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Executive Summary

The Pacific Northwest Laboratory (PNL)® effort on the overall Baseline Environmental Manage-
ment Report (BEMR) project consists of four installation-specific work components performed in suc-
cession. These components include 1) development of source terms, 2) collection of data and prepara-
tion of environmental settings reports, 3) calculation of unit risk factors, and 4) utilization of the unit
risk factors in Automated Remedial Action Methodology (ARAM) for computation of target concentra-
tions and cost estimates. This report documents work completed for the Nevada Test Site, Nevada, for
components 2 and 3.

This document is a three-volume set entitled Risk Information in Support of Cost Estimates for the
Baseline Environmental Management Report (BEMR). The three-volume set presents the Nevada Test
Site data and includes a compilation of the reports which support the cost work for BEMR. Volume I,
Development and Application of Unit Risk Factors Methodology, presents the work performed by PNL
and ICF Kaiser Engineers, Inc. Volume II, Environmental Settings Report, includes an individual
Nevada Test Site environmental settings-report. The Volume II text is also published separately as a
chapter in a collection of environmental settings reports. Volume III, Unir Exposure Factors
Methodology, describes the procedure used to calculate the unit exposure factors component of the unit
risk factors methodology.

The product of this phase of the BEMR project is the development of unit factors (i.e., unit trans-
port factors, unit exposure factors, and unit risk factors). Thousands of these unit factors are gene
rated and fill approximately one megabyte of computer information per installation. The final unit risk
factors (URF) are transmitted electronically to BEMR-Cost task personnel as input to a computer pro-
gram (ARAM). Abstracted files and exhibits of the URF information are included in this report.
These visual formats are intended to provide a sample of the final task deliverable (the URF files)
which can be easily read without a computer.

(a) Pacific Northwest Laboratory is opeﬁted for the U.S. Department of Energy by Battelle
Memorial Institute under Contract DE-AC06-76RLO 1830.
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1.0 Baseline Environmental Management Report (BEMR)
Project Description

In fiscal year 1994 the National Defense Authorization Act required the annual development of a
Baseline Environmental Management Report (BEMR), including 1) the total projected cost of the envi-
ronmental management; 2) a description of each project/activity; 3) a description of the problem
addressed by project/activity; 4) a proposed remediation of the problem, if known; and 5) the estimated
cost and schedule of completion of each project/activity (in five-year increments).

The U.S. Department of Energy (DOE) has identified approximately 10,000 release sites across the
DOE complex that need to be evaluated for potential remediation. BEMR will develop a "baseline
case" using current release site information. The baseline case will reflect current contamination and
land use assumptions for each installation. Only existing remedial technologies and low-level disposal
waste sites (six) will be assumed to be available.

Sensitivity analyses of remediation costs will be used to define the range of cost for the baseline
based on potential decision outcomes until agreements between DOE and stakeholders can be reached.
A national scope and schedule (of DOE Environmental Management (EM) activities) will be developed
to fit the funding assumptions. The sensitivity analyses will provide revised cost and schedule
estimates based on each remediation alternative. A report that contains DOE Headquarters and DOE
Field Staff draft results of the analysis has been produced (DOE 1995).

The DOE Environmental Restoration (ER) program’s costs and schedules are important issues
because of the enormous waste volumes that potentially could be generated. The current waste
management inventory is approximately 790,000 m® with about 100,000 m® currently in "compliance."
Added to these volumes are the projected ER volumes based on different land use assumptions, which
vary from 2,000,000 (restricted land use) to 30,000,000 m® (unrestricted land use).

DOE EM-40 baseline cost, schedule, and waste volume estimates are developed from DOE field
office data and Programmatic Environmental Impact Statement (PEIS)/BEMR modeling resuilts. The
modeling results for waste volumes were based on Automated Remedial Action Methodology (ARAM)
runs that analyzes remediation of release sites based on different land use scenarios. ARAM is a

remediation feasibility study computer model which was used to indicate the constituents of concern

(CoC) and remedial action on release sites. The waste volumes resulting from the projected
remediation are used to determine the cost of ER activities.

Risk information in support of BEMR consists of factors developed for distinct regions of installa-
tions (environmental settings) by constituent, waste type, release mechanism, exposure medium, and
receptor type. The risk information is developed based on a modular risk approach which separates the
source term, environmental transport, and exposure assessment into discrete units that can be computed
independent of each other and combined once all factors are complete.

1.1




1.1 Pacific Northwest Laboratory (PNL) Scope of Work

The Pacific Northwest Laboratory (PNL) effort on the overall BEMR project consists of four
installation-specific work components performed in succession. These components include 1) develop-
ment of source terms, 2) collection of data and preparation of environmental settings reports, 3) calcu-
lation of unit risk factors, and 4) utilization of the unit risk factors in ARAM for computation of target
concentrations and cost estimates. (Note: The four components were performed in a series. However
it is also possible to perform components 1, 2, and 3 concurrently. This report [Section I] documents
the work performed to complete component 3). :

1.2 Collaboration With Consortium of Environmental Risk Evaluation
(CERE)

In a program separate from BEMR, DOE Environmental Health (EH-6) is performing regional risk
assessment work through the CERE. CERE is managed jointly by Xavier University and Tulane
University. - ICF Kaiser Engineers, Inc., a CERE contractor, has teamed with PNL in performing cer-
tain pieces of the risk triggers project. These pieces were identified as areas of potential overlap
between the BEMR and CERE scopes of work. Therefore the work presented here represents a collab-
orative effort between CERE and BEMR.

1.3 Development of Source Term Information

An initial step in the BEMR project was the development of source term information, including
waste volume estimates or inventory estimates. Source term information is collected for each individ-
ual release site for each installation from field office data and modeling resuits. Source term informa-
tion is compiled and stored in a database called the DOE Programmatic Environmental Impact
Statement (termed the PEIS database). The PEIS database is computer accessible. The title of the
PEIS database report is Description of Source Term Data Compiled for the Programmatic Environmen-
tal Impact Statement (PEIS) (Short and Smith 1995).

1.4 Environmental Settings

Each installation is divided into appropriated environmental setting units which assume that the
hydrology, climatology, and geology information for an environmental setting is homogenous. The
number of different environmental settings depends on the complexity of the installation environment
(may vary from 1 to 14 environmental settings).

The environmental settings information for twenty installations has been compiled and is reported

in Holdren et al. 1994. Environmental settings information on five additional DOE installations is
presented in Holdren et al. 1995.
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Environmental setting information consists of the site-specific data required to model the atmo-
spheric, groundwater, and surface water transport of contaminants within and near the boundaries of
the installations. The environmental settings data describes the climate, atmospheric dispersion, hydro-
geology, and surface water characteristics of the installations. The number of discrete environmental
settings per installation varies. The approach is to minimize the number of settings per installation,
while simplifying the representations of the different areas within an installation. The number chosen
for each installation represents a compromise between the number of waste sites, the potential contam-
inant transport pathways found at each installation, and the ability of the risk model to deal with the
complexity in a coherent and reasonable manner.

A companion to this document (Section I, Environmental Settings Report) includes the installation-
specific environmental settings report. The work presented in Section II is a chapter abstracted from
the reports by Holdren et al. (1994, 1995). The installation environmental settings report is presented
as a companion document because it contains information pertinent to the development of the
conceptual site model. o

1.5 Modular Risk Analysis Methodology

The unit risk factor (URF) methodology originates in a compartment of the modular risk analysis
methodology. The Modular Risk Analysis (MRA) methodology was first developed for the Hanford
Remedial Action Environmental Impact Statement (HRA-EIS) by PNL and Advanced Sciences Inc.
(Whelan et al. 1994). This methodology is described in several PNL documents (e.g., Strenge and
Chamberlain 1994) and presentations (e.g., Whelan et al. 1994). This methodology was developed for
regional- and site-wide type risk computations that involve a large number of release sites with dif-
ferent waste types for various environmental settings (ESs). The URF approach (described below) is
the foundation of the MRA methodology. The URF approach is based on the assumptions of linearity
between the release site-source and the risk at the receptor. By determining the linearity of the system,
the methodology can be divided into compartments that can be implemented independently and con-
currently. The compartments of the MRA methodology are 1) source term determination (contaminant
mass), 2) transport modeling of contaminant into the environment (environmental concentrations at the
receptor location), 3) exposure assessment for dose to receptor (maximum exposed individual), and
4) derivation of risk triggers to determine action sites for remediation and CoC. '

1.6 Unit Risk Factor Methodology

The BEMR transport and risk analyses were structured to take advantage of precalculated factors.
This structuring required generation of URFs to allow a significant reduction in computer computa-
tional efforts. This section discusses the URF methodology as it applies to the BEMR project.

The URFs are not direct human health risk values. The URFs give human health impact from an
exposure scenario per unit mass (or activity) of a pollutant in a defined waste form. The URFs are
later muitiplied by source inventories to obtain an estimate of human health risk. The URF methodol-
ogy originates in a compartment of the MRA discussed above.
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. The MRA is implemented using the URF methodology, which divides the source to receptor risk
into three parts: release site source term, unit transport factors (UTFs), and unit exposure factors
(UEFs) to produce risk values. In BEMR, the URF is the product of muitiplying the UTF by the UEF.
The UTF, UEF, and URF are the three distinct pieces of the URF methodology.

The assumption of the URF methodology is that the environmental concentrations at the receptor
location (UTFs) are linearly proportional to the magnitude of the release site source. It is also assumed
that the exposure, dose, and risk values (UEFs) are linear with the environmental concentrations.
Equation 1.1 shows these linear relationships.

Risk =S, * URF =S, * UTF * UEF . (1.1)

Where S, (grams or Curies) is the actual magnitude of the source term for a release site. The URF
approach will develop the matrix of UTFs and UEFs to be used by the ARAM code to compute risk
estimates for each release site with enough information.

The focus of the URF approach is not to compute risk for each release site but to compute URFs
based on UTFs and UEFs. These URFs are provided to the ARAM code where cost estimates are
made for each release site using the actual magnitude of the source term (S,) and the appropriate URF
value for determining the appropriate remediation activity. The UTFs are based on unit sources (S,)
run through the risk program transport codes to compute unit environmental concentrations (C,). The

- unit risk values (R,) are based on the unit environmental concentration (C,) run through the risk pro-
gram exposure model, which establish the UEFs. The UTFs and UEFs in Equation 1.1 are defined in
Equation 1.2 and Equation 1.3, respectively. ’

UTF = | & (1.2)
Sll
L J
r R 3

UEF = |_¢ (1.3)
Cll.

Equation 1.4 shows how the UTFs and UEFs are combined with the release site source term from the
PEIS database to compute risk triggers in ARAM. The different compartments of the MRA methodol-
ogy allow source term, transport, and exposure computations to be applied concurrently and linked
together later.

R (1.4)
C\l

u

C
Risk = S =
s ‘*[S]*
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The following sections further describe the UTF, UEF, and URF components of the process and their
units. Section IlI, Unit Exposure Factors Methodology, provides detail specifically on the UEF
component. :

1.6.1 Unit Transport Factor

The UTF represents the environmental fate and transport component of the unit risk factor method-
ology or process. The UTF value in the BEMR work is the portion of the 1 Ci (1 g) assumed unit of a
contaminant at the source which, after being transported through a specific environmental media (air,
soil, groundwater, or surface water), ultimately arrives at the receptor exposure point. Both an onsite
and an offsite receptor location is considered. The units of the UTF are media-dependent; for example,
(mg/m®)/g or (pCi/m®)/Ci for air, (mg/m?)/g or (pCi/m?)/Ci for soil, and (g/ml)/g or (Ci/ml)/Ci for
groundwater and surface water. )

1.6.2 Unit Exposure Factor

The UEF accounts for the exposure assessment component of the URF methodology or process.
The UEF is the amount of predicted risk per unit of environmental concentration to which a receptor is
exposed. For purposes of the BEMR project, residential exposure is estimated. (Note: Other types of
exposure [e.g., occupational] may easily be calculated with the MRA methodology.) The UEF units
are a risk or hazard index (HI) per unit exposure or intake (presented as either weight per volume for
air and water or weight per mass in soil). For example, the units for radionuclides in air are
risk/(pCi/m®); for noncarcinogenic chemicals in air, HI/(mg/m®); and for carcinogenic chemicals in air,
risk/(mg/m’). The units for radionuclides in soils are risk/(g/g); for noncarcinogenic chemicals in soil,
HI1/(g/g); and for carcinogens in soil, risk/(g/g).

A companion document to this document (Section III, Unit Exposure Factors Methodology)
describes the procedure used to calculate the UEFs component of the URF methodology.

1.6.3 Unit Risk Factor

The URF numbers are not direct health risk values, because they are calculated independently of an
actual source or source term. URF values are unitized expressions of risk. The URF analyses are
intended to provide estimates of health impacts per unit mass in a waste form. The health impact
measure for carcinogenic chemicals and radionuclides is the lifetime cancer incidence from intake
received during a defined exposure duration. For noncarcinogens, the health impact measure is the HI,
which is the ratio of the average daily intake versus the reference dose (evaluated for ingestion and
inhalation intake routes). For each pollutant, the health impacts are added across all exposure path-
ways for a given exposure medium. All URF analyses are based on the exposure of an adult. The
URF numbers are in the following units: for radionuclides, risk/Ci; for noncarcinogenic chemicals,
HI/gram; and for carcinogenic chemicals, risk/gram. URFs are based on human exposure to a stand-
ardized (or unitized) amount of a contaminant in a generic source term (the standardized unit for
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radionuclides is 1 Curie [Ci], and the standardized unit for chemicals is | gram). In order to calculate
risk for a given source, the URF number is multiplied by the source inventory. .

1.7 Report Organization

This document is Section I of a three-volume set entitled Risk Information in Support of Cost Esti-
mates for the Baseline Environmental Management Report (BEMR). The three-volume set presents
installation-specific data and includes a compilation of the reports which support the cost work for
BEMR. Section I presents the work performed by PNL and ICF Kaiser Engineers, Inc. to develop and
apply the URF methodology. This volume is organized as follows. Chapter 1.0, "Baseline Environ-
mental Management Report (BEMR) Project Description,” presents an overall description of the
project. Chapter 2.0, "Installation Description," gives the facility purpose and history, a brief sum-
mary of the conceptual site models (CSMs), and the environmental settings data. Chapter 3.0, '
"Conceptual Site Model," provides the full CSM checklists developed for each environmental setting at
a given installation, a list of the contaminants of interest, and associated records of assumption.
Chapter 4.0, "Discussion of Unit Factors" provides visual pictures of UTF, UEF, and URF values.
Chapter 5.0, "Anchoring Report," describes the anchoring methodology employed including a descrip-
tion of the anchoring process, the rationale for the site selected, a comparison of anchoring results to
published values, and a summary of changes to the conceptual site model needed as a result of the
anchoring, if applicable. Anchoring is a technique for approximating the accuracy of modeling results
by comparing them to values reported elsewhere for the installation. Full citations of references are
given at the conclusion of each chapter.
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2.0 Installation Description: The Nevada Test Site

This chapter provides a brief facility history of the Nevada Test Site (NTS), including the installa-
tion location and description, past operations, and contamination releases. In addition, the chapter con-
tains descriptions of the CSMs, and the environmental settings material developed for the installation.
Chapter 3.0 contains the complete CSM checklists and their attachments completed for this installa-
tion’s environmental settings. Section II (of this set) includes the installation-specific environmental
settings report. The information associated with these components comes from installation-specific
reports and documents. Examples of such reports are annual reports, environmental impact statements,
performance assessments, risk assessments (RAs), remedial investigations, and baseline risk reports.
The chapter ends with a full citation to all chapter references.

2.1 Facility History

The NTS, located in southern Nevada, has been the primary location for testing of nuclear explo-
sive devices in the continental United States since January 1951. The installation has been used for
below and above ground nuclear testing. As many as 600 reported nuclear detonation tests were
conducted between 1965 and 1991 (Daniels 1993; DOE 1992).

The NTS occupies an area of approximately 3510 square kilometers (1350 square miles) in a
remote arid region (see Figure 2.1). (The average annual precipitation in the valleys ranges from 7.5
to 15 cm (3 to 6 inches) and on most of the ridges and mesas averages less than 25 cm [10 inches].)
The southern two-thirds of the NTS is dominated by three large valleys or basins: Yucca, Frenchman,
and Jackass Flats. Mountain ridges and hills enclose the basins. The northern and northwestern sec-
tions of NTS are dominated by Pahute Mesa and Rainer Mesa. The installation’s complex terrain is
not suited to simple air dispersion modeling.

The sole source of water for the NTS is groundwater. The groundwater is reported to be contam-
inated with radionuclides (Borg 1976). At this time, however, determining the cost of remediation of
residues of underground detonations, including groundwater release, is outside of the scope of work of
this BEMR task for the NTS. No surface water features are present at the NTS except during rare,
heavy rainfall events (Winograd 1975).

2.2 Conceptual Site Models

The purpose of the CSM is to simplify and translate conditions in the real world into modeling
terms which can serve as input to risk assessment calculations. The CSM is developed for each ES
associated with an installation. '

The CSM defines potential or suspected constituents, constituents of concern, waste chemistry,
waste types, release mechanism, receiving media, routes of contaminant migration at the site,
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potentially contaminated media, release source location, receptor locations, any assumptions about the
release source, exposure pathways for each receptor, the approximate date of initial release, and any
exceptions in the modeling. The CSMs are developed from a review of installation-specific literature,
such as annual reports and investigations. In addition, the environmental settings material provides
input to the CSM. The NTS has six environmental settings.

The CSM itself is in the form of a checklist with attachments. (See Chapter 3.0 for the complete
CSM checklists and their attachments.) At the end of each checklist is a reference list. Typically the
reference identifies the number of the record of assumption (ROA) used in developing the CSM.

Two maps are presented in the CSM. One map shows the general groundwater pathway flow,
while the other shows the release source and boundary receptor locations for each of the six
environmental settings at the NTS.

Also included in the CSM report is a list of the ROAs. An ROA is a memorandum that documents
the assumption used in formulating the CSM or defining other input parameters. The assumption may
be about the CSM such as the source and boundary receptor locations for each environmental setting.
The assumption can also be about parameters used in the RA software runs, such as estimates of eleva-
tion for each ES, or which set of climatological data to use at each environmental location. Each ROA
is numbered and has a specific title. A table of contents of the ROAs is provided in Chapter 3 of this
section. '

The CSM defines the relationships between the contaminated source at the release site and the
health impacts at the receptors. The important components associated with these relationships are con-
stituents of interest (CoC), the waste source types, the release mechanisms, the exposure media, recep-
tor types and exposure pathways. The process for the development of the components of the CSM are
described in the following sections.

2.2.1 Identification of Constituents of Concern

Four tables are typically included in the checklist that define the CoC. The first table is a prelim-
inary list of all the constituents of concern. The second table is a list of the primary constituents.
These are constituents that are found in the RA software library, and the PEIS database. The third
table lists the constituents that are not found in the RA software chemical library. The fourth table lists
the constituents that are not found in the PEIS database. For example, the existence of a contaminant
that may have been identified in the document review.

An initial list of CoCs for each installation is determined by querying the PEIS source term
database for all constituents that are identified for each release site. This list is augmented by including
constituents identified in installation-specific documents. This combined set of constituents is the
Preliminary List of CoCs. -
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The Preliminary List of CoCs includes the name of the contaminant, the CAS ID, whether it is in
the PEIS source term database. (Yes/No), whether it is in the RA software chemical library (Yes/No),
and a reference (source of information). The CoC is divided into several categories defined as
inorganic non-radionuclides, inorganic radionuclides, organic volatiles, and organic non-volatiles. An
organic volatile is defined by a Henry’s Law Constant = 107 (atmem®/g-mole) while a contaminant
with a Henry’s Law constant < 107 (atmem®/g-mole) is defined as an organic non-volatile. )

The Preliminary List of CoC for an installation is used to develop a list of constituents that exist in
both the PEIS source term and in the RA software chemical library, called the Primary List of CoCs.
This primary list contains all the constituents that can currently be modelled by the RA software to
produce URFs, and modelled by the ARAM code to provide cost estimates. Additional lists are devel-
oped that contain all the constituents not in the PEIS source term database and all the constituents not in
the RA software chemical library. These two lists identify constituents that need to be researched more
to identify if they should be added to the Primary List of CoCs (by adding to PEIS and/or the RA
software).

2.2.2 Identification of Waste Types and Their Release Mechanisms

There are five different waste types defined for the URFs associated with the BEMR Project.

* These waste types are 1) soil contamination (surface and/or subsurface), 2) buried waste, 3) contam-
inated groundwater (groundwater plumes), 4) contaminated water from surface water impoundments,
and 5) contaminated sediments from surface water impoundments. The CSM documents which waste
types exist at each ES within an installation.

Initially the PEIS source term database is queried to determine the pertinent waste types for each
ES. If a waste form is not identified for an ES, then that waste type is not run for URFs. However, if
information independent of the PEIS database (installation-specific reports) indicates that the eliminated
waste type does exist for the ES, the CSM lead and team leader may include the waste type in the URF
matrix. This decision is coordinated with the installation cost leader.

Once the valid waste forms for each ES have been named, the valid release mechanisms are identi-
fied. Figures 2.2, 2.3, 2.4, and 2.5 show the full list of release mechanisms for each waste type.
Release mechanisms are depicted as arrows, with the solid line arrows being valid and the dotted line
arrows being invalid. For the CSM, a release mechanism is considered valid, based on Figures 2.2 to
2.5, unless installation-specific documents indicate otherwise. In some cases, engineering judgement is
used in determining valid release mechanisms and is documented in'an ROA memo.

The source location is typically picked as the center. Sometimes it is determined by means of a
case study which varies the location and examines the results. The size of the source varies from 0.9
to 90,000 square meters (10 to 1,000,000 square feet), and increases by a factor of 10 each step.
Exposure to two hypothetical receptors is examined. One is an onsite receptor, and the other is a
boundary receptor. All ESs follow the same method for determining the location of the onsite
receptor. The distance of the onsite receptor to the center of the source site is one and one-half times
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the length of the source site. The direction of the onsite receptor is in the direction of groundwaterflow
or in the direction of highest concentration in the case of an atmospheric receptor. For both receptors,
the exposure pathways considered where inhalation, ingestion, external radiation, and dermal contact.

2.2.3 Identification of Exposure Media .

The waste types and their associated release mechanisms establish the full suite of exposure media
that might be impacted by contamination. There are four possible exposure media that need to be con-
sidered: groundwater, surface water, air, and soil. Exposure media are eliminated based on '
installation-specific information (i.e., non-perennial surface water or insufficient precipitation for over-
land runoff) or based on the CSM developed for the ES. Any exposure medium that is eliminated from
the CSM is justified and documented in an ROA memo.

The groundwater, air, and soil exposure media are generally easy to define but the surface water
exposure medium can be more difficult. At some installations there may be several surface water
bodies (i.e., rivers, reservoirs, lakes) that could supply drinking water and/or recreational activities.
These surface water bodies’ use needs to be individually evaluated. In some situations a surface water
impoundment that is a source could also be an exposure medium.

In some cases perched and regional aquifers can be contaminated by the same release site. For
these cases, two different sets of UTFs are developed using the characteristics from each aquifer. The
different aquifers are characterized in the ES report to be used to develop URFs and cost estimates.

~ 2.2.4 Identification of Receptor Types and Exposure Pathways

There are currently three types of receptors associated with the URF approach for the BEMR task.
These are 1) hypothetical onsite receptors, 2) hypothetical restricted area boundary receptors, and
3) hypothetical installation boundary receptors. Actual (onsite and offsite) receptors are currently not
being evaluated, but information associated with actual receptors is collected along with the other
receptor. Figure 2.6 is a diagram illustrating the location of the different receptor types (X1 is the
onsite location, X2 is the restricted area boundary location, and X3 is the installation boundary receptor
location) at a hypothetical installation with respect to the release site (RS-1) and groundwater flow
within the ES (ES-2).

In all cases there is an onsite and installation boundary receptor type for each ES. An exception to
this case is when the ES is small and the onsite receptor is located at the edge of the installation (the
onsite and installation boundary receptor are the same). The restricted area boundary receptor is
modelled only if an installation-specific document has identified a land use restriction for a certain area
within the installation (See Figure 2.6 for an example of a restricted area).

For NTS, the PEIS database lists 38 primary contaminants of interest (2 inorganics, 8 organics,

and 28 radionuclides. Two waste forms--contaminated surface soil and buried waste—-are modeled. As
of this writing, only contaminants in surface soil are identified by the PEIS database as being present at
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NTS. However, buried waste is anticipated to be added soon to the PEIS database, therefore this waste
form was examined. Groundwater was not modeled as a waste form as there are no data entries in the
PEIS database. There is no true surface water located on or near the NTS site, so it was not consid-
ered as either a waste form or a receptor location. For the surface soil waste form, four release mech-
anisms were considered: infiltration to the groundwater, volatilization to air, suspension of dust to air,
and direct radiation. For the buried waste case, only infiltration to the groundwater and volatilization
to air are considered. See Chapter 3.0 for the complete CSM checklists and their attachments, by envi-
- ronmental settings.

2.3 Environmental Settings

Each installation is divided into appropriated ES units which assume that the hydrology, climatol-
ogy, and geology information for an ES is homogenous. The number of different ESs depends on the
complexity of the installation environment (may vary from 1 to 14).
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Environmental setting information consists of the site-specific data required to model the atmo-
spheric, groundwater, and surface water transport of contaminants within and near the boundaries of
the installations. The ESs data describes the climate, atmospheric dispersion, hydrogeology, and
surface water characteristics of the installations. The number of discrete ES per installation varies.
The approach is to minimize the number of settings per installation, while simplifying the representa-
tions of the different areas within an installation. The number chosen for each installation represents a
compromise between the number of waste sites, the potential contaminant transport pathways found at
each installation, and the ability of the risk model to deal with the complexity in a coherent and
reasonable manner.

A companion to this document--(Section II, Environmental Settings Report), includes the
installation-specific ESs report. The work presented in Section II is a chapter abstracted from the
reports by Holdren et al. (1994, 1995). The installation ESs report is presented as a companion doc-
ument because it contains information pertinent to the development of the CSM.

The NTS is classified into six separate, contiguous ESs based on similarity of physiography and
groundwater resources. These ESs are: Pahute Mesa, Rainier Mesa, Timber Mountain, Yucca Flat,
Jackass Flat, and Frenchman Flat.
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‘ 3.0 Conceptual Site Models

The purpose of the CSM is to simplify and translate conditions in the real world into modeling
terms which can serve as input to RA calculations. The CSM is developed for each ES associated with
an installation. ‘

The CSM defines potential or suspected contaminants, contaminants of interest, waste chemistry,
waste types, release mechanism, receiving media, routes of contaminant migration at the site,

. potentially contaminated media, release source location, receptor locations, any assumptions about the
release source, exposure pathways for each receptor, the approximate date of initial release, and any
exceptions in the modeling. The CSMs are developed from a review of installation-specific literature,
such as annual reports and investigations. In addition, the ES material provides input to the CSM.

The CSM itself is in the form of a checklist with attachments. This chapter contains the complete
CSM checklists, their attachments, and the ROAs used in developing the CSM.
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CSM Data Acquisition Check-List:
Pahute Mesa Environmental Setting
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CONCEPTUAL SITE MODEL DATA ACQUISITION CHECK-LIST

. : Installation Name : ——__Nevada Test.Site

Environmental Setting considered : ——Pahute Mesga

Date: __December 21 1994

this form completed by:  Gariann Gelston PNJ

Contaminant of Interest (COIs) List (attach list)
= List contaminants in PEIS database for all contaminated sites and exposure media. The primary list
should include only those contaminants on the MEPAS modeling list and be separated by chemical
class (e.g., VOCs, radionuclides, inorganics).
reference number(s) for primary list: —
- COIs not listed in the database, but which are of potential concern (attach list).
reference number(s) for additional list: .2

Comments:

Waste Types and Release Mechanism List

(check all complete pathways) Reference Number
= Buried Waste i 16
= Infiltration to groundwater - 11
o Infiltration to surface water -3
Volatilization to air R K
=2 Surface Soil : 10
-] Infiltration to groundwater . S & N
a Infiltration to surface water —_—
a Overland runoff to surface water —3
=2 Volatilization to air : 11
= Suspension of dust to. air 1
- Direct radiation
o Surface Water (water) : 3.4.10
o Infiltration to groundwater —_—3
o Infiltration to surface water 3
o Overland runoff (i.e., overflow of containment) to surface water —3.
. a] Dispersion to other surface water —3
. : a Volatilization to air —3
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Waste Types and Release Mechanism List (continued)

Reference Number

o Surface Water (sediment) 3.4.10
o Infiltration to groundwater —3
o Infiltration to surface water _3
o Votatilization to air _—13
o Groundwater 4,10 ‘
o Dispersion to other groundwater —_—
(] Dispersion to surface water _—

Comments:

Modeling Release Source Location Assumptions
a Centrally located in the environmental setting

a Other location within the environmental setting (please specify the location on the attached map and
provide reasons(s) for why the alternative location was selected)

] Indicate approximate release source size: Variable from 1062 to 1 000 000f>

Source size areas range from 10 to 1,000,000ft% , with factor of 10 increments

(Follow generalize guidelines for positioning the release source for each environmental setting based on waste
sites and release mechanisms. Place alternative release location on attached map from Receptor Location Section)
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Modeling Assumptions (continued)

page 3

= Provide data on groundwater flow direction for this environmental setting. (Also indicate
groundwater flow direction on the attached map).
reference number: S

a Provide data on surface water drainage direction for this environmental setting. (Also indicate

drainage flow direction on the attached map).

reference number: — 3
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Exposure Pathways List
(check all that apply) Reference Number .
] On-site Receptors 7
=2 Inhalation 12
=2 Airborne contamination 11
2 Groundwater contamination while showering : 11
o Surface water contamination while showering _ 3
-4 Re-suspended soil particle inhalation 11
- Ingestion 12
= Airborne contamination 11
= leafy vegetables —13
a2 other vegetables —_l3
® meat products —_13
= milk products : —_13
-] Groundwater contamination 11
= drinking water —13
= showering —_—l3
= leafy vegetables —13 .
= other vegetables : —13
= meat products —13
= milk products —13
o Surface water contamination 3
o drinking water -_3
o showering . —_—
o leafy vegetables : .
a other vegetables —_—3
o meat products 3
o mitk products —_1
o finfish . —3
o shellfish —_3
O - swimming — 3
‘'’ Soil contamination ' 11
=2 ingestion of soil _13
External Radiation 12
a Surface water contamination 3
o swimming X —_—3
o boating ———3
=] shore recreation —_3
2 Direct radiation 13
=2 Dermal Contact 12 .
o Surface water contamination 3
o swimming —_3
o showering —_—
] Groundwater contamination 11
= showering —13
® Contact with source contamination (all exposure media) 13
] Contact with deposited contamination 13
=2 soil (atmospheric dust) —_13
o shoreline sediment (surface water) . —_13
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Exposure Pathways List (continued)

Installation Boundary Receptors
8 Inhalation
= Airborne contamination
] Groundwater contamination while showering
{m| Surface water contamination while showering
a Re-suspended soil particle inhalation
= Ingestion
-] Airborne contamination
= leafy vegetables
-] . other vegetables
2 meat products
B milk products
Groundwater contamination
=2 drinking water
] showering
-] leafy vegetables
= " other vegetables
B meat products
= milk products
(] Surface water contamination
o drinking water
| showering
o leafy vegetables
o other vegetables
o meat products
o milk products
a finfish
a shellfish
o swimming
=2 Soil contamination
= ingestion of soil
2 External Radiation
a] Surface water contamination
u] swimming
o boating
a shore recreation
=8 Direct radiation
Dermal Contact
nl Surface water contamination
o swimming
o showering
a Groundwater contamination
B showering
=B Contact with source contamination (all exposure media)
B Contact with deposited contamination

2 soil (atmospheric dust)
a shoreline sediment (surface water)
3.7
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Reference Number

12

12

12

12

11
11
3
11
11
—Tl3
—13
13
—_13
11
—T13
—a3
—_13
— 13 _
—_—13
—_13
3
—_—3
—3
—_3—
—_—13
_—3——
—
—T
—_3
—_—3
11
—13
3 .
—_—3
—_—3
—_13
13
3
_—3
—_—3
11
—_—13
13
13
—l13
—_—13
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Exposure Pathways List (continued) Reference Number .
W] Restricted Area Boundary Receptors 8
o Inhalation 8
o Airborne contamination 8
(u] Groundwater contamination while showering 8
a] Surface water contamination while showering 8
o Re-suspended soil particle inhalation 8
a Ingestion 8
u] Airborne contamination 8
o leafy vegetables —_—_
o other vegetables —_—_
a) meat products —_R
a milk products 28
a Groundwater contamination 8
a] drinking water : =
o showering : — 8
o leafy vegetables —_—8
O other vegetables —_—8
o meat products —
o milk products 8
a Surface water contamination 8
a drinking water —_—8
o showering 8
a leafy vegetables —_—
o other vegetables —_
m] meat products —_—8
o milk products _R
o finfish - R
a shellfish — 8
o swimming —_
o Soil contamination 8
a] ingestion of soil 8
o External Radiation 3
a Surface water contamination 8
o swimming 8
o boating — 8
o shore recreation -
(] Direct radiation 8
o Dermal Contact 8
o Surface water contamination 8
o swimming — R
o showering -—
o Groundwater contamination 8
_ a showering —_R
o Contact with source contamination (all exposure media) 8
o Contact with deposited contamination 8
o soil (atmospheric dust) —2
w] shoreline sediment (surface water) —=
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Receptor Locations

Reference Number

Attached map detailing approximate location of:

= On-site receptors 6
] Facility boundary receptors 7
=2 groundwater receptor —_—T
o surface water receptor —3
o Restricted Area boundary receptors 8
o groundwater receptor —=8
o surface water receptor : —__
Comments:
Approximate Date of Release in this Environmental Sefting : —Jlannary 1, 1962

reference number for release date: —_—

Comments:

Exceptions (attach separate sheet and references for each)

- Contaminants of Interest
- those not on the MEPAS Modeling list which may be of concern at the site

® Waste Types and Release Mechanisms
- those listed above which are not of concern based on site information, or those which are
not listed above which should be considered separately
- release mechanisms not included in list above which should be, or which were not listed
but which should be considered due to site specific information

o Modeling Release Source Location _
‘ - suggestions for re-positioning of the release source in an environmental setting based on
site specific info or other information
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Reference List: (add sheets as necessary)

1.

10.

11.

12,

13.

See attached Preliminary Contaminant List (Table 1), Primary Contaminant List '(T able 2), and Listing of Contam-
inants Not found in MEPAS Database (Table 3).

Record of Assumption (ROA). NTS Installation. ROA NTS #032. Additional Chemicals of Interest.
December 21, 1994. (Table 4).

Record of Assumption (ROA). NTS Installation. ROA NTS #021. Surface Water. November 15, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #020. PEIS Database. November 15, 1994.

Holdren, G. R. , G. S. Glantz, L. K. Berg, K. Delinger, S. M. Goodwin, J. R. Rustad, R. Schalla, and J. A.
Schramke. Environmental Settings for Selected U.S. Department of Energy Installations—Support Information for
the Programmatic Environmental Impact Statement. Volume 2. July 1995. In Preparation. Pacific Northwest
Laboratory. Richland, Washington. (See attached Figure 1.) -

Winograd, Isaac and Thodarson, William. Hydrogeological and Hydrochemical Framework South-Central Great
Basin, Nevada-California, with Special Reference to the Nevada Test Site. Hydrology of Nuclear Test Sites.
Geological Survey Professional Paper 712-C. U.S. Government Printing Office. Washington, D.C.

Record of Assumption (ROA).
November 14, 1994.

Record of Assumption (ROA).

NTS Installation.

NTS Installation.

Mesa. November 14, 1994. (See Figure 2)

Record of Assumption (ROA).
1994.

Record of Assumption (ROA).
November 4, 1994,

Record of Assumption (ROA).
November 28, 1994,

Record of Assumption (ROA).
November 28, 1994.

Record of Assumption (ROA).
November 28, 1994,

Record of Assumption (ROA).
Analysis. December 21, 1994.

NTS Installation.
NTS Installation.
NTS Installation.
NTS Installation.
NTS Installation.

NTS Installation.

ROA NTS #015.
ROA NTS #013.
ROA NTS #019.
ROA NTS #008.
ROA NTS #017.
ROA NTS #618.
ROA NTS #022.

ROA NTS #029.
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Source and Boundary Receptors for Pahute

Restricted Area On-Site. November 15,

Initial Dates Contamination Introduced.
Rationale for Selection of Media.

Rationale for Selection of ‘Pathways.
Rationale for Selection of Exposure Pathways.

Exposure Pathway Selection for UTF




Table 1. CoCs-Preliminary List

NTS CONSTITUENTS OF CONCERN - PRELIMINARY LIST

: INORGANICS

Non-Radionuclides CAS # MEPAS PEIS
NA NO NO

Acids PEIS #61
Argon 7440371 NO NO PEIS #2301
Arsenic 7440382 YES NO PEIS #61
Asbestos 12001284 YES NO PEIS #2301
Berylium 7440417 YES YES

Caustics NA NO NO PEIS #61
Chromium 7440473 YES YES

Copper 7440508 YES NO PEIS #61
Lead 7439921 YES YES

Plutonium 7440075 NO YES

Uranium 7740611 YES YES

Zinc 7646857 YES NO PEIS #61

Radionuclides CAS # MEPAS PEIS Reference

Actinium 228 AC228 YES NO PEIS #6021
Americium 241 AM241 YES YES

Antimony 125 SB125 YES YES

Bismuth 214 BI214 NO NO PEIS #6021
Cadmium 109 CD109 YES YES

Carbon 14 C14 YES YES

Cesium 134 CS134 YES YES

Cesium 137 CS137 YES YES

Cobalt 57 COs57 YES YES

C;)balt 60 CO60 YES YES

Europium 152 EU152 YES YES

Europium 154 EU154 YES YES

Europium 155 EU155 YES YES

Krypton 85 KR85 YES YES

Lead 212 PB212 YES NO, PEIS #6021

Lead 214

PEIS #6021




Table 1. (contd)

Plutonium 238 PU238 YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES YES
Potassium 40 K40 YES YES
Radium 226 RA226 YES YES
Ruthenium 103 RU103 YES YES
Ruthenium 106 RU106 YES YES
Strontium 90 SR90 YES YES
Thallium 208 TH208 NO NO PEIS #6021
Thorium 228 TH228 YES YES
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranium 235 U235 YES YES

MEPAS PEIS
0 NO

ORANGICS
Non-Volatiles (< 1.0E-7 atm/g-mol)

Cutting Fluids NA N PEIS #61
Ethylene Glycol 10721 YES YES
Motor Oil | Motor oil YES YES

Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference
Chlorinated Solvents NA NO . NO PEIS #2301
Diesel Fuel Diesel F YES NO PEIS #2301
Gasoline 8006619 "YES YES
Hydraulic Flued Hydr Flu YES YES
Isopropyl Alcholhol 67630 YES NO PEIS #2301
Kerosene 8008206 YES NO PEIS #2301
Methanol 67561 YES YES
Methylene Chloride 75092 YES YES
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 ' NA NO NO ‘PEIS #2301
Polychlorinated Biphenyls 1336363 _YES YES
Techloroethylene 79016 YES YES
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Table 2. CoCs-Primary List

NTS CONSTITUENTS OF CONCERN - PRIMARY LIST

INORGANICS
Non-Radionuclides CAS # MEPAS PEIS
[ 0 —
YES YES

Berylium 7440417

Chromium 7440473 YES YES

Lead 7439921 YES YES

Uranium 7740611 YES YES

Radionuclides CAS # MEPAS PEIS Reference

Americium 241 AM241 YES | YES *
Antimony 125 SB125 YES YES

Cadmium 109 CD109 YES YES

Carbon 14 Cl4 YES YES

Cesium 134 CS134 YES YES

Cesium 137 CS137 YES YES

Cobalt 57 Cos7 YES YES

Cobalt 60 CO60 YES YES

Europium 152 EU152 YES YES

Europium 154 EU154 YES YES

Europium 155 EU1S55 YES YES /
Krypton 85 KR85 YES YES

Plutonium 238 PU238 YES YES

Plutonium 239 PU239 YES YES

Plutonium 240 PU240 YES YES

Potassium 40 K40 YES YES

Radium 226 RA226 YES YES

Ruthenium 103 RU103 YES YES
‘Ruthenium 106 RU106 YES YES

Strontium 90 SR90 YES YES

Throium 228 TH228 YES YES

Thorium 232 TH232 YES YES

Tritium H3/10028178 YES YES

Uranium 235 U235 YES YES
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ORANGICS

Ethylene Glycol

Non-Volatiles (<1.0E-7 atm/g-mol) - MEPAS PEIS

Table 2. (contd)

10721

| Motor Oil

Motor oil YES
Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS Reference

Gasoline 8006619 YES
Hydraulic Flued Hydr Flu YES
Methanol 67561 YES
Methylene Chloride 75092 YES
Polychlorinated Biphenyls 1336363 YES
Techloroethylene 79016 YES
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Table 3. CoCs Not in MEPAS

NTS CONSTITUENTS OF CONCERN - NOT IN MEPAS DATABASE

INORGANICS

- uepas | e

Non-Radionuclides

Acids PEIS #61

Argon 7440371 NO NO PEIS #2301
Caustics NA NO NO PEIS #61
Plutonium 7440075 NO YES

Radionuclides CAS # MEPAS PEIS Reference
Bismuth 214 . BI214 NO -NO PEIS #6021
l Lead 214 PB214 NO NO PEIS #6021 !

Thallium 208 PEIS #6021

C ORANGICS

o Volaes (<1.05.7 anlgmol) uepas —

Cuttmg Fluids

PEIS #61

ll Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS " Reference
|

Chiorinated Solvents PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
. Petisol 202 NA NO NO PEIS #2301
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Table 4. CoCs Not in PEIS

NTS CONSTITUENTS OF CONCERN - NOT IN PEIS DATABASE

» INORGANICS .
—_— e

Acids . PEIS #61
Argon 7440371  NO NO PEIS #2301
Arsenic : 7440382 YES NO PEIS #61
Asbestos 12001284 YES NO PEIS #2301
Caustics NA " NO NO PEIS #61
Copper 7440508 YES NO PEIS #61
Zinc 7646857 YES NO PEIS #61
. . Radionuclides T CAS # MEPAS PEIS Reference
{
Actinium 228 _ AC228 YES N0 | pEIS #6021
Bismuth 214 BR214 NO NO PEIS #6021
Lead 212 PB212 YES NO PEIS #6021
Lead 214 PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NO PEIS #6021

‘ ORANGICS
Non-Volatiles (< 1.0E-7 atm/g-mol) _ MEPAS PEIS

Cutting Fluids PEIS #61
Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference
Chlorinated Solvents NA NO NO PEIS #2301
Diesel Fuel Diesel F YES NO PEIS #2301
Isopropyl Alcholhol - ‘ o 67630 YES NO PEIS #2301
Kerosene : 8008206 YES NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 ‘ NA NO PEIS #2301
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CSM Data Acquisition Check-List:
Rainier Mesa Environmental Setting



CONCEPTUAL SITE MODEL DATA ACQUISITION CHECK-LIST

Installation Name : —___Nevada Test Site

Environmental Setting considered : —— Rainier Mesa,

Date: _Decemher 21 1994

this form completed by: Gariann Gelston, PNI

Contaminant of Interest (COIs) List (attach list)
= List contaminants in PEIS database for all contaminated sites and exposure media. The primary list
should include only those contaminants on the MEPAS modeling list and be separated by chemical
class (e.g., VOCs, radionuclides, inorganics).
reference number(s) for primary list: —.
= COIs not listed in the database, but which are of potential iconcem (attach list).

reference number(s) for additional list: 2

Comments:

Waste Types and Release Mechanism List

(check all complete pathways) Reference Number

B Buried Waste 10
= Infiltration to groundwater —11
o Infiltration to surface water 3
=® Volatilization to air - SO -

3 Surface Soil 10
= Infiltration to groundwater 1l
o Infiltration to surface water —_—3
o " Overland runoff to surface water —3
= Volatilization to air - —ll
2 Suspension of dust to air —1
= Direct radiation

o Surface Water (water) 3.4.10
o Infiltration to groundwater _ —_—3
a Infiltration to surface water —_—3
a Overland runoff (i.e., overflow of containment) to surface water ——3
a Dispersion to other surface water ‘ —3
[m}

Volatilization to air 3
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Waste Types and Release Mechanism List (continued)

page 2

Reference Number

o Surface Water (sediment) 3.4.10
a Infiltration to groundwater S— -
a] Infiltration to surface water —_3
o Volatilization to air —_—3
n] Groundwater 4.10
a Dispersion to other groundwater —_—i
o Dispersion to surface water PR S
Comments:
Modeling Release Source Location Assumptions
= Centrally located in the environmental setting
n} Other location within the environmental setting (please specify the location on the attached map and

provide reasons(s) for why the alternative location was selected)

= Indicate approximate release source size: Variahle from 102 to 1 000 000R%

Source size areas range from 10ft* to 1,000,000f2 , with factor of 10 increments

(Follow generalize guidelines for positioning the release source for each environmental setting based on waste
sites and release mechanisms. Place alternative release location on attached map from Receptor Location Section)
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Modeling Assumptions (continued) .

= Provide data on groundwater flow direction for this environmental setting. (Also indicate
groundwater flow direction on the attached map).

reference number: — S

o Provide data on surface water drainage direction for this envuonmental setting. (Also indicate
drainage flow direction on the attached map).

reference number: 3
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. Exposure Pathways List
(check all that apply) Reference Number
28 On-site Receptors 7
=2 Inhalation 12
2] Airborne contamination 11
Groundwater contamination while showering 11
o Surface water contamination while showering 3
= Re-suspended soil particle inhalation 11
Ingestion 12
= Airborne contamination 11
= leafy vegetables - 13
= other vegetables —13
= meat products —_13
= milk products —13
®  Groundwater contamination 11
i - drinking water ’ —13
a2 showering —_—13
-] leafy vegetables ' — 13
2 other vegetables : ' —13
® meat products —13
@ milk products o3
(] Surface water contamination 3
(u] drinking water : 3
] showering —_3
. o leafy vegetables — 3
] other vegetables K — 3.
a meat products —3
o milk products N .
a finfish 3.
a shellfish ) . —
o swimming —
-] Soil contamination 11
ingestion of soil ’ ‘ —13
B External Radiation 12
o Surface water contamination 3
o swimming 3
[w] boating —_—3
o shore recreation —3
a Direct radiation 13
| Dermal Contact 12
a Surface water contamination . 3
o swimming ¢ e
(s ] showering —_—3
] Groundwater contamination 11
showering — 13
= Contact with source contamination (all exposure media) 13
= Contact with deposited contamination 13
= soil (atmospheric dust) —_—13
n] shoreline sediment (surface water) —_—13
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Exposure Pathways List (continued) Reference Number .
B Installation Boundary Receptors 7
B Inhalation ' 12
= Airborne contamination ) 11
R Groundwater contamination while showering 11
o Surface water contamination while showering 3
= Re-suspended soil particle inhalation 11
=2 Ingestion 12
] Airborne contamination 11
2 leafy vegetables ' —_—l3
L other vegetables —13
B meat products ' —13
B milk products —13
] Groundwater contamination 11
=2 drinking water —13
= showering —13
leafy vegetables PR I .
=2 other vegetables ' 13
a2 meat products _ —13
-] milk products —l3
] Surface water contamination 3
o drinking water —3
o showering . -3
u} leafy vegetables —_3
= other vegetables 3
o meat products ' — 3
n] milk products N .
o finfish PR
o shellfish N T
o ‘swimming _ — 3
= Soil contamination 11
=2 ingestion of soil —_—13
B External Radiation 12
] Surface water contamination 3
a] swimming -3
o boating ) PR
a shore recreation -3
a Direct radiation ’ 13
= Dermal Contact 12
o Surface water contamination 3
o swimming 3
o showering ' -3
a@ Groundwater contamination 11
=2 showering 13
a Contact with source contamination (all exposure media) 13
-] Contact with deposited contamination 13
a2 soil (atmospheric dust) —13
o shoreline sediment (surface water) —_13
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Exposure Pathways List (continued)

O

Restricted Area Boundary Receptors

a

Inhalation
a Airborne contamination
o Groundwater contamination while showering
o Surface water contamination while showering
o Re-suspended soil particle inhalation
Ingestion
o Airborne contamination
a] leafy vegetables
o other vegetables
8] meat products
o milk products
a Groundwater contamination
a drinking water
o showering
o leafy vegetables
] other vegetables
a meat products
o milk products
o Surface water contamination
o drinking water
(8] showering
=] leafy vegetables
o other vegetables
(a] meat products
o milk products
u] finfish
o shellfish
o swimming
u] Soil contamination
o ingestion of soil
External Radiation
o Surface water contamination
[n] swimming
o boating
o shore recreation
o Direct radiation

Dermal Contact

o

Surface water contamination

o swimming
o showering
Groundwater contamination
a showering

Contact with source contamination (all exposure media)

Contact with deposited contamination
o soil (atmospheric dust)

o shoreline sediment (surface water)

3.25
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page 7

Receptor Locations
Reference Number

Attached map detailing approximate location of:

= On-site receptors R
] Facility boundary receptors 7
= groundwater receptor : —_—T1
u] surface water receptor —_—3
o Restricted Area boundary receptors 3
(m} groundwater receptor —_8
o surface water receptor —a
Comments:
Approximate Date of Release in this Environmental Setting : —Novemher 20 1951

reference number for release date: —_—9

Comments:

Exceptions (attach separate sheet and references for each)

= Contaminants of Interest ,
- those not on the MEPAS Modeling list which may be of concern at the site

=2 Waste Types and Release Mechanisms
- those listed above which are not of concern based on site information, or those which are
not listed above which should be considered separately
- release mechanisms not included in list above which should be, or which were not listed
but which shouild be considered due to site specific information

o Modeling Release Source Location
' - suggestions for re-positioning of the release source in an environmental setting based on
site specific info or other information
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Reference List: (add sheets as necessary)

1.

10.

11.

12.

13.

page 8

See attached Preliminary Contaminant List (Table 1), Primary Contaminant List (Table 2), and Listing of
Contaminants Not found in MEPAS Database (Table 3).

Record of Assumption (ROA). NTS Instailation. ROA NTS #032. Additional Chemicals of Interest.

December 21, 1994 (Table 4).

Record of Assumption (ROA). NTS Installation. ROA NTS #021. Surface Water. November 15, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #020. PEIS Database. November 15, 1994.

