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1.0 INTRODUCTION

This document prescribes the methodology for conducting the Human Health Rusk
Assessment (HHRA) portion of Baseline Risk Assessment (BRA) cfor the Rocky Flats
Environmental Technology Site (RFETS). The HHRA, coupled with the Environmental
Evaluation (EE), comprises a BRA. Per the requirements of the Interagency Agreement (IAG)
(1991) among the U.S. Department of Energy (DOE), U.S Environmental Protection Agency
(EPA), and the State of Colorado, BRAs are performed for each of the Operable Units (OUs)
defined 1n the agreement.

1.1 Purpose

The purpose of tis HHRA methodology 1s to direct risk assessors for RFETS to relevant
documents and site-specific agency agreements to produce HHRASs that are acceptable to both
the EPA and the State of Colorado. The State of Colorado 1s represented by the Colorado
Department of Public Health and Environment (CDPHE). To achieve this purpose, 1t 1s
necessary to understand the purpose of an HHRA.

The purpose of the HHRA 1s to develop a quantitative description and assessment of the risk
to the public posed by the contaminants of concern (COCs) at an OU Specifically, goals of the
HHRA include providing:

J An analysis of baseline nisks to help determine the need for action at sites

o A basis for determining levels of contaminants that can remain onsite and still be
adequately protective of public health

o A basis for comparing potential health impacts of various remedial alternatives
. A consistent process for evaluating and documenting risks to public health

. Information for effective nsk management

1-1
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1.2 Scope

The scope of this document 1s to summarize key sections of existing agency guidance, and
integrate RFETS-specific documents and agency agreements into published agency guidance
Current EPA guidance for risk assessment, Risk Assessment Guidance for Superfund (RAGS)
(EPA, 1989a), encompasses the full spectrum of situations that may be encountered at Superfund
sites  As a result, 1t 1s written 1n general terms. This HHRA methodology reviews some of the
key sections that directly apply to RFETS, and refers the reader to RAGS for additional

background

In addition to RAGS, several nsk assessment topics have been the subject of discussion and
agreement among DOE, EPA, and CDPHE Where approprniate, this document references or
summanzes existing DOE, EPA, and CDPHE documents or agreements. Figure 1-1 illustrates
the RFETS HHRA methodology specified in the DOE, EPA, and CDPHE agreements
References to relevant sections of this document are also provided Supporting matenial for
conducting specific steps of nsk assessment has been developed at RFETS and are referenced
or summarized 1n this methodology. In addition, example text or table shells are provided to
guide the risk assessor in documenting the HHRA. Rusk assessors for each OU must ensure that

the content of the HHRA satisfies the OU-specific objectives.
1.3 Rocky Flats Environmental Technology Site Information

General information about RFETS that 1s relevant to an HHRA 1ncludes the site history,
the regulatory framework, and a physical description of the site Each of these topics are
discussed 1n the following subsections. OU-specific information may be found 1n detail in the
individual OU Workplans and the first few sections of the Remedial Investigation/Resource
Conservation and Recovery Act (RCRA) Facility Investigation (RI/RFI) report  This
information may be summarized from the RI/RFI report and included in the HHRA to allow 1t

to be a "stand alone" document. References can direct the reader to the source document for

further detail
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The information presented 1n Sections 1 3 1 through 1.3 3 bnefly describes the RFETS It may
be used as an example of summary matenal in the HHRA

1.3.1 Site History

RFETS 1s a government-owned, contractor-operated facility, and was part of the nation-
wide nuclear weapons production complex The historical mission of RFETS was to fabncate
nuclear weapons components from plutomum, uranium, and nonradioactive metals (principally
beryllium and stainless steel) Additionally, the facility reprocessed plutonium that was removed
from obsolete weapons Both radioactive and nonradioactive wastes were generated at the plant
Present waste-handling practices involve recycling of hazardous matenals, on-site storage of
hazardous, radioactive, and mixed wastes, as well as off-site disposal of radioactive materials
Preliminary assessments under the Environmental Restoration (ER) Program 1dentified some of
the past on-site storage and disposal locations as potential sources of environmental

contamination These locations are considered OUs under the IAG.

RFETS’ new mussion 1s environmental restoration and waste management The activities
underway at RFETS are consistent with the down-sizing and consolidation of the DOE weapons
complex A transition team consisting of EG&G Rocky Flats, Inc (EG&G) and DOE personnel
1s leading these efforts

The RFETS ER Program is part of the national DOE ER Program, which was established
to remediate mactive waste sites at DOE faciliies. The DOE ER Program 1s mandated to
remediate waste sites 1n compliance with environmental laws and regulations, while mimmizing
impacts to human health and the environment. Specifically, the program includes site
identification and charactenization, remedial design and remedial action, and post-closure

activities such as monitoring and field inspections at inactive radioactive, hazardous, and mixed-

waste sites

1-4
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1.3.2 Regulatory Framework

Remediation of DOE sites must be performed in comphance with applicable federal and
state environmental laws and regulations. Before the enactment of current federal environmental
legislation, DOE managed waste storage and disposal under requirements established by
authornty of the Atomic Energy Act. In response to subsequent regulations, DOE established
programs to comply with environmental laws relevant to (1) generation, treatment, storage,
disposal, and transportation of wastes produced in operating facilities and (2) contaminant

charactenization and cleanup at inactive waste sites

The prnincipal regulatory requirements for remedial actions are those derived from the
RCRA and the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) These federal statutes require that hazardous-waste sites and hazardous-substance
spills and releases be investigated, characterized, and cleaned up CERCLA and RCRA contain
parallel guidance for the sequence of clean-up activiies The germane component of the
CERCLA process 1s the RI/FS; the germane component of the RCRA process 1s the RCRA
Facility Investigation/Corrective Measures Study (RFI/CMS)

The DOE 1s currently performing both CERCLA and RCRA activities at RFETS, therefore,
both RI/FS and RFI/CMS activities are being conducted. To establish a common basis of
understanding and to integrate the requirements of federal regulators with those of the CDPHE,
the IAG was negotiated among the DOE, EPA, and CDPHE and signed on January 22, 1991
The IAG establishes legally enforceable framework to coordinate clean-up and oversight efforts,
and to standardize requirements The IAG establishes specific milestones and time frames for
remedial actions The IAG establishes the parameters for cleanup of potential radioactive,
hazardous, and mixed-waste contamination resulting from past

operations at RFETS.

For IAG 1mplementation, Individual Hazardous Substance Sites (IHSSs) were 1dentified,
aggregated into OUs, and pnontized. The prionties for RFETS OUs were established through

1-5




DRAFT

the IAG Assessment, characterization, and remedial activities for THSSs are conducted for each
OU The OUs form the basis for planming, scheduling, budgeting, and priontizing
environmental restoration activites  The IAG contamns specific requirements for the
environmental investigation and cleanup of RFETS. Paragraph VII D 1 of the statement of work
of the IAG stipulates the requirements for conducting an HHRA at each OU To imtiate the
HHRA, DOE 1s required to submut the following TM for each OU* (1) Identification of COCs,
(2) Description of Exposure Scenarios and Exposure Assumptions, (3) Description of Fate and
Transport Models, and (4) Toxicity Assessment for COCs

1.3.3 Physical Description
Sections 1 3.3.1 through 1 3.3.5 summarize physical properties of the RFETS.

RFETS 1s located in northern Jefferson County, approximately 26 kilometers (km), [16
miles (m1)] northwest of Denver. Other nearby cities include Boulder, Broomfield, Westminster,
and Arvada, which are located less than 16 km (10 m1) to the northwest, east, southeast, and
south respectively The site consists of approximately 2,630 hectares (6,500 acres) of federally
owned land 1n Sections 1 through 4 and 9 through 15 of Township 2 South, Range 70 West
Major buildings are located within the RFETS secunty area, which encompasses approximately
162 hectares (400 acres). A buffer zone of approximately 2,490 hectares (6,150 acres)

surrounds the secured area

1.3.3.1 Topography - The natural environment of RFETS and vicimty 1s influenced
primarily by its proximity to the Front Range of the Rocky Mountains RFETS 1s directly east
of the north-south trending Front Range, and 1s located about 26 km (16 mu) east of the
Continental Divide at an elevation of approximately 1,830 meters (m) [6,000 feet (ft) above
mean sea level RFETS 1s located on a broad, eastward sloping plain of coalescing alluvial fans
developed along the Front Range. The fans extend about 8 km (5 m1) 1n an eastward direction

from their onigin at Coal Creek Canyon and terminate on the east at a break 1n slope to low
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rolling hills. The operational area at the RFETS 1s located near the eastern edge of the fans on
a terrace between stream-cut valleys (North Walnut Creek and Woman Creek)

1.3.3.2 Geology - Geologic units beneath RFETS consist of unconsolidated surficial units
of Quaternary age (Rocky Flats Alluvium, various terrace alluvia, valley fill alluvium, and
colluvium), which unconformably overhe Cretaceous-aged bedrock (Arapahoe Formation,
Laramie Formation, and Fox Hills Sandstone) This geologic sequence forms part of a
monoclinal fold whose western edge 1s composed of uplifted strata of Mesozoic age that become

younger to the east.

1.3.3.3 Hydrology -~ Groundwater may be present 1n the unconsohdated surficial material,
consisting of the Rocky Flats Alluvium, colluvial matenal, and the valley fill alluvium
Groundwater 1s also inferred to occur locally 1n the upper portion [1 e , 0 to 7.6 m (0 to 25 ft)]
of the Laramie claystone bedrock These units contain unconfined groundwater and comprise

the upper hydrostratigraphic umt (UHSU). Confined groundwater occurs in deeper [>7 6 m
(25 ft)] bedrock sandstones and claystones of the upper Laramie Formation This bedrock unit

1s labeled the lower hydrostratigraphic unit (LHSU)

Portions of the RFETS UHSU are only seasonally wet, and contain groundwater only 1n
the spring months when there 1s high precipitation Groundwater levels across the site are

higher 1n spring than in the remainder of the year

Recharge to the UHSU 1s pnimanly through infiltration of precipitation, which ranges from
0 05 m (2 1n) per hour for imtial infiltration, to 0 025 m (0 5 1n) per hour for final (saturated)
infiltration Localized sources of recharge may also occur, such as seepage from the Rocky
Flats Alluvium to colluvial matenials Discharge occurs largely through evapotranspiration and
discharge by seeps to surface water umts such as the three series of ponds, Woman Creek,
Walnut Creek, Rock Creek, the South Interceptor Ditch, and the French Drain
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Three intermuttent streams drain RFETS, with flow generally from west to east These
drainages are Rock Creek, Walnut Creck, and Woman Creek Rock Creek drains the
northwestern corner of the RFETS and flows northeast through the buffer zone to 1its off-site
confluence with Coal Creek. An east-west trending interfluve separates the Walnut Creek and
Woman Creek drainages North and South Walnut Creeks and an unnamed tributary drain the
northern portion of the RFETS secunity area. These three forks of Walnut Creek join 1n the
buffer zone and flow toward Great Western Reservoir, which 1s approximately 1 6 km (1 mi)
east of the confluence However, this flow 1s routed around Great Western Reservoir by the
Broomfield Diversion Canal, which 1s operated by the City of Broomfield Woman Creek drains
the southern RFETS buffer zone flowing eastward. The Woman Creek flow 1s diverted onsite
to Mower Reservoir via the Mower Ditch The South Interceptor Ditch lies between RFETS
and Woman Creek The South Interceptor Ditch collects runoff from the southern RFETS
security area and diverts 1t to Pond C-2 where 1t 1s monitored, treated, and then pumped to the
Walnut Creek watershed where 1t 1s released to the Broomfield Diversion Canal

1.3.3.4 Climate and Meteorology - The RFETS area has a semi-arid climate and receives
about 0.3 m (15 n) of annual precipitation, 40 percent of which falls in the spring
Thunderstorms from June to August contrnibute approximately 30 percent of the annual
precipitation  Snowfall averages 2 1 m (85 1n) per year. Temperatures are moderate, ranging
from 13 to 30° Celcius (C) [55 to 85° Fahrenheit (F)] in the summer and 20 to 45° F 1n winter
The average relative humidity 1s 46 percent Winds at RFETS\ are predominantly from the

northwest

1.3.3.5 Flora and Fauna - The majority of the plant species at RFETS contributing to the
terrestrial commumnities belong to two groups — vascular cryptogams (1 € , spore producing
plants) and vascular plants Grassland habitats are dominant, representing about 82 percent of
the total area. Nine percent of the area 1s either developed or disturbed Marsh habitats occupy
4 percent, woodland habitat constitutes 4 percent, and shrub habaitats account for the remaining
area Wildlife species are typical of those 1n similar habitats throughout the foothills area In

several regions of the buffer zone, Preble’s meadow jumping mouse has been observed If
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declared threatened and endangered, this could impact the likelthood of certain HHRA exposure

scenarios, such as the on-site residential and the mining scenarios

As a result of imited and inconsistent surface water supphes, aquatic species with short life

cycles and smaller habitat requirements, such as benthic macroinvertebrates, have developed

more diverse communities than fish
1.4 HHRA Methodology Organization

This document 1s orgamized into the following sections, which together represent the
components of the DOE, EPA, and CDPHE agreements integrated with the traditional
CERCLA/RCRA HHRA methodology.

Data Evaluation

Identification of COCs

CDPHE Conservative Screen of PCOCs
Exposure Assessment

Toxicity Assessment

Rusk Characterization

HHRA Report.
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2.0 DATA EVALUATION

The first step in the methodology for HHRAs at RFETS 1s data evaluation. Components
of data evaluation include identification of data needs and data requirements prior to data
collection and the subsequent generation of a usable data set for the HHRA These components

are discussed 1n the following sections.
2.1 Data Needs Identification

Identifying data needs specifically for the HHRA 1s one component of overall RI/FS
planning. The defimition of HHRA data needs 1s integrated with the defimtion of data quality
objectives (DQOs) for the RI/FS. Data for each of the major components of the HHRA are
needed to adequately assess the current and future risk posed by a site However, because the
data 1nput to site charactenization and the exposure assessment are site specific (1 e., are unique
to the contaminants and physical charactenistics of a site), emphasis during the planning stages
1s on these components. Data needs associated with the toxicity assessment and nsk
characterization are assessed after the site characterization 1s complete and in parallel with the
exposure assessment. Data for the toxicity assessment typically consists of EPA-dertved toxicity

constants and uncertainty factors.

This section discusses the data needs relevant to the components of the HHRA process
Additional 1nstruction 1s provided in Guidance for Data Useability in Risk Assessment, (Parts
A and B), (EPA, 1992a) and RAGs, (EPA, 1989a) as well as

e Guudance for Planming for Data Collection in Support of Environmental Decision-Making
Using the Data Quality Objectives Process, (EPA, 1994a)
® Draft RFETS Data Management Plan for ER Management (EG&G, 1994a)

® Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA RI/FS and
RCRA RFI/CMS Acavites (EG&G, 1991)
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Data needs for site characterization, exposure assessment, toxicity assessment, and risk

charactenization are discussed 1n the following subsections
2.1.1 Site Characterization Data

Data collected to support site characterization are used in the RI/FS/Remedial
Design/Remedial Action process; thus the development of HHRA data requirements parallels the
data requirements to meet the DQOs For HHRA purposes, the output of the site
characterization 1s measured or modeled concentrations of contaminants 1n each of the source
areas (1.e., IHSSs) and media of concern Data needs are formulated 1n terms of characterizing

the source-pathway-receptor. Generally data used for the HHRA 1nclude characterization of

¢ The source of contamination
o The extent of contamination in each medium potentially affected

o The potentially affected media with which a current or future receptor may come 1n
contact

Depending on the detail of source charactenization data available in historical information
(e g , disposal records, previous mnvestigations, removal records), the source characteristics may
be well known or interpolated The Historical Release Report (DOE, 1992) documents an
extensive effort to gather information at the ITHSS level for use in determining the potential
source charactenistics. The need for additional source characterization 1s determined during
project scoping and, if additional characterization 1s conducted, should include an analyte suite
which encompasses the list of chemicals of potential concern and transformation products for

those chemcals

As discussed in Sections 4 0 and 5 0, the contaminant concentration distributions will be
used to delineate source areas and areas of concern at the OU level Characterization of the
extent of contamination encompasses contaminant concentration distributions within the THSSs
and those contaminants that have potentially migrated outside of the IHSSs Fate and transport

modeling can be used to predict concentrations that may effect future receptors For the RI as
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well as the HHRA, all media presenting a potential exposure route or transport mechanism
should be characterized for the chemicals suspected 1n the source This characterization allows
the development of the conceptual site model The number and locations of samples included
in the HHRA allows for characterization of.

¢ Statistical companison with background concentrations for each medium of concern
* Statistical distributions of contaminant concentrations for each medium of concern
¢ Contaminant levels that can be compared to risk-based concentrations

¢ All potential exposure points within each medium (1.e., source area and area of concern
delineation)

e Migration to potential exposure points including input data for fate and transport models

¢ Potential exposures based on possible future land uses

2.1.2 Exposure Assessment Data

The exposure assessment uses the site charactenzation data to estimate exposure-point
concentrations for each medium of concern and area of concern. Via conceptual model
development and fate and transport modeling, exposure-point estimates can be calculated for

future receptors. Data needs for the exposure assessment are summarized as follows

¢ Contaminant release rates from the source (either known or modeled)

¢ Physical, chemical, and biological parameters for evaluating transport and transformation
of site-related chemicals

¢ Parameters to characterize receptors according to their activity, behavior, and sensitivity

¢ Estimates of exposure concentrations for COCs, environmental media, and receptors at
nsk

e Estimates of chemical intake or dose for receptors via all exposure pathways and in
exposure areas
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2.1.3 Toxicity Assessment Data

As 1ndicated 1n Section 2 1, the data for toxicity assessment typically consists of EPA-
denived information regarding the potential for particular contaminants to cause adverse health
effects In a toxicity assessment, data are collected from acceptable sources of information

Toxicity assessments are procedural and include the following steps.

1 Gather qualitative and quantitative toxicity information for contaminants of concern
2 Determine toxicity values for noncarcinogenic effects

3 Determine toxicity values for carcinogenic effects

4 Summarize the toxicity information

Data required for the toxicity assessment include

¢ Toxicity values for all chemicals and exposure pathways

¢ Uncertainty factors and confidence measures for reference doses (RfDs) and weight-of-
evidence classifications for cancer slope factors (CSF)

2.1.4 Risk Characterization Data

The nisk characterization 1s an integral component of the HHRA that combines the output
of the exposure assessment and toxicity assessment to interpret, present, and quantify the results
of the HHRA Because of this output, specific data needs for rnisk charactenzation are similar
to data needs previously identified

2.2 Data Quality Objectives Development
The development of DQOs 1dentifies the data requirements for the HHRA As a follow-up

to DQO development, data quality should be assessed to confirm that the required data have

been collected The following sections discuss DQO development and data quality assessment
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2.2.1 Data Quality Objectives

DQOs greatly affect the HHRA because DQO development guides the overall site
charactenization strategy and presents qualitative and quantitative goals for data quality and,
subsequently, data useability Because the HHRA results are one of the key inputs to decisions
regarding the status of a site (1.e., no remedial action versus remedial action), the HHRA site
characterization data needs (Section 2.1 1) are integral to the development of DQOs DQO
development 1nvolves the definition of those needs and the types of data required to meet those
needs

DQO development at RFETS 1s detailed in the Rocky Flats Plant Site-Wide Quality
Assurance Project Plan for CERCLA RI/FS and RCRA RFI/CMS Actvinies, (EG&G, 1991)
EPA guidance emphasizes a seven-step problem-solving procedure as outhined in the Data
Quality Objectives Process, (EPA, 1994a) This procedure 1s shown in Figure 2-1 Although
DQO development 1s sequential, 1t 1s also iterative. The outputs from one step may influence
prior steps and cause them to be redefined. The goal of DQO development 1s to optimize data
collection The Guidance for Data Useability in Risk Assessment, Parts A and B, (EPA, 1992a)

also contains detailed information on data collection for risk assessment

To adequately characterize contaminant concentrations, the analytical suite and each media
of concern (1 e , data types) may differ By evaluating existing data and the site characterization
on a data-type-specific basis, the collection strategy i1s more manageable and representative of
the actual data needs

2.2.2 Data Quality Assessment

Data quality assessment, as defined 1n the Draft RFETS Data Management Plan for ER
Management (EG&G, 1994), " uses validated data to evaluate environmental conditions with
identifiable levels of confidence " The assessment considers variability from all sources across
sampling and analysis and as specific to the site-specific DQOs Measurement data 1s assessed

for adequacy according to intended use by comparing the data with acceptance criteria
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7 STEP DQO PROCESS

STATE THE PROBLEM

v

IDENTIFY THE DECISION

¥

IDENTIFY INPUTS TO THE DECISION

¥

DEFINE THE STUDY BOUNDARIES

v

DEVELOP A DECISION RULE

v

SPECIFY LIMITS ON DECISION ERRORS

v 1!

OPTIMIZE THE DESIGN FOR OBTAINING DATA

Figure 2-1. Seven-Step DQO Process (EPA, 1994a)
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Components of the data quality assessment include data validation and data useability discussed

in the following subsections.

