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PREFACE

The U.S. Department of Energy (DOE) is in the process of completing a
survey of environmental prob1ems,‘referred to as the Environmental Survey, at
“their facilities across the country. The DOE Risk Information System (RIS)
is being used to prioritize these environmenta1‘prob1ems identified in the
Environmental Survey’s findings.

Thé RIS ié 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 environmental issues.
In the second step, these scores are used as a basis for an expert panel to-
'prforitize these environmental problems. |

- This report contains a discussion of site-specific pub]it health risk
parameters‘and the rationa]é 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
‘ methodoTogy‘for evaluating the potential exposures resulting from multimedia
environmental tYansport of hazardou; materials. MEPAS was developed by the
Pacific Northwest Labbratory(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
risk 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 operaied by Battelle Memorial Institute
for the U.S. Department of Energy uncer Contract DE-AC06-76RlI 0 1830.

ii}/N

BRIk

\"'! 1



i e Lo L ) e we e an

SUMMARY

The U.S. Department of Energy (DOE) is in the process of comb1éting a
survey of env{ronmentaT probTems 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 ard éna]ysis, and prioritization of
environmental problems. Ar 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.fhe results of an analysis of the health impact

~ parameters in terms of their use in the Risk Information System (RIS). The

RIS is being used to conduct the Sdrvey's prioritizat.on effort.

The environmental problems identified in the Survey’s findings at

36 DOE facilities are being prioritized. The R13 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
muitimedia 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-
Timinary Summary Report for 16 DOE facilities directly involved in defense
production activities (DOE 1988). 1In 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 oniy one of many possible meas-
ures of -different aSpects of health impacts. Examples of other measures
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inciude impact for an individual, impact without time weighting, and time of
significant exposure. The analysis in this report uses the preliminary
prioritization as a starting point to study the 1mp11cat1ons of the use of
HPI and/or other parameters in the prioritization process

The comparison of the rankings of environmental prob1emé'using HPI and
other health impact parameters demonstrates the complexity of using these

‘parameters as ranking criteria. Some parameters appear to be highly corre-

Tated, and Tittle information is gained by using more than one of these
parameters. However, in some cases the parameters provide enough suffi-
ciently different information that the inclusion of both is desirable. The
results show that the time weighting factor used to progressive1y discount

future impacts is important when generating a ranking parameter. For

example, the time-weighted HPI value, as compared to the non-weighted HPI,
greatly increases the relative importance'of current impacts.

Analysis shows that important information kegarding impacts may be lost
if a single parameter is used to rank the impacts of environmental prob]ems
Instead, a series of parameters are required to character1ze each environ-
mental prob]em

The design of the RIS reflects the results of this analysis. RIS con-
siders multiple aspects of pbtentia] health impacts including population,
and individual exposures as well as time of impacts. For average population
risks, in addition to the time-discounted single contaminant score based on
the HPI, scores are generated for each ranking unit based on an undiscounted
HPI, multiple contaminant HPI, and undiscounted multiple contaminant HPI.
For maxirium individual risks, two scores are used based on actual and hypo-
thetical receptor impacts. A health effect category defines the type of
effects associated with the risk, and the time of arrival gives information
on the immediacy of impacts.

The uncertainty in the ranking parameters is charactekized in RIS in two
ways. First, a baseline variability score is derived based on the sensitiv-
ity of the HPI to variations in the input parameters. Second, a score is
provided that reflects the data quality category for input parameters.

Vi

I "y o g [ [ Ao e



- ACKNOWLEDGMENTS

~ We would Tike to acknowledge L. Angel who helped in the analysis
reported here. Also, we wish to thank the PNL reviewers of this document for

. their valuable suggestions: C. E. Cowan, P. G. Doctor, and M. D. Freshley.

We wish also to thank the following PNL personnel who made this document
possible: ‘M. G. Hefty, D. A. Perez, and R. E. Lundgren for editing, and
G. M. Owen, D. K. Mager, J. Hawkins, and C. Savard and the Sigma V Word
Processing Team for word processing. o

We wish to thank A. Toblin of NUS for his efforts in the app11cat1on of
MEPAS and his review comments on this report

We wish to acknowledge T. Longo of DOE’s Office of Env1ronmenta1
Restoration for detailed review comments. We also wish to acknowledge the
valuable insights on ranking parameter issues from the discussion at DOE’s
working group on risk characterization and External Review Group (ERG).

