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BDEEI\I‘£

The U.S. Department of Energy (DOE) is in the process of completing a
survey of environmental problems, referred to as the Environmental Survey, at
their facilities across the country. The DOE Risk Information System (RIS)
is being used to prioritize these environmental problems identified in the
Environmentz Survey’s findings.

The RIS is a two-step process for prioritizing DOE’s environmental
problems. The first step is to use quantitative and qualitative methods to
define scores for criteria related to human health and enviror ital issues.
In the second step, these scores are used as a basis for an expert panel to
prioritize these environmental problems.

This report contains a discussion of site-specific public health risk
parameters and the rationale for their inclusion in the RIS. These parame-
ters are based on computed potential impacts obtained with the Multimedia
Environmental Pollutant Assessment System (MEPAS). MEPAS is a computer-based
methodc »gy for evaluating the potential exposures resulting from multimedia
environmental transport of hazardous materials. MEPAS was developed by the
Pacific Northwest Laboratory(a) for DOE’s Office of Environment, Safety, and
Health for application to the Environmental Survey.

This report has three related objectives: 1) document the role of MEPAS
in the RIS framework, 2) report the results of the analysis of alternative
ri¢ parameters that led to the current RIS risk parameters, and 3) describe
analysis of uncertainties in the risk-related parameters.

(a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute
for the U.S. Department of Energy under Contract DE-AC06-76RLO 1830.



SUMMARY

The U.S. Department of Energy (DOE) is in the process of completing a
survey of environmental problems at its facilities. The survey effort is
referred to as the Environmental Survey, or Survey, and consists of a struc-
tured program of site visits, sampling and analysis, and prioritization of
environmental problems. An environmental problem was defined in terms of a
potential hazard to human health or the environment. The Survey results will
be contained in an Environmental Survey Summary Report.

This report contains the results of an analysis of the health )act
parameters in terms of their use in the Risk Information System (RIS). The
RIS is being used to conduct the Survey’s prioritization effort.

The environmental problems identified in the Survey’s findings at
36 DOE facilities are being prioritized. The RIS generates and uses a series
of scores that are indicators of public health and environmental risks. The
Multimedia Environmental Pollutant Assessment System (MEPAS), which is a
multimedia environmental transport and exposure assessment model, is used to
compute health impact parameters on a site-specific basis. These health
impact parameters are used to define public health risk scores. A system
based on Environmental Protection Agency’s Hazard Ranking System (40 CFR 300)
is used to characterize environmental impacts. A RIS expert panel translates
these parameters for each ranking unit into an overall prioritization of
environmental problems.

As an intermediate step in conducting the Survey, DOE prepared a Pre-
liminary Summary Report for 16 DOE facilities directly involved in defense
production activities (DOE 1988). In addition to providing valuable prelimi-
nary information on the environmental problems at these sites, this appli-
cation provided a starting point for studying options for inputs to the RIS.

In the Preliminary Summary Report, the prioritization was mainly based
on a single risk parameter related to human health impacts. This MEPAS
output parameter, the Hazard Potential Index (HPI), is a time-weighted meas-
ure of population risk. The HPI represents only one of many possible meas-
ures of different aspects of health impacts. Examples of other measures
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) is in the process of completing a
survey of environmental proble : at 36 DOE sites. The DOE Environmental
Survey, hereafter referred to as the Survey, involves jdentifying, inspec-
ting, sampling, and reporting activities aimed at characterizating DOE’s
environmental problems. The environmental problems identified in the Survey
findings are being prioritized relative to their potential for affecting
public health and the environment. These Survey results 11 be presented in
a final Environmental Survey Summary Report, hereafter referred to as e
final Summary | Hort.

As part the Survey effort, computer simulations were made to estimate
the risks posed to human populations as a result of the identified environ-
mental problems. The Multimedia Environmental Pollutant Assessment System
(MEPAS) was developed for the purpose of providing a single consistent tool
for conducting these simulations.

The overi | system being used by the Survey to prioritize the findings
is referred to as the Risk Information System (RIS). The RIS incorporates
both human he: th and environmental concerns. MEPAS is the component of the
RIS for comput 1g health impact parameters that are used to characterize
human health risks. The proposed revised Hazard Ranking System (HRS) devel-
oped by the U.S. Environmental Protection Agency (EPA) (40 CFR 300) is used
to characterize environmental impacts. This chapter describes the scope of
the Survey, the preliminary prioritization effort, and the objectives of
this report.

1. ENVIRONMENTA' cypvrcv

The Environmental Survey, being con icted by the DOE’s Office of
Environment, Safety, and Health, consists of identifying and prioritizing, on
an agency-wide basis, the DOE sites that potentially pose risks to public
hez th and tI environment. The results of the Survey will provide DOE
management with baseline information on each environmental problem; this
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addition, DOE management at each of the sites reviewed the prelimi iry
report for each site and provided comments, referred to as Technical Accuracy
Review Comments (TARC).

As an intermediate step (shown on the right side of Figure 1.1), the
Survey prepared a preliminary assessment for a subset of the DOE sites. The
preliminary assessment considered environmental problems based on the find-
ings reported in the Survey’s preliminary reports for each of JE’s 16
defense production (DP) sites. That effort provided a test of the prioriti-
zation system and a preliminary definition and prioritization of environ-
mental problems for the DP sites. The prioritization of these environmental
problems in the Preliminary Summary Report (DOE 1988) relied mainly on out-
puts from MEPAS. Additional detail on the preliminary assessr 1t effort is
given below as | :kground for the ai 'ysis of health impact parameters.

The activities associated with the application of the RIS are shown as
enclosed in a box in the lower portion of Figure 1.1. The Sur :wy initially
used MEPAS to model the environmental problems for the 36 sites. The
environmental problems at DOE sites identified in the Survey findings were
grouped into ranking units. The ranking units were based on existing or
suspected contamination or situations that could result in fut -e risks.

The Survey Teams revisited the sites in 1989 to identify 1d obtain more
up-to-date data and to update the preliminary findings. As a result of these
revisits, referred to as the Data Accuracy Review (DAR), a number of earlier
findings were modified and others were closed (i.e., the identified problem
had been corrected). In addition, a significant amount of new information
concerning the { 1dings was provided to and evaluated by the S ‘vey.

The updated findings for the 36 sites were remodeled as appropriate
using MEPAS. These modeling efforts incorporate revised infor itit from
the original sites visits, as updated by the sampling and analysis rogram,
the TARC, and the DAR.

The MEPAS outputs were used in the RIS judgmental or integration phase
where the relative significance of each criterion was considered and an over-
all ranking of the environmental problems was developed. Approximately 400
ranking units, covering the 36 sites, were ranked using the RIS.
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This overall ranking generated in the RIS application will form the
basis of the final Summary Report (Figure 1.1).

1.2 PRELIMINARY PRIORITIZATION EFFORT

As part of the evaluation of the preliminary prioritization effort, the
interrelationships of risk and risk-related input parameters were analyzed.
The preliminary prioritization of DOE’s Survey findings at 16 DP sites (DOE
1988) encompassed a variety of environmental problems and issues for facili-
ties located across the United States. Within these 16 DOE DP sites (1listed
in ble .1), 208 ranking units encompassing hundreds of different environ-
mental problems were identified by the DOE Survey Teams. A total of 393
different constituents were identified for the Survey; this included radio-
nuclides, carcinogenic chemicals, and noncarcinogenic chemicals. These
environmental problems in the analysis for the Preliminary Summary Report
encompassed over 500 different transport and exposure scenarios.

The environmental problems and contaminants described in the Preliminary
Summary Report varied greatly across the sites. Some of the common environ-
mental problems included those associated with active and inactive landfills,
sediment and evaporation ponds, above ground and underground storage tanks,
contaminated soils from spills and leaks, injection wells, stack and vent
releases (planned and unplanned), tank farms, leach pits, and drum storage
areas.

In the Preliminary Summary Report, the largest MEPAS Hazard Potential
Index or HPI value for a constituent at each ranking unit was used to gene-
rate a score for that environmental problem. Recognizing the lack of
precision inherent in the HPI, these scores for ranking units were reported
in groups from 0 to 10. These groups were then divided into five levels
whose significance is explained in Table 1.2.