2.2.2.1 Data Validation - Generally, analytical data (or a representative subset) used in
the HHRA should be validated to assess the effect of quality-control issues on data useability in
the HHRA (EPA, 1989a). At present, all analytical data generated for the RFETS ER Program
1s validated by an independent contractor per EPA Contract Laboratory Program (CLP) National
Functional Guidelines for Inorgamic and Organic Data Review (EPA, 1988a and EPA, 1988b),
and Radiochemical Data Vahdation Guidelines (EG&G, 1994) The data validation process 1s
detailed 1n the Draft RFETS Data Management Plan for ER Management (EG&G, 1994a) and
the ER QAP)P (EG&G, 1991) A listing of validation Standard Operating Procedures (SOPs)
1s 1n the QAP)P (EG&G, 1991)

The ER Program includes the following three classes of data quality

e "V"-Valid and usable without qualification
o "A"-Acceptable for use with qualification(s)
e "R"-Rejected (unacceptable)

Valid data meet the following objective standards, where applicable

*1  Analytical methods are followed

2 Acceptance criteria are achieved

3 Sufficient number and type of quality control (QC) samples are analyzed
*4  QC limits are achieved

*5  Compounds and analytes are correctly identified

*6  Equipment/instrumentation calibration criteria are achieved

7  Sample holding times are met

* Pnimary validation criteria

Data that are acceptable with qualification meet most, but not all, of these standards At

a mummum, all of the primary validation critena are achieved within acceptable limits  Only
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data qualified "V", valid or "A", acceptable will be used 1n data analysis Data that have not
yet been validated may be used on an interim basis Rejected data that fail to meet primary
validation critenia will not be used in HHRAs

Table 2-1 1llustrates the laboratory qualifiers and defimitions encountered when using site
characternization data along with the meaning and recommended use for the HHRA Table 2-2
presents the validation codes for RFETS ER Program data

2.2.2.2 Data Useability - Guidance for Data Useability in Risk Assessment, Parts A and
B, (EPA, 1992a) provides guidance on assessing data useability This guidance recommends six

useability criteria

Data sources

Documentation

Analytical methods and detection limits

Data quality indicators

Data review

Reports from sampling and analysis to the risk assessor

The Draft RFETS ER Program Data Management Plan (EG&G, 1994) states that data
useability 1s assessed by performing a comprehensive evaluation of data for conformance to the
DQOs and to the sensitivity, precision, accuracy, representativeness, completeness, and
comparability (SPARCC) parameters Administrative Procedure Number 2-G32-ER-ADM-
08 02, Evaluation of ER Data for Useability in Final Reports (EG&G, 1994c), details the
assessment of SPARCC parameter This procedure addresses 1ssues such as field duplicates, trip
blanks, and equipment reinstates, the procedure also incorporates the assessment of laboratory

validation and field quality control (QC) samples to establish overall data useability or adequacy

2.3 Data Set Generation

Data sets generated from RFEDS output require “cleanup” and treatment prior to use 1n the

HHRA The data-set-generation steps are described in the following sections
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Table 2-1
Result Qualifiers for RFETS ER Program Data
Result Qualifiers
Include in Detected?
Qualifier Defimtion Data Analysis (Hit?)
+ inorgamcs correlation coefficient for MSA 1s < yes yes
0 995 (estimated value)
-or* inorganics duplicate analysis not within control yes yes
limuts (estimated value)
A organics 1ndicates a TIC as a suspected aldol yes, but no
condensation product remove to TIC
table
B orgamics warns that analyte was also detected 1n yes yes
blank
B morganmcs reported values are less than CRDL yes yes
but greater than IDL
B radionuclides (rads) constituent also detected 1n yes yes
associated blank, where concentration 1n blank
was > CRDL or > mumimum detectable activity
(MDA) (estimated value)
C organics pesticide result confirmed by GC/MS yes yes
C rads presence of high TDS in sample increased yes yes
the MDA
D orgamics 1dentified 1n an analysis at a secondary yes yes
dilution
E organmics compound exceeded calibration range of no no
instrument, use dilution analysis result for this
analyte, not thus E-qualified result
morgamcs value estimated due to interference yes yes
F rads for alpha spectrometry--FWHM exceeded yes yes
acceptable limuts (esttmated value)
G total organic carbon (TOC) dilution result yes yes
exceeded range of instrument (estimated value)
H rads sample analysis performed outside of yes yes
method (specified maximum hold)
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Table 2-1
(continued)
Include 1n Detected?
Quahfier Definition Data Analysis (Hxt?)
I orgamcs interference with target peak (estumated yes yes
value)
JB organics result below detection linut and analyte yes no
detected 1n lab blank
J organics MS data indicate presence of compound yes yes
but below detection limit (estimated value)
Delete? inorganics value greater than IDL but control yes yes
sample analysis not within control limits
(estimated value)
L undefined no no
N organics compound presumed present (TIC) yes, but no
remove to TIC
table
N inorgamcs spiked sample recovery not within yes yes
control limits (estimated value)
N* morganics* spiked sample recovery and duplicate yes yes
analysis not within control limts (estimated
value)
R validation code for rejected data accidentally no no
entered 1n lab qualifier field (unusable data)
S inorganics: the reported value determined by the yes yes
method of standard additions
U organics and inorganics analyte analyzed below yes no
detection Irmut
ucC organics pesticide result confirmed but below yes no
detection hmit
ur organics analyte analyzed below detection hmt yes no
UN organics compound presumed present but below yes no
detection limut
UN morganics spiked sample recovery analysis not yes no
within control limits and sample result below
detection limit
Uuw morgamcs post-digestion spike for graphite yes no
furnace atomic absorption (GFAA) analysis 1s out
of control limits and sample result 1s below
detection limut
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Table 2-1
(continued)
Include in Detected?
Qualifier Definition Data Analysis Hit?)
Ux analyte dependent, see note yes no
v validation code for valid data accidentally entered yes yes
nto lab-qualifier field
w inorganics post-digestion spike for GFAA yes yes
analysis 1s out of control limuts while sample
absorbance < 50% of spike absorbance
X organics (pre-1992) lab software flag (combines no, unless no, unless
more than one qualifier, not defined) accompamed accompanied
by a validated by a validated
result result
X morganics (pre-1992) detection limit greater than yes yes
normal, spike matrix interference
X other (OU7 RFI/RI samples) result by yes yes
calculation defined 1n general radiochenustry and
routine analytical services protocol (GRRASP)
Y rads chemical yield exceeded acceptable limats yes yes

(estimated value)

NOTE The use of X qualifiers 15 defined in the GRRASP as a result determned by calculation, not by direct
laboratory analysis Therefore, for samples analyzed during the period that the GRRASP has been 1n effect (since
January 1992), the results qualified by an X will be treated as estumated values (sumlar to J) For historic data,
when the GRRASP was not used by laboratories, an X qualifier has two defimtions For orgamcs, the X 15 a flag
entered manually by the laboratory, but 1s not defined in Rocky Flats environmental database system (RFEDS)
Therefore, orgamc results qualified by X are not considered usable data, unless a vahdated result 1s given For
inorganics, an X qualifier indicates that the detection imat for the analyte 1s higher than normal due to matnx
interference Inorgamcs quahfied with an X will be treated Iike a J result The X qualifier 1s also used with other
qualifiers @ e , UX, XJ), 1n these cases, the meaning of X depends on the analyte and the date of the analysis

Source M A Siders, EG&G Interoffice Correspondence MAS 001-94, "Practical Suggestions for Users of
RFEDS Dats,” Apnl 5, 1994 update
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Table 2-2
Validation Codes for RFETS ER Program Data
— e —
Include in Data Detected? (Hit?)
Quahfier Defimtion analysis
J estimated result (occurs yes yes
n historical data only)
A acceptable result yes yes
JA acceptable result for yes yes
estimated value
(occurs 1n historical
data only) Note
these data qualified with
"U" but having
validation code of "JA"
are still non-detects
R rejected result no no
A\ valid result yes yes
Y not yet validated, yes yes
validation 1n progress
Z validation not required yes yes
======* —

Source M A Siders, EG&G Interoffice Correspondence MAS 001-94, "Practical Suggestions for Users of RFEDS Data,” Apnl

5, 1994 update
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2.3.1 Data Cleanup

The "data cleanup” of RFEDS output 1s a task to make the data consistent The process as
provided 1n a memorandum from M Siders regarding Practical Suggestions for Users of RFEDS
Data, Apnl 5, 1994 and detailed in Appendix A, consists of a senes of steps which includes

Standardization of units

¢ Standardization of geologic codes

¢ Standardization of locations if the location designation has changed over time

¢ Standardization of analyte names (usage has changed over the years)

¢ Deletion of blank "form-generated" records for which no results are given

¢ Exclusion of QC data from the working data set

¢ Removal of any rejected data (Validation code = "R")

¢ Replacement of non-validated records with corresponding vahdated records (if available)

e Correction of incorrect units (e g., pH should have "PH" as the unit, not "MG/L" as the
unit)

¢ Treatment of DUP/REAL pairs
® Approprnate use of diluted (DIL) results

¢ Quthier analysis

2.3.2 Data Treatment

The manner in which analytical results are classified as non-detects 1s dependent upon the
analyte group Table 2-1 provides information relating to the use of result qualifiers in
determining how and in what capacity the qualified point should be used in the data analysis
The following discusses non-detect classification for radionuchdes, organic, and inorganic

analytes as summarized from M Siders memorandum dated Apnl 5, 1994
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¢ All data for radionuclides should be used as detects, except for rejected data (Validation
code = R). For radionuchide data, DOE Order 5400 states, "All of the actual values,
including those that are negative, should be included 1n the statistical analyses "

¢ For organics, the result qualifier (entered in the Qualifier field) should be used to
determine the percentage of non-detects Non-detects for organic analytes are generally
qualified "U", but other designations may also appear 1n the result-qualifier field

Positive detections (1.e., "hits") of some common laboratory contaminants such as
acetone, methylene chlonide, and certain phthlates may indicate cross-contamination 1f
detected 1n the associated laboratory blank; such sample results are designated as a "B"
in the Qualifier field EPA guidance for data validation and nisk assessment (EPA,
1989a) indicates that if the concentration of a common lab contaminant in a sample 1s
more than 10 ttmes the concentration of the sample analyte 1n the associated blank, then
the sample result 1s taken to be real 1e, a "hit"), not attributable to laboratory
contammnation  For other analytes that are not typically found as laboratory
contaminants, EPA guidance (EPA, 1989a) states that 1f the concentration 1n the sample
exceeds five imes the concentration in the associated blank, then the sample result 1s
taken to be real, not attributable to laboratory contamination

¢ For metals and other chemical parameters (1norganics), 1t may be ineffective to rely on
the result qualifier alone. The following critenna have been employed to differentiate
detects from non-detects, and are suggested as guidelines for the data

— If the Qualifier field contains a "U", the result 1s used as a non-detect (1 e , censored
data point)

— If the Qualfier field 1s blank and the result 1s greater than the reported detection
limit, the result 1s used as a detected value, barring evidence to the contrary

— If the Qualifier field (for inorganics) contains a “B", which indicates that the resuilt
was above the IDL but below the CRDL, the result 1s used as a detected value

— Other characters may also be found in the Qualifier field, and, barring any other
evidence to the contrary, these are generally accepted as detects

Data-treatment requirements with respect to HHRA COC 1dentification and calculation of
exposure-point concentrations includes replacement of non-detect values With the exception of
the Gehan Test (used as part of the background comparison), non-detect values should be
replaced with 0 5 times the reported detection limit 1n accordance with Section 5 3 3 of RAGS
(EPA, 1989a) Other techniques such as probability plotting and maximum likelihood

estimators (MLEs), can be employed for the replacement of non-detect values 1n a data set
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Probability plotting methods are descnibed in detail 1n Helsel and Cohn (1988) A common
MLE 1s described by Cohen (1961) and Sanford et al (1993) A professional statistician should

be consulted regarding the treatment of non-detects on a case-by-case basis

Numerous studies, including Sanford et al (1993), Gilhom and Helsel (1986), Helsel and
Gilliom (1986), Helsel and Cohn (1988), Newman and Dixon (1990), Newman et al (1989),
Travis and Land (1990), and Lambert et al (1991), generally indicate that simple substitution
methods are the least-robust techniques for non-detect substitution when descriptive statistics are
required from a data set The value substituted greatly affects the outcome, and generally,
simple substitution of a value of 0 5 to O 7 of the detection limit 1s superior to substituting the
value of the detection hmit (Sandford et al , 1993).
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3.0 IDENTIFICATION OF CONTAMINANTS OF CONCERN

This section describes the methodology used to identify COCs for which potential risks for
each RFETS OU will be estimated. The goal of selecting COCs 1n this phase of the HHRA 1s
to 1dentify specific contaminants 1n each environmental medium that may pose human health
hazards. Once 1dentified, COCs will be advanced through the quantitative risk assessment to
characterize nsk for all current and potential future human receptors.

The first step of COC selection involves identifying PCOCs by distinguishing sample data
from background data. Following this, the selection of COCs for the HHRA proceeds
simultaneously with the CDPHE Conservative Screen (described in Section 4 0) The
relationship between the CDPHE Conservative Screen and the HHRA 1s illustrated in
Figure 1-1

The following screening criteria will be applied to all contaminants detected 1n each
environmental medium (surface soil, subsurface soil, surface water, groundwater, sediments, and

arr) to select COCs for each OU
. Background companson for inorgamc contammants (including radionuclides)/
PCOCs
¢  Human essential-nutrient analysis
¢  Frequency of detection analysis
° Rusk-based concentration screen
° Concentration-toxicity screen

] Professional judgment.

Figure 3-1 presents the flowchart for applying the screening critena Elimination cnteria

will be applied 1n the order presented; at each decision point, the contaminant will be ehminated
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Figure 3-1 COC Identification
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or retained for further consideration Prior to imitiation of the screening process, data will be

aggregated by medium and analyte A summary presentation of the data will include

Chemical name

Chemucal-specific contract required quantitation limit (CRQL)
Range of sample quantitation limts (SQL)

Frequency of detection

Mimimum detected concentration

Maximum detected concentration

Arnthmetic or geometric mean concentration

3.1 Background Analysis

The first step 1n the COC selection process 1s to distinguish between contamination
associated with site activities, and regional anthropogenic (man-made) and nonanthropogenic
(naturally occurring) background conditions To make this determination, a background analysis
1s conducted The output of the background analysis 1s a list of PCOCs Figure 3-2 illustrates
the PCOC 1dentification process.

The statistical methodology used to conduct the background analysis (1e, PCOC
identification) for nonanthropogenic compounds has been developed and approved by DOE,
EPA, and CDPHE. This methodology 1s presented in Appendix B The methodology 1s based
on the September 29, 1993 strawman proposal submutted by DOE and accounts for modifications
and clanfications provided through EPA correspondence dated October 25, 1993

Methods used to analyze whether a metal or radionuchide exceeds background levels

include

o Analytical results for metals and radionuchides are compared to the background data
using four statistical tests® the Quantile test, Slippage test, Student’s t-test, and the
Gehan test as described 1n a letter report by Gilbert (Gilbert, 1993) The analyte 1s
considered to be above background 1if 1t fails any test at the p<0 05 level, provided
the test 1s supported by an appropnate data set

o Ninety-nine percent confidence level (UTLg4) Comparison Analytical results for
each metal and radionuchde are compared to the 99 percent upper tolerance limit of
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Figure 3-2 PCOC Identification
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background data calculated at the UTLyyg The UTLyq test 1s an indicator of
possible hot spots (Gilbert, 1993) If any result exceeds the UTLyg., the analyte 1s
1dentified as a PCOC, subject to spatial and temporal evaluation

The source of background data 1s the Background Geochemical Characterization Report
(BGCR) (EG&G, 1993) Because samples of surficial soils were not collected and analyzed for
the onginal BGCR program, OUs 1 and 2 collected samples of surficial soil from the Rock
Creek background area. To date, these data were the only validated background data for
surficial solls However, as a second phase of the BGCR, a study of background surficial soils
was 1nitiated 1n 1994 Samples for this study have been collected, and are currently undergoing

chemical analysis and data validation

Using the results of this statistical analysis, mnorganic chemicals (including radionuclides)
that are at or below background levels will be eliminated from further consideration As
described 1n Appendix B, the specific criterion for the background analysis will be that none of
the statistical tests indicate a statistically sigmificant elevation of site-specific levels over
background. The cnitenia used to evaluate whether a metal or radionuclide exceeded background

levels are summarized in this section.

If the battery of statistical tests indicates a statistical difference above background levels,
the chemical will not be ehminated. An exception to this rule will be 1if the statistical tests are
mnappropnate for the data set. For example, if a Student’s t-test 1s 1mtially used because 1t 1s
assumed that the underlying probability density function 1s Gaussian, but further analysis reveals
this assumption to be unsubstantiated, the result from the statistical test would be invahidated
As 1indicated on Figure 3-2, professional judgment will be used to retain or eliminate
contaminants depending on the appropniateness of the statistical test Professional statisticians
will be consulted prior to elimmnating such contaminants Presentation of the results of the
background comparison will include descriptive statistics, statistical tests, power of tests, and

results of the test
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The same background analysis, statistical methodology, and elimination cniteria used to
evaluate nonanthropogenic chemicals will be used to evaluate anthropogenic conditions
Anthropogenic compounds will be retained or ehminated on a case-by-case basis using

professional judgment.

3.2 Essential Nutrients Analysis

Constituents may be eliminated from the nisk assessment if they are essenttal human
nutrients that are not present at toxic levels (EPA, 1989a) As indicated on Figure 3-1, a
determination will be made 1n this phase of the COC selection process as to whether recognized
essential nutrients are present at potentially toxic levels Chemicals considered to be an essential
part of the daily human diet (EPA, 1994a) include:

e Calcium

* Jron

¢ Magnesium
¢ Potassium
¢ Sodium

A toxicologist should apply professional judgment to compare these essential nutrient
concentrations and other chemicals that may be part of the human diet with appropnate toxicity

values

3.3 Contaminants of Concern Frequency of Detection Analysis

All metals above background levels and detected organic compounds are evaluated for
frequency of detection Compounds that are detected at a frequency of 5 percent or greater are
considered potential OQU-wide chemicals of concern. These compounds will be included 1n the
concentration-toxicity screen (CTS) to 1dentify compounds that could contribute sigmificantly to
total nsk (Section 35) Compounds detected at less than 5 percent frequency are not
characteristic of site contamination and the potential for exposure 1s low. Maximum

concentrations of infrequently detected organic compounds and metals will be compared to risk-

3-6



DRAFT

based concentrations (RBCs) as described 1n Section 3 4 to 1dentify 1solated or highly localized
occurrences of high concentrations of toxic chemicals (1 e , hot spots) that could pose a risk if
routine exposure were to occur. These chemicals will be retained as special-case chemicals of

concern for separate evaluation 1n the risk assessment
3.4 Risk-Based Concentration Comparison

Although frequency of detection 1s an important elimination cniterion to prevent spurious
data from biasing estimation of risks, an approach will be used to prevent small areas containing
high contaminant levels from being ehminated As a health-protective precaution to ensure that
“hot spot” contaminants are not eliminated as COCs, all contaminants that satsfy the low
frequency of detection cnterion will be compared to RFETS-specific RBCs, which are the
chemical-specific Programmatic Preliminary Remediation Goals (PPRGs) These are presented
in Appendix C. These values were developed using nisk assessment methodologies and represent
screening levels which should be used 1n the nsk-based comparnison. If the maximum detected
value exceeds 1,000 times the chemical-specific PPRG for any pathway, the chemical will not
be eliminated as a COC. Additionally, if the maximum detected value of infrequently detected
contaminants exceeds 1,000 ttmes the PPRG, a temporal analysis will be conducted to determine
whether to eliminate the chemical from further analysis or to retain 1t as a "special-case COC "
The temporal analysis apphes to surface water, groundwater, and air samples collected with
specified frequency over a specified time period (for example, quarterly groundwater samples
collected over 2 years). If the detections can be associated with discrete fluctuations in the
natural environment such as high-flow or low-flow events, even though infrequently detected,
the chemical will not be eliminated as a COC

The result of the temporal analysis will be identification of contaminants that are
infrequently detected but that are detected at high concentrations and are associated with discrete
events These are termed "special-case COCs" and may warrant special consideration 1n any
subsequent exposure assessment That 1s, exposure may realistically occur only during specific

events
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3.5 Concentration-Toxicity Screen

The purpose of a CTS 1s to reduce the number of contaminants carried through an HHRA
(EPA, 1989a) and to focus the risk assessment on the chief contributors to potential nsk The
CTS will be conducted separately for imnorganic, radionuchide, and organic chemicals The
criteria used 1n this screening step include the inherent toxicity of individual contaminants and
the maximum detected concentration in each environmental medium for each OU  Toxicity
values used to calculate individual risk factors are CSFs for carcinogens, or the reciprocal of the
RfD for screening noncarcinogenic contaminants Thus, the risk factor for carcinogenic effects
1s the maximum detected concentration (or activity) multiphied by the CSF for that chemical
The nisk factor for noncarcinogenic effects 1s the maximum detected concentration divided by
the RfD for that chemical For contaminants with separate oral and inhalation toxicity values,
the most conservative value should be used in the CTS unless the most conservative 1s
inappropnate for a specific medium For example, only the oral toxicity value should be used
for nonvolatile metals and radionuclides 1n ground water Contaminants without EPA-derived
toxicity values cannot be screened by this procedure and will be advanced into the qualitative
uncertainty analysis

In the first step of the CTS, a chemical score 1s calculated by multiplying the maximum
detected concentration by the chemical-specific toxicity factor for each chemical The following

equation 1llustrates the process.