Holdren, G. R. , G. 8. Glantz, L. K. Berg, K. Delinger, S. M. Goodwin, J. R. Rustad, R. Schalla, and J. A.
Schramke. Environmental Settings for Selected U.S. Department of Energy Installations—Support Information for
the Programmatic Environmental Impact Statement. Volume 2. July 1995. In Preparation. Pacific Northwest
Laboratory. Richland, Washington (see attached Figure 1).

Winograd, Isaac and Thodarson, William. Hydrogeological and Hydrochemical Framework South-Central Great
Basin, Nevada-California, with Special Reference to the Nevada Test Site. Hydrology of Nuclear Test Sites.
Geological Survey Professional Paper 712-C. U.S. Government Printing Office. Washington, D.C.

Record of Assumption (ROA). NTS Installation. ROA NTS #015. Location of On-Site Receptors.

November 14, 1994,

Record of Assumption (ROA).

NTS Installation.

Mesa. November 14, 1994 (see Figure 2).

Record of Assumption (ROA)
1994.

Record of Assumption (ROA).
November 4, 1994,

Record of Assumption (ROA).
November 28, 1994,

Record of Assumption (ROA).
November 28, 1994.

Record of Assumption (ROA).
November 28, 1994.

Record of Assumption (ROA).

Analysis. December 21, 1994.

NTS Installation.

NTS Installation.

NTS Installation.

NTS Installation.

NTS Installation.

NTS Installation.

ROA NTS #014.

ROA NTS #019.

ROA NTS #008.

ROA NTS #017.

ROA NTS #018.

ROA NTS #022.

ROA NTS #029.

Source and Boundary Receptors for kainier
Restricted Area On-Site. November 135,
Initial Dates Contamination Introduced.
Rationale for Seiection of Media.

Rationalg for Selection of Pathways.

Rationale for Selection of Exposure Pathways.

Exposure Pathway Selection for UTF




Table 1. CoCs-Preliminary List

NTS CONSTITUENTS OF CONCERN - PRELIMINARY LIST

' INORGANICS

Non-Radionuclides Reference
NA PEIS #61
Argon 7440371 PEIS #2301
Arsenic 7440382 PEIS #61
Asbestos 12001284 PEIS #2301
Berylium 7446417
Caustics NA PEIS #61
Chromium
Copper
Lead
Plutonium
Uranium
Zinc | PEIS #61
Reference

Actinium 228 PEIS #6021
Americium 241
Antimony 125 SB125 YES YES
Bismuth 214 BI214 ' NO NO PEIS #6021
Cadmium 109 CD109 YES YES
Carbon 14 Ci4 YES YES
Cesium 134 CS134 YES YEs
Cesium 137 Cs137 YES YES
Cobalt 57 Ccos7 YES YES

. Cobalt 60 CO60 YES YES
Europium 152 EU152 YES YES
Europium 154 EU154 YES YES
Europium 155 EU155 YES YES
Krypton 85 KR85 YES YES
Lead 212 PB212 YES NO PEIS #6021
Lead 214 PB214 Nd NO PEIS #6021
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Table 1. (contd)
Plutonium 238 PU238 YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES YES
Potassium 40 K40 YES YES
Radium 226 RA226 YES YES
Ruthenium 103 ' RU103 YES YES
Ruthenium 106 RU106 YES YES
Strontium 90 SR90 YES YES
Thallium 208 " TH208 NO NO PEIS #6021
Thorium 228 TH228 YES YES
Thorium 232 TH232 © YES YES
Tritium H3/10028178 YES YES
Uranium 235 U235 YES YES

ORANGICS
p— m- |

» Cutting Fluids . PEIS #61
. Ethylene Glycol ) 10721 YES YES

Motor Oil Motor oil YES YES

“ Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference
Chlorinated Solvents NA NO NO PEIS #2301
Diesel Fuel Diesel F YES NO PEIS #2301
Gasoline . 8006619 YES" YES
Hydraulic Flued Hydr Flu YES YES
Isopropy! Alcholhol 67630 YES NO PEIS #2301
Kerosene 8008206 YES NO PEIS #2301
Methanol 67561 YES YES
Methylene Chloride ' 75092 YES YES
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents : ‘ NA NO NO - PEIS #2301
Petisol 202 NA NO NO PEIS #2301
Polychlorinated Biphenyis - 1336363 YES YES
Techloroethylene 79016 YES YES
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Table 2. CoCs-Primary List

NTS CONSTITUENTS OF CONCERN - PRIMARY LIST

INORGANICS
YES YES

Berylium 7440417

Chromium 7440473 YES YES
Lead 7439921 YES YES
Uranium 7740611 YES YES

Radionuclides . CAS # MEPAS PEIS Reference

Americium 241 AM241 YES YES
Antimony 125 SB125 YES YES
Cadmium 109 CD109 YES YES
Carbon 14 Cl4 YES YES
Cesium 134 C8134 YES YES
Cesium 137 Cs137 YES " YES
Cobalt 57 CO57 YES YES
Cobalt 60 COo60 YES YES
Europium 152 EU152 YES YES
Europium 154 EU154 YES YES
Europium 155 EU1S5 YES YES
Krypton 85 KR85 YES YES
Plutonium 238 PU238 " YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES YES
Potassium 40 K40 YES YES
Radium 226 RA226 YES YES
Ruthenium 103 RU103 YES YES
Ruthenium 106 RU106 YES YES
Strontium 90 SR90 YES YES
Throium 228 TH228 YES YES
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranium 235 U235 YES YES
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. Table 2. (contd)

L ORANGICS l
Non-Volatiles (< 1.0E-7 atm/g-mol)
Ethylene Glycol : 10721 YES YES
Motor Oil . Motor oil YES YES
Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference

r Gasoline 8006619 YES YES
Hydraulic Flued Hydr Flu ) YES YES
Methanol 67561 YES YES
' Methylene Chloride : ' 75092 YES YES
Polychlorinated Biphenyls ] 1336363 YES YES
Techloroethylene 79016 YES YES
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Table 3. CoCs Not in MEPAS

NTS CONST[TUENTAE“ CONCERN - NOT IN MEPAS DATABASE
INORGANICS *
F Non-Radionuclides » CAS # MEPAS PEIS Reference :
Acids . ‘ NA NO NO PEIS #61
Argon '.7440371 NO No PEIS #2301
Caustics NA © NO NO PEIS #61
Plutonium 7440075 NO YES
Radionuclides CAS # MEPAS PEIS Reference
Bismuth 214 ‘ BI214 NO NO PEIS #6021 ’
Lead214 PB214 No NO | PEIS #6021
Thallium 208 TH208 NO ‘ NO PEIS #6021 J
ORANGICS
Non-Volatiles (< 1.0E-7 atm/g-mol) Reference
, Cutting Fluids : NA NO NO PEIS #61
I Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference

Chi ’ \ NA NO No | PEIs #2301

orinated Solvents .

Stoddard Solfent NA NO NO PEIS #2301

Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 . NA NO NO PEIS #2301
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Table 4. CoCs Not in PEIS

NTS CONSTITUENTS OF CONCERN - NOT IN PEIS DATABASE
INORGANICS
Acids NA NO NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Arsenic 7440382 YES NO PEIS #61
Asbestos 12001284 YES NO PEIS #2301
Caustics NA NO NO PEIS #61
Copper 7440508 YES NO PEIS #61
Zine 7646857 YES NO | PEIS #61
Radionuclides | CAS # MEPAS PEIS Reference
I
Actinium 228 ' AC228 YES NO PEIS #6021
Bismuth 214 BI214 NO NO PEIS #6021
Lead 212 PB212 YES No | PEISs #6021
Lead 214 PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NO PEIS #6021
Non-Volatiles (< 1.0E-7 atm/g-mol)

Cutting Fluids

NA

NO

NO

PEIS #61

i Volatiles (> 1.0E-7 atm/g-mol)

MEPAS

Reference

I Chlorinated Solvents PEIS #2301
Diesel Fuel Diesel F - PEIS #2301
Isopropyl Alcholhol 67630 YEsS . NO PEIS #2301
Kerosene 8008206 YES NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 NA NO NO PEIS #2301
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~ CSM Data Acquisition Check-List:
Timber Mountain Environmental Setting
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CONCEPTUAL SITE MODEL DATA ACQUISITION CHECK-LIST

. Installation Name : —__Nevada Test Site

Environmental Setting considered : ———Timbar Monntain
Date: __Decemher?21 1904

this form completed by: Gariann Gelston, PNI

Contaminant of Interest (COIs) List (attach list)

2 List contaminants in PEIS database for all contaminated sites and exposure media. The primary list
should include only those contaminants on the MEPAS modelmg list and be separated by chemical
class (e.g., VOCs, radlonuchdes, inorganics).
reference number(s) for primary list: S

= COISs not listed in the database, but which are of potential concern (attach list).

reference number(s) for additional list: 2

Comments:

Waste Types and Release Mechanism List

(check all complete pathways) Reference Number

2 Buried Waste 10
2 Infiltration to groundwater . P [ B
o . Infiltration to surface water —_—
= Volatilization to air P i

= Surface Soil 10
-] Infiltration to groundwater S b —
o. Infiltration to surface water : —_—
o Qverland runoff to surface water —
= Volatilization to air , P &
] Suspension of dust to air 11
-]

Direct radiation

o Surface Water (water) _3.4.10
o Infiltration to groundwater _ —_3
o Infiltration to surface water — .
n] Overland runoff (i.e., overflow of containment) to surface water —
o Dispersion to other surface water -3 .
o

Volatilization to air —_—
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. Waste Types and Release Mechanism List (continued)
g Reference Number

o Surface Water (sediment) 34.10
a Infiltration to groundwater —_3
o Infiltration to surface water -3
o Volatilization to air —3
o Groundwater 4.10
a Dispersion to other groundwater -—d
a Dispersion to surface water ) —
Comments:

7

Modeling Release Source Location Assumptions

2] Centrally located in the environmental setting
=] Other location within the environmental setting (please specify the location on the attached map and
provide reasons(s) for why the alternative location was selected)

-] Indicate approximate release source size: Variable from 106> ta 1 000 00062

Source size areas range from 10ft* to 1,000,000 , with factor of 10 increments

(Follow generalize guidelines for positioning the release source for each environmental setting based on waste
sites and release mechanisms. Place alternative release location on attached map from Receptor Location Section)
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. Modeling Assumptions (continued)

= Provide data on groundwater flow direction for this environmental setting. (Also indicate
groundwater flow direction on the attached map).

reference number: 5

in} Provide data on surface water drainage direction for this environmental setting. (Also indicate
drainage flow direction on the attached map).

reference number: 3
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Exposure Pathways List
(check all that apply)
B On-site Receptors
= Inhalation
B Airborne contamination
B Groundwater contamination while showering
o Surface water contamination while showering
] Re-suspended soil particle inhalation
a Inge_sstién
] Airborne contamination
=2 leafy vegetables
B other vegetables
= meat products
B milk products
- Groundwater contamination
| drinking water
= showering
= leafy vegetables
R other vegetables
B meat products
-] milk products
o Surface water contamination
o drinking water
a showering
a] leafy vegetables
a other vegetables
i} o meat products
o milk products
0 finfish
s] shellfish
) swimming
= Soil contamination
B ingestion of soil
2 External Radiation
a Surface water contamination
o swimming
o boating
a shore recreation
a Direct radiation
=B Dermat Contact
o Surface water contamination
a swimming
x} showering
-] Groundwater contamination
| showering
-] Contact with source contamination (all exposure media)
B Contact with deposited contamination ’

a8 soil (atmospheric dust)

a shoreline sediment (surface water)

3.40
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. Exposure Pathways List (continued) Reference Number
B Installation Boundary Receptors 7
a Inhalation - 12
=2 Airborne contamination 11
2 Groundwater contamination while showering 11
o Surface water contamination while showering 3
R Re-suspended soil particle inhalation 11
= Ingestion 12
| Airborne contamination 11
=B leafy vegetables 13
= other vegetables —_—13
=2 meat products —13
=2 milk products — 13
= Groundwater contamination 11
= drinking water —_13
B showering —l3
=2 leafy vegetables — 13
-] other vegetables — 3.
=2 meat products : —13
= milk products —13
o Surface water contamination 3 :
a] drinking water —_—
o showering » —_—
n] leafy vegetables —3
. o other vegetables _
o meat products —3.
3] milk products —_—3
o finfish JUR——
o shellfish . : —3
. =] swimming —_3
Soil contamination 11
a ingestion of soil —13
- External Radiation ' 12
o Surface water contamination 3
a swimming —_—3
| shore recreation 3
o Direct radiation 13
= Dermal Contact 12
o Surface water contamination 3
o swimming ' —_—3
o showering 3
= Groundwater contamination 11
7 2 showering —13
-] Contact with source contamination (all exposure media) 13
= Contact with deposited contamination 13
B soil (atmospheric dust) —13
= shoreline sediment (surface water) —13
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Exposure Pathways List (continued)

[}

Restricted Area Boundary Receptors 8
o Inhalation
o Airborne contamination
o Groundwater contamination while showering
] Surface water contamination while showering
o Re-suspended soil particle inhalation
o Ingestion
u] Airborne contamination
(a] leafy vegetables
| other vegetables
a] meat products
o milk products
o Groundwater contamination
o drinking water
a showering
o leafy vegetables
o other vegetables
o meat products
(] milk products
O - Surface water contamination
a drinking water
a. showering
o leafy vegetables
a} other vegetables
o meat products
a milk products
o finfish
a shellfish
O swimming
o Soil contamination
o ingestion of soil
o External Radiation
a Surface water contamination
a swimming
n] boating
(| shore recreation
o Direct radiation
o Dermal Contact
o Surface water contamination
a swimming
o showering
o Groundwater contamination
o showering
a Contact with source contamination (all exposure media)
a Contact with deposited contamination
a] soil (atmospheric dust)
] shoreline sediment (surface water)
3.42
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Receptor Locations
Reference Number

Attached map detailing approximate location off

] On-site receptors 6
B Facility boundary receptors ' 7
= groundwater receptor —_—T
o surface water receptor —_—3
a Restricted Area boundary receptors 8
n] groundwater receptor —_—8
o surface water receptor —_
Comments:
Approximate Date of Release in this Environmental Setting : —January 27,1951

reference number for release date: 9

Comments:

Exceptions (attach separate sheet and references for each)

=2 Contaminants of Interest
- those not on the MEPAS Modeling list which may be of concern at the site

= Waste Types and Release Mechanisms
- those listed above which are not of concern based on site information, or those which are
not listed above which should be considered separately '
- release mechanisms not included in list above which should be, or which were not listed
but which should be considered due to site specific information

a Modeling Release Source Location
- suggestions for re-positioning of the release source in an environmental setting based on
site specific info or other information




Reference List: (add sheets as necessary)

1.

10.

11.

12.

13.

page 8

See attached Preliminary Contaminant List (Table 1), Primary Contaminant List (Table 2), and Listing of
Contaminants Not found in MEPAS Database (Table 3).

Record of Assumption (ROA). NTS Installation. ROA NTS #032. Additional Chemicals of Interest.
December 21, 1994. (Table 4).

. Record of Assumption (ROA). NTS Installation. ROA NTS #021. Surface Water. November 15, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #020. PEIS Database. November 15, 1994.

Holdren, G. R. , G. S. Glantz, L. K. Berg, K. Delinger, S. M. Goodwin, J. R. Rustad, R. Schalla, and J. A.
Schramke. Environmental Settings for Selected U.S. Department of Energy Installations—Support Information for
the Programmatic Environmental Impact Statement. Volume 2. July 1995. In Preparation. Pacific Northwest
Laboratory. Richland, Washington (see attached Figure 1).

Winograd, Isaac and Thodarson, William. Hydrogeological and Hydrochemical Framework South-Central Great
Basin, Nevada-California, with Special Reference to the Nevada Test Site. Hydrology of Nuclear Test Sites.
Geological Survey Professional Paper 712-C. U.S. Government Printing Office. Washington, D.C.

Record of Assumption (ROA).
November 4, 1994.

Record of Assumption (ROA).

NTS Tnstallation.

NTS Installation.

Mountain. November 14, 1994 (see Figure 2).

Record of Assumption (ROA).
1994,

Record of Assumption (ROA).
November 4, 1994.

Record of Assumption (ROA).
November 28, 1994.

Record of Assumption (ROA).
November 28, 1994.

Record of Assumption (ROA).
November 28, 1994.

Record of Assumption (ROA).
Analysis. December 21, 1994.

NTS Installation.

NTS Installation.

NTS Installation.

NTS Installation.

NTS Installation.

NTS Installation.

ROA NTS #007.

ROA NTS #033.

ROA NTS #019.

ROA NTS #008.

ROA NTS #017.

ROA NTS #018.

ROA NTS #022.

ROA NTS #029.

3.44

Choice of Waste Site for Timber Mountain.
Boundéry Receptor Location for Timber
Restricted Area On-Site. November 15,
Initial Dates Contamination Introduced.
Rationale for Selection of Media.

Rationale for Selection of Pathways.
Rationale for Selection ofExposure Pathways.

Exposure Pathway Selection for UTF




Table 1. CoCs-Preliminary List

. NTS CONSTITUENTS OF CONCERN - PRELIMINARY LIST
Non-Radionuclides
Acids NA N() NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Arsenic : 7440382 YES NO PEIS #61
Asbestos 12001284 YES NO PEIS #2301
Berylium 7440417 YES YES
Caustics : NA NO NO PEIS #61
Chromium } 7440473 YES YES
Copper ' 7440508 YES NO PEIS #61
Lead 7439921 YES YES
Plutonium 7440075 NO YES
Uranium 7740611 YES YES
Zine 7646857 YES | No | PEIS#l
Radionuclides CAS # MEPAS PEIS Reference
1 q

. Actinium 228 AC228 YES NO PEIS #6021
Americium 241 ' - AM241 YES YES
Antimony 125 ‘ . SB125 YES YES .
Bismuth 214 BR14 NO NO | PEIS #6021
Cadmium 109 CD109 YES YES
Carbon 14 cl4 YES YES
Cesium 134 CS134 YES YES
Cesium 137 ' : C5137 YES YES
Cobalt 57 : ' cos7 YES YES
Cobalt 60 CO60 YES YES
Europium 152 ' EU152 YES YES
Europium 154 EU154. YES YES
Europium 155 ' EU155 YES YES
Koypton 85 o : KR85 YES YES
Lead 212 PB212 YES NO PEIS #6021
Lead 214 PB214 NO NO PEIS #6021




Table 1. (contd)

Plutonium 238 PU238 YES YES

Plutonium 239 ' PU239 YES YES

Plutonium 240 PU240 YES YES

Potassium 40 K40 YES YES

Radium 226 RA226 YES YES

Ruthenium 103 ) RU103 YES YES

Ruthenium 106 RU106 YES YES

Strontium 90 SR90 YES YES

Thallium 208 TH208 NO NO PEIS #6021
Thorium 228 TH228 YES YES

Thorium 232 ‘ TH232 YES YES

Tritium . H3/10028178 YES YES

Uranium 235 U235 YES YES

————

Cutting Fluids ) NA No NO PEIS #61
Ethylene Glycol 10721 YES . YES

Motor Oil Motor oil YES YES

» Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference _

Chlorinated Solvents NA NO NO PEIS #2301
Diesel Fuel Diesel F YES NO PEIS #2301
Gasoline 3006619 YES YES

Hydraulic Flued Hydr Flu YES YES

Isopropyl Alcholhol _ 67630 YES NO PEIS #2301
Kerosene - " 8008206 YES NO PEIS #2301
Methanol 67561 YES YES

Methylene Chioride - 75092 YES YES

Stoddard Solfent NA -~ No NO PEIS #2301
Pretroleum Solvents NA NoO No PEIS #2301
Petisol 202 NA NO NO PEIS #2301
Polychlorinated Biphenyls 1336363 - YES ~ YES

Techloroethylene -~ 79016 YES YES

=
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Table 2. CoCs-Primary List

INORGANICS
pr— e
YES YES

NTS CONSTITUENTS OF CONCERN - PRIMARY LIST

Berylium 7440417
Chromium 7440473 |  YES YES
Lead 7439921 YES YES
Uranium 7740611 YES "~ YES
.Radionuclides ) CAS # MEPAS PEIS Reference
Americium 241 AM241 1 YES YES
Antimony 125 SB125 YES YES
Cadmium 109 CD109 YES YES
Carbon 14 Ci4 YES YES
Cesium 134 CS134 YES YES
Cesium 137 CSs137 YES YES
Cobalt 57 CO57 YES YES
Cobalt 60 CO60 YES YES
Europium 152 EU152 YES YES
Europium 154 EU154 YES YES
Europium 155 EU155 _ YES YES
Krypton 85 KRSS YES YES
Plutonium 238 PU238 YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES YES
Potassium 40 K40 . YES YES
Radium 226 RA226 YES YES
Ruthenium 103 RU103 YES YES
Ruthenium 106 RU106 " YES YES
Strontium 90 SR90 YES YES
Throium 228 TH228 YES YES
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranium 235 U235 YES YES




Table 2. (contd)

ORANGICS

Non-Volatiles (< 1.0E-7 atm/g-mol)
|
Ethylene Glycol 10721 YES YES
Motor Oil Motor oil YES YES v
Volatiles (> 1.0E-7 am/g-mol) CAS # MEPAS PEIS Reference
Gasoline 8006619 YES YES
Hydraulic Fluéd Hydr Flu YES YES
Methanol . 67561 YES YES
Methylene Chloride 75092 YES YES
Polychlorinated Biphenyls ' ' 1336363 YES YES
Techloroethylene 79016 - YES YES
e  — _————_—— —_————— —_———————




Table 3. CoCs Not in MEPAS

NTS CONSTITUENTS OF CONCERN - NOT IN MEPAS DATABASE

INORGANICS

Non-Radionuclides CAS # MEPAS PEIS Reference
Acids B NA NO NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Caustics ’ NA NO NO PEIS #61
Plutonium ) 7440075 NO YES

Radionuclides CAS # MEPAS PEIS Reference
]

Bismuth 214 . BR214 NO NO PEIS #6021
Lead 214 PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NO PEIS #6021

Non-Volatiles (< 1.0E-7 aim/g-mol)

" Cutting Fluids NA "NO NO PEIS #61
Volatiles (> 1.0E-7 atm/g-mol) ' CAS # MEPAS PEIS Reference |
Chlorinated Solvents NA NO NO PEIS #2301
Stoddard Solfent 7 ' NA NO No | PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 ‘ NA NO NO PEIS #2301
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Table 4. CoCs Not in PEIS

NTS CONSTITUENTS OF CONCERN - NOT IN PEIS DATABASE

Non-Volatiles (< 1.0E-7 atm/g-mol)

| Cutting Fluids

INORGANICS J
Non-Radionuclides CAS # MEPAS PEIS Reference
1
Acids NA NO NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Arsenic 7440382 YES NO PEIS #61
Asbestos 12001284 YES NO PEIS #2301
Caustics NA NO NO PEIS #61
Copper 7440508 YES NO PEIS #61
Zinc 7646857 YES No | PEIS #61
Radionuclides CAS # MEPAS PEIS Reference )
l-—————-—————r——’—-_—-——'———l
Actinium 228 ' AC228 YES NO PEIS #6021
Bismuth 214 BR14 NO NO PEIS #6021
Lead 212 PB2I2 YES NO PEIS #6021
Lead 214 PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NO PEIS #6021

NA NoO NO PEIS #61
l Volatiles (> 1.0E-7 atm/g-mol) cAS # MEPAS PEIS | Reference |
Chlorinated Solvents NA NO NO PEIS #2301
Diesel Fuel Diesel F YES NO PEIS #2301
Tsopropyl Alcholhol 67630 YES NO ' | PEIS #2301
Kerosene 8008206 YES NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
{| Pretroleum Solvents NA No NO PEIS #2301
tﬁl 202 NA NO NO PEIS #2301
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CSM Data Acquisition Check-List:
Yucca Flat Environmental Setting
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Installation Name :

Environmental Setting considered : Yucca Flat

w—DNevada Test Site

CONCEPTUAL SITE MODEL DATA ACQUISITION CHECK-LIST

Date: ._Decemher 211994

this form completed by:

Lacdiann Gelston, PNT.

Contaminant of Interest (COls) List (attach list)

Comments:

List contaminants in PEIS database for all contaminated sites and exposure media. The primary list
should include only those contaminants on the MEPAS modeling list and be separated by chemical
class (e.g., VOCs, radionuclides, inorganics). '

reference number(s) for primary list: = — 1

COIs not listed in the database, but which are of potential concern (attach list).

reference number(s) for additional list: 2

Waste Types and Release Mechanism List

(check all complete pathways)

Buried Waste

-] Infiltration to groundwater
o Infiltration to surface water
- | Volatilization to air
Surface Soil

= Infiltration to groundwater
m] Infiltration to surface water
m] Overland runoff to surface water
= Volatilization to air

= Suspension of dust to air

= Direct radiation

Surface Water (water)

opooano

Infiltration to groundwater

Infiltration to surface water

Overland runoff (i.e., overflow of containment) to surface water
Dispersion to other surface water

Volatilization to air

3.54

Reference Number

10

10




page 2

Waste Types and Release Mechanism List (continued)
Reference Number
o Surface Water (sediment) 34.10
o Infiltration to groundwater —3
a Infiltration to surface water -3
o Volatilization to air * 3
a Groundwater : 4 .10
(a] Dispersion to other groundwater ’ I S
o Dispersion to surface water —d4
Comments:

Modeling Release Source Location Assumptions

B Centrally located in the environmental setting
o Other location within the environmental setting (please specify the location on the attached map and
‘ provide reasons(s) for why the alternative location was selected)

® Indicate approximate release source size: = Variable from 102 to 1 000 000f2

Source size areas range from 10f to 1,000,000ft? , with factor of 10 increments

(Follow generalize guidelines for posiéioning the release source for each environmental setting based on waste
sites and release mechanisms. Place alternative release location on attached map from Receptor Location Section)

3.55




page 3

Modeling Assumptions (continued)

=2 Provide data on groundwater flow direction for this environmental setting. (Also indicate ‘
groundwater flow direction on the attached map).

reference number: 5

[a] Provide data on surface water drainage direction for this environmental setting. (Also indicate
drainage flow direction on the attached map).

reference number: 3 ___
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Exposure Pathways List :
. (check all that apply) ' Reference Number
= On-site Receptors 7
-] Inhalation 12
& Airborne contamination 11
R Groundwater contamination while showering 11
o Surface water contamination while showering 3
=B Re-suspended soil particle inhalation 11
=2 Ingestion 12
a2 Airborne contamination 11
2 leafy vegetables —_—13
= other vegetables PR k.
2 meat products —13
] milk products —13
B8 Groundwater contamination 11
-] drinking water —_—1]3
2 showering S L T
B leafy vegetables —_—13
] B other vegetables ‘ _13
= meat products —_—13
g -] milk products ) —_—13
o Surface water contamination 3
(o] drinking water — 3
o showering —_—
‘ O leafy vegetables —_—T
o other vegetables —_—
o meat products ' ‘ —_3
o milk products -_— 13
=] finfish 3
o shellfish —_—
- a swimming 3
-] Soil contamination 11
-] ingestion of soil —_13
= External Radiation 12
a Surface water contamination 3
o swimming —
o boating 3
o shore recreation —_—
= Direct radiation _13
= Dermal Contact, 12
a Surface water contamination 3
o swimming —_—3
o showering 3
-] Groundwater contamination —11
a showering , —a
2 Contact with source contamination (all exposure media) ) 13
2 Contact with deposited contamination 13
2 soil (atmospheric dust) —13
O shoreline sediment (surface water) —13
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Exposure Pathways List (continued) ' Reference Number .
& Installation Boundary Receptors 7
8 Inhalation 12
B Airborne contamination 11
-] Groundwater contamination while showering 11
'‘a Surface water contamination while showering 3
- Re-suspended soil particle inhalation 11
B Ingestion 12
= Airborne contamination 11
= leafy vegetables —_—13
-] other vegetables R i -
= meat products —_—13
milk products —_—T13
-] Groundwater contamination 11
= drinking water —_—l3
showering —i3
= leafy vegetables —13
= other vegetables —13
] meat products —13
milk products —13
a Surface water contamination 3
o drinking water ' _—3
o showering — 3.
u] leafy vegetables —_—
o other vegetables —3
O meat products —_—3
] milk products —_—3
o finfish ; ’ —3
a shellfish —3
o swimming —_1
B Soil contamination 11
- ingestion of soil ' —13
a External Radiation 12
a Surface water contamination ‘ 3
o swimming . —3
o boating _ 3
o shore recreation —_—
o Direct radiation 13
Dermal Contact 12
.a Surface water contamination v 3
(] swimming G
o showering "
a2 Groundwater contamination 11
-] showering —13
-] Contact with source contamination (all exposure media) 13
& Contact with deposited contamination 13
R’ soil (atmospheric dust) —13
o shoreline sediment (surface water) —_l13
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. ~ Exposure Pathways List (continued)
a Restricted Area Boundary Receptors 8
o Inhalation
o Airborne contamination ;
' O Groundwater contamination while showering
] Surface water contamination while showering
a Re-suspended soil particle inhalation
o Ingestion
o Airborne contamination
ini leafy vegetables
o other vegetables
o meat products
o milk products
o Groundwater contamination
x| drinking water
O showering
o leafy vegetables
o other vegetables
o meat products
o milk products
o Surface water contamination
D drinking water
o showering
o leafy vegetables
o other vegetables
. o meat products
n] milk products
a finfish
o shellfish
s] swimming
o Soil contamination
(] ingestion of soil
n] External Radiation
u] Surface water contamination
o swimming
] boating
o shore recreation
a Direct radiation
a Dermal Contact
| Surface water contamination
o swimming
o showering
m] Groundwater contamination
o showering
o Contact with source contamination (all exposure media)
o Contact with deposited contamination

n| soil (atmospheric dust)
a shoreline sediment (surface water)
©3.59
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Receptor Locations
Reference Number

Attached map detailing approximate location of:

On-site recepiors 6
[ Facility boundary receptors 7
-] groundwater receptor S
o surface water receptor : S W
o Restricted Area boundary receptors 8
o groundwater receptor —_8
m| surface water receptor —_—s
Comments:
Approximate Date of Release in this Environmental Setting : —Qctaber 221951

reference number for release date: —_—1

Comments:

Exceptions (attach separate sheet and references for each)

Contaminants of Interest ,
- those not on the MEPAS Modeling list which may be of concern at the site

] Waste Types and Release Mechanisms
- those listed above which are not of concern based on site information, or those which are
not listed above which should be considered separately
- release mechanisms not included in list above which should be, or which were not listed
but which should be considered due to site specific information

a Modeling Release Source Location

- suggestions for re-positioning of the release source in an environmental setting based on
site specific info or other information
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Reference List: (add sheets as necessary)

1.

10.

11.

12.

13.

See attached Preliminary Contammant List (Table 1), Primary Contaminant List (Table 2), and Lxstmg of
Contaminants Not found in MEPAS Database (Table 3).

Record of Assumption (ROA). NTS Installation. ROA NTS #032. Additional Chemicals of Interest.
December 21, 1994 (Table 4).

Record of Assumption (ROA). NTS Installation. ROA NTS #021. Surface Water. November 15, 1994.
Record of Assumption (ROA). NTS Installation. ROA NTS #020. PEIS Database. November 15, 1994.

Holdren, G. R. , G. S. Glantz, L. K. Berg, K. Delinger, S. M. Goodwin, J. R. Rustad, R. Schalla, and J. A.
Schramke. Environmental Settings for Selected U.S. Department of Energy Installations—Support Information for

-the Programmatic Environmental Impact Statement. Volume 2. July 1995. In Preparation. Pacific Northwest

Laboratory. Richland, Washington (see attached Figure 1).

Winograd, Isaac and Thodarson, William. - Hydrogeological and Hydrochemical Framework South-Central Great
Basin, Nevada-California, with Special Reference to the Nevada Test Site. Hydrology of Nuclear Test Sites.
Geological Survey Professional Paper 712-C. U.S. Government Printing Office. Washington, D.C.

Record of Assumption (ROA). NTS Installation. ROA NTS #015. Location of On-Site Receptors.
November 14, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #012. Source and Boundary Receptors for Yucca
Flat. November 14, 1994 (see Figure 2). ’

Record of Assumption (ROA). NTS Installation. ROA NTS #019. Restricted Area On-Site. November 15,
1994,

Record of Assumption (ROA). NTS Installation. ROA NTS #008. Initial Dates Contamination Introduced.
November 4, 1994.

Record of Assumption (ROA). NTS Instaliation. ROA NTS #017. Rationale for Selection of Media.
November 28, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #018. Rationale for Selection of Pathways.
November 28, 1994. )

Record of Assumption (ROA). NTS Installation. ROA NTS #022. Rationale for Selection of Exposure Pathways.
November 28, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #029. Exposure Pathway Selection for UTF
Analysis. December 21, 1994,
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Table 1. CoCs-Preliminary List

NTS CONSTITUENTS OF CONCERN - PRELIMINARY LIST

INORGANICS

CAS # Reference

Acids NA NO NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Arsenic 7440382 YES NO PEIS #61
Asbestos " 12001284 YES NO PEIS #2301
Berylium 7440417 YES YES
Caustics NA NO NO PEIS #61
Chromium 7440473 YES YES
Copper 7440508 YES NO PEIS #61
Lead 7439921 YES YES
Plutonium 7440075 NO YES
Uranium 7740611 YES YES
Zine 7646857 YES NO PEIS #61

Radionuclides CAS # MEPAS PEIS Reference

I———-—-————————————————-——-—-——r

Actinium 228 AC228 YES NO PEIS #6021

Americium 241 AM241 " YES YES

'Antimony 125 SB125 YES YES

Bismuth 214 BR214 NO NO PEIS #6021
| Cadmium 109 CD109 YES YES

Carbon 14 C14 YES YES

Cesium 134 Cs134 YES YES

Cesium 137 C8137 YES YES

Cobalt 57 Ccos7 - YES YEs

Cobalt 60 Co60 YES YES

Europivm 152 EU152 YES YES

Europium 154 EU154 YES YES

Europium 155 EU155 YES YES

Krypton 85 KR85 YES YEsS

Lead 212 PB212 YES NO PEIS #6021

Lead 214 PB214 NoO NO PEIS #6021 |
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Table 1. (contd)

Plutonium 238 ‘ PU238 YES YES
. Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES - YES
Potassium 40 ' K40 YES YES
Radium 226 RA226 YES YES
Ruthenium 103 RU103 YES YES
Ruthenium 106 = RU106 YES YES
Strontium 90 SR90 YES YES
Thallium 208 A TH208 NO NO PEIS #6021
Thorium 228 ) TH228 YES YES
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranium 235 7 . U235 YES YES

ORANGICS

Cutting Fluids PEIS #61
Ethylene Glycol 10721 YES YES

Motor Oil Motor oil YES YES

. ‘ Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference

Chlorinated Solvents NA NO No PEIS #2301
Diesel Fuel Diesel F YES * NO PEIS #2301
Gasoline 8006619 YES YES

Hydraulic Flued ) Hydr Flu YES YES

Isopropyl Alcholhol 67630 YES NoO PEIS #2301
Kerosene ‘ 8068206 YES NO PEIS #2301
Methanol : 67561 YES . YES

Methylene Chloride 75092 YES YES

Stoddard Solfent NA " NO NO PEIS #2301
Pretroleum Solvents . 1 NA NO No " PEIS #2301
Petisol 202 NA . NO NO PEIS #2301
Polychlorinated Biphenyls 1336363 YES YES

Techloroethylene ' 79016 YES YES




Table 2. CoCs-Primary List

NTS CONSTITUENTS OF CONCERN - PRIMARY LIST
Berylium 7440417 YES YES
Chromium 7440473 YES YES
Lead 7439921 YES YES
Uranium 7740611 YES YES
Radionuclides CAS # MEPAS PEIS Reference
Americium 241 AM241 YES YES
Antimony 125 SB125 YES YES
Cadmium 109 CD109 YES YES
Carbon 14 Cl4 YES YES
Cesium 134 CS134 YES YES
Cesium 137 CS137 YES YES
Cobalt 57 COo57 YES YES
Cobait 60 CO&0 YES YES
Europium 152 EU152 YES YES
Europium 154 EU154 YES YES
Europium 155 EU155 YES YES
Krypton 85 KRSS YES 'YES
Plutonium 238 PU238 YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 ’ PU240 YES YES
Potassium 40 K40 YES YES
Radium 226 RA226 YES YES
Ruthenium 103 RU103 YES YES
Ruthenium 106 RU106 YES YES
Strontium 90 SR90 YES YES
Throium 228 TH228 YES YES
Thorium 232 TH232 YEs YES
Tritium H3/10028178 YES YES
Uranium 235 U235 YES YES
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Non-Volatiles (< 1.0E-7 atm/g-mol)

Ethylene Glycol

Table 2. (contd)

10721

YES

Reference

Motor Oil

Motor oil

YES

YES

Volatiles (> 1.0E-7 atm/g-mol) cAS # MEPAS PEIS |  Reference

Gasoline 8006619 YES YES
Hydraulic Flued Hydr Flu YES YES
Methanol ‘ 67561 YES YES
Methylene Chloride 75092 YES YES
Polychlorinated Biphenyls 1336363 YES YES
Techloroethylene 79016 YES YES

3.65




Table 3. CoCs Not in MEPAS

I NTS CONSTITUENTS OF CONCERN - NOT IN MEPAS DATABASE

%

Non-Volatiles (<1.0E-7 aim/g-mol)

MEPAS

INORGANICS
Non-Radionuclides CAS # MEPAS PEIS Reference
]
Acids : NA NO NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Caustics NA No No PEIS #61
Plutonium 7440075 NO YES
Radionuclides CAS # MEFAS PEIS Reference

Bismuth 214 BR14 NoO NO PEIS #6021
Lead 214 PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NO PEIS #6021

ORANGICS

Reference

" Cutting Fluids PEIS #61

Volatiles (> 1.0E-7 atm/g-mol) MEPAS Reference
Chlorinated Solvents NA NO NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Patisol 202 NA NO NO PEIS #2301
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Table 4. CoCs Not in PEIS

Non-Radionuclides

NTS CONSTITUENTS OF CONCERN - NOT IN PEIS DATABASE

INORGANICS

O T T T

Non-Volatiles (< 1.0E-7 atm/g-mol)

|

Acids NA NO NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Arsenic 7440382 YES NO PEIS #61
Asbestos 12001284 YES NoO PEIS #2301
Caustics NA NO NO PEIS #61
Copper 7440508 YES NO PEIS #61
Zine 7646857 YES NO PEIS #61
Radionuclides CAS # MEPAS PEIS Reference
_——.—_—_——.————_——_—__’_———-—-, 1
I Actinium 228 AC228 YES NO PEIS #6021
Bismuth 214 B214 NO NoO PEIS #6021
Lead 212 PB212 YES NoO PEIS #6021
Lead 214 PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NoO PEIs #6021

‘I Cutting Fluids NA No NO PEIS #61

Volatiles (> 1.0E-7 aon/g-mol) CAS # MEPAS PELS Reference
Chlorinated Solvents NA NO NO PEIS #2301
Diesel Fuel Diesel F YES NO PEIS #2301
Tsopropyl Alcholhol 67630 YES - NO PEIS #2301
Kerosene 8008206 YES NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 NA NO NO PEIS #2301

3.67




AUV

in

ber
ta

Jackass Flats

Ti
Mo

1/

Frenchman
Lake (Dry}

IIf”//”ff/f//l’f’”/’f”//”//fﬁ fEATTALT AR LA LA R AR LA AR S RO R
v .

.I.I\— e
e A

(2]
=
WY //’/u’//.fv{//"l//’//’lf”‘f’l’//”//"/.f/.’///”I y”/ R o I’I’.’”f‘f’f’f\ Nc
/ . ; ™ / w
7 8 55
/ O ] nw “4 D vy
4 3 =
? > m -] /
‘ ]
<Y 4 O~ 2@3:? ..& m ﬂ
0 H c - 7
i) [ @ “\\\\\\\\\\\\\\\s ' AR
= 4 TN
T ge] 4 o&:
1] presers. Qi7: r;..:
'c @ &
\\-& PIITOL SIS TS TIIITLTLITII T IS ST ST TIT S,
o
S I TSI SITITIITSI
ARARRVR LY,

5
Miles

S8501036.1

Figure 1. Nevada Test Site, Regional Groundwater Flow

3.68




L+ Source Center
B3 Boundary Receptor

/ cL IIIIIIIIJ'

VIIIIIIIIIIIII/
o

Pahute
Mesa =

AR ELEERTY

Rainier Mesa

ARV

)

S
/
V’

Timber
Mountain

Yucca

AMTLTTLLALLRARRAS AR R R AL L R AR ALy, '\\\\\.\'\.\\.\\\\\\\\\\\\\\\'\'\.\\\.\\‘\

! Cre Lake
3 (Dry)
N
Jac kass Flats S \\\\\\\\\\\\\\\\\\\\\\\
-N- Y 5 Frenchman
{ 3 Flat =
Sgpring Road
R =
SRS AN g . S
N 2 1
13 :
g 2
N :
N
N s
N 5
T R R ,ZIIIIIIIIIIIIII 73 l‘,' AN 4
2, Mercury
% -
“l' ;
. . g y
0 3 10 7 /
. " . ///
Miles b

NEVADA

Nevada
Test Site
b

Frenchman
Lake (Dry)

Figure 2. Nevada Test Site, Yucca Flat

3.69

§2501036.1




CSM Data Acquisition Check-List:
Jackass Flats Environmental Setting
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CONCEPTUAL SITE MODEL DATA ACQUISITION CHECK-LIST

. Installation Name : —— Nevada Test Site

Environmental Setting considered : ——lackass Fiat

Date: _Navember 9,_1994

this form completed by: Gariann Gelstan PNI

Contaminant of Interest (COISs) List (attach list)

] List contaminants in PEIS database for all contaminated sites and exposure media. The primary list
should include only those contaminants on the MEPAS modeling list and be separated by chemical
class (e.g., VOCs, radionuclides, inorganics).
reference number(s) for primary list: P

] COISs not listed in the database, but which are of potential concern (attach list).

reference number(s) for additional list: 2 ___

Comments:

Waste Types and Release Mechanism List

(check all complete pathways) Reference Number

] Buried Waste 10
B Infiltration to groundwater -1
n] Infiltration to surface water —_3
= Volatilization to air , -—11

= Surface Soil 10
-] Infiltration to groundwater SR, s
o Infiltration to surface water : —_—3
o Overland runoff to surface water 3
" Volatilization to air — 11
-] Suspension of dust to air S K -
B Direct radiation

o Surface Water (water) 34.10
o Infiltration to groundwater 3
o - Infiltration to surface water —
a] Overland runoff (i.e., overflow of containment) to surface water -3
(n] Dispersion to other surface water - —_3

. a Volatilization to air —_3
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Reference Number

Waste Types and Release Mechanism List (continued) .

o Surface Water (sediment) 3.4.10

o Infiltration to groundwater —_3
o Infiltration to surface water —3
o Volatilization to air : . _3
a . Groundwater 4,10
=] Dispersion to other groundwater Y S
u] Dispersion to surface water —_—
Comments:

- Modeling Release Source Location Assumptions
-] Centrally located in the environmental setting

o Other location within the environmental setting (please specify the location on the attached map and
provide reasons(s) for why the alternative location was selected)

=2 Indicate approximate release source size: Variahle fram 10f1% ta 1,000 00062

Source size areas range from 10ft® to 1,000,000 , with factor of 10 increments

(Follow generalize guidelines for positioning the release source for each environmental setting based on waste
sites and release mechanisms. Place alternative release Jocation on attached map from Receptor Location Section)
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Modeling Assumptions (continued)

page 3

2] Provide data on groundwater flow direction for this environmental setting. (Also indicate
groundwater flow direction on the attached map).
reference number: S

o Provide data on surface water drainage direction for this environmental settmg (Also indicate

drainage flow direction on the attached map).

reference number:

—_3
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Exposure Pathways List
(check all that apply)
] On-site Receptors
= Inhalation
] Airborne contamination
-] Groundwater contamination while showering
] Surface water contamination while showering
] Re-suspended soil particle inhalation
B Ingestion
2] Airborne contamination
-] leafy vegetables
] other vegetables
[} meat products
- milk products
2 Groundwater contamination
] drinking water
] showering
] leafy vegetables
=2 other vegetables
= meat products
] milk products
o Surface water contamination
a drinking water
a showering
(n] leafy vegetables
u ] other vegetables
o meat products
a milk products
u] finfish
a shellfish
n] swimming
= Soil contamination
a ingestion of soil
] External Radiation
o Surface water contamination
o swimming
o boating
o shore recreation
= Direct radiation
| Dermal Contact
o Surface water contamination
o swimming
o showering
B Groundwater contamination
-] showering
-] Contact with source contamination (all exposure media)
= Contact with deposited contamination

=2 soil (atmospheric dust)

a shoreline sediment (surface water)
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Exposure Pathways List (continued) Reference Number
. = Installation Boundary Receptors 1
] Inhalation 12
B Airborne contamination 11
® Groundwater contamination while showering 11
o Surface water contamination while showering 3
=2 Re-suspended soil particle inhalation 11
= Ingestion . ‘ 12
B - Airborne contamination 11
2 leafy vegetables _ —13
| other vegetables —l3
] meat products —_—Il3
] milk products —13
-] Groundwater contamination 11
=2 drinking water —_13
B showering —13
a8 leafy vegetables —_13
=2 other vegetables —13
= meat products ’ —13
= milk products ' —13
n] Surface water contamination 3
' o drinking water —_—3
o showering — 3
o leafy vegetables —3
o other vegetables —
. n} meat products ' —_3
(n] milk products —3
o finfish , —_—3
a shellfish —3
a swimming —_—13
B Soil contamination 11
2 ingestion of soil —_—T13
] External Radiation 12
a Surface water contamination 3
a swimming —
o boating —_—
a shore recreation —_—3
o Direct radiation 13
-] Dermal Contact 12
o Surface water contamination 3
o swimming —_—13
o showering —
-] Groundwater contamination 11
] showering — 13
-] -Contact with source contamination (all exposure media) 13
=B Contact with deposited contamination 13
2 soil (atmospheric dust) —_13
o shoreline sediment (surface water) ' —13
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Exposure Pathways List (continued) Reference Number .
| Restricted Area Boundary Receptors 8
n Inhalation 8
0 Airborne contamination 8
] Groundwater contamination while showering 8
o Surface water contamination while showering 8
o Re-suspended soil particle inhalation 8
| Ingestion 8
o Airborne contamination 8
(n] leafy vegetables — 8
(a] other vegetables —_—
a meat products —
o milk products 8
o Groundwater contamination 8 )
=] drinking water — 8
o showering ' — 8
o leafy vegetables 8
(=] other vegetables —
o meat products . S
o milk products —_—
a Surface water contamination 8
(s drinking water — 8
o showering .
o leafy vegetables —
o other vegetables S
0 meat products — 8
o milk products —_3
o finfish -8
o shellfish — 8
o swimming — R
o Soil contamination 8
o ingestion of soil —i
o External Radiation 8
o Surface water contamination 8
o swimming — 8
o boating —_—=
o shore recreation -_—
n] Direct radiation 8
o Dermal Contact ' : 8
' o Surface water contamination 8
o swimming —_ 8
n] showering —_2R
o Groundwater contamination 8
o showering —_—8
] Contact with source contamination (all exposure media) _ 8
o Contact with deposited contamination 8
o soil (atmospheric dust) —_—f
a] shoreline sediment (surface water) 8
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Receptor Locations
Reference Number

Attached map detailing approximate location of:

=2 On-site receptors 6
= Facility boundary receptors . 7
=2 groundwater receptor —_T
o surface water receptor N
o Restricted Area boundary receptors 8
O - groundwater receptor -2
(] surface water receptor —_—8
Comments:
Approximate Date of Release in this Environmental Setting : —January 1, 1954

reference number for release date: —_—

Comments:

Exceptions (attach separate sheet and references for each)

] Contaminants of Interest
- those not on the MEPAS Modeling list which may be-of concern at the site

= Waste Types and Release Mechanisms
- those listed above which are not of concern based on site information, or those which are
not listed above which should be considered separately
- release mechanisms not included in list above which should be, or which were not listed
but which should be considered due to site specific information

[ Modeling Release Source Location
- suggestions for re-positioning of the release source in an environmental setting based on
site specific info or other information
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1.

10.

11.

12.

13.

Reference List: (add sheets as necessary) .

page 8

See attached Preliminary Contaminant List (Table 1), Primary Contaminant List (Table 2), and Listing of Contam-
inants Not found in MEPAS Database (Table 3).

Record of Assumption (ROA). NTS Installation. ROA NTS #032. Additional Chemicals of Interest.
December 21, 1994 (Table 4).

Record of Assumption (ROA). NTS Installation. ROA NTS #021. Swurface Water. November 15, 1994.
Record of Assumption (ROA). NTS Installation. ROA NTS #020. PEIS Database. November 15, 1994,

Holdren, G. R. , G. S. Glantz, L. K. Berg, K. Delinger, S. M. Goodwin, J. R. Rustad, R. Schalla, and J. A.
Schramke. Environmental Settings for Selected U.S. Department of Energy Installations—-Support Information for
the Programmatic Environmental Impact Statement. Volume 2. July 1995. In Preparation. Pacific Northwest
Laboratory. Richland, Washington (see attached Figure 1).

Winograd, Isaac and Thodarson, William. Hydrogeological and Hydrochemical Framework South-Central Great
Basin, Nevada-California, with Special Reference to the Nevada Test Site. Hydrology of Nuclear Test Sites.
Geological Survey Professional Paper 712-C. U.S. Government Printing Office. Washington, D.C.

Record of Assumption (ROA). NTS Installation. ROA NTS #015. Location of On-Site Receptors .
November 14, 1994,

Record of Assumption (ROA). NTS Installation. ROA NTS #010. Source and Boundary Receptors for Jackass
Flat. November 14, 1994 (see Figure 2).

