protective Meets ARARs . . ‘) ‘) 1.0a
Protective Meets ARARs 0 . 0 0 l.3a

® ® & O

Excellent

©
‘) Very Good
[

Alternative R-1: No Action

Not Protective | Not Applicable

©)
©)
e
e
o

©)

Alternative R-2: Survey, Decontamination, Disposal, Release, and Institutional Controls Protective Meets ARARs O O ‘) O 27.2 O
Alternative R-3: Survey, Decontamination, Disposal, Release, Close In-Place, and Institutional .

" Protective | Meets ARARS 0 O 0 0 29.7 0
Notes:

# Additional cost to the Revised Feasibility Study Report for Parcel C estimated cost for the alternative

Abbreviations and Acronyms:

ARAR - applicable or relevant and appropriate requirement
SVE - soil vapor extraction
ZV| - zero-valent iron
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1.0 PURPOSE

The Department of the Navy (DON), U.S. Environmental Protection Agency (EPA), and
Department of Toxic Substances Control (DTSC) held a number of focused meetings in 2004
and agreed upon risk assessment methodologies for soil and groundwater that were used for the
human-health risk-assessment in the Revised Feasibility Study (FS) Report for Parcel C
(SulTech, 2007). These methodologies were applied to the analyses discussed in this appendix.

This appendix presents the methodology and evaluations used to estimate the dose and risk to
future Parcel C residents and construction workers. The objectives of this appendix are to:

e ldentify the critical exposure pathways and radiological contaminants that pose
primary health concerns

o ldentify the exposure pathways and radiological contaminants that pose little or no
threat to human health

e Estimate the potential dose and risks to human health due to radiological
contaminants associated with potential future land-use scenarios.

The remainder of this appendix is organized as follows:

e Section 2.0 presents an overview of the methodology used for the risk analysis.
e Section 3.0 discusses the conceptual site model for Parcel C.

e Section 4.0 identifies the radionuclides of concern (ROC).

e Section 5.0 presents the exposure assessment.

e Section 6.0 presents the uncertainty analysis.

e Section 7.0 presents the references used for this analysis.

Tables, figures, and attachments are presented after Section 7.0.
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2.0 RADIOLOGICAL RISK ASSESSMENT METHODOLOGY

The computer codes Residual Radioactive (RESRAD) (Department of Defense [DOD], et al.,
2000) and RESRAD-BUILD (Nuclear Regulatory Commission [NRC], 2000) were used to
perform dose and risk modeling for radiologically-impacted sites at Parcel C. RESRAD-BUILD
was used to model the impacted buildings (i.e., 203, 205 and discharge channel, 211, 214, 224,
241, 253, 271, and 272). RESRAD was used to model the risk associated with impacted land
areas (e.g., soils of remediated storm water and sanitary sewers). Both RESRAD and RESRAD-
BUILD use the isotopes specified as radionuclides of interest and automatically include the long-
lived daughter products of these isotopes.

RESRAD and RESRAD-BUILD were used to analyze the exposure scenarios that match planned
reuse (San Francisco Redevelopment Agency, 1997). The majority of the input parameters for
both RESRAD and RESRAD-BUILD were left as default except where noted. Since the only
impacted land areas were the Parcel C storm water and sanitary sewer systems, it is not
appropriate to assign a reuse scenario to these areas. Therefore all RESRAD calculations were
run using the bounding residential scenario. Similarly by convention, the RESRAD-BUILD
results were run with a bounding residential scenario as established by previous Hunters Point
Shipyard (HPS) radiological feasibility analyses.

2.1 RESRAD

The RESRAD (NRC, 2000) code is used to estimate the potential risk to an individual from
exposure to residual radionuclides in soil or soil-like media. It was used to evaluate the risk
associated with impacted storm water and sanitary sewer systems in Parcel C.

The goal of the RESRAD risk modeling approach was to be as consistent as possible with
assumptions and inputs used in the Revised FS Report for Parcel C (SulTech, 2007) non-
radiological human health risk assessment.

2.2 RESRAD-BUILD

RESRAD-BUILD (NRC, 2000) is a modeling code used to estimate the potential radiological risk
to an individual who works or lives in a building with residual radioactive material. It was used to
evaluate the risk associated with occupying Parcel C radiologically-impacted buildings. The focus
of this modeling effort was to estimate the increased cancer risk associated with any residual
radioactive material left in the buildings after the buildings have been surveyed and released.
Residual radioactive material is defined as any radioactive material below the residual cleanup
goals. RESRAD-BUILD is similar to RESRAD in that the user can construct the exposure
scenario by adjusting the input parameters. Typical building exposure scenarios include long-term
occupancy (residential and industrial) and short-term occupancy (recreational and construction).
The estimated dose can be the total (individual) dose to a single receptor spending time at various
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locations or the total (collective) dose to a workforce decontaminating the building. For purposes
of these analyses, RESRAD-BUILD was run in individual dose mode.

RESRAD-BUILD has several input parameters grouped into the categories of building, source,
and receptor. Using RESRAD-BUILD, buildings can be modeled as one-, two- or three-room
structures. For simplicity of modeling, the impacted buildings in Parcel C were modeled as a
single-room structure with a default interior height of 2.5 meters. A room area of 100 square
meters (m?) was selected to be representative of a typical survey unit size. The source for each
building was modeled as an area source that covered the complete floor area of the building,
based on the assumption that the residual radioactive material would be uniformly distributed
over the floor surface. The source activity was from the ROCs at the remediation goals.
Receptor inputs were taken as the default values and the receptor was located in the middle of
the building. All other building parameters used the default input values.
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3.0 CONCEPTUAL SITE MODEL

This section presents the conceptual site model (CSM) for the Parcel C radiological risk analysis.
The CSM provides a summary of the sources of the radionuclide contaminants on site and
presents the affected environmental media. Additionally, the potential receptors and pathways
through which receptors may receive radiological dose are noted. The CSM for Parcel C is
presented in Figure A.3-1. This figure identifies which computer code was used to model the
risk to the indicated receptor by the designated pathway. Radiological pathways that are not
active for this analysis are excluded from the CSM.

3.1 SOURCES OF SITE CONTAMINANTS

Details on the historical activities at Parcel C contributing to the existing radiological
contamination are presented in Section 2.1.2 of the Radiological Addendum to the Revised FS
Report for Parcel C.

3.2 AFFECTED ENVIRONMENTAL MEDIA

Historical Parcel C activities may have introduced radioactive contaminants to land areas and
buildings. Radiologically impacted land areas are limited to the Parcel C storm water and
sanitary sewer systems. Contaminated media in the form of discrete radioactive sources as well
as distributed contamination from leaks or spills of radioactive material are potentially present
within Parcel C, although there are presently no known radiologically-impacted soil areas.
Contamination of building surfaces and existing concrete and asphalt resulting from leaks, spills,
and process wastes also is potentially present.

3.3 POTENTIALLY EXPOSED RECEPTORS

The 1997 redevelopment plan identifies planned reuses for the entire Parcel C area. Table A.3-1
shows the radiologically-impacted areas of Parcel C, the planned reuse, and the associated
exposure scenario for the planned reuse.

The exposure scenario establishes the receptor parameters to be modeled. The potential
receptors considered for evaluation were selected to be consistent with the human health risk
assessment provided in the Revised FS Report for Parcel C (SulTech, 2007) and are as follows:

e Resident (adult and child)
e Industrial worker (adult)

e Recreational user (adult and child)

e Construction worker (adult)
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Although the chemically contaminated land areas in Parcel C fall into the residential, industrial,
and recreational exposure scenarios, radiologically-impacted land areas are limited to the storm
water and sanitary sewer systems and associated surrounding soil. Thus only a bounding
residential scenario was modeled in RESRAD.

3.4 EXPOSURE PATHWAYS

As discussed in the human health risk assessment in the Revised FS Report for Parcel C
(SulTech, 2007), a complete exposure pathway consists of four elements as follows:

e A source and mechanism of release.

e A retention or transport medium (or media in cases involving transfer of
radionuclides).

e A point of potential human contact with the contaminated medium (referred to as the
exposure point).

e An exposure route (such as ingestion) at the contact point.

The CSM is shown in Figure A.3-1. If any of these elements is missing (except in a case where
the source itself is the point of exposure), then the exposure pathway is considered incomplete.
For example, if receptor contact with the source or transport medium does not occur, then the
exposure pathway is incomplete and is not quantitatively evaluated for risk. Similarly, if human
contact with an exposure medium is not possible, the exposure pathway is considered incomplete
and is not evaluated.

For the potentially contaminated building surfaces the exposure pathways are external radiation
from contaminated surfaces and inhalation of re-suspended contaminated dust.

The exposure pathways for soils at Parcel C (associated with removal of the storm water and
sanitary sewer systems) present a more complicated analysis. The complete pathways, based on
the four criteria listed above, are external radiation, contaminant ingestion, and contaminant
inhalation.

3.4.1 External Radiation Pathway

The external radiation pathway is identified as potentially complete. Exposure to external
radiation is the result of radiation emanating from radionuclides present in any contaminated
media.

3.4.2 Contaminant Ingestion Pathway

The soil ingestion pathway is identified as potentially complete. This pathway corresponds to
direct ingestion of radioactive contaminants in a solid medium.
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3.4.3 Inhalation Pathway

The inhalation pathway is identified as potentially complete. This pathway corresponds to
inhalation of radiologically contaminated particles.

3.4.4 Drinking Water Ingestion Pathway

The drinking water ingestion pathway is not identified as a complete pathway for all receptors.
Evaluations of the A-aquifer and the B-aquifer suggest that these aquifers should not be
considered a potential source of drinking water. However, the exposure pathway associated with
residential use of groundwater in the B-aquifer was included in the Revised FS Report for Parcel
C (SulTech, 2007) because of agreements with the Base Closure Team on the human health risk
assessment methodology.
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4.0 RADIONUCLIDES OF CONCERN

Table A.4-1 identifies the ROCs for Parcel C, which includes (cesium-137 [**Cs], cobalt-60
[°°Co], plutonium-239 [?°Pu], radium-226 [**°Ra], strontium-90 [*°Sr] and thorium-232
[%2Th]). Typically there is no background radioactivity associated with building materials, with
the exception of building material made from earthen media (e.g., tiles, concrete, stone, etc.). To
simplify the RESRAD-BUILD evaluations being performed, it is assumed that the impacted
buildings in Parcel C do not have materials of construction with elevated naturally occurring
levels of radioactivity. For simplification in RESRAD, it is assumed that all soil ROCs are
present at each site being modeled. While this may add extra ROCs to certain areas, it ensures
that the results presented in this analysis conservatively bound the anticipated scenarios.
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5.0 EXPOSURE ASSESSMENT

The Revised FS Report for Parcel C (SulTech, 2007) provides both total and incremental risk
associated with chemical contaminants. To combine the chemical risk and radiological risk, the
same approach used in the Revised FS Report for Parcel C to calculate chemical risk was taken,
namely, calculating total risk from ROCs inclusive of background and calculating incremental
risk from the ROCs present at levels that do not include background. Of the ROCs for Parcel C,
only ?*Ra is naturally occurring. Both *¥'Cs and **Sr may be present in trace quantities because
of fallout resulting from atmospheric nuclear weapons testing and radiological accidents, such as
Chernobyl. For the purposes of the radiological modeling effort, the background concentration
for the ROCs other than *°Ra are assumed to be essentially zero (i.e., zero picocurie per gram
[pCi/g]). The ??°Ra background concentration is assumed to be the measured background level
of 0.485 pCi/g based on the background reference areas used to support the Parcel B storm water
and sanitary sewer system removal action. This value has been rounded to 0.5 pCi/g for
modeling purposes.