The modeling application experience in this preliminary ranking effort
resulted in a number of changes and enhancements in MEPAS (Droppo et al.
1989c). w release, transport, and exposure components were added, and
existing components were improved. Also, in addition to this output, MEPAS

1.5



TABLE 1.1. Name and Location of DOE Defense Production Sites
Included in the Preliminary Summary Report

Site Name Location
Fe 1 Materials Production Center Fernald, Oh
Hanford Site Richland, Washington
Idaho National Engineering Labor .ory Idaho Falls, Idaho
Kansas City Plant Kansas City, Missouri
Lawrence Livermore National Laboratory Livermore, C=lifornia
Los Alamos National Laboratory Los Alamos, ew Mexico
Mound Facility Miamisburg, Ohio
Nevada Test Site Nye County, Neve 1
Pantex Facility Amarillo, Texas
Pinellas Plant Largo, Florida
Portsmnith Uranium Enrichment Complex Piketon, Ohio
Rocky . .ats Plant Golden, Col¢ ado
Sandia National Laboratory Albuquerque, New Mexico
Sandia Nationa™ ° ' ratory, Livermore Livermore, Calii -nia
! I River : Aiken, South Car ina
‘' __ . .int Oak Ridge, Tennessee

provides (or was modified to provide) a series of intermediate and final
output products to give a more detailed definition of various aspects of
potential risk. The completion of this preliminary effort provide a DOE-
specific database for the analysis of MEPAS risk-related output parameters.

1.3 SCOPE AN[ ~"""**7*TION OF THIS RE™"RT

The objectives of this report are to document the role of MEPAS in the
RIS and discuss the human health impact parameters used in RIS. The role of
MEPAS is described in Sections 2.0 and 3.0. Section 2.0 cont: 1s an overview
of the RIS with the rationale for its development. Section 3.0 contains an
overview of MEPAS as the methodology used to compute health impact parame-
ters. In Section 4.0, a variety of health impact parameters computed by
MEPAS are evaluated for inclusion in the prioritization process. Finally,
in Sectijon 5.0, application uncertainty issues are discussed.
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TABLE 1.2. DOE Scoring of Hazard Significance of HPI Groups(a)

21 Groug(b) Potential Hazard Si~~*icance(¢)
I 10 These groups include the environmental problems of
9 most concern in terms of the potential I zard to the
8 public. The scores are based on the sizes of the
potential receptor populations and the toxicity and
concentration of the contaminants.
I1 7 These groups include environmental problems that
6 represent a secondary 2vel of concern in terms of
potential hazard to the public. The scores for these
groups are generally driven by large receptor
populations with moderate concentrations and/or
toxicity of cor iminants. However, a few problems in
these groups include smal receptor populations with
high toxicity or concentrations.
IT1 5 These groups include environmental problems that
4 present a tertiary level of concern in terms of
potential hazard to the public. Scores for these
groups are generally a result of small receptor
populations, low doses, or low-toxicity contaminants.
IV 3 These groups include environmental problems that are
2 characterized as generally reaching receptors at
1 levels well below those used in regulatory decisions.
) 0 This group includes environmental problems that are
not projected to reach receptors.
(a) Table was taken from D( (1988).
(b) An HF group is defined in terms of a HPI range. The "0" group
represents ranking units with a HPI Tess than or equal to zero.
Ten point ranges are used for all other groups in impacts:
Group "1" occurs for ranking units with HPIs greater than zero
and Tess or equal to 10, Group "2" occurs for ranking units with
HPIs greater than 10 and less or equal to 20, etc. Each ten
points in HPI corresponds to an order of magnitude change in
computed impacts.
(c) Significance is based on the size of the potential receptor

population most frequently encountered.
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2.0 RISK INFOR \TION SYSTEM

The DOE’s RIS is a methodology for organizing information on various
aspects of public health and environmental risks potentially posed by
environmental problems at DOE sites and for prioritizing those problems based
on these potential risks. The RIS ranking methodology, developed for appli-
cation to the problems identified in Survey findings, evolved ased on
internal and external reviewers’ comments on the ranking methodology used in
the Preliminary Summary Report.

In addition to being the ranking methodology for the vironmental
problems that will be presented in the final Summary Report, the RIS is
designed as a possible prototype of the method by which risk to public health
and environment can be integrated into DOE clean-up plans. The DOE currently
anticipates conducting external and internal reviews of the final Summary
Report and the methodology underlying the RIS. These technical reviews of
the RIS, including the underlying risk-based modeling (MEPAS), are planned to
be undertaken by the National Academy of Sciences and DOE laboratories. The
DOE also plans to have a formal public review of the RIS (and MEPAS)
methodologies.

2.1 OVERVIFY ~t THE RIS

As illustrated in Figure 2.1, the RIS consists of two distinct sequen-
tial phases. First, the mechanistic phase provides quantitative and
qualitative information related to public health risk and risk to the
environment. Second, the judgmental phase(a), during which the information
gathered or generated during the mechanistic phase is integrated to establish
a ranking of the various environmental problems.

In the mechanistic phase, information describing various aspects of the
risk potentially posed by each of the problems is compiled. Public health
criteria (expressed in terms of scores) are based on risk outputs from
simulations using the MEPAS methodology. The use of this pathway-based

(a) Also referred to as the "integration phase."

2.1






These scores from the mechanistic phase will be integrated into a rank-
ing during the judgmental phase by a panel of DOE environmental officials.
This panel will evaluate the various aspects of risk (e.g., risk to indivi-
duals, risks to popt ation) and assign weights to develop an i1 2:grated
ranking. The results will be agency-wide, integrated, risk-based rankings
and rationale for weights for the factors used in the ranking.

In the RIS, the data analysis activity of the mechanistic phase was
designed to be separate from the prioritization activity in the integration
phase. This : »aration helps prevent policy decisions from obscuring the
analyses iat take place in the :chanistic phase. For example, in the
mechanistic phase, several human health criteria will be developed including
maximally exposed individual risk and general population risk. The genera-
tion of risk criteria is independent of the subjective and policy decisions
in the integration phase where these risk criteria may be used to derive the
final rankings.

2.2 MECHANICTT" PHACT

The RIS defines environmental problems at each site in terms of poten-
tial human health and environmental risks from ranking units. In the
mechanistic phase, each of these ranking units is characterized based on

3 ranking criteria - 10 public health risks and 3 environmental risks.
These criteria include both quantitative and qualitative information for
potential humi health and environmental risks.

2.2.1 DPvhlic Heplthk Pigk Scores

In the mechanistic phase, 10 risk and related parameters contained in
the MEPAS output are compiled for each ranking unit. This is in contrast to
the approach used in the Preliminary Summary Report, where the HPI, a MEPAS
output paramei -~ (Whelan et al. 1987), served as the primary ranking
parameter.

Both population and individual impact scores are used in the RIS. These
scores are based on potential impacts computed using MEPAS for a time period
from the present out to 100 lifetimes (7000 years) in the future.
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In addition to the above information from MEPAS outputs, three factors
will provide additional important risk information. Addressing the type, the
time, and the uncertainty of impacts, these factors are

o Health Effect Cateqgory - A parameter that indicates the health
effect category [carcinogen (both radionuclide and chemical), or

noncarcinogen that contributes the greatest fraction of risk to
the constituent of interest.

e Ti~~ ~¢ Arrival - The time at which an individual risk at a recep-
tor reaches a designated level of risk for that material. For
carcinogens, a designated risk_level of 107/, representing one-

h of the commonly used 1076 action risk level is used. For

ot jens, the level is one-tei of the reference dose. If

( v lr ¢ el is not ex led, time of arrival 1w
to the time that the maximum individual risk occurs.

e (Qualitative Uncertainty - An assessment of the uncertainty associ-
ated with the modeling of public health risks. The assessment is
based on a combination of the base-case variability for a well-
characterized site reported in a sensitivity study (Doctor et al.
1990) and Survey information on uncertainty related to the sources
of input data.

Finally, a measure of potential future impact for a person at the worst
possible location is provided as an indicator for the loss of institutional
contrc :

e Loss of Institutional Control - The significance of potential con-
t: nation assuming future loss of institutional control over the
site. This parameter describes the fraction of the initial risk
from ingestion of contaminants which remains within site soils one

undred : irs from the | :sent, the time when institutional control
is assumed to be rel juished.

For input to the RIS judgmental phase, these parameters are converted to
scores represt ting specific levels of impact. With the exception of Hypo-
thetical Maximum Individual Risk and the Loss of Institutional Control, the
basis for the choosing of all the public health parameters included in the
RIS analysis is presented in Section 4.0 of this report. The basis for
choosing the qualitative uncertainty factors is discussed in Section 5.0.
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criteria formalizes the decision makers’ informal ranking process, allowing
the consistent appl :ation of experience in ranking release sites.

The design of the RIS judgmental phase explicitly acknowledges that
human judgment is an integral element of any ranking system. For instance,
the panel may decide that a large immediate risk to a relatively small popu-
Tation should be ranked higher than a smaller risk to a much larger popula-
tion. The use of expert judgments provides a logical, experience-based
method to make such decisions. The RIS, however, makes these underlying
judgments ¢ 2ar both to those making and those reviewing the rankings. The

S presents information from all factors and requires the panel to
explicitly decide on the relative weights for each factor, thus formalizing
the decision makers’ informal ranking system and facilitating a consistent
approach to the ranking of numerous sites. The RIS, however, does not impose
consistency; it only ensures that the decision makers are aware of any
inconsistencies, thereby allowing them to either adjust the weights or
justify the apparent inconsistency.
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3.0 MULTIMED™" ENVIRONMENTAL POLLUTANT ASSESSMENT SYSTEM

A11 the public health scores used in the RIS are derived from, or relate
to, MEPAS output parameters. Hence, to understand these public health scores
used in RIS, a knowledge is needed of the process used to compute these out-
put parameters.