Record of Assumption (ROA). NTS Installation. ROA NTS #019. Restricted Area On-Site. November 15,
1994,

Record of Assumption (ROA). NTS Installation. ROA NTS #008. Initial Dates Contamination Introduced.
November 4, 1994, :

Record of Assumption (ROA). NTS Installation. ROA NTS #017. Rationale for Selection of Media.
November 28, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #018. Rarionale for Selection of Pathways.
November 28, 1994,

Record of Assumption (ROA). NTS Installation. ROA NTS #022. Rationale for Selection of Exposure Pathways.
November 28, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #029. Exposure Pathway Selection for UTF
Analysis. December 21, 1994. :
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Table 1. CoCs-Preliminary List
) NTS CONSTITUENTS OF CONCERN - PRELIMINARY LIST
. —mommcs
Acids NA No NO PEIS #61
Argon ‘ 7440371 NO NO PEIS #2301
Arsenic 7440382 YES NO PEIS #61
Asbestos ' 12001284 YES NO | PEIS #2301
Berylium ) 7440417 YES YES
Caustics : NA NO NO PEIS #61
Chromium i 7440473 YES YES
Copper 7440508 . YES NO PEIS #61
Lead 7439921 YES YES
Plutonium 7440075 NO YES
Uranium 7740611 YES YES
¢+ || zinc . 7646857 YES NO PEIS #61
' Radionuclides CAS # MEPAS PEIS Reference
1
Americium 241 AM241 YES YES
. Antimony 125 SB125 YES YES
Bismuth 214 BR214 NO NO PEIS #6021
Cadmium 109 : _ CD109 YES YES
Carbon 14 Ci4 YES YES
Cesium 134 ' cs134 YES YES
Cesium 137 ' Cs137 YES YES
Cobalt 57 cos7 YES YES
Cobalt 60 Co60 YES YES
Europium 152 EU152 YES YES
Europium 154 , EU154 YES YES
| Buropium 155 EU155 YES YES
Kiypton 85 , KR85 YES YES
Lead 212 PB212 YES NO PEIS #6021
Lead 214 PB214 No NO PEIS #6021
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Table 1. (contd)

ORANGICS

Non-Volatiles (< 1.0E-7 atm/g-mol)

NA NO NO

Plutonium 238 PU238 YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES YES
Potassium 40 K40 YES YES
Radium 226 RA226 YES YES
Ruthenium 103 RU103 YES YES
Ruthenium 106 RU106 YES YES
Strontium 90 SRSO YES YES
Thallium 208 TH208 NO NO PEIS #6021
Thorium 228 TH228 YES YES
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranium 235 U235 YES YES

Cutting Fluids PEIS #61
Ethylene Glycol 10721 YES YES
Motor Oil ' Motor oil YES YES
Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PELS Reference
il
Chlorinated Solvents NA NoO NO PEIS #2301
Diesel Fuel Diesel F YES NO PEIS #2301
Gasoline 8006619 YES YEsS
Hydraulic Flued Hydr Flu YES YES
Isopropyl Alcholhol 67630 YES NO PEIS #2301
Kerosene 8008206 YES NO PEIS #2301
|| Methanot 67561 YES YES
Methylene Chloride 75092 YES YES
Stoddard Solfent NA No NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 NA NO NO PEIS #2301
Polychlorinated Biphenyls 1336363 YES YES
Techloroethylene 79016 YES YES




Table 2. CoCs-Primary List

NTS CONSTITUENTS OF CONCERN - PRIMARY LIST

' INORGANICS .
T s

YES YES '

Berylium 7440417 -
Chromium 7440473 YES YES
Lead 7439921 YES YES
Uranium 7740611 YES YES
Radionuclides CAS # MEPAS PEIS Reference
Americium 241 AM241 YES YES
Antimony 125 SB125 YES YES
Cadmium 109 CD109 YES YES
Carbon 14 Ci4 YES YES
Cesium 134 CS134 YES YES
Cesium 137 CS137 YES YES
Cobalt 57 CO57 YES - YES
Cobalt 60 CO60 YES YES
Europium 152 " EUIS2 YES YES
Europium 154 EU154 YES YES
Europium 155 EU1S55 YES YES
Il Keypton 85 KRS5S YES YES
Plutonium 238 PU238 YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES YES
Potassium 40 K40 YES YES
Radium 226 RA226 YES YES
| Ruthenium 103 RU103 YES YES
" Ruthenium 106 RU106 YES YES
" Strontium 90 SR90 YES YES
Throium 228 TH228 YES YES
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranium 235 U235 YES YES
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Table 2. (contd)

*
Non-Volatiles (<1.0E-7 atm/g-mol)
Ethylene Glycol 10721 YES YES
Motor Oil ) Motor oil YES YES
Volatiles (> 1.0E-7 amm/g-mol) cAs # MEPAS PEIS Reference ‘
|
Gasoline 8006619 YES YES
Hydraulic Flued Hydr Flu YES YES
Methanol : 67561 YES YES
Methylene Chloride 75092 YES YES
Polychlorinated Biphenyls - 1336363 YES YES
Techloroethylene 79016 YES YES
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Table 3. CoCs Not in MEPAS

NTS CONSTITUENTS Of CONCERN - NOT IN MEPAS DATABASE

F Non-Volatiles (< 1.0E-7 atm/g-mol)

Cutting Fluids

NA

NO

NO

INORGANICS
Non-RMbn@lMes CAS # MEPAS PEIS Reference *

| Acids NA NO . NO PEIS #61

Argon 7440371 NO NO PEIS #2301

Caustics NA NO NO PEIS #61

Plutonium 7440075 NO * YES

Radionuclides C4AS # MEPAS PEIS Reference

Bismuth 214 BI214 NO NO PEIS #6021

Lead 214 PR214 NO No | PEIS #6021

Thallium 208 TH208 NO NO PEIS #6021

PEIS #61

. Volasiles (> 1.0E-7 atm/g-mol)

CAS #

MEPAS .

PEIS

Reference .

o |

i
Chlorinated Solvents : NA NO NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents ‘NA NO NO PEIS #2301
| petisol 202 NA NO NO PEIS #2301
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Table 4. CoCs Not in PEIS

NTS CONSTITUENTS OF CONCERN - NOT IN PEIS DATABASE

INORGANICS
Neon-Radionuclides l
Acids ' ’ NA NO NO PEIS #61
Argon 7440371 NO NO PEIS #2301
Arsenic 7440382 YES NO PEIS #61
Asbestos 12001284 YES NO PEIS #2301
Caustics - NA NO NO PEIS #61
Copper : 7440508 YES NO | PEIS#61
Zine ‘ 7646857 ' YES No | PEIs #sl
Radionuclides CAS # MEPAS PEIS Reference

r———-————__—_—_—ml

Actinium 228 AC228 YES NO | PEIS #6021
Bismuth 214 BI214 No | No | pEs#e021
Lead 212 PB212 YES No | PEHIs #6021
Lead 214 PB214 NO No | PEIS #6021
Thallium 208 TH208 NO No | pEIs #6021

Non-Volatiles (< 1.0E-7 atm/g-mol)

Cutting Fluids ‘ NA NO NO PEIS #61
. Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference
r—_——-——_—_——_l
Chlorinated Solvents ' NA NO. NO PEIS #2301k
Diesel Fuel Diesel F YES NO PEIS #2301
Isopropyl Alcholhol 67630 YES NO PEIS #2301
Kerosene 8008206 YES NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA NO NO PEIS #2301
Petisol 202 NA NO NO PEIS #2301
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Figure 1. Nevada Test Site, Regional Groundwater Flow

3.85




¥+ Source Center
B Boundary Receptor

NEVADA

~

~!
S
R
Ky
AN
»
S
‘\
\‘\“
A
A
o
o~
N
o
o
'\

'/I””tzzzltt//
()
[/

‘ /‘IIIIIIIIIJ,""'
Pahute
Mesa

WBRRLS RS S

Rainier Mesa

\\\\\ﬁ\\\\\\\\\\

AN NASHSSSY

Timber
Mountain

AL LELLLLTL LIS LSS LTSNSO VISP IS TSI L

LR R R LT L CERETEE TR LR R CEERRRE RN, SeeR

ATTTTETLLALTTLTLLL LR R LR LR LR AN Y R L b Yy r\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\‘

N
N
Jackass Flats 3
0 \ | Frenchman
e \ 3 renchman
3 3 Flat ®RWMS
e\spnng Roa‘d/ /
o can % y Frenchman
\\\\\s sy Lake {D’}’)
N :
k /¢
§ 4
3 :
N :
3 \ '
ATILIIT IS i SIS SIS LS Ls, “, N e
s, cury
L ) ll" 5
Miles 5/ o

§8501036.1

Figure 2. Nevada Test Site, Jackass Flats
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CSM Data AcquiSition Check-List:
Frenchman Flat Environmental Setting
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Environmental Setting considered : —— FErenchman Flat

Installation Name :

——Nevada Test Site

CONCEPTUAL SITE MODEL DATA ACQUISITION CHECK-LIST

Date: _Decemher?21 1904

this form completed by:

Comments:

Gariapn Gelston, PNT

Contaminant of Interest (COIs) List (attach list)

List contaminants in PEIS database for all contaminated sites and exposure media. The primary list
should include only those contaminants on the MEPAS modeling list and be separated by chemical
class (e.g., VOCs, radionuclides, inorganics).

reference number(s) for primary list: =~ —1—

COIs not listed in the database, but which are of potential concern (attach list).

reference number(s) for additional list: 2

Waste Types and Release Mechanism List

(check all complete pathways)
= Buried Waste
= Infiltration to groundwater

o Infiltration to surface water

2 Volatilization to air

Surface Soil

2| Infiltration to groundwater

(n] Infiltration to surface water

o Overland runoff to surface water
= Volatilization to air

-] Suspension of dust to air

A Direct radiation

Surface Water (water)

o Infiltration to groundwater

o Infiltration to surface water

o Overland runoff (i.e., overflow of containment) to surface water
o Dispersion to other surface water
n] ~ Volatilization to air
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page 2

Waste Types and Release Mechanism List (continued)
. _ : Reference Number
o Surface Water (sediment) ' 3.4.10
u] Infiltration to groundwater S T
a] Infiltration to surface water ' —_—3
8] Volatilization to air ' —_ 3
o Groundwater 4,10
o Dispersion to other groundwater —_—
o Dispersion to surface water —_—
Comments:

Modeling Release Source Location Assumptions

- Centrally located in the environmental setting
a Other location within the environmental setting (please specify the location on the attached map and
. provide reasons(s) for why the alternative location was selected)

= Indicate approximate release source size:  Variable from 1082 to 1 000 000f2

" Source size areas range from 10fi2 to 1,000,000ft> , with factor of 10 increments

(Follow generalize guidelines for positioning the release source for each environmental setting based on waste
sites and release mechanisms. Place alternative release location on attached map from Receptor Location Section)
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Modeling Assumptions (continued)

a Provide data on groundwater flow direction for this environmental setting. (Also indicate .
groundwater flow direction on the attached map).

reference number: S

] Provide data on surface water drainage direction for this environmental setting. (Also indicate
drainage flow direction on the attached map).

reference number: 3
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Exposure Pathways List
. (check all that apply) Reference Number
] On-site Receptors 7
= Inhalation 12
] Airborne contamination 11
-] Groundwater contamination while showering 11
o Surface water contamination while showering 3
=B Re-suspended soil particle inhalation 11
= Ingestion 12
® Airborne contamination 11
= leafy vegetables . —_—13
-} other vegetables —_—13
® - meat products ' —13 .
= milk products —_—3
B Groundwater contamination 11
] drinking water —13
® showering —_13
] leafy vegetables —_—l13
=B other vegetables _—T3
a meat products —13_
-] milk products —_—3
o Surface water contamination -3
o drinking water —_3
a showering —_—T
o leafy vegetables —_—3
‘ n] other vegetables —_3
n} meat products —_—
n] milk products —_—
o finfish —_—3
o shellfish -3
a swimming —_3
= Soil contamination 11
= ingestion of soil —_13
- External Radiation 12
=) Surface water contamination 3
] swimming —_3
(= boating : —
o shore recreation ] —3
2 Direct radiation —13
= Dermal Contact . 12
o Surface water contamination 3
‘ o swimming ‘ 3
o showering , —_3
-] Groundwater contamination 11
= showering —13
3 Contact with source contamination (all exposure media) 13
2 Contact with deposited contamination 13
2] soil (atmospheric dust) —13
a shoreline sediment (surface water) —_13
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Exposure Pathways List (continued) Reference Number .
= Installation Boundary Receptors i
B Inhalation ' 12
a2 Airborne contamination ' 11
-] Groundwater contamination while showering 11
o Surface water contamination while showering 3
= Re-suspended soil particle inhalation 11
] Ingestion 12
2 Airborne contamination 11
= leafy vegetables — 13
] other vegetables ) —13
meat products —_—T13
a milk products —_—13
2] Groundwater contamination 11
-] drinking water —13
=2 showering : —_—13
] leafy vegetables , —13
2 other vegetables —_13
= meat products —l13
-] milk products U L
a Surface water contamination 3
a drinking water —3
o showering —3
o leafy vegetables —_—3
o other vegetables —3
a meat products —_—3
o milk products —_—3
a] finfish -—3
O shellfish ’ —_ 3
o . swimming 3
] Soil contamination i1
2 ingestion of soil —13
] External Radiation 12
o Surface water contamination 3
a] swimming —_3
a boating —
] shore recreation —_—3
a . Direct radiation 13
-} Dermal Contact 12
o Surface water contamination 3
o swimming —~—3
o showering —_—
2] Groundwater contamination 11 '
2 _showering 13
= Contact with source contamination (all exposure media) 13
] Contact with deposited contamination 13
-} soil (atmospheric dust) -13
o shoreline sediment (surface water) 13 .
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Exposure Pathways List (continued) Reference Number
. 0 Restricted Area Boundary Receptors 8
a Inhalation 8
a Airborne contamination 8
a Groundwater contamination while showering 8
| Surface water contamination while showering 8
o Re-suspended soil particle inhalation 8
=] Ingestion 8
a Airborne contamination ' 8
o leafy vegetables ‘ -2
o other vegetables —_—8
o meat products -
o milk products _ —_—8
o Groundwater contamination ) 8
u] drinking water R
a] showering —_—8
n} leafy vegetables ’ S
n ] other vegetables —_—f
o meat products S
a] milk products . —2
o Surface water contamination 8
a drinking water —_8
o showering -8
o leafy vegetables : —_—8
a other vegetables —_8
. o meat products N
(n] milk products : —S
o finfish P
o shellfish .
o swimming ’ — 2
s ] Soil contamination 8
a] ingestion of soil - .
a External Radiation 8
o Surface water contamination 8
o swimming S
o. boating —R
a shore recreation R— .
) a Direct radiation 8 '
(n] Dermal Contact 8
a Surface water contamination 8
o swimming : —_R
a showering —_—8
o Groundwater contamination g
o showering N
o Contact with source contamination (all exposure media) 8
o Contact with deposited contamination 8
o soil (atmospheric dust) . S
o shoreline sediment (surface water) —8
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Receptor Locations
Reference Number

Attached map detailing approximate location of:

B On-site receptors 6
B Facility boundary receptors 7
=2 groundwater receptor —_—7
a] surface water receptor —3
o Restricted Area boundary receptors 3
o groundwater receptor _— 8
a surface water receptor _ . —a
Comments:
Approximate Date of Release in this Environmental Setting : —Jannary 27, 1951

reference number for release date: —

Comments:

Exceptions (attach separate sheet and references for each)

-] Contaminants of Interest
- those not on the MEPAS Modeling list which may be of concern at the site

= Waste Types and Release Mechanisms
- those listed above which are not of concern based on site information, or those which are
not listed above which should be considered separately
- release mechanisms not included in list above which should be, or which were not listed
but which should be considered due to site specific information

o Modeling Release Source Location

- suggestions for re-positioning of the release source in an environmental setting based on
site specific info or other information
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Reference List: (add sheets as necessary)

1.

10.

11.

12,

13.

See attached Preliminary Contaminant List (Table 1), Primary Contaminant List (Table 2), and Listing of Contam-
inants Not found in MEPAS Database (Table 3).

Record of Assumption (ROA). NTS Installation. ROA NTS #032. Additional Chemicals of Interest.
December 21, 1994 (Table 4).

Record of Assumption (ROA). NTS Installation. ROA NTS #021. Surface Water. November 15, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #020. PEIS Database. November 15, 1994.
Holdren, G. R. , G. S. Glantz, L. K. Berg, K. Delinger, S. M. Goodwin, J. R. Rustad, R. Schalla, and J. A.
Schramke. Environmental Settings for Selected U.S. Department of Energy Installations—Support Information for
the Programmatic Environmental Impact Statement. Volume 2. July 1995. In Preparation. Pacific Northwest
Laboratory. Richland, Washington (see attached Figure 1).

Winograd, Isaac and Thodarson, William. Hydrogeological and Hydrochemical Framework South-Central Great
Basin, Nevada-California, with Special Reference to the Nevada Test Site. Hydrology of Nuclear Test Sites.
Geological Survey Professional Paper 712-C. U.S. Government Printing Office. Washington, D.C.

Record of Assumption (ROA). NTS Installation. ROA NTS #015. Location of On-Site Receptors.
November 14, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #011. Source and Boundary Receptors for
Frenchman Flat November 14, 1994 (see Figure 2).

Record of Assumption (ROA). NTS Installation. ROA NTS #019. Restricted Area On-Site. November 15,
1994. :

Record of Assumption (ROA). NTS Installation. ROA NTS #008. Initial Dates Contamination Introduced.
November 4, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #017. Rationale for Selection of Media.
November 28, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #018. Rationale for Selection of Pathways.
November 28, 1994.

Record of Assumption (ROA). NTS Installation. ROA NTS #022. Rationale for Selection of Exposure Pathways.
November 28, 1994,

Record of Assumption (ROA). NTS Installation. ROA NTS #029. Exposure Pathway Selection for UTF
Analysis. December 21, 1994. ’
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Table 1. CoCs-Preliminary List

NTS CONSTITUENTS OF CONCERN - PRELIMINARY LIST

INORGANICS

Non-Radionuclides

_————————.——T_.——T_—_’._—__ﬂ
NO NO PEIS #61

Reference

Acids NA

Argon 7440371 NO NO PEIS #2301

Arsenic 7440382 YES NO PEIS #61

Asbestos 12001284 YES NO PEIS #2301

Berylium 7440417 YES YES

Caustics NA NO NO PEIS #61

Chromium 7440473 - YES YES

Copper 7440508 YES NO PEIS #61

Lead 7439921 YES YES

Plutonium 7440075 NO YES

Uranium 7740611 YES YES

Zinc 7646857 YES NO PEIS #61
Radionuclides CAS # MEPAS PEIS Reference

Actinium 228 AC228 YES NO PEIS #6021

Americium 241 AM241 YES YES

Antimony 125 SB125 YES YES

Bismuth 214 BI214 NO NO PEIS #6021

Cadmium 109 CD109 YES YES

Carbon 14 Cl4 YES YES

Cesium 134 CS134 YES YES

Cesium 137 Cs137 YES YES

Cobalt 57 CO57 YEs YES
" Cobalt 60 CO60 YES YES

Europium 152 EU152 YES YES

Europium 154 EU154 YES YES

Europium 155 EU155 YES YES

Krypton 85 KRSS YES YES

Lead 212 PB212 YES NO PEIS #6021
|| Lead214 PR2i4 NO NO | PEIS #6021
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Table 1. (contd)

Plutonium 238 PU238 YES YES
. Plutonium 239 PUZ39 YES YES
Plutonium 240 : PU240 YES YES
Potassium 40 ' K40 YES YES
Radium 226 ) RA226 YES YES
Ruthenium 103 : ' RU103 YES YES
Ruthenium 106 RU106 YES YES
Strontium 90 o SR90 YES YES
Thallium 208 TH208 NO NO PEIS #6021
Thorium 228 . TH228 YES YES ‘
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranium 235 : U235 YES YES

' ’ ORANGICS

e R T N T

Cutting Fluids PEIS #61
Ethylene Glycol ‘ 10721 YES YES
Motor Oil Motor oil YES YES
. Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS - Reference

Chlorinated Soivents NA NO No PEIS #2301
Diesel Fuel Diesel F YES NO | PEIS #2301
Gasoline 8006619 YES 'YES
Hydraulic Flued Hydr Flu YES YES
Tsopropyl Alcholhol 67630 YES NO PEIS #2301
Kerosene - 8008206 YES NO PEIS #2301

It Methanot ‘ , 67561 YES YES
Methylene Chloride ;. 75092 YES YES
Stoddard Solfent NA NO NO PEIS #2301 .
Pretroleum Solvents NA - NO NO PEIS #2301
Petisol 202 ' NA NO NO PEIS #2301
Polychlorinated Biphenyls. 1336363 YES YES

“ Techloroethylene 79016 YES YES
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Table 2.. CoCs-Primary List

e

NTS CONSTITUENTS OF CONCERN - PRIMARY LIST

INORGANICS

per—
Berylium 7440417 YES YES
Chromium 7440473 YES YES
Lead 7439921 YES YES
Uranium 7740611 YES YES
Radionuclides CAS # MEPAS PEIS Reference
Americium 241 AM241 YES YES
Antimony 125 SB125 YES YES
Cadmium 109 CD109 YES YES
Carbon 14 C14 YES YES
Cesium 134 CS134 YES YES
Cesium 137 C8137 YES YES
Cobalt 57 cos7 YES YES
Cobalt 60 CO60 YES YES
Europium 152 EUI52 YES YES
Europium 154 EU154 YES YES
Europium 155 EU155 YES YES
Krypton 85 KR85 YES YES
Plutonium 238 PU238 YES YES
Plutonium 239 PU239 YES YES
Plutonium 240 PU240 YES YES
Potassium 40 K40 YES YES
Radium 226 RA226 YES YES
Ruthenium 103 RU103 YES YES
Ruthenium 106 RU106 YES YES
Strontium 90 SRS0 YES YES
Throium 228 TH228 YES YES
Thorium 232 TH232 YES YES
Tritium H3/10028178 YES YES
Uranjum 235 U235 YES YES




Table 2. (contd)

ORANGICS

Non-Volailles (< 1.0E-7 am/g-mol) MEPAS Reference
Ethylene Glycol 10721 YES YES
Motor Oil Motor oil YES YES
Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference
Gasoline 8006619 YES YES
Hydraulic Flued Hydr Flu YES YES
Methanol - 67561 YES YES
. Methylene Chloride 75092 YES YES
Polychlorinated Biphenyls 1336363 YES YES
Techloroethylene 79016 YES YES




NTS CONSTITUENTS OF CONCERN - NOT IN MEPAS DATABASE

Non-Radionuclides

| |

Table 3. CoCs Not in MEPAS

INORGANICS

Acids NA NO NO PEIS #61
Argon B 7440371 NO NO PEIS #2301
Caustics NA NO NO PEIS #61
Plutonium 7440075 NO YES
Radionuclides CAS # MEPAS PEIS Reference
{
Bismuth 214 BI214 NO NO PEIS #6021
Lead 214 PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NO PEIS #6021
—I
' ORANGICS
Non-Volatiles (< 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference
Cutting Fluids NA NO NO PEIS #61
Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference
Chlorinated Solvents NA No NO PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents NA No NO PEIS #2301
Petisol 202 NA NO NO PEIS #2301
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Table 4. CoCs Not in PEIS
NTS CONSTITUENTS OF CONCERN - NOT IN PEIS DATABASE
INORGANICS 1
Non-Radionuclides ‘Reference
Acids. - NA NO NO PEIS #61
Argon ' 7440371 NO NO PEIS #2301
Arsenic ‘ 7440382 YES NO PEIS #61
Asbestos 12001284 YES NO PEIS #2301
Caustics ' NA NO NO PEIS #61
Copper - 7440508 YES NO PEIS #61
Zine . 7646857 YES NO PEIS #61
' Radionuctides cAS # MEPAS PEIS Reference
{
Actinium 228 AC228 YES NO PEIS #6021
Bismuth 214 BI214 NO NO PEIS #6021
Lead 212 PB212 YES NO PEIS #6021
Lead 214 , PB214 NO NO PEIS #6021
Thallium 208 TH208 NO NO PEIS #6021
®e M
F Non-Volatiles (< 1.0E-7 atm/g-mol) - CAS # MEPAS PEIS quer_'ence
Cutting Fluids ’ ' NA NO NO PEIS #61 I
l Volatiles (> 1.0E-7 atm/g-mol) CAS # MEPAS PEIS Reference I
Chlorinated Solvents . NA 'NO NO PEIS #2301
Diesel Fuel _ Diesel F YES No | pEIs m301
Isopropyl Alcholhol 67630 YES NO PEIS #2301
| Kerosene , 8008206 YES No | PEIS #2301
Stoddard Solfent NA NO NO PEIS #2301
Pretroleum Solvents : NA NO No | reis m301
Petisol 202 NA NO NO PEIS #2301
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Figure 1. Nevada Test Site, Regional Groundwater Flow
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Figure 2. Nevada Test Site, Frenchman Flat
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Records of Assumptions:
Nevada Test Site

3.104




‘ Records Of Assumptions: Nevada Test Site
ROA # Title
001 Elevation Estimate for Rainier Mesa
002 Elevation Estimate for Yucca Flat
003 Elevation Estimate for Frenchman Flat
004 Elevation Estimate for Pahute Mesa
005 Elevation Estimate for Jackass Flats
006 Elevation Estimate for Timber Mountain
007 Choice of Waste Site for Timber Mountain
008 Initial Dates Contamination Introduced
009 Basis of Assumption of % Vegetative Cover
010 Source and Boundary Receptor Locations for Jackass Flats
011 Source and Boundary Receptor Locations for Frenchman Flat
012 Source and Boundary Receptor Locations for Yucca Flat
013 Source and Boundary Receptor Locations for Pahute Mesa
014 Source and Boundary Receptor Locations for Rainier Mesa
015 Location of On-site Receptors
016 Use of Unit Risk Factors (URF) Inappropriate for Deep Sites
017 Rationale for Selection of Media
018 Rationale for Selection of Pathways
. 019 Restricted Area On-site
020 PEIS Database
021 Surface Water
022 Rationale for Selection of Exposure Pathways
023 Multiple Aquifers for Rainier Mesa
024 Multiple Aquifers for Yucca Flat
025 Climatological Data Used at the Various Locations at NTS
026 MEI Location
027 Infiltration Rate for NTS Groundwater Flow
028 Clarification of JFD Issue .
029 Exposure Pathway Selection for URF Analysis
030 Basis for BEMR URF Analysis
031 Assumptions Included in the Conceptual Site Model
032 Additional Chemicals of Interest
033 Boundary Receptor for Timber Mountain
034 Concurrence with Anchoring Methodology and Area Location

. 3.105. E54-3000-101 (10/89)




' ROA #001 : 1 of 1

Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 2, 1994

Installation ID: NTS
ROA No.: 001
SUBJECT: Elevation estimate for Rainier Mesa

This ROA memo is to describe the procedure used to estimate an
elevation for the Rainier Mesa environmental setting.

Using topographical maps-for the Nevada Test Site Gariann Gelston
and Brad Warren chose a point in the center of the environmental
setting. This point will continue to be used as a representative
point for the source of this environmental setting. The
elevation of this point was read from the topographical map and
then compared with surrounding points to insure that it was not
an extreme high or low. ‘

This elevation was compared with reported elevations in a CSM
report currently being prepared by Rudy Von Burg of the CERE team
and was found to be consistent with that report.

3.106 E54-3000-101 (10/89) .




ROA #002 1 of 1

Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 2, 1994

Installation ID: NTS
ROA No.: 002
SUBJECT: Elevation estimate for Yucca Flat

This ROA memo is to describe the procedure used to estimate an
elevation for the Yucca Flat environmental setting.

Using topographical maps for the Nevada Test Site Gariann Gelston
and Brad Warren chose a point in the center of the environmental
setting. This point will continue to be used as a representative
point for the source of this envirommental setting. The
elevation of this point was read from the topographical map and
then compared with surrounding points to insure that it was not
an- extreme high or low.

This elevation was compared with reported elevations in a CSM

report currently being prepared by Rudy Von Burg of the CERE team
and was found to be consistent with that report.
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ROA #003 ‘ 1 0f1

Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 2, 1994

Installation ID: NTS
ROA No.: 003
SUBJECT: Elevation estimate for Frenchman Flat

This ROA memo is to describe the procedure used to estimate an
elevation for the Frenchman Flat environmental setting.

Using topographical maps for the Nevada Test Site Gariann Gelston
and Brad Warren chose a point in the center of the environmental
setting. This point will continue to be used as a representative
point for the source of this environmental setting. The
elevation of this point was read from the topographical map and
then compared with surrounding points to insure that it was not
an extreme high or low.

This elevation was compared with reported elevations in a CSM .
report currently being prepared by Rudy Von Burg of the CERE team
and was found to be consistent with that report.

3.108 ES4-3000-101 (10/89) .




ROA #004 1 of1

Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Geiston
DATE: November 2, 1994

Installation ID: NTS
ROA No.: 004
SUBJECT: ' Elevation estimate for Pahute Mesa

This ROA memo is to describe the procedure used to estimate an
elevation for the Pahute Mesa environmental setting.

Using topographical maps for the Nevada Test Site Gariann Gelston
and Brad Warren chose a point in the center of the environmental
setting. This point will continue to be used as a representative
point for the source of this environmental setting. The
elevation of this point was read from the topographical map and
then compared with surrounding points to insure that it was not
an extreme high or low.

This elevation was compared with reported elevations in a CSM

report currently being prepared by Rudy Von Burg of the CERE team
and was found to be consistent with that report.
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ROA #005 1 of 1

Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 2, 1994

Installation ID: NTS
ROA No.: 005
SUBJECT: Elevation estimate for Jackass Flats

This ROA memo is to describe the procedure used to estimate an
elevation for the Jackass Flats environmental setting.

Using topographical maps for the Nevada Test Site Gariann Gelston
and Brad Warren chose a point in the center of the environmental
setting. This point will continue to be used as a representative
point for the source of this environmental setting. The
elevation of this point was read from the topographical map and
then compared with surrounding points to insure that it was not
an extreme high or low.

This elevation was compared with repbrted elevations in a CSM .
report currently being prepared by Rudy Von Burg of the CERE team
and was found to be consistent with that report.

3.110 E54-3000-101 (10/39) .



ROA #006 . lof1

Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 2, 1994

Installation ID: NTS
ROA No.: 006
SUBJECT: Elevation estimate for Timber Mountain

This ROA memo is to describe the procedure used to estimate an
elevation for the Timber Mountain environmental setting.

Using topographical maps for the Nevada Test Site Gariann Gelston
and Brad Warren chose two (2) points, one point in the center of
the portion of the environmental setting that touches the West
edge of NTS, and the second in the center of Area 26. These
points will continue to be used as a representative points for
the source of this environmental setting. The reasoning for
using two points is that Timber Mountain has contamination
centralized in two main locations. Area 26 consists of dumps and
leach fields, while the larger section of Timber Mountain was
used for testing. The elevation of these points were read from
the topographical map, averaged, and then compared with surround-
ing points to insure that they were not extreme highs or lows.

This average elevation was compared with reported elevations in a
CSM report currently being prepared by Rudy Von Burg of the CERE
team and was found to be consistent with that report.

3.111 ) E54-3000-101 (10/89)




ROA #007 , 1 of 1

Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Brad Warren
DATE: November 4, 1994

Installation ID: NTS
ROA No.: 007
SUBJECT: Choice of Waste Site for Timber Mtn.

This ROA memo is to describe the method used for ChOOSlng the
appropriate waste site for Timber Mountain.

There was some question as to where the contamination existed
within the Timber Mountain Environmental Setting. As a result,
we chose the two suggested to us by the team leadership. The
first is located in the central area around 20 miles Northwest
from the town of Mercury. The second is located in the
mountainous area around 40 miles Northwest of Mercury in the
vicinity of Timber Mountain itself.

After running the two waste sites it was determined that the
first one was more conservative, giving concentrations around two
orders of magnitude larger than the second. The first waste site
was chosen for this reason.

3.112 ’ E54-3000-101 (10/89) .




ROA #008 lofl

Record of Assumptions (ROA) Memorandum

TO: File

FROM: Mary Jarvis

DATE: November 4, 1994

Installation ID: NTS

ROA No.: 008

SUBIJECT: Initial Dafes Contamination Introduced

This ROA describes how the assumptions for starting dates for contamination by environmental setting
were decided. The initial start dates were arrived at by determining the initial date a bomb was
exploded in each environmental setting. The PEIS database and installation references were consulted
to find this information.

The dates used in the MEPAS runs are as follows:
Frenchman Flat—January 27, 1951. Date that first bomb was exploded at the Nevada Test Site (NTS).

Rainier Mesa-—November 29, 1951. Earliest reported date in the PEIS database for any site area
(area 10) falling within the Rainier Mesa boundary.

Jackass Flats-—January 1, 1954. Reference states that the first bombing in this setting occurred in the
mid-1950’s. The exact date was not located. The date assumed is believed to be a conservative mid-
1950’s date. Reference is: PEIS 1141 (Information Pertinent to the Migration of Radionuclides in
Ground Water at the Nevada Test Site, by I. Y. Borg, R. Stone, H. B. Levy, and L. D. Ramspott,
May 25, 1976.

Timber Mountain---January 27, 1951. This is a conservative assumption which supposes that the earli-
est reported NTS bomb date also applies to the Timber Mountain environmental setting.

Pahute Mesa-—January 1, 1962. The reference says that the first bomb was detonated in this area in
1962, therefore the first day of the year was chosen. Reference is PEIS 1141 (Information Pertinent to

the Migration of Radionuclides in Ground Water at the Nevada Test Site, by I. Y. Borg, R. Stone,
H. B. Levy, and L. D. Ramspott, May 25, 1976.

Yucca Flat-——October 22, 1951. Earliest reported date in the PEIS database for any site area (area 7)
falling within the Yucca Flat boundary. ‘
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ROA #009 : 1ofl

Record of Assumptions (ROA) Memorandum

TO: File

FROM: Mary Jarvis )
DATE: November 8, 1994

Installation ID: NTS

ROA No.: : 009

SUBJECT: Basis for Assumptions of % Vegetative Cover

This ROA describes the basis for the BEMR assumption that zero (0%) of the NTS installation is cov-
ered with vegetation. After a detailed search of approximately one dozen installation-specific refer-
ences, the team found no information which reported the probable average percent of vegetative cover
at the NTS. Therefore the following logic was followed to arrive at a value.

The NTS installation is located in the most arid part of Nevada which has an annual average precipita-
tion in the valleys of 3-6 inches and on the mesas an average of less than ten inches. The vegetation of
the area is characteristic of the Great Basin deserts of the southwestern United States.

Desert shrubs (creosote bushes) cover most of the land area of the NTS. However at higher elevations .
there are areas of desert woodland (pinon, juniper, and sagebrush). (U.S. Department of Ener. '

Nevada Field Office Annual Site Environmental Report-1991. Volume 1. September 1992.) A sparse

vegetative cover or bare-soil surface is defined as <20% vegetation (Multimedia Environmental Pollut-

ant Assessment System (JMEPAS] Application Guidance Volume 2- Guideline for Evaluating MEPAS

Input Parameters for Version 3.0. August 1993. J. G. Droppo. Jr., D. L. Strenge, J. W. Buck,

B. L. Hoopes, R. D. Brockhaus, M. B. Walter, G. Whelan. PNL-7216. Volume 2.

Based on NTS’s location in a "true" desert biome, it is concluded that a vegetative cover of <20% is
an appropriate assumption. The Hanford Installation is not located in a desert but rather in an arid
steppe. The Hanford Installation has a slightly more dense average vegetative cover and a value of
10% was assumed for its Environmental Impact Assessment. Initial runs for the NTS presumed a
vegetative cover assumption of 0% Later an assumption of 10% was tested to ascertain differences in
the predicted concentrations. The values predicted were within the same order of magnitude and less
than a factor of two different. The 10% assumption yielded slightly lower concentrations. It was con-
cluded that the difference between using a vegetative cover assumption of 10% and 0% was negligible.
Therefore the installation team opted to use the more conservative value of 0%.
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Record of Assumptions (ROA) Memorandum

TO: , Mary Jarvis
FROM: Gariann Gelston
DATE: November 14, 1994

Installation ID: NTS
ROA No.: 010

SUBJECT: - Source and Boundary Receptor Locations for
Jackass Flats

This ROA is a description of the process followed to decide the
location of the source site and boundary receptor for Jackass
Flats. '

Due to southerly groundwater flow, the boundary receptor location
of Jackass Flats is in the middle of the Southern border of
Area 25.

Source location within the Jackass Flats Environmental Setting
was determined by the following method. The groundwater flow
direction in Jackass Flats is generally North to South, therefore
three points were considered as a source site. The first being
located in the middle of the Northern border of Area 25, the
second located in the center of Area 25, and the third located in
the middle of the Southern border of Area 25. (Note: East-West
movement was not a factor.) It was concluded that the third
point was too conservative, it places the source site on top of
the boundary receptor. The center point was chosen to be the
source site location since it was more conservative than the
first point and is also where the bulk of the waste is recorded
for Area 25.
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Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 14, 1994 -

Installation ID: NTS
ROA No.: 011

SUBJECT: Source and Boundary Receptor Locations for
Frenchman Flat

This ROA is a description of the process followed to decide the
location of the source site and boundary receptor for Frenchman
Flat.

Due to southerly groundwater flow, the boundary receptor location
of Frenchman Flat is on the Southern border of Area 5 where it
intergects with the Eastern border of Area 23.

Source location within the Frenchman Flat Environmental Setting
was determined by the following method. The groundwater flow
direction in Frenchman Flat is North to South, therefore three
points were considered as a source site. The first being located
in the middle of the Northern border of Area 5, the second
located in the center of Area 5, and the third located where the
Southern border of Area 5 intersects the Eastern border of ‘
Area 23. (Note: East West movement was not a factor.) It was
concluded that the third point was too conservative, it places
the source site on top of the boundary receptor. The center
point was chosen to be the source site location since it was more
conservative than the first point and is also where the bulk of
the waste is recorded for Area 5.
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Record of Assumptioﬁs (ROA) Memorandum

TO: . Mary Jarvis
FROM: Gariann Gelston :
DATE: November 14, 1994

Installation ID: NTS
ROA No.: 012

- SUBJECT: Source and Boundary Receptor Locations for
Yucca Flat :

This ROA is a description of the process followed to decide the
location of the source site and boundary receptor for Yucca Flat.

Do to Southerly groundwater flow, the boundary receptor location
for Yucca Flat is on the Southern border of Area 5 where it
intersects with the Eastern border of Area 23.

Source location within the Yucca Flat Environmental Setting was
determined by the following method. The groundwater flow
direction in Yucca Flat is North to South, therefore three points
were considered as a source site. The first being located where
Area 2, 8, 10, and 9 intersect, the second located in the middle
of the border of Area 1 and 3, and the third located on the
Southern border of Area 6 near the Area 11 border. (Note: East-
West movement was not a factor.) It was concluded that the third
point was too conservative. The second point was chosen to be
the source site location since it was more conservative than the
first point and is also where the bulk of the waste is recorded
for Yucca Flat.
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Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 14, 1994

Installation ID: NTS
ROA No.: 013

SUBJECT: Source and Boundary Receptor Locations for
Pahute Mesa

This ROA is a description of the process followed to decide the
location of the source site and boundary receptor for Pahute
Mesa.

Do to Southwestern groundwater flow, the boundary receptor
location for Pahute Mesa is on the Southwest border of Area 20.

Source location within the Pahute Mesa Environmental Setting was
determined by the following method. The groundwater flow
direction in Pahute Mesa is to the Southwest, therefore three
points were considered as a source site. The first being located .
on the Northeast border of Area 19, the second located to the
east of the Area 20 and Area 19 intersection, and the third
located on the Southeast border of Area 20. It was concluded
that the third point was too conservative, with the boundary
receptor and source point at the same location. The second point
was chosen to be the source site location since it was more
conservative than the first point and is also where the bulk of
the waste is recorded for Pahute Mesa.
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Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: November 14, 1994

Installation ID: NTS
ROA No.: 014 .

SUBJECT: Source and Boundary Receptor Locations for
Rainier Mesa

This ROA is a description of the process followed to decide the
location of the source site and boundary receptor for Rainier
Mesa.

Due to Southerly groundwater flow, the boundary receptor location
for Rainier Mesa is on the Southern border of Area 5 where it
intersects with the Eastern border of Area 23.

Source location within the Rainier Mesa Environmental Setting was
determined by the following method. The groundwater flow
direction in Rainier Mesa is to the South coming from the
Northeast and Northwest, therefore three points were considered
as a source site. The first being located on the Northern border
of Area 15, the second located just above the center of Area 8,
and the- third located at the intersection of Area 8, 10, 2, and
9. It was concluded that the third point was too conservative.
The second point was chosen to be the source site location since
it was more conservative than the first point and is also the
midpoint of numerous recorded waste sites located to the East and
West.
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Record of Assumptions (ROA) Memorandum

TO: : Mary Jarvis
FROM: Gariann Gelston
DATE: November 15, 1994

Installation ID: NTS
ROA No.: ) 015

SUBJECT: Location of On-Site Receptors

The following ROA is to explain the method used for calculating
the on-site receptors for all environmental settings.

All environmental settings followed the same method for
determining the location of the on-gsite receptor. The distance
of the on-site receptor from the center of the source is one and
a half times the length of the source site_(1.5 * L). Sourge
site areas are square and range from 10 £ft2 to 1,000,000 ft<, and
increase by a factor of 10 each step. The direction of the on-
site receptor is not specified since it is assumed to be in the
direction of groundwater flow for the groundwater receptor, and
in the direction of highest concentration for the air receptor.
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. | Record of Assumptions (ROA) Memorandum
TO: File
FROM: Gariann Gelston and Mary Jarvis
DATE: November 10, 1994

Installation ID: NTS
ROA No. : 016

SUBJECT: Use of Unit Risk Factors (URF) Inappropriate
for Deep Sites

The purpose of this ROA is to note that the use of the NTS URFs
to calculate approximate site risk is not wvalid. The reason is
that the exposure modeling (contained in the URF methodology)
examines surficial soil contamination only (i.e., contamination
to a depth of about 10 feet). As a result, the modeling is not
representative of contamination significantly below 10 feet.

The PEIS database reports information on 6 NTS sites which are
significantly below 10 feet.

. : location depth
area # (feet)
20 2,756.6
26 108.8 .
05 72.5
18 60.9
Unknown 52.2
12 43.5

These 6 sites are scattered across the NTS installation in
various environmental settings. In order to prepare URFs
appropriate exclusively to these 6 sites, it will be necessary to
perform multiple depth runs for the entire installation. At this
time, the team does not plan to make the additional depth runs.
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Record of Assumption (ROA) Memorandum

TO: File

FROM: Mary Jarvis

DATE: November 28, 1994

Installation ID: NTS

ROA No.: 017

SUBJECT: Rationale for Selection of Media

For calculational purposes, it was assumed that only "surface soil" and
"buried waste" are a source of contamination at the NTS installation.

A review of the PEIS database revealed that there is information for surface
soil as a source at the NTS installation. There is no entry for buried waste,
groundwater, or surface water. However, Dale King (BEMR-Cost Task) advised
the NTS team on October 24, 1994 that he would need unit risk factors to
calculate remediation costs for buried waste. Dale King said he recognized
that buried waste is not currently contained in the PEIS database, however he
said there are plans to add this information in the near future.
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Record of Assumption (ROA) Memorandum

T0: File
FROM: Mary Jarvis
DATE: November 28, 1994

Installation ID: NTS
ROA No.: 018
SUBJECT: Rationale for Se]éction of Pathways

For calculational purposes, it was assumed that the only complete pathways (or
"release mechanisms") of exposure from the source (or "waste types") to a
receptor at NTS are those usually associated with "buried waste" and "surface
s0il." "Surface soil" and "buried waste" are the source of contamination (or
waste types) at the NTS installation.

The pathways (or release mechanisms) assumed to be present include: for buried
waste, infiltration to groundwater, and volatilization to air; and for surface
soil, infiltration to groundwater, volatilization to air, suspension of dust
to air, and direct radiation. A1l surface water release mechanisms associated
with (buried waste and surface soil) are not included because these pathways
are not viable at NTS except during rare and temporary flooding events (see
ROA #21 for NTS). : .
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Record of Assumption (ROA) Memorandum

T0: File

FROM: Mary Jarvis
DATE: November 15, 1994

Installation ID: NTS

ROA No.: 019

SUBJECT: Restricted Area On-site

One installation reference describes two on-site areas of plutonium-239,240
contamination adjacent to above ground nuclear test shots. (PEIS #6038.

J. I. Daniels Editor. Pilot Study Risk Assessment for Selected Problems at
the Nevada Test Site. June 1993. Lawrence Livermore Laboratory.)

The sites are described as Plutonium Valley (area 11) and GMX (area 5). The
reference indicates that the sites are restricted access by virtue of the fact
that they are located within the test ranges (all of which are restricted
access). No information was located addressing whether these areas are
planned to be restricted areas in the future. As a result, no restricted area
was delineated in the conceptual site model.
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Record of Assumption (ROA) Memorandum

T0: File
FROM: - Mary Jarvis
DATE: November 15, 1994

Installation ID: NTS
ROA No.: 020
SUBJECT: PEIS Database

A review of the PEIS database revealed that there is information for surface’
soil as a source at the NTS installation. There is no entry for buried waste,
groundwater, or surface water. However, Dale King (BEMR-Cost Task) advised
the NTS team on October 24, 1994 that he would need unit risk factors for
cleaning up buried waste. Dale King said he recognized that buried waste is
not currently contained in the PEIS database, however he said there are plans
to add this information soon. In addition, at this time, BEMR Costs’ staff
are not planning to calculate the cost of cleaning contamination due to past
underground testing.
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Record of Assumption (ROA) Memorandum

T0: File
FROM: Mary Jarvis
DATE: November 15, 1994

Installation ID: NTS
ROA No.: 021
SUBJECT: Surface Water

It is concluded that there is no on-site surface water pathway at NTS because
"there are no continuously flowing streams on the NTS." (PEIS # 329. U.S.
Department of Energy Nevada Field Office. Annual Site Environmental Report -
1991. Volume 1. DOE/NV/10630-33. It is further concluded that there is no
surface water source to consider at the NTS site because there is no data for
this medium entered in the PEIS database (at this time).

Surface drainage for Frenchman Flat and Yucca Flat are in closed-basins, which
drain onto dry lakebeds in each valley. The remaining area of the NTS drains
via arroyos an dry stream beds that carry water only during intense or
persistent rainstorms. Pahute Mesa has an integrated channel system which
carry runoff beyond NTS boundaries into the closed basins of Kawich Valley and
Gold Flat on the Nellis AFB Range complex. The western and southernmost
portions of the NTS have channel systems which carry runoff from intense
storms toward the southern boundary of the NTS and off-site toward the
Amargosa Desert. Jackass Flats and the Amargosa Desert are connected via the
Amargosa River. (PEIS # 329. U.S. Department of Energy Nevada Field Office.
Annual Site Environmental Report - 1991. Volume 1. DOE/NV/10630-33.
Winograd, Isaac and Thordarson, William. Hydrogeological and Hydrochemical
Framework South-Central Great Basin, Nevada-California, with Special Reference
to the Nevada Test Site. Hydrology of Nuclear Test Sites. Geological Survey
Professional Paper 712-C. U.S. Government Printing Office. Washington, D.C.

The closest major water body is Lake Mead at 72 miles distance from the NTS.
During extreme conditions flashfloods may occur. Flashfloods have the
potential to allow surface soil contamination to migrate off-site. However,
since no large perennial or intermittent streams are found in the region, it
was concluded not to do an overland runoff scenario off-site to a surface
water body (at this time).
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Record of Assumption (ROA) Memorandum

T0: File
FROM: Mary Jarvis
DATE: November 28, 1994

Installation ID: NTS
ROA No.: - 022
SUBJECT: Rationale for Selection of Exposure Pathways

For calculational purposes, it was assumed that the receptors are both "on-
site,"” and at the "installation boundary." No "restricted area boundary
receptor” is hypothesized. The exposure pathways selected for assessment are
those 1ikely to result from the potential release of volatile organics, radio-
nuclides, and/or particulate contamination from surface soil to the air. This
material is in turn inhaled, ingested, and/or contacted dermally. Surface
soil and buried waste sources are also assumed to leach to groundwater which
is used for a variety of purposes, thereby creating the numerous potential
exposure pathways identified below.

The exposure pathways chosen include the following:

* for all receptors via inhalation exposure pathway, airborne contamina-
tion, groundwater contamination while showering, and re-suspended soil
particle; ) ‘ ,

* for ingestion exposure pathway, airborne contamination (leafy vegeta-
bles, other vegetables, meat products, milk products), groundwater con-
tamination (drinking water, showering, leafy vegetables, other vegeta-
ble?, meat products, milk products); soil contamination (ingestion of
soil);

* for external radiation, direct radiation (on-site receptor only); and

* for dermal contact, groundwater contamination (showering), contact with
source contamination (all media), contact with deposited contamination
(al1 exposure media), and contact with deposited contamination (soil
[atmospheric dust]).

Surface soil contaminated with radionuclides is assumed to impart direct
radiation but only to the on-site receptor. The installation boundary recep-
tor might in reality be exposed to direct external radiation, however this
pathway is not supported by the modeling methodology employed herein, and as a
result these calculations were not performed. This is recognized a limitation
of the approach.
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A11 surface water exposure pathways are excluded because these pathways are .
not viable at NTS except during rare and temporary flooding events (see
ROA #21 for NTS).
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Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Brad Warren
DATE: November 17, 1994

Installation ID: NTS
ROA No.: 023
SUBJECT: Multiple Aquifers for Rainier Mesa

This ROA memo is to describe the method used for chéosing the
appropriate aquifer for Rainier Mesa.

The Groundwater flow from Rainier Mesa passes through Yucca Flat
and Frenchman Flat on its way to the Boundary receptor. The
Rainier Mesa consists of a 3500 ft vadose zone (600, 600, 1200,
1100 ft thickness for the PSZ’s) and the contamination doesn’t
reach the aquifer within 10,000 years. For this reason, it was
determined that the aquifer for Rainier Mesa would be appropriate
to use for the runs.
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Record of Assumptions (ROA) Memorandum

TO: Mary Jarvis
FROM: Brad Warren
DATE: November 17, 1994

Installation ID: NTS
ROA No.: 024
" SUBJECT: ) Multiple Aquifers for Yucca Flat

This ROA memo is to describe the method used for choosing the
appropriate aquifer for Yucca Flat.

The Groundwater flow from Yucca Flat passes through Frenchman
Flat on its way to the Boundary receptor. Since Yucca Flat and
Frenchman Flat both have identical aquifers, the Yucca Flat
aquifer was used.
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. Record of Assumptions (ROA) Memorandum
TO: - Mary Jarvis
FROM: Christian Fosmire

Installation ID: NTS
ROA No.: 025

SUBJECT: Climatological Data Used at the Various
Locations at NTS

This ROA is a description of the process used to define which
meteorological stations were used for each environmental setting
at NTS.