To estimate the total risk from radiologically-impacted buildings, the background concentration
of the ROC:s is assumed to be zero (i.e., zero disintegration per minute [dpm]/100 square
centimeters [cm?]). This is a reasonable assumption since none of the ROCs are found in
building materials except °Ra, which can be found in building materials made of earthen
materials (i.e., cement, ceramic tiles). However, as a conservative modeling measure, the
background concentration of *°Ra in building materials is also assumed to be zero.

The risks associated with impacted sites at Parcel C are presented in this section. Summary dose
and risk reports for RESRAD and RESRAD-BUILD calculations are provided on CD as
Attachment 1 to this appendix.

5.1 RESRAD-BUILD

To estimate the total risk from radiologically-impacted buildings the background concentration
of the ROCs is assumed to be zero (e.g., zero dpm/100 cm?). This is a reasonable assumption
since none of the ROCs are found in building materials expect °Ra, which can be found in
building material made of earthen materials (i.e., cement, ceramic tiles) resulting in a negligible
risk associated with radioactive constituents in building materials. Therefore, the total dose and
risk are equivalent to the incremental dose and risk. To estimate the incremental dose and risk
from radiologically-impacted buildings, the ROCs are assumed to be at the residual cleanup goal
surface concentrations listed in Table A.4-1. For each impacted building, a single case was run
to estimate the dose and risk. In cases where buildings had identical ROCs as another building a
single run was made to cover all buildings with the same list of ROCs. Multiple runs were not
necessary to identify the critical exposure scenario (i.e., the scenario that presents the greatest
risk) because occupancy time is the primary driver for the calculated risk: as occupancy time
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increases, so does the associated risk. Therefore, the resident scenario is the critical scenario
providing the greatest risk estimate. The RESRAD-BUILD results are presented in Table A.5-1.

The combined total risk and incremental risk (chemical and radiological) were derived by
reviewing the Revised FS Report for Parcel C (SulTech, 2007) and locating grid points in close
proximity to the impacted building. The risk for the impacted buildings estimated from
RESRAD-BUILD and the Revised FS Report for Parcel C are presented in Table A.5-2.

5.2 RESRAD

To estimate the total risk from the impacted Parcel C storm water and sanitary sewer system, the
background concentrations of the ROCs other than °Ra were assumed to be essentially zero
(e.g., zero pCi/g). As explained in NCRP Report 45, naturally radioactive material could be
found in man-made building materials (NCRP-45, 1975). The **°Ra background concentration is
assumed to be the measured 0.5 pCi/g background level. Table A.5-3 presents the total dose and
risk from the impacted Parcel C storm water and sanitary sewer system estimated using
RESRAD.

To estimate the incremental risk from the impacted storm water and sanitary sewer system, the
ROCs are assumed to be present at equivalent fractions of the representative remediation goals
listed in Table A.4-1 such that the sum of the fractions does not exceed one (i.e., the unity rule).
The incremental dose and risk for the storm water and sanitary sewer system estimated from
RESRAD are presented in Table A.5-3.

The combined total risk and incremental risk (chemical and radiological) were derived by
reviewing the Revised FS Report for Parcel C (SulTech, 2007) and locating grid points in close
proximity to the impacted storm water and sanitary sewer system. Chemical and radiological
risks were added to yield the combined risk. The risk for the storm water and sanitary sewer
system estimated from RESRAD and the Revised FS Report for Parcel C are presented in Table
A.5-4,

5.2.1 Critical Pathway Evaluation

A formal critical pathway evaluation was not performed because the only impacted land areas
are those associated with the Parcel C storm water and sanitary sewer system. These areas will
be limited in size and it is thus not appropriate to consider reuse scenarios for such small areas.
Based upon previous modeling from prior radiological feasibility study work at HPS, the
external radiation pathway has been shown to be the most dominant pathway. While the
drinking water pathway is not considered a realistic pathway (due to the unsuitability of the
subsurface water at HPS for drinking water use) analyses performed for this appendix have
shown that drinking water effects do not contribute significantly to the dose or risk until several
hundred years beyond the turnover of the property.
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6.0 UNCERTAINTY ANALYSIS

Any comprehensive risk analysis must consider the effects of uncertainty on input parameters.
This analysis is no different; however, rather than perform explicit uncertainty analyses that
would have required countless additional RESRAD runs, an approach was taken that minimized
the need for additional modeling computations. U.S. Nuclear Regulatory Commission
Regulation NUREG-6697 (NRC, 2000) was used as the basis for the uncertainty analysis.

One of the primary purposes of NUREG-6697 was to study the effect of various parameter
distributions on the final results of RESRAD analyses. As part of the NUREG study, multiple
RESRAD runs were conducted for selected isotopes while varying a single parameter.

Since the isotopes included in the NUREG-6697 study cover the majority of the ROCs at HPS, it
was determined that the conclusions of the NUREG-6697 study could be used as the basis for the
uncertainty analysis for the modeling done as part of the Revised FS Report for Parcel C
Addendum. The uncertainty considerations for each ROC are discussed separately below.

Strontium-90

The most critical parameter affecting dose and subsequent risk from *°Sr used in these analyses
is the contaminated zone thickness. No other parameters used in this analysis had the potential
to have any substantial impact on the results. As previously mentioned, the contaminated zone
was dependent on the particular scenario being modeled. In all cases, however, the thickness
was selected to be very conservative, and it is fully expected that the results presented in this
analysis bound the actual case. It is therefore concluded that the conservatism built into this
analysis eliminates the need to run additional uncertainty cases for “Sr.

Cesium-137

Dose and subsequent risk due to *¥'Cs is primarily due to the external radiation pathway. The
density and thickness of the cover material are the key parameters used in the RESRAD analysis
that affect the risk associated with *3'Cs. Changes to the external gamma shielding factor also
can affect the results to a lesser extent.

The RESRAD default cover material density was used for all analyses performed. The default
was designed to be representative of the body of soil types. In some cases, an asphalt cover was
modeled with the same default soil density. In reality, asphalt would have a greater density than
the default soil value. The specific density is dependent upon the asphalt-laying process. By
underestimating the density of asphalt, a certain measure of conservatism has been built into the
results presented in this document. It is therefore reasonable to assume that any uncertainty
associated with the cover material density is minimal and a full uncertainty analysis for a range
of cover material densities is not necessary.

2201-0006-0077 RiskScreening_Appendix A A.6-1 Final Parcel C Radiological
Risk Screening Analysis

Parcel C, Hunters Point Shipyard

DCN: ECSD-2201-0006-0077

CTO No. 0006



The selected cover thicknesses were selected based upon information in the Revised FS Report
for Parcel C (SulTech, 2007) and are consistent with average modern practices for site
preparation. No additional runs are required to evaluate the uncertainty with this parameter.

The external gamma-shielding factor is a measure of how much shielding is offered by the
building structures for a site receptor. This analysis used the RESRAD default value; however,
since all receptor time was assumed inside the value selected for the gamma-shielding factor has
no bearing on the final results. No explicit uncertainty analysis was performed for this
parameter.

Radium-226

?2%Ra is another nuclide with the majority of dose (for this analysis) resulting from the external
radiation pathway. ?*°Ra has a relatively long half-life of 1,600 years. Due to its longevity, the
most important parameters affecting dose from #?°Ra in order from highest to lowest are
thickness and density of the contaminated zone.

As noted for *°Sr, the contaminated zone thickness has conservatism built in and thus does not
require further uncertainty analysis. The density of the contaminated zone was modeled as the
RESRAD default. All RESRAD default values are selected to provide conservative but
reasonable estimates to a wider range of analyses. There is no added benefit to conducting more
detailed uncertainty calculations for the **Ra dose-based risk with varying contaminated zone
densities.

Plutonium-239

%9py with a 24,000-year half-life has the contaminated zone thickness as the most influential
parameter for 2°Pu dose in these analyses. The variability in results due to changes in this
parameter is far greater than any other parameters. Since the previous discussions have
established that the contaminated zone thickness has substantial conservatism included in it,
there is no need to perform additional uncertainty calculations.

Thorium-232

Although %**Th was not directly studied by NUREG/CR-6697, 2*?Th was included in the study.
For purposes of this analysis it is assumed that 2°Th and **Th would behave similarly.
Thorium-232 has an extremely long half-life on the order of 14 billion years. Its primary
contribution to dose is through the external pathway although the groundwater pathway becomes
increasingly more important at longer times. It is unknown if the groundwater pathway surpasses
direct exposure at some point since this analysis was only modeled out to 1000 years. Thickness
of the contaminated zone is the most sensitive parameter for thorium. As noted above,
conservatism has been used in selecting the contaminated zone thickness thus no additional
uncertainty studies were necessary for **Th. Furthermore the fact that the groundwater on
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Parcel C is not considered a viable source of drinking water further limits the impacts of
uncertainty in the 22Th concentration.
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Page 1 of 1

TABLE A3-1

SITES AND SELECTED PARAMETERS FOR REVISED FEASIBILITY STUDY
REPORT FOR PARCEL C RADIOLOGICAL ANALYSIS

Building/ Impacted
. 9 Redevelopment Planned Reuse Reuse Scenario
Site Number a
Block
203 23 Educational/Cultural Industrial
205 and 22 Educational/Cultural Industrial
discharge
channel
211 25 and COS-3 | Educational/Cultural and Open Space Industrial
214 20B Educational/Cultural Industrial
224 25 Educational/Cultural Industrial
241 18 Research and Development Residential
253 25 Educational/Cultural Industrial
271 24 Research and Development Residential
272 24 Research and Development Residential
Storm Water All Blocks Educational/Cultural, Mixed Use, Residential
Sewer System Research and Development, Open
Space
Sanitary Sewer All Blocks Educational/Cultural, Mixed Use, Residential
System Research and Development, Open
Space
Notes:

COS  —Parcel C Open Space
a Not all redevelopment blocks are listed since there are no radiologically-impacted buildings in some of the
Parcel C Redevelopment Blocks.
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TABLE A.4-1

RESIDUAL CLEANUP GOALS

Page 1 of 1

Radionuclides Surfaces (dpm/100 cm?) Soil® (pCilg)
of Concern Equipment, Waste? Structures® | Outdoor Worker® | Residential®
Cesium-137 5,000 5,000 0.113 0.113
Cobalt-60 5,000 5,000 0.0602 0.0361
Plutonium-239 100 100 14.0 2.59
Radium-226 100 100 1.0° 1.0°
Strontium-90 1,000 1,000 10.8 0.331
Thorium-232 1,000 36.5 2.7 1.69
Notes:

a

20 percent of these values.