This section provides a brief description of the MEPAS methodology. The
objective of this section is to present the reader with sufficient detail to
understand the overall process by which heal- impact parameters are computed
using MEPAS. More detailed descriptions of the MEPAS formulations are given
in Droppo et al. (1989c), and Whelan et al. (1987). The detailed guidance
used in applying MEPAS in the Survey is given in Droppo et al. (1989a,
1989b).

3.1 BArYeROY )

MEPAS, which is an enhanced version of the Remedial Action Priority
System (RAPS) (Whelan et al. 1987), is a multimedia environmental assessment
system that starts with contaminant releases and simulates the movement of
contaminants though major transport pathways to human exposure routes. MEPAS
provides estimates of human health impacts though airborne, waterborne, and
direct exposure routes. Model outputs inc ide environmental concentrations,
health impact parameters, and related parameters.

MEPAS is based on mathematical algorithms that simulate contaminant
release to the environment and transport through environmental media to
receptor locations. Using the computed environmental concentrations at the
receptor locations, exposures and resultant health impacts are computed. The
mathematical & jorithms in MEPAS are based on standard approaches for model-
ing releases, transport and dispersion, and health impacts in atmospheric,
groundwater, surface water, an overland transport media. Inhalation,
ingestion, direct contact, and direct exposure pathways are included in the
health impact component. The interaction and coupling between the transport
pathways and the exposure assessment component of MEPAS are illustrated in
Figure 3.1.
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To reduce the number of required inputs and standardize the values used
for certain non-site-specific parameters, a MEPAS constituent database was
developed (Strenge and Peterson 1989). This PAS database contains toxicity
data, transfer factors, chemical and physical constants, and other relevant
constituent data.

For additional information on MEPAS components, refer to Droppo et al.
(1989c), Whelan et al. (1986), and Whelan et al. (1987), and for implementa-
tion information refer to Buck et al. (1989) and Droppo et al. (1989a, 1989b,
1989c¢).

3.2 ] N EALTH IMPACTS

The human health impacts are computed by MEPAS and expressed in terms of
risk factors. For applications of MEPAS, environmental problems are expres-
sed in terms of ranking units. The overall operation, referred to as a
facility, may have any number of ranking units. Each ranking unit may have
multiple releases to one, or more, transport media. Each release has an
associated transport énd exposure scenario for computation of potential human
health impacts.

3.2.1 (~=-sti*~nts and Associated Potential Impacts

MEPAS considers three types of constituent impacts: radioactive car-
cinogenic, chemical carcinogenic, and noncarcinogenic constituents. In
MEPAS, a risk factor is one of the factors used in computing the potential
impacts (Whelan et al. 1987). A risk factor characterizes - : pertinent
constituent toxicity properties for each pathway, population group, and
exposure time.

The computation of risk factors uses regulatory levels based on protec-
tion ¢ public health from harmful exposures to a constituent. Carcinogenic
risk factors are based on increased cancer incidences. Noncarcinogenic risk
factors are based on acceptable daily intakes for the chemicals of concern
based on EPA guidance.

The risk factor for carcinogenic effects from radionuclides is calcu-
lated assuming low-level exposure over the lifetime of an individual and is
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overland pathways, the release types are precipitation-driven release rate,
known contaminant release rate, or known water concentration at e receptor.

The atmospheric transport pathway in MEPAS has three major release
types: 1) stack/vent releases, 2) suspension of contaminated soil, and
3) gaseous releases through volatilization. The stack/vent is treated as a
point source and the latter two releases as area sources. Stack/vent
re 2ases are either modeled with known emission rates or environmental air
concentrations. Suspension and volatilization have three different release
types: 1) known emiss i rate, 2) emission rate internally computed by MEPAS

1sed on release and site characteristics, and 3) known environmental air

concentrations. For both point and area sources, the known environmental air
concentrations are used to back-calculate an emission rate.

3.2.3 Transport and Exposure Scenari-~-

The transport scenarios designate how the contaminant may move through
the environment. Table 3.1 shows the transport scenarios currently included
in MEPAS. Multiple 1ayers may be defined in the partially saturated zone
(vadose zone). Direct leaching to a saturated zone is also possible. The
outputs of the waterborne transport component include a time series of con-
taminant fluxes or concentrations in each of the modeled media along with
separate listings of initial contaminant arrival time, time of eak concen-
tration, and peak concentration val @ for each constituent. The outputs of
the airborne component include long-term average air concentration and depo-
sition patterns as a function of distance and direction from the ranking
unit.

The exposure scenarios designate the exposure routes and receptors for
computing health impact parameters. Exposure scenarios evaluated by MEPAS
are listed in Table 3.2. In these scenarios, populations at the receptors
can be exposed to contamination via inhalation, ingestion, direct contact,
and external exposure. The exposure analysis is based on 70-year increments.
Airborne exposures are computed only for the first 70-year period. For the
waterborne transport component of MEPAS, the exposure analysis is conducted
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T/ _E 3.2. MEPAS Exposure Pathways and Exposure Scenarios
Exposure to contaminated air:

Air/Surface soil - Inhalation, External exposure(a),
and/or Soil ingestion

Air/Surface soil - Crops - Ingestion
Air/Surface soil - Crops -+ Animals - Ingestion

Exposure to contaminated groundwater:

Groundwater - Ingestion

Groundwater - Bathing - Ingestion/Inhalation
Groundwater — Irrigation - Crops - Animals Ingestion
Groundwater — Animals - I :stion

Exposure to contaminated surface water:

Surface water - Ingestion

Surface water - Fish/Shellfish - Ingestion

Surface water - Irrigation - Crops - Ingestion

Surface water - Irrigation - Crops - Animals - Ingestion
Surface water - Animals - Ingestion

Surface water - Bathing - Ingestion

Surface water - Recreation - External exposure(a)
Surface water - Recreation - Ingestion

Direct exposure to contaminants:

Direct ingestion of surface soil

Measured food concentratzo?s
Measured radiation doses!@

(a) For radionuclides only.
for one transport pathway, one receptor, and one 70-year period at a time.

The required 70-year average concentrations are computed from the time series
generated by the waterborne transport component.
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TABLE ? ° HPI Discount Factor as a Function of Time

70-year Start Fractional
Time Time Discount
Period year Factor
1 0 1.00
2 70 0.50
3 140 0.25
4 210 0.125
5 280 0.063
6 350 0.031
7 420 0.016
8 490 0.0078
9 560 0.0039
10 630 0.0020
15 980 6.1 x 10°2
20 1330 1.9 x 10-6
30 2030 1.9 x 10-9
40 2730 1.8 x 10°12
50 3430 1.8 x 10-15
70 4830 1.7 x 10-21
100 6931 1.6 x 10-30

3.2.5 The Maximum Individual Index (MII)

In addition to the HPI, a Maximum Individual Index (MII) is computed
from MEPAS outputs of maximum individual impacts for the modeled receptors.
The maximum individual risk is equal to the maximum risk to an individual
from all of the pathways identified for the constituent. The total exposure
for a constituent is computed as the sum of the highest individual intake
rates for each exposure pathway over all time periods. This maximum exposure
may be greater than that which would occur to any one individual in the popu-
lation. The same time weighting that is used for the HPI is also applied to
1 e MII.

Mathematically, the MII is the sum of the risk factors. The risk factor
is based on the maximum average daily intake from inhalation and ingestion
(Dhyj, Dgjj) for all usage locations and time periods (Whelan et al. 1987).
As with the HPI, the MII can be computed with and without time-discount
factors.
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exposure
pathway

MII; = Z  RFjj (maximum)
jn=1

where MII is the maximum individual index for constituent i, j, is the num-
bered exposure pathways, and RF;j is the maximum risk factc for c istituent
i and exposure pathway j for all usage locations and time periods 1sed on
daily average individual intake rates.

The MII used in the analysis in this report is a version of a maximum
exposed indivi parameter. The maximum exposed individual para ‘:ter is an
index parameter representing the maximum risk that occurs in the affected
population. The MII is based on the sum of maximum individual impacts that
may be affecting different individuals. Although it is a conservative
assumption to sum risks over pathways for individuals, the distinction is
normally unimportant for screening applications because the h- iest risk
value generally defines the magnitude of the summed risk.