For all the environmental settings, there are two possible
meteorological stations, Desert Rock Airport and Yucca Flats,
which have climatological data. The question posed was which
meteorological station should be used for each of the six
environmental settings: Jackass Flats, Timber Mountain, Yucca
flat, Frenchman Flat, Rainier Mesa, and Pahute Mesa. In
consultation with Cliff Glantz, it was decided to use his
suggestions on how to pair up the meteorological station and the

. six environmental settings. Attached is a copy of the cc:mail
message sent to Cliff and his response. In his response he
states which meteorological station should be used with each
environmental setting. '
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[13] From: Ronald N. Kickert at ~PNL83 10/18/94 4:38PM (1053 bytes: 23 1n)
To: Mary F. Jarvis at “PNL41

cc: Brad R. Warren :

Subject: BMER Met Data for 6 Env. Settings of NTS - Decision Needed
---------------------------------------- Message Contents

- According to the data tables from C1if Glantz, there are two met
stations whose parameters data we have for the NTS:

Desert Rock Airport, in the southern tip around Mercury, NV
and »
Yucca Flat, approx. in the middle of Yucca Flat

We will have to agree on how we assign each of these two stations
among the six Environ. Setting areas.

I propose the following:

Desert Rock Airport: use for Jackass Flats
Timber Mtn.

Yucca Flat met sta.: use for Yucca Flat
Frenchman Flat
Rainier Mesa
Pahute Mesa
Please advise.

Ron
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‘ [10] From: Clifford S. Glantz at ~PNL83 10/19/94 4:09PM (948 bytes: 18 1n)
To: Ronald N. Kickert, Mary F. Jarvis at ~PNL41
cc: Brad R. Warren, Richard Holdren at ~PNL54
Subject: Assigning appropriate met data to NTS envi. settings
R et L LD DR Message Contents
Based on some brief discussions with Rich Holdren we suggest the
following assignments:

Met station Env. Setting

Desert Rock: ' ~Jackass Flats
Frenchman Flat

Yucca Flat: Pahute Mesa
Rainier Mesa
Yucca Flat
Timber Mtn.

(even though Desert Rock falls within this setting, most

of Timber Mtn. is best described by Yucca Flat met.
data!)

. -- Cliff
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Record of Assumption (ROA) Memorandum

TO: Mary Jarvis
FROM: Gariann Gelston
DATE: December 21, 1994

INSTALLATION ID: NTS
ROA NO.: 026
SUBJECT: MEI Location

The purpose of this ROA is to describe the process used for
selection of the Maximum Exposed Individual for the atmospheric
pathway for on-site and boundary receptors.

All on-site MEI receptors were chosen to be 100 m from the center
of the waste site and in the Southwest direction. This distance
was chosen because 100 m is the closest measured point to the
center of the waste site. This direction was chosen because the
Southwest direction has the highest concentrations given the
joint frequency data used.

Boundary MEI receptors were based on the environmental setting
being considered. All environmental settings used a direction of
North. This was because at further distances the North wind
direction yields slightly higher concentrations than the South-
west. Boundary distances from the center of the waste site vary
due to location of the boundary. In all cases the distance to
the nearest boundary from the waste site center was selected
regardless of wind direction. By choosing the smallest distance
the concentrations selected would be conservative and compensated
for some concern on the use of the Nellis Air Force Base joint
frequency data. The following MEI boundary distances were used:
Frenchman Flat, 5 km; Jackass Flats, 10 km; Yucca Flat, 7.5 km;
Timber Mountain, 15 km; Rainier Mesa, 5 km; Pahute Mesa, 9 km.
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Record of Assumption (ROA) Memorandum

TO: Mary Jarvis
FROM; Brad Warren
DATE : December 21, 1994

INSTALLATION ID: NTS
ROA NO.: 027
SUBJECT: Infiltration Rate for NTS Groundwater flow

The infiltration rate for all Environmental Settings at NTS was
discovered to be zero when calculated in MEPAS. To get the MEPAS
User Interface to ask for infiltration rate, CWPOND was set to 1,
meaning a designated pond site. When MEPAS asked for infiltra-
tion rate, the number used was the value given for Darcian
Velocity in the Hydrogeological Environmental Settings data as
directed by Rich Holdren.
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Record of Assumption (ROA) Memorandum

TO: File

FROM: _ Mary Jarvis

DATE: December 20, 1994
Installation ID: NTS

ROA No.: 028

SUBJECT: Clarification of JFD Issue

The MEPAS runs which created the URF (unit risk factors) for the Nevada Test Site
(NTS) used the joint frequency distribution (JFD) for Nellis Air Force Base.
Later the JFD for Las Vegas was acquired. In addition, the existing runs use
incorrect inputs for anemometer heights and thunderstorm days.

Christian Fosmire performed case studies and prepared the attached memos to help
clarify the effect of these assumptions on the output modeling results. The
memos are titled as follows: "Air Concentrations for Las Vegas Versus Nellis
JFD," dated December 12, 1994. "NTS Air Concentrations for Nellis," dated
December 2, 1994. "Using Incorrect Anemometer Height and Thunderstorm Days,"
December 2, 1994. "JFD for Nevada Test Site," December 2, 1994.

The conclusion drawn from the work documented in the memos is that the net effect
on the output of utilizing the Las Vegas JFD data, the correct anemometer height
(2.0 meters), and the correct number of thunderstorm days is minimal. For some
contaminants the effect Towers the predicted concentrations, and in some cases it
increases the predicted concentrations. On the whole, the increases and
decreases appear to balance one another making the net effect relatively neutral.
For example, using the Nellis AFB JFD for non-reactive gasses yields a higher
(-40%) peak air concentration than using the Las Vegas JFD data. Particles
modeled over distances of less than 2 kilometers yield higher (-10%) concentra-
tion values with Nellis data, whereas at 2-11 kilometers the Las Vegas data
yields higher (-25%) results, and at greater than 11 kilometers the Nellis data
yields higher (-200%) results. The corrected anemometer height (2.0 meters)
results in slightly higher concentrations (-20%) at small distances and Tower
concentrations (-20%) at long distances. the difference in thunderstorm days had
no affect on concentrations.

The air work also reveals that the terrain at NTS is very complex, containing
-mountains and valleys, which channel the winds. The use of a simple Gaussian
plume air model (as is utilized in MEPAS) does not accurately model the expected
air transport at NTS. Therefore, the results are anticipated to be inaccurate,
but erring on the side of conservative- tending to overestimate the exposure
point concentrations rather than underestimating them. The use of an air model
which better approximates the environmental setting is recommended.
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DON'T SAY IT -- Write It! ) Date: December 12, 1994
To: Mary Jarvis From: Christian Fosmire
Subject: Bir Concentration for Las Vegas vs Nellis JFD

In an earlier DSI, I reported that the most appropriate Joint
Frequency Distribution (JFD) of winds would be the Las Vegas JFD. However,
the MEPAS runs were done using the Nellis Air Force Base JFD. In this DSI, I
compare the peak air concentrations using the two JFDs. For non-reactive
gases the peak air concentration calculated using the Nellis JFD is always
larger than that calculated using the Las Vegas JFD. For particulates the
difference depends upon particulate size and distance from the source.

To analyze how the two JFDs effect the air.concentrations, I ran a
test case -from Yucca Flat using both the Nellis and the Las vegas JrDs. To be -
consistent with the origiral MEPAS runs, I used an anemcmeter he*ght of 9.1 o

meters, which is largex than the actual anemometer height for the Nellis JFD.

north direction dependlngJupon the dxstance.-.For the Las Vegas JFD, the peak
'concentrat'en usually occurs in the northeast direction except for very large
(>10 km) distances.
Figufe 1 shows the ratio of air concentrations for large particles for
. the north and southwest direction using the Nellis JFD compared to the air
concentration for the east-northeast ditection using the Las Vegas JFD. For
both the north and southwest directions at small distances (<150 m), the
Rellis concentrations are only sxxgntly larger than the Las Vegas
concentrations. At intermediate distances, the Las Vegas concentrat;ons are
larger than the Nellis concentrations within a factor of two until you are a
couple of kilometers for the source. The distance where the Nellis
concentration once agaih becomes larger than the Las Vegas concentraﬁion is
about 11 kilometers for the southwest direction and about 8 kilometers for the
north direction. For §ery large distances, the Nellis concentrations become
much larger than the Las Vegas concentratign probably due to the fact that the
_peak'eoncentration”for Las Vegas ‘at very lérge distances (>10 km) is not found
“in the northeast direction. For the case of smaller paftieles, the above
results are expected except the distances a£ which the ratio crosses one would
be different.

Figure 2 shows the ratio of air concentrations for Nellis and Las
4Veges JFD fqr_non—reaétive.gaées again for the southwest directions for Nellis
and the east—northeast direction for Las Vegas. For non-reactive gases, the

Nellis JFD produces larger peak concentrations-than Las- Vegas for all '

d;stances.
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Figure 1. Ratio of Air Concentration for Large Particles (Nellis vs.
Las Vegas) '
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DON'T SAY IT -~ Write It! Date: December 2, 19%4

To: Mary Jarvis From: Christian Fosmire
Subject: NTS Air Concentration for Nellis Data

There has been a question about concentrations for two distances,
north and southwest, as a function of distance for the Nevada Test Site MEPAS
runs using the Nellis Joint Frequency Distribution (JFD). The Nellis JFD can
have a peak concentration in either the north direction or the southwest
direction depending upon the distance from the source location and the type of -
pollutant. The concentration difference between these two direction for a
given distance and a given pollutant is within a factor of two for all
distances. - _ .- j: i - ; )

To analyze the difference in the concentrations Eet&een.the'two
direcﬁions, I looked at air concenfretions from ; MEPAS run using the
meteorological data from Yucca Flats with a Nellis JFD. Fiéures 1, 2, and 3
'shqw the ratio of the air concentration to the north to the air concentration
to the . southwest assuming a unit emission rate as a function of distance for
large particles, small particles, and non-reactive gases, respectively. From
Figure 1, the southwest concentration is larger than the northern
concentration (the ratio is less than 1) for distances less than about 300
meters. The reason.thet the southwestern concentration is larger than the
northern concentration is that a majority of the low wind speed, stable cases
are for winds from the northeast (toward the southwest). The low wind speed,
stable cases usually produce the highest concentrations. After 300 meters,
the northern concentration becomes increasing larger than the southwestern
concentration. The reason for the reversal is that with low wind speeds, the
plume takes a longer time to travel a certain distance. During this time,
particles are being deposited on the ground. Thus, more particles are being
deposited at smaller distances so that concentration is less at larger
distances. As shown in Figure 2, the distance at which .the northern )
concentration becomes iarger than the souehwestern concentration is around
15,006 meters. The reason for the larger distance is due to the smaller
"particles depositing much slower than the larger particles. For the non-
depositing gas, the souﬁﬁwéstezn concentration is alwdys larger than the

northern concentrations (Figure 3) as expected.

3.139 E54-3000-101 (10/89)
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DON'T SAY IT -- Write It! Date: December 2, 1994
To: Mary Jarvis From: Christian Fosmire
Subject: Using incorrect anemcmeter height and Thunderstorm days

Two incorrect inputs in the MEPAS runs for NTS were using the
incorrect anemometer height for the joint frequency data and using an
' incorrect number of thunderstorm days for the Desert Rock climatology data.
In analyzing the difference in the concentrations when the correct and
.incorrect anemometer heights are_dsed, the difference varies depending upon
tyée of contaminant and distance. There appears to be no change in the
concentration due to the incorrect input of the thunderstorm days.
" The joint frequency dist;ibution data requires an anemometer height
associated with the data. In the MEPAS runs; anemometer height i putted were
too high. To test what effect this has on the conceﬂtratidns, I ran a case

using a site at Yucca Flats with the Nellis Air Force Base joint freguency
data at both the incorrect height (8.8m) and the correct height (2.0m).
Figure 1 and 2 show the ratioc of the concentrations for large particles as a
function of direction for the north and southwest direction,.respectively.
The north and southwest directions are the direction were the maximum
concentrations are found. At small distances the incorxrrect height gives
slightly higher concentrations. At larger distances, the incorrect height
. give much smaller concentrations. There is little difference ir; the direction
used. The reason for this behavior is that the winds‘are adjusted to be at
the height of the plume which is assumed to be 2 meters. B2Eecause the
;ncorrecg height is larger then the correct height'and»éhe wind decrease with
height when it is adjusted, the wind is actually traveling slower in the '
incorrect height case compared to the correct height case. The slower winds
mean that at small distances the concentration is larger because the plume
disperees slewer, Because there is more deposition of material at small
distances for the slower wind, at large distances the concentration will be
less than for a fastef wind. For small particles the same type of pattern is
_ expected only the dlstance at which the ratlo goes below one will differ.-
“Figure 3 which' show the ratio of concentratlon as a function of distance for a
non-deposxtxng gas- show. Because there is no deposition, the concentration is’
always larger for the incorrect height case as expected.
Due to an error in the climatological worksheet, an incorrect number
‘of thundérstorm days was inputted for the Dese:t'Rdck station. I found no
difference in the.concentfations when the correct number of thunderstorm days
was inputted. The thunderstorm days effects the wet deposition rate which
except for'special~s£5ck'cases is overwhélmed by the dry deposition.

. 3.143 ES4-3000-101 (10/89)



ROA #28

(UoL1D8UALP YJAON 40J SEELSN Buisn eaonp) sa|oLiaed abae] 40j UOLIRAJUBIUO) JO OL}eYy °[ aJnbl4

000001t

{w) asueisid

St e

bt

ool

0

" |zo

10
1 a0
| 80
1

Tl
TRA
tot

I 81

E54-3000-101 (10/89)

3.144

1By 1aau00/15u'1aaxip§u1) oney




10 of 15

(uoL328uLp MS 404 SL||BN Buisn eoonp) sa|dilded abue] 40 UOLFRUIUIIUO) JO OLRY °2 84nbLy

(tu) asueysiq

1 000001 00001 _ 0001 | T ool

'

'
-
i
i
'

i
[

h

.

.

1
o

ROA_#28
?

(16'qA 1001109/16Yy 1081100Ul) oney

Page 1

ES54-3000-101 (10/89)

3.145



ROA #28 11 of 15

DON'T SAY IT.-- Write It! Date: December 2, 1994
To: Mary Jarvis From: Christian Fosmire

Subject: JFD for the Nevada Test Site

In attempting to obtain a Joint Frequency Distribution (JFD) of winds
as a function of atmospheric stability. wind speed., and wind direction for the
Nevada Test Site. we have run into many problems. These problems are due to
the compiex terrain of the Nevada Test Site and the type of atmcspheric model
that is being used by MePAS. For the JFD's that we have on hard. the Las
Vegas JFD appeafs to be the.only JFD that is not strongly influenced by the.

- Tocal topography'and is the most dppropriate JFD to use for repreSénting the
entire Nevada Test Site.

The atmospheric model being used in MEPAS is a straight line gaussian
plume model. This type of model does.not perform well for the Nevada Test
Site because winds are strongly influenced by local topographic features.
Thus. a straight line plume may only be valid over distances of a couple of
kiTometers or less at many locations at the Nevada Test Site. However. .
requirements to use the MEPAS model as a common tool for all PEIS and BEMR
modeTing.and the scope of work for this project prevent us from using a more
detailed supplementary model to better characterize the atmospheric transport
at the Nevada Test Site. '

At the Nevada Test Site, there are a number of station-within the site
that have records of wind speed-and wind direction. iUnfortunatély, most of
the sites have no associated record of atmospheric stability. ‘While it is
possible to estimate the stability at each station using data from other
sources. this is beyond our scope of worE‘ Only Desert Rock Airport and Yucca
Flats have records of atmospher1c stab111ty wWind* speed and ‘wind direction. _
‘As 1mp11ed before. meteorological measurements at Desert Rock and” Yucca Flats
are strongly influenced by the local topography. Of these sites. a JFD of
Desert Rock for the years 1981 - 1990 was obtained from Charles Steadman who
works for the Meteorological Operations Branch of the Nevada Test Site.
Figure 1 shows the frequency of. occurrence of the Wind§ as a function of wind

3.146 ES54-3000-101 (10/89) .
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direction at Desert Rock. As shown in Figure 1. there are two peaks in the
frequency distribution. One peak is for winds from the northeast and the
other is for winds from the southwest, with the peak for the winds from
northeast being the larger of the two. The maximum is probab]y'the result of
nocturnal down-valley flow. Because the largest concentrations are often seen
during stable conditions and drainage flow occurs in stable conditions. it is
probable that peak pollutant concentrations calculated using the JFD would
occur for winds from the northeast. This presents a problem if this data were
applied to all locations at the Nevada Test Site because this result is
strongly influenced by the orientation of the terrain around the Desert Rock
station ana is not consistent with other terrain ortentations or the regional
flow pattern. Thus. using a- JFD from a site which 15 influenced- strono1v by
the Jocal topography may not be the preferred choice even if it is the site
g closest to.the potential pollutant release point.

) oe51oes Desert Rock. two other JFD's were obtained from the National
Climatic Data-Center : Nellis Air Force Base (for the vears 1958 - 1967) and

" Las Vegas (for the years 1960 - 1964). The Las Vegas data comes from the
McCarran. International Airport. Both Nellis Air Force Base and McCarran

. Airport are located near Las Vegas which is located about 65 miles southeast

of the Nevada Test Site. Nellis is about 20 miles northeast of McCarran.
Figures 2 and 3 show the freguency of occurrences of the winds as a function
of wind direction for Nellis and Las Végas data. respectively. In comparing
Figure 2 to Figure 3. the two distribution differ'stightly in the direction
and magnitude of peak frequency (winds from the south for Nellis and from the
southwest for Las Vegas with Las Vegas having the larger peak). The major
difference in the wind distributions is that for Nellis there is a secondary

" peak-for winds from the northeast which suggests that there may be some local
topography 1nf1uence at that site. For the Las Vegas data. we don’'t see this
'secondary peak As stated above, if the secondary peak_for the Nellis data is
due tofdrainage flow. it 15 possible that the peak concentrations'may be due

" to winds from the northeast rather than for winds from the south for certawn

'fs1tuat1ons We would expect that the concentration patterns would be
different for Nellis than for Las Vegas Because we are mostly interested in
the regional effects and we would 1ike'a JFD with the m1n1ma1 amount of

topograpﬁwc xnftuence this suggests that the Las Vegas JFD wou]d be the most
appropriate for the NevadaATest Site. ‘

E54-3000-101 (10/89)
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Record of Assumptions (ROA) Memorandum

To: Gariann Gelston
From: Dennis Strenge
Date: ' December 21, 1994

Installation ID: General

ROA No.: 09Q »

Subject: Exposure Pathways Selection for URF Analysis

The selection of exposure pathways for the unit risk factor (URF) analysis was
driven by the goal of being consistent with Risk Assessment Guidance for
. Superfund "{RAGS) .pubTished by EPA (1989), and as implemented by OSWER
‘directives (1991). Sixteen exposure pathways are included among the five-
exposure media. Of these pathways, 14 were included because they were-
directly described in the RAGS or OSWER directives. These pathways are:

soil ingestion

soil.dermal absorption

fruit ingestion

vegetable ingestion

milk ingestion

meat ingestion

air inhalation

volatile chemical inhalation for indoor water uses

shower dermal absorption

drinking water ingestion

sw1mm1ng water ingestion

swimming dermal absorpt1on, and

fish ingestion.

The other three pathway were included to ensure that no potential exposures
were underestimated or overlooked. These extra exposure pathways are:
external dose from contaminated ground
external dose from air, and
- swimming externa] dose.

In add1t1on, radionuclideX risks were for “dermal absorption pathways, even
though EPA 'does not provide guidance on such ca]cu]atlons T ’ ‘

3.451 E54-3000-101 (10/89)
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Record of Assumptions (ROA) Memorandum

To: Gariann Gelston
From: Dennis Strenge
Date: December 21, 1994

Installation ID: General
ROA No.: OO0
‘Subject: " Basis for BEMR URF Analysis

‘The attached summary report describes assumptions and methods used to evaluate
the unit risk factors for the BEMR project. -

3.152 : E54-3000-101 (10/89)
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.0 INT N Comment Draft
: RODUCTIO December, 1994

The work presented in this report was performed in support of the
Department of Energy’s Baseline Environmental Management Report (BEMR). PNL
was asked to provide technical support by providing estimates of pollutant
transport and risk assessments. This report describes the generation of unit

‘risk factors (URFs) to be used as the basis for the BEMR risk assessment.

The BEMR transport and risk assessment analyses were structured to take
advantage of precalculated factors, thus allowing timely computation of
results. This structuring required generation of unit risk factors to aliow a
significant reduction in computer computation efforts. - The URFs give the
human health risk from an exposure scenario per unit concentration.of a _
pollutant in a defined transport medium. The URFs are then multiplied by
calculated medium concentrations to obtain an estimate of risk.

The unit risk factor ana]yses have. been performed for the agricuitural
scenario defined in the Risk Assessment Guidance for Superfund (RAGS), .
published by EPA (USEPA 1889). The RAGS scenarios were developed as a guide
to performing evaluations of risk related to the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) remedial investigations
(RIs) and the Resource.Conservation and Recovery Act (RCRA) facility
1nvest1gat1ons (FIs).

. The RAGS document defines a number of scenarios. The agr1cu]tura1
_scenario was chosen because it describes a conservative approach for baseline
assessments and includes most exposure pathways. URFs are calculated for the
agricultural scenario for an array of med1a exposure pathways, and
pollutants, as follows:

- Medium soil (per unit mass), soil (per unit area), air, groundwater, and
surface water .

Exgosure pathway 16 pathways defined
: Po]]utant 156 chemlcals and 83 radwonuc11des-

The unit risk factors also depend on the pollutant type (i.e., radionuclide,
chemical carcinogen, chemical non-carcinogen) and are evaluated appropr1ate]y
for each po]]utant A1l chemicals are evaluated for both carc1nogen1c and
non- carc1nogen1c effects

o Generat1on of un1t r1sk factors for the BEMR was~ performed using the
most ‘current version of the MEPAS exposure assessment: component This
component includes consideration of radioactive.chain decay in all parts of
“-the analysis- and is referred to in this report as HAZDK (hazards eva1uat10n,
. decay vers1on vers1on date 15-Dec- 1994).

11 o
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December, 1994

The scope of the URF analyses is described in Section 2 which indicates
the media, exposure pathways and pollutants for which URFs have been evaluated
for the agricultural scenario. Details of the exposure pathway analyses are
presented in Section 3.

2.0 SCOPE OF URF ANALYSIS

This section describes the exposure scenarios, media, exposure pathways,
and pollutants included in the URF analyses.

2.1 SCENARIO AND MEDIA

"The RAGS agr1cu1tura1 scenarwo is used as the basws for the URF
evaluations. This scenario is evaiuated for five transport media determined
to be necessary for the analysis: 1)-soil defined per unit mass, 2) soil
defined per unit area, 3) groundwater from wells, 4) surface water, and 5)
air. These are the primary media for which po11utant concentrations are known
or can be reasonably estimated. Other media are considered in the unit risk
factor analyses as appropriate to the scenario and exposure pathways. For
example, ingestion of agricultural products is included for use of
contaminated water for irrigation of crops. In such cases the secondary .
medium concentration is evaluated using mathematical models in MEPAS, and the
risk from the secondary medium is 1nc]uded in the units risk factors for the
primary medium.

The agricultural scenario is intended to represent potential exposures
to an individual who may take up residence on the land in the future and use
the land for agricultural production. The agricultural scenario includes use
of domestic water, production of and exposure to vegetable and animal
products, and surface water recreational activities. The exposures aré
"describe as occurring continuously throughout the year (except for surface
water recreational activities). All of the media have potential for exposure
of the farming individual. - Exposure parameters are selected to represent
continuous exposure by each pathway. Pathways included in the agricultural
scenario are presented in Section 2.2. . * . L Lo

2.2 EXPOSURE PATHWAYS

A total of sixteen exposure pathways are considered in the URF analyses.
The pathways included in a specific analysis depend on the medium, scenario, -
and pollutant type (chemical or radionuc]ide). The exposure pathways
‘appropriate to each analysis are indicated in Table 2.1, for the agricultural
scenario. This table also indicates wh1ch pathways app1y to chem1ca1s and
which apply to radionuclides.

) - 1.1 T
e 3.1‘54 BS54-3000-101 (10/89) .
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. Comment Draft

December, 1994

TABLE 2.1. Exposure Pathways Included in Agricultural Scenario URF Analyses

Medium__ Exposure Pathway Chemicals Radionuclides
- Soil (mass) Soil ingestion yes yes
’ ' ~ Seil dermal absorption yes yes
External ground dose no yes
Soil (area) Fruit ingestion ' yes yes
S : Vegetable ingestion - yes yes
Meat ingestion yes yes
MiTk ingestion yes yes
Soil dermal absorption yes~ yes )
Soil ingestion . : yes - yes -
External ground dose no © yes
Air Fruit ingestion yes - yes
Vegetable ingestion yes yes
Meat ingestion yes - - yes
Milk ingestion yes - yes
Inhalation - .7 yes. yes-
: - External air dose : no yes
Groundwater Drinking water ingestion yes yes
Shower dermal absorption yes yes
. ‘ Fruit ingestion yes ves
o Vegetable ingestion yes . yes -
Meat ingestion yes - yes
Milk ingestion yes yes
Indoor inhalation of VOCs yes Rn222 only
Surface water Drinking water ingestion yes - " yes
- - Shower dermal ‘absorption yes yes
Fruit ingestion v yes yes
Vegetable ingestion’ yes yes
. E Meat ingestion o yes . yes
"~ Milk ingestion : yes yes
Fish ingestion - yes . yes
Swimming water ingestion yes yes
Swimming dermal absorpt1qn yes yes
Ce. : Swimming external dose . no yes
T - - ~Indoor inhalation of VOCs . =~ 'yes . Rn222 on]y

2. 3 POLLUTANTS
. - The po]lutants 1nc]uded in the analys1s were selected based on

lists provided by project staff. -The list of chem1cals is given in Table 2.2
_and the.list of radionuciides is given in Table 2.3.- In some cases, the- ,
initial list included.chemical compounds.. such as beryllium chloride. For the
unit risk factor analysis, such pollutants are eva]uated as the compound as
.2 T
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well as the individual constituents.

ROA #30

evaluated as the compound and as beryllium ion.
such representations.

Chemical Name

Aluminum (jonic)
Amonia

Antimony (ionic)
Arsenic (ionic)
Asbestos (croc)
Barium (ionic)
Beryllium (ionic)
Boron (ionic)
Cadmium (ionic)
Calcium (ionic)
Chlorine gas
Chromic acid
Chromium V! (ionic)
Cobalt (ionic)
Copper (ionic)
Cyanide ion
Fluoride ion
Lead (ionic)
Lithium ion
Magnesiua (ionic)
Manganese (ionic)
Mercury (ionic) "
Nickel (ionic)
Nitrate ion
Nitric acid
Phosphate ion

Potassium hydroxide -

Selenium (ionic)
-Silver (ionic)
Sodium bichromate
Sodium hydroxide
Sodium (ionic)
Sulfate ion

Thallium (ionic¢)

Tin (ionic) B
Tributyl phosphate
Uranium (jonic)
Vanadium (ionic)
Zinc compounds -
bis(2et-hexyl)phthlt
Chrysene -
Ethylene glycol
gamma-HCCH (Lindane)
Hydraulic Fluid
Indeno(1,2,3-cd)pyre
Motor Qil -

Phenol .
1,1-Dichlorcethylene
1,1,1-Trichlorcethan
1,1,2-Trichloroethan
1,1-Dichloroethane
1,2-Dichlorobenzene
1,2-Dichloroethane

Table 2.2.

MEPAS CAS

7429505
7664417
7440360
7440382
12001284
7440393
7440617
7440428
7640439
7440702
7782505
7738945
7440473
7440484
7440508
57125
7782414
7435921
7447418
7786303

- 7439965

7639976
7440020
14797558
7697372
7601549
1310583
7782492
7440224
10588019
1310732
7647145

-12808798

7440280
7640315
126738

7440611

- 7640622

7646857
117817
218019.
107211
58899
HYOR FLU
193395
MOTOR OL
108952
75354

71556

79005
75343
95501
107062
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Comment Draft
December, 1994

Chemicals Included in URF Analyses

Chemical Name MEPAS CAS
1,2-Dichloroethylene 156605
1,3-Dichlorobenzene 541731
1,4-Dichlorobenzene 106467
1,4-Dioxane 123811
2-Methylnaphthalene 91576
Acenaphthylene 208968
Acetone . . 67641
Alpha-hexachlorocycl 319846
Anthracene 120127
Aroclor 1254 (pcb) 11091691
Aroclor 1260 (pcb) 11096825
Senzene 1432
Benzo(a)anthracene 56553
Benzo(a)pyrene 50328

- Benzo(b)fluoranthene 205992
Benzo(k)fluoranthene 207089
beta - HCCH 319857
Carbon disulfide 75150
Carbon tetrachloride 56235
Chlordane 57749
Chlorobenzene 108%07
Chlorodibromomethane 124481
Chloroethane 75003
Chioroform 67663
Chloromethane(methy) 74873

- DDD 72548
DDE 72559
Di-n-butyl phthalate 84742 .
Diesel Fuel DIESEL F

"~ EDTA 60004
Endrin 72208
Ethane’ 74840
Ethyl acetate 141786
Ethylbenzene 100414
Fluoranthene 206440
Fluorene 86737
Freon 113 - 76131
Fuel Oil #2 "1 FUEL OIL
Gasoline 8006619
Hexanes - 110543
HMX (h-no2 tetzocine 2691410
Isobutane 75285
Isopropyl alcchot 67630
Kerosene 8008206
Methanol 67561
Methyl ethyl ketone 78933
Methylene chloride 75092
N-Dodecane | : 112403
N-nitrosodiphnylamne 86306
N-nitrosodipropylami 621647 .
Naphthalene 91203
Octane - 111659

. PC8Bs (general) 1336363

2.3
3.156

Chemical Name MEPAS CAS
Pentachlorophenol 87865
PETN 78115
Phenanthrene 85018
Propane 74986
Pyrene 129000
ROX 6h-3no2-triazine 121824
Tetrachloroethylene 127184
TNT 3no2-toluene 118967
Toluene 108883
Tribromomethane 75252
Trichloroethylene 79016
Trichloromonofluorom 75694
Trimethylbenzene 25551137
Vinyl chloride 75014
Xylene (mixed) 1330207
n-8utane 106978
n-Pentane 109660
o-Xylene 95476
4-Methyl-2-pentanone 108101
Senzoic acid 63850
Beryllium chloride 7787475
Chromium 111 CR-I11
Dibenzo(a,h)antrac 53703
Stryene-butadiene’ 9003558
Strontium ion 10476854
Iron 15438310
Potassium ion 74467407
Sul furic Acid 7664939
1,2,4-Trichlorobnzne 120821
2,4-Dinitrotoluene 121142
2-Chlorophenol 95578
2-Hexanone 591786
2-Methylphenol - 95487
DOT 50293
4-Methylphenol 106445
Acenaphthene  ~ 83329
Bromodichloromethane 75274 -
Isophorone 78591
Aldrin 309002
Delta-BHC 319868
Endosul fan ! 1152974
Endosul fan [1 1152978
Heptachlor 76448
Diethyl Phthalate 84662
Mol ybdenum 7439987
Phosphoric Acid 7664382
allyl alcheohol 107186
Trichloromonofluoro 75694 .
Mineral Oit ) 8012951
Tetrahydro furan 109999
ES4-3000-101 (10/89)
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Table 2.3. Radionuclides Included in URF Analyses

\2\\ Radionuclide Radionuclide Radionuclide
N Ac225 . 1131 . Rn222
}‘ Ac227 K40 Ru103
&J - Am241 SR . Kr85 - : Ru106
Am243 Mn54 s35
Be7 Na22 sb124
= 8i210 NbOS sh125
§\ _Ci N Nié3 : . ) . Sr8¢
I £d109 ' : ©T Np237 ) sr90
S . Celdh Np239 Tal82
\Q" Celssd P32 ' Te9%
U cfes2 Paz31 TeidSH
o Ctm242 N ’ Pa233 Th227
cm2ah B . Pb210 ) oo Th228
L3 Cm248_ : e Pb212 : Th229
Co56 ) . Pmi47- Th230
€Co57 : Po210 Th231
*: Co58 Pu238 Th232
- < Cob0 ) Pu239 ) Th234
.. Cs134 ) T PU240 u232
~=\  cs137 Pu241 U233
- EuiS2 ' . pua2 ; . U234
Pad EulSé Ra223 U235
L™ Eu155 ’ T Ra224 U236
FeS5 Ra225 uz3s
u3 . Ra226 ) Y90
H3-EL - Ral28 .
1129

.2 4 RISK AND EXPOSED INDIVIDUAL REPRESENTATION

The URF ana]yses are: 1ntended to provide estimates of health 1mpacts per
unit concentration in a medium. The health impact measure for carcinogenic
chemicals and radionuclides is the lifetime cancer incidence from intake
received during a defined exposure duration. For non-carcinogenic chemicals
the health impact measure is the hazard index, which is the ratio of the
average daily intake to the reference dose: (eva]uated for ingestion and
1nhalat1on intake routes).

For each p011utant the hea]th 1mpacts are -added across all exposure
pathways for a given medium (see the exposure pathway 1ist in Section 2.2).
This addition is performed by adding URFs. Because it is desired to add
health impacts, it is necessary to ensure that all exposure pathways (for a
given medium) are evaluated in a consistent manner with respect to
representation of the individual and exposure duration. To ensure this
consistency, some of the exposure conditions recommended in RAGS have been
modified slightly. A1l URF analyses are based on exposure of-an adult.- The
use of a “comgos1te adult” is included for those exposure pathways for wh1ch
such an approach™is recommends. The composite adult is. evaluated using child
parameter values for:6 years followed by adult parameter values for- 24 years,

“3. 157 ' | E54-3000-101 (10/89)
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giving a total exposure duration of 30 years. This approach is used for all
pollutant types.

The unit risk factors involve normalization to unit concentration of a
pollutant in each of the five media. The units of normalization are indicated
in Table 2.4.

TABLE 2.4. Media Normalization Units

Medium Chemicals Radionuclides
- Soil (mass) i mg/kg pC1/kg _
Soil (area) - mg/m pCl/m - -
Air- : "~ mg/m’ «pC1/m S R -
Groundwater mg/L pCi/L

Surface water mg/L pCi/L

3.0 UNIT RISK FACTOR GENERATION

This section presents the methods used in the URF generation. The
general equation is presented in the next section which describes the method
used to perform the analyses using MEPAS. Details of the analyses for each
scenario are nrov1d°d in the following sectxons

3.1 METHODS FOR URF EVALUATION

Generation of unit risk factors for the BEMR was performed using the
most current version of the MEPAS. exposure assessment component, HAZDK. The
general method for implementation of HAZDK is described in this section.

A The unit risk factors are evaluated using equations and parameters for
each exposure pathway. - The equations are Structured to take advantage of the
summary intake factor (SIF) concept presented in the HSBRAM report (DOE 1993).
The concept of SIFs involves structuring the intake equations for each
-exposure pathway in such a way that poliutant independent parameters are
separated from the pollutant specific parameters and the initial media
concentration. Each exposure pathway model can then be described as the
product of three factors: a media concentration, an SIF independent of
pollutant, and a factor composed of all po]]utant specific parameters. As an .
example, the-drinking water exposure pathway can be described as follows:

Intake or Exposure = Cni Plex SIFsmyx ' E N & Y

whexe Intake = average dally 1ntake of chemical po]]utants (mg/kg°d)

2.1- L '
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or = total intake or exposure received over the exposure duration
(pCi or hr)
C, = concentration of pollutant i, of type y, in medium m (mg or
pCi per unit quantity of medium L, kg, m’, or m‘)
APFm.x = pollutant specific factor for medium m, pollutant i, and
exposure pathway x (units specific to analysis),
SImex = Summary Intake Factor for scenario s, medium m, polutant

type y, and exposure pathway x (units specific to analysis).
Only the agricultural scenario was evaluated in the BEMR
.‘ana]ys1s : ] S -
The SIF values are evaluated for each toxicity type: nc - non- carcxnogenlc
chemicals, cc - carcinogenic chemicals, and ra - radionuclides. The i
appropriate SIF is used for each pollutant for the exposure pathway of
concern.

The program HAZDK allows the user to define SIF values for each exposure
pathway. The pollutant specific parameters are taken from the MEPAS database
and combined with the SIF values and unit media concentrations to provide the
unit risk factors.

The following sections define details of methods for evaluation of UDFs.
Section 3.1.1 identifies the methods used to estimate the health impacts from
radionuclide the intake or exposure evaluated by Equation (1). Section 3.1.2
provides similar information for chemicals. Section 3.2 defines the SIFs for
the agricultural scenario. Section 3.3 identifies pollutant specific
parameters and analyses applied to each exposure pathway.

3.1.1 Radionuclide URF Health Impact Analysis . T - -.

The average daily intake and lifetime radiation doses are used to -
estimate the URFs for the health impact measure appropriate to the pollutant.
The cancer incidence risk for radaonuc11des is eva]uated as fo]]ows for
1nha]at1on exposure pathways,

URFlh Intakejp SFip | o - (2)

and for ingestion exposure pathways,

URFjq =.Intake;q SFiq ; 3 . (3)

3.2 .
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where URF. unit risk factor for an inhalation pathway for radionuclide i

(risk per unit medium concentration)

URFig = unit risk factor for an ingestion_pathway for radionuclide i
(risk per unit medium concentration)
Intake,, = inhalation intake for radionuclide i for the inhalation pathway
~of interest (pCi)
In’(’.akeig = ingestion intake for radionuclide i for the ingestion pathway
of interest (pCi)
SF,, . = inhalation slope factor for radionuclide i (risk/pCi}
SF = ingestion slope factor for radionuclide i (riék/pCi):

For exposure pathways involving external radiation exposure the URFs are
eva]uated as follows:

"URFiy = Exposurejy SFiy ‘ : ' (4)

unit risk factor for. an external radiation exposure pathway for

where URF,
- radionuclide i (risk per unit medium concentration)

Exposure, = exposure time for radionuclide i for the external radiation
exposure pathway of interest (hr)
SF.. = external exposure slope factor for radionuclide i (risk/hr per

pCi/unit medium quantity).

The external slope factors provided in HEAST (EPA 1993) -are for use with
contaminated soil (pCi/kg soil). For external exposure to air and water,
slope factors are generated from rad1at1on dose factors and the default health

 effects conversion factor of 6.2x10™* risk per rem. For example, the air
immersion effect1ve s]ope factor is evaluated as follows:

SFia = 5 2x10 DFla - _ . S -
where SF,. = air ipmersion slope factor for radionuclide i (risk/hr per
. pCl/m) | A
’ﬁF;a = air immersion dose rate factor for radionuclide i (rem/hr per-
- pcl/m) .
6.2x1074" = ‘cancer 1nc1dence convers1on factor~{r1sk/rem)

3.3~ - S
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3.1.1 Chemical URF Health Impact Analysis

The intake parameter for chemical exposures is the average daily intake:
for a chemical by either ingestion or inhalation. For carcinogenic chemicals
the intake is the average over the 1ifetime of the individual (70 years), and
for non-carcinogenic chemicals this is the average over the 30 years exposure
duration for the agricultural scenario).

The lifetime cancer incidence risk for chemical 1ngest1on exposures is
evaluated as follows:

: un1t.r1sk factor for-chemlcal carc1nogen i from an 1ngestlon

bwhere-URFm )
exposure pathway g (risk/unit medium concentration)

Intake,. = average daily intake of chemical i from ingestion pathway g
© . {mg/kg/d)
SF. = fngestion slope factor for chemical i (risk per mg/kg/d).

9

The 1ifetime cancer incidence risk for inhalation is evaluated in a similar
manner as follows:

URFjp = Intakejn SFip | . (7)

pE -
where quih

unit risk factor for chemical carcincgen i from an inhalatic
exposure pathway h (risk/unit medium concentration)

Intake,, = average daily intake of chemical i from inhalation pathway h
T (mg/kg/d) |
SF.. = inhalation slope factor for chemical i (risk pér mg/kg/d).~

ih

The health impact parameter for non-carcinogenic chemicals is the hazard
index, evaluated as follows for ingestion pathways:

-URFjg = Intakejq / RfDi;;‘ . e

unit risk factor for chemical non-carcinogen i from an
ingestion exposure pathway g (hazard index/unit medium

where URFig

- concentrat1on)
v:-Intakeig = average daily 1ntake of chemical i from 1ngest1on pathway g
- (mg/kg/d)
'RfD;g = 1ngest1on reference dose for chem1ca1 i (mg/kg/d)
. ' 3.4

3 161 - ES4-3000-101 (10/89)
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The hazard index for inhalation is evaluated in a similar manner as follows:

URFip = Intakejp / RfDjp (9)
where URF, = unit risk factor for chemical non-carcinogen i from an
inhalation exposure pathway h (hazard index/unit medium
concentration)
Intake,, = average daily intake ‘of chemical i from inhalation pathway h
(mg/kg/d)
RfD,, = inhalation reference dose for chemical i (mg/kg/d)

ih -

Dermal exposures are evaluated as equivalent to ingestion exposures 'with:
correction for the fractional absorption of the chemical in the
gastrointestinal tract. This correction is indicated in Section 3. 6 in
definition of the pollutant specific parameters (PFs).

3.2 AGRICULTURAL SCENARIO SIF EVALUATION

The agricultural exposure scenario is based on exposures over a 30-year
exposure duration. Evaluation of unit risk factors for the agricultural
scenario is described in the fo1low1ng sections for each exposure pathway for
each medium, -

3.2.1 Medidm: Soi] (mass)

The agricultural scenario exposure pathways for soil (per unit mass)
are: ingestion of agricultural products (vegetables, fruit, meat, and milk),
soil ingestion, soil dermal absorpt1on, and externa] exposure to ground
contam1nat10n

The soil ingestion pathway is evaluated for a daily effective soil
ingestion rate of 255 mg/d. The soil dermal contact pathway is evaluated for
one contact event per day, a skin contact area of 2,500 cm® for a child (6
yearsg and 5,000 cm® for an adult (24 years), a 5011 adherence factor of 0.2
.mg/cm®., External exposure is. assumed -to occur-24 hours a day A sh1e1d1ng
factor 'of 0.8--is applied. - The vegetable ingestion pathway is modelled in the
HAZDK analyses as "leafy vegetables" with a daily ingestion rate of 80 g/d
(accounting for the fraction of the year when food is produced elswhere). The
fruit ingestion pathway is modelled as "other vegetables” with a daily
ingestion rate of 42 g/d. The daily ingestion rate for meat is 75 g/d and the
ingestion rate for milk is 300 g/d. All pathways occur 365 days per year.

All pathways occur 365 days per year :

The SIF values for th1s med1um are g1ven in Tab]e 3.1 for -each pollutant

type and” exposure pathway - , :

\3;:-§m” B ‘ l.” R B -
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TABLE 3.1. Agricultural Scenario Summary Intake Factors: Soil (mass)

Exposure Pathway Type'®)  SIF value Units
Soil ingestion NC 3.81E-6  kg/(kg d)
o 1.63E-6 kg/ (kg d)
RA 1.32E+0 kg '
Soil dermal NC 1.81E-5  kg/(kg d)
absorption ccC 7.75E-6  kg/(kg d)
RA 9.86E+0 kg
"~ Vegetable Ingestion NC - 1.14E-3 - kg/(kg d) -
- - : cC -. 4.90E-4 - kg/(kg d) X _
RA 8.77E+2 kg
Fruit Ingestion NC 6.00E-4  kg/(kg d)
. ) cC 2.57E-4  kg/(kg d)
RA 4.60E+2 kg :
Meat Ingestion NC 1.07E-3  kg/(kg d)
ccC "4.59E-4 kg/ (kg d)
RA 8.22E+2  kg/(kg d)
Milk Ingestion - - 'NC 4.29€-3  kg/(kg d)
cC 1.84E-3 kg/{kg d)
RA 3.29E+3 L
Soil external RA 2.10E45 h

(a) NC - non-carcinogenic chemicals, CC - carc1nogen1c chemicals, RA -
rad1onuc11des ' .

3.2.2 Medium: Soil {area)

Contamination deposited onto soil from atmospheric transport and

- deposition is modeled as -a concentration gér.unit area of soil. The
agricultural scenario URFs for this medium are evaluated for the same pathways
as the soil per unit mass medium analyses plus 1ngest10n of fruit; vegetables,
meat, and milk.

The exposure parameters are the same as those defined for the soil
{mass) medium. The vegetable ingestion pathway is modelled in the HAZDK
. analyses as "leafy vegetables” with a daily ingestion rate of 80 g/d
‘(accounting for the fraction of the year when food is 80 g/d (accounting
fproduced elswhere) .. The fruit ingestion pathway is modelled as “"other
vegetab1es" with a dax]y ingestion rate of 42 g/d. The daily ingestion rate
for meat is 75 g/d and the 1ngest1on rate for milk 1s 300 g/d. A1l pathways .
3.6
3 163 . ES4:3000-101 (10/89)




ROA #30 13 of 17
Comment Draft .
December, 1994

occur 365 days per year. The SIF values for each pathway for this medium are
given in Table 3.2 for each poliutant type.

TABLE 3.2. Agricultural Scenario Summary Intake Factors: Soil (area)

Exposure Pathway "Type!®)  SIF Value Units .
Soil Ingestion NC 6.356-8  n¥/(kg d)

o ' cC 2.72E-8 ° m%/(kg d)

RA 2.198-2
Soil Dermal - NC 3.01E-7 m ev/(kg d)

— o . cC 1.296-7 _ m® ev/(kg d) _ -
_ RA - - 1.65E-1 m%ev 5 SR
Vegetable ingestion NC 1.14E-3  kg/(kg d)

- cc 4.90E-4  kg/(kg d)
RA 8.77E+2 kg
Fruit ingestion  NC '6.00E-4 . kg/(kg d)
cc 2.57€-4  ka/(kg d)
RA 4.60E+2 kg
Meat ingestion NC 1.07E-3  kg/(kg d)
S cc 4.59E-4  kg/(kg d)
RA 8.22E+2 kg
Milk ingestion - NC 4.29€-3 " L/(kg d)
cC . 1.84E-3 © L/(kg d)
RA 3.29E+3 L
Soil External RA . 2.10E+5 h- _ -.

(a) NC - non-carcinogenic chemicals, CC - carcinogenic chemicals, RA -
radionuclides : '

©3.2.3 Medium: Air I | n

Agricultural scenario URFs for air are evaluated for inhalation, - -
external exposure from submersion in the cloud, and consumption of fruits,
vegetables, meat, and milk. The air inhalation rate is set to 20 m* for the
adult and external exposure occurs for 24 hours per day. Inhalation and
external exposure occurs for 365 days per year.- The vegetable ingestion '
pathway is modelled in the HAZDK analyses as. "leafy vegetables" with a daily .
ingestion rate of 80 g/d (accounting for the fraction of -the year when food is
80 g/d (accounting fproduced elswhere) . The fruit ingestion pathway is
modelled as "other vegetables" with a daily ingestion. rate of 42 g/d. The
daily ingestion rate for meat is 75 g/d and the ingestion rate for milk is 300

3.7 } : ‘ .
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g/d. A1l pathways occur 365 days per year. The SIF values for each pathway
for this medium are given in Table 3.3 for each pollutant type.

TABLE 3.3. Agricultural Scenario Summary Intake Factors: Air
{a)

Exposure Pathway Type SIF Value Units
Inhalation NC 2.86E-1  m/ (kg d)
' o : cC 1.22E-1 nl/(kg d)
RA 2.19E+5 m
2

Air external dose RA .63E+5  hr

1463 kg/(kg d) - A

Vegetable ingestion NC 1
, cc 4.90E-4  kg/(kg d)
RA 8.77E+2 kg
Fruit ingestion NC 6.00E-4  kag/(kg d)
- T cc 2.57E-4  kg/(kg d)
RA 4.60E+2 kg

Meat ingestion NC . .07E-3  kg/(kg d)
- .59E-4  ka/(kg d)

L22E42- kg

20
> O
00 4~

Milk ingestion NC 29E-3  L/(kg d)

4
cc 1.846-3  L/(kg d)
RA - "3.29E+3 L

(a) NC - non-carcinogenic chemicals, CC - carc1nogen1c chemicals, RA -
rad1onuc]1des

5:2.4 Med1um:‘Groundwater

Use of contaminated groundwater in the agricultural scenario includes
drinking water,. showerxng, and ingestion of fruits, vegetables, meat, and milk
365 days per year. The exposure pathways *involved in these uses are: drinking
.water, shower water dermal absorption, and indoor inhalation of volatile '
compounds, and ingestion of homegrown fruit, vegetables, meat, and milk.
Individuals are assumed to drink 2 L of contaminated water and take 1 shower
of 12 minutes duration per day. The inhalation rate is 15 m3/d and the indoor
air volatilization factor is 0.5 for volatile chemicals and 0.1 for Rn222.
Dermal exposure in the shower is evaluated for a skin area of 20,000 cm’. The
vegetable ingestion pathway is modelled in the HAZDK analyses as "leafy .
vegetables" with a da11y ingestion rate of 80 g/d -(accounting for the fraction
of .the year when.food is produced elsewhere). -The fruit ingestion pathway is-
modelled as "other vegetables" with .a daily ingestion rate of 42 g/d. The
daily 1ngest1on rate for meat is 75 g/d and- the 1ngest10n rate for milk 1s 300

) 3.8 -
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g/d. All pathways occur 365 days per year. The SIF values for each pathway
for this medium are given in Table 3.4 for each pollutant type.

JABLE 3.4. Agricultural Scenario Summary Intake Factors: Groundwater

[Exposure Pathway  Iype’® SIF Value Units
Water ingestion NC 2.86E-2 L/(kg d)
CC - 1.22-2  L/(kg d)
RA 2.19E+4 L '
Indoor inhalation ~ NC 1.07eE-1  L/(kg d)
A ©CC . 4.59E-2  L/(kg d)
oL RA —. 1.64E+4 L S
Vegetable ingestion NC ~ 1.14E-3  kg/(kg d)
cc 4.90E-4  kg/(kg d)
RA . 8.77E+2 kg
Fruit ingestion NC 6.00E-4  kg/(kg d)
cc 2.87€-4  kg/(kg d)
RA 4 .60E+2 kg
Meat ingestion NC 1.076-3  kg/{kg d)
S cC 4.59E-4  kg/(kg d)
RA 8.22E+2 kg
"Milk ingestion - NC 4.29E-3 "L/(kg d)
cc 1.84E-3  L/(kg d)
RA 3.29E43 L

(a) NC - non-carcinogenic chemicals, CC - carcinogenic chemicals, RA -
radionuclides

3.2.5 Medium: Surface Water .

Unit risk factors for surface water are evaluated in the agricultural
scenario for ingestion of drinking water, showering, ingestion of fish;
exposure related to swimming, and ingestion of fruit, vegetables, meat, and
milk. ATl exposure pathways are assumed to occur 365 days per year except -
swimming which occurs 7 days per year.