Ry =Cy*Ty 3D
where
Ry = chemical-specific nsk factor for chemical 7 in the medium y
Cy = maximum detected concentration of chemical ; in the medium ;
Ty = toxicity value (either the CSF or 1/RfD) for chemical 1 in the medium
J

Carcinogenic and noncarcinogenic contaminants will be evaluated separately for each
environmental medium. Some analytes, such as arsenic, have both noncarcinogenic and

carcinogenic effects and are, therefore, included 1n both screens Furthermore, a separate screen
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will be performed for radionuclides, due to differences 1n units of slope factors, [milligrams per
kilogram per day™ (mg/kg-day)™] vs. [picocunie (pC1)*] After calculating individual chemical-
specific nisk values for each medium, all risk values will be summed to obtain the total risk
factor (Ry) for the medium Individual chemical-specific values will then be divided by the total
risk factor to derive a chemical-specific ratio (Ry/Rj), providing an index of the relative nsk
factor for each chemical All contaminants that contribute less than 1 percent (ratio of 0 01) to
the overall nsk factor will be ehmnated from further consideration unless they are non-
radionuchide class A carcinogens Consequently, contaminants advanced into the quantitative
risk assessment will represent the contaminants expected to contribute to the OU-related nisk

3.6 Professional Judgment

The last step of the COC selection process will involve applying professional judgment to
ensure that hazardous contaminants are not unknowingly eliminated from the nsk assessment and
that only the most relevant contaminants are retamned Professional judgement will be used to
reevaluate the COCs 1dentified based on COC selection criteria described 1n Sections 3 1 through
35

Professional judgment will be used at two points 1n the process of selecting COCs for the
HHRA

. Lognormal UTLyyg comparison The background UTLy, presented in the BGCR
(EG&G, 1993) are calculated assuming that the background data are normally
distributed, (probability plots or Shapiro-Wilks tests may be used) This assumption
may not be appropriate for all analytes. Concentrations of some analytes may be
within the background range according to all statistical tests performed, but one or
two results may exceed the background UTLy,e This results in identifying the
analyte as a potential chemical of concern  When the distribution of the background
data 1s tested, if the better fit 1s a lognormal distribution, the UTLyg g will be
recalculated based on lognormal distribution and the site results will be compared to
the lognormal-based UTLy,s Ths statistical re-evaluation may result in excluding

some analytes as PCOCs

. Spatial/temporal and pattern recognition The spatial and temporal distribution and
pattern charactenstics of certan organic chemicals, metals, and radionuchides
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identified above background levels will be evaluated to determine 1if they are
naturally occurring or present due to environmental contamination This evaluation
may result in ehminating analytes as PCOCs All such professional judgment will
be described 1n each section, where relevant

3.7 Contaminants of Concern Technical Memorandum

A TM describing the contaminant identification process 1s required per the IAG The
submuttal requirements for the COC TM include an introduction to the PCOCs determined via
the background analysis, essential nutrient analysis, and summary tables 1llustrating the detection
frequency analysis, CTS, and PPRG companson Example formats for summary tables to be
submutted as part of the TM are presented 1n Tables 3-1 through 3-8
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Table 3-1
Rocky Flats Environmental Technology Site:
COC Selection, Data Summary, for Surface Soils

Reported
Detection Lamit Frequency Minunum Maxumum Mean
from RFEDS data of Counceatration Concentration Concentration

(mg/kg)

—

Radionuchdes®

Notes
a CRQL = contract required quanutation himit

b Reported 1n picocunes per gram
mg/kg = nulligrams per kilogram
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Table 3-2
Rocky Flats Environmental Technology Site:
COC Selection, Data Summary, for Subsurface Soils

DRAFT

e —
Reported
Detection Lamut Frequency Minmum Maximum Mean
CRQL* from RFEDS data of Concentration Concentration Concentration
Analyte (mg/kg) (mg/kg) Detection (mg/kg) (mg/kg) (mg/kg)
—_——
Inorganics
i========= e e e

Organics

Radionuchdes®

—

Notes

a CRQL = contract required quantitation limit
b Reported in picocuries per gram
mg/kg = miligrams per kilogram
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Table 3-3
Rocky Flats Environmental Technology Site:
COC Selection, Data Summary, for Groundwater

mm{

Mean
Concentration
(mg/kg)

Organics

Radionuclides®
e o —
- R
Notes

a CRQL = contract required quantitation limut
b Reported 1n picocuries per gram
mg/kg = mulhigrams per kilogram
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Table 3-4
Rocky Flats Environmental Technology Site:
COC Selection, Data Summary, for Sediments

Mean
CRQL* Concentration
Analyte (mg/kg) (mg/kg)
h Inorganics
F e e R i
Organics
— - _____

Radionuchdes®

[ e ——— . ___ ___— —
i —— - —

Notes

a CRQL = contract required quantitation limut
b Reported in picocunes per gram
mg/kg = mulligrams per kilogram
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Table 3-5
Rocky Flats Environmental Technology Site:
COC Selection, Data Summary, for Surface Water

Organics

Radionuchdes®

mﬁ

Notes
a CRQL = contract required quantitation limit

b Reported in picocurnies per gram
mg/kg = mlligrams per kilogram
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Table 3-6

Rocky Flats Environmental Technology Site:
COC Selection, Concentration-Toxicity Screen, for Carcinogenic Chemicals

DRAFT

— e #
Chemcal-
Speafic
Carcinogen Maximum Toxiaty Value Rusk Factor
Analyte Class Concentration {CSF) R) Ratio of Ri/R)
Total Risk Factor (R))
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Table 3-7

Rocky Flats Environmental Technology Site:
COC Selection, Concentration-Toxicity Screen, for Noncarcinogenic Chemicals

DRAFT

Maximum Toxiaty Value Chemical-Speafic
Analyte Concentration (1/RfD) Rusk Factor (Ri) Ratio of Ri/R)
Total Risk Factor (Ry)
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4.0 COLORADO DEPARTMENT OF PUBLIC HEALTH AND ENVIRONMENT
CONSERVATIVE SCREEN OF POTENTIAL CONTAMINANTS OF CONCERN

This section describes a conservative screen to be applied to data from each OU to ensure
that the requirements of RCRA and CHWA are met The CDPHE conservative screen was
developed as part of the data aggregation process used in HHRA, for RFETS by DOE, EPA,
and CDPHE The conservative screen will be used by DOE, EPA, and CDPHE to make a
decision regarding no further action, voluntary corrective action, or further analysis through an
HHRA.

The steps of the CDPHE conservative screen are:

o Perform a background analysis to identify PCOCs as metals and radionuchdes
significantly above background levels based on statistical evaluation (Gilbert,
1993), and organic target analytes detected above reporting limits

° Delineate source areas that contain organic PCOCs above reporting limits and/or
morganic (or radionuchide) PCOCs at concentrations above the arnithmetic mean
plus two standard deviations of the background data

o Calculate the RBC ratio sum for each source area The ratio of the maximum
detected concentration or radioactivity to the RBC 1s calculated for each organic
PCOC above reporting limits and each morganic PCOC that occurs 1n the source
area at a concentration or radioactivity above the background mean plus two
standard deviations The RBCs used in the CDPHE nisk-based screen are
presented 1n Appendix C

Maximum detected concentrations or radioactivities in soil are identified from
samples collected to a depth of 3 7 m (12 ft), which 1s the depth recommended
for use by CDPHE. The chemical-specific and radionuclide-specific ratios are
then summed for each medium, resulting 1n a ratio sum for the medium (so1l and
groundwater) Ratio sums for soil and groundwater (if present) are also added
to yield a total ratio sum for residential exposure If any ratio or ratio sum
exceeds 1, the source area warrants further evaluation

o Apply the CDPHE conservative screen decision critenia  Use the ratio sums to
designate source areas as candidates for no further action or as candidates for
further evaluation in the HHRA or possible early action For source areas with
ratio sums less than 1, DOE may pursue a no further action alternative For
source areas with ratio sums between 1 and 100, and greater than 100, DOE may
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evaluate the source area further in the baseline HHRA and pursue a voluntary
early action alternative, respectively.

o Define the AOCs for the HHRA for review and approval by DOE, EPA, and
CDPHE

. Prepare the CDPHE conservative screen letter report to summarize the results of
the preceding steps.

The flowchart 1n Figure 4-1 1illustrates the CDPHE conservative screen  Each step 1s presented

in the following sections
4.1 Perform Background Analysis

Identifying PCOCs from the background analysis described 1n Section 3 1 1s the first step
1in the CDPHE conservative screen. The background analysis consists of the following statistical
tests, the Gehan test, Quantile test, Slippage test, Student’s t-test, and a UTLgy companson
These statistical methodologies are detailed 1n Appendix B

4.2 Delineate Source Areas

The delineating of the nature and extent of contamination will include a description of
source areas For potential organic contaminants, the cniterion for identifying source areas will
be the detection hmut, for potential inorganic contaminants, the criterion for identifying
contaminant source areas will be the anthmetic mean of the appropnate background population
plus two standard deviations The spatial extent of contamination for each PCOC within a
source area may vary for each source because multiple contaminants may be detected in multiple
media within each source Therefore, professional judgment will be used to define a source as
all contamination that can reasonably be associated with the area based on historical use, site

characterization, contaminant types, concentrations, affected media, and rates of migration

DOE will prepare one or more maps of the source areas (depending on the complexity
of the OU) and submut these maps to EPA and CDPHE for review and approval A meeting of
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Figure 4-1 CDPHE Conservative Screen

Perfrom Background Analysts to Identfy PCOCs

'

Delineate Source Areas - A Source Equals Any Area
in Which Contaminant Levels Exceed
¢ Detection kmits for organic constituents

» Background mean plus two standard deviations for inorganic constituents

l

Calculate the RBC Ratio Sum for Each Source Area

m n Maximum Concentration or Activity 1
RBC Ratio Sum= y 3
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l
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the three agencies may be required to present the rationale for identifying sources with complex

media 1nteractions or multiple potential contaminants

4.3 Calculate the RBC Ratio Sum

Each potential contaminant 1n each medium has an associated medium-specific RBC that
18 calculated based on the following assumptions

Direct residential exposure
o Direct ingestion and inhalation exposure pathways
. A carcinogenic risk of 10° and a noncarcinogenic hazard quotient of 1 0

For each source 1dentified, the maximum detected value for each potential contamnant
in each medium should be determined If elevated non-detect values are present (e g , qualified
with a U) that exceed the maximum detected value, these should not be used as maximum
values Professional judgment should be used to examine the reasonableness of the maximum
value within the data set For example, values that are three orders of magmtude above the

other data points may have been reported in incorrect units.

Each contaminant-specific maximum concentration should then be divided by its
corresponding RBC with separate calculations performed for carcinogens and noncarcinogens
The PPRGs presented 1n Appendix C will be used as RBCs The maximum concentration RBC
ratios for the source areas should then be summed for each PCOC for each medium and then
across all media within a source This sum 1s referred to as the rati0 sum and 1s the basis for
remedial decisions for each source area under the CHWA The ratio sum step 1s 1illustrated 1n
Figure 4-1 Table 4-1 1s provided as an example table shell for presenting the ratio sum

calculation




CDPHE Conservative Screen Ratio Sums for Source Area

TABLE 4-1

Soil, Surface to 12 Feet Depth (Resident)

Depth of
Maximum Location of wm RBCs RECs Max Conc. | RB Max Cone | RE
cocC Concentration Maximum Concmmu-au ol N CQ ne C lax C Em C
or Acimity | Concentration @) 0 arcinogenic oncarcinogemc arcanogen ncarcmogen
(Orgamcs (mg/kg)
Contanmunant 1

Contarminant 2

Contaminant 3

Contaminant n

Pesticides/PCBs
(mg/kg)
Contamunant 1

[[Contaminant 2

[[Contanunant 3

[[Contaminant n

Inorganxs

(ng/kg)

Contaminant 1

"Conummant 2

{{Contamunant 3

l|Contanunant n

Radionuchdes
(pCr/g)

Contamunant 1

[[Contaminant 2

{{Contaminant 3

[[Contaminant n
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4.4 Apply CDPHE Conservative Screen Decision Criteria

The decision cnitena that will be used to evaluate source areas are 1llustrated 1n Figure
4-1 These cnitenia should be applied to each identified source area The total ratio sums for
carcinogenic or noncarcinogenic effects are an indication of potential nisks to the receptors,

assuming long-term exposure to maximum detected concentrations of PCOCs 1n soil and

groundwater For carcinogens, a total ratio sum of less than one indicates a total excess lifetime
cancer nisk of less than 10° (1 in 1,000,000) from long-term exposure to the maximum
concentrations of PCOCs 1n that source area A total ratio sum for carcinogens that is greater
than one but less than 100 indicates a total excess lifetime cancer risk between 10* (1 1n 10,000)
and 10, which 1s the target cancer risk range that EPA has adopted to guide remedial decisions
at hazardous waste sites. Where cancer risks estimated in a baseline HHRA do not exceed 10%,
remediation 1s not generally warranted unless noncarcinogenic effects or ecological nisks are
significant (EPA, 1991b) A total ratio sum for carcinogens that 1s greater than 100 indicates
a potentially unacceptable cancer nsk from long-term exposure to maximum detected
concentrations For noncarcinogens, a ratio or ratio sum less than or equal to one indicates no
toxic effects are expected A noncarcinogenic total ratio greater than one indicates that there

may be cause for concern for noncarcinogenic effects.

This nisk-based screen 1s conservative because 1t assumes that a long-term resident will
be routinely exposed to the maximum concentrations of contaminants found 1n soil and
groundwater The screen does not confirm that an actual nisk exists Ratio sums greater than
one or 100 indicate that the area warrants further evaluation, but the ratios do not indicate that

an actual health threat 1s present.
If etther the carcinogenic or noncarcinogenic total ratio sum 1s greater than 100, that
source area may be 1dentified by DOE as a candidate for an early action Source areas with

ratio sums between one and 100 will be evaluated further in the baseline HHRA If both the
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carcinogenic and noncarcinogenic total ratio sums are less than one, the source area 1s a
candidate for no further action based on human health risk In these cases, the incremental risk
from dermal exposure 1s evaluated to confirm that the total ratio sums including dermal exposure

are still less than one

4.5 Define AOCs for the HHRA

One or several sources grouped spatially in close proximity are considered an AOC
This determination 1s made after the source areas have been screened by the CDPHE
conservative screen If source areas are clearly separated, then each 1s potentially an AOC
Those source areas that overlap or are adjacent to each other may be grouped using professional

judgment.

4.6 Prepare the CDPHE Conservative Screen Letter Report

The CDPHE conservative screen letter report will include map and text summanes of
source areas and AOCs, and results of the CDPHE conservative screen The letter report will
serve as the basis for discusston and consensus among DOE, EPA, and CDPHE to proceed with
the HHRA given the exposure areas and contaminants identified The report will include

o Source area maps

o Table of all potential contaminants, listing their RBCs, the maximum
concentration/RBC ratio, and ratio sum

° Brief discussion of the decision critena

. Map(s) of AOCs
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5.0 EXPOSURE ASSESSMENT

Exposure assessment for an HHRA 1s the quantitative or qualitative evaluation of contact
between a human receptor and chemucal(s) or physical agent(s). This assessment

® Describes the intensity, frequency, and duration of contact
® Evaluates the rates at which the chemical crosses the boundary into the receptor

e  Evaluates the resulting amount of the chemical that actually crosses the boundary
(dose) and/or the amount absorbed (internal dose).

The pnmary purpose of an exposure assessment as part of an HHRA 1s to estimate total
dose for a receptor 1n a given exposure area, which 1s combined with chemical-specific dose-

response data used to estimate risk

The exposure area 1s the area 1n which a potential receptor can reasonably be expected to
contact COCs over a specified exposure duration An exposure area can vary 1n size, depending
on site-specific conditions and potential receptors. At some sites, the exposure area 1s
considered to be the entire site, at others, the exposure area 1s only a portion of the site. For
RFETS, AOCs are defined as one or several sources grouped spatially in close proximity

The process of a chemical entering the body occurs 1n two steps First an exposure, or
contact with the chemical, must occur, and second, actual entry into the receptor After entry
into the receptor the amount of the chemical absorbed by the body (internal dose) can be

determined.

The two major processes by which a chemical can cross the boundary from outside to inside the
body are intake and uptake Intake involves physically moving the chemical through an opening
in the body such as the mouth or nose and usually occurs via inhalation, eating, or drinking

The chemical 1s normally contained in a carmer medwm such as air, food, or dnnk The
estimate of how much of the chemical enters the body focuses on how much of the carrier

medium enters. The uptake process of a chemical entering the body involves absorption of the
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chemical through the skin or other exposed tissue such as the eye Although the chemical 1s
normally contained 1n a medium, the medium typically 1s not absorbed at the same rate as the
chemical Therefore, the esttmates of the amount of chemical entering the body are greatly
affected by such factors as the concentration gradient across the boundary and the permeability

of the barner

The following sections describe the exposure assessment process and documentation
5.1 Identifying Populations and Land Use

The potentially exposed populations are characterized pnmarnly using the 1989 Population,
Economic, and Land Use Data for Rocky Flats Plant (DOE, 1990), developed by the Denver
Regional Council of Governments (DRCOG) The DRCOG study encompassed an 81 km (50
mi1) radwus area from the center of the RFETS and included all or part of 14 counties and 72
incorporated cities with a 1989 combined population of 2,206,550 The DRCOG study projected
populations through the year 2010

The following two subsections discuss demographics and land use for current and future

scenarios for on-site and off-site locations
5.1.1 Demographics

The RFETS 1s located 1n a rural area of unincorporated Jefferson County, approximately
26 km (16 m1) northwest of Denver and approximately 16 km (10 m1) south of Boulder RFETS
1s situated on a 2,653-hectare (6,550-acre) parcel of federally owned land The facility 1s
located in the approximate center of the parcel and 1s surrounded by a buffer zone of
approximately 2,489 hectares (6,150 acres) The area to the west of RFETS 1s mountainous,
sparsely populated, and primanily government-owned The area east of RFETS 1s generally a
high and plain, densely populated, and pnivately owned The majority of the population
included 1n the DRCOG study 1s located within 48 km (30 m1) of RFETS, to the east and

southeast, in the Denver metropolitan area. The majonty of the development of the plains to
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the east of RFETS has occurred since the faciity was built, and according to projections by
DRCOG, future development 1s expected to continue (DOE, 1990)

Within a 6 9 km (4 m1) radwus of the center of RFETS, there 1s currently little residential
or commercial development Between 6 4 and 16 km (4 and 10 mi), development increases,
with approximately 316,000 residents within a 16 km (10 m1) radius The most significant
development exists to the southeast, in the Cities of Westminster, Arvada, and Wheat Ridge
The Cities of Boulder, to the northwest; Broomfield, Lafayette, and Louisville, to the northeast,
and Golden, to the south, also contain significant developments within this 16 km (10 m1) radius
(DOE, 1990)

The nearest school 1s Witt Elementary School, which 1s approximately 4 3 km (2.7 m) east
of the RFETS buffer zone boundary (EG&G, 1992a). All other sensitive subpopulation facilities
(such as hospitals and nursing homes, are located beyond the 8 km (5 m1) radius from the center
of RFETS There are 93 schools, 8 nursing homes, and 4 hospitals within a 16 km (10 mi)
radius of RFETS (DOE, 1990)

Standley Lake Park, a recreational area and a drinking water supply for the cities of
Thornton, Northglenn, Westminster, and Federal Heights, 1s located 5 6 km (3 5 mi) to the
southeast of RFETS From the reservoir, water 1s piped to each city’s water treatment facility

Boating, picnicking, and limited overmight camping 1s permitted at Standley Lake Park

5.1.2 Land Use

Current off-site land use 1n the area surrounding RFETS 1s shown 1n the Jefferson County
Land Use Inventory Table 5-1 1s a summary of land use corresponding to the Jefferson County
Land Use Inventory Current land use surrounding RFETS includes recreational, open space,
agnicultural, residential, and commercial/industrial - The northeastern Jefferson County and the
RFETS area 1s currently one of the most concentrated areas of industnial development in the

Denver metropolitan area (Jefferson County, 1989).
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Table 5-1
RFETS
Current Land Use in Jefferson County Surrounding RFETS
= e
Current Use/
Parcel # Project Name Zoning* Land Use Type
22009 NA NA NA
44001 Vacant A-2 Vacant
44002 NA NA NA
44003 Vacant I-1 Industnal
44004 Vacant A-2 Vacant
44005 NA NA NA
44006 Vacant I-3 Industnal
44007 Vacant A-2 Vacant
45001 NA NA NA
45002 Walnut Creek Unt 1 P-D Single Fanuly - Detached
45002 Walnut Creek Unit 1 P-D Retail
45003 Vacant A-2 Vacant
45004 Single Famuly - Detached A-2 Single Famuly - Detached
45005 Single Fanuly - Detached A-2 Vacant
45006 Water A-2 Water
45007 Single Famuly - Detached A-2 Single Famuly - Detached
45007 SF-D A-2 Farm/Ranching
46005 Vacant A-2 Single Famuly - Detached
46006 Trnple C Quarter Horses A-2 Retail
46007 Horse Barn-Boarding & A-2 Retail
Breeding
46008 Single Famuly - Detached A-1 Single Famly - Detached
46009 Single Famuly - Detached SR-2 Single Famuly - Detached
46011 Mountain View Tech Center P-D Industnal
46012 Jefcope P-D Industnal
46017 Water A-2 Water
46019 Single Famuly - Detached A-2 Single Famuly - Detached
47036 Vacant SR-2 Single Famuly - Detached
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Table 5-1
(continued)
=
Current Use/
Parcel # Project Name Zoﬂ' Land Use Type J.
47040 NA NA NA
71001 Rocky Flats A-2 Industnal
72001 Vacant 1-2 Industrial
72002 Vacant A-2 Vacant
72003 Single Famuly - Detached A-2 Single Famuly - Detached
72004 Vacant I-2 Vacant
72004 Vacant 1-2 Industnal
72005 Tosco Flg 1 I-2 Industnial
72006 Rocky Flats Ind Park Flg 2 I-2 Industnal
72007 Rocky Flats Ind District Flg 1 I-2 Industnal
72008 Water Tank Ralston Val Stn 2 12 Utilities
72009 Vacant - Rocky Flats A-2 Industrial
72010 Vacant I-2 Industnal
72011 Northwest Industral 1-2 Industnal
72012 Vacant A-2 Vacant
72013 NA NA NA
73001 Vacant A-2 Vacant
73005 Wheat Ridge Gardens A-2 Vacant
73019 Vacant A-1 Vacant
73020 Single Famuly - Detached SR-2 Single Famuly - Detached
73021 Vacant RC Office/Retail
73022 Westminster Gardens A-2 Single Famuly - Detached
99001 Great Western Aggregate I-1 Industnal
Quarry
99005 Sawmull Operation I-2 Industrial
99006 Great Western Aggregates 1-2 Industnal
99007 Vacant 1-2 Industral
99008 Colorado Brick Comp Clay M-C Mining
Mine
99009 Vacant I-2 Industnal




DRAFT

Table §-1
(continued)

Parcel # Land Use Type —
100001 Industnal
100002 Vacant I-1 Industnal
100003 Rocky Flats - Vacant I-1 Industnial
100004 Rocky Flats - Clay Extraction M-C Industnal
100005 Rocky Flats - Vacant I-2 Industnal
100006 Electric Substation M-C Utilities
100006 Gravel Mine M-C Industnal
101001 Vacant A-2 Vacant
101002 Vacant M-C Industnal
101003 Vacant I-2 Industnial
101004 Mine and Water | Industnal
101005 Northwest Industnal I-2 Industnal
101006 Vacant M-C Industnal
101007 Sanitary Landfill and Gravel P-DA Industnal
101008 Rocky Flats Lake M-C Water

e

NA = Data not available
a Zonming Abbreviations are

A-1 Agncultural 1

A-2 Agricultural 2

I-1  Industnal 1

I-2  Industnal 2

I-3  Industnial 3

P-D Planned Development

SR-2 Suburban Residentia) 2

RC  Restricted Commercial

P-DA Planned Development Amended

Source Jefferson County, 1989
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The predominant current off-site land use in the immediate area of the RFETS 1s open
space, single-family detached dwellings, and horse-boarding facilities Two small cattle herds
(approximately 10 to 20 cattle in each herd) existed in the area in 1993 one to the southeast,
where 96th Avenue turns into Alkire and crosses Woman Creek, and one to the east of RFETS,
between Alkire and Simms Streets and north of 100th Avenue Industnial facilities include the
TOSCO laboratory, Great Western Inorganics Plant, and Frontier Forest Products (EG&G,
1992a).