These limits are based on AEC Regulatory Guide 1.86 (1974). Limits for removable surface activity are

These limits are based on 25 mrem/y, using Decontamination and Decommissioning Version 2 or
Regulatory Guide 1.86, whichever is lower.

EPA PRGs for two future-use scenarios.
The on-site and off-site laboratory will ensure that the MDA meets the listed release criteria by increasing

sample size or counting time as necessary. The MDA is defined as the lowest net response level, in counts,
that can be seen with a fixed level of certainty, customarily 95 percent. The MDA is calculated per sample
by considering background counts, amount of sample used, and counting time.

e

Abbreviations and Acronyms:

AEC - Atomic Energy Commission
cm? — square centimeter
dpm  —disintegration per minute

EPA - U.S. Environmental Protection Agency
— minimum detectable activity

MDA

mrem/y — millirem per year
pCi/g - picocurie per gram
PRG - Preliminary Remediation Goal
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RESRAD-BUILD RESULTS?

TABLE A5-1

Page 1 of 1

Parcel C Impacted Sites Radiological Risk” Dose"®
203 1.44 x 107 5.43
205 and Discharge Channel 1.44 x 10° 5.43

211 1.30x 10°° 9.29
214 1.44 x 10 5.43
224 1.48 x 10°° 7.02
241 8.70x 107 12.8
253 1.29 x 10°° 9.32
271 1.34 x 10° 0.64
272 3.09x 10° 3.66

Notes:

2 Total risk and dose is equivalent to incremental risk and dose

b Total excess lifetime carcinogen risk

Z millirem per year
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Page 1 of 1
TABLE A5-2

COMBINED RISK FOR RADIOLOGICALLY-IMPACTED BUILDINGS

Combined Total Risk

Parcel C Impacted Sites Radiological Risk® Chemical Risk™ Combined Risk
203 1.44 x 10 5.00 x 10 5.01 x 10
205 and Discharge Channel 1.44x10°® 4.00 x 10°° 5.40 x 10°®
211 1.30 x 10° 5.00 x 10° 5.13 x 10°
214 1.44 x 10 5.00 x 10° 5.14 x 10°
224 1.48 x 10 4.00 x 10° 4.14x10°
241 8.70 x 10”7 4.00 x 10™ 4.00x 10™
253 1.29 x 10° 4.00 x 10™ 4.01x10*
271 1.34x 10°® 4.00 x 10™ 4.01x 10"
272 3.09 x 10°® 2.00x10° 2.00x 107

Combined Incremental Risk

Parcel C Impacted Sites Radiological Risk® Chemical Risk™ Combined Risk

203 1.44x 10°® 5.00 x 10 5.01 x 10™

205 and Discharge Channel 1.44 x 10°® 6.00 x 10”7 2.0x10°
211 1.3x10° 5.00 x 10° 5.13 x 10°
214 1.44 x 10 5.00 x 10° 5.14 x 10°
224 1.48 x 10° 3.00 x 10° 3.14 x 10°
241 8.7x 107 4.00 x 10™ 4.00x 10™
253 1.29 x 10° 4.00 x 10° 4.12x10°
271 1.34x10° 4.00 x 10™ 4.01x 10"
272 3.09 x 10°® 2.00x 10°® 2.00x 10

Notes:

Total excess lifetime carcinogen risk

Chemical risk was taken from Revised Feasibility Study Report for Parcel C Tables 3-2 and 3-3 (SulTech,
2007)

The worst case chemical risk was chosen from the girds that the radiologically-impacted buildings overlay.
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Page 1 of 1
TABLE A5-3

RESRAD RESULTS

Total Dose and Risk

Impacted Soil Areas Radiological Risk? Dose”

Storm Water and Sanitary Sewer System 6.75 x 10™ 3.09
Incremental Dose and Risk

Impacted Soil Areas Radiological Risk® Dose”

Storm Water and Sanitary Sewer System 454 x10° 2.08

Notes:

a
b

c

Total excess lifetime carcinogen risk
millirem per year
Dose is calculated using DCGLs. Actual dose will be determined after remediation.
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TABLE A5-4

Page 1 of 1

COMBINED RISK FOR RADIOLOGICALLY-IMPACTED STORM WATER AND
SANITARY SEWER SYSTEM

Combined Total Risk

Parcel C Impacted Sites

Radiological Risk®

Chemical Risk"™

Combined Risk

Storm Water and Sanitary Sewer
System

6.75 x 10°

2.00 x 107

2.07 x 103

Combined Incremental Risk

Parcel C Impacted Sites

Radiological Risk®

Chemical Risk®

Combined Risk

Storm Water and Sanitary Sewer
System

6.75 x 10°

2.00 x 107

2.07x10°

Notes:

a o T
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FIGURE A.3-1

CONCEPTUAL SITE MODEL

PRIMARY RECEPTORS
PRIMARY SECONDARY Constructi
PRIMARY RELEASE SECONDARY RELEASE EXPOSURE an‘;”fng:fst'figl Recreational [
SOURCE MECHANISM SOURCE MECHANISM ROUTE Worker User
Spills, Disposal
Parcel C IR Sites Practices, Leaks, Soil Direct Radiation RESRAD RESRAD RESRAD
Process Wastes
Ingestion RESRAD RESRAD RESRAD
— Wind Suspension |— Inhalation RESRAD RESRAD RESRAD
Contaminated . o a a RESRAD-
Surfaces Direct Radiation N/A N/A BUILD
|| . , a a RESRAD-
Resuspension Inhalation N/A N/A BUILD
Groundwater Ingestion N/AP N/AP RESRAD

Notes:
a

b

Abbreviations and Acronyms:

IR -
N/A

2201-0006-0077 RiskScreening_Appendix A

Installation Restoration
— not applicable
RESRAD - Residual Radioactivity (Model)

Resident scenario bounds the worker and recreational user scenarios
Per agreement with Base Closure Team

Final Parcel C Radiological

Risk Screening Analysis

Parcel C, Hunters Point Shipyard
DCN: ECSD-2201-0006-0077
CTO No. 0006



ATTACHMENT 1

RESRAD MODELING
(AVAILABLE ON CD ONLY)

2201-0006-0077 RiskScreening_Appendix A Final Parcel C Radiological

Risk Screening Analysis

Parcel C, Hunters Point Shipyard
DCN: ECSD-2201-0006-0077
CTO No. 0006



RESRAD, Version 6.3
Summary : Parcel C Baseline 1 ft 2032 m2

File : Parcel

Part 1: Mixture Sums and Single Radionuclide Guidelines

T% Limit = 180 days

C Total Baseline 1 ft 2032.rad

Table of Contents

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

Site-Specific Parameter Summary ... ... ... . iiiiiiiiiaaann

Summary of Pathway Selections .. ... .. .. ... .. ... .. ....-.

Contaminated Zone and Total Dose Summary .................

Total Dose Components

Time =
Time =
Time =
Time =
Time =
Time =
Time =
Time =
Dose/Source

0.

1
3
1
3.
1
3
1

000E+00
.000E+00
.000E+00
.000E+01
000E+01
.000E+02
.000E+02
.000E+03

Ratios Summed Over All Pathways ..............

Single Radionuclide Soil Guidelines ......................

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

Soil Concentration Per Nuclide . ... .. .. ... .. ... .. ......

11/16/2007

0 N w N

10
11
12
13
14
15
16
17
17
18
18

11:27

Page



RESRAD, Version 6.3 T% Limit = 180 days 11/16/2007 11:27 Page

Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Dose Conversion Factor (and Related) Parameter Summary
File: FGR 13 MORBIDITY
| I Current | Base | Parameter
Menu | Parameter | Value | Case* | Name
+. +. + +
- | Dose conversion factors for inhalation, mrem/pCi: | | |
- | Cs-137+D | 3.190E-05 | 3.190E-05 | DCF2( 1)
B-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)
I | I |
D-1 | Dose conversion factors for ingestion, mrem/pCi: | | |
- | Cs-137+D | 5.000E-05 | 5.000E-05 | DCF3( 1)
- | Pb-210+D | 7.276E-03 | 5.370E-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)
I | | |
D-34 | Food transfer factors: | | |
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 | | | |
D-34 | Pb-210+D , plant/soil concentration ratio, dimensionless ] 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) | 3.000E-04 | 3.000E-04 | RTF( 2,3)
D-34 | | I |
D-34 | Ra-226+D , plant/soil concentration ratio, dimensionless | 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) ] 1.000E-03 | 1.000E-03 | RTF( 3,3)
D-34 | | | |
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 | 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)
I | | |
D-5 | Bioaccumulation factors, fresh water, L/kg: | | |
D-5 | 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 | | I |
D-5 | Pb-210+D , fish | 3.000E+02 | 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 | | I |
D-5 | 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 | | | |
D-5 | Sr-90+D , fish | 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)

*Base Case means

Default.Lib w/o Associate Nuclide contributions.
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File : Parcel C Total Baseline 1 ft 2032.rad
Site-Specific Parameter Summary

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

+ + + + +
RO11 | Area of contaminated zone (m**2) | 2.032E+03 | 1.000E+04 | - 1 AREA
RO11 | Thickness of contaminated zone (m) | 2.000E+00 | 2.000E+00 | -—= | THICKO
RO11 | Length parallel to aquifer flow (m) | not used | 1.000E+02 | -——= | LCZPAQ
RO11 | Basic radiation dose limit (mrem/yr) | 2.500E+01 | 3.000E+01 | - | BRDL
RO11 | Time since placement of material (yr) | 0.000E+00 | O.0OOE+00 | - 1 T1
RO11 | Times for calculations (yr) | 1.000E+00 | 1.000E+00 | -—= 1 TC 2)
RO11 | Times for calculations (yr) | 3.000E+00 | 3.000E+00 | -—= 1 TC 3)
RO11 | Times for calculations (yr) | 1.000E+01 | 1.000E+01 | - 1 TC 4
RO11 | Times for calculations (yr) | 3.000E+01 | 3.000E+01 | -—= ] TC 5)
RO11 | Times for calculations (yr) | 1.000E+02 | 1.000E+02 | -— ] TC 6)
RO11 | Times for calculations (yr) | 3.000E+02 | 3.000E+02 | -— 1 TC7)
RO11 | Times for calculations (yr) | 1.000E+03 | 1.000E+03 | - 1 TC 8)
RO11 | Times for calculations (yr) | not used | 0.000E+00 | -—= 1 TC 9
RO11 | Times for calculations (yr) | not used | 0.000E+00 | —— | T(10)

| | | | |
RO12 | Initial principal radionuclide (pCi/g): Cs-137 | 1.130E-01 | 0.0OOE+00 | - | siC 1)
RO12 | Initial principal radionuclide (pCi/g): Ra-226 | 1.000E+00 | 0.0O0OE+00 | -—= | S1( 3)
RO12 | Initial principal radionuclide (pCi/g): Sr-90 | 3.310E-01 | 0.0OOE+00 | -——= | S1(C 4)
RO12 | Concentration in groundwater (pCi/L): Cs-137 | not used | 0.000E+00 | -—- | wiC 1)
RO12 | Concentration in groundwater (pCi/L): Ra-226 | not used | 0.000E+00 | -—= | wiC 3)
RO12 | Concentration in groundwater (pCi/L): Sr-90 | not used | 0.000E+00 | -— | wiC 4)