The MII selected for this analysis represents only one method of using
MEPAS outputs to defir maximum exposed individual impact. For the RIS, the
maxim  individual impact is characterized by two parameters, one based on
the highest impact to any current receptor and the other the maximum impact
to a hypothetical individual at the site boundary.
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4.0 HEALTH IMPACT PARAMETER ANALYSIS

An analysis was conducted to study the implications of the use of vari-
ous measures of public health risk in the RIS. This analysis was based on
the ranking units that were considered in the Preliminary Summary Report
effort described in Section 1.2. These ranking units for the 16 DOE DP sites
provide a set of cases for considering issues related to using various meas-
ures of public health risk.

The transport and exposure computations for these ranking units were

rerun usir the final Summary Report version of MEPAS. Following the efforts

' the Preliminary Summary Report (DOE 1988), MEPAS was 1 iated for the
final Summary Report to incorporate refinements from ongoing efforts (Droppo
et al. 1989a). This more recent version provides additional output parame-
ters for characterizing different aspects of health impacts. A set of
health impact parameters was thus generated for each constituent considered
at each ranking unit. This version of MEPAS also incorporates a number of
corrections and updates in the code and associated databases. As a result, a
one-to-one correspondence will not necessarily occur between rankings in this
report and rankings in the Preliminary Summary Report (DOE 1988), although
only minor differences are expected for most cases.

As described in Section 3.0, MEPAS is a computer-based methodology that
can be used to compute various human health impact parameters. In the pre-
liminary ranking effort, a single MEPAS output parameter (HPI) was used as a
measure of public health risk. In the final Summary Report effort, the RIS
will use several measures of public health risk including aspects such as
individual and population impacts, time of impacts, and type of impacts.

The results of the analysis of the various health impact arameters are
discussed below in terms of comparisons between the HPI and alternative
parameters to describe human he: th impacts. The range of concerns addressed
in this analysis arose mainly as the result of experience and comments
related to the preliminary ranking effort. For the sake of discussion, these
concerns are stated in terms of a series of issues related to use of the HPI
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separately in Section 4.4. Furthermore, because the HPI is expressed as a
)garithm of risk, the MII was converted to a similar scale.

Figure 4.1 shows the relationship between Log(MII) and the HPI for all
421 constituent pathways modeled for the 16 DP sites. The populations for
the HPIs in Figure 4.1 range from 10 to 3,000,000 people. The correlation
coefficient between HPI and MII is +0.94 indicating, as would be expected,
that the HPI and MII are highly correlated.

The high correlation coefficient calculated for HPI and MII does not
mean these two parameters are redundant. In fact, the scatter of the indi-
vidual points in Fi¢ -e 4.1 shows that a range of up to five in the Log(MII)
occurs for any given HPI. This range corresponds to a five order-of-
magnitude variation in the maximum individual risk for a given HPI value.

F :though the scatter appears to decrease with increasing HPI, this decrease
cot 1 be the result of fewer data points used to compute the larger HPI
values.

A Tine corresponding to regulatory decision levels for exposures of
individuals is plotted on Figure 4.1. For this discussion, if a data point
is above that line, that constituent is said to be "of regulatory concern for
individual exposures." This 1line crosses the HPI population-based values at
an HPI of about 40 points with a scatter of 15 points. Additional regulatory
decision levels for exposure of populations are discussed by ris et ¢
(1987).

Figures 4.2 and 4.3 are graphs of the HPI versus the MII for waterborne
and atmospheric constituent pathway cases, respectively. There are 312 con-
stituent pathways for the waterborne cases and 109 for the atmospheric cases.
The data points for the waterborne (Figure 4.2) and atmospheric (Figure 4.3)
constituent pathways show the same overall trend as the composite of all
pathways (Figure 4.1). The correlation coefficient between HPI and Log(MII)

)r the waterborne cases (Figure 4.2) is +0.91; for the atmospheric ca: 3,
+0.93 (Figure 4.3).

Using Figures 4.1, 4.2, and 4.3 to indicate the correspondence between
population and individual impacts provides a relationship that is consistent
with the interpretation of HPIs used in the preliminary rankings (see
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Table 1.2). HPI values for constituents in Groups 8, 9, and 10 (i.e., 70 <
HPI < 100) correspond to high MII values well above the level of regulatory
concern at Log(MII) of 0; constituents ranked as Groups 6 and 7 (i.e., 50 <
HPI < 70) predominantly have an MII above the level of regulatory concern on
Figures 4.1, 4.2, and 4.3. Groups 4 and 5 (i.e., 30 < HPI < 50) have MIIs on
the order of 1.0 and are borderline as being categorized of regulatory con-
cern. The maj« 'ty of constituents with an MII under 1.0 are assigned to
groups denoting a low level of concern because of potential health impacts.

Although these graphs show a consistency with the HPI definitions in
Tat 2 1.2, the position of specific environmental problems (represented as
data points) on this plot varies widely.

For illustrative purposes, a combination index "MIX" (short for mixture)
is define that attempts ) represent both individual and population health
impacts in a single parameter. This index was developed to investigate how
these two regulatory approaches interact in various transport pathways. The
MIX index is equa to the population risk (HPI) for cases where individual
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limits. The combined information generated by using both the HPI and the MII
appears to affect the airborne rankings more - in the waterborne rankings.

The HPI a | MII are thus related but are different measures of potential
impacts. Base on external review guidance to provide whenever possible
actual statistics on different aspects of risk, a combination arameter such
as MIX was not adopted in the RIS. Separate parameters were used to char-
acterize the population and individual impacts. Individual impacts are
incorporated in the RIS by use of two parameters to characterize maximum
individ 11 impacts to a modeled receptor and hypothetical maximum individual
impacts define at the facility boundary. The former provides 1 indication
of current maximum individual impact, and the latter provides an indication
of the maximum possible individual impact.

4.2 TYPE OF CON  [UENT IMPACT

An issue being considered is whether to use the HPI as a single ranking
index to compare constituents with different types of health impacts. The
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noncarcinogens. The question of how to include threshold information for
noncarcinogens in the RIS is addressed separately in Section 4.3.

As part of the concern over comparison of different effects, the ques-
tion arises of how the HPI relates to the number of effects. The HPI is
defined in terms of a ratio of the exposure for a constituent compared to a
regulatory level of protection for public health for that constituent. For
carcinogens this 'I finition makes the HPI proportional to the logarithm
of the number of effects. For exposures to noncarcinogens that exceed the
RfD, the number of he: th effects are expected to increase with Targer | I
vi J1es. Howeve for noncarcinogens, the HPI is not expected to be neces-
sarily proportional to the logarithm of the number of effects. For exposures

2ss than the Rfd, the HPI is a level of concern index representing only how
close the predicted exposures are to a maximum acceptable exposure repre-
sented by the RfD.

4.2.2 Analysis

To analyze the issue of type of constituent impact, the constituent
types were defined for each HPI based on the largest contributor to impact at
each ranking unit. Figure 4.7 shows the distribution of carcinogens and
noncarcinogens for these ranking units. The percentage of the constituents
in each HPI group (with each group 10 HPI points wide) for carcinogens is
gener: ly greater than for noncarcinogens. Figure 4.7 shows HPIs for i |
constituents modeled for the ranking units (as opposed to the ighest scoring
constituent), and therefore does not show - e relative percentage of those
ranking units with the highest HPIs for carcinogens and noncarcinogens.
Inspection of data points for the individual ranking units summarized in this
plot revealed that when a ranking unit contained a mixture of carcinogens and
noncarcinogens, the carcinogenic risk tended to be larg¢ than the noncar-
cinogenic risk.

The analysis showed that the issue of comparing carcinogens and noncar-
cinogens applies to ranking units with Tow HPI scores. The issue of whether
or not to include threshold information is particularly applicable for these
Tower HPI values (see discussion in Section 4.3).






4.3 THRE ) LIMIT FOR NON~""""NOGENIC CONSTITUEMTC

How the threshold 1imit for noncarcinogenic constituents should be
incorporated into the ranking process is also an issue of concern. This
issue was addressed by comparing rankings generated using different threshold
assumptions.

4.3.1 Discur~*-n

In risk assessment analyses, effects from noncarcinogenic chemicals are
based on a comparison of the actual dose with the acceptable 1limit, RfD (EPA
1989b). According to EPA’s definition, noncarcinogenic effects only occur
above a threshold limit that 5 equal to - : RfD.

For the HPI parameter, a linear model is used to represent noncarcino-
genic constituents such that for all exposures the HPI is based on fractional
ve les of the RfD at the receptor. The HPI formulation is an expedient
method for generating a continuous ranking for all cases where contamination
reaches the receptors.