Future off-site land use 1s generally expected to follow existing land-use patterns Jefferson
County, 1n 1ts Northeast Jefferson, County Community Profile Report (Jefferson County, 1989),
a soc10-economic study of its northeastern area, developed a baseline profile of growth and land
use 1n the area. Using the baseline profile and historic trends, future land-use scenarios were
developed At the ime of this study, Jefferson County expected that industnal land uses would
continue to dominate the northeastern portion of the county. Along with the increase in
industrial development, the county income and employment growth 1s expected to increase
dramatically, while household and population growth 1s expected to increase only moderately.
Although the changing RFETS muission may eventually influence growth 1n the area, this is not
likely to be sigmificant until decontamination and decommissioning and environmental restoration

are completed.

Industrial and commercial development of the area 1s attractive to businesses and developers

for several reasons

¢  The availability of undeveloped and lower-cost lands
¢ The lower taxes in an unincorporated portion of the county
e  The possible future alignment of W-470, a segment of proposed highway providing

access to the area

The proposed W-470 would complete a loop encircling the entire Denver metropolitan area
and would significantly impact growth 1n the area The highway, 1n 1ts proposed alignment, will
skirt the southern and eastern boundanes of the RFETS Commercial growth, particularly light
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industnal and office development, 1s expected to occur along the highway (Jefferson County,
1989)

Residential development may not be as attractive as industrial development of the area for
several reasons including the proposed alignment of W-470, the proximity to and possible
expansion of Jefferson County Airport, the current industry 1n the area, and proposed business
park/retail/commercial/ residential/open space development by the Jefferson Center Metropolitan
District. The decreased desirability of living near a major highway or an airport, for traffic and
noise reasons, 1s a deterrent to residential development The proximity of RFETS and the
general 1ndustnal nature of the area also decreases the desirability of housing 1n the area

Future land use 1n the area 1s the topic of The North Plains Community Plan (Jefferson
County, 1990). The plan 1s intended to guide the county and cities to achieve compatible land
use and development decisions, regardless of the jurnisdiction in which they are proposed
Representatives of Jefferson County and five cities (Arvada, Broomfield, Golden, Supenor, and
Westminster), and participants from a vanety of interest groups including homeowners,
businesses, builders/developers, environmentalists, and special districts, cooperatively developed
this plan. The plan identifies RFETS and the Jefferson County Airport as constraints to future
residential development 1n the area, and recommends office and hight industrial development
The plan further 1dentifies the acquisition of lands for open-space uses as a high prionty for the
area, recommending that large amounts of undeveloped land be provided for this purpose

(Jefferson County, 1990)

The North Plains Commurity Development Plan (Jefferson County, 1990) shows that the
predominant future land uses to the south and southeast of the RFETS will consist of
commercial, industnal, and office space. Directly to the east, the zoning and usage are expected
to remain open-space and agricultural or vacant The areas closest to RFETS are planned for
industrial, commercial, or office space, with the areas farther from RFETS designated for
residential development This planning 1s consistent with the projected residential growth rate

of zero 1n the next 20 years for areas immediately adjacent to the RFETS (DOE, 1990)
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To the north of RFETS, 1n Boulder County, the predominant land uses include open-space,
park land, and industnal development Two areas adjacent to RFETS have been annexed by the
Cities of Broomfield and Superior These two cities have participated in the Jefferson County
cooperative planning process and are planning business, industrial, and mixed land uses for the
area (Jefferson County, 1990)

Future land use east, southeast, and south of the RFETS 1s expected to consist mostly of
open space and commercial/industnial, with smaller areas of mixed commercial/rural residential
Suburban residential developments are expected to occur farther east, probably at least 6 4 km
(4 m1) from the center or 3 2 km (2 m1) from the boundary of RFETS The timing for transition
of some existing agricultural lands to open space 1s not known

Currently the RFETS 1s 1n "transition”, a process of converting the land from 1ts historical
mussion to 1ts current mussion (DOE, 1993). Facility-wide on-site land use consists of many
diverse activities including: commercial/industrial, maintenance, testing, characterization,
environmental investigations, office work, and secunity surveillance. Specific current uses for
specific areas or OUs may be 1dentfied through RFETS documents and interviews with
knowledgeable site personnel Future uses may be projected based on statements by the
Secretary of Energy and various DOE planning documents

According to a June 12, 1992, speech by Secretary of Energy James Watkins, there 1s the
potential for occupation by private industry for the future use of the on-site production areas at
RFETS Secretary Watkins characterized RFETS as an attractive site for manufacturers and
other businesses. After necessary decontamination 1s complete, private industry could relocate
to existing buildings and use existing equipment at RFETS One organization 1nterested 1n the
impacts of changes at the plant 1s the Rocky Flats Local Impacts Initiative (RFLII) This
organization 1s a coalition of local governments, workers, community-based public-interest
groups, private sector interests, surrounding landowners, and citizens working together to
ident1ify, assess, and mitigate impacts resulting from the change of mission at RFETS, and to

plan for its future The workplan of the organization 1s to formulate a strategy to transform

future changes at RFETS 1nto economic, socioeconomic, educational, land use, environmental,
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and 1infrastructural advantages. One of this orgamization’s goals 1s to convene and coordinate
an inclusive planming process to determine long term land and facilities uses and policies desired

by the community, and coordinate plans for implementation

When the Atomic Energy Commussion (AEC) acquired the undeveloped land surrounding
the production area, it established plans to preserve the land as open space (AEC, 1972) The
buffer zone 1s being considered as a potential ecological preserve or National Environmental

Research Park.

There are at least three reasons why Rocky Flats would make an exceptional
environmental research area. First, the site presents an excellent sample of a
shortgrass praine/montane ecotone . Second, 1t also provides an almost unique
opportumity to conduct environmental research in an area which abuts a major
metropolitan area.. Third, . the site has an abundance of wetlands and would be an
excellent outdoor laboratory for a vanety of wetland related ecological research

(Kmght, 1992)

Ecological surveys of the buffer zone, performed in comphiance with the Threatened and
Endangered Species Act, may indicate the presence of several listed species at RFETS
Additional surveys of threatened and endangered species are ongoing and, 1f necessary, may be
performed 1n the future to identify and provide for the protechon of any threatened or
endangered species at the site (EG&G, 1992b) The buffer zone has not been impacted by
commercial development for many years, thereby allowing progressive re-establishment of
quality native habitats. Because of this history, the future use of this area as an ecological
reserve 1s reasonable Ecological reserve usage 1s consistent with DOE policy and plans (DOE,
1992) In addition, the ecological reserve site use 1s consistent with the Jefferson County
Planning Department’s recommendations for the provision of large amounts of undeveloped land

in the area (Jefferson County, 1990)

The Board of County Commussioners of Jefferson County adopted Resolution CC94-654
on September 8, 1994 that states, "the Board 1s particularly concerned about any efforts to
change the land use of the buffer zone from 1ts current status as undeveloped open space”

(Jefferson County, 1994). The resolution also states the following position of the board
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Mantaining, 1n perpetuity, the undeveloped buffer zone of "open space" around Rocky
Flats 1s a cnitically important environmental, safety, and health constraint which must be
required as part of any and all alternative actions proposed by the Department of Energy "
(Jefferson County, 1994)

Extensive development of the RFETS would face the difficulties of steep topography and
limited availability of water 1n parts of the drainages. The Denver Water Board controls most
of the metropolitan water supply and currently provides much of the water for suburban areas.
The Denver Water Board, however, 1s under no obligation to supply water to the suburbs,
making the future supply questionable (Jefferson County, 1989) Existing facilities within the
RFETS are already served by municipal water supphies from the City of Golden, increasing the
likelihood that existing structures will be targeted for use by industry and businesses. Due to
the potential hazards associated with unstable slopes, landshides, and slope failures, Jefferson
County emphasizes that development should only occur on slopes with grades of 30 percent or
less (Jefferson County, 1990)

In summary, residential development of the RFETS 1s unlikely due to the industrial nature
of the area, the proximity of the proposed W-470 corndor, limited water supply, and potentially
poor slope stability Future residential land use 1s also inconsistent with current Jefferson
County and DOE land-use plans for the area Future land use generally follows existing land-

use patterns and would Iikely involve industnal and office or open-space uses

5.2 Selecting Exposure Scenarios

An exposure scenario generally includes facts, data, assumptions, inferences, and sometimes

professional judgement about the following

e  Physical seting where exposure would take place
e  Exposure pathway(s) from source(s) to exposed individual(s)

e Characternization of the chemical(s) such as amounts, locations, environmental
pathways, fate of chemical in environment, etc
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* Identification of the exposed individual(s) or population(s), and the profile of contact
with the chemucal(s)

*  Assumptions about the transfer of the chemical to the receptor

Current and future human populations on and near the RFETS are potential candidates for
evaluation based on their likelihood of exposure to site-related chemicals of concern EPA
guidance does not require an exhaustive assessment of every potential receptor and exposure
scenanio (EPA, 1992c). Rather, the highest potential exposures that are reasonably expected to
occur should be evaluated, along with an assessment of any associated uncertainty (EPA, 1989a)
However, potential receptors will be 1dentified and evaluated to ensure that the important
exposure pathways and receptors have been included.

5.3 Refining Conceptual Site Model and Pathway Analysis

Information concerning waste sources, waste constituent release and transport mechanisms,
and locations of potentially exposed receptors 1s used to develop a conceptual understanding of
the site 1n terms of potential human exposure pathways

The CSM 1s a schematic representation of the contaminant source areas, contaminant release
mechanisms, environmental transport media, potential human intake routes, and potential human
receptors The purpose of the CSM 1s to

e Provide a framework for problem defimition

e  Identify exposure pathways that may result in human health nsks

¢  Aid mn identfying data gaps

e Aid 1n identifying effective clean-up measures, 1if necessary, that are targeted at

sigmificant contaminant sources and exposure pathways

Figure 5-1 shows a generalized CSM for potential human exposure pathways As illustrated
in this example, pnimary, secondary, and neghgible or incomplete pathways are identified for
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each potential human receptor Prnimary pathways can be defined as resulting 1n potentially
complete and sigmficant exposure, and secondary pathways as potentially complete and relatively
insignificant exposure Both primary and secondary pathways should be quantitatively addressed
in the HHRA Quantitatively addressing primary and secondary exposure pathways will provide
for nisk esimates that do not underesimate actual nsks Negligible or incomplete exposure
pathways are designated 1n the example CSM, however, these pathways are not quantitatively
addressed 1n the HHRA but should be qualitatively discussed.

Sigmificant pathways are those that involve relatively direct exposure or only moderately
reduced concentrations due to contaminant fate and transport In contrast, insignificant pathways
are those that are expected to result in exposure concentrations one or more orders of magnitude
lower than significant exposure pathways In addition, neghgible or incomplete pathways are
those where fate and transport are expected to reduce contaminant concentrations by several

orders of magnitude or more in comparison to sigmificant exposure pathways.
5.3.1 Identifying Sources and Release Mechanisms

As 1ndicated 1n the CSM example 1n Figure 5-1, the contamination 1s traced from pnmary
source to potential human receptor. First, the pnmary release mechamsms are identified for the
prnimary source(s), then the resulting secondary sources are identified, and finally, the secondary
release mechanisms (as appropnate) are described. Subsequent sources and release mechanisms
are 1dentified until the exposure route for the contaminant 1s reached Potential human receptors
are 1dentified, and the probable significance of the potential exposure for each receptor and

exposure route 1s determined

5.3.2 Identifying Complete Pathways

As previously discussed, the CSM aids 1n 1dentifying potentially complete pathways for the
HHRA. An exposure pathway describes a specific environmental pathway by which an
individual receptor could be exposed to contaminants present at or originating from a site  An

exposure pathway includes five necessary elements:
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Source of chemical(s)
Mechanism of chemical release
Environmental transport medium
Exposure point

A human intake route.

Each of these five elements must be present for an exposure pathway to be complete Then
all potentially complete pathways will be discussed, by scenario, in the HHRA An incomplete
pathway means that no human exposure can occur. Only potentially complete and relevant
pathways need be addressed in HHRAs for the RFETS

5.4 Identifying Exposure Area and Exposure Point Concentrations

After AOCs and COCs have been 1dentified, exposure point concentrations are estimated
for each COC 1n each environmental medium. All COC data within the AOC will be aggregated

over the appropnate exposure area. Steps in the exposure area procedure follow

e  Determine the size of the exposure area for each scenario by considering the receptors,
the toxicity of the COC, and exposure pathways Default exposure areas for RFETS
are 50 acres for ecological researcher or recreational users, 30 acres for
commercial/industnial workers, and 10 acres for residential receptors

e Plot all COC data, including data below background or detection limit, on a map of
the OU

e  Consult with toxicologists and health physicists from DOE, EPA, and CDPHE to
properly place a gnd of exposure areas over the AOC.

¢ Identfy the exposure area representing the highest nsk by considering COC
concentrations, contaminated environmental media, and potential exposure pathways
If the exposure area associated with the highest nsk within the OU cannot be readily
defined, several exposure areas may need to be analyzed Analyze data within the
exposure area using the following procedure

— Using the complete OU data set, determine the statistical distribution for each
COC 1n each environmental media

— Plot the data in a histogram plot showing frequency of detection versus
concentration
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— Use EPA’s Supplemental Guidance to RAGS Calculating the Concentration Term
(EPA, 1992d) to calculate the 95th percent upper confidence himit (95% UCL)
of the anithmetic mean over each exposure area for each COC Guidance for
treatment of data sets with non-detects 1s presented in Section 5 3 3 of RAGS
If the COC data are lognormally distributed, use Supplemental Guidance to RAGS
(EPA, 1992d) highlight 5 If the COC data are normally distributed or are
determined to be non-parametric, use highlight 6 The guidance states that
calculation of the 95% UCL using data sets with fewer than 10 samples per
exposure area provides a poor estimate of the mean concentration Data sets with
20 to 30 samples per exposure area provide a fairly consistent estimate of the
mean For limited amounts of data, the 95% UCL can be greater than the highest
measured concentration In these cases, the highest measured value should be
used as the concentration term. A professional statistician should be consulted
regarding the treatment of non-detects in the data set and calculation of the
exposure pomnt concentration  Uncertainties in the estimates of the mean
concentrations will be addressed 1n the uncertainty analysis On a case-by-case
basis, with the approval of the regulators, geostatistics may be utilized to evaluate
spatial continuity of data

5.5 Identifying Exposure Equations and Parameters

Identify exposure equations and parameters for the complete pathways discussed 1n Section
53 Use the exposure point concentrations of chemicals in the varnious media (discussed 1n
Section 4) to esttmate the potential human 1ntake of those chemicals via each exposure pathway
Intakes are expressed 1n terms of milligrams of chemical ingested, inhaled or dermally absorbed
per kilogram of body weight per day (mg/kg-day). Intakes are calculated following guidance
in RAGS (EPA, 1989a), the Exposure Factors Handbook (EPA, 1989b), other EPA guidance
documents as appropriate, and using professional judgment regarding hikely site-specific
exposure conditions Intakes are estimated using estimates of body weight, inhalation volume,

ingestion rates, soil or food matnx effects, and frequency and duration of exposure

Calculations are conducted to identify the central tendency value for intake and the
reasonable maximum exposure (RME) value for intake The central tendency value for intake
1s esttmated by using control tendency values (e g , mean and median) for exposure vanables
The RME 1s estimated by selecting values for exposure vanables so that the combination of ail
vanables results 1n the maximum exposure that can reasonably be expected to occur at the site

Both calculations use the 95% UCL exposure point concentration (EPA, 1992d)
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The general equation for calculating intake 1n terms of mg/kg-day 1s

chemical conc Xcontact rate Xexposure frequency Xexposure duration G 1)

Intake = -
body weight Xaveraging time

with corresponding units of

mg/vol X vol/day X day/year X year 5 2)

mg/kg-day = kg <day

For noncarcinogenic chemicals, intakes are calculated by averaging over the period of
exposure to yield an average daily intake For carcinogens, intakes are calculated by averaging
the total cumulative dose over a hifetime, yielding "hfetime average daily intake " Dafferent
averaging times are used for carcinogens and noncarcinogens because 1t 1s thought that their
effects occur by different mechamisms The approach for carcinogens 1s based on the current
scientific opinion that a high dose received over a short period of time 1s equivalent to a
corresponding low dose spread over a lifetime. Therefore, regardless of exposure duration, the
intake of a carcinogen 1s averaged over a 70-year hifeime (EPA, 1989a) Equation 5 1 1s used
to calculate intakes of radionuchdes excludes the denominator (body weight x averaging time)
Intakes of noncarcinogens are averaged over the period of exposure because potential effects
would be expected to occur during the period of exposure The following are generalized
pathway-specific equations in use at RFETS

Ingestion of Water
CW x IR x EF x ED
= —_ 53
Intake (mg/kg/day) W AT )
where
CW = Chemical concentration 1n water (mg/liter)
IR = Ingestion rate (liter/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (period over which exposure 1s averaged - days)
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For calculation of radionuchide intakes, the concentration 1s expressed in pCi//, and the
expression 1s not divided by body weight and averaging ime The intake for radionuchdes 1s

expressed 1n pCi
Derm ntact with Water

The equation used for dermal contact with contaminants in water 1s presented below This
equation calculates the actual absorbed dose (1 e , intake, not the amount of chemical that comes
1n contact with the skin

CW x SA x PC x ET x EF x ED x CF 5 4)

Absorbed Dose (mg/kg/day) = W AT

where
CW = Chemical concentration in water (mg/liter)
SA = Skin surface area available for contact (cm?)
PC = Exposure frequency (days/year)
ET = Exposure duration (years)
EF = Body weight (kg)
ED = Averaging time (pertod over which exposure 1s averaged - days)
CF = Volumetric conversion factor for water (1 liter/1000 cm®)
BW = Body weight (kg)
AT = Averaging time (period over which exposure 1s averaged - days)

Inhalation of Airborn ntamin

Awrborne contaminants may be either in the vapor phase or, n the case of metals and
radionuclides, 1n particulates Dermal absorption of vapor-phase contaminants is considered to
be negligible portion of inhalation intakes and, therefore, 1s disregarded 1n accordance with Risk
Assessment Guidance for Superfund (RAGS) EPA, 1991b) The following equation 1s used

Intake (mg/kg/day) = W AT —
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where
CA = Contammnant concentration in air (mg/m® or pCv/m?
IR = Ingestion rate (m*/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (period over which exposure 1s averaged - days)

For calculation of intakes from inhalation of particulates, only the fraction of the particulate
concentration 1n air that 1s considered to be respirable (<10 um) 1s evaluated The respiratory
model developed by the International Commission on Radiological Protection indicates that
particles with sizes above 10 um are relatively ummportant contributors to internal dose (NCRP,
1985) For calculation of radionuchide intakes, the concentration 1s expressed in pCt/m® and the
expression 1s not divided by body weight and averaging ime The intake for radionuclides 1s

expressed 1n pCi

Inh f Volatiles From In Water
CA x IR x EF x ED x VF
Intake (mg/kg/day) W AT (5 6)

where

CA = Contaminant concentration 1n air (mg/m? or pCv/m’

IR = Ingestion rate (m%/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (period over which exposure 1s averaged - days)

VF = Volatlization Factor (L/m’)