| | | | |
RO13 | Cover depth (m) | 3.048E-01 | 0.00OOE+00 | - | COVERO
RO13 | Density of cover material (g/7cm**3) ] 1.500E+00 | 1.500E+00 | -—= ] DENSCV
RO13 | Cover depth erosion rate (m/yr) | 0.000E+00 | 1.000E-03 | -—= ] vev
RO13 | Density of contaminated zone (g/cm**3) | 1.500E+00 | 1.500E+00 | - ] DENSCZ
RO13 | Contaminated zone erosion rate (m/yr) | 1.000E-03 | 1.000E-03 | -—= ] vcz
RO13 | Contaminated zone total porosity | 4.000E-01 | 4.000E-01 | -— | TPCZ
RO13 | Contaminated zone field capacity | 2.000E-01 | 2.000E-01 | -—= | FCcz
RO13 | Contaminated zone hydraulic conductivity (m/yr) | 1.000E+01 | 1.000E+01 | - ] HCCz
RO13 | Contaminated zone b parameter | 5.300E+00 | 5.300E+00 | -— | BCZ
RO13 | 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 | -—- ] HUMID
RO13 | Evapotranspiration coefficient | 5.-000E-01 | 5.000E-01 | -—- | EVAPTR
RO13 | Precipitation (m/yr) | 1.000E+00 | 1.000E+00 | -— | PRECIP
RO13 | Irrigation (m/yr) | 2.000E-01 | 2.000E-01 | -——= ] RI
RO13 | Irrigation mode | overhead | overhead | -—- | IDITCH
RO13 | Runoff coefficient | 2.000E-01 | 2.000E-01 | -—- | RUNOFF
RO13 | Watershed area for nearby stream or pond (m**2) | not used | 1.000E+06 | -—= ] WAREA
RO13 | Accuracy for water/soil computations | not used | 1.000E-03 | -—- | EPS

I I | | |
RO14 | Density of saturated zone (g/cm**3) | not used | 1.500E+00 | -— | DENSAQ
RO14 | Saturated zone total porosity | not used | 4.000E-01 | - | TPSZ
RO14 | Saturated zone effective porosity | not used | 2.000E-01 | -—= | EPSZ
RO14 | Saturated zone field capacity | not used | 2.000E-01 | -— | FCSz
RO14 | Saturated zone hydraulic conductivity (m/yr) | not used | 1.000E+02 | -—= ] HCSz
RO14 | Saturated zone hydraulic gradient | not used | 2.000E-02 | - | HGWT
RO14 | Saturated zone b parameter | not used | 5.300E+00 | -—= | BSZ
RO14 | Water table drop rate (m/yr) | not used | 1.000E-03 | -—= ] wt
RO14 | Well pump intake depth (m below water table) | not used | 1.000E+01 | - ] DWIBWT
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File : Parcel C Total Baseline 1 ft 2032.rad
Site-Specific Parameter Summary (continued)
| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name
+ + + + +
RO14 | Model: Nondispersion (ND) or Mass-Balance (MB) | not used | ND | -—- ] MODEL
RO14 | Well pumping rate (m**3/yr) | not used | 2.500E+02 | -—- ] uw
I I | | |
RO15 | Number of unsaturated zone strata | not used | 1 | - ] NS
RO15 | Unsat. zone 1, thickness (m) | not used | 4.000E+00 | -—- | H(D)
RO15 | Unsat. zone 1, soil density (g/cm**3) | not used | 1.500E+00 | -—- ] DENSUZ(1)
RO15 | Unsat. zone 1, total porosity | not used | 4.000E-01 | -—= | TPUZ(1)
RO15 | Unsat. zone 1, effective porosity | not used | 2.000E-01 | -—- | EPUZ(1)
RO15 | Unsat. zone 1, field capacity | not used | 2.000E-01 | -—- | FCUZ(1)
RO15 | Unsat. zone 1, soil-specific b parameter | not used | 5.300E+00 | -— | BUZ(1)
RO15 | Unsat. zone 1, hydraulic conductivity (m/yr) | not used | 1.000E+01 | -— ] HCUZ(1)
| | | | |
RO16 | Distribution coefficients for Cs-137 | | | |
RO16 | Contaminated zone (cm**3/g) | 4.600E+03 | 4.600E+03 | —_— | benucce( 1)
RO16 | Unsaturated zone 1 (cm**3/Q) | not used | 4.600E+03 | -—= ] DCNUCU( 1,1)
RO16 | Saturated zone (cm**3/Q) | not used | 4.600E+03 | - ] DCNUCS( 1)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.623E-05 | ALEACH( 1)
RO16 | Solubility constant | 0.000E+00 | O0.0OOE+00 | not used ] SOLUBK( 1)
| I | | |
RO16 | Distribution coefficients for Ra-226 | | | |
RO16 | Contaminated zone (cm**3/Q) | 7.000E+01 | 7.000E+01 | -— ] DCNUCC( 3)
RO16 | Unsaturated zone 1 (cm**3/Q) | not used | 7.000E+01 | -—= ] DCNUCU( 3,1)
RO16 | Saturated zone (cm**3/Q) | not used | 7.000E+01 | - ] DCNUCS( 3)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 2.374E-03 | ALEACH( 3)
RO16 | Solubility constant | 0.000E+00 | O.O0OOE+00 | not used ] SOLUBK( 3)
I I | | |
RO16 | Distribution coefficients for Sr-90 | | | |
RO16 | Contaminated zone (cm**3/Q) | 3.000E+01 | 3.000E+01 | -— ] DCNUCC( 4)
RO16 | Unsaturated zone 1 (cm**3/9) | not used | 3.000E+01 | -—= ] DCNUCU( 4,1)
RO16 | Saturated zone (cm**3/Q) | not used | 3.000E+01 | - ] DCNUCS( 4)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 5.516E-03 | ALEACH( 4)
RO16 | Solubility constant | 0.000E+00 | 0.00OE+00 | not used ] SOLUBK( 4)
| | | | |
RO16 | Distribution coefficients for daughter Pb-210 | | | |
RO16 | Contaminated zone (cm**3/Q) | 1.000E+02 | 1.000E+02 | -— ] DCNUCC( 2)
RO16 | Unsaturated zone 1 (cm**3/Q) | not used | 1.000E+02 | -—= ] DCNUCU( 2,1)
RO16 | Saturated zone (cm**3/Qg) | not used | 1.000E+02 | -—- ] DCNUCS( 2)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 1.663E-03 | ALEACH( 2)
RO16 | Solubility constant | 0.000E+00 | 0.00OE+00 | not used ] SOLUBK( 2)
| | | | |
RO17 | Inhalation rate (m**3/yr) | 7.270E+03 | 8.400E+03 | -—= ] INHALR
RO17 | Mass loading for inhalation (g/m**3) | 1.000E-04 | 1.000E-04 | -— ] MLINH
RO17 | Exposure duration | 2.400E+01 | 3.000E+01 | -—- | ED
RO17 | Shielding factor, inhalation | 4.000E-01 | 4.000E-01 | -—- | SHF3
RO17 | Shielding factor, external gamma | 7.000E-01 | 7.000E-01 | -— | SHF1
RO17 | Fraction of time spent indoors | 0.000E+00 | 5.000E-01 | -—= | FIND
RO17 | Fraction of time spent outdoors (on site) | 9.590E-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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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Site-Specific Parameter Summary (continued)

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

+ + + + +
RO17 | Radii of shape factor array (used if FS = -1): | | | |
RO17 | Outer annular radius (m), ring 1: | not used | 5.000E+01 | -—- | RAD_SHAPE( 1)
RO17 | Outer annular radius (m), ring 2: | not used | 7.071E+01 | -— | RAD_SHAPE( 2)
RO17 | Outer annular radius (m), ring 3: | not used | 0.000E+00 | -—= ] RAD_SHAPE( 3)
RO17 | Outer annular radius (m), ring 4: | not used | 0.000E+00 | -—- | RAD_SHAPE( 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 | -—= | RAD_SHAPE( 6)
RO17 | Outer annular radius (m), ring 7: | not used | 0.000E+00 | -—- ] RAD_SHAPE( 7)
RO17 | Outer annular radius (m), ring 8: | not used | 0.000E+00 | -—- | RAD_SHAPE( 8)
RO17 | Outer annular radius (m), ring 9: | not used | 0.000E+00 | -— | RAD_SHAPE( 9)
RO17 | Outer annular radius (m), ring 10: | not used | 0.000E+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)

I | | | |
RO17 | Fractions of annular areas within AREA: | | | |
RO17 | Ring 1 | not used | 1.000E+00 | - | FRACA( 1)
RO17 | Ring 2 | not used | 2.732E-01 | -—- | FRACA( 2)
RO17 | Ring 3 | not used | 0.000E+00 | -——= | FRACA( 3)
RO17 | Ring 4 | not used | 0.000E+00 | -—- | FRACA( 4)
RO17 | Ring 5 | not used | 0.000E+00 | -—= | FRACA( 5)
RO17 | Ring 6 | not used | 0.000E+00 | -——= | FRACA( 6)
RO17 | Ring 7 | not used | 0.000E+00 | - | FRACA( 7)
RO17 | Ring 8 | not used | 0.000E+00 | -—- | FRACA( 8)
RO17 | Ring 9 | not used | 0.000E+00 | -—= | FRACA(C 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 | 0.000E+00 | -—- | FRACA(12)

| | | | |
RO18 | Fruits, vegetables and grain consumption (kg/yr) | not used | 1.600E+02 | -—= ] 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)
RO18 | Soil ingestion rate (g/yr) | 3.650E+01 | 3.650E+01 | -— ] SOIL
RO18 | Drinking water intake (L/yr) | not used | 5.100E+02 | - ] Dwl
RO18 | Contamination fraction of drinking water | not used | 1.000E+00 | -—= | FDW
RO18 | Contamination fraction of household water | not used | 1.000E+00 | -— | FHHW
RO18 | Contamination fraction of livestock water | not used | 1.000E+00 | - | FLW
RO18 | Contamination fraction of irrigation water | not used | 1.000E+00 | - 1 FIRW
RO18 | Contamination fraction of aquatic food | not used | 5.000E-01 | -—= | FRO
RO18 | Contamination fraction of plant food | not used |-1 | -— | FPLANT
RO18 | Contamination fraction of meat | not used |-1 | - | FMEAT
RO18 | Contamination fraction of milk | not used |-1 | -—= ] FMILK

| | | | |
RO19 | Livestock fodder intake for meat (kg/day) | not used | 6.800E+01 | -—= | LFI5
RO19 | Livestock fodder intake for milk (kg/day) | not used | 5.500E+01 | -—- | LF16
RO19 | 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 | -——= | LwWI6
RO19 | Livestock soil intake (kg/day) | not used | 5.000E-01 | -—- ] LSI
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Site-Specific Parameter Summary (continued)