The exposed individual is assumed to drink 2 L of contaminated water per ..

day. The inhalation rate is 15 m’°/d and the indoor air veolatilization factor
is 0.5 for velatile chemicals and 0.1 for Rn222. Dermal exposure while
showering is evaluated for a skin area of 20,000 cm®.  The exposure time for
swimming is 2.6 hr/d. Dermal exposure while swimming-.is ‘evaluated for.-a skin
_area of 20,000 cm®. Inadvertant ingestion of water. wh11e sw1mm1ng is 50

3.9 - I
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ml/hr. The vegetable ingestion pathway is modelled in the HAZDK analyses as
"leafy vegetables" with a daily ingestion rate of 80 g/d (accounting for the
fraction of the year when food is produced elsewhere). The fruit ingestion
pathway is modelled as "other vegetables" with a daily ingestion rate of 42
g/d. The daily ingestion rate for meat is 75 g/d and the ingestion rate for
milk is 300 g/d. The exposed individual catches enough fish from the
contaminated surface water body to ingest 54 g/d edible fish each day of the
" year. The SIF values for each pathway for this medium are given 1n Table 3.5
for each pollutant type.

TABLE 3.5. Agricu]tura1 Scenario Summary Intake Factors: Surface Water

- Exposure Pathwav . Type'®. SIF Value Units
Water ingestion NC 2.86E-2  L/(kg d)
cc 1.22E-2 L/ (kg d)
‘RA 2.19E+4 L :
Water dermal - NC - 5.71E-2 L h/(kg.d cm)
- -absorption cC 2.45E-2 L h/(kg d cm)
RA 4.386+4 L h/cm
Indoor inhalation NC 1.07E-1  L/(kg d)
: cc 4.596-2  L/(kq d)
- RA 1.64E+4 L :
Fish ingestion - NC 7.71E-4  L/(kg d)
‘ . cc 3.31E-4  L/(kg d)
RA 5.926+2 ~ L
Swimming dermal NC 1.43E-2 L h/(kg d cm)
absorption . .CC -. 6.11E-3 L h/(kg d cm)
o RA 1.095+4 L h/cm
Swimming water ~ NC 3.566-5  L/(kg d)
Ingestion ) cc 1.53E-5  L/(kg d)
o - ©  RA C2.73E+1 LY
Sw1mm1ng externa1 RA  5.47E+2. h

dose

Vegetable ingestion NC J14E-3  kg/(kg d)

1
. cc . 4.90E-4 - kg/(kg d)°
‘ T RA - B.77E+2 kg "
Fru1t 1ngest1oﬁ“ ~NC - 6.00E-4  kg/(kg d)
. - e 2

: STE-4  “kg/(kg d) _

_RA 4.§0E+2 kg =

: "3.10. .
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Meat ingestion

- Milk ingestion

(a)

NC
cC
RA

NC
cc
RA

ROA #30
1.07E-3  kg/(kg d)
4.59E-4  kg/(kg d)
8.22E+2 kg
4.298-3  L/(kg d)
1.84E-3  L/(kg d)
3.29E+3 L '
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NC - non-carcinogenic chemicals, CC - carcinogenic chemicals, RA -

radionuclides

ERY
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Record of Assumptions (ROA) Memorandum
To: File
From: R. Von Burg
Datc: 12-21-94
Installation ID: Nevada Test Sitc
ROA Number: () 5/ e
Subject:. Assumptions included in the conceptual sitc model

description. T : -

Mcmorandum

1. The primary concern at this test site is the presence of
radioactivc materials duc to the dctonnation of nuclear
bombs. There is little industrial wastc associated with this
site other than was was found in the Sitc Inventory List.

-2. . The PEIS data base was the pnmary source for dclcrmmmg
the COIs
3. - The current population on the site is adequately maintained

by the available supply of groundwater.

4. Thcere is nonperennial surface water available for -
agricultural purposes and obtaining groundwater for live
stock and {ced is too expensive. Endemic plants arc
insufficient to maintain live stock.

5. there is insuflicicnt surface water availablc 10" aintain a
. sufficient supply of “game” as a primary source of numuon
for the hypothetical receptors.

6. Groundwatcr is sufficicat to maintain homegrown produce,
bathing and drinking for the hypothetical receptors. -

7 Contaminated groundwatcr is capable of migration off-site.’

3.169 E54-3000-101 (10/89)




ROA #32
IRecord of Assumptions (ROA) Memorandum -
To: Filc
From: R. Von Burg
Date: 12-21.94
Installation ID: Nevada Test Site
ROA Number: 2 7.7

Subject: additional chemicals of interest

Memorandum

A review of the ER SITES INVENTORY LIST (PLIS # 2301)
indicates that there are a number of chemicals or substances that
have not becn cntered on the PEIS database. For cxample:

5 gal can labclied Stoddara Solvent
Bucker w/ PETISOL 202 )
- 55 gal drum, {ull, isopropyl alcohol.

are just three items that have not been listed on the ICE database.

For a complete listing of potential chemicals not on the PEIS

database but listed in the sitc inventory list plea.se consult the table:

captioned "NTS Contaminants of Interest- not in PEIS” included in
lhe Conceptual Sitc Mndc] documcnt

1 of 2
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Table 10. COls-not in PEIS

2 of 2

NTS CONTAMINANTS OF INTEREST - not in PEIS
Non-Radionuclides CAS # MEPAS PEIS Other
Acids NA NO NO PEIS # 61
Argon 7440371 NO NO SiL
Arsenic 7440382 © YES NO PEIS # 61
Asbestos 12001284 YES NO SiL
Caustics NA NG NO | PEiS # 61
Cepper 7440508 YES NO PEIS # 61
‘Zinc . 7646857 YES NO PEIS # 61
- RS Radionuclides/Radia'tibh CAS # MEPAS | PEIS ,cher.
Actinium 228 AC228 YES NO PEIS 8021
Bismuth 214 ) Bi214 NO NO FEIS 6021
Lead 212 PB212 YES NO - | PEIS 6021
Lead 214 PB214 NO NO | PEIS 6021
. Thallium 208 TH208 NO NO FEIS 68021
ORGANICS T ‘ :
Non-Volatiles (< 1.0 E-7 atm/g-moie) CAS # MEPAS PEIS Other
Cutting fiuids NA NQC ~ NO PEIS # 61 -
Volatiles (> 1.0 E-7 atm/g-mole) CAS # MEPAS PEIS Other
Chiorinated Solvents NA NO - NO SiL
Diesel Fuel Diesel F. YES NO SiL.
Isopropyl aicohol 67630 YES NO - SiL
kerosene ™ 8008206 | YES NO . SiL
Stoddard Soivent NAT | -NO NO SiL
petroleulm solvent NA NO NO siL
Petisol 202 NA NO NC SIL

SIL = Site Inventory List

3.17
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Record of Assumption (ROA) Memorandum

TO: Mary Jarvis

FROM: Gariann Gelston

DATE: ' December 27, 1994

INSTALLATION ID: NTS

ROA NO.: 033

SUBJECf: ’ Boundéry'Receptor for Timber Mountéin

This ROA is a dgscript;on of the process followed to decide
the location of the boundary receptor for Timber Mountain.

Due to Southerly groundwater flow, the boundéry receptor
location of Timber Mountain is on the Southern border of
Area 5 where it intersects with the Eastern border of Area
23. ' : - . - '
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Record of Assumption (ROA) Memorandum

TO: File

FROM: Mary Jarvis

DATE: December 28, 1994
Installation ID: NTS
ROA No.: 034

SUBJECT: Concurrence with Anchoring Methodology and Site Location

Attached is the documentation of a phone call from Christian Fosmire (PNL)
to Rudy Von- Berg (CERE) discussing the choice of Site 5 for anchoring of
the NTS Installation. In summary, Rudy Von Berg agreed with the choice of
S1te 5 (although it was his second choice).

A meet1ng to discuss the proposed anchoring methodo]ogy was held with

Terri Miley (Anchoring Lead), Gariann Gelston and Mary Jarvis on December
‘1, 1994. Terri Miley agreed that the proposed methodology was appropriate
and authorized the NTS team to proceed with the results. A follow up

. meeting to discuss the anchoring results was held on December 20, 1994 with
Eerr1)M11ey, Gar1ann Gelston, Mary Jarvis, Rudy Von Berg and Mike Easter
CERE

Terri Miley is current]y reviewing the anchoring report and final comments
are expec;ed in January 1995

. ‘ 3.173 , ES4-3000-101 (10/89)
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NV .
%ag\% Ba"elle | Project Numbek25180

Pacific Northwest Laboratories Internal Distribution

File/LB
Date December 15, 1994
To Mary Jarvis
Fom Christian Fosmire

Subject Telephone conference with Rudy Von Berg on NTS
Anchoring

As instructed, I talked with Rudy Von Berg about using Area 5 to do the
.anchoring for NTS. After reviewing the site, Rudy said that using Area 5
would be fine. While he would have preferred to use Area 23 which is just .
south of Area 5 and includes the town of Mercury,” he understood that we were
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4.0 Discussion of Unit Factors

This chapter provides a visual picture of the unit transport factor (UTF), unit exposure factor
(UEF), and unit risk factor (URF) values for atmospheric and soil exposure routes from contaminated
soil. The low precipitation and infiltration rates contribute to zero or very near zero concentrations for
the overland and groundwater exposure routes and therefore will not be addressed in this chapter. The
volatilization release mechanism will not be discussed because all of the contaminants are inorganic in
solid state and do not volatilize under normal conditions. Decay products of the eight selected contami-
nants will not be discussed but were included in the final risk estimation.

Because unit factors from one component are assumed to be independent of other components,
analysis of a factor within a component should not be related to risk estimates. Unit transport factors
do not include source-term or exposure and therefore cannot be directly related to risk estimates. The
discussion presented in this chapter provides insight into the characteristics and properties of these unit
factors by contaminant, environmental, setting, release mechanism, and exposure medium for the NTS.

Based on risk estimates derived from unit factors and source-term information, driver release sites
and contaminants were identified for the NTS installation. For this study the driver release sites were
located in the Jackass Flats and Timber Mountain environmental settings and the contaminants of con-
cern are Am, ’Cs, ®Co, ’Eu, »Eu, Eu, ®*Pu, and ®Sr. These two environmental settings and
eight contaminants were selected to illustrate the characteristics and properties of the unit factors for
the NTS installation.

The purpose for developing unit factors is to estimate public health impacts on an installation or
regional basis. The unit factors are created using a modular risk analysis approach (Whelan et al.
1994) that allows the source-term component, environmental fate and transport component, and
exposure component of the risk estimate to be conducted concurrently. This approach also permits
modifications to one component after the analysis is completed without changing the other factors.

4.1 Unit Transport Factors

The unit transport factors represent the environmental fate and transport component of the modular
risk analysis approach. The UTF is the product of unit mass (1g or 1Ci) of a contaminant transported
through the appropriate media to the exposure medium (groundwater, surface water, air, or soil). The
resulting output is time-varying environmental (air and soil deposition) concentrations at each selected
receptor. The units of UTFs are environmental concentration per unit mass of contaminant ([pCi/g]/g
_ or [g/gl/g). For this analysis a hypothetical onsite and boundary (installation fenceline) receptor are
evaluated.

Jackass Flats and Timber Mountain represent two very different environmental settings within the
NTS. Jackass Flats has higher average temperature, faster average wind speed, and lower annual
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precipitation then Timber Mountain. This combination of parameters leads to more suspension of con-
taminated soil and therefore higher air and soil deposition concentrations at the receptors.

In all cases the differences between constituent unit concentrations are because of the varying decay
rates of the radionuclides (i.e., **Am and Z*Pu have relatively long halflives compared to ®Co and
55Eu). Table 4.1 shows the halflives of the different radionuclides.

Figure 4.1 displays the onsite receptor air and soil deposition concentrations from the soil suspen-
sion transport pathway for the Jackass Flats and Timber Mountain environmental settings. Unit soil
deposition concentrations are approximately six orders of magnitude higher than air concentrations
because the contaminants are all classified as large particles and deposit quickly making the air concen-
trations comparatively low. ’

Figure 4.2 displays the related boundary receptor concentrations for the air and deposited soil path-
ways. The relative trends of these figures are the same as Figure 4.1 because the same processes are in
effect (i.e., halflife and deposition). As seen in Figures 4.3 and 4.4, the relative distance from the
release site results in higher onsite concentrations (air and soil deposition) than those calculated for the
boundary. ‘

4.2 Unit Exposure Factors

Unit exposure factors represent the exposure medium and pathway factors associated with a unit
contaminant environmental concentration (Strenge and Chamberlain 1994). The UEF is the product of

Table 4.1. Constituent Halflives

Constituent Halflife (years) =l-|
Am 4.33E+02 “
¥ICs 3.12E+01
“Co 5.28E+00
2By 1.36E+01
16y 8.79E+00
155Ey 4.96E+00
B5py 8.79E+01

| s ~ 2.87E+01
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a unit environmental concentration [unit mass (1g or 1Ci) per unit quantity of medium (L, kg, m?, or,
m?)], exposure pathway parameters (inhalation rate, ingestion rate, and exposure duration), and health
impact factors (slope factor, reference dose factor, and radiation dose conversion factor). The units of
the UEF are risk or hazard index (HI) per unit medium concentration (risk/[pCi/g], risk/[g/g],
HI/[pCi/g], or HI/[g/g]). The exposure pathways considered in the UEF analyses are presented in
Table 2.1 of Section II of this report. A more detailed explanation of the UEF Methodology can be
found in Section II of this report.

The UEF types associated with surface soil contamination are direct soil, air, and soil depbsition.
Figure 4.5 displays the dose factors for the four exposure pathways: ground exposure, ingestion,
inhalation, and dermal contact. The exposure pathways associated with direct soil UEFs are direct
dermal contact, external radiation dose, and soil ingestion. The exposure pathways associated with air
UEFs are soil suspension and inhalation, and agricultural ingestion. The exposure pathways associated
with soil deposition UEFs are direct dermal contact, external radiation dose, soil suspension and inhala-
tion, agricultural ingestion, and soil ingestion. Figure 4.6 displays the direct soil, air, and deposited
soil exposure factors. Because infiltration is not a driving transport pathway at the NTS, the air expo-
sure scenario generally produced higher UEFs than the direct contact and the deposited soil scenarios.

4.3 Unit Risk Factors

A unit risk factor (URF) is the product of the appropriate UTF and UEF. The URF from a surface
soil release site has units of health impact per unit mass (risk/Ci, risk/g, or HI/g). To estimate the risk
from a contaminant, the appropriate URF is multiplied by the source inventory. In this report only the
unit factors will be discussed (actual source strength not used) and the reader should be cautioned not to
infer risk estimates from the results presented. '

Because of the bombing activity at the NTS the majority of contaminants at the NTS are radio-
nuclides. Figures 4.7 and 4.8 display the onsite exposure concerns, direct soil, direct radiation, and
air/soil deposition unit risk of each radionuclide and both environmental settings considered in this
chapter. Because direct soil and direct radiation are exposures from the unit concentrations at the
release site (i.e., no transportation takes place before exposure to the individual), Jackass Flats and
Timber Mountain yield the same unit risk for each contaminant. The air and soil deposition exposure
consists of the combination of air and soil deposition concentrations to produce a URF that accounts for
risk exposure from both airborne pathways.

In Figure 4.9 onsite and boundary unit concentrations are displayed for air and soil deposition
combined. The higher UEFs from the air media for **Am and ®*Pu (Figure 4.6) magnify the UTFs to
produce higher URFs for *'Am and ?*Pu. As with the UTFs, onsite URFs are higher than boundary
URFs for the respective constituents. The dryer climate at Jackass Flats results in higher URFs than
Timber Mountain, as would be anticipated. Because UEFs for direct soil and direct radiation are not
considered for a boundary receptor, URFs can not be calculated. '
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4.4 Conclusion

The results of the unit factor methodology task of the BEMR project are the development of unit
factors (i.e., UTFs, UEFs, and URFs). Note that UTFs, UEFs or URFs by themselves cannot be used
to imply resultant risk estimates. This is because unit factors use unit mass to estimate transport and
exposure pathways that can be combined with an estimate of the actual mass for a contaminant at a
release site. Thousands of these unit factors are generated for the NTS installation. Viewing the UTF,
URF, and UEF data in graphical form serves to identify and correct computational errors or inconsis-
tencies. The final URFs are transmitted electronically to BEMR cost task personnel for cost analysis
with consideration of the estimated release site inventories.

The majority of the contaminants at the NTS are radionuclides; the eight radionuclides selected for
this chapter are believed to be a representation of the radionuclides found at the NTS. It should be
noted that some fuels, inorganics, and organics have been detected at the NTS and were considered in
the complete analysis of the NTS URFs.

Groundwater and surface water pathways are not considered in this analysis because of low pre-
cipitation and very small infiltration rates. Therefore, only surface soil releases into the air have been
considered for this illustrative analysis. Buried waste UTFs were calculated but were not considered in
the final analysis because actual inventories had not been verified. The soil deposition and atmospheric
suspension are the airborne pathways considered along with direct exposure routes of direct soil contact
and direct radiation. Volatilization release mechanism were not discussed because all of the contami-
nants are inorganic in solid state and do not volatilize under normal conditions.

Of the six environmental settings at the NTS, Jackass Flats and Timber Mountain were selected for
this analysis because they have the highest risk estimates and they represent the two types of environ-
mental settings at the NTS. Jackass Flats represents a dry flat surface with higher winds than Timber
Mountain. Frenchman Flat and Yucca Flat also fall into this type of environmental setting. Timber
Mountain represents a mountainous or plateau setting with more precipitation and lower wind speeds.
Rainier Mesa and Pahute Mesa fall into this type of environmental setting. Of the driver release sites
and contaminants identified for the NTS installation, Jackass Flats yields the highest overall URFs,
with the onsite exposure potential being higher than at the boundary receptor. However, when source
inventories are considered along with the UREF it is interesting to note that **Am and ®*Pu at Timber
Mountain yielded higher risk estimates than at Jackass Flats. This is because estimated release site
inventories at Timber Mountain were higher that those at Jackass Flats for *'Am and Z*Pu. '
Cesium-137, *?Eu, and *Sr were found to have high risk estimates in both the Timber Mountain and
Jackass Flats environmental settings. However for these constituents, Jackass Flats had higher risk
estimates than Timber Mountain. Exposure pathways considered from these surface soil release sites
were direct dermal contact, external radiation dose, soil suspension and inhalation, agricultural inges-
- tion, and soil ingestion. '
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5.0 Anchoring Report

As part of the BEMR project, each installation team "anchored” data. Anchoring is a technique for
approximating the accuracy of modeling results by comparing them to values reported elsewhere for
the installation.

For anchoring purposes, if two sets of results match within an order of magnitude, they are con-
cluded to be virtually the same value. Ideally, the anchoring is done for each ES for an onsite receptor
using several pathways and two to three contaminants. These comparisons can be done with reported
results of cancer risk values, measured environmental concentrations, or reported inventories. Ideally,
a published baseline RA utilizing analytical results will be available for use. The site chosen for
anchoring will ideally be one known by the installation to be a potential problem.

For the NTS, anchoring was performed for the groundwater pathway and the air pathway. It was
not possible to anchor the groundwater results because of a lack of groundwater source data in the
PEIS database. Instead, measured air concentrations of plutonium were compared with model results.
Good agreement--within an order of magnitude in most cases—was found between the model and
measured values.

5.1 Introduction

For anchoring purposes, if two sets of results match within an order of magnitude, they are
concluded to be virtually the same value. Ideally one anchoring should be performed for each
environmental setting at an installation. One onsite receptor, several pathways, and 2 to 3
contaminants should be addressed. Anchoring can be performed on comparable analyses which report
results in cancer risk values, or measured environmental concentrations. Ideally, a published baseline
risk assessment, utilizing analytical results will be available for use. The site chosen for anchoring
would ideally be one known by the installation to be a potential problem.

The anchoring for NTS began by collecting installation documents. A risk assessment has been pub-
lished for the NTS site (Daniels 1993) and it was hoped to use this as the basis of the anchoring.
Unfortunately no risks were presented for any area comparable to an area listed in the PEIS database.
The number one ranking (cancer) risk drivers site is reported to be Area 5, near Cambric, (ER Risk
Drivers for Nevada Test Site in an enclosure to a letter from Terry L. Ross, PNL, to Mike Lakin, ICF
Kaiser Engineers, dated October 3, 1994). In addition, there exists published empirical environmental
concentration data for ambient air and groundwater in Area 5. Therefore Area 5 was chosen as the test
case for anchoring purposes. The conceptual site model used (from the Unit Transport Factor results)
was a surface soil case for the Frenchman Flat environmental setting. The locations (Area 5 and
Frenchman Flat) differs by the area of the source, the depth of the source, and the location where the
joint frequency distribution (JFD) data was collected.

5.1 E54-3000-101 (10/89)




5.2 Methodology

The following Area 5 surface soil contaminants were considered; americium-241, cesium-137,
plutonium-239/240, and strontium-90. For all four anchoring runs, the waste (source) inventory used
were that found in the PEIS database (see Table 5.1). The anchoring runs vary by which area, and
depth. The area used was either the area given in the PEIS database (7,507,810.0 meters squared or
80,813,394.26 feet squared), or the area from the Unit Transport Factor (UTF) runs of NTS
(92,903.04 meters squared or 1,000,000 feet squared). The distance to the groundwater receptor
changed with the area size, 1.5*the length of the area. The depth used was either the depth from the

'PEIS database (0.15 meters or 0.49 feet), or the depth used in the UTF runs (3.05 meters or 10 feet).
For each volume (combinations of area and depth), the soil concentration (inventory/volume) varied for
each run, thus changing the concentration (soil concentration/top soil density) used in the particulate
source worksheet.

Table 5.1. PEIS Database Inventory, Depth, Width Values

Depth of Area of Source

Contaminant Name Inventory (Ci) Source (ft) ft?
Americium-241 6.00E-01 10 - 80,813,394,26
Cesium-137 4.00E-01 10 80,813,394,26
Plutonium-239/240 - 4.80E+00 10 80,813,394,26
Strontium-90 9.00E-01 10 80,813,394,26

5.3 Groundwater Anchoring

The first step was to anchor groundwater concentrations to an onsite groundwater receptor (Daniels
1993). The report provides the maximum observed concentrations at a groundwater well near
Cambric, located in Area 5. MEPAS model runs used an onsite receptors at a distance of 1.5 times the
length of the site, from the center of the source in the direction of flow, which is generally to the south.

Two model runs were made to anchor the groundwater concentrations for NTS Unfortunately, no
modeled concentration values where obtained for groundwater receptors. The reason is that for the
NTS installation, The model is asked to calculate the concentration in the groundwater due to
infiltration, only. At NTS the precipitation rate is very small, and these specific contaminants do not
move to and flow in groundwater very well. Therefore, the amount of contamination due to infiltration
is negligible. Elevated installation groundwater concentrations were measured and reported (Daniels
1993). However these measurements are probably due to groundwater as a contamination source,
rather than groundwater as a transport pathway receiving soil contamination via infiltration.
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Groundwater as a source was not quantified in the Unit Transport runs for NTS, because there is
currently no reported groundwater source available in the PEIS database. Thus, for NTS it was not
possible to anchor to reported groundwater concentrations.

5.4 Airborne Anchoring

Reported atmospheric concentrations were anchored to concentrations predicted by modeling for an
onsite receptor at a distance of 9 kilometers from the center of the source in the southern direction.
PEIS #R693 (DOE Nevada Field Office 1992) reports annual airborne concentrations for a monitoring
station located south of the source. The contaminant used in the anchoring was plutonium-239. There
was no data reported in the annual report for any other contaminants listed in the PEIS database.

5.5 Results of Airborne Anchoring

Two model runs were done for the anchoring of the NTS area. The results are presented in Table
5.2, "Calculated and Monitored Concentration Comparison.” The runs vary by area of the source, and
depth of the source. The air concentration of Plutonium-239 calculated by each run is compared to the
monitored air concentration for Area 5 (found in PEIS R693).

Figure 5.5 of PEIS R693 and Figure 3 of section 4 in PEIS 6038, indicate that one of the
monitoring stations that monitored air concentration of Plutonium- 239 was comparable to a location 9
kilometers south of the source for the Unit Transport Factor runs. Table 5.2 shows the calculated air
concentrations in Frenchman Flat (Area 5) for the two cases, along with the monitored air concentra-
tion (7.00E-06 pCi/m®). The concentrations show that there is good agreement in the values i.e., the
values are within one order of magnitude. Given the uncertainty associated with the air emission
value, and the uncertainty concerning the location of the monitoring station as compared to the model
source, the concentration results are amazingly close for both of the cases. Table 5,2 has been
calculated beyond concentration to show a Projected Risk value. Again the results are remarkably
close. The slightly lower calculated value is likely due to a combination of monitoring data being
effected by several sources and the unit limitations to the UTF methodology.
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Table 5.2.

PEIS Source
Inventory
(&5

UTF (pCi/m®)

Concentration
(pCi/m®)

UEF Risk/(pCi/m’)
URF (UTF * UEF)

~ Projected Risk
(Risk/Ci)

5.6 References

Calculated and Monitored Concentration Comparison for PU-239

- MONITORED UNIT UTF & PEIS
DATA METHOD DATABASE
- 4.80E+00 4.80E+00
- 1.10E-09 -~
7.00E-06 - 4.22E-07
8.36E-03 8.36E-03 8.36E-03
- 9.19E-12 -
5.85E-08 4.41E-11 3.61E-9

Dame]s J.I., ed. 1993. Pilot Study Risk Assessment for Selected Problems at the Nevada Test Site.

UCRL-52078 Lawrence Livermore National Laboratory, Livermore, California.

U.S. Department of Energy (DOE) Nevada Field Office. 1992. Annual Site Environmental Report -
1991. Volume 1. DOE/NV/10630-33. U.S. Department of Energy Nevada Field Office, Las Vegas,

Nevada.
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1.0 Introduction |

-~

The work presented in this report was performed in support of the Department of Energy’s Base-
line Environmental Management Report (BEMR). Pacific Northwest Laboratory® (PNL) was asked
to provide technical support by providing estimates of pollutant transport and risk assessments. This
report describes the generation of unit exposure factors (UEFs) to be used as the basis for the BEMR
risk assessment.

The BEMR transport and risk assessment analyses were structured to take advantage of precalcu-
lated factors, thus allowing timely computation of results. This structuring required generation of
UEFs to allow a significant reduction in computer computation efforts. The UEFs give the human
health risk from an exposure scenario per unit concentration of a pollutant in a defined transport
medium. The UEFs are then multiplied by calculated medium concentrations to obtain an estimate of
risk.

The UEFs relate pollutant concentration in a medium to human health impact. The use of the
UEFs can be represented by the following equation which includes transport from the source to the
point of exposure in the environment.

Risk = Source Term x Unit Transport Factor x Unit Exposure Factor

where Risk = measure of human health impact appropriate for a given pollutant at a
specific location, '

Source Term quantity of the pollutant in the source configuration,

Unit Transport Factor = pre-calculated factor that relates the source term to the medium concentra-
tion for a particular transport pathway (e.g., groundwater) and pollutant for
a specific location,

Unit Exposure Factor = pre-calculated factor that relates medium concentration to human health
impact measure for a pollutant and transport pathway.

The UEF analyses have been performed using models and exposure pathway for an "agricultural
scenario” based on the residential scenario defined in the Risk Assessment Guidance for Superfund
(RAGS), published by the U.S. Environmental Protection Agency (EPA) (EPA 1989a), and on the
agricultural scenario defined in Office of Waste and Emergency Response directive (OSWER) (EPA
1991). Specific parameter values were taken from these documents and the Exposure Factors Hand-
book (EPA 1989b) when necessary. The RAGS scenarios were developed as a guide to performing

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle
Memorial Institute under Contract DE-AC06-76RLO 1830.
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evaluations of risk related to the Comprehensive Environmental Response, Compensation, and Liability
Act remedial investigations and the Resource Conservation and Recovery Act facility investigations.

The RAGS document and OSWER directive define a number of scenarios. The agricultural
scenario was chosen because it describes a conservative approach for baseline assessments and includes
most exposure pathways. UEFs are calculated for the agricultural scenario for an array of media,
exposure pathways, and pollutants, as follows:

Medium: soil (per unit mass), soil (per unit area), air, groundwater, and surface water
Exposure pathway: 16 pathways defined
Pollutant: 156 chemicals and 83 radionuclides as defined as being of interest to the BEMR study.

The UEFs also depend on the pollutant type (i.e., radionuclide, chemical carcinogen, chemical
non-carcinogen) and are evaluated appropriately for each pollutant. Analyses are performed for all
chemicals for both carcinogenic and non-carcinogenic effects, as appropriate to the toxicity parameters
~ defined for specific chemicals. For example, if a chemical is not considered to be carcinogenic by the
ingestion route, then UEF values are not defined for ingestion (or dermal) exposure pathways for that
chemical.

Generation of UEFs for the BEMR was performed using the most current version of the Multi-
media Environmental Pollutant Assessment System (MEPAS) exposure assessment component. This
component includes consideration of radioactive chain decay in all parts of the analysis.

The scope of the UEF analyses is described in Section 2.0 which indicates the media, exposure

pathways and pollutants for which UEFs have been evaluated for the agricultural scenario. Details of
the exposure pathway analyses are presented in Section 3.0.
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2.0 Scope of UEF Analysis

This section describes the exposure scenarios, media, exposure pathways, and pollutants included
in the UEF analyses.

2.1 Scenario and Media

The RAGS residential and OSWER directive agricultural scenarios are used as the basis for the
UEF agricultural scenario evaluations. This scenario is evaluated for five transport media determined
to be necessary for the analysis: 1) soil defined per unit mass, 2) soil defined per unit area, 3) ground-
water from wells, 4) surface water, and 5) air. These are the primary media for which pollutant con-
centrations are known or can be reasonably estimated. Two types of soil media are needed to
accommodate use of measured soil concentration data and analyses based on estimated atmospheric
deposition to soil. Measured pollutant concentrations are reported as amount of pollutant per mass of
soil. The soil (mass) unit exposure factors are used with measured pollutant concentrations. Atmo-
spheric transport and deposition analyses provide estimates of soil concentration per unit area. The soil
(area) unit exposure factors are used with the atmospheric transport pathways. Other media are consid-
ered in the UEF analyses as appropriate to the scenario and exposure pathways. For example, inges-
tion of agricultural products is included for use of contaminated water for irrigation of crops. In such
cases the secondary medium concentration is evaluated using mathematical models in MEPAS, and the
risk from the secondary medium is included in the UEF for the primary medium.

The agricultural scenario is intended to represent potential exposures to an individual who may take -
up residence on the land in the future and use the land for agricultural production. The agricultural
scenario includes use of domestic water, production of and exposure to vegetable and animal products,
and surface water recreational activities. The exposures are described as occurring continuously ’
throughout the year (except for surface water recreational activities). All of the media have potential
for exposure of the farming individual. Exposure parameters are selected to represent continuous
exposure by each pathway. Pathways included in the agricultural scenario are presented in Section 2.2.

2.2 Exposure Pathways

A total of sixteen exposure pathways are considered in the UEF analyses. The pathways included
in a specific analysis depend on the medium, scenario, and pollutant type (chemical or radionuclide).
The exposure pathways appropriate to each analysis are indicated in Table 2.1 for the agricultural
scenario. This table also indicates which pathways apply to chemicals and which apply to
radionuclides. -
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Table 2.1. Exposure Pathways Included in Agricultural Scenario UEF Analyses .

Medium Exposure Pathway Chemicals Radionuclides
Soil (mass) Soil Ingestion Yes Yes
Soil Dermal Absorption Yes Yes
External Ground Dose No ~ Yes
Fruit Ingestion Yes Yes
Vegetable Ingestion Yes Yes
Meat Ingestion Yes Yes
Milk Ingestion Yes Yes
Soil (area) Fruit Ingestion ' : Yes Yes
Vegetable Ingestion Yes Yes
Meat Ingestion Yes Yes
Milk Ingestion Yes Yes
Soil Dermal Absorption Yes Yes
Soil Ingestion k Yes Yes
External Ground Dose No Yes
Air Fruit Ingestion . ' Yes Yes
Vegetable Ingestion - Yes Yes
Meat Ingestion Yes ’ Yes
Milk Ingestion Yes Yes
Inhalation Yes Yes
External Air Dose No Yes
Groundwater Drinking Water Ingestion Yes Yes
Shower Dermal Absorptioh Yes Yes
Fruit Ingestion Yes Yes
Vegetable Ingestion Yes Yes
Meat Ingestion Yes Yes
Milk Ingestion Yes Yes
Indoor Inhalation of VOCs . Yes Rn-222 only
Surface water Drinking Water Ingestion. Yes Yes
Shower Dermai Absorption Yes Yes
Fruit Ingestion Yes Yes
Vegetable Ingestion Yes' Yes
Meat Ingestion Yes Yes
Milk Ingestion - Yes Yes
Fish Ingestion : Yes Yes
Swimming Water Ingestion Yes Yes
Swimming Dermal Absorption Yes " Yes
Swimming External Dose No Yes
Indoor Inhalation of VOCs Yes Rn-222 only
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Chemical Name MEPAS CAS
Aluminum (ionic) 7429905
Ammonia 7664417
Antimony (ionic) 7440360
Arsenic (jonic) 7440382
Asbestos (croc) 12001234
Barium (ionic) 7440393
Beryllium (ionic) 7440417
Boron (jonic) 7440428
Cadmium (ionic) 7440439
Calcium (fonic) 7440702
Chlorine gas 7782505
Chromic acid 7738945
Chromium VI (ionic) 7440473
Cobalt (ionic) 7440484
Copper (ionic) 7440508
Cyanide ion 57125
Fluoride ion 7782414
Lead (ionic) 7439921
Lithium ion 7447418
Magnesium (ionic) 7786303
Manganese (ionic) 7439965
Mercury (ionic) 7439976
Nickel (fonic) 7440020
Nitrate ion 14797558
Nitric acid 7697372
Phosphate ion 7601549
Potassium hydroxide 1310583
Selenium (ionic) 7782492
Silver (ionic) 7440224
Sodium bichromate 10588019
Sodium hydroxide 1310732
Sodium (ionic) 7647145
Sulfate ion 12808798
Thallium (ionic) 7440280
Tin (ionic) 7440315
Tributyl phosphate 126738
Uranium (ionic) 7440611
Vanadium (fonic) 7440622
Zinc compounds 7646857
bis(2et-hexyl)phthl 117817
Chrysene 218019
Ethylene glycol 107211
gamma-HCCH (Lindane) 58899
Hydraulic Fluid HYDR FLU
Indeno(1,2,3-cd)pyre 193395
Motor Oil MOTOR OL
Phenol 108952
1,1-Dichloroethylene 75354
1,1,1-Trichloroethan 71556
1,1,2-Trichloroethan 79005
1,1-Dichloroethane 75343
1,2-Dichlorobenzene 95501
1,2-Dichloroethane 107062
1,2-Dichloroethylene 156605
1,3-Dichlorobenzene 541731
1,4-Dichlorobenzene 106467
1,4-Dioxane 123911
2-Methylnaphthalene 91576

Table 2.2. Chemicals Included in UEF Analyses
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Chemical Name MEPAS CAS
Acenaphthylene 208968
Acetone 67641
Alpha-hexachlorocycl 319846
Anthracene 120127
Aroclor 1254 (pcb) 11091691
Aroclor 1260 (pcb) 11096825
Benzene 71432
Benzo(a)anthracene 56553
Benzo(a)pyrene 50328
Benzo(b)fluoranthene 205992
Benzo(k)fluoranthene 207089
beta - HCCH 319857
Carbon disulfide 75150
Carbon tetrachloride 56235
Chlordane 57749
Chlorobenzene 108907
Chilorodibromomethane 124481
Chloroethane 75003
Chloroform 67663
Chloromethane(methy) 74873
DDD 72548
DDE 72559
Di-n-butyl phthalate 84742
Diesel Fuel DIESEL F
EDTA 60004
Endrin 72208
Ethane 74840
Ethyl acetate 141786
Ethylbenzene 100414
Fluoranthene 206440
Fluorene 86737
Freon 113 76131
Fuel Oil #2 FUEL OIL
Gasoline . 8006619
Hexanes 110543
HMX (h-no2 tetzocine 2691410
Isobutane 75285
Isopropyl alcohol 67630
Kerosene 8008206
Methanol 67561
Methyl ethyl ketone 78933
Methylene chioride 75092
N-Dodecane 112403
N-nitrosodiphnylamne 86306
N-nitrosodipropylami 621647
Naphthalene 91203
Octane 111659
PCBs (general) 1336363
Pentachlorophenol 87865
PETN 78115
Phenanthrene 85018
Propane 74986
Pyrene 129000
RDX 6h-3n02-triazine 121824
Tetrachloroethylene 127184
TNT 3no2-toluene 118967
Toluene 108883
Tribromomethane 75252

Chemical Name MEPAS CAS
Acenaphthene 83329
Aldrin 309002
Aroclor 1248 (PCB) 12672296
Asphalt 8052424
Benzoic acid 65850
Beryllium chloride 7787475
Bromodichioromethane 75274
Chromium I CR-II
DDT 50293
Delta-BHC 319868
Dibenzo(a,h)antrac 537{)3
Dieldrin . 60571
Diethyl Phthalate 84662
Di-n-octylphthalate 117840
Endosulfan I 115297A
Endosulfan II 115297B
Ethyl ether 60297
Heptachlor 76448
Heptanes 142825
Iron : 15438310
Isophorone 78591
Methylcyclopentane 96377
Methylcyclohexane 108872
Mineral Oil 8012951
Molybdenum 7439987
Nitrite NITRITE
Nonane 111842
Phosphoric Acid 7664382
Potassium ion 7447407
Sodium ion 7647145
Strontium ion 10476854
Styrene 100425
Stryene-butadiene 9003558
Sulfuric Acid 7664939
Tetrahydro furan 109999
Trichloroethylene -79016
Trichloromonofluoro 75694
Trichloromonofluorom 75694
Trimethylbenzene 25551137
Vinyl chloride 75014
Xylene (mixed) 1330207
allyt aichohol 107186
m-xylene 108383
n-Butane 106978
n-Pentane 109660
o0-Xylene . 95476
trans-1,3-dichloropr 10061026
1122-tetrachlorethan 79345
123-trichloroprpane 96184
1245-tetrachlorobenz 95943
1,2,4-Trichlorobnzne 120821
2-Chlorophenol 95578
2-Hexanone 591786
2-Methylphenol 95487
2,4-Dinitrotoluene 121142
4-Methylphenol 106445

4-Methyl-2-pentanone 108101




Radionuclide
Ac225
Ac227
Am241
Am243
Be7
Bi210

- Cl4
Cd109

- Cel44
Celd4
Cf252
Cm242
Cm244
Cm248
Co56
Co57
Co58
Co60
Cs132
Cs134
Cs137
Eul52
Eul54
Eul5s
Fe55
H3
H3-EL

2.3 Pollutants

The pollutants included in the analysis were selected based on lists provided by project staff. The
list of chemicals is given in Table 2.2 and the list of radionuclides is given in Table 2.3. In some
cases, the initial list included chemical compounds, such as beryllium chloride. For the UEF analysis,
such pollutants are evaluated as the compound, as well as the individual constituents. For example,
beryllium chloride is evaluated as the compound and as beryllium ion. The chemical list indicates such

representations.

Table 2.3. Radionuclides Included in UEF Analyses

Radionuclide
1129
1131
K40
Kr85
Mn54
Na22
Nb95
Ni63
Np237
Np239
P32
Pa231
Pa233
Pb210
Pb212
Pm147
Po210
Pu238
Pu239
Pu240
Pu241
Pu242
Ra223
Ra224
Ra225
Ra226
Ra228

24

Radionuclide
Rn222
Ru103
Rul06
S35
Sb124
Sbi25
Se75
Sr85
Sr89
Sr90
Tal82
Tc99
Tel25M
Th227
Th228
Th229
Th230
Th231
Th232
Th234
U232
U233
U234
U235
U236
U238
Y90
Zn65




2.4 Risk and Exposed Individual Representation

The UEF analyses are intended to provide estimates of health impacts per unit concentration in a
medium. The health impact measure for carcinogenic chemicals and radionuclides is the lifetime
cancer incidence from intake received during a defined exposure duration. For non-carcinogenic chem-
icals the health impact measure is the hazard index, which is the ratio of the average daily intake to the
reference dose (evaluated for ingestion and inhalation intake routes).

For each pollutant, the health impacts are added across all exposure pathways for a given medium
(see the exposure pathway list in Section 2.2). This addition is performed by adding UEFs. Because it
is desired to add health impacts, it is necessary to ensure that all exposure pathways (for a given
medium) are evaluated in a consistent manner with respect to representation of the individual and expo-
sure duration. To ensure this consistency, some of the exposure conditions recommended in RAGS
have been modified slightly. All UEF analyses are based on exposure of an adult. The use of a
"composite adult" is included for those exposure pathways for which such an approach is recom-
mended. The composite adult is evaluated using child parameter values for 6 years followed by adult
parameter values for 24 years, giving a total exposure duration of 30 years. This approach is used for
all pollutant types. '

The unit exposure factors involve normalization to unit concentration of a pollutant in each of the
five media. The units of normalization are indicated in Table 2.4.

Table 2.4. Media Normalization Units

Medium Chemicals Radionuclides
Soil (mass) ~mg/kg pCi/kg
Soil (area) mg/m? pCi/m?
Air mg/m®* pCi/m’
Groundwater mg/L pCi/L

Surface water mg/L pCi/L




3.0 Unit Exposure Factor Generation

This section presents the methods used in the UEF generation. The general equation is presented
in the next section which describes the method used to perform the analyses using MEPAS. Details of
the analyses for each scenario are provided in the following sections.

3.1 Methods for UEF Evaluation

Generation of unit risk factors for the BEMR was performed using the most current version of the
MEPAS exposure assessment component. The general method is described in this section.

The unit exposure factors are evaluated using equations and parameters for each exposure pathway.
The equations are structured to take advantage of the summary intake factor (SIF) concept presented in
the Hanford Site Baseline Risk Assessment Methodology report (DOE 1993). The concept of SIFs
involves structuring the intake equations for each exposure pathway in such a way that pollutant inde-
pendent parameters are separated from the pollutant specific parameters and the initial media concentra-
tion. Each exposure pathway model can then be described as the product of three factors: a media
concentration, an SIF independent of pollutant, and a factor composed of all pollutant specific para-
meters. As an example, the drinking water exposure pathway can be described as follows:

Intake or Exposure = C,; PF,;, SIF,,, ' 3.1
where Intake = average daily intake of chemical pollutants (mg/kg - d)

or = total intake of radionuclides or radiation exposure received over the exposure
duration (pCi or hr)

C. = concentration of pollutant i, of type y, in medium m (mg or pCi per unit quantity of
medium L, kg, m®, or m?)

PF,;, = pollutant specific factor for medium m, pollutant' i, and exposure pathway x (units
specific to analysis) ‘

SIF.yx = Summary Intake Factor for scenario s, medium m, pollutant type y, and exposure
pathway x (units specific to analysis). Only the agricultural scenario was evaluated
in the BEMR analysis.

The SIF values are evaluated for each toxicity type: nc (non-carcinogenic chemicals), cc (carcinogenic
chemicals), and ra (radionuclides). The appropriate SIF is used for each pollutant for the exposure
pathway of concern. The intake or exposure as defined by Equation 3.1 is used to estimate the risk or
* hazard index, which is the final endpoint in the UEF analysis.
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The program allows the user to define SIF values for each exposure pathway. The pollutant spec-
ific parameters are taken from the MEPAS database and combined with the SIF values, unit media con- .
centrations, and risk factors to provide the unit exposure factors.

The following sections define details of methods for evaluation of UEFs. Section 3.1.1 identifies
the methods used to estimate the health impacts from the radionuclide intake or exposure evaluated by
Equation 3.1 for which the medium concentration has been set to unity (units as per Table 2.4). Sec-
tion 3.1.2 provides similar information for chemicals. Section 3.2 defines the SIFs for the agricultural
scenario. Section 3.3 identifies pollutant specific parameters and analyses applied to each exposure
pathway.

3.1.1 Radionuclide UEF Health Impact Analysis
The average daily intake and lifetime radiation doses are used to estimate the UEFs for the health

impact measure appropriate to the pollutant. The cancer incidence risk for radionuclides is evaluated
as follows for inhalation exposure pathways

UEF,, = Intake, SF; 3.2)
and for ingestion exposure pathways
UEF,, = Intake, SF, (3.3)
where UEF; = unit exposure factor for an inhalation pathway for radionuclide i (risk per unit .

exposure medium concentration)

UEF,, = unit exposure factor for an ingestion pathway for radionuclide i (risk per unit
exposure medium concentration) '

Intake, = inhalation intake for radionuclide i for the inhalation pathway of interest (pCi per
pCi/medium)

Intake, = ingestion intake for radionuclide i for the ingestion pathway of interest (pCi per
pCi/medium)

SF,

]

inhalation slope factor for radionuclide i (risk/pCi)
SF; = ingestion slope factor for radionuclide i (risk/pCi).
For pathways involving external radiation exposure the UEFs are evaluated as follows:

UEF,, = Exposure, SF;, : (3.4
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where UEF,, = unit exposure factor for an external radiation exposure pathway for radionuclide i
(risk per unit medium concentration)
Exposure,, = exposure time for radionuclide i for the external radiation exposure pathway of
interest (hr)
SF, = external exposure slope factor for radionuclide i (risk/hr per pCi/unit medium
concentration).

The external slope factors provided in Health Effects Assessment Summary tables (EPA 1993) are for
use with contaminated soil (pCi/kg soil). For external exposure to air and water, slope factors are
generated from radiation dose factors and the default health effects conversion factor of 6.2x10* risk
per rem. For example, the air immersion effective slope factor is evaluated as follows:

SF, = 6.2 x 10* DF,, 3.5)
where SF, = air immersion slope factor for radionuclide i (risk/hr per pCi/m®)
DF, = air immersion dose rate factor for radionuclide i (rem/hr per pCi/m®)
6.2x10* = cancer incidence conversion factor (risk/rem).

3.1.2 Chemical UEF Health Impact Analysis

The intake parameter for chemical exposures is the average daily intake for a chemical by either
ingestion or inhalation. For carcinogenic chemicals the intake is the average over the lifetime of the
individual (70 years), and for non-carcinogenic chemicals this is the average over the 30-year exposure
duration for the agricultural scenario.
The lifetime cancer incidence risk for chemical ingestion exposures is evaluated as follows:

UEF, = Intake, SF, 3.6)

where UEF,, = unit exposure factor for chemical carcinogen i from an ingestion exposure pathway g
(risk/unit medium concentration)

Intake, = average daily intake of chemical i from ingestion pathway g per unit medium
. concentration (mg/kg/d per unit medium concentration)

SF,, = ingestion slope factor for chemical i (risk per mg/kg/d).

The lifetime cancer incidence risk for inhalation is evaluated in a similar manner as follows:
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UEF,, = Intake, SF, 3.7

where UEF,; = unit exposure factor for chemical carcinogen i from an inhalation exposure pathway h
(risk/unit medium concentration)

Intake, = average daily intake of chemical i from inhalation pathway h per unit medium
concentration (mg/kg/d per unit medium concentration)
SF; = inhalation slope factor for chemical i (risk per mg/kg/d).

The health impact parameter for non-carcinogenic chemicals is the hazard index, evaluated as follows
for ingestion pathways: ‘

UEF, = Intake /RD, (3.8)

where UEF, = unit exposure factor for chemical non-carcinogen i from an ingestion exposure
pathway g (hazard index/unit medium concentration)

Intake,, average daily intake of chemical i from ingestion pathway g per unit medium

concentration (mg/kg/d per unit medium concentration)

RfD, = ingestion reference dose for chemical i (mg/kg/d).
The hazard index for inhalation is evaluated in a similar manner as follows:

UEF,, = Intake,/RfD,, 3.9

where UEF,; = unit exposure factor for chemical non-carcinogen i from an inhalation exposure
pathway h (hazard index/unit medium concentration)

Intake;, = average daily intake of chemical i from inhalation pathway h per unit medium
concentration (mg/kg/d per unit medium concentration)

RfD, = inhalation reference dose for chemical i (mg/kg/d).

Dermal exposures are evaluated as equivalent to ingestion exposures with correction for the fractional
absorption of the chemical in the gastrointestinal tract.

The UEF equations for inhalation of chemicals are based on slope factors and reference doses
(RfDs). This method was originally proposed by EPA, but since about 1992 the EPA has switched to’
use of unit risk concentrations (instead of inhalation slope factors) and reference concentrations (RfCs
instead of RfDs). The concentration values can be converted to slope factors and RfDs by assuming a
standard inhalation rate (20 m*d) and body weight (70 kg). This method is appropriate for most
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contaminants. However, for chemicals having inhalation effects based on respiratory system response,
it may not be appropriate to add risks or hazard indices from inhalation and ingestion pathways. To
add results for such chemicals could overestimate the health impacts. For the BEMR analyses, this
possible overestimation is ignored.

3.2 Agricultural Scenario SIF Evaluation

The agricultural exposure scenario is based on exposures over a 30-year exposure duration. The
evaluation of unit risk factors for the agricultural scenario is described in the following sections for
each exposure pathway for each medium.

3.2.1 Medlum Soil (mass)

The agricultural scenario exposure pathways for soil (per unit mass) are ingestion of agricultural
products (vegetables, fruit, meat, and milk), soil ingestion, soil dermal absorption, and external
exposure to ground contamination.

The soil dermal contact pathway is evaluated for one contact event per day, a skin contact area of
2500 cm? for a child (6 years old and 15-kg body weight) and 5000 cm? for an adult (24 years old and
70-kg body weight), and a soil adherence factor of 0.2 mg/cm®. The soil ingestion pathway is eval-
uated for a daily effective soil ingestion rate of 255 mg/d. The effective ingestion rate is based on
intake at 200 mg/d for 6 years as a 15-kg child and at 100 mg/d for 24 years as a 70-kg adult. The
effective ingestion rate represents the intake rate for a 70-kg adult over a 30-year period (to give the
same average daily intake for the composite individual). External exposure is assumed to occur
24 hours a day. A shielding factor of 0.8 is applied. The vegetable ingestion pathway is modelled in
the HAZDK analyses as "leafy vegetables" with a daily ingestion rate of 80 g/d (accounting for the
fraction of the year when food is produced elsewhere). The fruit ingestion pathway is modelled as
"other vegetables" with a daily ingestion rate of 42 g/d. The daily ingestion rate for meat is 75 g/d and
the ingestion rate for milk is 300 g/d. All pathways occur 365 days per year.