The concern arises because if no threshold is used for noncarcinogens,
it is possible for comparisons to be made of no-effect noncarcinogenic expo-
sures with expected-effect carcinogenic exposures. Because the HPI considers
the exposed population, it is also possible that no-effect exposures for
large populations may be ranked higher than expected-effect exposures for
smaller populations.

Because the RfD is, by definition, a safe intake rate, the RfD is a
logical parameter to use as a threshold value to separate exposures. In the
current screening of a large number of sites, large uncertainties exist in
the computed magnitudes of exposures (see Section 5.0). As a result of this
uncertainty, the use of a threshold value may not be as appropriate as in
more detailed individual site investigation where the uncertainties may be

2SS.

4.3.2 Analysis

To analyze use of a threshold 1imit, the Log(MII) is plotted versus the
’I for noncarcinogenic constituent pathways in Figure 4.8. This graph can
be compared to Figure 4.1, which includes evaluation of all constituents.
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FIGURE 4.8. Logjg (MII) as a Function of HPI for Noncarcinogenic
Constituent Pathways

The noncarcinogenic constituent pathways account for 31% (131 « t of 427) of
all the constituent pathways analyzed that had HPIs greater thi -10.0. The
horizontal line at Log(MII) equal to 0.0 corresponds to exposure at the | )
value for the noncarcinogenic constituents.

The use of a cutoff 1imit below which the noncarcinogens i 2 not
included in the rankings was considered in this analysis. If only ncar-
cinogenic constituents with their intake rates greater than or equal to the
RfD (threshold 1imit model) were used for ranking, only 15% of 1ese con-
stituents would be ranked. In Figure 4.8, all noncarcinogens have :en
ranked and tl ir scores reported. Figure 4.9 shows the percentage ' non-
carcinogenic constiti 1ts that would be ranked based on different ¢ .off
levels referred to the threshold 1imit. Tl cutoff values plotted on the
logarithmic x-axis correspond to the minimum MII values for constituents that
are consider¢ in the ranking. A cutoff equal to the RfD has a value of
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1 (1 x 100). Although expressed as powers of ten, the MII data plotted in
Figure 4.9 are not risk values but rather the ratios of the exposures to the
RFD for each constituent.

The relationship shown by the points plotted in Figure 4.9 can be used
to estimate the percentage of noncarcinogenic constituents that could be
included for different selections of MII cutoff values. Including all
noncarcinogens in this data set is equivalent to having a MII cutoff limit
of 1077. When the MII cutoff is set equal to the reference dose (1 x 100),
all but the hit est 20% of MII values are eliminated. If an MII cutoff of
0.1 (1 x 10‘1) is used then the highest 30% of the MII values are used.

4.3.3 Conclusions

This issue of a threshold 1imit for noncarcinogens is addressed in - e
RIS by providing additional information to interpret the HPI (as opposed to
computing the I I with a threshold level for noncarcinogens). A health
effect category from MEPAS is supplied to provide a definition of - e type of
effect (radionuclide, chemical carcinogen, and noncarcinogen) associated with
a particular constituent generating the HPI score. In addition, the maximum
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For each constituent, MEPAS provides information on the time of first
arrival, time of arrival of peak concentrations, and duration of exposure at
the receptor Tocation. MEPAS also provides detailed tables of environmental
constituent concentrations as a function of time at the receptor. These
parameters describe the distribution of contaminant arrival at a receptor.

The HPI includes a factor for progressively discounting future impacts
as a function of when they occur. MEPAS computes the HPI for consecutive
average 70-year time periods for a total of 100 time periods (i.e.,

7000 years). Seventy years is assumed to represent a typical lifetime of an
individual. A time weighting factor reduces the magnitude of the health
impact exponentially with a half life of 70 years for every 70-year time
interval beyond the first 70-year period. Table 3.3 lists the time weighting
factors for selected times during the 100 70-year lifetime periods used to
compute the HPI. The weighting factors in Table 3.3 are approximately
equivalent to a 1% annual discount rate.

Time of travel is mainly of concern for cases involving movement of con-
taminants through groundwater because exposure times often extend, or occur,
beyond the first 70 years. Other waterborne and airborne pathways generally
have considerably faster movement of constituents in the environment. For
example, the HPI for airborne releases is evaluated only for the first
70 years based on the assumption that these immediate impacts will always be
the greatest in this pathway.

The choice of whether or not to use discounting for future health
impacts is mainly a policy issue. The argument in favor of using a time
weighting factor is that the more immediate environmental problems should be
ranked higher than ones that may occur in the future. The opposing argument
is that major future problems may receive low or insignificant rankings com-
pared to less important near-term problems. A related argument against
discounting future impacts is that now is the best time to remedy certain
long-term impacts.

Related to the time-of-impact issue is the assumption that existing
conditions will remain the same into the future. No allowance is made for
future population, land-use, or climate changes. This assumption of static
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conditions when evaluating future impacts is often referred to as a "snap-
shot" approach. Morris and Meinhold (1988), in their discuss: 1 of time
considerations for MEPAS, point out that not only are populat: 1s, rivers,
lakes, and land formations subject to change, but advances in medical science
might also make exposures to carcinogens or other toxic materials 1impor-
tant. Morris and Meinhold (1988) suggest that major changes in ra <ings can
result fri reasonable changes in the environmental conditions. However,
they also acknowledge that predicting such changes would be virtually impos-
sible. Furthermore, including potential changes will tend to greatly
increase the uncertainty in the resultant rankings. Morris and Meinhold
(1988) conclude that the assumption of static conditions does provide a well-
defined situation for a comparative analysis and the resuitant rankings do
reflect the relative hazard presented by different waste sites. T :y also
note that the time discounting factor reduces the importance « Tlong-term
effects, which are much more uncertain compared to near-term ¢ ‘ects.

4.4.2 Analysis

Although complete resolution of the time-of-impact issue is beyond the
scope of this report, the following comparisons of undiscounted and dis-
counted ranking parameters will provide information for evaluating effects
of time discounting. HPIs with time discounting, HPIs without time discount-
ing and Time Of Arrival (TOA) of contaminant at the exposure location were
computed for each the ranking units considered in the Preliminary Summary
Report. The TOA is the time at which an MII computed for a cc ;tituent = a
drinking water pathway first exceeds a value of 0.10. Thus the TOA indicates
the time at which significant concentrations first reach the receptor.

For the purposes of this analysis, the cases with a TOA less than or
equal to 70 years have been separated from cases with TOA values greater than
70 years. The former represents cases with near-term impacts d the latter
represents cases with impacts in the distant future. The near-term impacts
reflect relatively short groundwater travel times normally res ting fr
some combination of small distribution coefficients (K4s) for constituents,
high groundwater velocities, and/or short travel distances.
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Figure 4. ) is a plot of discounted HPI versus undiscounted HPI for
cases with impacts starting during the first 70 years. The high correlati«
reflects the small effect of the discounting factor for impacts : irting in
the first 70 years (but perhaps extending out over several lifetimes). Cases
falling on the one-to-one Tine represent cases in which all the significant
impacts occurred in the first 70 years. Cases above the line are cases in
which the HPI has significant contributions from impacts occurring after the
first 70-year time step.

Figure 4.11 is a plot of discounted HPI versus undiscounted HPI for
cases wit impacts starting in the distant future (i.e. a= 2r 2 first
70-year time period). The effect of discounting on the ranking parameter for
future impacts is obvious. The scatter from the one-to-one line indicates
that the HPI scores are reduced between 0 to 60 points by the time

discounting.
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Npeak differs from the HPI in two ways. First, Npeak is based on a
single peak exposure ratl * than an exposure integrated over time. Second,
Npeak does not include a time discounting factor. Npeak differs f' m the
undiscounted HPI only in the concentration used to characterize the exposure.

To evaluate the relationship between Npeak and an equivalent } I parame-
ter, Npeak was plotted as a function of undiscounted HPI (Figure 4.12). The
results indicate a relationship exists between this HPI and Npeak parameters,
although considerable scatter occurs in the relative rankings indicated by
the two parameters.

4.5.3 Concl ;ions

The comparison between rankings generated with integrated concentrations
and rankings based on peak concentrations shows that although a relationship
exists :twe¢ the HPI and Npeak paranr .ers, they provide rank gs ith
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FIGURE 4.12. ig19 of Normalized Peak Water Concentration
as a Function of HPI Without Time Discounting
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significant differences. The scatter may represent differences in the
distribution of how impacts are predicted to occur and not necessarily
fferences in total impacts.

Although the RIS does not directly incorporate a peak exposure parame-
ter, selected information is provided in the RIS on the time distribution of
impacts. The RIS provides a time of arrival to define when near-term (i.e.,
1 ~st 70 years) impacts start. The RIS uses maximum 70-year values to define
maximum individual impacts to modeled and hypothetical receptors.