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

+ + + + +
RO19 | 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
RO19 | Depth of roots (m) | not used | 9.000E-01 | -— ] DROOT
RO19 | Drinking water fraction from ground water | not used | 1.000E+00 | - ] 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 | -—- | FGWLW
RO19 | Irrigation fraction from ground water | not used | 1.000E+00 | -—= ] FGWIR

| | | | |
R19B | Wet weight crop yield for Non-Leafy (kg/m**2) | not used | 7.000E-01 | -—= 1 Yv(@1)
R19B | Wet weight crop yield for Leafy (kg/m**2) | not used | 1.500E+00 | -——= 1 YV(2)
R19B | Wet weight crop yield for Fodder (kg/m**2) | not used | 1.100E+00 | —— I YV(3)
R19B | Growing Season for Non-Leafy (years) | not used | 1.700E-01 | - 1 TEQD)
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 | -—= I TIVv(D)
R19B | Translocation Factor for Leafy | not used | 1.000E+00 | - 1 TIV(2)
R19B | Translocation Factor for Fodder | not used | 1.000E+00 | -—= 1 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 | -—= ] 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 | -—= ] WLAM

I I | | |
Cl4 | C-12 concentration in water (g/cm**3) | not used | 2.000E-05 | -—- ] C12WTR
Cl4 | C-12 concentration in contaminated soil (g/9) | not used | 3.000E-02 | -—- | Cci2cz
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 | - ] bMC
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 | - | AVFG4
Cl4 | Fraction of grain in milk cow feed | not used | 2.000E-01 | -—= | AVFG5
Cl4 | DCF correction factor for gaseous forms of Cl4 | not used | 0.000E+00 | -— | CO2F

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

| | | | |
RO21 | 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
RO21 | Total porosity of the cover material | not used | 4.000E-01 | - 1 TPCV
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File : Parcel C Total Baseline 1 ft 2032.rad
Site-Specific Parameter Summary (continued)

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

+ + + + +
RO21 | Total porosity of the building foundation | not used | 1.000E-01 | - 1 TPFL
RO21 | 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 | -— | PH20FL
RO21 | Diffusion coefficient for radon gas (m/sec): | | | |
RO21 | in cover material | not used | 2.000E-06 | - ] DIFCV
RO21 | in foundation material | not used | 3.000E-07 | -—= ] DIFFL
RO21 | in contaminated zone soil | not used | 2.000E-06 | -—= ] DIFCZ
RO21 | Radon vertical dimension of mixing (m) | not used | 2.000E+00 | - | HMIX
RO21 | Average building air exchange rate (1/hr) | not used | 5.000E-01 | -—= | REXG
RO21 | Height of the building (room) (m) | not used | 2.500E+00 | -——= ] HRM
RO21 | Building interior area factor | not used | 0.000E+00 | -— |1 FAI
RO21 | Building depth below ground surface (m) | not used |-1.000E+00 | - ] DMFL
RO21 | Emanating power of Rn-222 gas | not used | 2.500E-01 | -—= ] EMANA(1)
RO21 | Emanating power of Rn-220 gas | not used | 1.500E-01 | —— | EMANA(2)

| | | | |
TITL | Number of graphical time points | 32 | -—- | -—- ] NPTS
TITL | Maximum number of integration points for dose | 17 | -——= | -—= ] LYMAX
TITL | Maximum number of integration points for risk | 257 | -—= | -— ] KYMAX

Summary of Pathway Selections

Pathway | User Selection
+
1 -- external gamma | active
2 -- inhalation (w/o radon)]| active
3 -- plant ingestion | suppressed
4 -- meat ingestion | suppressed
5 —-- milk ingestion | suppressed
6 -- aquatic foods | suppressed
7 -- drinking water | suppressed
8 -- soil ingestion | active
9 -- radon | suppressed
Find peak pathway doses | suppressed
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File : Parcel C Total Baseline 1 ft 2032.rad

Contaminated Zone Dimensions

Initial Soil Concentrations, pCi/g

Area: 2032.00 square meters Cs-137 1.130E-01
Thickness: 2.00 meters Ra-226 1.000E+00
Cover Depth: 0.30 meters Sr-90 3.310E-01

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

t (years): O0.000E+00 1.000E+00
TDOSE(t): 2.899E-01 2.890E-01
M(t): 1.160E-02 1.156E-02

Maximum TDOSE(t): 2.899E-01 mrem/yr

3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
2.872E-01 2.811E-01 2.646E-01 2.160E-01 1.230E-01 1.724E-02
1.149E-02 1.124E-02 1.059E-02 8.642E-03 4.920E-03 6.896E-04

at t = 0.000E+00 years
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.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 = 0.000E+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.

Cs-137 4.405E-03 0.0152
Ra-226 2.855E-01 0.9847

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 3.087E-05 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 0.000E+00 0.0000
Total 2.899E-01 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.405E-03 0.0152
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.855E-01 0.9847
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.087E-05 0.0001
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.899E-01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.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-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Cs-137 4.304E-03 0.0149
Ra-226 2.847E-01 0.9850

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 2.998E-05 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 0.000E+00 0.0000
Total 2.890E-01 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.304E-03 0.0149
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.847E-01 0.9850
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.998E-05 0.0001
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.890E-01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Cs-137 4.110E-03 0.0143
Ra-226 2.831E-01 0.9856

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 2.827E-05 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 0.000E+00 0.0000
Total 2.872E-01 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

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

Water Fish Radon Plant Meat Milk All Pathways*
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.110E-03 0.0143
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.831E-01 0.9856
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.827E-05 0.0001
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.872E-01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.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 Soil
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Cs-137 3.495E-03 0.0124
Ra-226 2.776E-01 0.9875

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 2.303E-05 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 0.000E+00 0.0000
Total 2.811E-01 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.495E-03 0.0124
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.776E-01 0.9875
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.303E-05 0.0001
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.811E-01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
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.

Cs-137 2.200E-03 0.0083
Ra-226 2.624E-01 0.9916

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 1.281E-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 0.000E+00 0.0000
Total 2.646E-01 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.200E-03 0.0083
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.624E-01 0.9916
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.281E-05 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.646E-01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.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-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Cs-137 4.355E-04 0.0020
Ra-226 2.156E-01 0.9980

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 1.645E-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 0.000E+00 0.0000
Total 2.160E-01 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.355E-04 0.0020
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.156E-01 0.9980
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.645E-06 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.160E-01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3.000E+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.

Cs-137 4.255E-06 0.0000
Ra-226 1.230E-01 1.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 4.673E-09 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 1.230E-01 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways*
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.255E-06 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.230E-01 1.0000
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.673E-09 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.230E-01 1.0000

*Sum of all water independent and dependent pathways.
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Summary : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.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 Soil
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Cs-137 3.925E-13 0.0000
Ra-226 1.724E-02 1.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000
0.000E+00 0.0000

Sr-90 5.706E-18 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 1.724E-02 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.925E-13 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.724E-02 1.0000
Sr-90 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.706E-18 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.724E-02 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(jJ,t) At Time in Years (mrem/yr)/(pCi/g)
(i) a) Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

Cs-137+D  Cs-137+4D 1.000E+00 3.898E-02 3.809E-02 3.637E-02 3.093E-02 1.947E-02 3.854E-03 3.766E-05 3.474E-12
Ra-226+D Ra-226+D 1.000E+00 2.855E-01 2.847E-01 2.831E-01 2.776E-01 2.624E-01 2.156E-01 1.230E-01 1.724E-02
Ra-226+D Pb-210+D 1.000E+00 1.170E-07 3.457E-07 7.791E-07 2.072E-06 4.348E-06 5.673E-06 3.403E-06 4.772E-07

Ra-226+D 8DSR(J) 2.855E-01 2.847E-01 2.831E-01 2.776E-01 2.624E-01 2.156E-01 1.230E-01 1.724E-02

Sr-90+D Sr-90+D 1.000E+00 9.328E-05 9.058E-05 8.542E-05 6.957E-05 3.871E-05 4.971E-06 1.412E-08 1.724E-17

§ is used to indicate summation; the Greek sigma is not included in this font.
The DSR includes contributions from associated (half-life <= 180 days) daughters.

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

Basic Radiation Dose Limit = 2.500E+01 mrem/yr

Nuclide
(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03

Cs-137 6.413E+02 6.563E+02 6.874E+02 8.083E+02 1.284E+03 6.488E+03 6.639E+05 7.197E+12
Ra-226 8.758E+01 8.782E+01 8.832E+01 9.007E+01 9.527E+01 1.160E+02 2_.033E+02 1.450E+03
Sr-90 2.680E+05 2.760E+05 2.927E+05 3.593E+05 6.459E+05 5.029E+06 1.771E+09 *1.365E+14

*At specific activity limit

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g
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)
O] (pCi/g) (years) (pCi/g) (pCi/g)

Cs-137 1.130E-01 0.000E+00 3.898E-02 6.413E+02 3.898E-02 6.413E+02

Ra-226 1.000E+00 0.000E+00 2.855E-01 8.758E+01 2.855E-01 8.758E+01

Sr-90  3.310E-01 0.000E+00 9.328E-05 2.680E+05 9.328E-05 2.680E+05
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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

18

a ([©O) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Cs-137 Cs-137 1.000E+00 4.405E-03 4.304E-03 4.110E-03 3.495E-03 2.200E-03 4.355E-04 4.255E-06 3.925E-13
Ra-226 Ra-226 1.000E+00 2.855E-01 2.847E-01 2.831E-01 2.776E-01 2.624E-01 2.156E-01 1.230E-01 1.724E-02
Pb-210 Ra-226 1.000E+00 1.170E-07 3.457E-07 7.791E-07 2.072E-06 4.348E-06 5.673E-06 3.403E-06 4.772E-07
Sr-90 Sr-90 1.000E+00 3.087E-05 2.998E-05 2.827E-05 2.303E-05 1.281E-05 1.645E-06 4.673E-09 5.706E-18
THF(1) is the thread fraction of the parent nuclide.

§ iIs used to indicate summation; the Greek sigma is not included in this font.
Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated
Nuclide Parent  THF(i) sSg.t), pCi/Zg

D) O) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
Cs-137 Cs-137 1.000E+00 1.130E-01 1.104E-01 1.054E-01 8.966E-02 5.644E-02 1.117E-02 1.092E-04 1.007E-11
Ra-226 Ra-226 1.000E+00 1.000E+00 9.972E-01 9.916E-01 9.723E-01 9.192E-01 7.553E-01 4.308E-01 6.039E-02
Pb-210 Ra-226 1.000E+00 0.000E+00 3.054E-02 8.844E-02 2.612E-01 5.656E-01 7.448E-01 4.472E-01 6.270E-02
Sr-90 Sr-90 1.000E+00 3.310E-01 3.214E-01 3.031E-01 2.469E-01 1.374E-01 1.764E-02 5.010E-05 6.118E-14

THF(i) is the thread fraction of the parent nuclide.
8§ is used to indicate summation; the Greek sigma is not included in this font.