The SIF values for this medium are given in Table 3.1 for each pollutant type and exposure
pathway.

3.2.2 Medium: Soil (area)

Contamination deposited onto soil from atmospheric transport and deposition is modeled as a con-
centration per unit area of soil. The agricultural scenario UEFs for this medium are evaluated for the
same pathways as the soil per unit mass medium analyses plus ingestion of fruit, vegetables, meat, and
milk.

The exposure paraméters are the same as those defined for the soil (mass) medium. The vegetable

ingestion pathway is modelled in the HAZDK analyses as "leafy vegetables” with a daily ingestion rate
of 80 g/d (accounting for the fraction of the year when food is produced elsewhere). The fruit
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Table 3.1. Agricultural Scenario Summary Intake Factors: Soil (mass)

Exposure Pathway Type® SIF Value Units
Soil Ingestion NC 3.81E-6 kg/(kg d)
CcC 1.63E-6 kg/(kg d)
RA 1.32E+0 kg
Soil Dermal NC 1.81E-5 kg/(kg d)
Absorption
CcC | 7.75E-6 kg/(kg d)
RA 9.86E+0 kg
Vegetable Ingestion NC 1.14E-3 kg/(kg d)
cCc 4.90E-4 kg/(kg d)
RA 8.77E+2 kg
Fruit Ingestion - NC 6.00E4 kg/(kg d)
CC 2.57E4 kg/(kg d)
RA 4.60E+2 kg
Meat Ingestion NC 1.07E-3 kg/(kg d)
CcC 4.59E-4 kg/(kg d)
RA 8.22E+2 kg/(kg d)
Milk Ingestion NC 4 29E-3 kg/kg d)
CcC 1.84E-3 kg/(kg d)
RA 3.29E+3 L
Soil External RA 2.10E+5 h

(@) NC - non-carcinogenic chemicals, CC - carcinogenic chemicals,
RA - radionuclides
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Table 3.2. Agricultural Scenario Summary Intake Factors: Soil (area)

Exposure Pathway Type® SIF Value Units

Soil Ingestion NC 6.35E-8 m?*/ (kg d)

CC 2.72E-8 m?/ (kg d)
| RA 2.19E-2 m?

Soil Dermal NC 3.01E-7 m? ev/(kg d)
CC 1.29E-7 m? ev/(kg d)
RA 1.65E-1 m® ev

Vegetable Ingestion NC 1.14E-3 | kg/(kg d)
CC 4 90E-4 kg/(kg d)
RA 8.77TE+2 kg

Fruit Ingestion NC 6.00E-4 kg/(kg d)
cC . 25TE4 kg/(kg d)
RA 4.60E+2 kg

Meat Ingestion NC 1.07E-3 kg/kg d)
CcC 4.59E-4 , kg/(kg d)
RA 8.22E+2" kg

Milk Ingestion NC 4.29E-3 L/kg d)
CC 1.84E-3 L/kg d)
RA 3.29E+3 L

Soil External ‘ RA 2.10E+5 h

(a) NC - non-carcinogenic chemicals, CC - carcinogenic chemicals,
RA - radionuclides
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ingestion pathway is modelled as "other vegetables" with a daily ingestion rate of 42 g/d. The daily
ingestion rate for meat is 75 g/d and the ingestion rate for milk is 300 g/d. All pathways occur 365
days per year. The SIF values for each pathway for this medium are given in Table 3.2 for each

pollutant type.

3.2.3 Medium: Air

Agricultural scenario UEFs for air are evaluated for inhalation, external exposure from submersion
in a cloud, and consumption of fruits, vegetables, meat, and milk. The air inhalation rate is set to
20 m® for the adult and external exposure occurs for 24 hours per day. Inhalation and external
exposure occurs for 365 days per year. The vegetable ingestion pathway is modelled in the HAZDK
analyses as "leafy vegetables" with a daily ingestion rate of 80 g/d (accounting for the fraction of the
year when food is produced elsewhere). The fruit ingestion pathway is modelled as "other vegetables”
with a daily ingestion rate of 42 g/d. The daily ingestion rate for meat is 75 g/d and the ingestion rate
for milk is 300 g/d. All pathways occur 365 days per year. The SIF values for each pathway for this

medium are given in Table 3.3 for each pollutant type.

Table 3.3. Agricultural Scenario Summary Intake Factors: Air

Exposure Pathway Type® SIF Value

Inhalation NC 2.86E-1
CcC 1.22E-1

RA 2.19E+5

Air External Dose RA 2.63E+5
. Vegetable Ingestion NC 1.14E-3
CC 4.90E-4

RA 8.77E+2
Fruit Ingestion NC 6.00E-4
CC 2.57E4

RA 4.60E+2
Eat Ingestion NC - 1.07E-3
CcC 4.59E-4

RA 8.22E+2
Milk Ingestion NC / 4.29E-3
‘ CC 1.84E-3

RA 3.29E+3

(a) NC - non-carcinogenic chemicals, CC - carcinogenic chemicals,
RA - radionuclides
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Units
m?/(kg d)
m*/(kg d)

m3

hr
kg/(kg d)
kg/(kg d)
kg
kg/(kg d)
kg/(kg d)
kg
kg/(kg d)
kg/(kg d)
kg

L/(kg d)
L/(kg d)
L




3.2.4 Medium: Groundwater

Use of contaminated groundwater in the agricultural scenario includes drinking water, showering,
and ingestion of fruits, vegetables, meat, and milk 365 days per year. The exposure pathways involved
in these uses are drinking water, shower water dermal absorption, indoor inhalation of volatile com-
pounds, and ingestion of homegrown fruit, vegetables, meat, and milk. Individuals are assumed to
drink 2 L of contaminated water and take 1 shower of 12 minutes duration per day. The inhalation rate
is 15 m*/d and the indoor air volatilization factor is 0.5 for volatile chemicals and 0.1 for Rn222. The
concentrations in agricultural products were estimated using pollutant-specific concentration ratio and
transfer factor values described in Appendix B. Dermal exposure in the shower is evaluated for a skin
area of 20,000 cm?®. The vegetable ingestion pathway is modelled in the analyses as "leafy vegetables"
with a daily ingestion rate of 80 g/d (accounting for the fraction of the year when food is produced
elsewhere). The fruit ingestion pathway is modelled as "other vegetables" with a daily ingestion rate of
42 g/d. The daily ingestion rate for meat is 75 g/d and the ingestion rate for milk is 300 g/d. All path-
ways occur 365 days per year. The SIF values for each pathway for this medium are given in
Table 3.4 for each pollutant type.

3.2.5 Medium: Surface Water

Unit exposure factors for surface water are evaluated in the agricultural scenario for ingestion of
drinking water, showering, ingestion of fish, exposure related to swimming, and ingestion of fruit,
vegetables, meat, and milk. All exposure pathways are assumed to occur 365 days per year except
swimming which occurs 7 days per year.

The exposed individual is assumed to drink 2 L of contaminated water per day. The inhalation rate
is 15 m’/d and the indoor air volatilization factor is 0.5 for volatile chemicals and 0.1 for Rn222. The
air volatilization factor relates average daily indoor air concentration to the pollutant concentration in
the domestic supply water. Transfer to air occurs from showering, food preparation, and other indoor
use of water. The volatilization pathway is included for all chemical pollutants with a Henry’s Law
constant (dimensional) greater than 10° atm m®/g-mole. Dermal exposure while showering is evaluated
for a skin area of 20,000 cm®>. The exposure time for swimming is 2.6 hr/d. Dermal exposure while
swimming is evaluated for a skin area of 20,000 cm?. Inadvertent ingestion of water while swimming
is 50 ml/hr. The vegetable ingestion pathway is modelled in the HAZDK analyses as “leafy veg-
etables" with a daily ingestion rate of 80 g/d (accounting for the fraction of the year when food is
produced elsewhere). The fruit ingestion pathway is modelled as "other vegetables” with a daily inges-
tion rate of 42 g/d. The daily ingestion rate for meat is 75 g/d and the ingestion rate for milk is
300 g/d. The exposed individual catches enough fish from the contaminated surface water body to

-ingest 54 g/d edible fish each day of the year. The SIF values for each pathway for this medium are
given in Table 3.5 for each pollutant type.
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Table 3.4. Agricultural Scenario Summary Intake Factors: Groundwater

Exposure Pathway Type® SIF Value Units
Water Ingestion NC 2.86E-2 ; L/kg d)
| cc 1.22E2 L/(kg d)
RA 2.19E+4 L
Indoor Inhalation NC 1.07E-1 L/(kg d)
CC 4.59E-2 L/(kg d)
RA 1.64E+4 L
Vegetabie Ingestion NC 1.14E-3 ‘ kg/kg d)
CC 4.90E-4 kg/(kg d)
RA 8.77E+2 kg
Fruit Ingestion. NC 6.00E4 kg/(kg d)
CcC 2.57TE4 kg/(kg d)
_ RA 4.60E+2 kg
Meat Ingestion NC 1.07E3 - ke/kgd)
CcC 4.59E-4 kg/(kg d)
RA 8.22E+2 kg
Milk Ingestion NC 4.29E-3 : L/(kg d)
CcC 1.84E-3 L/kg d)
RA 3.29E+3 L

(a) NC - non-carcinogenic chemicals, CC - carcinogenic chemicals,
RA - radionuclides

3.10




Table 3.5. Agficultural Scenario Summary Intake Factors: Surface Water

Exposure Pathway

Water Ingestion

Wéter Dermal'
Absorption

Indoor Inhalation
Fish Ingestion
Swimming Dermal

Absorption

Swimming Water
Ingestion

Swimming External Dose
Vegetable Ingestion
Fruit Ingestion

Meat Ingestion

Milk Ingestion

Type®

NC
CC
RA
NC
CC
RA
NC
CC
RA

"NC

e
RA
NC
cC
RA
NC

cC
RA
RA
NC

cc
RA
NC
cc
RA
NC
cc
RA
NC
cc
RA

SIF Value

2.86E-2
1.22E-2
2.19E+4
5.71E-2
2.45E-2
4.38E+4
1.07E-1
4.59E-2
1.64E+4
7.71E-4
3.31E4
5.92E+2
1.43E-2
6.11E-3
1.09E+4
3.56E-5
1.53E-5
2.73E+1
5.47E+2
1.14E-3
4.90E-4
8.77E+2
6.00E-4
2.57E4
4.60E+2
1.07E-3
4.59E-4
8.22E+2
4.29E-3

'1.84E-3
~ 3.29E+3

Units

L/(kg d)
Li/(kg d)

L .
L h/(kg d cm)
L h/(kg d cm)
L h/cm

L/kg d)
L/(kg d)

L

L/kg d)
L/(kg d)

L

L h/(kg d cm)
L h/(kg d cm)
L h/cm.
Likg d)
Likkg d)

L

h

kg/(kg d)
kg/(kg d)

kg

kg/(kg d)
kg/(kg d)

kg

kg/(kg d)
kg/(kg d)

kg

L/(kg d)
L/(kg d)

L

(a) NC - non-carcinogenic chemicals, CC - carcinogenic chemicals, RA - radionuclides
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Appendix A

Unit Exposure Factor Tables

This appendix presents summary tables of unit exposure factor values for each medium, and
detailed tables giving all unit exposure factor values for all exposure pathways. The summary tables
give unit exposure factor values summed over all exposure pathways relevant to a medium. Each
table provides results for one pollutant type: non-carcinogenic chemicals, carcinogenic chemicals, or
radionuclides. Each of the chemical result tables contain the same list of chemicals. A zero value for
a UEF in one of these tables indicates that there was no toxicity value for the pollutant for that partic-
ular type of exposure. For example, if there were no inhalation reference doses for a pollutant, there
would be zero values for inhalation pathways for the pollutant in the non-carcinogenic impact table.
The content of the tables in the order of presentation is as follows:

Table Number Medium Impact/Pollutant Type
Al All Non-carcinogens
A2 All Carcinogens
A3 All Radionuclides

Al




Table A.1. Unit Exposure Factors for Non-carcinogenic Chemical Impacts

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
11-Dichloroethylene 4.24E-05 0.00E+00 3.17E+01 1.62E+01 1.69E+01
11-Dichloroethane 1.34E-05 0.00E+00 2.86E+00 1.46E+00 1.51E+00
111-Trichloroethan 1.88E-04 0.00E+00 7.15E+01 3.66E+01 4.67E+01
112-Trichloroethan 7.99E-04 0.00E+00 7.18E+01 3.66E+01 4.41E+01
1122-tetrachlorethan 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
12-Dichloroethylene 1.97E-04 0.00E+00 1.43E+01 7.33E+00 7.45E+00
12-Dichloroethane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
12-Dichlorobenzene 2.62E-04 0.00E+00 7.23E+00 3.17E+00 3.95E+00
123-trichloroprpane 2.69E-04 0.00E+00 1.18E+04 2.86E+01 3.01E+02
124-Trichlorobenzene 3.37E-03 0.00E+00 4.09E+03 1.54E+01 1.13E+02
1245-tetrachlorobenz 1.69E-01 0.00E+00 1.57E+05 1.79E+02 4.82E+03
13-Dichlorobenzene 1.15E-04 0.00E +00 3.24E+00 1.69E+00 2.27E+00
14-Dioxane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
14-Dichlorobenzene 3.51E-06 0.00E+00 1.43E+00 5.43E-01 5.51E-01
2-Methylphenol 1.26E-02 5.10E-04 5.83E+00 1.96E+00 2.12E+00
2-Hexanone 3.00E-03 1.52E-04 2.12E+00 1.42E+00 1.44E+00
2-Chlorophenol 1.59E-02 8.56E-04 8.70E+01 3.16E+01 3.27E+01
2-Methylnaphthalene 1.76E-03 8.84E-05 7.31E+00 2.68E+00 9.42E+00
24-Dinitrotoluene 5.89E-01 1.95E-02 2.17E+02 6.35E+01 6.77E+01
4-Methyl-2-pentanone 3.33E03 1.39E-04 5.75E+00 3.40E+00 3.41E+00
4-Methylphenol 2.31E-02 7.90E-04 5.83E+00 2.59E+00 2.74E+00
Acenaphthene 1.76E-03 8.92E-05 7.34E+00 2.68E+00 1.16E+01
Acenaphthylene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Acetone 1.45E-04 0.00E+00 2.89E+00 1.47E+00 1.48E+00
Aldrin 7.75E+00 3.10E-01 7.47E+04 6.05E+03 8.68E+04
Allyl aichohol 3.11E-02 6.35E-04 5.89E+01 1.23E+01 1.24E+01
Alpha-hexachlorocycl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Aluminum (ionic) 1.51E-02 1.37E-03 4.85E+02 1.02E+02 1.22E+02
Amonia 1.32E-04 1.65E-05 1.84E+01 1.32E+00 1.32E+00
Anthracene 2.35E-04 0.00E+00 1.79E+00 5.43E01 4.83E+00
Antimony (ionic) 1.66E-02 1.83E-03 1.11E+403 1.11E+02 5.01E-+02
Aroclor 1248 (PCB) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Aroclor 1254 (pcb) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Aroclor 1260 (pcb) 0.00E+00 0.00E+00 0.00E +00 0.00E+00 0.00E+00
Arsenic (ionic) 2.63E-02 2.03E-03 5.23E+02 1.31E+02 3.88E+02
Asbestos (croc) 0.00E+00 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Asphalt 4.02E-03 1.84E-04 6.59E+01 7.76E+00 2.45E+01
Barium (jonic) 1.67E-04 1.06E-05 2.86E+03 5.85E-01 2.79E+00
Benzene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Benzo(a)anthracene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Benzo(a)pyrene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Benzo(b)fluoranthene 0.00E+00 0.00E+00 0.00E+00 0.00E +00 0.00E+00
Benzo(k)fluoranthene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Benzoic acid 3.53E-04 1.16E-05 1.09E-01 3.62E-02 3.78E-02
Beryllium chloride 1.74E-03 1.93E-04 3.00E+01 9.97E+00 1.35E+01
Beryllium (ionic) 1.74E-03 1.93E-04 3.00E+01 9.97E+00 1.35E+01
beta - HCCH 3.93E-01 1.91E-02 1.46E+03 1.56E+02 1.61E+03
bis(2et-hexyl)phthlt 3.75E-01 2.36E-02 4.34E+-01 3.04E+01 3.05E+01

A2




‘ Table A.1. (contd)

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
Boron (ionic) 3.36E03 - 1.09E-04 6.88E+00 8.18E-01 8.20E-01
Bromodichloromethane 1.05E-04 0.00E+00 1.73E+03 7.30E+00 8.00E+00
Cadmium (ionic) 1.71E-01 6.74E-03 1.01E+03 1.00E+02 4.10E+02
Calcium (ionic) 2.28E-07 2.84E-08 2.55E02 2.26E-03 2.26E-03
Carbon disulfide 5.39E-06 0.00E+00 1.02E+02 3.90E+01 3.91E+01
Carbon tfetrachloride 1.20E-03 0.00E+00 4.08E+02 2.10E+02 3.75E+02
Chlordane 1.10E+00 0.00E+00 4.69E+03 7.94E+02 4.95E+03
Chlorine gas 2.31E05 2.49E-09 2.67E+01 1.92E+00 5.43E+00
Chlorobenzene 2.63E-04 0.00E+00 5.02E+01 2.09E+01 4.58E+01
Chlorodibromomethane 4.87E-04 0.00E+00 1.43E+01 1.99E+00 2.50E+00
Chioroethane 3.51E-08 0.00E+00 2.86E-02 1.46E-02 1.48E-02
Chloroform 1.24E-04 0.00E+00 2.86E+01 1.53E+01 1.63E+01
Chloromethane(methy) 3.56E-05 0.00E+00 2.40E-05 7.65E-02 7.84E-02
Chromic acid 2.92E-03 1.96E-04 5.01E+05 1.17E+01 - 4.31E+01
Chromium VI (ionic) 2.92E-03 1.96E-04 5.01E+05 1.17E+01 431E+01
Chromium IIT 1.46E-05 9.83E-07 5.48E-01 5.83E-02 2.15E-01
Chrysene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cobalt (ionic) ) 2.92E-03 1.36E-04 ' 8.39E+02 5.22E+00 9.99E+00
Copper (ionic) 6.30E-01 2.09E-02 9.33E+02 2.04E+02 .3.33E+02
Cyanide ion 1.18E+00 3.70E-02 2.17E+01 9.70E+01 9.70E+01
DDD 8.72E-04 6.82E-05 1.33E+01 1.44E+00 4.33E+01
DDE 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DDT 8.26E-02 5.78E-03 2.44E+03 . 2.41E+02 4.36E+03

. Deita-BHC 9.13E-02 3.88E-03 3.20E+02 3.34E+01 3.61E+02
Di-n-butyl phthalate 5.22E-04 3.68E-05 . 6.72E+00 5.91E-01 5.36E+01
Di-n-octylphthalate 1.13E+01 3.53E-01 2.20E+05 1.65E+04 1.6SE+04
Dibenzo(a,h)antrac 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Dieldrin 9.88E+00 3.50E-01 2.35E+04 2.52E+03 7.76E+04
Diesel Fuel 2.93E-04 0.00E+00 9.27E-01 4.46E-01 1.57E+00
Diethyl Phthalate 8.16E-04 2.81E-05 5.44E-01 1.08E-01 1.36E01
EDTA 1.19E+01 3.73E-01 2.64E+02 9.32E+02 9.32E+02
Endosulfan I 2.90E-02 1.25E-03 7.28E+01 8.34E+00 4.37E+01
Endosulfan II 2.67E02 1.18E-03 7.29E+401 8.18E+00 4.91E+01
Endrin ) 1.63E-01 1.19E-02 1.93E+03 1.72E+02 - 3.98E+03
Ethane 0.00E+00 0.00E+00 5.29E-06 1.98E-06 1.98E-06
Ethyl ether 9.52E-06 0.00E+00 6.90E+01 4.11E-01 4.17E-01
Ethyl acetate 1.01E-05 0.00E+00 3.18E-01 1.63E-01 1.64E-01
Ethylbenzene . 6.08E-05 0.00E+00 1.00E+00 1.33E+00 2.40E+00

- Ethylene glycol 9.15E-02 3.03E-03 2.49E-01 7.42E+00 7.42E+00
Fluoranthene 1.33E-03 9.28E-05 1.20E+01 1.61E+00 7.32E+01
Fluorene 2.18E03 1.20E-04 1.11E+01 4.03E+00 1.79E+01
Fluoride ion 2.11E-03 7.19E-05 1.59E+01 1.40E+00 1.53E+00
Freon 113 8.88E-09 0.00E+00 3.32E-02 1.37E-02 1.80E-02
Fuel Oil #2 2.93E-04 1.47E-05 1.22E+00 4.46E-01 1.57E+00
gamma-HCCH (Lindane) 7.57E01 3.05E-02 2.13E+03 2.31E+02 6.95E+02
Gasoline 0.00E+00 . 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Heptachlor - 2.76E-01 0.00E+00 1.02E+05 1.31E+02 2.49E+03
Heptanes 1.97E-08 " 0.00E+00 3.07E+00 1.62E-02 1.22E-01




Table A.1. (contd)

A4

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
Hexanes 1.87E-06 0.00E+00 4.76E+00 2.72E+00 9.16E+00
HMX (h-no2 tetzocine 1.53E-01 4.84E-03 8.68E+00 1.24E+01 1.25E+01
Hydraulic Fluid 7.85E-05 4.73E-06 5.01E-01 1.81E-01 1.62E+00
Indeno(1,2,3-cd)pyre 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Iron 1.23E-05 6.73E-07 3.35E+01 3.43E-02 1.22E+00
Isobutane 1.72E09 0.00E+00 2.15E-02 1.13E02 1.44E-02
Isophorone 1.52E-03 6.90E-05 2.17E+00 3.49E-01 421E01
‘Isopropyl alcohol 8.00E-06 0.00E+00 4.17E-02 223E02 2.23E-02
Kerosene 1.51E-04 7.58E-06 6.27E-01 2.29E-01 8.06E-01
Lead (ionic) 4.32E-03 3.96E-04 7.83E+02 2.83E+01 8.34E+01
Lithium ion 2.14E-05 7.27E07 6.41E-01 4.70E-02 4.70E-02
m-Xylene 1.85E-06 0.00E+00 1.72E+02 _5.57E-01 6.15E-01
Magnesium (ionic) 8.72E-06 2.80E-07 4.09E+00 1.81E-03 2.59E-03
Manganese (jonic) 1.06E-03 3.85E-05 2.02E+02 6.54E-01 S.07E+00
Mercury (ionic) 3.81E+00 1.21E-01 5.67E+03 5.89E+02 3.16E+03
Methanol 1.32E-04 0.00E+00 5.72E-01 2.94E-01 - 2.94E-01
Methy! ethyl ketone 4 9SE-04 0.00E+00 1.03E+00 - 1.21E+00 1.22E+00
Methylcyclohexax‘xe 6.47E-04 0.00E+00 1.59E+02 7.71E+01 6.69E+02
Methylcyclopentane 3.50E-06 0.00E+00 7.94E-01 5.10E-01 1.98E+00
Methylene chloride 2.20E-05 0.00E+00 4.76E+00 2.43E+00 2.47E+00
Mineral Oil 7.85E-05 4.73E-06 5.02E-01 1.81E-01 1.62E+00
Molybdenum 9.71E-03 3.82E-04 1.10E+02 1.02E+01 1.18E+01
Motor Oil 7.85E-05 4.73E-06 5.01E-01 1.81E-01 1.62E+00
n-Butane 2.51E-09 0.00E+00 2.58E+00 1.13E-02 1.55E-02
n-Pentane 5.31E09 0.00E+00 2.72E+00 1.23E-02 2.46E-02
N-Dodecane 3.02E-06 2.74E-07 9.49E-02 3.64E-02 7.59E-01
N-nitrosodipropylami 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
N-nitrosodiphnylamne 0.00E+00 0.00E+00 0.00E+00 0.00E +00 0.00E+00
Naphthalene 4.88E-03 2.08E-04 1.12E+01 4.13E+00 6.88E+00
Nickel (ionic) 2.29E-03 9.11E-05 1.14E+01 2.36E+00 6.23E+00
Nitrate ion 6.15E-02 1.92E03 1.43E+00 4.78E+00 7.71E+01
Nitric acid 2.80E+00 8.78E-02 6.54E+01 2.19E+02 3.53E+03
Nitrite 1.13E-04 1.41E-05 1.28E+01 1.12E+00 1.13E4+00
Nonane 1.54E-08 1.41E-09 8.21E-03 3.96E-03 7.50E-02
o-Xylene 2.72E-06 0.00E+00 1.72E+02 5.56E-01 5.87E-01
Octane 4.26E-08 0.00E+00 6.71E-02 2.51E-02 4.38E-01
PCBs (general) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pentachlorophenol 1.71E-03 1.22E-04 1.65E+01 2.72E+00 1.14E+02
PETN 2.57E+00 8.09E-02 9.91E+01 2.08E+02 2.08E+02
Phenanthrene 1.75E-03 0.00E+00 1.33E+01 4.09E+00 3.72E+01
Phenol ~ 1.65E-03 6.92E-05 5.11E-01 2.22E01 2.27E-01
Phosphate ion 1.78E-02 5.57E-04 436E+01 1.61E+00 1.19E+02
Phosphoric Acid 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Potassium ion 1.37E-06 4.36E-08 1.87E-03 2.50E-04 1.76E-03
Potassium hydroxide 2.73E-05 3.42E-06 3.10E+00 2.73E01 2.73E-01
Propane 0.00E+00 0.00E+00 3.62E-06 1.36E-06 1.36E-06
Pyrene 1.63E-03 1.19E-04 1.86E+01 2.90E+00 7.52E+01
RDX 6h-3n02-triazine 7.89E-02 3.15E-03 1.45E+02 1.85E+4-01 5.91E+01




Table A.1. (contd)

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
Selenium (ionic) 8.87E-03 3.56E-04 3.76E+02 1.27E+01 3.90E+01
Silver (ionic) 1.02E-02 3.95E-04 3.59E+02 2.71E+01 2.75E+01
Sodium ion 1.00E-06 3.26E-08 9.75E-03 7.79E-04 1.04E-03
Sodium bichromate 2.92E-03 1.96E-04 5.01E+05 1.17E+01 4.31E+01
Sodium (ionic) 1.00E-06 3.26E-08 9.75E-03 7.79E-04 1.04E-03
Sodium hydroxide 2.73E-04 3.42E-05 3.10E+01 2.73E+00 2.73E+00
Strontium ion 7.29E-04 2.34E-05 2.10E+00 1.30E-01 1.95E-01
Stryene-butadiene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Styrene 2.72E-06 0.00E+00 1.20E+02 7.52E01 1.10E+00
Sulfate ion 6.76E-05 2.12E06 4.10E+00 6.93E-03 1.51E-02
Sulfuric Acid 5.47E-04 6.83E-05 6.22E+01 5.46E+00 5.46E+00
Tetrachloroethylene 4.40E-04 0.00E+00 2.86E+01 1.67E+01 2.49E+01
Tetrahydro furan 9.96E-07 1.65E-09 6.97E-02 3.35E-02 3.36E-02
Thallium (ionic) 3.75E-01 1.62E-02 8.13E+03 7.13E+02 9.71E+04
Tin (ionic) 1.02E-04 3.94E-06 1.12E+00 1.08E-01 3.97E+00
TNT 3no2-toluene 2.77TE+00 9.08E-02 8.68E+02 2.834E+02 2.97E+02
Toluene 1.31E-05 0.00E+00 2.60E+00 1.45E+00 1.72E+00
trans-1,3-dichloropr 1.94E-02 0.00E+00 6.67E+03 1.51E+02 1.79E+02
Tribromomethane 9.46E-04 0.00E+00 1.44E+01 2.05E+00 3.02E+00
Tributyl phosphate 5.38E-05 2.09E-06 2.51E+01 2.31E+00 3.22E+01
Trichloroethylene 0.00E+00 0.00E+00 0.00E+00 0.00E-+00 0.00E+00
Trichloromonofluorom 4.43E-07 0.00E+00 9.52E-01 4.88E-01 5.73E-01
Trichloromoneofluoro 4.43E-07 0.00E+00 1.14E4+02 4.88E-01 5.73E-01
Trimethylbenzene 4.43E-01 0.00E+00 2.58E+00 9.27E4+02 4.19E+03
Uranium (ionic) 4.07E-03 2.58E-04 2.67E+02 1.42E+01 2.73E+01
Vanadium (ionic) 1.31E-03 9.94E-05 5.63E+01 5.49E+00 6.51E+00
Vinyl chioride 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xylene (mixed) 1.85E-06 0.00E+00 3.99E+02 1.27E+00 1.33E+00
Zinc compounds 5.87E-03 1.85E-04 4.41E+00 7.92E-01 7.22E+00
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Table A.2. Unit Exposure Factors for Carcinogenic Chemical Impacts

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
11-Dichloroethane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
11-Dichloroethylene 9.82E-08 0.00E+00 - 2.20E-02 1.83E-02 1.99E-02
111-Trichloroethan 1.85E-08 0.00E+00 6.99E-03 3.58E-03 4.57E03
112-Trichloroethan 7.82E-08 0.00E+00 7.02E-03 3.58E-03 4.31E-03
1122-tetrachlorethan 1.76E-06 : 8.15E-08 3.72E-02 1.28E-02 1.44E-02
12-Dichlorobenzene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
12-Dichloroethane 2.25E-07 0.00E+00 1.11E-02 5.68E-03 5.74E-03
12-Dichloroethylene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E +00
123-trichloroprpane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
124-Trichlorobenzene ’ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 : 0.00E+00
1245-tetrachlorobenz 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
13-Dichlorobenzene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
14-Dichlorobenzene 2.06E07 0.00E+00 3.00E-03 1.55E-03 2.04E-03
14-Dioxane 3.11E07 4.06E-09 1.37E-03 "7.32E-04 7.33E-04
2-Methyinaphthalene 6.48E-07 3.25E-08 2.69E-03 9.85E-04 3.46E-03
2-Hexanone 0.00E-+00 0.00E+00 " 0.00E+00 0.00E+00 0.00E+00
2-Chlorophenol 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2-Methylphenol 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
24-Dinitrotoluene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4-Methylphenol 0.00E+00 0.00E+00 "0.00E+00 . 0.00E+00 0.00E+00
4-Methyl-2-pentanone 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Acenaphthene 0.00E+00 0.00E+00 0.00E-+00 0.00E+00 0.00E+00
Acenaphthylene 0.00E+00 0.00E+00 7.47E-01 2.80E-01 2.80E-01
Acetone 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-+00
Aldrin 1.69E-03 6.79E-05 1.64E+01 1.32E+00 1.89E+01
Allyl alchohol 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Alpha-hexachlorocycl 6.14E-04 2.47E-05 - 1.73E+00 1.88E-01 1.23E+00
Aluminum (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 © 0.00E+00
Amonia ' 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Anthracene 0.00E+00 0.00E+00 0.00E+00 * 0.00E+00 0.00E+00
Antimony (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Aroclor 1254 (pcb) 3.28E-04 1.70E-05 4.31E+00 4.19E-01 1.07E+01
Aroclor 1260 (pcb) 1.62E-03 5.73E05 2.90E+01 2.40E+00 2.48E+00
Aroclor 1248 (PCB) 1.88E-04 1.26E-05 2.56E+00 2.79E-01 1.65E+01
Arsenic (ionic) 5.93E-06 4 55E-07 1.96E+00 2.94E-02° 8.74E-02
Asbestos (croc) 3.94E-05 4.92E-06 4.47E+00 3.93E-01 4.02E-01
Asphalt 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Barium (ionic) 0.00E+00 0.00E+00 0.00E+00 ~ 0.00E+00 ) 0.00E+00
Benzene 2.15E-08 0.00E+00 3.55E03 . 1.89E-03 2.04E-03
Benzo(a)anthracene 1.88E-05 ' 1.32E-06 2.46E-01 3. 72E02 3.29E+400
Benzo(a)pyrene - 1.87E-04 - 1.09E-05 2.81E4-00 3.93E-01 7.86E+00
Benzo(b)fluoranthene 2.61E-05 1.53E-06 3.93E-01 551E-02 1.10E+00
Benzo(k)fluoranthene " 1.23E-05 7.21E-07 1.85E-01 2.52E02 5.17E-01
Benzoic acid 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Beryllium (ionic) 1.60E-05 1.78E-06 1.31E+00 9.19E-02 T 1.248-01
Beryllium chloride 1.60E-05 1.78E-06 1.31E+00 ~ 9.19E-02 1.24E-01
beta - HCCH 9.09E-05 4.42E-06 3.38E-01 3.62E-02 3.72E-01
bis(2et-hexyl)phthit 4.49E-05 2.84E-06 5.21E-03 3.65E-03 © 3.66E-03
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. Table A.2. (contd)

Chemical Name Soil (mass) Soil (area) Air -Groundwater Surface Water
Boron (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bromodichloromethane 1.17E07 0.00E+00 1.92E+00 8.13E-03 8.91E-03
Cadmium (ionic) 2.31E-04 9.11E-06 1.36E+00 1.35E-01 5.53E-01
Calcium (ionic) 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00
Carbon disulfide - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Carbon tetrachloride 4.67E-08 0.00E+00 6.50E-03 - 4.63E-03 1.11E-02
Chlordane 3.69E-05 0.00E+00 3.16E01 2.65E-02 1.65E-01
Chlorine gas ‘ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Chlorobenzene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Chlorodibromomethane | 3.50E-07 0.00E+00 1.03E02 1.44E-03 1.80E-03
Chloroethane . 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-+00
Chloroform 3.25E-09 0.00E+00 9 91E-03 3.84E-03 3.87E-03
Chloromethane(methy) 1.07E-07 0.00E+00 7.71E-04 5.19E-04 5.25E-04
Chromic acid 2.57E-04 1.73E-05 9.62E+00 1.02E+00 3.78E+00
Chromium VI (jonic) 0.00E+00 0.00E+00 5.02E+00 0.00E+00 0.00E+00
Chromium I 0.00E+00 . 0.00E+00 " 0.00E+00 0.00E+00 0.00E+00
Chrysene . 5.72E07 4.03E-08 7.54E-03 1.13E-03 5.91E-02
Cobalt (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Copper (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cyanide ion 0.00E+00 ~ 0.00E+00 © 0.00E+00 0.00E+00 0.00E+00
DDD 4.49E-06 3.51E-07 ) 6.97E-02 7.44E-03 2.23E01
DDE 1.10E-05 6.41E-07 1.73E-01 1.60E-02 9.66E-01
DDT ' 6.01E-06 4.22E-07 1.78E-01 1.75E-02 " 3.18E-01

‘ " Delta-BHC 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Di-n-butyl phthalate 0.00E+00 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Di-n-octylphthalate 1.36E-03 4.24E-05 2.63E+01 1.98E+00 1.99E+00
Dibenzo(a,h)antrac 1.44E-04 1.01E-05 1.90E+00 5.83E-01 2.41E+02
Dieldrin 3.39E-03 1.20E-04 3.07E4+00 8.64E-01 2.67E+01
Diesel Fuel 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Diethyl Phthalate 0.00E+00 0.00E+00 . . 0.00E+00 0.00E+00 0.00E+00
EDTA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Endosulfan II 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Endosulfan I 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Endrin 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ethane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ethyl acetate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ethyl ether 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ethylbenzene : 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ethylene glycol 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fluoranthene 0.00E +00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fluorene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fluoride ion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Freon 113 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00
Fuel Oil #2 0.00E+00 0.00E+00 0.00E+00 0.00E-+00 0.00E+00
gamma-HCCH (Lindane) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Gasoline 2.15E-10 3.57E-08 3.55E-05 1.82E-05 1.96E-05
Heptachlor 2.66E-04 0.00E+00 9.80E+01 1.26E-01 2.40E+00
Heptanes 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table A.2. (contd)

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
Hexanes 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
HMX (h-no2 tetzocine 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Hydraulic Fluid 0.00E+00 0.00E+00 0.00E-+00 0.00E+00 0.00E+00
Indeno(1,2,3-cd)pyre 8.11E-05 3.72E-06 1.33E+00 1.65E-01 5.04E-01
Iron 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Isobutane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Isophorone 1.23E-07 5.62E-09 1.78E-04 2.84E-05 3.43E-05
Isopropyl alcohol 0.00E+00 0.00E+00 0.00E+00 0.00E4-00 0.00E+00
Kerosene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Lead (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Lithium ion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
m-xylene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Magnesium (ionic) 0.00E+00 0.00E +00 0.00E+00 0.00E+00 0.00E+00
Manganese (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Mercury (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Methanol 0.00E+00 0.00E+00 0.00E+00 0.00E-+00 0.00E+00
Methyl ethyl ketone '0.00E+00 0.00E +00 0.00E+00 0.00E+00 0.00E+00
Methylcyclohexane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Methylcyclopentane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Methylene chloride 4.24E-09 6.03E07 1.97E-04 1.98E-04 2.04E-04
Mineral Oil 0.00E+-00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Molybdenum 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Motor Oil 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
n-Pentane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
n-Butane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
N-Dodecane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
N-nitrosodiphnylamne 4.26E-07 0.00E+00 6.16E-04 3.41E-04 5.28E-04
N-nitrosodipropylami 2.43E-03 1.06E-04 9.10E-01 3.72E-01 3.81E-01
Naphthalene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nickel (ionic) 0.00E+00 0.00E+00 1.03E-01 0.00E+00 0.00E+00
Nitrate ion 0.00E+00 ‘0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nitric acid 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nitrite 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
o-Xylene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Octane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PCBs (general) 1.87E-04 7.34E-06 3.58E+00 3.60E-01 4.58E+02
Pentachlorophenol 2.64E-06 1.88E-07 2.54E-02 4.20E-03 1.76E-01
PETN 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Phenanthrene 0.00E+00 0.00E+00 0.00E+00 0.00E-+00 0.00E+00
Phenol 0.00E+00 0.00E+00 0.00E+00 0.00E +00 0.00E+00
Phosphate ion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Phosphoric Acid 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Potassium hydroxide 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Potassium ion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Propane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pyrene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
RDX 6h-3no2-triazine 4.46E-07 2.06E-02 2.63E-03 8.37E-03

1.12E-05
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Table A.2. (contd)

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
Selenium (ionic) 0.00E+00 0.00E+00 0.00E+-00 0.00E+00 0.00E+00
Silver (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sodium bichromate 2.57E-04 1.73E-05 9.62E+00 1.02E+00 3.78E+00
Sodium ion ‘ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sodium (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sodium hydroxide 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Strontium ion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Stryene-butadiene 1.38E-07 7.26E-09 6.44E-04 2.34E-04 1.14E-03
Styrene 6.98E-09 0.00E+00 3.40E-02 1.08E-03 1.98E-03
Sulfate ion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sulfuric Acid 0.00E+00 0.00E+00 0.00E+00 0.00E-+00 0.00E+00
Tetrachloroethylene 9.62E-08 0.00E+00 2.24E-04 1.39E-03 3.20E-03
Tetrahydro furan 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Thallium (fonic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tin (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TNT 3no2-toluene 1.78E-05 5.83E-07 5.59E03 1.83E-03 1.91E-03
Toluene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
trans-1,3-dichloropr 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tribromomethane 6.40E-08 0.00E+00 4.86E-04 1.39E-04 2.04E-04
Tributyl phosphate 3.183E-09 1.24E-10 5.23E-04 1.37E-04 1.91E-03
Trichloroethylene 8.82E-09 0.00E+00 1.59E-03 8.41E-04 ‘8.96E-04
Trichloromonofluoro 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Trichloromonofluorom 0.00E+00 0.00E+00 0.00E+-00 0.00E+00 0.00E+00
Trimethylbenzene 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Uranium (ionic) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Vanadium (ionic) 0.00E+00 0.00E-+00 0.00E+00 0.00E+00 0.00E+00
Vinyl chloride 1.38E07 0.00E+00 3.55E02 4.43E-02 4.67E-02
Xylene (mixed) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Zinc compounds 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table A.3. Unit Exposure Factors for_ Radionuclide Impacts

A.10

Chemical Name Soil (mass) Soil (area) Air Groundwater Surface Water
AC225 3.17E-11 4.36E-13 5.27E04 9.84E-07 1.18E-06
AC227 7.49E-08 1.07E-08 1.93E-02 3.90E-04 - 3.95E-04
AC228 1.17E-11 5.42E-15 5.81E-06 1.16E-08 1.78E-08 -
AM241 2.26E-08 2.84E-09 7.04E-03 1.08E-04 1.44E04
AM243 3.45E-08 4.32E09 7.04E-03 1.08E-04 1.44E-04
BE7 2.52E-11 2.09E-12 6.70E-08 8.39E-10 8.99E-10
BI210 5.63E-13 © 2.83E-15 1.78E-05 6.31E-08 6.25E-08
C14 2.86E-12 0.00E+00 3.08E-06 1.20E-07 2.57E-06
CD109 3.07E-11 1.90E-12 1.55E-05 2.68E-07 1.20E-06
CE144 1.27E-10 2.30E-11 7.52E-05 2.10E-07 2.04E-06
CF252 1.41E09 2.06E-10 2.14E-02 4.73E-05 5.72E-05
CM242 1.01E-10 9.19E-12 "8.56E-04 3.00E-06 4.92E06
CM243 1.38E-08 1.91E-09 5.72E-03 7.35E-05 1.02E-04
CM244 7.43E09 1.09E-09 ' 4.84E-03 5.90E-05 8.27E-05
CM245 2.52E-08 3.14E-09 7.04E-03 1.10E-04 1.46E-04
CM248 8.69E-08 1.09E-08 2.64E-02 4.07E-04 5.42E-04
CO56 3.56E-09 3.84E-10 7.43E-06 2.836E-07 1.82E-06
Cos7 1.63E-10 2.93E-11 1.95E-06 2.24E-08 1.36E-07
COS58 7.39E-10 7.44E-11 2.58E-06 5.82E-08 3.71E07
CO60 5.16E-08 9.43E-09 3.69E-05 6.06E-07 3.54E-06
Cs132 6.16E-11 7.67E-13 3.88E-07 3.51E-08 1.43E-06
CS134 1.27E-08 2.51E09 2.69E-05 2.35E-06 5.09E-05
CS137 3.59E-08 4.834E-09 1.85E-05 1.71E06 3.48E05
EU152 4.42E-08 6.77E-09 2.45E-05 1.07E-07 1.39E-07
EU154 3.77E08 6.25E09 3.12E-05 1.48E-07 1.93E07
EU155 3.33E-10 6.17E-11 4.01E-06 2.17E-08 2.84E-08
FES5 3.71E-13 2.61E-14 2.26E-07 9.08E-09 3.29E-07
H3 5.86E-16 5.43E-17 3.74E-08 1.46E-09 1.50E-09
H3-EL 9.55E-14 0.00E+00 8.68E-13 1.16E-09 1.17E-09
1129 1.24E-08 4.21E-10 1.49E-04 1.34E-05 6.97E-05
131 3.96E-11 5.91E-13 1.27E-05 1.29E-06 1.20E-05
K40 1.89E-08 1.81E-09 7.30E-06 1.07E-06 7.59E-06
KR85 7.42E-11 1.18E-11 2.69E-10 0.00E+00 1.15E-12
MNS2 2.12E-10 2.29E-12 1.25E-06 4.96E-08 5.72E-07
MNS54 2.87E-09 5.34E-10 1.39E-06 3.38E-08 2.94E-07
MNS56 2.06E-12 435E-16 2.49E-07 3 .441?.—10 9.59E-08
NA22 2.18E-08 4.34E-09 1.48E-05 1.12E-06 1.52E-06
NB9S 2.89E-10 1.72E-11 1.90E-06 6.66E-08 1.44E-07
NI63 7.21E-12 2.64E-13 4.37E-07 8.65E-09 2.29E08
NP237 4.89E-08 6.0SE-09 -6.39E-03 1.29E-04 1.61E-04
NP239 1.71E-12 7.91E-15 3.78E-07 1.86E-08 1.58E-07
P32 2.51E-11 1.78E-13 2.30E-06 1.96E-07 1.45E-04
PA231 : 1.09-07 1.23E-08 . 7.90E-03 3.02E-04 3.02E-04
PA233 3.58E-11 1.70E-12 1.98E-06 3.34E-08 4.01E-08
PB210 1.98E-09 1.65E-10 9.62E-04 2.01E-05 5.92E-05
PB212 7.69E-12 6.72E-15 1.10E-05 5.82E-08 4.01E-07
PM147 3.50E-13 4.90E-14 6.62E-06 1.42E-08 1.88E-08
PO210 1.54E-11 1.18E-12 5.88E-04 4.97E-06 4.94E05




Table A.3. (contd)

Chemical Name Soil (mass) Soil (area) . Air Groundwater Surface Water
PU238 1.77E-08 2.30E09 8.58E-03 9.34E-05 1.26E-04
PU239 2.23E-08 2.80E-09 8.36E-03 1.05E-04 1.39E-04
PU240 2.23E-08 2.80E-09 8.36E-03 1.05E-04 - 1.39E-04
PU241 5.82E-10 6.69E-11 ~ 5.08E-05 1.98E-06 2.51E-06
PU242 2.11E-08 2.65E-09 7.92E-03 9.88E-05 1.31E-04
RA223 8.54E-12 1.82E-13 6.84E-04 1.62E-06 4.27E-06
RA224 6.38E-11 4.55E-13 2.64E-04 8.16E-07 2.39E-06
RA225 4.85E-11 9.50E-13 3.32E-04 1.35E-06 3.45E-06
RA226 1.44E-07 1.80E-08 6.75E-04 3.97E-06 8.94E-06
RA228 ’ 1.00E-07 1.66E-08 8.12E-04 2.78E-05 6.48E-05
RN222 9.42E-13 0.00E+00 3.68E-07 9.46E-08 9.45E-08
RU103 1.86E-10 1.21E-11 1.96E-06 2.49E08 7.90E-08
RU106 7.83E-10 1.49E-10 9.75E-05 2.81E-07 8.44E-07
S35 8.28E-12 2.40E-13 2.42E07 2.05E08 1.18E-07
SB124 1.24E-09 1.12E-10 5.30E-06 8.15E-08 4.26E-07
S$B125 3.83E-09 7.65E-10 " 2.56E-06 2.58E-08 1.25E07
SE7S 3.10E-10 4.19E-11 3.17E-06 2.52E-07 8.37E-07
SR85 2.88E-10 2.72E-11 3.94E-07 2.53E-08 4.83E-08
SR89 5.51E-12 1.16E-13 1.09E-06 9.64E-08 1.85E-07
SR90 9.32E09 4.07E-10 2.06E-05 1.99E-06 3.05E-06
TA182 1.49E-09 1.99E-10 9.74E-06 4.93E-08 3.02E-05
TC99 1.32E-09 4.15E-11 2.66E-06 1.86E-07 1.98E-07
TE125M " 5.91E-13 4.50E-14 1.28E-06 2.56E-08 2.27E-07
TH227 2.43E-11 8.24E-13 1.07E-03 1.68E-06 1.91E-06
TH228 2.55E-08 5.15E-09 1.71E-02 5.05E-05 5.38E-05
TH229 1.51E-07 1.74E-08 1.69E-02 4.66E-04 4.71E-04
TH230 1.63E-08 2.00E-09 6.36E-03 6.83E-05 6.91E-05
TH231 1.74E-14 . 2.52E-17 © 1.09E-07 1.46E-08 3.83E-08
TH232 3.36E-07 3.45E-08 6.14E-03 3.81E-04 3.81E-04
TH234 3.90E-12 - 1.68E-13 7.28E-06 1.07E07 3.44E-07
U232 2.21E07 2.64E-08 1.32E-02 2.01E-06 3.10E-06
U233 3.72E-10 2.71E-11 5.92E-03 6.85E-07 1.16E-06
U234 1.58E-10 1.05E-11 5.70E-03 6.7TE-07 1.15E-06
u23s 5.99E-09 7.39E-10 5.48E-03 "~ 6.72E-07 1.15E-06
U236 1.48E-10 9.88E-12 5.48E-03 6.37E-07 1.08E-06
U238 2.33E-09 2.75E-10 1.14E-02 1.11E-06 1.94E-06
Y90 1.99E-13 1.05E-15 1.25E-06 6.41E-08 1.12E07

' ZN65 1.89E-09 2.87E-10 9.96E-06 - 7.02E-07 1.33E-05
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Appendix B

Pollutant Specific Parameter Values

This appendix presents the pollutant-specific parameters used in the development of the unit expo-
sure factors. The parameter values are presented in tables for chemicals and radionuclides. Refer-
ences are given for all values based on the reference index system developed for the MEPAS
chemical database. The reference citations are given at the end of this appendix, keyed to the
MEPAS reference numbers given in the tables.

The chemical toxicity parameters are given in Table B.1, with parameters described as follows.

* Oral Slope Factor: slope factor for estimation of cancer incidence for ingestion and dermal
exposure pathways (risk per mg/kg/d)

‘e Inhalation Slope Factor: slope factor for estimation of cancer incidence for inhalation expo-
sure pathways (risk per mg/kg/d) “

¢ Oral Reference Dose: reference dose for calculation of hazard indices for ingestion and
dermal exposure pathways (mg/kg/d)

¢ [nhalation Reference D_ose: reference dose for calculation of hazard indices for inhalation
exposure pathways (mg/kg/d).

The radionuclide slope factors are given in Table B.2, with parameters described as follows.

¢ Oral Slope Factor: slope factor for estimation of cancer incidence for ingestion of radio-
nuclides (risk/pCi ingested)

e Inhalation Slope Factor: slope factor for estimation of cancer incidence for inhalation of radio-
nuclides (risk/pCi inhaled)

¢ External Slope Factor: slope factor for estimation of cancer incidence for exposure to external
radiation normalized to activity in an infinite slab of uniformly contaminated soil (risk/yr per
pCi/g)

* Dermal Dose Factor: dose factor for estimation of radiation dose (effective dose equivalent)
from dermal absorption of radionuclides (rem/pCi absorbed).

B.1




The food chain transfer factors for chemicals are given in Table B.3 and for radionuclides in
Table B.4. The parameters in these tables are described as follows.