4.6 SINGLE VERSUS MULTIPLE CONSTIT"'*™T€¢

An issue being considered is whether to characterize impacts of a rank-
1g unit based on the constituent with maximum impact, as is done with the
HPI, or on the sum of impacts by multiple constituents. This issue is
addressed by comparing rankings generated using both assumptions.

4.6.1 Discussion

The use of the constituent with the greatest impact to represent the
impacts of a site allows the analysis to focus on the worst constituent at a
site. Furthermore, there is no credit or penalty to the ranking based on the
number of constituents modeled. Of course, the more constituents that are
known and modeled, the greater the probability that a constituent with a
large impact is included. The use of the constituent with the greatest com-
puted impact also avoids the issue of adding impacts across different con-
stituent types. Because different types of constituents cause different
health effects (see Section 4.2), simple addition of level-of-concern indexes
may be inappropriate.

To understand the difference between the two methods tested for ranking
environmental problems, one must understand how the Tast step of the HPI is
calculated. The HPI is based on a logarithmic scale; an HPI is defined for
each constituent pathway at a ranking unit. The equation for an HPI is

HPT = 10 * LOG(PI)

4.23



where PI is the Preliminary Hazard Index of concern for each transport and
exposure pathway for a particular constituent. The PI can be thought of as
equivalent to the number of health effects for an exposed population.

Because the HPI is based on a logarithmic scale, the sum of impacts from
multiple constituents must be much larger than the maximum impact rom a sin-
gle constituent (i.e., the basis of the HPI) for the multiple con: ituent HF
to be significantly different than the single constituent HPI. For example,
consider a ranking unit with PIs for constituents A and B of 1.0 x 102 and
5.0 x 102, respectively. The individual HPI would be 20.0 for constituent A
and 27.0 for constituent B. Because the ranking units are ranked by the con-
stituent with the largest HPI value, the HPI for the ranking unit 1 this
example would be 27. Basing the ranking on the sum of PIs for these two con-
stituents, tI resulting HPI for tI ranking unit is 27.8. E' 1 if these two
constituents, A and B, each had equal impacts that gave HPIs of 27.0, the HPI
based on the sum of PIs for these constituents would be 30.0 : owing that the
magnitudes of HPIs are relatively insensitive to whether impac s are based on
one or multiple constituents. The argument for the use of tof | constituent
impacts is mainly that this approach provides a more comprehensive character-
jization of impacts. In the extreme case, use of a single constituent could
result in a site with multiple constituents being ranked lower in importance
than a site with a single constituent, even though the total risk from the
multiple constituents is greater than that of the single constitue

4.6.2 Analysis

In the preliminary rankings, the HPI score for a ranking unit was based
on an HPI computed from the constituent with the maximum human health impact.
As part of the HPI computation, the individual impacts were computed for all
constituents of concern in each ranking unit. In this analysis alternative
HPI values were computed based on the sum of impacts for multiple constitu-
ents, rather than the highest impact from a single constituent.

Figure 4.13 shows the comparison between the two ranking approaches:
one based on the highest impact for a constituent and the other based on the
sum of impacts for all constituents. There are only small dii :rences
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FIGURE 4.13. Highest Scoring HPI as a Function of HPIs
Based on Sum of Impacts

between these two rankings. The largest difference between these two rank-

ings is less than 5 HPI points, which is within the overall uncertainty of
HPIs as discussed in Chapter 5.0.

4.6.3 Conclusions

There is 1ittle difference between basing the HPI on the constituent
with the maxim 1 impact and basing the HPI on the sum of im s for all
cons ituents. The logarithmic nature of the HPI requires large changes in
the impacts to change the HPI significantly.

The RIS uses rankings based on both the maximum single constituent as
well as the sum of modeled constituents. Although there is little
difference between the rankings based on single and multiple constituent
impacts, the inclusion of HPIs computed by both approaches will provide
information on the multiplicity of defined contaminants at a site.
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5.0 UNCERTAINTY IN HEALTH ™PACT PARAMETERS

Ll :ertainties associated with the exposure assessment ~ocess include
input parameter uncertainty, model uncertainty, scenario uncertainty and risk
factor uncertainty (EPA 1988). The EPA notes that estimating uncertainty
from al the above sources quantitatively is difficult for applications of
models (such as MEPAS).

Input parameter uncertainty for MEPAS describes how well the input
parameters are known. This uncertainty includes error in actual measurements
of the parameters and error resulting from inadequacies in the characteriza-
tion data used for the input parameters. Also recognized by EPA (1988) are
uncertainties related to computing human health impact. The uncertainty in
computing health impact parameters together with the measurement errors
represent baseline variability for the input parameters.

Model uncertainty is a measure of how well a model de: ‘ibes the
nysical processes being represented in an application. Aspects of model
imitations are discussed in the mathematical formulations documents for

MEPAS (Droppo et al. 1989a; Whelan et al. 1987). To supplement these MEPAS
formulations, a discussion of mass budgets uncertainty is given in Appen-
dix A. For the preliminary rankings, the Survey documented sources of model
application limitations (DOE 1988). The final Summary Report will also
discuss model application limitations.

In applications of models such as MEPAS, a common assumption is that
conditions remain static. This assumption means that future populations,
land use, and climate, for example, do not change in the future. In addi-
tion, medical science, upon which the parameters used to estimate human
health impact are based, is also assumed not to change. These assumptions
result in exposure scenario and risk factor uncertainty.

Uncertainties in input parameters and models may have different impacts
for different problems. Morris and Meinhold (1988) point out that uncer-
tainty in inputs may result in a conservative characterization of a problem.
For such instances, high impacts computed for poorly characterized sites may
be the irect result of uncertainty in input parameters. acause problems
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uncertainty for a well-characterized site is discussed. The way that uncer-
tainty was accounted for in the Survey is described in the section on data
quality categories.

5.1.1 B~~~line HPI Uncertainty

One of the inputs to the RIS is a baseline HPI variability for a well-
characterized site representing the major transport and exposure scenarios
identified by the Survey. A sensitivity ¢ alysis (Doctor et al. 1990) pro-
vided estimates of the baseline variability for a representative set of the
transport pathways and exposure routes used in the Survey (DOEL 1988).

The 1seline HPI variability for four cat¢ iries of constituents and the
groundwater and overland flow pathways rom Doctor et al. (1990) is given in
Table 5.1. The four categories, based on combinations of constituent
half-lives an constituent distribution coefficient (Kq), in Tables 5.1
though 5.4 are 1) radionuclides with short half-lives (<140 years) and low K4
(<1.0 mL/g)(a); 2) radionuclides with short half-lives and hit K4, repre-
sented by 90sy and 90y; 3) either organic or, inorganic constituents, or
radionuclides with long half-Tives and Tow K4, represented by perchloroethy-
lene (PCE) and toluene; and 4) either organic or inorganic constituents, or
radionuclides with long half-lives and high K4, represented by As, PCE, and
Hg.

The HPI ranges for the waterborne transport in Figure 5.1 are given for
known flux cases (known flux) and precipitation-driven (precip) "ranking unit
to groundwater to surface water" (RU -> GW -> SW) pathways and for precipi-
tation driven "ranking unit to overland to surface water" (RU -> OL -> SW).
The base ine variability of the atmospheric pathways from Doctor et al.
(1990) is given in Table 5.2. HPI ranges are given for a point (stack)
release both with downwash (DW) and without downwash (NDW) for "ranking unit
to airborne exposure" (RU -> AIR). HPI ranges are given for area particulate
(resusp) and gaseous (volatil) re 2ases.

(2a) In the application of these results to the implementation of RIS,
the criteria for application of the "lTow K4" results were expanded
to include Kq less than or equal to 3 mL/g.
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TABLE 5.3. Estimated HPI Ranges as a Function of Transport Sgenarios
and Constituent Types for the MEPAS Methodo]ogy(a

Radioactive constituent| Radioactive, inorganic,

Transport with a short half-life| or inorganic constituent
scenario
Tinkage Tow Ky high Kg | Tow K4 high K4

RU->GHW
precip 2 28 3 28

RU->GW
known flux 4 32 2 18

RU->GW->SW
precip 2 28 3 28

RU->GW->SW
known flux 4 32 2 .18

RU->0L->SW
precip 22 30 29 33

RU->0L->SW
known flux 1 1 1 1

RU->SW v
direct 1 1 1 1

RU->AIR
stack(DW) 1 1

RU->AIR
stack (NDW) 2 3

RU->AIR
resusp 3 2

RU->AIR
volatil not modeled 17

(a) "RU" = ranking unit, "GW" = groundwater, "SW" = surface
water, "OL" = overland, "AIR" = airborne, "precip" =
release by precipitation-driven flux, "known flux" =
known flux, "direct" = direct discharge to media, "DW" =
case with downwash, "NDW" = case without building
downwash, "resusp" = area suspension of particles, and

"volatil" = area volatilization of gases, and "K4" is
distribution coefficient with "low" defined as being less
than 1 mL/g.
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Given that or y a finite number of transport pathways and exposure
scenarios could be considered in the sensitivity analysis, the pathways were
chosen to maximize applicability of the information in Tables 5.1 and 5.2 to
DOE’s ranking units.