RESCALC.EXE execution time = 1.59 seconds
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Cancer Risk Slope Factors Summary Table
Risk Library: FGR 13 Morbidity
| I Current | Base | Parameter
Menu | Parameter | Value | Case* | Name
+ +. + +
Sf-1 | Ground external radiation slope factors, 1/yr per (pCi/Zg): | | |
Sf-1 | Cs-137+D | 2.55E-06 | 5.32E-10 | SLPF( 1,1)
Sf-1 | Pb-210+D | 4.21E-09 | 1.41E-09 | SLPF(C 2,1)
Sf-1 | Ra-226+D | 8.49E-06 | 2.29E-08 | SLPF( 3,1)
Sf-1 | Sr-90+D ] 1.96E-08 | 4.82E-10 | SLPF(C 4,1)
| | I |
Sf-2 | Inhalation, slope factors, 1/(pCi): | | |
Sf-2 | Cs-137+D | 1.12E-10 | 1.12E-10 | SLPF(C 1,2)
Sf-2 | Pb-210+D | 3.086-08 | 1.58E-08 | SLPF( 2,2)
Sf-2 | Ra-226+D | 2.83E-08 | 2.82E-08 | SLPF( 3,2)
Sf-2 | Sr-90+D | 4.33E-10 | 4.25E-10 | SLPF(C 4,2)
| | | |
Sf-3 | Food ingestion, slope factors, 1/(pCi): | | |
Sf-3 | Cs-137+D | 3.74E-11 | 3.74E-11 | SLPF( 1,3)
Sf-3 | Pb-210+D | 3.44E-09 | 1.18E-09 | SLPF(C 2,3)
Sf-3 | Ra-226+D | 5.156-10 | 5.14E-10 | SLPF( 3,3)
Sf-3 | Sr-90+D ] 9.53E-11 | 6.88E-11 | SLPF(C 4,3)
| | I |
Sf-3 | Water ingestion, slope factors, 1/(pCi): | | |
Sf-3 | Cs-137+D | 3.04E-11 | 3.04E-11 | SLPF(C 1,4)
Sf-3 | Pb-210+D | 2.66E-09 | 8.81E-10 | SLPF(C 2,4)
Sf-3 | Ra-226+D | 3.86E-10 | 3.85E-10 | SLPF( 3,4)
Sf-3 | Sr-90+D | 7.40E-11 | 5.59E-11 | SLPF(C 4,4)
| | I |
Sf-3 | Soil ingestion, slope factors, 1/(pCi): | | |
Sf-3 | Cs-137+D | 3.74E-11 | 3.74E-11 | SLPF( 1,5)
Sf-3 | Pb-210+D | 3.44E-09 | 1.18E-09 | SLPF( 2,5)
Sf-3 | Ra-226+D | 5.15E-10 | 5.14E-10 | SLPF( 3,5)
Sf-3 | Sr-90+D | 9.53E-11 | 6.88E-11 | SLPF( 4,5)
| | | |
Sf-Rn | Radon Inhalation slope factors, 1/(pCi): | | |
Sf-Rn | Rn-222 ] 1.80E-12 | 1.80E-12 | SLPFRN(1,1)
Sf-Rn | Po-218 | 3.70E-12 | 3.70E-12 | SLPFRN(1,2)
Sf-Rn | Pb-214 | 6.20E-12 | 6.20E-12 | SLPFRN(1,3)
Sf-Rn | Bi-214 | 1.50E-11 | 1.50E-11 | SLPFRN(1,4)
| | I |
Sf-Rn | Radon K factors, (mrem/WLM): | | |
Sf-Rn | Rn-222 Indoor | 7.60E+02 | 7.60E+02 | KFACTR(1,1)
Sf-Rn | Rn-222 Outdoor | 5.70E+02 | 5.70E+02 | KFACTR(1,2)

*Base

Case means Default.Lib w/o Associate Nuclide contributions.
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Risk Slope and Environmental Transport Factors for the Ground Pathway
Nuclide Slope(i)* ETFG(i,t) At Time in Years (dimensionless)

(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
At-218 3.570E-09 3.357E-08 3.357E-08 3.357E-08 3.357E-08 3.357E-08 3.357E-08 3.357E-08 3.357E-08
Ba-137m 2.690E-06 1.156E-02 1.156E-02 1.156E-02 1.156E-02 1.156E-02 1.156E-02 1.156E-02 1.156E-02
Bi-210 2.760E-09 1.903E-03 1.903E-03 1.903E-03 1.903E-03 1.903E-03 1.903E-03 1.903E-03 1.903E-03
Bi-214  7.480E-06 2.839E-02 2.839E-02 2.839E-02 2.839E-02 2.839E-02 2.839E-02 2.839E-02 2.839E-02
Cs-137 5.320E-10 6.206E-04 6.206E-04 6.206E-04 6.206E-04 6.206E-04 6.206E-04 6.206E-04 6.206E-04
Pb-210 1.410E-09 1.253E-10 1.253E-10 1.253E-10 1.253E-10 1.253E-10 1.253E-10 1.253E-10 1.253E-10
Pb-214  9.820E-07 5.519E-03 5.519E-03 5.519E-03 5.519E-03 5.519E-03 5.519E-03 5.519E-03 5.519E-03
Po-210 3.950E-11  1.452E-02 1.452E-02 1.452E-02 1.452E-02 1.452E-02 1.452E-02 1.452E-02 1.452E-02
Po-214  3.860E-10 1.572E-02 1.572E-02 1.572E-02 1.572E-02 1.572E-02 1.572E-02 1.572E-02 1.572E-02
Po-218 4_260E-11 1.575E-02 1.575E-02 1.575E-02 1.575E-02 1.575E-02 1.575E-02 1.575E-02 1.575E-02
Ra-226  2.290E-08 1.865E-03 1.865E-03 1.865E-03 1.865E-03 1.865E-03 1.865E-03 1.865E-03 1.865E-03
Rn-222 1.740E-09 1.002E-02 1.002E-02 1.002E-02 1.002E-02 1.002E-02 1.002E-02 1.002E-02 1.002E-02
Sr-90 4_820E-10 3.425E-04 3.425E-04 3.425E-04 3.425E-04 3.425E-04 3.425E-04 3.425E-04 3.425E-04
TI1-210 0.000E+00 9.590E-01 9.590E-01 9.590E-01 9.590E-01 9.590E-01 9.590E-01 9.590E-01 9.590E-01
Y-90 1.910E-08  3.948E-03 3.948E-03 3.948E-03 3.948E-03 3.948E-03 3.948E-03 3.948E-03 3.948E-03
* - Units are 1/yr per (pCi/g) at infinite depth and area. Multiplication by ETFG(i,t) converts to site conditions.
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Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 0.000E+00 years
Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways

Radio- Total
Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*
Cs-137 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 0.000E+00
Pb-210 0.000E+00 0.000E+00 0.000E+00 0.0O0OE+00 0.000E+00 O0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 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 0.000E+00
Sr-90 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 0.000E+00
* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil

and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 0.000E+00 years
Radionuclides

Radon

Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 0.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Plant Meat Milk Soil

Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 6.123E-08 0.0120 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
Pb-210 3.985E-11 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 5.055E-06 0.9879 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
Sr-90  4.311E-10 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
Total 5.117E-06 1.0000 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
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and Fraction of Total Risk at t= 0.000E+00 years

Fish

Water Dependent Pathways

Plant

Meat

Milk

All Pathways**

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

Cs-137
Pb-210
Ra-226
Sr-90

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

0.0000
0.0000
0.0000
0.0000

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

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

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

0.0000
0.0000
0.0000
0.0000

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

6.123E-08 0.0120
3.985E-11 0.0000
5.055E-06 0.9879
4.311E-10 0.0001

Total

** Sum of water independent ground,

and

0.000E+00

0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

0.000E+00 0.0000

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 0.000E+00 years

Radionuclides

5.117E-06 1.0000

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 0.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 6.123E-08 0.0120 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 5.055E-06 0.9879 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 4.311E-10 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 0.000E+00 0.0000
Total 5.117E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 0.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

6.123E-08 0.0120
5.055E-06 0.9879
4.311E-10 0.0001

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

contribution from

0.000E+00 0.0000

0.000E+00 0.0000

decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

5.117E-06 1.0000
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Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 1_.000E+00 years
Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways

Radio- Total
Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*
Cs-137 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 0.000E+00
Pb-210 0.000E+00 0.000E+00 0.000E+00 0.0O0OE+00 0.000E+00 O0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 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 0.000E+00
Sr-90 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 0.000E+00
* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil

and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 1.000E+00 years
Radionuclides

Radon

Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Plant Meat Milk Soil

Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 5.983E-08 0.0117 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
Pb-210 4.269E-11 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 5.041E-06 0.9882 0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 4.186E-10 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
Total 5.101E-06 1.0000 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
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and Fraction of Total Risk at t= 1.000E+00 years

Fish

Water Dependent Pathways

Plant

Meat

Milk

All Pathways**

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

Cs-137
Pb-210
Ra-226
Sr-90

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

0.0000
0.0000
0.0000
0.0000

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

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

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

0.0000
0.0000
0.0000
0.0000

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

5.983E-08 0.0117
4.269E-11 0.0000
5.041E-06 0.9882
4.186E-10 0.0001

Total

** Sum of water independent ground,

and

0.000E+00

0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

0.000E+00 0.0000

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 1.000E+00 years

Radionuclides

5.101E-06 1.0000

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 5.983E-08 0.0117 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 5.041E-06 0.9882 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 4.186E-10 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 0.000E+00 0.0000
Total 5.101E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

5.983E-08 0.0117
5.041E-06 0.9882
4.186E-10 0.0001

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

contribution from decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

5.101E-06 1.0000
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Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 3_000E+00 years

Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways
Radio- Total
Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*

Cs-137 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 0.000E+00 0.00OOE+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
Sr-90 0.000E+00 0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil
and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 3.000E+00 years

Radionuclides
Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)

and Fraction of Total Risk at t= 3.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Plant Meat Mi Tk Soil
Radio-

Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 5.712E-08 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
Pb-210 4.808E-11 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 5.013E-06 0.9886 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
Sr-90  3.948E-10 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

Total 5.070E-06 1.0000 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
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and Fraction of Total Risk at t= 3.000E+00 years

Fish

Water Dependent Pathways

Plant

Meat

Milk

All Pathways**

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

Cs-137
Pb-210
Ra-226
Sr-90

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

0.0000
0.0000
0.0000
0.0000

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

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

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

0.0000
0.0000
0.0000
0.0000

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

5.712E-08 0.0113
4.808E-11 0.0000
5.013E-06 0.9886
3.948E-10 0.0001

Total

** Sum of water independent ground,

and

0.000E+00

0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

0.000E+00 0.0000

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 3.000E+00 years

Radionuclides

5.070E-06 1.0000

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 5.712E-08 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 0.000E+00 0.0000
Ra-226 5.013E-06 0.9887 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 3.948E-10 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 0.000E+00 0.0000
Total 5.070E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

5.712E-08 0.0113
5.013E-06 0.9887
3.948E-10 0.0001

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

contribution from decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

5.070E-06 1.0000



RESRAD, Version 6.3 T% Limit = 180 days 11/16/2007 11:27 Page 13
Intrisk : Parcel C Baseline 1 ft 2032 m2
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Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 1.000E+01 years

Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways
Radio- Total
Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*

Cs-137 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 0.000E+00 0.00OOE+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
Sr-90 0.000E+00 0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil
and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 1.000E+01 years

Radionuclides
Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)

and Fraction of Total Risk at t= 1.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Plant Meat Mi Tk Soil
Radio-

Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 4.858E-08 0.0098 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
Pb-210 6.404E-11 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 4.915E-06 0.9901 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
Sr-90  3.215E-10 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