Incidental Ingestion of Soil or men

The following equation 1s used 1n calculating the intake from incidental ingestion of

contaminants 1n soil or sediments
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CS xIR x CF x FI x EF x ED
Intake (mg/kg/day) = W AT 57
where
CS = Chemical concentrations 1n so1l (mg/kg or pCi/kg
IR = Ingestion rate (mg soil/day)
CF = Conversion factor (10° kg/mg)
FI = Fraction ingested from contaminated source (unitless)
EF = Exposure frequency (days/years)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (pertod over which exposure 1s averaged - days)

For calculation of radionuclide intakes, the concentration 1s expressed in pCir/kg, and the

expression 1s not divided by body weight and averaging tme The intake for radionuchdes 1s

expressed in pCi

Derm Wi 1] or

The exposure from dermal contact with contaminants 1n soil and sediments 1s calculated
using the following equation which results 1n an estimate of the absorbed dose, not the amount

of chemical in contact with the skin (1 e , intake)

CS x CF x SA x AF x ABS x EF x ED (5 8)

Absorbed Dose (mg/kg/day) =

BW x AT
where \
CS = Chemical concentration 1n soil or sediments (mg/kg)
CF = Conversion factor (10° kg/mg)
SA = Skin surface area available for contact (cm?event)
AF = Sail to skin adherence factor (mg/cm?)
ABS = Absorption factor (unitless)
EF = Exposure frequency (events/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging tume (period over which exposure 1s averaged - days)
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In 10n_of n_Frui V I

The contaminant intakes for ingestion of garden produce are calculated using the following

equation
CF x IR x FI x EF x ED
Intake (mg/kg/day) = B AT (59

where

CF = Contaminant concentration in food (mg/kg)

IR = Ingestion rate (kg/day)

FI = Fraction ingested from contaminated source (unitless)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (period over which exposure 1s averaged - days)

For calculation of radionuchide intakes, the concentration 1s expressed in pCr/kg, and the
expression 1s not divided by body weight and averaging tme The intake for radionuchdes 1s

expressed in pCi

Omitting chemical concentrations or dose from the intake equation yields an "intake factor"
that 1s constant for the respective exposure pathway and receptor The intake factor can then
be multiphied by the concentration or dose of each chemical to obtain the pathway and receptor-
specific intake of that chemical Intake factors are calculated separately for each applicable
exposed receptor and exposure pathway Contact rates, such as dermal contact, caloric intake
and 1nhalation (but not soil ingestion) are approximately proportional to body weight Body
weight 1s not exactly proportional to surface area and age-specific body weight/inhalation rates
differ by factors of two or less However, these differences are assumed to be negligible when

compared to the other uncertainties associated with nisk assessment

5.6 Developing an Exposure Assessment Technical Memorandum

The EATM describes present, future, potential, and reasonable use exposure scenarios to

be evaluated and identifies reasonable maximum intake parameters for estimating contaminant
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intake via these pathways The EATM 1s normally submitted prior to mitiating the exposure

assessment calculations

The contents of the EATM include:

e  Population, land use, and current and future human exposure scenarios
e Complete exposure pathways identified by the CSM

e  The route(s) of contaminant intake

e Maps of AOCs and gnd placement

e Intake equations and parameters for each potentially contaminated medium, such
as soil, water, and air

The EATM does not quantify contaminant intake The magnitude of exposure 1s dependent
on the contaminant concentration at the exposure points, which will be estimated based on the
analytical results of the OU Phase I Site Investigation and fate and transport modeling, as
appropnate

5.7 Using Fate and Transport Modeling

If concentrations 1n the media cannot be measured, they can frequently be estimated
indirectly by using fate and transport modeling To accomplish this, fate and transport models
use a combination of general relationships and situation-specific information to estimate
concentrations of chemicals 1n different environmental media, the distribution of concentrations
over space and time, indoor arr levels of chemicals, concentrations in foods, etc  Because
models rely on indirect measurements and data remote from the point of contact, statistically

valid analytical measurements take precedence 1f discrepancies arise

The term model refers to computer codes or a set of equations that can be used to represent
site conditions and the transport of contaminants through soil gas, groundwater, surface water,
and air The models incorporate site-specific data and interpretations of and estimates derived
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from site-specific data The combination of a computer code and site-specific data 1s generally

referred to as a site-specific model

Models selected should be capable of incorporating key contaminant transport and

transformation processes and simulating the important domain characteristics and matenal/fluid

properties The following five categories should be considered when selecting models for use

Ability to adequately simulate RFETS conditions

Ability to satisfy the objectives of the study

Venfication of the model using published analytical equations
Documentation, peer-review, and availability

Practicality and cost-effectiveness

Considerations for implementing a model include-

Avalability of the model

Degree and nature of documentation

Extent of peer review of the model

Nature of model venfication and validation and testing
Computer systems on which the model has been used
User familianty with the model

The following subsections describe models used in HHRA

5.7.1 Using the CSM to Determine Modeling Needs and Objectives

Availability of and confidence 1n input data that will support the model

The CSM evaluates exposure pathways by their potential contnibution to exposure and

classifies them as significant, insignificant, and negligible or incomplete Significant pathways

should be examined to 1dentify the need for modeling Pathways involving direct exposure to

sources may use measured source data directly and do not require modeling Pathways with

multiple release mechanisms may require fate and transport modeling (e g , resuspension of

subsequent airborne contaminant soil and transport offsite)
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Many fate and transport models are available for use and the listed categories and
considerations discussed 1n section 5 7 should be consulted prior to the final selection of a
spectfic model(s) The goal of fate and transport modeling 1s to stmulate contaminant migration
from source areas 1n soils, groundwater, surface water, sediments, and air to potential on-site
and off-site receptors The results of the modeling are then used in the HHRA of the BRA, and
may also be used for the EE

5.7.2 Overview of Models and Data Needs

The following sections provide an overview of the modeling specific to contaminants 1n soil
gas, groundwater, surface water, and air This document does not discuss specific models,
however, when specific models are selected for use at RFETS 1t 1s important to identify and
document the assumptions and Iimitations associated with each model and 1its application The

following four sections discuss soil gas transport, groundwater, surface water, and air modeling

5.7.2.1 Soil-Gas Transport - The objective of soil-gas modeling 1s to predict the transport
and resulting concentrations in air of contaminants through the soil gas pathway  Such
predictions will be formulated to provide the information necessary to perform an HHRA
Normally the highest concentrations of contaminants from the soil gas pathway are nside of a
building, therefore, part of the modeling investigation should be directed at characterizing the
geotechnical suitability of the site for construction of buildings associated with future human
receptors Examples of the data needed for a soil gas model(s) that may or may not require

assumptions include

e Properties of the site such as soil porosity, water content, and hydraulic conductivity
e  Environmental properties such as relative humidity
e  Building charactenistics such as pressurization and ventilation rate

e  Chemical-specific properties such as vadose zone concentration, groundwater
concentration, solubility, Henry’s law constant, and biodegradation rate
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5.7.2.2 Groundwater - A hydrogeological conceptual model provides a description of the
primary processes that control the movement of solutes in the subsurface Such processes
include groundwater flow rates and directions, solute release rates and timing, recharge and
discharge rates, dispersion, degradation rates, and adsorption Vadose zone and groundwater
modeling should consider site-specific conditions, the location(s) of the groundwater flow,
recharge and discharge, the pnmary source(s) of contamination, the distribution of boundary
conditions, and material types. Examples of data required for the modeling effort include

Honzontal and vertical hydraulic conductivity
Specific storativity

Porosity

Molecular dispersion

Residual and saturated moisture content

5.7.2.3 Surface Water - The purpose of surface water modeling 1s to estimate the
potential concentration of contaminants 1n associated surface water locations at RFETS The
potential for future transport of contaminants by surface water erosion can be evaluated using
empirical mathematical models. Because of the dispersed nature of drainage patterns associated
with overland flow, nonpoint sources associated with overland flow are very difficult to monitor
using conventional methods. Nonpoint source models consist of equations to predict surface
water runoff supplemented with methods to calculate sediment movement Combined, the two
components describe contaminant transport associated with overland flow and nonpoint sources
The equations describe total contaminant concentrations 1n overland flow, (dissolved, adsorbed
and solid components), and total contaminant mass loading Assumptions associated with surface

water modeling include

Area of site that affects surface water
Area of contaminated soils
Contaminant concentrations in soil
Soil erodibility factor
Cover/management factor
Length-slope factor

Rainfall factor

Seasonal water flow
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5.7.2.4 Air - The objective of air modeling 1s to provide estimates of emissions,
dispersion, surface deposition, and fate of contaminants released from the site Both near-field
and far-field scenanios should be developed for the site Far-field models are more complex and
include most of the requirements of near-field models, with the addition of transport, disperston

and deposition of contaminants Site characteristics that require simulation include

e  Meteorological conditions
*  Daispersion assumptions

*  Special conditions

¢ Time domain

[ ]

Terrain charactenstics

Conditions at the receptor which must also be represented by the model include

Height

Location

Exposure pathways
Occupancy factors
Consumption or usage

5.8 Documenting Fate and Transport Modeling

The fate and transport modeling TM 1s prepared as part of the HHRA process The TM
provides a description of the RFETS conditions, emphasizing those conditions that have greater
impact on the modeling results. It documents the specific criteria that were used to select the
models, and as appropnate, why the cnitenia are criical The TM then descnbes the specific
model(s) selected for use, and to which media and pathways the model(s) are applicable
Specific data requirements for each model should be 1dentified, and finally, a data summary of
the model(s) parameters should be included
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5.9 Documenting the Exposure Assessment

After the appropriate modeling has been completed, the results need to be documented 1n
the exposure assessment The following subsections discuss how modeling results are

incorporated

5.9.1 Docmentating Fate and Transport Modeling Results

The results of fate and transport modeling for the associated media should be documented
along with cntical assumptions that are made Modeling 1s generally necessary to derive
contaminant concentrations 1n groundwater, surface water, and air The results are usually
summarized 1n a format consistent with the selected RME values and that can be directly

incorporated 1nto the intake equations, or, a 95% UCL value can be calculated.

5.9.2 Documenting Biouptake Results

Modeling results applicable to biouptake of contaminants through ingestion of fruits,
vegetables, meat, milk, fish, and shellfish should also be documented in the exposure
assessment As discussed in RAGS, the primary 1tems of concern for exposure by ingestion of

contaminants that have accumulated in food are

Fish and shellfish
Vegetables and other produce
¢  Meat, eggs, and dairy products (domestic and game species)

To incorporate modeling results and determine pathway-specific and contaminant-specific
biouptake, the equations in RAGS should be consulted.

5.10 Calculating Intakes

As discussed 1n Section 5.5, calculations are conducted for central tendency and RME
values for intake (EPA, 1992d) The RME 1s estimated by selecting various input values for
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exposure varnables so that the combination of all vanables 1n the intake equations results 1n the
RME that can be expected to occur This approach usually results 1n individual intake variables
that are not at therr maximum, however, when combined with other vaniables, yields estimates
of RME All parameters for each receptor, pathway, and respective intake equation should be
1dentified 1n the exposure assessment The parameters can be summanzed 1n tables to make the
correlation between pathway-specific intake equations and the correct parameters obvious

During the exposure assessment, specific probability distributions for each exposure parameter

may also be 1dentified for use in the quantitative uncertainty analysis

Table 5-2 provides as an example of an intake factor equation, along with the respective
parameters for inhalation of particulates. Exposure parameters specific to RFETS are being
developed to provide information necessary to calculate a central tendency value for intake and
an RME value for intake These values should be used unless alternate values can be justified

and are approved by DOE

Combining situation-specific input parameters and contaminant concentrations in respective
intake equations, yields values for receptor intakes that can then be used to determine potental
health nsk After the intake values are calculated, they may be presented 1n tabular form, such
as 1n Table 5-3 In Table 5-3, pathways are presented 1n column headers and the rows contain
COCs Thus, each intake presented 1s 1dentified with a specific pathway and a specific COC
Organize 1ntake tables and associated risk tables in the same manner to facilitate reading and

checking
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Inhalation of Particulates
Current Off-Site Resident (Adult)

DRAFT

e
Intake Factor = IR x ET x EF x ED x DF
BW x AT
Parameter Central RME
Tendency
= Inhalation rate (m*/hr)
ET = Exposure time (hr/day)
EF = Exposure frequency (day/yr)
ED = Exposure duration (yr)
DF = Deposition factor
BW = Body weight (kg)
AT = Averaging time (days)
Noncarcmogenic
Carcinogenic
— - —
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Table 5-3
COC Intakes
Pathway A | Pathway B | Pathway C | Pathway N TOTAL
cocC _(mg/kg-d)* (mg/kg-d)* | (mglkg-d)» | (mg/kg-d)* ﬂg/ktd)‘
CcoC1
coC 2
coc3
COCn

* Umits equal mg/kg-day, radionuchde umts equal pCi
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6.0 TOXICITY ASSESSMENT

Toxicity values are used to characterize nisk and toxicity profiles summanze toxicological
information for radioactive and nonradioactive COCs Consistent with EPA’s RAGS (EPA,
1989a), the toxicity information 1s summarized for two categories of potential effects
noncarcinogenic and carcinogenic effects These two categories are selected because of the
shightly differing methodologies for esumating potential health risks associated with exposures
to carcinogens and noncarcinogens The toxicity assessment section of this HHRA methodology
discusses obtaining toxicity values, developing toxicity profiles, and preparing a toxicity

assessment TM

6.1 Obtaining Toxicity Values

The toxicity values used quantitatively in HHRA are obtained from two sources The
primary source of information 1s EPA’s Integrated Risk Information System (IRIS) (EPA,
1994b) IRIS contains only those toxicity values that have been venfied by EPA’s Reference
Dose or Carcinogen Risk Assessment Vernification Endeavor (CRAVE) Work Groups The IRIS
database 1s updated monthly and, per RAGS, supersedes all other sources of toxicity
information If the necessary data are not available in IRIS, EPA’s most recent 1ssue of Health
Effects Assessment Summary Tables (HEAST) (for example EPA, 1994c) 1s used The tables
are published annually and updated approximately two times per year HEAST contains a
comprehensive histing of provisional nsk assessment information that has undergone review and
has the concurrence of individual EPA Program Offices, but has not had enough review to be
recognized as high-quality, agency-wide consensus information (EPA, 1993) Values that are
pending or that have been withdrawn should not be used quantitatively unless EPA Region VIII

toxicologist approve their use for RFETS risk assessment

Secondary sources of information may be used qualitatively in HHRA  Previous years of
IRIS and HEAST may be reviewed to track changing values EPA toxicologists, both regional

and national, may also serve as information sources
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6.1.1 Toxicity Assessment for Noncarcinogenic Effects

Potential noncarcinogenic effects will be evaluated 1n the risk characterization by comparing
daily intakes (calculated 1n the exposure assessment) with chronic RfDs developed by EPA This
section provides a defimtion of an RfD and discusses how 1t will be apphed in the nisk

assessment

A chronic RfD 1s an estimate (with uncertainty spanning perhaps an order of magnitude) of
the daily exposure that can be incurred during a lifeime, without an appreciable nsk of a
noncancer effect being incurred 1n human populations, including sensitive subgroups (EPA,
1989a). The RfD 1s based on the assumption that thresholds exist for noncarcinogenic toxic
effects (e g , liver or kidney damage) It 1s a benchmark dose derived by applying of one or
more order-of-magnitude uncertainty factors to doses thought to represent the lowest observed
adverse effect level or no observed adverse effect level in humans Thus, there should be no
adverse effects associated with chronic daily intakes below the RfD value Conversely, if
chronic daily intakes exceed this threshold level, there 1s a potential that some adverse

noncarcinogenic health effects might be observed 1n exposed individuals

RfDs are typically calculated by dividing a benchmark dose, at which there are no
sigmficant measurable effects produced, by an uncertainty or safety factor that typically ranges
from 10 to 10,000 The RfD 1s rounded to one significant figure and 1s presented in units of
mg/kg-day

RfDs have been dernived by EPA for both oral and inhalation exposures However, 1n
January 1991, EPA decided to replace inhalation RfDs with Reference Concentrations (RfCs)
RfCs are expressed in terms of concentrations in air (mg/m’), not in terms of "dose" (mg/kg-
day) This decision was based on two factors: 1) EPA believed that 1t was technically more
accurate to base toxicity values directly on measured air concentrations instead of making the
metabolic, pharmacokinetic, and/or other adjustments required to estimate an internal dose, and
2) for compounds that ehicit route-of-entry effects (e g., sensitizers and irntants), where the toxic

effect 1s to the respiratory system or exchange boundary, EPA believed that a measure of
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internal dose might inapproprniately 1mply effects to other organ systems or effects from other
exposure routes (EPA, 1993)

The chronic oral and inhalation RfDs and RfCs for the COCs should be compiled 1n a table
for the HHRA report The table should also provide information on the uncertainty factors used
to denive the RfDs, the overall confidence in the RfD (as provided in IRIS), and the target
organs and cnitical effects that are the basis of the RfD. The table should also indicate how
specific inhalation RfDs are derived, (e g , through a route-to-route extrapolation from the oral
RfD or through extrapolation from the RfC) An example of a table for presentation of

noncarcinogenic toxicity values and supporting information 1s provided as Table 6-1
6.1.2 Toxicity Assessment for Carcinogenic Effects

Potential carcinogenic risks will be expressed as an estimated probability thar an individual
might develop cancer from hifetime exposure. This probability 1s based on projected intakes and
chemical-specific dose-response data called CSFs. CSFs and the estimated daily intake of a
compound, averaged over a hfetime of exposure, are used to estimate the incremental risk that
an individual exposed to that compound may develop cancer. There are two classes of potential
carcinogens* chemical carcinogens and radionuclides For the purposes of toxicity assessment,

each of these two classes of elements or compounds are discussed separately

6.1.2.1 Toxicity Assessment for Chemical Carcinogens - Evidence of chemucal
carcinogenicity oniginates primarily from two sources lifetime studies with laboratory animals,
and human (epidemiological) studies For most chemical carcinogens, amimal data from
laboratory experiments represent the primary basis for the extrapolation Assumptions relevant

to the following 1ssues anse from extrapolating experimental results

¢ Across species (1 e , from laboratory amimals to humans)

¢ From high-dose regions (1 e , levels to which laboratory animals are exposed) to low-
dose regions (1 e, levels to which humans are likely to be exposed in the environment)

e Across routes of administration (e g , inhalation versus ingestion)
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Federal regulatory agencies have traditionally esimated human cancer risks associated with
exposure to chemical carcinogens on the administered-dose basis according to the following

approach:

¢ The relationship between the administered dose and the incidence of cancer in animals
1s based on laboratory animal bioassay results.

¢ The relationship between the administered dose and the incidence of cancer in the low-
dose range 1s based on mathematical models.

¢ The dose-response relationship 1s assumed to be the same for both humans and animals,
if the administered dose 1s measured in the proper units

Thus, effects from exposure to high (1 e., administered) doses are based on laboratory
amimal bioassay results, while effects associated with exposure to low doses of a chemical are

generally esimated from mathematical models

For chemical carcinogens, EPA assumes a small number of molecular events can evoke
changes 1n a single cell that can lead to uncontrolled cellular proliferation and tumor induction
This mechamism for carcinogenesis 1s referred to as stochastic, which means that there 1s
theoretically no level of exposure to a given chemical carcinogen that does not pose a small, but
finite, probability of generating a carcinogenic response Since nisk at low exposure levels
cannot be measured directly either in laboratory animals or human epidemiology studies, vanous
mathematical models have been proposed to extrapolate from high to low doses (1 e , to estimate

the dose-response relationship at low doses).

Currently, regulatory decisions are based on the output of the linearized multistage model
(EPA, 1989a) The basis of the linearized multistage model 1s that multiple events may be
needed to yield tumor induction (Crump et al , 1977) The linearized multistage model reflects
the biological variability in tumor frequencies observed in ammal or human studies The dose-
response relationship predicted by this model at low doses 1s essentially linear CSFs calculated
for nonradiological carcinogens using the multistage model represent the 95% UCL on the

probability of a carcinogenic response Consequently, nisk estimates based on these CSFs are
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conservative estimates representing upper-bound estimates of risk where there 1s only a S-percent

probability that the actual nsk is greater than the esimated nisk

Uncertainties in the toxicity assessment for chemical carcinogens are dealt with by
classifying each chemical into one of several groups, according to the weight-of-evidence from

epidemiological studies and amimal studies These Groups are shown in Table 6-2

Table 6-2
Carcinogen Groups

Group Description

Group A | Human Carcinogen (sufficient evidence of carcinogenicity in humans)

Group B | Probable Human Carcinogen (B1-limited evidence of carcinogenicity in
humans; B2-sufficient evidence of carcinogenicity in ammals with inadequate
or lack of evidence 1n humans)

Group C | Possible Human Carcinogen (imited evidence of carcinogenicity in animals
and 1nadequate or lack of human data)

Group D | Not Classifiable as to Human Carcinogenicity (inadequate or no evidence)

Group E | Evidence of Noncarcinogenicity for Humans (no evidence of carcinogenicity 1n
adequate studies)

The oral and 1nhalation CSFs for the COCs should be compiled in a table, including the
weight-of-evidence, source reference, and date In addition, as with RfDs, the CRAVE Work
Group believes that a unit conversion 1s required to present inhalation CSFs in the unts of
(mg/kg-day)! Consequently, CSFs should also be provided for the inhalation route as unit risks
1n units of "per microgram per cubic meter” (ug/m’)? An example of a table for carcinogenic

toxicity values and supporting information 1s provided as Table 6-3

6.1.2.2 Toxicity Constants for Radionuclides - Extensive literature exists that describes
the health effects of radionuchides on humans and amimals Intensive research by national and
international commussions has established universally accepted limits to which workers and the

public may be exposed without climcally detectable effects This hiterature has
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resulted 1n EPA classifying all radionuclides as Group A carcinogens because they emit 10nizing
radiation, which, at high doses, has been associated with increased cancer incidence 1n humans

For radionuclides, human epidemiological data collected from the survivors of the Hiroshima
and Nagasaki bomb attacks form the basis for the most recent extrapolation by the National
Academy of Sciences (1980) Conversely, for most nonradiological carcinogens, ammal data
from laboratory studies provide the primary basis for the extrapolation Another fundamental
difference between the assessment of potential toxicity associated with exposure to radionuclide
and nonradionuchde carcinogens 1s that CSFs for radionculides are typically best estimates (mean
or median values rather than upper 95th percentile values Furthermore, 1n the past, nisk factors
for radionuclides have generally been based on fatalities (1 e , the number of laboratory animals
or people who actually died from cancer), while CSFs for nonradiological carcinogens are based
on incidence (1 e , the number of lab animals or people who developed cancer). Finally, the
CSFs for radionuclides are expressed in different umits, 1 e., nisk per pCi (pCi)! rather than
(mg/kg-day)”

Radionuchide CSFs may be included 1n the same table as chemical carcinogens, however
they should be grouped separately due to the differences in units Example Table 6-3 also
provides example presentation of radionuclide CSFs The nonthreshold radionuclide CSFs

account for

s The amount of radionuchide transported into the bloodstream
¢ The decay of radioactive progeny within the body

The distnibution and retention of the radionuchde and 1ts progeny (if any) 1n the body

The radiation dose delivered to specific organs and tissues

The age and sex of the exposed individuals (EPA, 1993)
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6.2 Developing Toxicity Profiles

Toxicity profiles will be developed only for COCs that do not have toxicity values 1n the
current IRIS or HEAST The profiles should be coordinated with EPA and CDPHE
toxicologists prior to presentation 1n the toxicity assessment TM and the HHRA report

The profiles should be developed by a toxicologist to present general and contaminant-
specific information on health effects relating to the HHRA COCs General information should
be provided on the class of chemical and its uses  Specific information should be presented on
the effects reported 1n different studies, including exposure levels, biological endpoints, and
dose-response. The strength of the studies should also be discussed, along with toxicity values
and supporting information on how EPA denved them.