Table 5.3 gives the HPI ranges for all possible transport pathways con-
tained in MEPAS based on extrapolation from the ranges given in Tables 5.1
and 5.2. Based on the discussion in Section 1.1 of Doctor et al. (1990), the
HPI ranges in Tables 5.1 and 5.2 were extrapolated to additional pathways
( able 5.3). The HPI ranges for known flux and precipitation-driven "ranking
unit to groundwater” (RU -> GW) pathways were assumed to be approximately
the same as those for the comparable known flux and precipitation-driven
"ranking unit to groundwater to surface water" (RU -> GW -> SW) pathways.
This assumption was based on the fact that the variability from the longer
pathway includes both that from the RU -> GW component and that from the GW -
> SW component. The latter may be thought of as analogous to the (RU -> SW)
pathway in having a relatively small uncertainty. Because the sensitivity
results in Doctor et al. (1990) show GW component variables generally con-
tributing a large fraction of the computed variability, the RU -> GW pathway
is assumed to have the same HPI range as the longer RU -> GW -> SW pathway.
Thus the values in the first row of Table 5.3 are identical to the values in
the third row, and the values in the second row are identical to those in the
fourth row.

A short half-life for groundwater travel times is considered to be less
than 140 years because the constituents would decay significantly during the
first two, and most highly weighted, 70-year time periods. The HPI ranges
for the known flux groundwater pathway are based on sensitivity runs for a
case with minimal K4 (Case 2 in Doctor et al. 1990) and a case with realistic
Kg (Case 5 in Doctor et al. 1990). The baseline HPI range in Table 5.3 is
that expected for a well-characterized site. Less well-characterized sites
will have greater variability.

Cases with direct discharge to surface water are expected to have a
lower variability than are the three sensitivity cases with inflow 1inkages
from groundwater and precipitation-driven overland flow considered in Doctor
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et al. (1990). The surface water variables generally contribt 2 to a small
fraction of the variability in these cases. Assuming a known lux source
term for an ideal well characterized site, an HPI range of approxi itely

1 unit was estimated for direct discharge to surface water (row 7 of

Table 5.3). This 1-HPI-unit range is the minimum observed for the other
pathways. The ranges for the different constituents were all chosen to be
the s. : because the travel times in the river pathways would not be
different.

The known flux RU -> OL -> SW pathway (row 6 of Table 5.2 is equivalent
in MEPAS to a direct discharge into a river. Hence the HPI variability for
the direct discharge to surface water has been used for this pathway. The
variability for the precipitation-driven pathway (row 5 of Tal 2 5.3) was
inappropriate because that pathway includes variability from the constituent
either reaching or not reaching a river - an effect not included in a known
flux computation.

In the IS, the baseline HPI variability is represented using varia-
bility groups derived from the HPI ranges in Table 5.3. These groups were
selected to represent ranges of uncertainty as follows:

Group 0 for HPI range of < 4

Group 1 for HPI range of 5 to 14

Group 2 for HPI range of 15 to 24

Group 3 for HPI range of > 25

Table 5.4 gives the HPI baseline variability as group classifications
for each of the constituent types and transport pathways. The translation of
Table 5.3 into groups uses the grouping definition listed above exi >t for
the precipitation-driven RU -> OL -> SW pathway. In this transport pathway,
it was felt that the differences in computed variabilities were 1il ly mainly
reflecting differences in transport computations not related to differences
in constituent properties. Hence although one constituent type (radio-
nuclides with short 1ife with Jow Kq) had slightly lower variability, all
constituent types for this pathway were assigned to Group 3, based on the
average variability.
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5.1.2 D-~*-~ Qua'**y Cateqgories

The baseline variability discussed in the previous section represents
only a minimum level of HPI uncertainty based on input parameter ranges for a
well-characterized site. The RIS also includes a categorization of the
uncertainty in the input parameters for each problem.

The Survey found a range in the quality of characterization of environ-
mental problems at DOE sites. This range was expressed in terms of estimates
of input data quality. Each of the ranking units was placed in one of three
categories based on the number and type of assumptions used in deriving those
input .a tI  most influence the rankings. The data quality categories for

i rank j1 it are defined in Table 5.5.

Figure 5.1 shows DOE’s preliminary rankings sorted by data quality
groups expressed in terms of occurrences in HPI Levels (See Table 1.2). Both
number of ranking units and percentage of cases within each data quality
category are « own. The tendency is for poorly characterized sites to tend
to group at the bottom of the rankings (HPI Level V) and well-characterized
sites to group at the top of the rankings (HPI Level I). This tendency
1ikely ref 2cts the fact that characterization efforts have focused on the
environmental problems with the greatest potential impacts.

TABLE 5.5. Definition of Data Quality Categories(?)

r~*+agory N~€inition
A Good data 1ality; mainly monitoring data
and sampling data
B Average data quality; a few assumptions
C Poor data quality; many assumptions used

(a) Table was taken from DOE (1988).
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6.0 CONCLUSIONS

The analysis demonstrates the complexity of the use of impact-based
parameters as risk measures for ranking environmental problems. The HPI, a
time-weighted measure of population impact, represents only one of many pos-
sible measures of risk. Examples of other measures are individual impacts
and time of impact. The comparison of rankings with HPI and other impact
parameters demonstrates the complexity of using these parameters as ral ing
criteria.

An important factor in generating ranking parameters is shown to be the
time weighting factor used to progressively discount future impact. The
discounted HF value, as compared to the undiscounted HPI, greatly decreases
the relative importance of future impacts occurring by groundwater transport
compared to current impacts.

This analysis indicates that important impact information may be lost
by the use of a single impact parameter to represent public health risk.
Instead, a series of parameters are required to characterize each environ-
mental problem. The multiple aspects of potential health impacts include
population risk, maximum individual risk, and timing of impacts. The design
of the RIS allows differences in these and other aspects of risk to be
considered.

Indicators of the uncertainty in the computed risk parameters are
included in the RIS. A baseline uncertainty for HPIs resulting from data
input uncertainties is estimated based on the constituent and pathway sen-
sitivity analysis (Doctor et al. 1990). The uncertainty from input varia-
bility at most sites will be larger than this minimum baseline variability.
Therefore the baseline uncertainty is supplemented with a qualitative measure
of data quality for critical data inputs at each ranking unit. The pre-
Timinary rankings (DOE 1988) indicates that data quality factors do not
dominate the overall rankings.
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8.0 GLOSSARY

constituent pathway " e transport and exposure pathway that a
constituent travels through to impact human
health. An example of a constituent path-
way is transport through the groundwater to
impact human health through the ingestion
of contaminated drinking water from a well.
Each release unit (defined in a separate
entry) normally involves multiple consti-
tuent pathways.

environmental problem for DOE’s wvironmental Survey, the exis-
tence of contaminants in the air, surface
water, groundwater, or soil resulting from
DOE operations that poses or may pose a
hazard to human health or the environment.
It can also include the existence of con-
ditions at a DOE facility that poses or
may in the future pose a hazard to human
health or the environment.

Environmental Survey effort conducted by DOE to identify and
prioritize their environmental problems.

exposure contact of an organism with a chemical or
physical agent. Exposure is quantified as
the amount of the agent available at the
exchange boundaries of the organism (e.q.,
skin, lungs, gut) and available for
absorption (EPA 1989b).

exposure pathway the pathway by which the human population
can be exposed to a constituent. Pathways
include drinking water, showers, ingestion
of aquatic food, crops, animals, water
immersion, soil ingestion, and inhalation.
It should be noted that the U.S. Environ-
mental Protection Agency (EPA 1989b)
defines exposure pathway slightly differ-
ently. EPA defines exposure pathway as the
course a constituent takes from the source
to the exposed organism.

exposure route the course by which a constituent enters
the human body. This includes ingestion,
inhalation, dermal contact, and external
exposure and corresponds to the definition
given by EPA (1989b).
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exposure scenario

facility

Hazard Potential Index (HPI)

intake

lifetime average daily intake

Maximum Individual Index (MII)

one or more exposure pathways a: »ciated
with a receptor. An example of an exposure
scenario at a well receptor would be drink-
ing of water, consumption of irrigated
crops, and showering.

a collection of ranking units and/or

lease units considered as a sin¢ 2 entity.
The elements of a facility may be defined
in terms of political, econ ic, or geo-
graphical divisions.

a composite index risk parar er that is
computed by MEPAS to evalua- the relative
importance of environmental -oblems. An
HPI is generated for each ci ;tituent that
is being evaluated for each identified
transport and exposure sceni o. The HPI
is population based and var ; with the
environmental concentration at the receptor
and toxicity of the constituent. Whelan
et al. (1987) provide a der iled mathe-
matical description of the HPI.

a term used as a measure of exposure ex-
pressed as the mass ¢ a substance in con-
tact with the exchange boundary :r unit
body weight per unit time (e.g., mg
chemical/kg/day). Also termed t : normal-
ized exposure rate; equivalent to adminis-
tered dose (EPA 1989b).

a measure of exposure that is expressed as
the mass of a substance contacted per unit
body weight per unit time, averaged over a
1- :time (EPA 1989b).

a risk parameter calculated by MEPAS that
represents the maximum exposure to a hypo-
thetical individual. The total intake for
the individual is the sum of the highest
intakes for each exposure pathway over |1
70-year time periods.