¢ Plant Concentration Ratio: ratio of pollutant concentration in plants relative to the concentra-
tion in soil (for chemicals, mg/kg wet-weight plant per mg/kg dry soil, and for radionuclides
pCi/kg wet-weight plant per pCi/kg dry soil) .

e Meat Transfer Factor: factor to estimate meat concentration from constant intake of a pollu-
tant in animal feed or water (for chemicals, mg/kg wet-weight meat per mg/d intake, and for
radionuclides, pCi/kg wet-weight meat per pCi/d intake)

¢ Milk Transfer Factor: factor to estimate milk concentration from constant intake of a pollutant
in animal feed or water (for chemicals, mg/L. milk per mg/d intake, and for radionuclides,
pCi/L milk per pCi/d intake)

¢ Fish Bioaccumulation Factor: fatio of pollutant concentration in edible parts of fish relative to
the concentration in surface water (for chemicals, mg/kg wet-weight fish per mg/L water, and
for radionuclides, pCi/kg wet-weight fish per pCi/L water).

B.2
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Table B.2. Radionuclide Slope Factors and Dermal Dose Factors ' .

External Slope Dermal Dose

. Oral Slope Ref. Inhalation Slope Ref. Factor Risk/yr Ref. Factor Ref.
Radionuclide Factor Risk/pCi No. Factor Risk/pCi No. per pCi/gq No. Rem/pCi No.
AC227 3.50E-10 419 8.80E-08 419 8.50E-07 419 1.40E-02 398
TH227 4.50E-12 419 4.90E-09 419 1.60E-07 419 5.70E-05 398
RA223 6.40E-11 419 3.10E-09 419 2.30E-07 419 1.00E-06 398
AM241 2.40E-10 419 3.20E-08 419 4.90E-09 419 3.70E-03 398
AM243 2.40E-10 419 3.20E-08 419 2.50E-07 419 3.70E-03 398
NP239 9.40E-13 419 1.60E-12 419 2.30E-07 419 4.30E-09 425
PU239 2.30E-10 419 3.80E-08 419 1.70E-11 419 3.60E-03 398
CM243 1.90E-10 419 2.60E-08 419 1.60E-07 419 2.50E-03 398
SB124 2.90E-12 419 2.20E-11 419 6.50E-06 419 7.00E-09 398
SB125 8.40E-13 419 1.10E-11 419 1.20E-06 419 3.40E-09 398
TE125M 8.50E-13 419 5.40E-12 419 2.60E-09 419 1.10E-08 398
TH231 ’ 4,00E-13 419 4.90E-13 419 2.30E-09 419 6.80E-10 398
PA231 9.20E-11 419 3.60E-08 419 - 2.60E-08 419 1.10E-02 398
CM245 2.40E-10 419 3.20E-08 419 5.30E-08 419 3.80E-03 398
CF252 _ 6.70E-10 500 9.73E-08 500 3.13E-09 500 1.00E-03 425
CM248 9.10E-10 419 1.20E-07 419 2.20E-11 419 1.40E-02 425
CM244 1.60E-10 419 2.20E-08 419 3.00E-11 419 2.00E-03 398
PU240 . 2.30E-10 419 3.80E-08 - 419 2,70E-11 419 3.60E-03 398
U235 1.60E-11 419 2.50E-08 ‘419 2.40E-07 419 5.60E-06 398
PU241 3.60E-12 419 2.30E-10 419 8.38E-12 500 6.90E-05 398
CM242 1.30E-11 419 3.90E-09 419 3.40E-11 419 9.70E-05 398
PU238 2.20E-10 419 " 3.90E-08 419 2.80E-11 419 3.20E-03 398
RA226 1.20E-10 419 3.00E-09 419 6.00E-06 419 5.50E-06 398
RN222 1.40E-12 419 7.30E-13 419 1.20E-09 419 0.00E+00 NDF
PB210 6.60E-10 419 4.00E-09 419 1.60E-10 419 3.00E-05 398
BI210 1.60E-12 419 8.00E-11 419 4.56E-09 500 2.70E-08 425
PO210 1.50E-10 419 2.60E-09 419 2.90E-11 419 1.90E-05 398
TH230 1.30E-11 419 2.90E-08 419 2.50E-03 419 5.40E-11 425
U234 1:60E-11 419 2.60E-08 419 3.00E-11 419 6.10E-06 398
RA224 3.80E-11 419 1.20E-09 419 2.30E-08 419 3.80E-07 398
PB212 5.80E-12 419 5.00E-11 419 5.50E-06 419 2.10E-07 398
RA228 8.93E-10 500 3.15E-09 500 4.01E-06 500 4.80E-06 398
TH228 5.50E-11 419 7.80E-08 419 5.56E-06 419 1.80E-03 398
TH232 1.20E-11 419 2.80E-08 419 1.40E-02 419 2.60E-11 425
U232 3.70E-11 419 6.00E-08 419 4.60E-11 419 3.00E-05 398
U238 2.80E-11 419 5.20E-08 419 3.60E-08 419 5.50E-06 398
TH234 4.00E-12 419 3.20E-11 419 5.10E-08 419 3.90E-08 398
AC228 5.00E-13 419 2.60E-11 419 2.90E-06 419 6.50E-07 398
EU152 2.10E-12 419 1.10E-10 419 3.60E-06 419 1.60E-06 398
EU154 3.00E-12 419 1.40E-10 419 4.10E-06 419 2.10E-06 398
SR90 3.60E-11 419 6.20E-11 419 2.18E-08 500 4.10E-07 398
Y90 3.20E-12 419 5.50E-12 419 2.31E-08 500 440E-09 = 398
CD109 7.90E-12 419 6.50E-11 419 7.30E-10 419 2.40E-07 425
Cl4 9.00E-13 419 6.40E-15 419 6.98E-11 500 2.09E-09 398
CE144 6.20E-12 419 3.40E-10 419 1.40E-07 419 1.10E-06 398
Cs134 4.10E-11 419 2.80E-11 419 5.20E-06 419 7.20E-08 398
Cs137 . 2.80E-11 419 - 1.90E-11 419 2.00E-06 419 5.00E-08 398
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Table B.2. (contd)

External Slope Dermal Dose
- Oral Slope Ref. Inhalation Slope Ref. Factor Risk/yr Ref. Factor Ref.
Radionuclide Factor Risk/pCi No. Factor Risk/pCi No. per pCi/gq No. Rem/pCi No.
CO56 7.81E-12 500 2.46E-11 500 1.43E-05 500 3.00E-08 424
Cos57 5.80E-13 419 8.20E-12 419 1.90E-07 419 2.50E-09 398
CO58 1.60E-12 419 9.80E-12 419 3.30E-06 419 5.50E-09 398
CO060 1.50E-11 419 1.50E-10 419 8.60E-06 419 7.30E-08 398
1129 1.90E-10 419 1.20E-10 419 4.10E-09 419 2.50E-07 398
1131 3.60E-11 419 2.40E-11 419 1.50E-06 419 4.90E-08 398
FES5 2.70E-13 419 8.40E-13 419 0.00E+00 NDF 5.60E-09 425
KR35 0.00E+00 NDF 4.70E-17 419 7.00E-09 419 0.00E+00 NDF
NI63 . ) 2.40E-13 419 1.80E-12 419 0.00E+00 NDF 6.60E-09 398
NB95 6.50E-13 419 5.10E-12 419 2.60E-06 419 9.30E-09 398
P32 ) - 3.50E-12 419 3.00E-12 419 1.26E-08 500 9.30E-09 398
PU242 2.20E-10 419 3.60E-08 419 2.30E-11 419 3.40E-03 398
K40 ‘ 1.10E-11 419 7.60E-12 419 5.40E-07 419 2.00E-08 398
NP237 : 2.20E-10 419 2.90E-08 419 4.30E-07 419 4.50E-03 398
PA233 1.00E-12 419 8.60E-12 419 4.20E-07 419 0.00E+00 NDF
TH229 8.90E-11 419 7.70E-08 419 6.80E-07 =~ 419 1.70E-02 398
RA225 5.10E-11 419 1.50E-09 419 1.90E-09 419 1.10E-06 398
AC225 . 1.70E-11 419 2.40E-09 419 6.30E-07 419 2.20E-05 398
PM147 3.10E-13 419 3.00E-11 419 6.00E-12 419 1.80E-07 425
RU103 9.10E-13 419 8.40E-12 419 1.50E-06 419 5.30E-09 398
RU106 9.50E-12 419 4.40E-10 419 6.70E-07 419 0.00E+00 NDF
NA22 ) 6.80E-12 419 4.80E-12 419 7.20E-06 419 1.20E-08 398
. SR39 ' 3.00E-12 419 2.90E-12 419 4.70E-10 419 8.40E-09 398
8§35 2.20E-13 419 1.90E-13 419 7.30E-11 500 4.10E-10 398
TA182 1.70E-12 419 4.30E-11 419 4.10E-06 419 3.20E-08 425
TC99 1.30E-12 419 8.30E-12 419 6.00E-13 419 2.50E-09 398
H3 . 5.40E-14 419 7.80E-14 419 5.40E-14 NDF 0.00E+00 398
U233 1.60E-11 419 2.70E-08 419 4.20E-11 419 6.20E-06 398
U236 1.50E-11 419 2.50E-08 419 2.40E-11 419 5.80E-06° 398
H3-EL 3.91E-14 500 3.29E-18 500 0.00E+00 NDF 0.00E+00 NDF
MNS2 2.20E-12 419 3.70E-12 419 1.20E-05 419 4.00E-10 425
MNS4 1.10E-12 - 419 5.30E-12 419 2.90E-06 419 9.60E-09 398.
MNS56 4.00E-13 419 2.80E-13 419 6.10E-06 419 1.90E-10 398
BE7 3.00E-14 419 2.70E-13 419 1.50E-07 419 4.30E-10 398
CSs132 : 1.17E-12 500 7.63E-13 500 3.01E-06 500 2.00E-09 425
SE75 5.80E-12 419 6.00E-12 419 8.10E-07 - 419 1.10E-08 398
SR35 7.70E-13 419 1.00E-12 419 1.40E-06 419 2.40E-09 398
EU155 4.50E-13 419 1.80E-11 419 5.90E-08 419 3.00E-07 398

ZN65 8.50E-12 419 1.60E-11 419 2.00E-06 419 2.70E-08 398




S[eoTway)) JOj $I10308, JOJSuel] urey) pooy ‘¢d dqelL

B.10

P0S 00+dLT'L £0S 80-HU6'9 208 L0-d61'T 10§ 00-+HLL'T LISLEL LTHIHd(IAXdH-LH0)SIE
wy £0+305°C Wy T0H00' 1 (4) 4 103001 0¥ 10°98%°1 LSB9YOL SANNOdINOD ONIZ
(431 10+300°1 (43! €0-300'1 [£31 £0-d0oET TSt €0-90¢°1 TT90bbL WAIAGYNVA
w0y 10+300°'S (404 $0-400'9 wy $0-300'T 0 €0-H05°¢€ 1190¥¥L WNINVN
$0S 00+dEL'S £0S 80-d6L ¥ 08 LoHIST 106 00+dev'e 8€L9T1 HLVHISOHd TALOARL
Wb €0+d00°€ oy €0-900°1 Wy 70-300°8 (A4 £0-H0S°1 STEObYL NIL
(43 0+Hd00°L (431 €0-400'C (438 0-900'v (4! ¥0-d00°1 08TObYL WAITIVHL
wy 70+405°L wy 20-90s° 1 wy 10-H00'1 0% 10-°9sL°e 86.80871 HLVAINS
wor 20+4d00°1 oy 20°30S°€ wty [4ig: (/9 Wy wWrdse’l SPILYIL NOI WNIdOos
AN 00-+d00°0 AN 00+H00°0 AN 00+400°0 AN 00+d00'0 - TeLoret HAIXOYAAH WAOS
wor 70+400'T [} 4 €0-H0S"1 wy €0-H0S°S oy COHEL'L 61088501 FLVINOYHOId WNIdOS
w0y 00+490€°C <o 20°300'C wy £0-HO00'E 0P YO-HST'E PTTOPPL WIATES
wy w+HoLT owor €0-H00't wp 0-d0s'1 woy €0-IST'9 TOHTBLL WAINATHS
AN 00+d00°0 AN 00+H00°0 AN 00+300°0 AN 00-+H000 €8SOTET AAIXOWAAXH NAISSYLOd
(4} 4 $0+300°L (41,4 | T0-HO0S'T wr w005 oWy 10-9SL'8 6¥ST09L NOI HLVHdSOHd
Wy So+d0S'T 0P w-d0sT wy 0-g0s'L (A 4 00+H05°L TLELOIL arov OIILIN
w0y SO0+H0s°1 0P wH0S'T w0t w0raos’L oy 00+H0S°L, 8SSL6LYT HLVILIN
wy 20+300°'1 (414 €0-900°1 wr €0-300'9 wr 20H0S'1 0700vYL " THNOIN
wr €0+H00'T Wy Y0-d0S v wy 10-80$°C A\ 4 0-H00°'S 9L66EVL XaNo¥an
wr 20+H00'Y w0y Y0-d05°€ wb $0-H200'Y wy wrasL’'e S966€EYL HSINVONVIN
[4V; 4 10+300°S wr €0-900°¢ wy £0-500°S oy 10-98¢°'1 €0€98LL NNISANDVIN
wy 10:900°S wy 20-400°S wr °0-300°'Y A\ 14 $0-30¢'8 8IvLbYL NOI NOATHIT
wy 20+300°1 41 4 v0-40¢°T wy $0-H00'€ (44 $0-900'8 1766€¥L aval
. §6 10+300°1 $6 €0-300°L S6 WH0C $6 20-400'C PIVIBLL FAAONTA
AN 00+H00°0 AN 00+400°0 AN 00+400'0 AN 00+300°0 STILS NOI 9AINVAD
wy 10+300°S (41,4 £0-905°1 wy w0-d00'1 (4} 4 w-asT9 8050v¥L J4ddOO
$6 10+300°S $6  p0-H00'S $6 €0-H00'1 $6 €0-30V'6 v8bovbL LIvea00
ot 20+d00°T of €0-H0S 1 (A4 £0-H0S°S wr €O-HET'T ELYObPL IA WIHINOJHO
Wb - 20+900°'C wy €0-30S°1 wy €0-H0S°S 0oy €0-dEl’T SY68ELL diov DINOYHO
wy 10+300°S wy T0-H0S' 1 wy T0-900°8 wy 10+dSL'1 SOSTBLL ANIIOTHO
AN 00+400°0 AN 00+H00°0 AN 00+4300°0 AN 00+H00°0 T0LOPYL NOI NAIOTVO
(41,4 70+H00'C (41 4 €0-300°1 wt - POHOS'S wy wW0-asL’e (1341477 WNINAvO
(418 10-902°T (418 €0-H0L°T Tsl #0-400'8 TSl 10090Z°1 8THOvPL NoOdod
344 10+306'1 $6 90-900°C $6 $0-300°'8 $6 0-HOL'Y L1vObbL NAITTAYEY
oy W+H00T wr Y0-305°€ (4 $0-305°1 wy €0-aSL'E €6E0bPL nnve
67¢ 00+300°1 AN 00-+400°0 AN 00+4300°0 AN 00+300°0 $8Z10071 (O0WD) SOLSHASY
A4 <0+d00°1 (4114 SO-H00°9 (L4 €0-400°C (44 €0-308°1 8E0PPL OINASAV
wr <0+4d00°C (£} 4 Y0-H00'1 wy €0-H00'1 v vo-dob’1 09£0bPL ANONILINV
¥0s 00+967°1 €05 80-HS0'1 08 80-dze’e 10§ 00+4dST'8 L1vb99L VINOWINY
(491 10-+d00°1 (41 +0-300°S (431 £0-305°1 (41! $0-308°1 S066THL WANDNNYTV
B2 409 ustd P dL AN ‘4 AL 1| Jod O uBld ‘ON §VO SwBN [BOIWRYD



4LVIVHIHd TALNG-N1d

+0¢ 00+d29°1 €£0S 80-HSE'1 s 80-HLT' Y 108 00+HET"L ThLP8
1T €0-+4dst'8 8€C €0-4SS°6 R¢€T 0-406'v 106 Q0+aITY 6SSTL 1aa
18T €0+HILT 8€CT £0-HZ0'¢ 8€T 0397’1 106 00+186'T 8YSTL daa
Y0S 00+HET € €0¢ 80-d8L°C ws 80-96L°8 108 00+d69°Vv €L8PL (AHIAWANYVHIINOIOTHD
¥0S [ VR G 18 4 €05 80-9L6'¢€ 208 LO-A9T 1 108 00+d78°¢ £99L9 WIOIOAOTHD
+0S 00-+365°1 €08 80-4Z¢’'1 08 80-ALT'Y 108 00+3TTL £00SL ANVHILIAOJOTHO
v0sS 00+4d7¢°9 €0S 80-4¢0°9 08 L0-d16'1 108 00+H00'€ 18¢+T1 ANVHIHFWNONOIIIAOIOTHD
80T 0+d¢h'9 £0S 80-9479'C w0s 80-467'8 108 00+398°t L06801 ANAZNIIOIOTHD
LYT 0+HIT € 8€T YO-HIL'E 8€T €0-HIv'L 106 00-+3$9°C 6PLLS ANVAJIOTHD
9T 043081 £0S 80-d66°€ 708 LOd9T'1 108 00+HIB'E CECOS AATAOTHOVALAL NOFAVO
0S 00+3v9°d £0S 80-946T ¥ 708 LO-H9E' 1 108 00+4d59°¢ 0SISL I TNSIA NOIAVO
oS 00+4dLE’E €05 80-420°¢€ 708 . 80-9SS°6 10 00+H8V"¥ LS86TE HODH - vi3d
¥0sS 00+4dTL v €05 80-dLE Y 708 Lod8€E’ 1 10§ 00+d19°¢ 680L0T HNFHINVIONTICDOZNIL
$0S 00+HIL Y €05 80-dLE Y s LO-ISE' T 106 00+419°¢ T66S0T ANFHINVIONTH(@O0ZNIT
$0S 00+dTLYy £0S 80-3LEY 708 LO-I8E 1 108 00+d19°¢ 8TL0S . ANTIAAI(V)OZNAG
09T vO+dLT' 1 £0S 80-401°1 08 80-dLY' € 108 00+3+0°8 £669¢ ANTOVIHINV(V)OZNAD
¥0S 00+4d98°9 €05 80-H46S°9 08 LOF80T 10§ oo....mnw.m TepiL HINHZNI I
+0S 00+4d¢9°'S €05 80-°9CE’S 08 LO-H89'1 106 00+HIT' € ST896011 (@0d) 0921 YO'TO0AV
y0S 00+499¢° ¢ :1r4 (U (AN 8€C - T0-HST S 108 00+369°€ 16916011 (0D +ST1 4OTO0UV
14UY 00+4H9¢°1 €0S 809111 w0s 80-9TS' € 10S 00+HL6L LTI0TT ANHIVIHINY
191 204-900°S 8¢€T £0-4d16°C 8€T T°0-H99°1 106 00+3a8¢'¥ 9p861¢€ TOAD0IOTHOVXAH-VHATV
+0S 00+dS0°'C £0S 80-4SL1T 08 80-d€S°S 108 00+4d$1°9 1¥9L9 ANOJLIDVY —_
191 T0+HI0'E £0S 80-366°1 08 80-487'9 106 00+40L°S 89680 ANATAHLHIVNADV -
$0S 00+d16°¢€ €05 80-dSS°€ 708 LoaTl’l 108 00+-dLO Y 9.S16 ANATVHIHAVNTAHLIN-Z M
+0S 00+HET' € £0S 80-48L°C 08 80-946L°8 10§ 00+469° 116€TT ANVXOId-+°1
TsT 10+3009 €0 80-ISE 1 708 80-ALT Y 108 00+dEI'L L9Y901 ANAZNIIOJOTHIIA+ 1
T 1049099 £0S 80-dS€E’1 208 80-dLT P 108 00+HELL TELIPS ANAZNIIOIOTHOIA-£‘1
191 00+306'T £0S 80-4€9°L 08 LOFIV'T 108 00+d79°CT S099ST. ANTTAHIAOYOTHOIA T'1
8T 00+3007 €08 80-411°1 <08 80-HZS' € 10€ 00+HL6°L T90L01 ANVHIFZOYOTHOIA Z'1
TsT 10+4306'8 £0S 80-4¢€’1 208 80-9LT b 108 00+43¢l°L 10656 ANAZNAIOIOTHOIA T°1
+0S 00+dIL'T €0S 80-H8¢'T ws 80-TbS'L 10§ 00+dET°S €hesSL ANVHIHOJOTHOIA-1‘T
(%] 10+H06'€ €0S 80-4SH v 708 LOHIY'T 108 00+4d85°¢ <S006L NVHIFOYOTHOML-Z' ‘1
sPT 10+30T' S €0S 80-4IT 1 708 80-9T8'€ 108 00+H09°L 9SSiL NVHIFOFOTHOIL-1°1‘Y
¥0S 00+361°S €08 80-9491°¢ Tos LO-HE' T 108 00+487°¢ PSESL ANFTAHIFOIOTHOIA 1°1
¥0S 00-+HS8E' [ €0S SO-HET'1 708 80-HLS € 108 00+316°L 786801 TONHIHA
+0S 00+39¢°1 €05 80-HIT'1 708 80-4Z¢' € 10§ 00+4L6°L TO JOLON IO JOLON
oS 00+HES'T €0S 80-dLT1 708 80-420°'¢v 108 00+4d8¢°L C6EEH] HAXJ(@D-€C NONFANI
+0S 00+99¢°1 €0S 804111 08 80-4TS° € 108 00+49L6°L N4 YAXH AINTd OI'INVIAAH
60T 0+d08'1 8¢€T £0-916°T 8€C 70-399°1 108 00+H97°6 66886 EANVANITD HODH-VININVO
+0¢< 00+H9Y'T €0S 80-dv1°T 08 80-49L9 10§ 00+4dLY'S 112L01 “TOOXTO ANATAHIA
0S 00+H88'1 £0S 80-765°1 0s 80-470°¢ 108 00+464°9 61081C ANISAYHO
D | H04 ysig ‘3o AL AN Pl | AL 189 ol qD weld ‘ON SVO sweN Tedny)

(pwod) ‘g'g dqe],




¥0s 00+491°¥ €0S 80-H08'¢ 08 L0-30T'1 10S 00+d76'¢ 8L6901 INVLINg-u
$0S 00+HTT'T £0S 80-916°1 208 80-d4€0'9 10§ 00+d¥8°¢ L0T0tE! (@IXxIW) INFTAX
¥0S 00+dL8'Y £0S 80-9ES° Y 208 Lo-daeb’1 10§ 00+HpS'€E P10SL HAIIOTHO TANIA
140 00+d8S°1 €05 80-H6T'1 08 80-9LO'Y 10§ 00+3ate’L LETISSST ANHZNISTAHLINIIL
¥0S 00+4TS'T €0S 80-497°1 208 80-d66°¢ 10§ 00+31b'L $69SL NOJIONTAONOWOIOTHOIIL
191 10+4901°1 £0S 80-400°[ 208 80-9491'¢ 10§ 00+dLb'8 9106L ANFTAHIFOYOTHOMAL
14U3 00+ab1°1 £0S 60-HIT6 <08 80-d16'C 10§ 00-+368°'8 T°eTsL INVHLANOWOIIIIL
1217 00+HTL'T €05 80-48¢°C 08 80-9vS°L 108 00+3ET°S £88801 INANTOL
149 00+H69°1 £0S 80-dIv'1 08 80-dLb'y 108 00+db6'9 L96811 ANANTOL-TONE IN.L
191 T0+4300'1 £0S 80-H68°C 208 80-d+1°6 108 00+36S'Y $81LTI INTATAHLIOJYOTHOVAIAL
$0S 00+4d10°'1 £0S 60-970°'8 08 80-9Y$'T 108 00+3£9°6 ¥T8ITI ANIZVIYL-ZONE-H9 Xad
09T €0+d08°C £0S 80-H70'€ 208 80-HSS°6 108 00+4d8'y 0006T1 ANTYAd
1419 00+HLE'T €05 80-dTI'L 08 80-HbS'E 108 00+3b6°L 986¥L INVdOoud
$0S 00+H9¢'T €05 80-HIT'T 208 80-4T5°¢€ 108 00+dL6'L 81058 INTIHILNVNIHd
1419 00+d7T'T £0S 80-H16'1 08 80-4£0°9 108 00+3v8'S STI8L ONP~TOLIIHLAEIS NI3d
1413 00+H95°¥ £0S 80-HITY 08 LOHEE'T 108 00+369°¢ $98.8 TONTHJOJOTHOV.LNAd
191 S0+d08°1 €05 80-HS8'Y (403 Lo-ges’1 108 00+d0v°€ €9€9€ET (Tv4aNED) 380d
$0S 00+Hd€9°L £0S 80-dIV°L 208 LO-3vE'T 106 00+399°C 659111 dNVIO0
oS 00+489°L 8€T $0-H00°C 08 LO-d9E'T 10§ 00+d59'C €0T16 INTTVHLHAVN
1409 00+3sH'1 £0S 80-961°1 08 80-dLL’E 10§ 00+H99°L L¥9179 TAVIXdOAJTOSOILIN-N
¥0S 00-+d8Y'S £0S. 80-°ST'S 08 LO-ge9’ [ 10§ 00+36T°¢€ 90€98 ANIWVTANHIIAOSOYLIN-N
vos 00+H9b'C €0S 80-gr1°T 08 80-99L°9 10§ 00+dLY’S 121 A0 ANVOIJOd-N .
$0s 00+8+T’L £0S 80-966'9 08 L0-A1TT 10§ 00+dSL'T T60SL HAMAOTHD ANFTAHIANW —
vos 00+HE6°€E €05 80°HLS' € 208 Lo-der'l 10 00+d90°% £€68L INOLTA TAHIH TAHIIN M
vos 00+HS8°¢ €05 80-305°¢ 08 Lo-HIT' T 10§ co+dIld 195L9 TTONVHIAN
1409 00+4d16'¢ €05 80-HSS' € 0s L0-9Z1°1 108 00+3L0°¥ 9078008 ANISOUTH
oS 00+d18°S €05 80-H0S'S 08 LOo-avL'Y 108 00+3LT'E 0£9L9 TTOHODTV TAdOJdOSI
ros 00+3LT’E €0S 80-H78°'C <08 80-9476'8 10§ 00+d99'% S8TSL ANV LOFOSI
$0S 00+492T°C £0s 80-HI6'T . 08 80-HE0'9 10 00-+ap8°s 01¥169T ANIDOZ1AL TON-H) XWH
$0s 00+dL6’E €0S 80-H19°¢ 08 Loay1'l 108 00+3€0'v 13441111 SANVXIH
$0s 00+498°'9 £0S 80-H65°9 <08 L0-380'C 10§ 00+368'C 6199008 dNI'TOSVO
1489 00+HdI16'€ €0¢ 80-HSS' € 08 L0-9z1°1 10s 00-+HLO'Y MO 1and < 10 Tand
¥os 00+481'1 £0S 60-HES 6 208 80-°10°€ 108 00+HIL'8 1€19L £1T NOTdd
191 C0+HET’L £0S 80-H08'S 08 L0-de8’1 10§ 00+dL0°E LELIS aNgIoNTd
ros 00+4dLE'E €08 80-970°€ 208 80-HSS'6 10§ 00-+H8V' ¥ ovb90T INTHLNVIONTd
p0s 00+360'1 €05 60-3¥L'8 08 80-99L°C 10§ 00+391°6 $1+001 ANAZNIgTAHLIA
$0S 00+4dL6'T €0S 80-4£9'C 20§ 80-91€'8 10§ 00+458°% 98LIV1 HIVIHOV TAHLA
$0s 00+9IS°€E €05 80-H91°¢ 08 L0-H00'1 108 00+H9¢E'¥ 11,2174 BNVHLYI
s8 €0+A8H"1 8€T €0-HbL'1 8¢€T w0-d0T'1 10§ 00+H9¢°6 80TTL NIdaNng
1409 ~ 00+HET'9 €0$ 80-478'S 20§ Lo-ay8'l 108 00+990°¢ $0009 viadg
14UY 00+316'¢ £0S 80-HSS'E 08 Lo-azr'1 108 00+3L0°Y 4 1g9s91a “1dnd 19841d
Ra2: H04 Ystg Ri2 | 4L I ‘ol CARLY A e JO e 'ON §VD SN jesnueyd
(Pod) ¢'q AqeL



vos 00-+39T°% £0S 80-408'¢ - T0S LogoTt 10§ 00+d76'€ L6T09 d4HLT TAHIA

U3 00+HIT'E £0S 80-H98°'C 08 80-3+0°6 10§ 00+H29°¢ OV8LIL HLVIVHIHdTALOO-N-IA
¥0S 00+3€5'T £0S 80-H0T'T 08 80-496'9 108 00+3LE'S 9672L971 . 08 871 OTO0EV
AN 00+400°0 AN 00+300°0 AN 00+400°0 AN 00-+400'0 HLIALIN JIMALIN
$0s 00-+dILP €05 . 80-H9¢E'Y 708 L07H8E°1 10s 00-+H79°¢ STH001 ANTIALS
0P 20-+300'1 wr 20-905°¢€ wy <0-305°S Wy wrase’l SYILYIL NOI NNIOSs
244 £0+HLEY 8€C 04L0'L 8€C €0-9v6°L 10§ 00-+d8C'Y 1LS09 NI TaIa
¥0S 00+469°1 £0S 80-dIv'1 <08 80-HLY ¥ 108 00+8+6'9 666601 NVENd OYAXHVILIL
¥0os 00+4d9¢°1 £0S 80-dI1°1 208 80-HCS € 10§ 00-+4HL6°L 1562108 TI0 TVIININ
oS 00+428°1 £0S 80-49C'1 208 80-366'€ 105 00-+HIY'L b69SL WOZONTIONOWNOIOTHOTYL
¥0s 00+H88°C €05 80-9+S°T 208 80-4+0'8 108 00-+3b6'V 981L01 TOHOOTV TATIV
wor $0+d00°L w0p 20-905°1 wb 20-908°S wr 10-95L'8 T8EV99L aIdv ONOHJdSORd
wop 10+4900°1 wr €0-HOS" I wy €0-400'9 (4l 4 zo-dos°1 LB66EYL WNANFTILTON
¥0S 00+H08'S €0S S0-H8Y'S <0$ Lo-FeL' 108 00+3LT’E 79918 HIVIVHLIHG TAHLAIA
¥os 0o+dIl’sS 8€T 110G (A8 8¢C 20-988°1 10 00+3vpr'e 8Y¥IL . ) . JOTHOVIATH
¥0s 00+H€8°L £0S 80-HEY'L 8€T Y0-d361°C 10S 00+H79'C qL6TSTT . (viad) 1 NV4T10SOANd
p0S 00+3¢E8°L £0S 80-HE9'L 8¢£T $0-H461°T 108 . 00+HI9'T VL6TST1 (VHA'TV) I NVIINSOANT
oS 00+HLS'S 8€T €0-H1S°T 8€T w099t 10§ 00-+dSTE 89861¢€ HOOH-VL1dd
1344 €0+dapI'e 8€T 0-HP'T 8¢€C w0dis's 10S 00+H79'C 70060€ NEaTvy
vos 00+d91°L £0S 80-916'9 208 L0-361°T 108 00+HLL'T 16S8L HNOJIOHJOSI
1209 00+390'T £0S 60-H0S'8 08 80-469'C 10§ 00+HIE'6 bLTSL " NVHIIWOJOTHOIdOWOdd
1Y 00+4d10' £0S 80-4S9°€ s LOd9T'T 108 00+4d10'% 6CEES . INTFHLHIVNIOV .
oS 00+H79'1 €05 80-HSE'1 08 80-dLTY 108 00+HET’L SHH901 TID-d'TONFHITAHIAN
14V3 00+3¥CT'T 8€T waLot 8€T 41 (4 A 108 00+H08'S £6205 . 1ad m
¥0s 00+Hegb’1 £0S 80-48T'T 08 80-HCTL'E 10 00+HTL°L L8YS6 HAD-QTONTHITAHLAN-T
bos 00-+HEP'1 €0S 80-981°1 208 80-4TL'E 10§ 00+HTL'L 98LI6S LIA-NG-AW ANONVXHH-T
0sT 00+d0¥'9 €0S 80-908°S ws Lo-ags’1 10§ 00+dL0°€E 8LES6 TTONHHdOdO0THOT
¥0s 00+H9€6°€ £0S 80-HLS°€ 08 LO-HET' T 10¢ 00+4990'v Wil ANANTOLOULINIA-+'T
oS 00+4d€S°L £0$ 80-9IE°L 08 LOHIET 108~ 00+H89°C 128021 ANZNAFOJOTHOIALY 1
AN 00+H00°0 AN 00+400°'0 AN 00+4d00°0 AN 00-+d00'0 .6E6V99L any oEndIns
| 4\ 4 €0+H00'1 wy £0-H00'L wy 0-300'T Wb 10-H8¢'1 LOYLYYL . NOI WNISSV.L0d
wr £0+400°C wr Y0-H0S°T wr T0-H00'T (414 $0-H0S'C 01€8¢hs1 NoOWI
oy 10+300°S (£ 4 €0-H0S T wy Y0-H00'€ wr 10°H£0'T $S89LY01 NOI NQLLNOYLS
¥0s 00+4d11°9 t0S 80-HI8'S <08 Lo-avs'1 10§ 00+HLO'E 855E006 \ INTIQVING-ANTXELS
191 SO+HET'T £0S $0-H9'T 08 80-467°'8 10§ 00+398°¢ €0LES OVIINVH'V)OZNIHId
wr 70+300'C wy €0-40S°1 wy €0-305°S v €OHET'T m-9o I NATNOJHD
SvT 10+4306°1 $6 90-300'C €6 $0-900°8 $6 $0-30L'Y SLYLSLL . HANOTHO WNI'TIAd3d
120 00+dSP'1 €05 80-961°1 <08 80HLL'E 10§ 00+H99°L 05859 aIov DIOZNHY
oS 00+Hd€8'1 £0S 80-a¥S°1 s 80-4L8'V 10§ 00-+d09'9 101801 ‘ ANONVINId-Z-TAHLINW-¥
$0s 00+dp£'C €05 80-4£0°C 208 80-dit'9 108 00+d49°¢S 9ILYS6 ANATAX-0
1219 00+d9%°1 £0S 80-90T°1 ws 80-d6L°E - 108 00-+HE9'L 099601 INV.INId-v

Rad. | 404 ysig 2| 4L N 2. | dL 1N ‘oA JO weld ‘ON S§VO QWBN [BoRUBSYD)

(pwod) ¢ dAqey,




B.14

‘

(pu0d) "¢°q dqey,

29 00+H8T'T €05 80-496'1 08 80-30T'9 10 00+dbL'S 92019001 YdOFOTHIIA-€ I-SNVIL
1403 00-+d91°1 £0S 60-9LE'6 08 80-296'C 108 004088 194174 JHOYOTOVIIAL-TT' 1T
¥0s 00+4dSE'S £0§ 80-410°S s Lo-de6s'1 108 00+dbe'e +8196 ANVJIdOdOTHOLE T

¢8 £0+H08'1 €05 80-4LT' 1 08 80-H20'¥ 10§ 00+4d8¢°L £v656 HOYOTHOVILAL-SVC'1
$0S 00+HES'T €0S 80-4LT'1 08 80-A20°Y 10§ 00+48¢°L PTrTsos LIVHdSV
145 00+4L9°1 €0S 80-40t'1 08 80-92¥'¢ 10 00+486'9 © T8I INVNON
1403 00+3vT'1 £0S 80-910°1 08 80-H61°¢ 108 00+deb'8 LLES6 INVINZJOTOXOTAHIIN
$0S 00+H10'Y €0S 80-9459'¢ 208 L0-g91°1 - 10§ 00+H10b L8801 INVXTHOTOADTAHLANW
$0S 00+87L°C £0S 80-H8E'T 08 80-4bS L 10§ 00+dE1°S £8€801 ANFTAX-W
$0S 00+4d8b'1 £0S 80-d4¢T'1 <08 80-4L8'E 108 00+dbs°L ST8TH1 SINVIdHH
po | 409 usid 4 4L AN 2| CARLL 4 A g0 weld ‘ON §VD SwBN jedtweyy



Table B.4. Food Chain Transfer Factors for Radionuclides

B.15

Oral Slope External Slope
Factor Ref. Inhalation Slope Ref. Factor Risk/yr Ref. Dermal Dose Ref.
Radionuclide Risk/pCi No. Factor Risk/pci No. per pCi/g No. Factor rem/pCi  No.
AC227 8.75SE-05 402 2.50E-05 402 2.00E-05 402 2.50E+01 402
TH227 ) 3.00E-05 402 6.00E-06 402 5.00E-06 402 1.00E+02 402
RA223 8.00E-04 402 2.50E-04 402 4.50E-04 402 7.00E+01 402
AM241 1.03E-04 402 3.50E-06 402 4.00E-07 402 2.50E+02 402
AM243 1.03E-04 402 3.50E-06 402 4.00E-07 402 2.50E+02 402
NP239 2.35E-03 402 2.00E-04 402 6.00E-04 402 2.50E+02 402
PU239 5.00E-05 402 5.00E-07 402 1.00E-07 402 2.50E+02 402
CM243 6.00E-05 402 3.50E-06 402 2.00E-05 402 2.50E+02 402
SB124 1.40E-04 402 1.00E-03 402 1.00E-04 402 2.00E+02 402
SB125 . 1.40E-04 402 1.00E-03 402 1.00E-04 402 2.00E+02 402
TE125M 6.25E-03 402 1.50E-02 402 2.00E-04 402 4.00E+02 402
TH231 3.00E-05 402 6.00E-06 402 5.00E-06 402 1.00E+02 402
PA231 6.25E-05 402 1.00E-05 402 5.00E-06 402 1.10E+01 402
CM245 6.00E-05 402 3.50E-06 402 2.00E-05 402 2.50E+02 402
CEF252 2.50E-03 402 5.00E-03 402 7.50E-07 402 2.50E4-01 402
CM248 6.00E-05 402 3.50E-06 402 2.00E-05 402 2.50E+02 402
CM244 6.00E-05 402 3.50E-06 402 2.00E-05 402 2.50E+-02 402
PU240 5.00E-05 402 5.00E-07 402 1.00E-07 402 2.50E+02 402
U235 3.50E-03 402 2.00E-04 402 6.00E-04 402 5.00E+01 402
PU241 ’ 5.00E-05 402 5.00E-07 402 1.00E-07 402 2.50E+02 402
CM242 6.00E-05 402 3.50E-06 402 2.00E-05 402 2.50E+02 402
PU238 5.00E-05 402 5.00E-07 402 1.00E-07 402 2.50E+02 402
RA226 ‘ 8.00E-04 402 2.50E-04 402 4.50E-04 402 7.00E+01 402
RN222 0.00E+00 NV 0.00E+00 NV 0.00E+00 NV 0.00E+00 NV
PB210 8.00E-04 402 3.00E-04 402 2.50E-04 402 1.00E+02 402
BI210 8.00E-04 402 4.00E-04 402 5.00E-04 402 1.50E+01 402
PO210 2.25E-03 402 3.00E-04 402 3.50E-04 402 5.00E+02 402
TH230 3.00E-05 402 6.00E-06 402 5.00E-06 402 1.00E+02 402
U234 3.50E-03 402 2.00E-04 402 6.00E-04 402 5.00E+01 402
RA224 8.00E-04 402 2.50E-04 402 4.50E-04 402 7.00E+01 402
PB212 8.00E-04 402 3.00E-04 402 2.50E-04 402 1.00E+02 402
RA228 8.00E-04 402 2.50E-04 402 4.50E-04 402 7.00E +01 402
TH228 3.00E-05 402 6.00E-06 402 5.00E-06 402 1.00E+02 402
TH232 3.00E-05 402 6.00E-06 402 5.00E-06 402 1.00E+02 402
U232 3.50E-03 402 2.00E-04 402 6.00E-04 402 " 5.00E+01 402
U238 3.50E-03 402 2.00E-04 402 6.00E-04 402 5.00E+01 402
TH234 3.00E-05 402 6.00E-06 402 5.00E-06 402 1.OOE+02 402
AC228 i 6.76E-01 402 2.51E-06 402 7.94E-07 402 1.95E+01 402
EU152 1.00E-03 402 5.00E-03 402 2.00E-05 402 2.50E+01 402
EU154 1.00E-03 402 5.00E-03 402 2.00E-05 402 2.50E+01 402
SR90 2.03E01 402 3.00E-04 402 1.50E-03 402 5.00E+01 402
Y90 1.50E-03 402 3.00E-04 402 2.00E-05 402 2.50E+01 402
CD109 3.75E-02 402 5.50E-04 402 1.00E-03 402 2.00E+02 402
Ci14 0.00E+00 NV 0.00E+00 NV 0.00E+00 NV 4.60E+03 95
CE144 1.00E-03 402 7.50E-04 402 2.00E-05 402 5.00E+02 402
CS134 : 1.23E-02 402 2.00E-02 402 7.00E-03 402 2.00E+03 402
CS137 1.23E-02 402 2.00E-02 402 7.00E-03 402 2.00E+03 402



Table B.4. (contd)

Oral Slope External Slope

Factor Ref. Inhalation Slope Ref. Factor Risk/yr Ref. Dermal Dose Ref.

Radionuclide Risk/pCi No Factor Risk/pci No. per pCi/g No. Factor rem/pCi  No.
CO56 1.00E-02 402 2.00E-02 402 2.00E-03 402 3.30E+02 402
CO57 1.00E-02 402 2.00E-02 402 2.00E-03 402 3.30E+02 402
CO58 1.00E-02 402 2.00E-02 402 2.00E-03 402 3.30E+02 402
CO60 1.00E-02 402 2.00E-02 402 2.00E-03 402 3.30E+02 402
1129 1.25E-02 402 7.00E-03 402 1.00E-02 402 5.00E+02 402
31 1.25E-02 402 7.00E-03 402 1.00E-02 402 5.00E+02 402
FESS 2.50E-04 402 2.00E-02 402 2.50E-04 402 2.00E+03 402
KR85 0.00E+00 NV 0.00E+00 NV 0.00E+00 NV 0.00E+00 NV
NI63 1.50E-02 402 6.00E-03 402 1.00E-03 402 1.00E+02 402
NB95 1.25E-03 402 2.50E-01 402 2.00E-02 402 2.00E+02 402
P32 8.75E-01 402 5.50E-02 402 1.50E-02 402 7.00E+04 402
PU242 5.00E-05 402 5.00E-07 402 1.00E-07 402 2.50E+02 402
K40 1.38E-01 402 2.00E-02 402 7.00E-03 402 1.00E+03 402
NP237 2.35E-03 402 5.50E-05 402 5.00E-06 402 2.50E+02 402
PA233 6.25E-05 402 1.00E-05 402 5.00E-06 402 1.10E+01 402
TH229 3.00E-05 402 6.00E-06 402 5.00E-06 402 1.00E+02 402
RA225 8.00E-04 402 2.50E-04 402 4.50E-04 402 7.00E+01 402
AC225 6.76E-01 402 2.51E-06 402 7.94E-07 402 1.95E+01 402
PM147 1.00E-03 402 5.00E-03 402 2.00E-05 402 2.50E+01 402
RU103 5.00E-03 402 2.00E-03 402 6.00E-07 402 1.00E+02 402
RU106 5.00E-03 402 2.00E-03 402 6.00E-07 402 1.00E+02 402
NA22 1.38E-02 402 5.50E-02 402 3.50E-02 402 1.00E+02 402
SR89 2.03E-01 402 3.00E-04 402 1.50E-03 402 5.00E+01 402
835 3.75E-01 402 1.00E-01 402 1.50E-02 402 7.50E+02 402
TA182 6.25E-04 402 6.00E-04 402 3.00E-06 402 3.00E+04 402
TC99 2.75E-01 402 8.50E-03 402 1.00E-02 402 1.50E+01 402
H3 0.00E+00 NV 0.00E+00 NV 0.00E+00 NV 1.00E+00 95
U233 3.50E-03 402 2.00E-04 402 6.00E-04 402 5.00E+01 402
U236 3.50E-03 402 2.00E-04 402 6.00E-04 402 5.00E+01 402
H3-EL 7.03E+00 501 4.37E-08 502 1.38E-08 503 1.66E+00 504
MNS52 3.75E-02 402 4.00E-04 402 3.50E-04 402 4.00E+02 402
MNS54 3.75E-02 402 4.00E-04 402 3.50E-04 402 4.00E+02 402
MNS56 3.75E-02 402 4.00E-04 402 3.50E-04 402 4.00E+02 402
BE7 3.7SE-04 402 1.00E-03 402 9.00E-07 402 2.00E+00 402
CS8132 1.23E-02 402 2.00E-02 402 7.00E-03 402 2.00E+03 402
SE75 6.25E-03 402 1.50E-02 402 4.00E-03 402 1.70E+02 402
SR85 2.03E-01 402 3.00E-04 402 1.50E-03 402 5.00E+01 402
EU155 1.00E-03 402 5.00E-03 402 2.00E-05 402 2.50E+01 402
ZN65 1.48E-01 402 1.00E-01 402 1.00E-02 402 2.50E+03 402
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B.1 References Cited in Pollutant Parameter Tables

This section contains footnotes and reference citations for parameter values given in this
Appendix.

NDF - No dose factors are defined for this radionuclide and exposure route.
NV - No parameter value is defined
1 No value defined in the chemical database

85 Lyman, W. J., W. F. Reehl, and D. H. Rosenblatt. 1982. Handbook of Chemical Property
Estimation Methods. McGraw-Hill, New York.

95 Napier, B. A., R. L. Roswell, W. E. Kennedy II, and D. L. Strenge. 1980. Assessment of
Effectiveness of Geologic Isolation Systems: ARRRG and FOOD: Computer Programs for Calcu-
lating Radiation Dose to Man from Radionuclides in the Environment. PNL-3180. Pacific
Northwest Laboratory, Richland, Washington. »

152 Strenge, D. L., R. A. Peloquin, and G. Whelan. 1986. LADTAP II - Technical Reference and
User Guide. NUREG/CR-4013, U.S. Nuclear Regulatory Commission, Washington, D.C.

161 Veith, G. D., K. J. Macek, R. Petrocelli, and J. Caroll. 1980. "An Evaluation of Using Parti-
tion Coefficients and Water Solubility to Estimate Bioconcentration Factors of Organic Chem-
icals in Fish: J. Fish. Res. Board. Can. (Prepublication Copy).

208 Lu, P.-Y. and R. L. Metcalf. 1975. "Environmental Fate and Biodegradability of Benzene
Derivatives as Studied in a Model Aquatic Ecosystem." Environ. Health Persp. 10:269-284.

209 Lyman, W.J. 1987. Prediction of Soil and Sediment Sorption of Organic Compounds. Prep-
ared by Author D. Little Inc. for U.S. EPA, Office of Water Regulations and Standards,
Washington, D.C. ' \

215 Metcalf, R. L., I. P. Kapoor, P.-Y. Lu, C. K. Schuth, and P. Sherman. 1973. "Model Eco-
system Studies of the Environmental Fate of Six Organochlorine Pesticides.” Environ. Health

Persp. 4:35-447

238 Travis, C. C., and A. D. Arms. 1988. "Bioconcentration of Organics in Beef, Milk, and
- Vegetation." Environ. Sci. Technol. 22(3):271-274.

B.17




243

245

246

247

248

251

252

260

276
277

289

U.S. Environmental Protection Agency (EPA). 1980c. Ambient Water Quality Criteria for
Aldrin/Dieldrin. EPA-440/5-80-019. Office of Water Regulation and Standards, Criteria and
Standards Division. Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1980e. Ambient Water Quality Criteria for
Beryllium. EPA-440/5-80-024, Office of Water Regulations and Standards, Criteria and Stan-
dards Division, Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1980f. Ambient Water Quality Criteria for
Carbon Tetrachloride. EPA-440/5-80-026, Office of Water Regulations and Standards, Criteria
and Standards Division, Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1980g. Ambient Water Quality Criteria for
Chlordane. EPA-440/5-80-027. Office of Water Regulation and Standards, Criteria and Stan-
dards Division. Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1980h. Ambient Water Quality Criteria for
Chlorinated Ethanes. EPA-440/5-80-029. Office of Water Regulation and Standards, Criteria
and Standards Division. Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1980k. Ambient Water Quality Criteria for
DDT. EPA-440/5-80-038. Office of Water Regulation and Standards, Criteria and Standards
Division. Washington, D.C.

U.S. Environmental Protection Agency (EPA). 19801. Ambient Water Quality Criteria for
Dichlorobenzens. EPA-440/5-80-039. Office of Water Regulation and Standards, Criteria and
Standards Division. Washington, DC.

U.S. Environmental Protection Agency (EPA). 1980t. Ambient Water Quality Criteria for
Polynuclear Aromatic Hydrocarbons. EPA-440/5-80-069. Office of Water Regulation and
Standards, Criteria and Standards Division. Washington, D.C..

U.S. Environmental Protection Agency (EPA). 1984n. Health Effects Assessment for Copper.
EPA/540/1-86-025, Environmental Criteria and Assessment Office, Cincinnati, Ohio.

U.S. Environmental Protection Agency (EPA). 19840. Health Effects Assessment for Cresols.
EPA/540/1-86-050. Environmental Criteria and Assessment Office, Cincinnati, Ohio.

U.S. Environmental ProtectionbAgency (EPA). 1984aa. Health Effects Assessment for Iron and
Compounds. EPA/540/1-86-054, Environmental Criteria and Assessment Office, Cincinnati,
Ohio.
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291

295

302

305

307

314

315

318

319

321

329

334

U.S. Environmental Protection Agency (EPA). 1984ac. Health Effects Assessment for
Manganese and Compounds. EPA/540/1-86-057, Environmental Criteria and Assessment
Office, Cincinnati, Ohio.

U.S. Environmental Protection Agency (EPA). 1984ag. Health Effects Assessment for
Naphthalene. EPA/540/1-86-014. Environmental Criteria and Assessment Office, Cincinnati,
Ohio.

U.S. Environmental Protection Agency (EPA). 1984an. Health Effects Assessment for
Selenium and Compounds. Environmental Criteria and Assessment Office, Cincinnati, Ohio.

U.S. Environmental Protection Agency (EPA). 1984aq. Health Effects Assessment for
Tetrachloroethylene. EPA/540/1-86-009. Environmental Criteria and Assessment Office,
Cincinnati, Ohio.

U.S. Environmental Protection Agency (EPA). 1984as. Health Effects Assessment for
1,1,1-Trichloroethane. EPA/540/1-86-005. Environmental Criteria and Assessment Office,
Cincinnati, Ohio.

U.S. Environmental Protection Agency (EPA). 1992. Health Effects Assessment Summary
Tables. NTIG/PB92+921199. D Swer, Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1984az. Summary of Current Acceptable
Intakes (ADIS) for Oral Exposure. Environmental Criteria and Assessment Office, Cincinnati,
Ohio.