The following 1s an example toxicity profile for carbon tetrachlonde, however, this example

does not cite specific references.

Carbon tetrachloride 1s an organic solvent which was, until recently, widely used as
an 1ndustnal and household cleaning fluid. Recently, its household and industnal use
has been severely restricted Carbon tetrachlonde, like chloroform, has anesthetic
properties, which may lead to confusion and coma Liver damage may result from
either acute or chromc exposure. Fatty liver and centrilobular necrosis readily
develop at low levels of chronic exposure, and 1n humans this 1s followed by kidney

faillure, which may be the ultimate cause of death.

This compound has been more extensively studied regarding 1ts toxic effects than any
other aliphatic hydrocarbon. Carbon tetrachloride may cause damage to the heart,
liver, kidneys, and the central nervous system (CNS) after high oral or inhalation
exposures At lower exposures, it may cause biochemical alterations (e g , hquid
peroxidation), nausea, and headaches The chronic oral RfD for carbon tetrachlonde
1s 7 x 10* mg/kg-day with an uncertainty factor of 1,000 (to account for interspecies

and intrahuman vanability) At the lowest observed adverse effect level, exposures
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to carbon tetrachloride produced liver lesions 1n rats  Although the principal study
from which the RfD was denived was well done, and good dose-response data were
available from a vanety of other studies, confidence in the RfD was judged to be
medium since supporting studies on possible reproductive and teratogenic effects are

not available An inhalation reference concentration 1s not available in IRIS

The carcinogenicity of carbon tetrachlonde, through both the inhalation and ingestion
pathway, has been established with a variety of test animals and a number of gavage
studies Carbon tetrachlonide has produced hepatocellular carcinomas 1n rats, mice,
and hamsters It 1s classified as a Group B2 carcinogen with an oral CSF of 0 13
(mg/kg-day)? Since nsk estimates generated from oral cancer studies varied by two
orders of magnitude, EPA calculated the CSF using the geometric mean of the
available data to account for deficiencies 1n several of the studies The inhalation unit
nisk 1s 1 5 x 10 (ug/m’)! or 0 052 (mg/kg-day)’ The inhalation unit nisk 1s based
on the oral exposure data and assumes a 40% absorption rate by humans Several
studies of workers who may have used carbon tetrachlonide have suggested that these

individuals may have an excess cancer risk.

A toxicity profile should not be limited to the type and depth of information provided 1n this
example The depth of the toxicity profile should depend on the information available and the

professional judgement of the toxicologist
6.3 Preparing a Toxicity Assessment Technical Memorandum

According to the agreement between DOE, EPA, and CDPHE the TM on toxicity
assessment will contain only information on COCs that do not have toxicity information in IRIS
or HEAST If toxicity information 1s available in IRIS or HEAST for all COCs, no TM 1s
required If toxicity values have been derived, or when withdrawn or pending values are used,
then a TM on toxicity assessment 1s required to present information For these COCs, the TM

on toxicity assessment should include tables of COC toxicity values for noncarcinogenic and
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carcinogenic effects similar to example Tables 6-1 and 6-3 The toxicologist should include text

with the tables explaining the derivation of the toxicity values along with toxicity profiles
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7.0 RISK CHARACTERIZATION

Ruisk characterization mvolves estimating the magnitude of the potential adverse effects of
COCs under study, and summarizing risks to public health Rusk characterization considers the
nature and weight of evidence supporting these risk estimates and the magnitude of uncertainty
surrounding those estimates Risk characterization combines the results of the exposure and
toxicity assessments to provide numerical estimates of health risk  These estimates are
comparisons of exposure levels with RfDs or estimates of the lifetime cancer nisk for a given

mtake The process of characternizing nsk mncludes the following

Calculating and characterizing cancer risk and noncarcinogenic effects
o Conducting qualitative uncertainty analysis
o Conducting quantitative uncertainty analysis

7.1 Calculating and Characterizing Cancer Risk and Noncarcinogenic Effects

To quantify the health nisks, the imntakes are first calculated for each COC for each
applicable scenario The central tendency and RME 1ntakes are calculated based on measured
or modeled concentrations, and use the methodology documented in the EPA’s RAGS (1989a)
and discussed in Section 5 The specific intakes are then compared to the applicable chemical-
specific toxicological data, discussed 1n Section 6, to determine the central tendency and RME
health nisks

The health risks from each potential contaminant are calculated to first determine potential
carcinogenic effects and secondly to determine potential noncarcinogenic effects Each of these

calculations are discussed in the following sections

7.1.1 Determining Carcinogenic Effects

The following calculations are used to determine carcinogemc effects by obtaining

numerical estimates, (1 e , umtless probability) of hfetime cancer risks
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RISK = INTAKE X CSF 71

where

Risk = Potential hifetime excess cancer risk (unitless)
CSF = Slope factor, for chemicals (mg/kg-day)?, or radionuchdes (pCi)™
Intake = Chemical intake (mg/kg-day), or radionuchide intake (pCr)

Inhalation and oral ingestion CSFs are used with respective inhalation and ingestion intakes
to estimate risks Chemical CSFs are extrapolated from amimal experiments and based on the
95th percentile value, while radionuchde slope factors are best estimates derived from human

epidemiological studies

Cancer nisks are summed separately across all potential chemical carcinogens and across

all radionuchdes considered 1n the nisk assessment using the following equation

RISK, = Y RISK (72)
where
RISK, = Total cancer risk, expressed as a umtless probability
RISK, = Risk estimate for the 1™ contaminant

This equation 1 an approximation of the precise equation for combining risks to account
for the probability of the same individual developing cancer as a consequence of exposure to two
or more carcinogens As stated in RAGS (EPA, 1989a), the difference between the precise
equation and this approximation 1s neglhigible for total cancer nisks less than 0 1 This nisk
summation assumes independence of action by the compounds involved Some hmitations are
posed by using this approach, and they are discussed in RAGS (EPA, 1989a) For example,
Iimitations apply when adding potential carcinogenic risk across the pertinent weight-of-evidence

cancer classes

The software used to calculate the carcinogenic risks may be configured to print a table

of nisks for each scenario Each table can show contamimnant and pathway-specific risk if
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contaminants are presented in rows and pathways are presented by column After reasonable
exposure pathway combinations are identified, the likelihood that the same individuals wouild
consistently be exposed by more than one pathway 1s evaluated In most situations a receptor
could be exposed by several pathways in combination For these situations, risks may be

subtotaled across pathways for each contaminant

Carcinogenic risks should be summed separately for each weight-of-evidence classification
A total carcinogemc risk may also be summed across weight-of-evidence classifications as an
additional point of reference In accordance with EPA guidance, only one sigmficant digit 1s
retained when summanzing calculated risks (EPA, 1989a) Table 7-1 provides an example table

shell to document carcinogenic risks Table 7-2 sums carcinogenic risk by cancer group

The HHRA text should reference each table and discuss risks that exceed the National O1l
and Hazardous Substances Pollution Contingency Plan (NCP) risk range of 10* to 10° (EPA,
1990) Specifically, the pathways and contaminants driving the nsk, should be noted and
accompanied by any necessary qualifying statements The text should not repeat the entire table,

but should summarize more notable results

In addition to presenting the incremental cancer risks due to contaminants at the site,
perspective may be provided by giving examples of typical background sources of risk such as
arsenic or radon and progeny Because the public 1s often unaware of the numerous conservative
assumptions mvolved in an HHRA, the text should note the assumptions associated with the

calculations and reference the reader to the uncertainty section

A summary table presenting risk subtotals for all scenarios should also be created for the
HHRA nsk summary section This table may be presented by placing the results for each
scenar1o 1n rows, and allowing weight-of-evidence Group A, B, and C subtotals in the columns

Table 7-3 provides an example table shell to document the risk summaries
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Table 7-1
RME Carcinogenic Risk
m
Chemical Pathway 1 Pathway 2 Pathway 3 Pathway n Total

COoC 1
CoC 2
COC 3
COCn

Table 7-2

Summed Carcinogenic Risks by Cancer Group

Cancer Group

Rusk

A

B2

C

Total Risk
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Summary of Point Estimates of Carcinogenic Risk
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Scenario

Total Risk
(Groups)

AIBZ

Current

C

Total

Dominant COC

Dominant
Pathway

On-Site Worker

Future

Future On-Site
Worker
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7.1.2 Determining Noncarcinogenic Effects

Health nisks associated with exposure to individual noncarcinogenic compounds are
determined by calculating hazard quotients (HQs) and hazard indices (HIs) The noncarcinogen
HQ 1s the ratio of the intake rate to the RfD, as follows

HQ = INTAKE/R{D (73)

where

HQ = Noncarcinogen hazard quotient
Intake = Chemical intake (mg/kg-day)
RfD = Reference dose (mg/kg-day)

Chronic RfDs are extracted from IRIS and HEAST Similar to CSFEs, RfDs for inhalation
and oral mgestion are used for inhalation and oral intakes, respectively

HIs are the summed hazard quotients for each chemical across the exposure pathways If
the HI for any chemical exceeds umty there may be concern for potential health effects The
HI 1s calculated using the following equation

E
HI = — 7 4
s L
where
HI = Hazard index
E, = Exposure level (intake) for the 1* toxicant

RfD, = Reference dose for the 1® toxicant

E and RfD are expressed in the same umts and represent the same exposure penod

These HI values should not be interpreted as statistical probabilities of an effect occurring,

however, 1if the HI exceeds umty there may be a concern for potential noncancer effects In
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general, the greater the HI above umty, the greater the level of concern However, the level
of concern does not increase linearly as the HI approaches or exceeds unity Further discussions

and limitations on the application of this procedure are contained in RAGS (EPA, 1989a)

Noncarcinogenic effects are presented in the HHRA text and tables similar to those used
1n the presentation of carcinogenic risk Each table can show contaminant and pathway-specific
effects if contaminants are presented in rows and pathways are presented by column After
reasonable exposure pathway combinations are identified, the likehihood that the same individuals
would consistently be exposed by more than one pathway 1s evaluated In most situations, a
receptor could be exposed by several pathways in combination For these situations, HQs may
be subtotaled across pathways for each contaminant.

HQs approaching or exceeding one are summed according to target organ to calculate the
total HI by target organ For a specific receptor scenaro, a total HI may also be summed across
all pathways and contaminants as an additional point of reference, but 1s subject to limitations
As 1s the convention with carcinogemic nisk, only one significant digit 1s retained when
summarizing calculated effects (EPA, 1989a) Table 7-4 provides an example table shell for

presentation of HIs Table 7-5 sums noncarcmnogemc HIs by target organ

The HHRA text should reference each table and discuss hazard quotients that exceed unity
Specifically, the pathways and contaminants driving the nisk should be noted and accompamed
by any necessary quahfying statements The HHRA text should not repeat the entire table, but

should summarize more notable results

A summary table presenting HI subtotals for all scenanos should also be created for
presentation 1n the HHRA rnisk summary section This may be presented by placing the results
for each scenario 1 rows, and providing information on hazard indices, dominant COC, and
dominant pathway in columns Table 7-6 provides an example table shell that can be used for

presentation of noncarcinogenc hazard
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Table 7-4
RME Noncarcinogenic HI
Chemical Pathway 1 Pathway 2 Pathway 3 Pathway n Total
Contaminant 1
‘ Contamunant 2
\
Contaminant 3
Contaminant n
Table 7-5

Summed Noncarcinogenic HIs by Target Organ

O HI

rgan

Blood

Hepatic
Kidney
Lung

CNS

Total HI
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Table 7-6
Summary of Point Estimates of Noncaranogemc Risk

Hm
Total HI .
Target Domnant
Scenaro Child Adult Dominant COC Organ Pathway
e ——
Current
On-Site Worker N/A
Future i
Future On-Site N/A XX
Worker (Office) =J
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7.2 Conducting Qualitative Uncertainty Analysis

The quantification of uncertainty 1s an important component of the risk assessment process
According to the EPA Gudance on Risk Characterization for Risk Managers and Risk Assessors,
point estimates of risk "do not fully convey the range of information considered and used in
developing the assessment” (EPA, 1992c) To provide information about the uncertainties
associated with the RME estimate, uncertainties are 1identified during the HHRA process and are
presented 1n qualitative and, where appropnate, quantitative terms

There are four stages of analysis applied 1n the risk assessment process that can introduce

uncertainties
. Data Collection and Evaluation
. Exposure Assessment
o Toxicity Assessment
o Risk Characterization

The uncertainty analysis characterizes the various sources and their contributions to
uncertainty in the HHRA These uncertainties are driven by uncertainty n the site mvestigation
data, the likelthood of hypothetical exposure scenanos, the transport models used to estimate
concentrations at receptor locations, receptor intake parameters, and the toxicity values used to
characterize nsk  Additionally, uncertainties are mtroduced in the nsk assessment when

exposures to several substances across multiple pathways are summed.

The concept of uncertainty can be more fully defined by distinguishing between variability
and knowledge uncertainty Vanable parameters are those that reflect heterogeneity in a well-
characterized population, for which the distributions would not generally be narrowed through
further measurement or study Uncertain parameters reflect a lack of information about
properties that are invanant and whose single, true value could be known exactly by the use of
a perfect measuring device Where appropnate, qualitative uncertainty analysis may distinguish
between vanability and uncertainty
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Qualitative uncertainty analysis should identify each key source of uncertainty, present an
estimate of the relative mmpact of the uncertainty on the HHRA, and include any clanfying
remarks For many of the contributors, presenting uncertainty in a tabular format 1s sufficient

Table 7-7 provides an example format for summarizing the uncertainties and limitations
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Table 7-7
Human Health Risk Assessment Uncertainty Factors
— s
Uncertainty Factor j- Effect of Uncertainty Comment
Sampling and Analysis
Use of invalidated data May slightly underestimate risk

Identification of OU1 contaminants

May shightly over- or
underestimate risk

Detection limits/COC screening

May shghtly over- or
underestimate risk

Concentratxon—tox:cnty screen

May slightly over- or
underestimate risk

Data set completeness

May shightly over- or under-
estumate risk

Fate and Transport Estimation

Soil-gas source term assumptions

May over- or underestimate risk

Natural mfiltration rate

May overestimate risk

Moisture content

May over- or underestimate risk

Water table fluctuations

May slightly over- or

underestimate risk
Effect of micrometeorology on air May shightly over or under
dispersion estimate risk
Vanability 1n annual May slightly over or under
meteorological data estimate risk
Plant uptake estumation May shghtly under or over

estimate risk

Exposure Estimation

Exposure scenario assumptions

May overestimate risk

Exposure parameter assumptions

May overestimate risk

Receptor locations

May overestimate risk

Exposure duration

May over- or underestimate risk

Non chemical-specific constants
(not dependent on chemical
properties)

May overestimate risk
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Table 7-7
(continued)
Uncertamty Factor Effect of Uncertamty Comment
Exposure Estimation
(continued)
Excluston of some hypothetical May underestimate risk
pathways from the exposure
scenarios
External radiation May slightly underestumate risk
Permeability coefficients May shightly over- or
underestimate risk
Plant mngestion rate May slightly over- or

underestimate risk

Model does not consider biotic
decay

May overestimate risk

Excluston of transformation
products

May underestimate risk

Toxicological data

Use of cancer slope factors

May overestimate risk

Critical toxicity values derived
primarily from animal studies

May over- or underestimate risk

Critical toxicity values derived
prnimanly from high doses, most
exposures are at low doses

May over- or underestimate risk

Cntical toxicity values and
classification of carcinogens

May over- or underestimate risk

Lack of inhalation slope factors May underestimate risk
Use of oral slope factors to May over- or underestimate risk
evaluate dermal absorption

Addition of nisks across weight-of-
evidence classifications

May overestimate risk

Lack of RfDs or RfCs

May underestimate risk

Lack of dermal absorption or
direct action toxacity values

May shightly underestimate risk
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m an HHRA For sources of uncertainty requiring more discussion than 1s convenient 1n a table,

additional clanification may be provided in accompanying text

7.3 Conducting Quantitative Uncertainty Analysis

In some cases, quantitative uncertainty analysis may be conducted in addition to the
qualitative uncertainty analysis Quantitative uncertainty analysis will be performed on chemicals
and/or sets of chemicals that have a carcinogenic nisk greater than 1 x 10 or a noncarcinogenic
HQ or HI greater than 1 To quantify the uncertainty 1n the final nsk characterization estimates,
Monte Carlo sumulations may be used for the pathways dominating the risk

The Monte Carlo simulation 1s a techmque that can be used to provide a probability
function of estimated risk using random values of exposure factors and toxicity values in an
exposure scenario A Monte Carlo stmulation involves assigning a joint probability distribution
to the mput variables (1 € , exposure factors) of an exposure scenario Next, a large number of
independent samples from the assigned joint distribution are taken and the corresponding outputs
calculated This 1s accomplished by repeated computer iterations using random numbers to
assign values to the exposure factors The sumulated output represents a sample from the true
output distnbution Methods of statistical inference are used to estimate, from the output
sample, key parameters of the output distribution (e g , percentiles)

The nisk distributions produced by Monte Carlo simulations present significantly more
mformation than do pownt estimates However, the level of effort involved in conducting a
quantitative uncertainty analysis should be weighed against the importance of this information

to nisk managers
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8.0 SUGGESTED HHRA REPORT ORGANIZATION

After the four TMs and the CDPHE letter report are submitted, and after the risk
calculations are completed, the HHRA report 1s wrnitten HHRA reports are generally written
as "stand alone" documents for RFETS and are wntten for members of the public with a

college education The reports typically contain the following sections

Section 1 Introduction

Section 2 Site Description

Section 3. COC Identification

Section 4 Scenano and Pathway Identification
Section 5 Exposure Assessment

Section 6. Toxicity Assessment

Section 7. Rusk Characterization

Section 8 Summary

Section 9 References

Appendices

TMs submutted before the HHRA report address information on COC 1dentification,
exposure assessment, fate and transport models, and toxicity assessment Because the HHRA
1 a stand alone document, information from TMs that are used in the HHRA report 1s
restated in the HHRA

The following subsections describe the contents of each section of an HHRA report
These subsections discuss only mmimum information for the HHRA, additional information
can be included that would better describe the methodologies, approaches, and results to the

reader
8.1 Section 1. Introduction
Section 1 Introduction of the HHRA should provide the HHRA'’s purpose, scope,

objectives, and the report orgamzation IAG requirements should be discussed 1n the

Introduction The Introduction can also include a chronology of the previous investigations




DRAFT

8.2 Section 2. Site Description

Section 2. Site Description presents a brief summary of the presentations and findings
of the RI report that include a description of IHSSs, meteorology and climate, hydrogeology,
flora and fauna, demographics and local land use, determination of contaminants, nature and
extent of contamination, and contaminant migration pathways Tables, figures, and maps can
be used to summanze contaminants and media at the site, general and specific site areas and

locations, and contaminant detection locations

The reader of the HHRA report can be referred to the source documents (e g , RFI/RI report
sections) for further detail

8.3 Section 3. COC Identification

Section 3 COC Identification presents the methodology and its application 1n the
identification and selection of COCs A background comparison 1s presented that discusses
applicable statistical tests and resulting potential COCs If lengthy, this background
comparison may be presented as an attachment The COC screening methodology 1s
presented and applied to derive a list of COCs to be used in the remainder of the nsk
assessment Tables 3-1 through 3-8 provide examples of summary statistics, the COC

screening process, the concentration-toxicity screen, and the resulting COCs

8.4 Section 4. Scenario and Pathway Identification

Section 4. Scenario of Pathway Identification discusses potential scenarios and
pathways applicable to the existing and potential land use A discussion 1s provided for each
current and potential on-site and off-site land use Potential receptors that could be exposed
to COCs 1n the context of land uses discussed in Section 2 of the HHRA are then presented
Finally, justification of the selection of exposure pathways according to the CSM 1s provided
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8.5 Section 5. Exposure Assessment

Section 5 Exposure Assessment first presents pathway-specific information such as
intake equations and modeling data, followed by information that 1s both scenario-specific
and pathway-specific such as exposure parameters and exposure concentrations Where
modeling was used to provide the exposure concentrations, a brief summary of the model 1s
provided. Finally, the resulting calculated are presented for each scenario Tables and
figures can include model applications, chemical-specific constants, intake equations and
parameters, and resulting receptor intakes Tables 5-2 and 5-3 1n this HHRA methodology

provide some presentation examples

8.6 Section 6. Toxicity Assessment

Section 6. Toxicity Assessment provides COC toxicity information including
carcinogenic and noncarcinogenic effects Tables are used to summarize toxicity values for
each COC, with toxicity profiles presented as text Tables 6-1 and 6-3 in this HHRA

methodology provide examples of summary toxicity information

8.7 Section 7. Risk Characterization

Section 7 Rusk Characterization presents the methodology and results of combining
the results of the exposure and toxicity assessments. These results provide numencal
estimates of potential health nsk Considered in the approach are the nature and weight of
evidence supporting the nisk estimates and the magnitude of uncertainty Tables and figures
include presentations of specific and summanzed carcinogenic nsk and noncarcinogenic Hls,
summaries of sources of uncertainty, and the potential impact on the assessment Tables 7-1
through 7-7 of this HHRA methodology provide examples of these risk characterization

calculations and observations, and qualitative uncertainty analysis
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8.8 Section 8. Summary

Section 8 Summary summarizes the methodology implemented for each section of the
HHRA and the overall results Text, tables, and figures should summanze the entire HHRA

Into one section

Section 8 can be written to be used for the HHRA portion of Section 6 of the RI/RFI
report This section of the RFI/RI report presents the BRA, which is comprised of the
HHRA and the EE In addition, portions of the summary of the HHRA can be used for the
executive summary of the RFI/RI Report. Section 8 may include summary tables of nsk and

discussion of risk drnivers and associated uncertainties

8.9 Section 9. References

Section 9 References includes all references used throughout the HHRA

8.10 Appendices

Appendices include additional information that would be helpful to the reader about
the background, assumptions, or approach to any aspect of the HHRA The following list
section briefly describes suggested contents for appendices to the HHRA  Additional
appendices can be added.