Total 4.964E-06 1.0000 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
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and Fraction of Total Risk at t= 1.000E+01 years

Fish

Water Dependent Pathways

Plant

Meat

Milk

All Pathways**

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

Cs-137
Pb-210
Ra-226
Sr-90

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

0.0000
0.0000
0.0000
0.0000

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

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

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

0.0000
0.0000
0.0000
0.0000

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

4.858E-08 0.0098
6.404E-11 0.0000
4_.915E-06 0.9901
3.215E-10 0.0001

Total

** Sum of water independent ground,

and

0.000E+00

0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

0.000E+00 0.0000

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 1.000E+01 years

Radionuclides

4.964E-06 1.0000

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+01 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 4.858E-08 0.0098 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 4.915E-06 0.9901 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 3.215E-10 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 0.000E+00 0.0000
Total 4.964E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+01 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

4.858E-08 0.0098
4.915E-06 0.9901
3.215E-10 0.0001

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

contribution from decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

4.964E-06 1.0000
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad

Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 3_.000E+01 years

Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways
Radio- Total
Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*

Cs-137 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 0.000E+00 0.00OOE+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
Sr-90 0.000E+00 0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil
and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 3.000E+01 years

Radionuclides
Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)

and Fraction of Total Risk at t= 3.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Plant Meat Mi Tk Soil
Radio-

Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 3.058E-08 0.0065 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
Pb-210 9.141E-11 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 4.647E-06 0.9934 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
Sr-90  1.789E-10 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

Total 4.678E-06 1.0000 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
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+01 years

Water

Fish

Water Dependent Pathways

Plant

Meat

Milk

All Pathways**

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

Cs-137
Pb-210
Ra-226
Sr-90

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

0.0000
0.0000
0.0000
0.0000

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

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

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

0.0000
0.0000
0.0000
0.0000

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

3.058E-08 0.0065
9.141E-11 0.0000
4_.647E-06 0.9934
1.789E-10 0.0000

Total

** Sum of water independent ground,

and

0.000E+00

0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

0.000E+00 0.0000

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 3.000E+01 years

Radionuclides

4.678E-06 1.0000

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+01 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 3.058E-08 0.0065 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 4.647E-06 0.9934 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 1.789E-10 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 4.678E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+01 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

3.058E-08 0.0065
4.647E-06 0.9934
1.789E-10 0.0000

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

contribution from decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

4.678E-06 1.0000
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad

Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 1.000E+02 years

Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways
Radio- Total

Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*

Cs-137 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 0.000E+00 0.00OOE+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
Sr-90 0.000E+00 0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil
and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 1.000E+02 years

Radionuclides
Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)

and Fraction of Total Risk at t= 1.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Plant Meat Mi Tk Soil
Radio-

Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 6.053E-09 0.0016 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
Pb-210 1.022E-10 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 3.818E-06 0.9984 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
Sr-90  2.297E-11 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

Total 3.824E-06 1.0000 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
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Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+02 years

Water

Fish

Water Dependent Pathways

Plant

Meat

Milk

All Pathways**

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

risk fract.

Cs-137
Pb-210
Ra-226
Sr-90

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

0.0000
0.0000
0.0000
0.0000

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

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

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

0.0000
0.0000
0.0000
0.0000

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

6.053E-09 0.0016
1.022E-10 0.0000
3.818E-06 0.9984
2.297E-11 0.0000

Total

** Sum of water independent ground,

and

0.000E+00

0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

0.000E+00 0.0000

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 1.000E+02 years

Radionuclides

3.824E-06 1.0000

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+02 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 6.053E-09 0.0016 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 3.818E-06 0.9984 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 2.297E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 3.824E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000



RESRAD, Version 6.3 T% Limit = 180 days 11/16/2007 11:27 Page 21
Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

6.053E-09 0.0016
3.818E-06 0.9984
2.297E-11 0.0000

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

contribution from decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

3.824E-06 1.0000
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad

Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 3_.000E+02 years

Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways
Radio- Total
Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*

Cs-137 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 0.000E+00 0.00OOE+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
Sr-90 0.000E+00 0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil
and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 3.000E+02 years

Radionuclides
Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)

and Fraction of Total Risk at t= 3.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Plant Meat Mi Tk Soil
Radio-

Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 5.915E-11 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
Pb-210 6.048E-11 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 2.178E-06 0.9999 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
Sr-90  6.525E-14 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

Total 2.178E-06 1.0000 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
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+02 years
Water Dependent Pathways

Water Fish Plant Meat Mi Tk All Pathways**
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 5.915E-11 0.0000
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000OE+00 0.0000 6.048E-11 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 0.0OOE+00 0.0000 2.178E-06 0.9999
Sr-90  0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 6.525E-14 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.178E-06 1.0000

** Sum of water independent ground,

and

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 3.000E+02 years

Radionuclides

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+02 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 5.915E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 2.178E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90 6.525E-14 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 2.178E-06 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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File : Parcel C Total Baseline 1 ft 2032.rad
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 3.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

5.915E-11 0.0000
2.178E-06 1.0000
6.525E-14 0.0000

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

contribution from decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

2.178E-06 1.0000
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad

Amount of Intake Quantities QINT(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As pCi/yr at t= 1.000E+03 years

Water Independent Pathways (Inhalation w/o radon) Water Dependent Pathways
Radio- Total
Nuclide Inhalation Plant Meat Mi Tk Soil Water Fish Plant Meat Milk Ingestion*

Cs-137 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pb-210 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Ra-226 0.000E+00 0.00OOE+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
Sr-90 0.000E+00 0.000OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

* Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil
and water-dependent water, fish, plant, meat, milk pathways

Amount of Intake Quantities QINT9(irn,i,t) and QINTOW(irn,i,t) for Inhalation of
Radon and its Decay Products as pCi/yr at t= 1.000E+03 years

Radionuclides
Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Water-ind. == Water-independent Water-dep. == Water-dependent

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)

and Fraction of Total Risk at t= 1.000E+03 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Plant Meat Mi Tk Soil
Radio-

Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 5.456E-18 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
Pb-210 8.479E-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
Ra-226 3.053E-07 1.0000 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
Sr-90  7.968E-23 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

Total 3.053E-07 1.0000 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
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+03 years
Water Dependent Pathways

Water Fish Plant Meat Mi Tk All Pathways**
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 5.456E-18 0.0000
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000OE+00 0.0000 8.479E-12 0.0000
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 3.053E-07 1.0000
Sr-90  0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 7.968E-23 0.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.053E-07 1.0000

** Sum of water independent ground,

and

inhalation, plant, meat, milk, soil
water dependent water, fish, plant, meat, milk pathways

Excess Cancer Risks CNRSO(irn,i,t) and CNRSOW(irn,i,t) for Inhalation of
Radon and its Decay Products at t= 1.000E+03 years

Radionuclides

Radon
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212
Water-ind. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-dep. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Total 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Water-ind. == Water-independent Water-dep. == Water-dependent
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+03 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.
Cs-137 5.456E-18 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Ra-226 3.053E-07 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Sr-90  7.968E-23 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 3.053E-07 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
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Intrisk : Parcel C Baseline 1 ft 2032 m2
File : Parcel C Total Baseline 1 ft 2032.rad
Total Excess Cancer Risk CNRSI(i,p,t)*** for Initially Existent Radionuclides (i) and Pathways (p)
and Fraction of Total Risk at t= 1.000E+03 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All pathways
Radio-
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Cs-137 0.000E+00 0.0000
Ra-226 0.000E+00 0.0000
Sr-90  0.000E+00 0.0000

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

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

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

0.000E+00 0.0000
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

5.456E-18 0.0000
3.053E-07 1.0000
7.968E-23 0.0000

Total 0.000E+00 0.0000

***CNRSI(i,p,t) includes

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

contribution from decay daughter radionuclides

0.000E+00 0.0000

0.000E+00 0.0000

3.053E-07 1.0000
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Summary : Parcel C Baseline 1 ft 232 m2
File : Parcel C Total Baseline 1 ft 232.rad
Dose Conversion Factor (and Related) Parameter Summary
File: FGR 13 MORBIDITY
| I Current | Base | Parameter
Menu | Parameter | Value | Case* | Name
+. +. + +
- | Dose conversion factors for inhalation, mrem/pCi: | | |
- | Cs-137+D | 3.190E-05 | 3.190E-05 | DCF2( 1)
B-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)
I | I |
D-1 | Dose conversion factors for ingestion, mrem/pCi: | | |
- | Cs-137+D | 5.000E-05 | 5.000E-05 | DCF3( 1)
- | Pb-210+D | 7.276E-03 | 5.370E-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)
I | | |
D-34 | Food transfer factors: | | |
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 | | | |
D-34 | Pb-210+D , plant/soil concentration ratio, dimensionless ] 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) | 3.000E-04 | 3.000E-04 | RTF( 2,3)
D-34 | | I |
D-34 | Ra-226+D , plant/soil concentration ratio, dimensionless | 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) ] 1.000E-03 | 1.000E-03 | RTF( 3,3)
D-34 | | | |
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 | 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)
I | | |
D-5 | Bioaccumulation factors, fresh water, L/kg: | | |
D-5 | 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 | | I |
D-5 | Pb-210+D , fish | 3.000E+02 | 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 | | I |
D-5 | 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 | | | |
D-5 | Sr-90+D , fish | 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)

*Base Case means

Default.Lib w/o Associate Nuclide contributions.
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File : Parcel C Total Baseline 1 ft 232.rad
Site-Specific Parameter Summary

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

+ + + + +
RO11 | Area of contaminated zone (m**2) | 2.320E+02 | 1.000E+04 | - 1 AREA
RO11 | Thickness of contaminated zone (m) | 2.000E+00 | 2.000E+00 | -—= | THICKO
RO11 | Length parallel to aquifer flow (m) | not used | 1.000E+02 | -——= | LCZPAQ
RO11 | Basic radiation dose limit (mrem/yr) | 2.500E+01 | 3.000E+01 | - | BRDL
RO11 | Time since placement of material (yr) | 0.000E+00 | O.0OOE+00 | - 1 T1
RO11 | Times for calculations (yr) | 1.000E+00 | 1.000E+00 | -—= 1 TC 2)
RO11 | Times for calculations (yr) | 3.000E+00 | 3.000E+00 | -—= 1 TC 3)
RO11 | Times for calculations (yr) | 1.000E+01 | 1.000E+01 | - 1 TC 4
RO11 | Times for calculations (yr) | 3.000E+01 | 3.000E+01 | -—= ] TC 5)
RO11 | Times for calculations (yr) | 1.000E+02 | 1.000E+02 | -— ] TC 6)
RO11 | Times for calculations (yr) | 3.000E+02 | 3.000E+02 | -— 1 TC7)
RO11 | Times for calculations (yr) | 1.000E+03 | 1.000E+03 | - 1 TC 8)
RO11 | Times for calculations (yr) | not used | 0.000E+00 | -—= 1 TC 9
RO11 | Times for calculations (yr) | not used | 0.000E+00 | —— | T(10)