An MII of 1.0 represents exposure at the
Reference Dose (RfD) level for noncarcino-
genic constituents and expos -e giving_a
1ifetime individual cancer risk of 1076
for radionuclides and carcir jenic
constituents.
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MEPAS

MIX combination parameter

normalize peak concentration

ranking unit

receptor or usage location

Reference Dose (RfD) Level

the Mt timedia Environmental Pollutant
Assessment System, a computer-based
methodology for evaluating potential
impacts resulting from releases of hazard-
ous materials to the environment. MEPAS is
based on a physics-based multimedia trans-
port and exposure pathway analysis.

an alternative impact parameter desianed to
illustrate an approach to combining - e
population impact (HPI) and maximum indivi-
dual impact (MII).

an impact parameter that represents a
drinking water concentration at the recep-
tor. This parameter is | 1lated by
dividing the environmental water concen-
tration by a constant water concentratiog
corresponding to a level of concern (10~
risk for carcinogens and radionuclides and
1.0 RfD ratio for noncarcinogens) for that
constituent.

an environmental problem or issue such as a
landfill or underground storage tanks. A
ranking unit can consist of multiple re-
lease units. Although not always equival-
ent on a one-to-one basis, the ranking

unit is roughly comparable to an operable
unit as defined by EPA. For DOE’s Environ-
mental Survey, ranking units consisted of
parts or sets of individual environmental
problems.

a point in space where contamination could
potentially expose a population through
groundwater, surface water, soil, or air.
Populations and exposure scenarios are
defined for each receptor.

defined as chronic Reference Dose, = is is
an estimate of a daily exposure of a non-
carcinogenic compound to a | man popula-
tion, including sensitive subpopulations,
that is 1ikely to be without an appreciable
risk of deleterious effects during a life-
time (EPA 1989b).
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release unit

RIS

risk

source term

Time Of Arrival (TOA)

transport pathway

With an uncertainty spanning per ips an
order of magnitude or greater, this chronic
f... was specifically developed b EPA to be
protective for long-term exposure to a
compound.

a place where a specific ty] of release
occurs, or may occur, to the environmer
(air, groundwater, and/or surface water).
Release units are components of a ranking
unit. For example, a rankir unit may be
underground storage tanks, and the release
unit could be a specific tank. At lea:
one transport and exposure scenario is
associated with each release unit.

acronym for DOE’s Risk Information System,
which is a two-step process for prioritiz-
ing environmental problems. Referred to as
R-I-S, this syst. was used  the DOE
Environmental Survey to prioritize their
findings of environmental problems.

in risk assessment, the possibility of
suffering harm from a hazard (Cohrssen and
Covello 1989)

the rate ¢ release of a coi minant to the
environment. For active opi itions, the
source term is the emission or discharge
rate. For inactive ranking units, the
source term is the rate of movement into
the media of concern.

the time (in years) at which the environ-
mental concentrations exceed a designated
level of concern at a specific location for
that constituent.

the environmental medium (g1 indwater, sur-
face water, overland, or ati phere)
through which a contaminant can migrate. A
source term links with the trans; -t path-
way, which then links with an ex; ;ure
pathway. A transport pathway is juivi ant
to the EPA (1989b) definition of an
environmental pathway.
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transport scenario one or several linked transport pathways.
An example of a transport scenario would be
ranking unit to groundwater to surface

water.
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APPENDIX A

MASS P'"1ETS UNCEF™ INTY

A possible source of uncertainty in any simulation of environmental
transport is the definition of contaminant mass within and between different
media. This appendix provides information on the influence of mass budgets
on the computed health impact parameters.

MEPAS automatically accounts for mass budgets within a waterborne or
airborne athway when the total mass is defined for a pathway. In cases

where ss inventories were not defined as inputs, checks were made by the
Survey to ensure total emissions were not greater than the total amount of
available contaminants.

As part of its design as a screening tool, MEPAS does not alloc .e mass
between transport scenarios. This approach is taken to 1) allow for evalua-
tion of multiple transport scenarios in the same media where mass depletion
be ieen scenarios would be problematic (e.g., groundwater transport to a well
and groundwater transport linked to surface water transport), and 2) avoid
having one transport scenario incorrectly depleting the mass potentially
avai ab~ for a transport scenario in a different media (e.g., a conservative
air emission computation based on leakage of a clay cap could eliminate the
source term for possible groundwater contamination). This user definition of
mass allocations provides flexibility for screening applications.

The main source of mass budget uncertainty is associated with the user’s
uncertainty in the definition of the inventory of material available for
release into each transport media. This uncertainty will be reflected in
compiled health impact parameters in cases where the releases rates, or total
release, is dependent on this inventory estimate.
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APPENDIX B

HEALTH IMP""T PARAMETCP UNCERTAINTY

The MEPAS constituent database contains physical, chemical, and health
impact data for each constituent (Strenge and Petersen 1989). The health
impact evaluation parameters are in the constituent database and thus are not
inpt by the user. For the database used in the Survey’s final Summary
Report, the contents were fixed in mid-1989 to allow applications to proceed

[ consis® 1t set of information. There are 773 constituents in this

» database, which includes the most appropriate and correct data availa-
ble. In general, the physical and chemical properties of the constituents
are not difficult to obtain, and the values are reliable (i.e., small amount
of uncertainty). The health impact parameters are more difficult to obtain,
and the uncertainty associated with them is greater than for the constitu-
ents’ physica properties.

Of these ealth impact parameters, the toxicity parameters are con-
sidered the most critical parameters contributing to uncertainty in the HPI
1lues. Sources for toxicity data are EPA’s Integrated Risk Information
System (I 5) database, Threshold Limit Values (TLVs), Registry of Toxic
Effects of Chi ical Substances (RTECS), and the toxicity val :s from other
constituents of similar structure and properties. The primary source of
constituent toxicity parameters is EPA’s IRIS, which is an on-line computer
information system. When data are not available from IRIS for a chemical
constituent, other methods must be used to estimate toxicity parameter

values.

The toxicity parameters are required for constituents to relate exposure
level to relative risk. For chemical constituents, the toxicity factors are
1e cancer potency factors (for carcinogens) or reference doses (for noncar-
cinogens). MEPAS uses cancer potency factors to evaluate risk from carcino-
genic constituents and RfD to evaluate relative risks from exposure to
noncarcinogenic constituents. At least one of these parameters must be
defined for inhalation exposure and one for ingestion (oral) exposure. The
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less certain sources. The values generated for specific constituents, are
not meant to represent absolute estimates of actual toxicity uncertainty
va les.

Radionuclide constituent pathways are assumed to have less uncertainty
in the predicted HPI value than chemical pathways as a result of the larger
bo r of health-effects data available for radionuclides. Noncarcinogenic
constituents with toxicity data based on LDgp have the greatest uncertainty.
Data from EPA studies are considered the best source of information and
therefore are thus assumed to have the lowest uncertainty for toxicity
parameters for chemicals.

An order-of-magnitude change in health impact corresponds to a range of
10 HPI points. An index value of 5 is used to roughly span an order-of-
magnitude uncertainty in relative health impacts. Thus Table B.1 provides an
i :x based on approximate ranges of uncertainty for the HPI parameter.

TABLE B.1. Criteria for Defining Toxicity Indices For Specific Constituents

Toxicity
Index Y~11'~ *-plication

5 for radionuclides for all exposure routes

5 for carcinogenic and noncarcinogenic constituents with
toxicity parameters evaluated by EPA (as reported in various
EPA references)

10 for noncarcinogenic constituents with inhalation toxicity
parameters based on Threshold Limit Values Time Weighted
Average (TLV/TWA) for occupational exposure

20 for noncarcinogenic constituents with ingestion toxicity
parameters based on animal acute dose information (e.g., LDsgg
values) as provided

5 for carcinogenic and noncarcinogenic constituents that have

inhalation toxicity parameters estimated from ingestion data
(same for ingestion toxicity parameters based on inhalation
data)
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