. Background Comparison - This appendix discusses the background analysis
process and results Using statistical analysis, inorganic chemicals or
radionuclides that are at or below background levels are eliminated from
further consideration Specific cniterion for the background analysis 1s that
none of the statistical tests indicate a statistically significant difference between
background and site-specific populations

. Fate and Transport Model Descriptions and Applications - This appendix
provides a detailed description of the models used in the HHRA including
methodologies and assumptions Applications of each model are described and
discussed Examples of models include ground-water modeling, soil-gas
modeling, and atmosphenic modeling
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Calculating of 95% UCLs for COCs - This appendix provides a brief
description of the methodologies and assumptions used to determine the 95%
UCLs for the COCs. It can also include tables to summarize the results of the

calculations for each COC
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APPENDIX A

DATA CLEAN-UP AND TREATMENT GUIDELINES

Upon receipt of RFEDS data, the user should verify the field positions of all vanables in the
RFEDS ASCII output file. After venfication, the ASCII file may be transformed into data fields
for a specific software (e.g., SAS, Lotus, Excel, SPSS, etc.) to be used in the data manipulation.
It 1s recommended that the user create successive generations of the data files rather than just
continually updating the original data file; this simplifies data analysis if back-tracking 1s
required for any reason. To create successive generations of data files, the following procedure
may be used.

1.

Create onginal data files from RFEDS ASCII files; these files contain the entire RFEDS
data pull, including QC samples, rejected data, etc.

In the second generation of data files, drop QC samples (except DUPs of DUP/REAL
pairs), rejected data, blank form-generated records, tentatively identified compounds

(TICs), etc.

In the RFEDS output format (1.e., for data extracted after February 21, 1994), the
validated results, units, quahfiers, and detection limits will automatically replace the lab
results, units, qualifiers, and detection limits. The validation code field ("Validation")
indicates whether the datum 1s acceptable (Validation = A, V, or JA), or rejected
(Validation = R), or other.

Treat results from samples requiring dilution individually. Treatment of DIL data
requires the data analyst to find the analyte(s) that necessitated the dilution; these should
have a qualifier of "E" (for exceedance of calibration range). The DIL results(s) for the
E-qualified analyte(s) should be used 1n the data analysis; other analytes may have results
reported for the DIL sample analysis, but these results should be deleted if these analytes
1n the onginal undiluted sample were NOT qualified as "E".

Standardize location names and soil umits. Standardization of analyte names and units
are automatic in the RFEDS data output.

From the second generation of data fields created in Steps 2, 3, and 4, create a third
generation of data file with averaged DUP/REAL pairs (change REAL value to the mean
value of the averaged DUP/REAL pair, then delete the DUP record). In the case of
DUPs with no corresponding REAL record, change "DUP" to "REAL". (NOTE: Prior
to averaging DUP/REAL pairs, sort the data by LOCATION, SAMPLE NUMBER,
SAMPLE DATA, and ANALYTE. This should bring together all existing DUP/REAL

pairs).

From the data files created 1n Step 1, create a separate field with QC data for analysis
of data quality. Check the precision and accuracy parameters including RPD for
DUP/REAL pairs and bias from field or laboratory blanks. Assess completeness by
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Guide for Conducting Statistical
Comparisons of RFU/RI Data and Background Data
At the Rocky Flats Plant

Generzl

This document is intended to provide guidelines for OU-to-background comparisons of data, and
to explicitly discuss approaches to the 1ssue of determining OU-speaific contaminaton. The OU-
to-background companson will be apphed for inorgamcs and radionuchdes. In addinon, the

companson may occasionally be performed for organics on 2 hmted, case-by-case basis, subject
to EPA and CDH approval.

It is important to establish a common approach leading to 2 common list of possible
contamunants for each OU. To this end, Figure 1, GENERAL APPROACH TO
DETERMINING "CONTAMINANTS" was developed. In this general techmque, a "Tool-
Box" approach 1s employed to arnve at one common list of contamunants for each OU (or
subdivision), for all functional aspects of the RFURI and CMS/FS. -

As indicated, several disciphines such as the Human Health or Ecological Rusk Assessors and

=" Regulatory specizhists may pare the list of contamunants to *Contarunants of Concern®™ (COCs)

based on factors germane to their application (e.g., toxiaity). .

_______:__ The text below follows Figure 2, FLOWCHART FOR COMPARING OU DATA TO

T

— S ——s
- ————

BACKGROUND.
Start -

et ine Packer 2 ulats

Appropnate geographical, geologmcal, and temporal data s=ts will be defined for companson
Thus 15 essentizli, a matching exerciss so that Site (OU) data sots are comparable to bas'-rroand
sets, Considerzton will bz given to issues such 2s°

Geologic mrierials

Hyarostraas . ¢phuc unit

Temrporal ¢ .mparability

Sa—ple sze for statisical tests

Confidence 1n geo’hyarologic regime determinztion
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The background data sets will be tken from the 1993 Background Geochemiscy
Charactznizabon Report (EG&G, September, 1963), excopt for surficial soils. Roch Creex
surfic;al soul samples were used as bac..ground for OUs 1 and 2, and will be used untd the FYS4
surficial soil sampling data 1s available Surficial soils 2re scheduled to be sampled 1n F¥'94 to
supplement the Rock Cresk datz and the FY94 scmples will be used subsequently as backgre.nd
surficial soil data. The following media have defined backgrounds: groundwater (Rocky Fiats
Alluvium, valley fill alluvium, colluvium, weathered sandstone, and unweathered
Arapahoe/Lararue formation rocks), surface water (Rock Creek 2nd Woman Cr =k), seps,
stream ssdiments (Rock Creek and Woman Cresk), seep sediments, and soils (Rocky Flats
Alluvium, colluvium, surficial, weathered claystone, znd weathered Arapahoe, laramue
sandstone). Site media will be cross-referenced to one or more background media.

Set DOOs

DQOs are established to define data needs for each of the RFI/RI tasks, coordinate that
collection activities support those nesds, and ensure the quality and quantty of resultant gzta.
Thres stages are used n the development of DQOs.

Identify Decision Types:
Idennfy and involve data users,
Evaluate available data,
Develop a conceptual model of the study site, and

Specify RFURI objectives, and anticipate the decisions necessary to achieve the
objecaves

Identify Data Uses and Needs:
1dentfy data uses,
Identfy datz types,
Idennfy data-quality needs,
Idennfy data-quantity needs,
Evaluate sampling and analysis options, and
Review data precision, accuracy, representativeness, completeness, and comparsbility
(PARCC).

Design Data Coliecticn Program:
Assemble data-collection components, and
Develop data-collechion documentztion.

ta llection and Valj

Under current 1AG schedule condinons, analyneal data may not be 100% "vehidated” vt -r the
background companscns zte made 1n each dreft roport.  klowever, nor-valic..iad dztz 2 1l be
usad only for daft RFI/RIs. Fual RFURI reporis will use only daiz that have u . ~pone
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vahidation. Datz that have been rejected will not bs vsed. The potentiz] impacts of using non-
vahdated data will be discussed on a case-by-case basis in the final reports.

Data Presentation -

A “preliminary” exploratory data zppraisal will be performad to obtain a "feel” for the data.
- This will involve techniques and identification of issues such as:

Gross summary statistics

Spanal arrays

Temporal plots

Sampling strategy comparability evaluation
Affected media matrix

Hit ratos

Non-detect rates

Detection hmit/quantitation limit issues
Extent of data qualifications °J°, "B", etc.
Histograms/boxplots/other visuals

DQO adequacy/completeness assessment

This step will help guide the need for, and evaluate the appropriateness and apphcebility of

further analysis, evaluate assumptions, and ascertzin the impacts and limitations in Light of the

§ actual data as collected. Information generated curing the exploratory data appraisal will be

’ used in evaluating the appropriateness of the scope of the formal RFI/R] proposal. Results wall
eeenw . be informatonally discussed in a mesting with EPA, CDH, and DOE/RFO.

;:'-1 "Several data-presentation techniques were identified by Dr. Gilbert as appropriate for dufferent
- condinons. To perform them all for 21l compounds in z standard full sute is not necsssary

.~ == when it is clear from a preliminary review that the vast majonty of data points for some
- compounds are entirely or almost entrely non-detscts.

Accordingly, we have refined the methodology as follows:
Box plots will be used when the percentage of non-detects is 50% or less.
Histograms will also be used when the percentage of non-get=cts is 50% or less. Lars 1

the hustogram will be shaded to indicate the percentage of astects 2nd non-datects wathun ezch
bar interval.

Probability plots, ordered listings, end other graphics will be used as appropriate

As indicated by the QU1 process, visual presenttion of the data is important. Interpratible

graphues will bz produced to the extent that they fasibitate anzlysis, In general, grephize vl b
2 centre] feature of analys:s.
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Employir; Bounding-Benchmark Companson (Hot Mezsurement), Inferennal Stzastes, ang
Profassionzl Judgement

Generzl

The tool-box zpproach employs a bounding-benchmark comparison, inferential statistics, rnd
professional juagement. Thus approach was forwarded in the QU comment-resolution process,
endorsed by Dr. Gubert, and is wadely apphed in the hazzrdous waste industy and
environmenta! business across America. It employs a "weight-of-evidence® framewark wherein
all thres aspects are factored 1nto the ceterminanon of what is a2 Site (OU) corzmunznt.
Statisgcians will be used to venfy that the methods used zre correct.

undine-Benchmarl: Comp *Hot- nt Test® Comnoge

o0 A hot-measurement test will be performed that will compare e2ch analyte concentraton to
an upper-hnut value for that analyte.

o The upper-limut value will be the value at which there is a2 99% probability that 99% of the
background distmmbution will be below this value (UTLyps). If the UTLyes cannot be
cziculated or reasonably esumated, then background values from techmical hiterature and

. proiessional judgement will be used. The resulang geochemiczl interpretation of data will

contaminants must be used by many disciphnes (Human Hea:'th, Ecological, Regutatory,
e:c.,) o ensure consistency across the RFI/RI end CMS/FS Reports. The subjecave nature
of what 1s "hot", as well as toxic.ty and ARAR considerations, will be dealt wath by the
specialists who determune COC's spzcific to their disciphine.

o In addinon to ensuring that hugh concentraticns do not get overiooked, the Ullosne 15 2N

imporiant tool for idenafying locztons of suspected elevated conzsntration 1n the “nature <ad
extznt® sechion.
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B2clerond Comrazoson Usae Jnfarensal Stanenesl Methads

Based on Dr. Gilbert’s work, the following inferential statistical tests will be used to compare
background data sets 10 dztz sets compiled at the Operable Units (OUs). These data 25y L
be compiled and compared by anzlyte, and by the correct background daw set (i.e., eolivvium,
alluvium, alluviunr + colluvium, surfaze soils, etc. [See Determine Bacicground and QU Tzo-get
Populations]).

1t should be noted that Dr. Gilberi's recommendztions estzbhsh a framework that emphasizes
using the most zppropriate tast available. Thus prefessional judgement will be necessary beth
in application of inferential tesis, 2s well 2s thair interpretation.  Addinonzally, within the
framework of z battery of tests drawn from a "tool box*® of methods, it is requested that EPA
and CDH remain open to consultaton on the use of other tests as appropnate.

The results of 2l tests (hot-mezsurement, inferential) will then be evaluated in hght of

professional judgement.  This process 1s depicted on Figure 3, BACKGROUND
COMPARISONS METHCDOLOGY.

If hot-mezsurement or inferental stetishzal tests chow that the concentraton of 2 given anzlyts
in the OU data s=¢ is not greater than the concentrztion in the background data sst, and if
considerations 1n the professional-judgement arenz do nct ovemde, then tne anzlyis 1s consideres
not to be 2 contzmunant.

Ld

If either the hot-measurement test or 2t least one inferential statstez] test shows that the
concentration of 2 given analyte in the OU data set may be grezater than the concentration 1n the
background data set, then professional judgement (using temporel and spaticl znalysis, as well
2s pallemn-recozmibion concep:s) 1s egain apphed to see if the anzlyts concentragoas 1n tae two
data sets are zctuelly differeat.

After the hot-measurement test and prior to the ves of inferentz] statisncz] testing, the icsue of
non-detacts must be dealt wath for all tests except the Gehan test, which can be 2pplied wath non-
detects present. For all other tests, non-Getects should be repiaced wath a vzlue of 0.5 tmes the
applicable reportes detection himit, follov ing EPA gwidance (Statisace! Analys:s of Groandwzter
Monitoring Datz 2t RCRA Faciiitizs, A.¢dendum to Interim Finzl Guidznce, July 1692), bat
reaizing the pzrformance of simple subsatuhon decreases with an mcrecsing propsracs ©f Lan-
detects,

The handiing of non-detects, znd the pres=nce of multple dctestion himits in the KFEDS o
base, requires the use of goxd professionzl judgement zlong wath the general gwidanes ¢l o0

here. The use of grephucal cisplzy s of doi wall 2onist 1o the handling of kugh-veive nop-: o
L o)

Detection Lmuts vall be discuesed in the FI report.




Gehzn Test or Noaparmamams ANOVA Test

0 The Gehan tzst 1s 2 nonparametnc test and czr be useZ when muldple detection himits are
present.  The Gehan test will be apphied wathout replacing non-detests.  These are the
principal favorable attributes of the Gehan test.

o Standard nonparametric ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are wade'y
used 1n environmental assessment, and are discussed in EPA guidance (Statisucal Analys:.,
of Groundwater Monitoring Data at RCRA Facilines, Addendum to Intenm Final Gudanc..,

July 1992). These tests require replacement of non-detect values, either by simple
substituaon or maximum-likelihood methods.

o For the Gehan or nonparametric ANOVA test, 2 p-value will b2 generated and p-values that
are equal to or less than 0.05 will normally be considered indicanve of a siznificant

difference from background. Statements of the test and null hypotheses will be given, in
both statisucal and narrative terms.

' L o) »

o The quantile test 1s also a nonparzmemmnc test and can be considered 25 a rapid screening test.

o Due to Lmitauons 1n the quantle tast, the tast will only be used if the largest 20% ol the
combined background and s.tz datz are aetects

o A p-value will be generated and p-velues that zre egual to or less than 0.05 will indicate 2
s:igraficant caiffersnce from background Statements of the test and null hypotheses will be
piven, in both statisncal and narrative terms

Chipnse -c

o The shppage test 15 2 nonparametne tast and can be considered 2s 2 rap.d scresning test.

o Dus 10 hmtzations 1n the slippage te-t, the test will possibly not be used if the larpest
background vzlus 15 2 non-detect. L the largest backyround veiue is a non-detect, L 2n
professional judgzement will be 2ppli.. to determune whether or not the shippage tzsi 1§
zpphcabie. For example, if the seconc largest background value 1s 2 detest and 1s s1.ular
in value to the largsst background value, 1t could be used in place of the larpest value
(although the replacement must be tzl:en ints account when interpreting the tast results)

0 A p-value will be generated and p-values that are equal to or I=c. than 0 05 will noicatea
signuficant difjerence from background Statemerts of the test 2na nad »ypothees vl be
given, 1n both stausucal and nacraave terms




LTest

o The t-test is a parametn¢ test and is very commonly used when testing the difference
betwesn mezns of two data sats,

© Due to himitations in the t-test, the test will be applied in cases where both background and

OU data are normally distnbutad and contain at least 20 data points, and less than 20% of
the background and OU data are classified 25 non-detects.

0 A p-value will be generated and p-values that are equal to or less than 0.05 will indiczte 2

significant difference from background. Statements of the test and null hypotheses will be
given, in both statistical and narrative terms.

fession

The following general guidelines will be used individually and collectively, in conjunction with
the above companson and statistical "tools® to ascertain if a reported analytical detection(s)
constitutes contarninatbion at the OU. When professional judgement is applied, documented and
defensible evidence will be furnished, and DOE will bear the "burden of proof™.

o Spatial distribution of anzlytes above background are or are not indicauve of contamirauon
due to waste-related actuvines at the OU. Spznal plots, interpretad in a source-to-recepio”

conceptual model, 1n adcinon to compound-spzcific mobility contiderahions, generally assist
in interpretation of inconclusive results.

o Temporal distribution cf analyte concentrations at a station indicates the "high" value(s)
is(are) outher(s). Time-s=nes plots at wells or surface-wzter locations can generally be used

to Iink appareatly insigmfcant outher reports to seasonal or hydrological phenomena, ana
vice versa.

o Other associzted analytes are determuned not to be contaminants in the sample or at the
siaton. Then this may b2 added to cumulative evidence ("burden of proof™) that the 2-zlvte
1n queshon is not a potenual contarmunznt ¢ concsrn.  Patierz-rezogeition concests zr
useful in identifying anomalhies 2s well as confinining "fingerpnint” essociations.
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1.0 INTRODUCTION

Various areas at the Rocky Flats Plant (RFP) are being closed and/or remediated 1n
accordance with the provisions of the 1991 Interagency Agreement (IAG) signed between the
U S Department of Energy (DOE), the U S Environmental Protection Agency (USEPA), and
the State of Colorado (IAG 1991) to ensure protection of human health and the environment
The IAG integrates the closure and corrective action provisions of the Resource Conservation
and Recovery Act (RCRA) and the Colorado Hazardous Waste Act (CHWA) with the hazardous
substance response requirements contained in the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) The various areas to be closed or remediated,
called Individual Hazardous Substance Sites (IHSSs), are divided 1into 16 Operable Units (OUs)

DOE 1s i the process of conducting a RCRA Facility Investigation/Remedial
Investigation (RFI/RI) and Corrective Measures Study/Feasibility Study (CMS/FS) for each OU
to select the most appropriate remedy for each OU In order to identify, evaluate, and select
a remedial alternative, the National Oi and Hazardous Substances Pollution Contingency Plan
(NCP) states that "Alternatives shall be developed that protect human health and the environment
by recycling waste or by eliminating, reducing, and/or controlling risks posed through each
pathway by a site " The number and type of alternatives to be analyzed shall be determined at
each site, taking into account the scope, charactenistics, and complexity of the site problem that
1s bemng addressed. In developing and, as appropriate, screemng the alternatives, the lead
agency shall establish remedial action objectives specifying contaminants and med:a of concern,
potential exposure pathways, and remediation goals " [See 40 CFR 300 430(e)(2) ]

This document addresses the establishment of programmatic remediation goals which are
contaminant- and medium-specific levels of exposure that are protective of human health The
combmation of the Baseline Risk Assessment (BRA) results, Applicable or Relevant and
Appropriate Requirements (ARARs), and To-Be-Considered documents (TBCs) are used as the
basis to establish the remediation goals approved by the regulatory agencies in the Record of
Decision (ROD) CERCLA Section 121 and 40 CFR 300 430 allow the following factors to be
considered when establishing remediation goals

o Chemucal-specific standards established pursuant to a Federal environmental law
or any promulgated State standard which 1s more stringent than a Federal standard
are to be used to establish remediation goals These environmental laws include,
but are not limuted to, the Toxic Substances Control Act, the Safe Drinking Water
Act, the Clean Arr Act, the Clean Water Act, the Marne Protection, Research
and Sanctuanies Act, and the Solid Waste Disposal Act In addition to the
promulgated standards, the following items should be considered

- For systemic toxicants, remediation goals are to be established so that the
human population, including sensitive subgroups, may be exposed without
adverse effect through a given lifetime (1 e , Hazard Index less than 1 0)
Remediation goals are to incorporate an adequate margin of safety




- For known or suspected carcinogens, remediation goals are to be
established to represent an excess upper-bound lifetime cancer risk to an
ndividual ranging from 10* to 10 using information on the relationship
between dose and response. The 10 risk level shall be used as the point
of departure for determuning remediation goals for alternatives where
specific ARARs are not available or protecive due to multiple
contamunants or exposure pathways [NOTE. In cases where the
chemuical-specific ARARs result 1n a cumulative risk 1n excess of 107,
more restrictive remediation goals may be established 1n accordance with
this provision. ]

- Factors related to uncertainties, technical lIimitations (1e, detection
limuts), and other pertinent information.