| | | | |
RO12 | Initial principal radionuclide (pCi/g): Cs-137 | 1.130E-01 | 0.0OOE+00 | - | siC 1)
RO12 | Initial principal radionuclide (pCi/g): Ra-226 | 1.000E+00 | 0.0O0OE+00 | -—= | S1( 3)
RO12 | Initial principal radionuclide (pCi/g): Sr-90 | 3.310E-01 | 0.0OOE+00 | -——= | S1(C 4)
RO12 | Concentration in groundwater (pCi/L): Cs-137 | not used | 0.000E+00 | -—- | wiC 1)
RO12 | Concentration in groundwater (pCi/L): Ra-226 | not used | 0.000E+00 | -—= | wiC 3)
RO12 | Concentration in groundwater (pCi/L): Sr-90 | not used | 0.000E+00 | -— | wiC 4)

| | | | |
RO13 | Cover depth (m) | 3.048E-01 | 0.00OOE+00 | - | COVERO
RO13 | Density of cover material (g/7cm**3) ] 1.500E+00 | 1.500E+00 | -—= ] DENSCV
RO13 | Cover depth erosion rate (m/yr) | 0.000E+00 | 1.000E-03 | -—= ] vev
RO13 | Density of contaminated zone (g/cm**3) | 1.500E+00 | 1.500E+00 | - ] DENSCZ
RO13 | Contaminated zone erosion rate (m/yr) | 1.000E-03 | 1.000E-03 | -—= ] vcz
RO13 | Contaminated zone total porosity | 4.000E-01 | 4.000E-01 | -— | TPCZ
RO13 | Contaminated zone field capacity | 2.000E-01 | 2.000E-01 | -—= | FCcz
RO13 | Contaminated zone hydraulic conductivity (m/yr) | 1.000E+01 | 1.000E+01 | - ] HCCz
RO13 | Contaminated zone b parameter | 5.300E+00 | 5.300E+00 | -— | BCZ
RO13 | 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 | -—- ] HUMID
RO13 | Evapotranspiration coefficient | 5.-000E-01 | 5.000E-01 | -—- | EVAPTR
RO13 | Precipitation (m/yr) | 1.000E+00 | 1.000E+00 | -— | PRECIP
RO13 | Irrigation (m/yr) | 2.000E-01 | 2.000E-01 | -——= ] RI
RO13 | Irrigation mode | overhead | overhead | -—- | IDITCH
RO13 | Runoff coefficient | 2.000E-01 | 2.000E-01 | -—- | RUNOFF
RO13 | Watershed area for nearby stream or pond (m**2) | not used | 1.000E+06 | -—= ] WAREA
RO13 | Accuracy for water/soil computations | not used | 1.000E-03 | -—- | EPS

I I | | |
RO14 | Density of saturated zone (g/cm**3) | not used | 1.500E+00 | -— | DENSAQ
RO14 | Saturated zone total porosity | not used | 4.000E-01 | - | TPSZ
RO14 | Saturated zone effective porosity | not used | 2.000E-01 | -—= | EPSZ
RO14 | Saturated zone field capacity | not used | 2.000E-01 | -— | FCSz
RO14 | Saturated zone hydraulic conductivity (m/yr) | not used | 1.000E+02 | -—= ] HCSz
RO14 | Saturated zone hydraulic gradient | not used | 2.000E-02 | - | HGWT
RO14 | Saturated zone b parameter | not used | 5.300E+00 | -—= | BSZ
RO14 | Water table drop rate (m/yr) | not used | 1.000E-03 | -—= ] wt
RO14 | Well pump intake depth (m below water table) | not used | 1.000E+01 | - ] DWIBWT
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File : Parcel C Total Baseline 1 ft 232.rad
Site-Specific Parameter Summary (continued)
| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name
+ + + + +
RO14 | Model: Nondispersion (ND) or Mass-Balance (MB) | not used | ND | -—- ] MODEL
RO14 | Well pumping rate (m**3/yr) | not used | 2.500E+02 | -—- ] uw
I I | | |
RO15 | Number of unsaturated zone strata | not used | 1 | - ] NS
RO15 | Unsat. zone 1, thickness (m) | not used | 4.000E+00 | -—- | H(D)
RO15 | Unsat. zone 1, soil density (g/cm**3) | not used | 1.500E+00 | -—- ] DENSUZ(1)
RO15 | Unsat. zone 1, total porosity | not used | 4.000E-01 | -—= | TPUZ(1)
RO15 | Unsat. zone 1, effective porosity | not used | 2.000E-01 | -—- | EPUZ(1)
RO15 | Unsat. zone 1, field capacity | not used | 2.000E-01 | -—- | FCUZ(1)
RO15 | Unsat. zone 1, soil-specific b parameter | not used | 5.300E+00 | -— | BUZ(1)
RO15 | Unsat. zone 1, hydraulic conductivity (m/yr) | not used | 1.000E+01 | -— ] HCUZ(1)
| | | | |
RO16 | Distribution coefficients for Cs-137 | | | |
RO16 | Contaminated zone (cm**3/g) | 4.600E+03 | 4.600E+03 | —_— | benucce( 1)
RO16 | Unsaturated zone 1 (cm**3/Q) | not used | 4.600E+03 | -—= ] DCNUCU( 1,1)
RO16 | Saturated zone (cm**3/Q) | not used | 4.600E+03 | - ] DCNUCS( 1)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.623E-05 | ALEACH( 1)
RO16 | Solubility constant | 0.000E+00 | O0.0OOE+00 | not used ] SOLUBK( 1)
| I | | |
RO16 | Distribution coefficients for Ra-226 | | | |
RO16 | Contaminated zone (cm**3/Q) | 7.000E+01 | 7.000E+01 | -— ] DCNUCC( 3)
RO16 | Unsaturated zone 1 (cm**3/Q) | not used | 7.000E+01 | -—= ] DCNUCU( 3,1)
RO16 | Saturated zone (cm**3/Q) | not used | 7.000E+01 | - ] DCNUCS( 3)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 2.374E-03 | ALEACH( 3)
RO16 | Solubility constant | 0.000E+00 | O.O0OOE+00 | not used ] SOLUBK( 3)
I I | | |
RO16 | Distribution coefficients for Sr-90 | | | |
RO16 | Contaminated zone (cm**3/Q) | 3.000E+01 | 3.000E+01 | -— ] DCNUCC( 4)
RO16 | Unsaturated zone 1 (cm**3/9) | not used | 3.000E+01 | -—= ] DCNUCU( 4,1)
RO16 | Saturated zone (cm**3/Q) | not used | 3.000E+01 | - ] DCNUCS( 4)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 5.516E-03 | ALEACH( 4)
RO16 | Solubility constant | 0.000E+00 | 0.00OE+00 | not used ] SOLUBK( 4)
| | | | |
RO16 | Distribution coefficients for daughter Pb-210 | | | |
RO16 | Contaminated zone (cm**3/Q) | 1.000E+02 | 1.000E+02 | -— ] DCNUCC( 2)
RO16 | Unsaturated zone 1 (cm**3/Q) | not used | 1.000E+02 | -—= ] DCNUCU( 2,1)
RO16 | Saturated zone (cm**3/Qg) | not used | 1.000E+02 | -—- ] DCNUCS( 2)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 1.663E-03 | ALEACH( 2)
RO16 | Solubility constant | 0.000E+00 | 0.00OE+00 | not used ] SOLUBK( 2)
| | | | |
RO17 | Inhalation rate (m**3/yr) | 7.270E+03 | 8.400E+03 | -—= ] INHALR
RO17 | Mass loading for inhalation (g/m**3) | 1.000E-04 | 1.000E-04 | -— ] MLINH
RO17 | Exposure duration | 2.400E+01 | 3.000E+01 | -—- | ED
RO17 | Shielding factor, inhalation | 4.000E-01 | 4.000E-01 | -—- | SHF3
RO17 | Shielding factor, external gamma | 7.000E-01 | 7.000E-01 | -— | SHF1
RO17 | Fraction of time spent indoors | 0.000E+00 | 5.000E-01 | -—= | FIND
RO17 | Fraction of time spent outdoors (on site) | 9.590E-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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| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name

+ + + + +
RO17 | Radii of shape factor array (used if FS = -1): | | | |
RO17 | Outer annular radius (m), ring 1: | not used | 5.000E+01 | -—- | RAD_SHAPE( 1)
RO17 | Outer annular radius (m), ring 2: | not used | 7.071E+01 | -— | RAD_SHAPE( 2)
RO17 | Outer annular radius (m), ring 3: | not used | 0.000E+00 | -—= ] RAD_SHAPE( 3)
RO17 | Outer annular radius (m), ring 4: | not used | 0.000E+00 | -—- | RAD_SHAPE( 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 | -—= | RAD_SHAPE( 6)
RO17 | Outer annular radius (m), ring 7: | not used | 0.000E+00 | -—- ] RAD_SHAPE( 7)
RO17 | Outer annular radius (m), ring 8: | not used | 0.000E+00 | -—- | RAD_SHAPE( 8)
RO17 | Outer annular radius (m), ring 9: | not used | 0.000E+00 | -— | RAD_SHAPE( 9)
RO17 | Outer annular radius (m), ring 10: | not used | 0.000E+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)

I | | | |
RO17 | Fractions of annular areas within AREA: | | | |
RO17 | Ring 1 | not used | 1.000E+00 | - | FRACA( 1)
RO17 | Ring 2 | not used | 2.732E-01 | -—- | FRACA( 2)
RO17 | Ring 3 | not used | 0.000E+00 | -——= | FRACA( 3)
RO17 | Ring 4 | not used | 0.000E+00 | -—- | FRACA( 4)
RO17 | Ring 5 | not used | 0.000E+00 | -—= | FRACA( 5)
RO17 | Ring 6 | not used | 0.000E+00 | -——= | FRACA( 6)
RO17 | Ring 7 | not used | 0.000E+00 | - | FRACA( 7)
RO17 | Ring 8 | not used | 0.000E+00 | -—- | FRACA( 8)
RO17 | Ring 9 | not used | 0.000E+00 | -—= | FRACA(C 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 | 0.000E+00 | -—- | FRACA(12)

| | | | |
RO18 | Fruits, vegetables and grain consumption (kg/yr) | not used | 1.600E+02 | -—= ] 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)
RO18 | Soil ingestion rate (g/yr) | 3.650E+01 | 3.650E+01 | -— ] SOIL
RO18 | Drinking water intake (L/yr) | not used | 5.100E+02 | - ] Dwl
RO18 | Contamination fraction of drinking water | not used | 1.000E+00 | -—= | FDW
RO18 | Contamination fraction of household water | not used | 1.000E+00 | -— | FHHW
RO18 | Contamination fraction of livestock water | not used | 1.000E+00 | - | FLW
RO18 | Contamination fraction of irrigation water | not used | 1.000E+00 | - 1 FIRW
RO18 | Contamination fraction of aquatic food | not used | 5.000E-01 | -—= | FRO
RO18 | Contamination fraction of plant food | not used |-1 | -— | FPLANT
RO18 | Contamination fraction of meat | not used |-1 | - | FMEAT
RO18 | Contamination fraction of milk | not used |-1 | -—= ] FMILK

| | | | |
RO19 | Livestock fodder intake for meat (kg/day) | not used | 6.800E+01 | - | LFI5
RO19 | Livestock fodder intak<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>