U.S. Environmental Protection Agency (EPA). 1985b. Evaluation by Carcinogen Assessment
Group (CAG). Washington, D.C. Data provided in memorandum to G. Whelan of PNL dated
July 20 1987.

U.S. Environmental Protection Agency (EPA). 1984c. National Primary Drinking Water
Regulations; Synthetic Organic Chemicals, Inorganic Chemicals, and Mlcroorgamsms Proposed
Rule, Fed. Reg. 50:46936-47025.

U.S. Environmental Protection Agency (EPA). 1986b. Verified Reference Doses (RFDs) of the
USEPA. ECAO-CIN-475. Office of Health and Environmental Assessment, Washington, D.C.

A value of 1 is conservatively assigned for bioaccumulation of asbestos representing equal
concentration in water and fish (or shellfish).

Toxicity value set equal to value for ingestion
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335

338

339

340

342

347

357

360

361

366

375

377

378

379

386

393

Value is set to value for benzo(a)pyrene.
Toxicity value set equal to value for inhalation

Inhalation toxicity value is based on the American Council of Gov. Industr. Hygienists (ACGIH)
value for TLV. The reference dose is: RfD = TLV (mg/m® x 0.007.

The ingestion toxicity values are based on the rat oral LD50 value from RTECS (NIOSH. 1987
and later versions, Registry of Toxic Effects of Chemical Substances).

The TLV used to estimate the inhalation reference value is based on the value reported for
soluble salts of aluminum.

Inhalation RFD is based on the TLV (Threshold Limit Value) for asphalt (petroleum) fumes.
Chemical toxicity values are based on mineral oil.

Chemical toxicity values for potassium are set equal to value for sodium hydroxide.

The toxicity of lithium is based on the sodium reference dose and the relative toxicity of lithium
for human low dose. RfD sodium = 300 mg/kg/d. LDL sodium = 12400 mg/kg. LDL
lithium = 243 mg/kg. RfD lithium = 243/12400 x 300 = 6 mg/kg/d.

Values set to values for RDX.

RFD set to value for sodium ion, corrected for atomic weight.

The average intake of sodium is 1600 to 9600 mg/day. Reference dose (RfD) is set to twice the
higher value: RfD = 9600 mg/day x 2 / 70 kg = 300 mg/kg/d.

Value based on butadiene inhalation SF (1.8 kg d/mg) with stoichiometric correction (0.342) and
reduction for binding of butadiene in polymer form (0.01). 1.8 x 0.342 x 0.01 = 0.0062.

The ingestion reference dose for sulfate ion is based on the secondary drinking water standard:
RfD = 250 mg/L x 2 L/d / 70 kg = 7.14 mg/kg/d.

The ingestion RfD is based on the recommended daily allowance of 18 mg for iron, increased by
a factor of 5. RfD = 18 mg/d/70 kg x 5 = 1.3 mg/kg/d.

Calculated by the EPA Office of Radiation Programs (ORP). EPA classifies all radionuclides as
Group A carcinogens. For guidance, refer to the User’s Guide for radionuclides.

B.20




398

400

402

404
406

418

419

420
423

425

427

429

430
431

432

Dermal absorption calculated using the Code for INternal DosimetrY (CINDY). Strénge,
Kennedy, Sula, Johnson. 1992. Code for Internal DosimetrY. PNL-7493 Pt 1, Rev 1. PNL,
Richland, Washington.

U.S. Environmental Protection Agency (EPA). 1991, 1992, 1993. Health Effects Assessment
Summary Tables. EPA 540-R-93-058.

Kennedy, W. E., and D. L. Strenge. 1992. Residual Radioactive Contamination From Decom-
missioning: Technical Basis for Translating Contamination Levels to Annual Total Effective Dose
Equivalent. NUREG/CR-5512 (PNL-7994) Vol. 1, U.S. Nuclear Regulatory Commission,
Washington, D.C.

IRIS (EPA Integrated Risk Information System).

Toxicity values set equal to values for PCBs general classification.

Clement Associates. 1988. Comparative Potency Approach for Estimating the Cancer Risk
Associated with Exposure to Mixtures of Polycyclic Aromatic Hydrocarbons. Interim Final
Report. Fairfax, Virginia.

U.S. EPA Health Effects Assessment Summary Tables, Office of Solid Waste and Emergency
Response. EPA 540-R-93-058. Annual Updates.

IRIS Online Monthly Updates (EPA Integrated Risk Information System).

Set to value for mercury from Kennedy and Strenge (1992), reference 402.

Calculated using Code for Internal DosimetrY (CINDY) with modified data libraries. Strenge,
Kennedy, Sula, Johnson. 1992. Code for Internal DosimetrY. PNL-7493 Pt 1, Rev 1. PNL,
Richland, Washington.

Based on TLV-TWA for Aluminum of 2 mg/m3, ACGIH, 1986.

Based on recommended daily allowance (RDA) for calcium of 1200 mg/d (10-18 yrs). Oral

RfD = 1200 mg/d x 1/70 kg = 17 mg/kg/d.
Based on rat oral LD50 for calcium of 9285 mg/kg. RfD = 9285 x 4E-5 = 0.37 mg/kg/d.
Based on rat oral LD50 for copper sulfate of 300 mg/kg. RfD = 300 x 4E-5 = 0.012 mg/kg/d.

Based on ACGIH TLV-TWA of 1 mg/m’ for copper. RfD inhalation = 1 mg/m® Cu x
159.6/63.55 = 2.51 mg/m® CuSO4 x 0.007 = 0.018 mg/kg/d.
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434

435

437

438

442

443

445

447
448
449

451

Based on ACGIH TLV-TWA of 1 mg/m3 for iron. RfD inhalation = 1 x 241.88/55.85 = 4.33
mg/m3 Fe(NO3)2 x 0.007 = 0.03 mg/kg/d.

Based on Registry of Toxic Effects of Chemical Substances (RTECS) rat oral LD5S0 of 6400
mk/kg for potassium ferrocyanide. RfD ingestion = 6400 x 211.97/368.37 = 3683 mg/kg x
4E-5 = 0.15 mg/kg/d.

Based on ACGIH TLV-TWA of 1 mg/m3 for iron. RfD inhalation = 1 x 180/55.85 =
3.22 mg/m3 Fe(NO3)2 x 0.007 = 0.023 mg/kg/d.

Based on RTECS mouse oral LD350 of 1640 mg/kg for butyl phosphate. RfD ingestion =
1640 x 4E-5 = 0.066 mg/kg/d.

Based on ACGIH TLV-TWA of 2 mg/m3 for aluminum. RfD inhalation = 2 mg/m3 Al x
81.97/26.98 x 0.007 = 0.043 mg/kg/d.

Based on RTECS mouse oral LD50 of 103 mg/kg for aluminum fluoride. RfD mgestlon =
103 x 4E-5 = 0.0041 mg/kg/d.

Based on ACGIH TLV-TWA of 2 mg/m3 for aluminum soluble salts. 2 x 83.98/27 =
6.22 mg/m3 AIF3. RfD inhalation = 6.22 x 0.007 = 0.044.

Based on mouse intravenous LD50 of 96 mg/kg. RfD = 96 mg/kg x 4E-5x 10
oral/intravenous = 0.04 mg/kg/d.

Based on rat oral LD50 of 2217 mg/kg. RfD ingestion = 2217 x 4E-5 = 0.09 mg/kg/d.

Based on ACGIH TLV-TWA of 1 mg/m® for oxalic acid. RfD inhalation = 1 mg/m® x
0.007 = 0.007 mg/kg/d.

Based on mouse intravenous LD50 of 155 mg/kg. RfD = 155 x 4E-5 x 10 oral/intravenous =
0.06 mg/kg/d.

Based on RTECS oral LD50 of 7500 mg/kg for oxallc acid. RfD ingestion = 7500 x 4E-3 =
0.3 mg/kg/d.

Based on nitrate RfD of 1.6 mg/kg/d. MW 2NO; = 2 x 62 = 124. RfD Mg(NO3)2 =
148/124 x 1.6 = 1.9 mg/kg/d.

Based on rat oral LD50 of 3200 mg/kg for dibutyl phosphonate. RfD = 3200 x 4E-5 =
0.13 mg/kg/d.
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453

456

500

501

502

503

504

Based on rat oral LD50 of 3000 mg/kg tributyl phosphonate. RfD = 3000 x 4E-5 =
0.12 mg/kg/d.

Bintein, S., J. DeVillers, and Carcher. 1993. Nonlinear Dependance of Fish Biconcentration
on n-octanol/water Partition Coefficient SAR and QSAR in Environmental Research. Vol. 1,
pp. 29-39.

Slope factor calculated from dose factor and health effects conversion factor of 6.2 x 10 effects
per rem. '

Plant concentration ratio calculated using correlation with octanol-water partition coefficient of
Travis and Arms (1988), reference number 238.

Meat transfer factor calculated using correlation with octanol-water partition coefficient of Travis
and Arms (1988), reference number 238.

Milk transfer factor calculated using correlation with octanol-water partition coefficient of Travis
and Arms (1988), reference number 238.

Fish bioaccumulation factor calculated using correlation with octanol-water partition coefficient
of Bintein et al. (1993), reference number 456.
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1.0 Nevada Test Site

The Nevada Test Site (NTS) was established in 1950 for the purpose of conducting nuclear wea-
pons tests. It is currently used to conduct all United States nuclear weapons tests. These tests are con-
ducted underground for containment of detonation products. Other energy-related projects, such as
development of a nuclear-powered rocket and ramjets, have also been carried out on the NTS.

The NTS is approximately 105 km (65 mi) northwest of Las Vegas, Nevada (Figure 1.1). The
facility is located on a 3,497-km? (1,350-mi%) portion of restricted-access, federally owned land. NTS
is bordered on its west, north, and east sides by the Nellis Air Force Base Range Complex. The south-
ern portion of NTS is bounded by public access land. The topography of NTS is typical of much of the
Basin and Range physiographic province of Nevada, Arizona, and Utah. It consists basically of three
large valleys (Yucca Flat, Frenchman Flat, and Jackass Flats) surrounded by hills and mountains. The
northern and northwestern portions are dominated by two large mesas, Rainier Mesa and Pahute Mesa.
Elevations range from 914 m (3,000 ft) on Frenchman Flat to 2,316 m (7,600 ft) on Rainier Mesa.
The slopes on the upland surface are steep and dissected, whereas the slopes on the lower surfaces are
gentle and alluviated with rock debris from the adjacent highlands (DOE 1992). The principal effect
upon the terrain from nuclear testing has been the creation of numerous dish-shaped surface subsidence
craters, particularly in Yucca Flat (DOE 1992).

Throughout the year, there is not enough water in the area surrounding NTS to support the growth
of food crops without irrigation. Variations in precipitation and temperature cause marked differences
in plant life. Creosote bush, burro bush, and a variety of yuccas dominate in the bajadas below
1,220 m (4,000 ft), giving way to blackbrush and joshua trees at slightly higher elevations. Juniper,
pinon pine, and sagebrush dominate between 1,830 and 2,290 m (6,000 and 7,500 ft), being replaced
by white fir and yellow pine above 2290 (7,500 ft) (Winograd and Thordarson 1975).

1.1 Climate

The NTS area is on the boundary of the "mid-latitude arid" and "tropical arid" climate (Critchfield

. 1974). Meteorological data are available from onsite measurements at Desert Rock Airport and Yucca

Flats and from measurement taken in the city of Las Vegas, Nevada. On average the maximum daily
temperature in Las Vegas exceeds 32°C (90°F) on 131 days per year and is below 0°C (32°F) once
every five years; the minimum daily temperature is below 0°C (32°F) on 33 days per year and a tem-
perature below -18°C (0°F) has not been recorded (DOC 1987a). July is the warmest month, with
daily maximum and minimum temperatures averaging 40°C (104°F) and 24°C (76°F), respectively.
January is the coolest month, with daily maximum and minimum temperatures averaging 13°C (56°F)
and 1°C (33°F), respectively (DOC 1987a). At higher elevations on the NTS, near-surface air tem-
peratures may be significantly cooler than at Las Vegas. '
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Annual precipitation at Las Vegas is on the order of 11 cm (4 in.). Measurable precipitation
(defined as 0.025 cm [0.01 in.] or greater) is recorded on an average of 26 days per year and the area
experiences an average of 14 thunderstorm days per year. The average annual snowfall is 2.5 cm
(1 in.) (DOC 1992) and daily snowfall accumulations of 2.5 cm (1 in.) or greater occur an average of
twice every 5 years (DOC 1987a). Data from Desert Rock and Yucca Flats indicate annual precipita-
tion levels between 15 cm (6 in.) and 17 cm (7 in.) with measurable precipitation being recorded on an
average of 35 days per year. Even greater levels of precipitation and snowfall occur at higher eleva-
tions on the installation.

The winds at the NTS site are strongly influenced by the local and regional complex terrain. At
Las Vegas, the prevailing wind direction is from the southwest. Wind speeds average about 4 m/s
(9 mph) at about 6 m (20 ft). Average wind speeds are highest in April (5 m/s [11 mph]) and lowest in
December (3 m/s [7 mph]) (DOC 1987b).

1.2 Geology

In general, the geology of the NTS consists of three major rock units. These include 1) complexly
folded and faulted sedimentary rocks of Precambrian and Paleozoic age which are overlain in many
places by 2) volcanic tuffs and lava of Tertiary age, which (in the valleys) are covered by 3) alluvium
of late Tertiary and Quaternary age (DOE 1992). The following is a brief description of the various
rock units. '

During Precambrian and Paleozoic time, the region was part of the Cordilleran geosyncline, in
which 11,300 m (37,000 ft) of marine sediments accumulated (Winograd and Thordarson 1975). Pre-
cambrian and Paleozoic sedimentation was marked by two major sequences of clastic and carbonate
sedimentation with clastic sediments composed primarily of shale and quartzite, and carbonate sedi-
ments dominated by limestone and dolomite (DOE 1992). Minor clastic rocks occur within the lower
carbonate sequence. No major unconformities occur within the Precambrian and Paleozoic sediments
(Winograd and Thordarson 1975). No Mesozoic rocks are known to underlie the NTS or its immediate
surrounding area.

Cenozoic volcanic and sedimentary rocks are widely distributed in the region. Tertiary volcanic
and associated sedimentary rocks locally reach thicknesses as much as 1,830 m (6,000 ft) in Yucca
Flat, 2,590 m (8,500 ft) in western Frenchman Flat and eastern Jackass Flats, 1,525 m (5,000 ft) in
western Jackass Flats, and greater than 4,115 (13,500 ft) beneath Pahute Mesa (Winograd and
Thordarson 1975). The volcanic rocks are of both pyroclastic and lava-flow origin and include several
rock types. Common rock types consist of ash-flow and ash-fall tuffs, and lava flows ranging in com-
position from rhyolite to basalt. Associated sedimentary rocks include conglomerates, tuffaceous sand-
stones and siltstones, calcareous lacustrine tuffs, claystone, and fresh-water limestone (Winograd and
Thordarson 1975). Quaternary strata consist primarily of valley fill with minor basalt flows (Winograd
and Thordarson 1975). These sediments attain thicknesses of 600 to 900 m (2,000 to 3,000 ft) in the
central portions of the valleys (DOE 1992).
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Two major periods of deformation affected the region (Winograd and Thordarson 1975). The first
period of deformation occurred in late Mesozoic and possibly early Tertiary time and resulted in fold-
ing and thrust faulting of the Precambrian and Paleozoic rocks. During middle to late Cenozoic time
the region underwent normal block faulting, producing the Basin and Range topography. Displace-
ments along major strike-slip faults, measured in kilometers, occurred during both periods of deforma-
tion. Alluvium is rarely faulted. Compared to the Paleozoic rocks, the Tertiary rocks are relatively
undeformed and dips are generally gentle (DOE 1992).

1.3 Hydrology

Depths to groundwater beneath the NTS vary from about 157 m (515 ft) beneath the Frenchman
Flat playa (Winograd and Thordarson 1975) in the southern portion of the NTS to greater than 610 m
(2,000 ft) beneath the Pahute Mesa (DOE 1992). In the eastern portions of the NTS, the water table
generally occurs in the alluvium and volcanic rocks above the regional carbonate aquifer. Shallower
groundwater flow is generally toward major valleys (Yucca and Frenchman Flats) where it is then
deflected downward and joins the regional drainage to the southwest (DOE 1992).

Two major hydrologic systems exist on the NTS. Groundwater in the northwestern part of the
NTS (Pahute Mesa area) flows to the south and southwest toward the Ash Meadows Discharge Area,
Oasis Valley near Beatty, Nevada, and Death Valley. Groundwater to the east of the NTS moves from
north to south. In the extreme southern portion of the NTS at Mercury Valley, the eastern ground-
water flow shifts southwest toward the Ash Meadows Discharge Area. Recharge for the hydrologic
systems most likely occurs by precipitation at higher elevations and infiltration along intermittent .
stream channels and in playas (DOE 1992). Perched groundwater at the NTS occurs principally within
widespread tuff and lava-flow aquitards underlying ridges (Winograd and Thordarson 1975). Perched
water is not known to occur within the aquifers or aquitards beneath Yucca Flat, Frenchman Flat, or
Jackass Flats.

No natural surface-water bodies are present on the NTS. Water used at the NTS comes from local
wells. The Amargosa River which lies to the southwest along the Nevada-California border is an
ephemeral stream. Lake Mead is the closest major body of surface water, located approximately
160 km (100 mi) southeast of the NTS.

1.4 Environmental Settings

One meteorological exhibit and two joint frequency distribution exhibit are sufficient to address the
climate and atmospheric dispersion characteristics of NTS for BEMR modeling purposes. Meteoro-
logical data for the installation are presented in Exhibit 1.1. Atmospheric dispersion data in the form
of a joint frequency distribution of wind direction, wind speed, and atmospheric stability are presented
in Exhibits 1.2 and 1.3. '
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Hydrogeologic settings for the NTS are based on both physiographic and groundwater considera-
tions, with the boundaries for the individual settings being drawn along current operational unit
boundaries. This was done for the convenience of assigning waste units to specific hydrogeologic set-
tings. Six different settings were developed for the site and are shown in Figure 1.2. Three of the
hydrogeologic settings consist of intermontane basins including Yucca Flat, Frenchman Flat, and
Jackass Flats. The higher elevation areas at the Site are collapsed into the Rainier Meas, Pahute Meas,
and Timber Mountain settings. A brief description of the hydrogeology of each setting follows.
Hydrogeologic data for the NTS environmental settings are presented in Tables 1.1 through 1.6.

Yucca and Frenchman Flats are hydrologically closed basins that lie along the eastern edge of the
NTS. Water captured by the higher elevation areas surrounding these basins is transported to and per-
colates into the alluvium. Water flow in the shallow subsurface is generally downward until it inter-
sects the tuffaceous material, at which point it migrates laterally toward the vicinity of the playas within
each basin. In the areas underlying the playas, water migrates downward through the volcanics and is
eventually captured by the regional carbonate aquifer.

Jackass Flats has many similarities with the other two basins. Thick alluvium overlying tertiary
volcanics and pre-Mesozoic sediments determine the migration of both water and contaminants in the
subsurface. Unlike Yucca or Frenchman Flats, Jackass Flats has surface drainage capable of transport-
ing materials off site. Forty Mile Creek bisects the setting along its western third.

. The three higher elevation hydrogeologic settings, Pahute Mesa, Rainier Mesa, and Timber Moun-
tain all lack the highly permeable surface alluvium that is a major characteristic of the other three set-
tings. Dominated by uplifted Tertiary volcanics and Paleozoic sediments, these settings offer distinctly
different contaminant transport pathways than occur in the basins. The primary feature distinguishing
the three higher elevation settings is the flow path of the regional aquifers underlying each. In the
vicinity of Pahute Mesa, the regional groundwater flow is toward the southwest, entering Nellis Air
Force Base directly. Water from this aquifer eventually emerges in springs and seeps in the Oasis
Valley. Regional groundwater flow associated with Rainier Mesa is complex. Components of flow
from the central and western portions of the setting converge and migrate into the Yucca Flat area. In
the more eastern portions of this setting, regional groundwater flow is toward the southeast. For the
purposes of the BEMR project, this setting is modeled as having a dominant groundwater flow compo-
nent toward the south, into Yucca Flat. As with Rainier Mesa, groundwater underlying the Timber
Mountain setting is controlled to a large degree by topography and is complex. In general, it is
assumed that the dominant component of the flow is toward the south and into the Jackass Flats area.

1.5 Installation Participation in the Development of Environmental Settings

The climatic and hydrogeologic descriptions for the NTS are based on publicly available documents
written for DOE environmental programs. Site experts were contacted and participated in the develop-
ment and review of environmental settings for this installation. Charles Steadman supplied input into
the development of the meteorologic environmental settings. . Individuals supplying input into the
development of the hydrogeologic environmental settings included Frank Maxwell, Environmental
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Restoration Division, DOE, Nevada Field Office, and Doug Trudeau and James Cole of the U.S.G.S.
It should be noted that because of the size of NTS, the hydrogeologic settings described above neces-
sarily contain a great deal of composited data. Use of the data should be strictly limited to broad scale
assessments and generalized descriptions. Users are cautioned that more accurate and detailed charac-
terizations are available for more computationally intensive studies.
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Exhibit 1.1

Nevada Test Site Average Local Climatology. Meteorological parameters are presented using the units with which they are routinely
measured (e.g., temperature: °F, wind speed: mph). Data are from measurements made at Desert Rock Airport and at Yucca Flat.

Station Name: Desert Rock Airport, Desert Rock, Nevada Elevation: 1007 m Latitude: 36.63°N
Yucca Flat, Yucca Flat, Nevada . Elevation: 1196 m Latitude: 36.95°N
Annual Mean Air Temp: 62.4°F (DRA) Reference (a) Based on observations made from 1978-1991
54.9°F uce) Reference (b) Based on observations made from 1962-1978
Anemometer Height: 9.1m (DRA) Reference (a) Based on observations made from 1978-1991
88m . (UCC) Reference (b) Based on observations made from 1962-1978
Mean Annual Wind Speed: 9.2 mph (DRA) Reference (a) Based on observations made from 1978-1991
7.2 mph UcCe)y Reference (b) Based on observations made from 1962-1978
Fastest 1-Min Wind Speed: 67.0 mph (DRA) Reference (a) Based on observations made from 1978-1991
-60.0 mph ucoe) Reference (b) Based on observations made from 1962-1978.
’ Actual fastest wind speed is 60+ mph.
Annual Precipitation: 59in. (DRA) Reference (a) Based on observations made from 1978-1991
6.7 in. {Uce) Reference (b) Based on observations made from 1962-1978
Precipitation Days: 35yr? (DRA) Reference (a) Based on observations made from 1978-1991
34 yr! uco) Reference (b) Based on observations made from 1962-1978
Thunderstorms Freq: 14 yr? (DRA) Reference (a) Based on observations made from 1978-1991
15 yrt Uco) Reference (b) Based on observations made from 1962-1978
Avg Morning Mixing Ht: 380m Reference (a) Based on observations made from 1978-1991
200 m Reference (b) Based on observations made from 1962-1978
Avg Afternoon Mixing Ht: .2200 m Reference (a) Based on observations made from 1978-1991
2100 m Reference (b) Based on.observations made from 1962-1978
Top Soil Moisture Capacity: 1.37 cm Reference (c)
MEPAS Parameters; Climatic Region Index: 2 Reference (c)
Precipitation-Evaporation Index: 13 ) Reference (c)
Soil Cons. Serv. Curve Number: 21 Reference (c)
Monthly Averages
~ Wind Cloud Precipitation Daily RH
Temperature Precipitation Speed Cover Days Max Min
Month °H) (In.) (MPH) (10ths) # (%) (%)
Jan 435 0.64 8.9 4.9 4 58 35
Feb 415 0.68 9.4 5.4 3 55 28
Mar 51.8 0.72 9.5 5.1 5 57 30
Apr 60.3 0.32 10.2 4.5 2 43 20
May 68.3 036 10.3 38 3 39 17
Jun 79.0 0.10 103 2.4 1 26 12
Jul 842 0.57 9.8 23 3 33 16
Aug 81.9 0.79 8.9 24 4 40 19
Sep 74.5 0.34 9.0 2.6 2 39 19
-Oct 63.7 0.32 8.1 3.0 2 45 22
Nov 50.8 0.56 8.5 42 3 54 29
Dec 43.4 0.54 8.0 4.6 3 61 36
' s i 4 ¥ i t i
Reference: ... (a) (a) (a) (a) (a) (a) (&)

(a) Unpublished technical data provided by correspondence with Charles Steadman (National Weather Service Western Region, Weather
Service Nuclear Support Office), April 1993.

(b) Unpublished technical data provided by correspondence with Charles Steadman (National Weather Service Western Region, Weather
Service Nuclear Support Office), April 1993,

(c) Droppo, J. G., Ir., D. L. Strenge, J. W. Buck, B. L. Hoopes, R. D. Brockhaus, M. B. Walter, and G. Whelan. Multimedia Environ-
menzal Pollutant Assessment System (MEPAS) Application Guidance. Volume 2 - Guidelines for Evaluating MEPAS Input Parameters.
PNL-7216, Pacific Northwest Laboratory, Richland, Washington.
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Exhibit 1.2
. Joint Frequency Distribution of Atmospheric Stability, Wind Direction, and Wind Speed for Las
- Vegas. Atmospheric stability is determined using the Pasquill-Gifford method. Wind measurements
were made on-site at 6.1 m (20 ft) above ground level. Data are based on measurements made from
1960 through 1964 :

‘;Vt:;d &ﬁ“&: f;fi’:d Wind Speed Class (Knots)

Class "~ is Blowing 0-3 4-6 7-10 11-16 17-21 >21
A North 0.00144 0.00064 0.00000 0.00000 0.00000 0.00000
A North-Northeast 0.00118 0.00068 0.00000 0.00000 0.00000 0.00000
A Northeast 0.00193 0.00132 0.00000 0.00000 0.00000 0.00000
A East-Northeast 0.00179 0.00114 0.00000 0.00000 ' 0.00000 0.00000
A East 0.00205 0.00114 0.00000 0.00000 0.00000 0.00000
A East-Southeast 0.00119 0.00073 0.00000 0.00000 0.00000 0.00000
A Southeast 0.00145 0.00084 0.00000 0.00000 0.00000 0.00000
A South-Southeast 0.00089 0.00055 0.00000 0.00000 0.00000 0.00000
A South 0.00087 0.00057 0.00000 0.00000 0.00000 0.00000
A South-Southwest 0.00042 0.00027 0.00000 0.00000 0.00000 0.00000
A Southwest 0.00058 0.00027 0.00000 0.00000 0.00000 0.00000
A West-Southwest 0.00033 0.00021 0.00000 0.00000 0.00000 0.00000
A West , 0.00036 0.00023 0.00000 0.00000 0.00000 0.00000
A West-Northwest 0.00053 0.00016 0.00000 0.00000 0.00000 0.00000
A Northwest 0.00059 0.00032 0.00000 0.00000 0.00000 0.00000
A North-Northwest 0.00056 0.00034 0.00000 0.00000 0.00000 0.00000
B North T 0.00349 0.00349 0.00103 0.00000 0.00000 0.00000
B North-Northeast 0.00394 0.00402 0.00110 0.00000 0.00000 0.00000
B Northeast 0.00726 0.00735 0.00203 0.00000 0.00000 0.00000
B East-Northeast 0.00676 0.00831 0.00324 0.00000 0.00000 0.00000
B East 0.00574 0.00680 0.00265 0.00000 0.00000 0.00000
B East-Southeast 0.00349  0.00395 0.00160 0.00000 0.00000 0.00000
B Southeast 0.00233 0.00233 0.00094 0.00000 0.00000 0.00000
B South-Southeast 0.00180 0.00137 0.00094 0.00000 0.00000 0.00000
B South 0.00170 0.00167 0.00087 0.00000 0.00000 0.00000
B South-Southwest 0.00113 0.00084 0.00071 0.00000 0.00000 0.00000
B Southwest 0.00199 0.00114 0.00064 0.00000 0.00000 0.00000
B West-Southwest 0.00139 0.00078 0.00043 0.00000 0.00000 0.00000
B West 0.00109 0.00059 0.00023  0.00000 0.00000 0.00000
B West-Northwest 0.00134 0.00089 0.00030 0.00000 0.00000 0.00000
B Northwest . 0.00185 0.00142 0.00041 ©  0.00000 0.00000 0.00000
B North-Northwest 0.00150 0.00128 0.00034 0.00000 0.00000 0.00000
c North 0.00087 0.00356 0.00231 0.00034 0.00011 0.00005
c North-Northeast 0.00084 0.00349 0.00322 0.00034 0.00000 0.00000
c Northeast 0.00151 0.00637 0.00514 0.00053 0.00002 0.00000
c East-Northeast 0.00142 0.00580 0.00573 . 0.00053 0.00005 0.00000
o East : 0.00142 0.00564 0.00450 0.00037 0.00002 0.00000
C EBast-Southeast 0.00074 0.00308 0.00290 0.00043 0.00000 0.00000
c . Southeast 0.00056 0.00235 0.00167 0.00064 0.00005 0.00005
C South-Southeast 0.00039 0.00167 0.00210 0.00105 0.00039 0.00011
o South - 0.00071 0.00276 - 0.00340 0.00247 0.00091 0.00025
c South-Southwest 0.00072 0.00217 . 0.00315 0.00274 0.00244 0.00087
o Southwest 0.00095 0.00320 0.00288 0.00164 0.00190 ~ 0.00098
c West-Southwest 0.00076 0.00304 0.00187 0.00053 0.00025 0.00009
'C West 0.00086 0.00253 0.00121 0.00016 0.00009  0.00007
c West-Northwest 0.00080 0.00279 0.00078 0.00005 0.00002 0.00000
c Northwest 0.00059 0.00205 0.00112 0.00016 0.00005 0.00005
c North-Northwest 0.00046 0.00192 0.00139 £ 0.00037 0.00011 0.00002




Exhibit 1.2 (contd)

‘Wind Direction from

Stab Which the Wind ] Wind Speed Class (Knots)

Class is Blowing 0-3 4-6 7-10 11-16 17-21 >21
D North 0.00005 0.00096 0.00116 0.00354 0.00288 0.00126
D North-Northeast 0.00005 0.00098 . 0.00066 0.00253 0.00114 0.00025
D Northeast 0.00005 0.00162 0.00203 0.00322 0.00091 0.00014
D East-Northeast 0.00007 0.00158 0.00180 0.00224 0.00048 0.00005
D East 0.00007 0.00162 0.00167 0.00142 0.00014 0.00000
D East-Southeast 0.00002 0.00082 0.00094 0.00089 0.00014 0.00000
D Southeast 0.00002 0.00075 0.00057 0.00142 0.00041 0.00016
D South-Southeast 0.00002 0.00064 0.00094 0.00256 0.00167 0.00039
D South . 0.00006 0.00107 0.00217 0.01007 0.00484 0.00105
D South-Southwest 0.00003 0.00105 0.00217 0.00922 0.00874 0.00390
D Southwest 0.00007 0.00240 0.00210 0.00929 0.01100 0.00543
D West-Southwest 0.00012 0.00244 0.00100 0.00473 0.00315 0.00094
D West 0.00012 0.00311 0.00114 0.00087 0.00071 0.00023
D West-Northwest 0.00006 0.00187 0.00048 0.00050 0.00011 0.00011
D Northwest 0.00004 0.00132 0.00082 0.00119 0.00107 0.00114
D North-Northwest 0.00005 0.00089 0.00073 0.00233 0.00386 0.00212
E North 0.00017 0.00032 0.00142 0.00498 0.00233 0.00073
E North-Northeast 0.00010 0.00021 0.00100 0.00242° 0.00046 0.00016
E Northeast 0.00019 0.00021 0.00096 0.00251 0.00071 0.00011
E East-Northeast 0.00006 0.00018 0.00128 0.00114 0.00027 0.00002
E East 0.00016 0.00021 0.00078 0.00043 0.00000 0.00000
E East-Southeast 0.00004 0.00011 0.00050 0.00021 0.00002 0.00002
E Southeast 0.00015 0.00018 0.00046 0.00050 0.00023 0.00007
E South-Southeast 0.00005 0.00014 0.00135 0.00292 0.00116 0.00032
E South 0.00016 0.00039 0.00580 0.01580 0.00384 0.00068
E South-Southwest 0.00009 0.00027 0.00637 0.02105 0.00692 0.00226
E Southwest 0.00014 0.00032 0.0088¢ - 0.02128 0.00881 0.00290
E ‘West-Southwest 0.00016 0.00039 0.00884 0.00742 0.00171 0.00055
E West 0.00019 0.00030 0.00548 - 0.00171 0.00027 0.00000
E West-Northwest 0.00017 0.00041 0.00226 0.00112 0.00032 0.00007
E Northwest 0.00018 0.00027 0.00137 0.00292 0.00139 0.00073
E North-Northwest 0.00015 0.00016 0.00105 0.00452 0.00317 0.00142
F North 0.00161 0.00452 0.00342 0.00000 0.00000 0.00000
F North-Northeast 0.00107 0.00306 0.00336 0.00000 0.00000 0.00000
F Northeast 0.00129 0.00397 0.00336° 0.00000 0.00000 0.00000
F East-Northeast 0.00134 0.00336 0.00194 ~  0.00000 0.00000 . 0.00000
F East 0.00130 0.00372 0.00185 0.00000 0.00000 0.00000
F East-Southeast 0.00121 0.00279 0.00082 0.00000 0.00000 0.00000
F Southeast 0.00118 0.00276 0.00082 ~0.00000 0.00000 0.00000
F South-Southeast 0.00100 0.00354 0.00208 0.00000 0.00000 0.00000
F South 0.00216 0.00797 0.01400 0.00000 © 0.00000 0.00000
F South-Southwest 0.00282 0.00982 0.02317 0.00000 0.00000 0.00000
F . Southwest 0.00637 0.02557" 0.04315 0.00000 0.00000 0.00000
F ‘West-Southwest 0.00883 0.03664 0.04856 0.00000 0.00000 0.00000
F West 0.00797 0.03226 0.02082 0.00000 0.00000 0.00000
F ‘West-Northwest 0.00358- - 0.01411 0.00537 0.00000 0.00000 0.00000
F Northwest 0.00189 0.00621 0.00345 0.00000 0.00000 0.00000
F North-Northwest 0.00134 0.00393 0.00247 0.00000 0.00000 0.00000
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Exhibit 1.3

. Joint Frequency Distribution of Atmospheric Stability, Wind Direction, and Wind Speed for Las
Vegas-Nellis Air Base. Atmospheric stability is determined using the Pasquill-Gifford method. Wind
measurements were made on-site at 2.0 m (7 ft) above ground level. Data are based on measurements
made from 1958 through 1967.

Wind Direction from

Stab Which the Wind Wind Speed Class (Knots)

Class is Blowing 0-3 4-6 7-10 11-16 17-21 >21
A North 0.00158 0.00035 0.00000 0.00000 0.00000 0.00000
A North-Northeast 0.00143 0.00025 0.00000 " 0.00000 0.00000 0.00000
A Northeast 0.00276 0.00063 0.00000 0.00000 0.00000 0.00000
A East-Northeast 0.00187 0.00035 0.00000 0.00000 0.00000 0.00000
A East 0.00411 0.00103 0.00000 0.00000 0.00000 0.00000
A East-Southeast 0.00354 0.00087 0.00000 0.00000 0.00000 0.00000
A Southeast 0.00433 0.00098 0.00000 0.00000 0.00000 0.00000
A South-Southeast 0.00227 0.00054 0.00000 0.00000 - 0.00000 0.00000
A South 0.00583 0.00146 0.00000 0.00000 0.00000 0.00000
A South-Southwest 0.00388 0.00082 0.00000 0.00000 - 0.00000 0.00000
A Southwest 0.00283 0.00067 0.00000 0.00000 0.00000 0.00000
A West-Southwest 0.00133 0.00024 0.00000 0.00000 0.00000 0.00000
A West 0.00178 0.00026 0.00000 0.00000 0.00000 0.00000
A West-Northwest 0.00142 0.00022 0.00000 0.00000 0.00000 0.00000
A Northwest 0.00112 0.00019 0.00000 0.00000 0.00000 0.00000
A North-Northwest 0.00076 0.00008 0.00000 0.00000 0.00000 0.00000
B North 0.00325 0.00081 0.00034 0.00000 0.00000 0.00000
B North-Northeast 0.00441 0.00126 0.00047 0.00000 0.00000 0.00000
B Northeast 0.00654 0.00268 0.00102 0.00000 0.00000  0.00000

. B East-Northeast 0.00447 0.00171 0.00078 0.00000 0.00000 0.00000
B East 0.00921 0.00370 0.00153 0.00000 0.00000 0.00000
B East-Southeast 0.00604 0.00250 . 0.00093 0.00000 0.00000 0.00000
B Southeast 0.00651 0.00300 0.00135 0.00000 0.00000 0.00000
B South-Southeast 0.00330 0.00142 0.00085 0.00000 0.00000 0.00000
B South 0.01067 0.00420 0.00215 0.00000 0.00000 0.00000
B South-Southwest 0.01215 0.00375 0.00111 0.00000 0.00000 0.00000
B Southwest 0.00826 0.00227 0.00090 0.00000 0.00000 0.00000
B West-Southwest 0.00368 0.00091 0.00031 0.00000 0.00000 0.00000
B West 0.00498 0.00128 0.00027 0.00000 0.00000 0.00000
B West-Northwest 0.00386 0.00070 0.00011 0.00000 0.00000 0.00000
B Northwest 0.00293 . 0.00065 0.00015 0.00000 0.00000 0.00000 -
B North-Northwest 0.00189 0.00039 0.00005 0.00000 0.00000 0.00000
C North 0.00105 0.00082 0.00126 0.00026 0.00003 0.00001
C North-Northeast 0.00169 0,00097 0.00175 0.00039 0.00011 0.00000
C Northeast 0.00324 0.00252 0.00464 0.00072 0.00008 0.00000
C East-Northeast 0.00215 0.00185 0.00337 0.00059 0.00001 0.00001
C East 0.00354 0.00312 0.00450 0.00066 0.00003 0.00000
C East-Southeast 0.00213 0.00191 0.00257 0.00050 0.00000 0.00000
C Southeast 0.00219 - 0.00200 0.00326 0.00080 0.00008 0.00001
(o] South-Southeast 0.00117 0.00109 0.00203 0.00099 0.00016 0.00006
(o] South 0.00363 0.00322 0.00543 0.00242 0.00090 0.00016
Cc South-Southwest 0.00374 0.00296 0.00334 0.00185 0.00109 0.00057
(o] Southwest 0.00313 0.00222 0.00218 0.00085 0.00030 0.00007
C West-Southwest . 0.00145 0.00093 0.00059 0.00017 0.00008 0.00000
C West 0.00179 0.00126 0.00087 0.00016 0.00001 0.00002
C West-Northwest 0.00121 0.00072 0.00057 0.00021 ~  0.00005 0.00003
C Northwest 0.00141 0.00089 0.00046 0.00008 0.00003 0.00001
C

North-Northwest 0.00065 0.00042 0.00029 0.00000 0.00000 0.00000
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Exhibit 1.3 (contd)

‘;r;f v?ﬁ:ﬁtﬁi fvrv(::; A Wind Speed Class (Knots)

Class is Blowing 0-3 4-6 7-10 11-16 17-21 >21
D North '0.00029 0.00077 0.00167 0.00483 0.00135 0.00039
D Notth-Northeast 0.00035 0.00051 0.00326 0.00965 0.00380 0.00142
D Northeast 0.00056 0.00200 0.00669 0.01290 0.00268 0.00072
D East-Northeast -0.00050 0.00182 0.00527 0.00497 0.00038 0.00005
D East 0.00060 0.00222 0.00468 0.00310 0.00035 0.00005
D East-Southeast 0.00029 0.00121 0.00240 0.00272 0.00029 0.00011
») Southeast 0.00017 0.00065 0.00265 0.00500 0.00069 0.00017
D South-Southeast 0.00018 0.00041 0.00215 0.00798 0.00233 0.00054
D South 0.00060 0.00163 0.00962 0.02850 0.00843 0.00236
) South-Southwest 0.00036 0.00123 0.00419 0.01545 0.00734 0.00332

) Southwest 0.00027 0.00089 0.00263 0.00949 0.00387 0.00188
D West-Southwest 0.00010 0.00040 0.00077 0.00244 0.00072 0.00034
D West 0.00026 0.00073 0.00120 0.00227 0.00059 0.00015
D West-Northwest 0.00018 0.00048 0.00131 0.00411 0.00178 0.00077
D Northwest 0.00028 0.00077 000117 .  0.00417 0.00188 0.00069
D North-Northwest 0.00006 0.00027 0.00058 0.00109 0.00026 0.00013
E North 0.00000 0.00206 0.00320 0.00000 0.00000 0.00000
E North-Northeast 0.00000 0.00368 0.00370 0.00000 0.00000 0.00000
E Northeast 0.00000 0.00477 0.00659 0.00000 0.00000 0.00000
E East-Northeast 0.00000 0.00279 0.00459 0.00000 - 0.00000 0.00000
E East 0.00000 0.00238 0.00247 0.00000 0.00000 0.00000
E East-Southeast 0.00000 0.00122 0.00129 0.00000 0.00000 0.00000
E Southeast 0.00000 0.00125 0.00147 0.00000 0.00000 0.00000
E South-Southeast 0.00000 0.00113 0.00187 0.00000 0.00000 0.00000
E South 0.00000 0.00379 0.01446 0.00000 0.00000 0.00000
E South-Southwest 0.00000 0.00234 0.00602 0.00000 0.00000 0.00000
E Southwest . 0.00000 0.00183 0.00283 0.00000 0.00000 0.00000
E West-Southwest 0.00000 0.00082 0.00081 0.00000 0.00000 0.00000
E West 0.00000 0.00112 0.00088 0.00000 0.00000 0.00000
E West-Northwest 0.00000 0.00110 0.00107 0.00000 0.00000 0.00000
E Northwest 0.00000 0.00163 0.00152 0.00000 0.00000 0.00000
E North-Northwest 0.00000 0.00077 0.00093 0.00000 0.00000 0.00000
F North 0.02298 - 0.00707 0.00000 0.00000 0.00000 0.00000
F North-Northeast 0.03131 0.00986 0.00000 0.00000 0.00000 0.00000
F Northeast 0.03872 0.01223 0.00000 0.00000 0.00000 0.00000
F East-Northeast 0.01919 0.00587 0.00000 0.00000 0.00000 0.00000
F East 0.01901 0.00489 0.00000 0.00000 0.00000 0.00000
F East-Southeast 0.00986 0.00227 0.00000 0.00000 0.00000 0.00000
F Southeast 0.00802 0.00227 0.00000 0.00000 0.00000 0.00000
F South-Southeast 0.00552 0.00170 0.00000 0.00000 0.00000 0.00000
F South 0.02452 0.01086 0.00000 0.00000 0.00000 0.00000
F South-Southwest 0.02112 0.00748 0.00000 0.00000 0.00000 0.00000
F Southwest 0.02032 0.00632 0.00000 0.00000 0.00000 0.00000
F West-Southwest 0.01047 0.00278 0.00000 0.00000 0.00000 0.00000
F West 0.01324 0.00311 0.00000 0.00000 0.00000 0.00000
F West-Northwest 0.01465 0.00327 0.00000 0.00000 0.00000 0.00000
F Northwest 0.01898 0.00471 0.00000 0.00000 0.00000 0.00000
F North-Northwest 0.00998 0.00259 0.00000 0.00000 0.00000 0.00000
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Table 1.1. Hydrogeologic Setting Data Summary of the Yucca Flat Setting, Nevada
Test Site. MEPAS parameters are listed for both the partially saturated
(PZ) and saturated zones (SZ). '

Parameter

Darcian_Velocity
SoilC

Thickness
Bulk_Density
Total_Porosity
Field_Capacity
Conductivity

Longitudinal_Disp.

Transverse_Disp.
Vertical_Disp.
Effective_Porosity
Velocity '
Distance

Textural_Class

% _sand
% _silt

% _clay
%_OMC
% _Fe
pH

Units

KXB BB

m/d

Sand

%
%
%
%
%
n/a

PZ1

2.41
4.38

427
1.49
43.7
12
320

43

Loamy
Clay

84
12
4
0
2.1
7.2

P22

2.41
10.4

183
2.3
10

Sandy
Clay

50
8

42
0
1.43
7.5

SZ1

10.4
610

2.4
5.4

305®
6 1(“)
30@
23
0.03
3050

Silty

47
45

0.13
7.3

Notes: The Welded Tuff unit is an aquifer, but is treated as a PZ here because the

receptor for the aquifer is the Lower Carbonate Aquifer.

(a) It is recommended that default values be substituted for the values listed once the
distances to the receptors have been determined.
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Table 1.2. Hydrogeologic Setting Data Summary of the Frenchman Flat Setting, Nevada
Test Site. MEPAS parameters are listed for both the partially saturated (PZ)
and saturated zones (SZ).

Parameter Units PZ1 PZ2 SZ1
Darcian_Velocity cm/yr , 2.41 2.41 -
SoilC : n/a 4.38 10.4 10.4
Thickness m 305 183 610
Bulk_Density gm/cm’® 1.49 23 2.4
Total_Porosity % 437 10 54
Field_Capacity % 12 9.96 -
Conductivity m/d 320 1.00E-05 -
Longitudinal_Disp. m 3 0.2 305¢
Transverse_Disp. m -- ‘ - 61®
Vertical_Disp. m -- - 30
Effective_Porosity % - - 23
Velocity m/d -- -~ - 0.03
Distance m - - 3050
Textural_Class -~ Loamy Sandy Silty

Sand Clay Clay
%_sand % 84 50 8
% _silt % 12 8 47
% _clay % 4 42 .45
%_OMC % - 0 0 0
% _Fe % 2.1 1.43 0.13
pH n/a 7.2 7.5 7.3

Notes: The Welded Tuff unit is an aquifer, but is treated as a PZ here because the

receptor for the aquifer is the Lower Carbonate Aquifer.

(a) It is recommended that defauit values be substituted for the values listed once the
distances to the receptors have been determined.
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Table 1.3. Hydrogeologic Setting Data Summary of the Jackass Flats Setting, Nevada

Test Site. MEPAS parameters are listed for both the partially saturated
(PZ) and saturated zones (SZ).

Parameter

Units

Darcian_velocity cm/yr
SoilC n/a
Thickness | m
Bulk_Density gm/cm®
Total_Porosity %
Field_Capacity %
Conductivity m/d
Longitudinal Disp. m
Transverse_Disp. m
Vertical_Disp. m
Effective_Porosity %
Velocity m/d
Distance m
Textural_Class -

Sand
% _sand %
% _silt %
% _clay %
%_OMC %
% _Fe %
pH n/a
Notes:

PZ1

1.65
4.38

1366
1.49
43.7
12
320

SZ1

10.4
152

2.3
10

305®
61®
30®
2
0.03
3050

Sandy

50
8

42
0
1.43
7.5

(a) It is recommended that default values be substituted for the values
listed once the distances to the receptors have been determined.
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Table 1.4. Hydrogeologic Setting Data Summary of the Pahute Mesa Setting, Nevada

Test Site. MEPAS parameters are listed for both the partially saturated _ .
(PZ) and saturated zones (SZ).

Parameter Units PZ1 SZ1
Darcian_Velocity cm/yr 4.6 -
SoilC n/a 10.4 7.12
Thickness m 640 1067
Bulk_Density gm/cm?® 1.62 1.6
Total_Porosity % 37.7 40
Field_Capacity % 9 -~
Conductivity m/d 2.00E-03 -
Longitudinal Disp. m 6 305@
Transverse_Disp. m - 61®
Vertical_Disp. m - 61®
Effective_Porosity % - 3
Velocity m/d - 8
Distance m - 3050
Textural_Class - Sandy Sandy

Clay Clay Loam

% _sand % 50 60
% _silt % 8 14
%_clay % 42 26
%_OMC % 0 0
% _Fe % 1.43 1.5
pH n/a 7.5 7.5
Notes:

(@ Ltis recommended that default values be substituted for the values listed once
the distances to the receptors have been determined.
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Table 1.5. Hydrogeologic Setting Data Summary of the Timber Mountain Setting, Nevada

Test Site. MEPAS parameters are listed for both the partially saturated (PZ)
and saturated zones (SZ).

Parameter Units
Darcian_Velocity cm/yr
SoilC n/a
Thickness m
Bulk_Density gm/cm®
Total_Porosity %
Field_Capacity %
Conductivity m/d
Longitudinal_Disp. m
Transverse_Disp. m
Vertical Disp. m
Effective_Porosity %
Velocity m/d
Distance m
Textural_Class -

Clay Loam

%_sand %

% _silt %

% _clay %
%_OMC %

% _Fe %

pH n/a

Notes: '

PZ1

3.1
7.12

438
1.6
40
24
8.00E-04

5

Sandy
Clay Loam

60
14
26
0
1.5
7.5

SZ1

7.12

914

305@
61®
61®

11
0.03
8

Sandy

60
14
26
0
1.5
7.5

(a) It is recommended that default values be substituted for the values listed once the
distances to the receptors have been determined.
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Table 1.6. Hydrogeologic Setting Data Summary of the Rainier Mesa Setting, Nevada
Test Site. MEPAS parameters are listed for both the partially saturated
zones (PZ) and the saturated zone (SZ).

Parameter Units PZ1 PZ2 PZ3 PZ4 SZ1
Darcian_Velocity cm/yr 5.6 5.6 5.6 5.6 -
SoilC 10.4 7.12 10.4 104 10.4
Thickness m 183 183 366 335 610
Bulk_Density gm/cm® 2.3 1.6 2.4 2.5 2.5
Total_Porosity % 10 40 3.8 5.4 5.4
Field_Capacity % 6 24 2 2 -
Conductivity m/d 1.00E-05 8.00E-04 4,00E-07 4.00E-04 -
Longitudinal Disp. m 1.8 1.8 3.7 34 305@
Transverse_Disp. m - - - - 61®
Vertical Disp. m - - - - 61@
Effective_Porosity % - - - - 2.3
Velocity m/d - - - - 0.03
Distance m - - - -

Textural_Class - Sandy Clay Sandy Silty Silty Silty
Clay Loam : Clay Clay Clay Clay
%_sand % - 50 60 8 8 8
%_silt % 8 14 47 47 47
%_clay % 42 26 45 45 45
%_OMC % 0 0 0 0 0
% _Fe % 1.43 1.5 1.5 0 0
pH nia 15 7.5 7.5 i 7.6 7.6
Notes: )
(a) It is recommended that default values be substituted for the values listed once the distances to the receptors
have been determined.
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