. Non-zero Maximum Contaminant Level Goals (MCLGs), where determined to
be relevant and appropriate, are to be attained by remedial actions for ground or
surface waters that are current or potential drinking water sources For MCLGs
set at zero, the corresponding Maximum Contaminant Level (MCL) 1s to be
attained when determined to be relevant and appropriate

° An Alternative Concentration Limt (ACL) can be established pursuant to
CERCLA Section 121

o Water quality standards established under the Clean Water Act Sections 303 and
304 are to be attained for releases to surface waters to be protective of aquatic
life where determined to be relevant and appropriate

. Fauna, flora, and aquatic habitats are to be considered during the establishment
of the remediation goals Environmental evaluations are to be conducted to assess
threats to the environment, especially sensitive and critical habitats protected
under the Endangered Species Act

To the extent possible, chemical-specific ARARs are used to determune remediation
goals However, ARARs may not adequately consider the site-specific contamination or the
cumulative effects associated with multiple contaminants and/or pathways Therefore, chemical-
specific ARARs are not always the sole determinant of protectiveness and are supplemented with
risk assessments and consideration of other non-promulgated health-based crniteria The nisk
assessment process includes the evaluation of site-specific factors such as potential for exposure
(e g, future land use), the hazardous substances present, and the presence of sensitive
populations and habitats These factors will be considered during the development of the OU-
specific BRA

DOE proposes to develop Risk-Based Programmatic Preliminary Remediation Goals
(PPRGs) which will establish initial sitewide clean up targets for each environmental medium

2




The risk-based PPRGs incorporate BRA methodologies accepted on a sitewide basis  Thus report
presents the purpose for risk-based PPRGs and methods used to calculate them. Section 2
provides information regarding the intended current and potential future uses of the nsk-based
PPRGs Section 3 0 describes the exposure pathways and methodology used to calculate the
risk-based PPRGs Section 4 0 provides references for the toxicological information used for
each specific contaminant Section 5.0 gives a comprehensive list of risk-based PPRGs that are
proposed to be used to develop and screen remedial technologies and alternatives

2.0 PURPOSE OF RISK-BASED PROGRAMMATIC PRELIMINARY
REMEDIATION GOALS

As stated 1n Section 1 0, the intended purpose for calculating risk-based PPRGs 1s to
establish sitewide clean up targets for environmental contamunants The calculation of nisk-based
PPRGs is possible through the standardization of exposure pathways and risk assessment
methodologies The benefits associated with developing risk-based PPRGs include:

* Support the CMS/FS process by allowing the development of remedial
technologies and alternatives to proceed without an OU-specific BRA,

. Support the Contaminant of Concern (COC) selection process within the BRA by
providing "Rusk-Based Concentrations”,

. Support the Colorado Department of Public Health and the Environment
(CDPHE) conservative screen within the BRA, and

. Support the evaluation of sites where accelerated cleanup actions may be
warranted

In order to assure consistency with current nisk assessment methodologies, Exposure
Scenario Technmical Memoranda were evaluated for use 1n the risk-based PPRG selection

Although there 1s a certain level of risk associated with developing remedial technologies
and alternatives prior to fully characterizing the nisks associated with the OU contamination, the
programmatic approach 1s consistent with the NCP  Specifically, 40 CFR 300 430(e)(2)(1) states
that, "[[Jmtially, preliminary remediation goals are developed based on readily available
information, such as chemical-specific ARARs or other reliable mnformation Preliminary
remediation goals should be modified, as necessary, as more information becomes available
during the Remedial Investigation/Feasibility Study (RI/FS) Final remediation goals will be
determined when the remedy 1s selected "

The "off-the-shelf” risk-based PPRGs will form the imtial basis for identifying,
screening, and evaluating potential remedial technologies and alternatives However, the risk-
based PPRGs are not mtended to be the final justfication for selecting a particular remedial
alternative  Should the final BRA indicate that the nisk-based PPRGs are not representative of




the actual nisk posed by the contamunation at the OU, the required changes will be mcorporated
as early as possible during the Development and Screemng of Alternatives or Detailed Analysis
of Alternatives

The extensive amount of data at each OU warranted a process that would reduce the
number of chemicals needing assessment in the BRA USEPA, CDPHE, and DOE therefore
approved a process by which COCs could be delineated at a site  One part of this process
evaluates low detection frequency chemicals with respect to a Risk-Based Concentration (RBC)
value The value to be used for the RBC will be taken from the risk-based PPRG list using a
residential scenario.

Data aggregation within an OU has been discussed between USEPA, CDPHE, and DOE,
and an agreement has been reached on how this data aggregation 1s to be performed. To meet
CDPHE requirements for data aggregation, the whole OU area 1s divided into sub-areas called
"sources " Source area delineation 1s based on the environmental media data from the OU.
After source areas are delineated, a risk-based screeming process is performed for each source
area This screeming process will use the residential exposure scenario values within the risk-
based PPRG list.

As required by Section IX.A.1 of the IAG Statement of Work, DOE 1s to develop
Corrective/Remedial Action objectives for each OU and document these objectives in QU-
specific Technical Memoranda for submission to USEPA and/or the State for review The
objectives are to specify the contaminants and media of interest, exposure pathways and
receptors, and USEPA and State accepted levels or ranges for each exposure route The risk-
based PPRGs will be used 1n conjunction with chemical-specific ARARs to establish acceptable
PRGs for each OU These acceptable levels or ranges (e g , OU-specific PRGs) will be
documented 1n the form of a Techmical Memorandum

It 1s projected that a nsk-based evaluation will be needed to screen OUs for potential
early actions This screening evaluation will need to employ risk-based cleanup targets so that
areas can be ranked with respect to human health nsks Also, high nisk sites will need to be
assessed with respect to the amount of cleanup required. It 1s projected that the risk-based
PPRGs will be utilized for both of these exercises within an accelerated clean-up framework
Based on the CDPHE conservative screen, accelerated actions may be implemented at sites
where the cumulative risk ratio is greater than 100

3.0 EXPOSURE PATHWAYS

In order to standardize the risk-based PPRGs across all of the OUs, programmatic
exposure pathways and receptors were established Table 1 identifies the receptors and exposure
pathways selected for each environmental media A sand and gravel mining scenario 1s bemng
examined for the possible incorporation into the risk-based PPRG document. If it 1s determned
that this exposure scenario 1s required, the nsk-based PPRG document will be revised
accordingly In addition, dermal exposure will be considered duning the CDPHE conservative

4
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screen 1n accordance with DOE/USEPA/CDPHE agreements Should the results of the CDPHE
conservative screen indicate that the cumulative risk ratio 1s less than one, dermal exposure will
be assessed per USEPA dermal exposure assessment guidance (USEPA, 1992)

Standard assumptions given in Rusk Assessment Guidance for Superfund (RAGS), Part
B (USEPA, 1991) were used 1n developing risk-based PPRG equations where available For
situations not addressed by RAGS, Part B, standard assumptions given in RAGS, Part A
(USEPA, 1989) were used. In addition, site-specific mnformation from Exposure Scenario
Technical Memoranda for OUs 1 through 7 was used where appropriate to supplement
assumptions given :n USEPA guidance Best professional judgement was applied when default
values differed from site-specific information

In addition to USEPA and site-specific information, COPHE guidance (Intenm Final
Policy and Guidance on Risk Assessments for Corrective Action at RCRA Facilines) was
consulted for exposure pathways and parameters While this guidance has not been finalized,
it was reviewed and CDPHE was consulted on its use during development of the risk-based
PPRG equations

Due to the many programs that these rnisk-based PPRGs will support, elements from
USEPA and CDPHE guidance, as well as site-specific information, were used to develop the
nisk-based PPRGs This compromise approach will assure that all objectives of the document
are met while maintaimng the health protectiveness of the nisk-based PPRGs

4.0 METHODOLOGY, EQUATIONS, AND ASSUMPTIONS

This section presents the methodology, equations, and assumptions that were used to
calculate the nisk-based PPRGs In general, the following USEPA guidance documents were
used as the basis to derive the rnisk-based equations and exposure default values to calculate the
nisk-based PPRGs

o Human Health Evaluation Manual, Part B Development of Risk-Based
Preliminary Remediation Goals, (USEPA 1991),

° Risk Assessment Guidance for Superfund, Volume I Human Health Evaluation
Manual (Part A), (USEPA 1989);

. Changes to Equations in the Part B Guidance, (Dimnan 1992),

. Rewvisions to Chapter 4 Risk-based PRGs for Radioactive Contaminants, (USEPA
1993b), and

° Human Health Evaluation Manual, Supplemental Guidance. Standard Default
Exposure Factors, OSWER Directive 9285 6-03, (USEPA, 1991b)




To ensure that all of the contamnants that may be encountered at the RFP are addressed,
risk-based PPRGs were developed for all Target Analyte List (TAL) metals, Target Compound
List (TCL) organics and 12 radionuchides for each receptor (1€, resident, office worker,
construction worker, and ecological researcher) and environmental media (1 e , surface soil,
subsurface so1l, ground water, and surface water) combination identified on Table 1. Separate
risk-based equations were developed to account for the carcinogenic, noncarcinogenic, and/or
radiological effects of the contaminant. Rusk-based PPRGs for carcinogens (including
radionuchides) were calculated by setting the carcinogenic target rnisk level at 10° A target nisk
level of 10° means an individual has a one-in-one-million probability of developing cancer over
a Iifeume as a result of exposure to a specific contammnant This nisk 1s 1 addition to the
probability of an individual developing cancer from other factors such as those associated with
heredity or lifestyle Similarly, nsk-based PPRGs for toxicants (non-carcinogens) were
calculated by setting the hazard index equal to 1 for each contaminant. A hazard index 1s the
ratio between the contarmnant concentration and a reference dose The reference dose represents
the exposure level to the contaminant below which adverse effects are not expected For some
of the contaminants both carcinogenic and noncarcinogemc toxicity mformation was available
For these contaminants, both a carcinogenic and noncarcinogenic rnisk-based concentration were
calculated and the more restrictive value was used as the risk-based PPRG The risk-based
equations for radiological effects were used to calculate the risk-based PPRGs for the 12
radionuclides

The nisk-based PPRG equations include all of the exposure pathways (e g , Direct
Ingestion of Sois) listed in Table 1 for each exposure scenario/environmental media
combination, separate risk-based PPRGs were not be calculated for each exposure pathway
When available, USEPA-specified default values were used to calculate the nsk-based PPRGs
In the absence of USEPA guidance on specific parameters, site-specific default values were
established based on previous DOE reports on specific operable units

4.1 Surface Soils

Exposure pathways, equations, assumptions, and default values used to calculate the
surface soil risk-based PPRGs for each receptor scenario are presented in this section The
receptors considered include residential use, office worker, and ecological researcher The nisk-
based equations for all receptors included the following exposure pathways

. Direct ingestion of soils contaminated with organic and inorgamic (including
radionuclides) contaminants,

. Inhalation of non-volatile orgamc and morgamic (including radionuchides)
particulates, and

. External radiation exposure due to radionuclide contaminants




4.1.1 Residential Exposure

For the residential exposure to surface soil, a combined adult and child exposure was
assessed for the soil ingestion pathway All other pathways were based on an adult exposure
only

The equations and assumptions used to derive nisk-based PPRGs for surface soils with
carcinogenic COCs are shown on Table 2, and the corresponding equation for COCs with
noncarcinogenic effects 1s shown on Table 3 Table 4 shows the equation used to calculate risk-
based PPRGs for radionuclides All default values were based on USEPA guidance.

4.1.2 Commercial/Industrial Exposure

For the commercial/industrial exposure to surface soils, an office worker receptor was
assessed The equations and assumptions used to derive the risk-based PPRGs for surface soils
are shown on Table 5 for COCs with carcinogemc effects, on Table 6 for COCs with
noncarcinogenic effects, and on Table 7 for radionuchdes All default values were based on
USEPA guidance

4.1.3 Ecological Researcher Exposure

The risk-based PPRG equations and assumptions for exposure of an ecological researcher
to surface soils are shown on Tables 8, 9, and 10 for potential carcinogens, noncarcinogens, and
radionuchides, respectively Because the ecological researcher 1s a site-specific receptor, site-
specific exposure assumptions were developed Specifically, the exposure frequency and
duration were based on site-specific information Other exposure assumptions were based on
USEPA guidance pertaiming to a commercial/industrial land use scenario

4.2 Subsurface Soils

This section presents the exposure pathways, equations, assumptions, and default values
used to calculate the subsurface soil risk-based PPRGs Only a construction worker scenario
was considered for this environmental media and the risk-based PPRGs were based on the

following exposure pathways*

o Direct ingestion of soils contaminated with orgamic and inorgamic (including
radionuclides) contaminants,

° Inhalation of non-volatile orgamic and morgamc (including radionuchides)
particulates,

o External radiation exposure due to radionuchide contaminants; and

o Inhalation of volatiles
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4.2.1 Residential Exposure

A scenario 1nvolving residential exposure to subsurface soils was not considered to be
credible and was therefore not included 1n the calculation of risk-based PPRGs

4.2.2 Commercial/Industrial Exposure

The risk-based PPRG equations and assumptions are shown on Tables 11, 12, and 13 for
potential carcinogens, noncarcinogens, and radionuclides, respectively USEPA guidance does
not specify exposure assumptions specific to a construction worker receptor Therefore, site-
specific information was used to develop assumptions for exposure frequency and exposure
duration All other exposure assumptions were based on USEPA guidance for a
commercial/industrial land use scenario

For the pathway involving inhalation of volatiles, a volatilization factor was calculated
according to USEPA guidance as shown in Table 14 The volatilization model 1s applicable only
if the soil concentration 1s at or below soil saturation Thus, for those compounds for which the
nisk-based PPRG exceeds the soil saturation limit, the risk-based PPRG 1s set at the soil
saturation lmmit The soil saturation was calculated as shown on Table 15

'

4.2.3 Ecological Researcher Exposure

The likelihood of having an ecological researcher exposed to subsurface soils was not
considered to be credible and was therefore not mcluded in the calculation of risk-based PPRGs

4.3 Ground Water
This section presents the exposure pathways, equations, assumptions, and default values
used to calculate the ground water nisk-based PPRGs Residential use of the ground water was

the only receptor considered The nsk-based equations included the following exposure
pathways

. Direct ingestion of ground water contaminated with orgamic and inorganic
(including radionuclhides) contaminants, and

° Inhalation of volatile organics during domestic use

4.3.1 Residential Exposure

The equations and assumptions used to derive nsk-based PPRGs for residential use of
ground water are shown on Table 16 for carcinogens, Table 17 for noncarcinogens, and Table
18 for radionuchdes All default exposure assumptions were based on USEPA guidance

18
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TABLE 14

SUBSURFACE SOIL - CONSTRUCTION WORKER

VOLATILIZATION FACTOR

where,

pFRIEI9-A pPeonmorg<pe |2
{8
o

Q
0

(LS x V x DH)
VF = A

x(B1l4xax DA

2xD,xP,x K,

D,x P,
«=p , @)1 "F)
Kdl

Explanation (Units)

volatilization factor (m*/kg)

length of side area (m)

wind speed 1n mixing zone (m/s)

diffusion height (m)

area of contamination (cm?)

effective diffusivity (cm?/s)

air-filled soil porosity (unitless)

total soil porosity (umtless)

soil moisture content (cm’/water/g-soil)
soil bulk density (g/cm’)

true soil density or particle density (g/cm®)
soil-air partition coefficient (g-soil/cm’-ar)

exposure interval (s)

diffusivity 1n air (cm?/s)

Henry's Law constant (atm-m’/mole)
soil-water partiion coefficient (cm®/g)
organic carbon partition coefficient (cm®)
organic carbon content of soil (fraction)

Default Value

45

2

2

20,250,000

Dn X (Paa 33/ Ptz)

P, - 08

1“(8/ ps)

10% or0 1

15

265

(H/K) x41,(41l1sa
conversion factor)
79 x 108
COC-specific
COC-specific

K. x OC
COC-specific

2% or 0 02

Source Dinan, 1992
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TABLE 15
SUBSURFACE SOIL - CONSTRUCTION WORKER
VOLATILIZATION FACTOR - SATURATED CONDITIONS

=Q(dxCLx B) *'(wapﬁ*(CLlexR,)

C

- B
where.
Vanable Explanation (Umts) Default Value
Co soil saturation concentration (mg/kg) -
K, soil-water partition coefficient (L/kg) K. x OC
K. organuc carbon partition coefficient (L/kg) 2% or 0 02
oC organic carbon content of soil fraction COC-specific
Cy upper-limit of free moisture 1n soll (mg/L water)S x
On soil mosisture content (kg-water/kg-soil) 10% or 0 1
S solubility 1n water (mg/L water) COC-specific
B soil bulk density (kg/L) 15
P, water filled soil porosity (unitless) P, -P,
P, air-filled soil porosity (unitless) P, -68
o soil moisture content (L water/kg soil) 10% or 0 1
P, total so1l porosity (unitless) 1-(@B/py)
Ds true soil density or particle density (kg/L) 2 65
H! Henry’s Law constant (unitless) Hx4l,411sa
conversion factor)
H Henry’s Law constant (atm-m*/mole) COC-specific

Source Dinan, 1992
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4.3.2 Commercial/Industrial Exposure

A scenano mvolving commercial/industrial exposure to ground water was not considered
to be credible and was therefore not included 1n the calculation of risk-based PPRGs

4.3.3 Ecological Researcher Exposure

A scenario mvolving exposure of an ecological researcher to ground water was not
considered to be credible and was therefore not included 1n the calculation of risk-based PPRGs.

4.4  Surface Water

Thus section presents the exposure pathways, equations, assumptions, and default values
used to calculate the surface water risk-based PPRGs for each receptor scenanio The receptors
considered include residential use and ecological researcher. The nsk-based equations for the
residential receptor were based on exposure via swimming, while the risk-based equations for
the ecological researcher were based on exposure via wading For both receptors, the exposure
pathways included direct ingestion of surface water.

4.4.1 Residential Exposure

The equations and assumptions used to derive risk-based PPRGs for residential exposure
to surface water while swinming are shown on Tables 19 through 21 for carcinogens,
noncarcinogens, and radionuchdes, respectively All assumptions were based on USEPA
guidance

4.4.2 Commercial/Industrial Exposure

The hkelihood of having a commercial/industrial exposure to surface water was not
considered to be credible and was therefore not included 1n the calculation of risk-based PPRGs

4.4.3 Ecological Researcher Exposure

The risk-based PPRG equations and assumptions for exposure of an ecological researcher
to surface water while wading are shown on Tables 22 through 24 for carcinogens,
noncarcinogens, and radionuchides, respectively USEPA guidance does not provide default
values specific to this receptor Therefore, site-specific information was used to determine
exposure frequency and duration All other exposure assumptions were based on USEPA
guidance for swimming
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5.0 CONTAMINANT TOXICITY INFORMATION

The COC-specific toxicology values used for the calculation of the rnisk-based PPRGs are
presented 1n Table 25 The toxicity information used to calculate the risk-based PPRGs included
the slope factor and umt risk for evaluating carcinogenic effects and the reference dose (RfD)
and the reference concentration (RfC) for evaluating noncarcinogenic effects Toxicity values
were obtained from the latest information contained on the Integrated Risk Information System
(IRIS) If values were not available from IRIS, the Health Effects Assessment Summary Tables
Annual Update, (USEPA 1994a) was consulted Values for polycyclic aromatic hydrocarbons
were calculated using USEPA guidance entitled Provisional Guidance for Quantitative Risk
Assessment of Polycyclic Aromatic Hydrocarbons (USEPA 1993c)

6.0 RISK-BASED PROGRAMMATIC PRELIMINARY REMEDIATION GOALS

For each potential COC, the calculated risk-based PPRG for the exposure scenario (1 € ,
receptor and environmental media combination 1dentified on Table 1) are given on Table 26
Where a chemical has both carcinogemc and noncarcinogenic effects, the more stringent of the
calculated risk-based levels was selected as the risk-based PPRG The calculated risk-based
PPRGs are generally pertinent to all of the OUs should the contaminant be identified as an OU-
specific COC However, OU-specific factors may disqualify some or all of the risk-based
PPRGs should these factors preclude one or more of the exposure pathways which formed the
basis of the risk-based equations For example, the nsk-based PPRGs for the ground water
media may not be applicable at OUs where the ground water is not of sufficient quantity or
quality to support domestic residential use Also, residential use risk-based PPRGs may not be
appropniate for areas where the future land use will be solely devoted to commercial and/or
industnal facilities

As stated early, the programmatic risk-based PRGs presented in Table 26 are not
intended to be the final cleanup standards listed in the ROD Other factors such as, but not
limited to, background contaminant concentrations, results of the OU-specific BRA, technology
limitations, detection methods, chemical-specific ARARs, cost-benefit evaluations, worker
safety, and ecological effects will need to be considered when establishing the final cleanup
standards The nisk-based PPRGs are to be used as a standardized set of limits to enable
screeming of potential remedial technologies and alternatives As additional information 1s
obtained through the RFI/RI and CMS/FS processes, it may be determined that the risk-based
PPRGs are not representative of the actual nisk posed by the contamination at the OU  If thus
siuation occurs, the required changes will be incorporated as soon as possible durning the
Development and Screemung of Alternatives or Detailed Analysis of Alternatives
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