Special thanks go to R. J. Aiken of DOE’s Office of Envifbnment, Safety,
and Health (DOE-ESH) for his comments, guidance, and support in the develop-
ment of MEPAS. This work is supported by DOE-CSH under contract |
DE AC06-76RLO 1830.

vii/Vlil



CONTENTS

CPREFACE &+ o oo e e e e I R 11

iti
SUMMARY. © & v v v v e e e e R v
ACKNOWLEDGMENTS . . . & . . . . . . e I vii
1.0 INTRODUCTION .+ v v v ov e e e et et e e e e e s L1
1.1 ENVIRONMENTAL SURVEY . . . . . . . . oo oo v v v .. L. 1
1.2 VPRELIMINARY.PRIORITIZATIQN EFFORT . . . . . . S
1.3 SCOPE AND ORGANIZATION OF THIS REPORT . . . . . . . .. .. 1.6

2.0 RISK INFORMATION SYSTEM . . . . . . ... e e e e 2.1
2.1 OVERVIEW OF THE RIS . . . . . v o vvv v . 2
2.2 MECHANISTIC PHASE . . + v v v v v v v v e e e v oo..2.3
2.2.1 Pub1{c Health Risk Scores . . . . . . . . .« . . .« . . 2.3
2.2.2 Environmental Degradation Scores . . . . .. .. .. 2.6
2.3 JUDGMENTAL PHASE . . . . . . v . v vt ot 2.6
3.0 MULTIMEDIA ENVIRONMENTAL POLLUTANT ASSESSMENT SYSTEM . . . . . . 3.1
3.1 BACKGROUND . . . . . . . . .. R 3.1
3.2 HUMAN HEALTH IMPACTS . o o v v v e e oo e e e e e 3.3
3.2.1 Constituents and Associated Potential Impacts . . . . 3.3
3.2.2 Environmental Releases . . . . . « « .« « ¢ v ¢ o o 3.4
3.2.3 Transport'and EXposure SCenarios . . . . . . . . . . 3.5
3.2.4 Hazard Potential Index . . e e 3.8
3.2.5 The Maximum Individual Index . . . .. .. ..... 3.9
4.0 HEALTH IMPACT PARAMETER ANALYSIS . . . . . o . . . . . . L4
4.1 MAXIMUM EXPOSED INDIVIDUAL . , . . . . . . e . A2
4.1.1 Discussion . . . . . v v v e e e e e e e . P 4

ix

o W e st



5.0

4.1.2 Analysis. . .. ... ...
4.1.3 Conclusions . Ce e
4.2 TYPE OF CONSTITUENT IMPACT . . . .
§.2.1 Discussion . ;‘ ......
4.2.2 Analysis . . . .. .. ..
4.2.3 Conc]usfons e e e e e

4.3 THRESHOLD LIMIT FOR NONCARCINOGENIC

4.3.1 Discussion . . . . . ...

4.3.2 Analysis . .. .. . ...

4.3.3 Conc1u$idns . e e e

4.4 TIME OF IMPACT . . . . . . . . . .

4.4.1 Discussion . . . .....
4.4.2 Analysis '. e e
4.4.3 Conclusions . . . . . .. .
4.5 PEAK VERSUS INTEGRATED EXPOSURES .
4.5.1 Discussion . . .. ... .
4.5.2 Analysis . .. .. . ...
4.5.3 Conclusions . . . ... . ..

4.6 SINGLE VERSUS MULTIPLE CONSTITUENTS

- 4.6.2 Analysis . .. ...
4,6.3 Conclusions . . . . . ., . .

UNCERTAINTY IN HEALTH IMPACT PARAMETERS

5.1.1 Baseline HPI Uncertainty. .

5.1.2 Data Quality Categories . .

oooooooooooooo

--------------

i

CONSTITUENTS . . . . . . |

--------------

--------------

ooooooooooooo

--------------

nnnnnnnnnnnnn

-------------

ooooooooooooo

-------------

-------------

--------------

ooooooooooooo

oooooooooooo

-------------

-------------

-------------

-------------

5.1 EVALUATION OF UNCERTAINTY FOR THE ENVIRONMENTAL SURVEY . .

ooooooooooooo

L T N N N )

[ L 11 1] [TE



6.0 CONCLUSIONS . . . . . ... [T e e
7.0 REFERENCES . . . .. .. e e e e e e e .

Xi



.10

1

12

FIGURES

Re]ationship‘of this Report with Major‘Environmental

Survey Efforts and Reports
Elements of DOE’s Risk Information System

ooooooooooooooooooo

Schematic Diagram I1lustrating the Interactions Between
the Various Contaminant Transporting Media and How Contaminants
Affect Humans Through Their Environment '

ooooooooooooo

Logjp as a Function of HPI for A1l Constituent Pathways . . . .

Logyg as é Function of HPI for Waterborne Constituent
Pathways . . . . i e e e e e e e e e e e e e e e e e e

Logyp as a Function of HPI for Airborne Constituent

Pathways . . . . . . . . ..

. .

Parameters for A1l Constituent Pathways

ooooooooooooo

Comparison df-Rankings Between the HPI and MIX

Comparison of Rankings Between the HPI and MIX
Parameters for Groundwater Constituent Pathways . . . . . . ..

Comparison of Rankings Between the HPI and MIX
Parameters for Airborne Constituent Pathways . . . . . . . . ..

Percentage of Carcinogen and Nondarcinogen Constituent Types

by HPI Groups for A1l Constituent Pathways . . . . . . . . . ..

Logyp as a Function of HPI for Noncarcinogenic
Constituent Pathways . . . . . . . . . . . ... ... .o

Percentage of Noncarcinogenic Constituent Pathways Ranked as
a Function of MII Threshold Cutoff Value

oooooooooooo

Undiscounted HPIs as a Function of Discounted HPIs
for Waterborne Constituent Pathways with Impacts Starting
in the First 70 Years . . . . . . . . . . .. .. C e e e e e

Undiscounted HPIs as a Function of Discounted HPIs
for Waterborne Constituent Pathways with Impacts
Starting after the First 70 Years

---------------

Logjg of Normalized Peak Water Concentration as a
Function of HPI Without Time Discounting

Xii

4.12
.14
.15

.19

.20

.22

gy e



;4.13‘ Highest Scoring HPI as a Function ‘of HPIs Based on

Sum of Impacts . . . . . . . . . ... ... e

5.1 Frequency of Data Quality Categories by HPI Levels . . . . . . .

xiii



‘TABLES

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

DOE Scbring of Hazard Significance of HPI Groups . . C e

'MEPAS Transport Pathways and Transport Scenarios . . . . . . ..

MEPAS Exposure Pathways and Exposure Scenarios . .
HPI Discount Factor as a Function of Time . ... ... e

Base HPI Ranges for Waterborne‘Transport Scenarios

and Constituent Types for the MEPAS Methodology . . . . .. ..

Baseline HPI Ranges for Airborne Transport Scenarios
and Constituent Types for the MEPAS Methodology . . . . . . ..

Estimated HPI Ranges as a Function of Transport Scenarios
and Constituent Types for the MEPAS Methodology . . . . . . ..

Baseline HPI“Variabi1ity Groups for MEPAS and Constituent -
Types for the MEPAS Methodology . . . . . . . .. .. ... ..

Definition of Data Quality Categories . . . . . . . . o . . ..

Xiv

A N O



1.0 INTRODUCTION

The U.S. Department of Energy (DOE) is in the process of completing a
survey of environmental problems at 36 DOE sites. The DOE Environmental
Survey, hereafter referred to as the Survey, involves identifying, inspec-
ting, samp1ing, 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 hedlth and the environment. These Survey results will be presented in

a final Environmental Survey Summary‘Réport, hereafter referred to as the
- final Summary Report, | |

As part the Survey effort, éomputer 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 overall system beihg used by the Survey to prioritize the findings
is referred to as the Risk Information System (RIS). The RIS incorporates
both human health and environmental concerns. MEPAS is the component of the
RIS for computing 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.

1.1 ENVIRONMENTAL SURVEY

The Environmental Survey, being conducted by the DOE’s Office of
Environment, Safety; and Health, consists of identifying and prioritizing, on
an agency-wide basis, the DOE sites that potentia]ly,pose risks to public
health and the environment. The results of the Survey will provide DOE
management with baseline information on each environmental problem; this

1.1
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information can be used to develop uniform, comprehensive, 1ong-range plans
- for reducing potential public health and ehvironmental risks posed by the
~identified problems.

In the Survey efforts, an environmental probTem is defined as either of
~the following (DOE 1988):
1.- the existence of pollutants or hazardous material in the aik, sur-

face water, groundwater, or soil that results from DOE operations

and that poses or may pose a hazard to human health or the
environment «

2. the existence of conditions at a DOE site that poses or may‘pbse a
hazard to human health or the environment.

In general, environmental problems result when the amount of a hazardous
material exceeds federal, state, or local regulations for release of, con-
tamination by, or exposure to that particular material or when operating
conditions violate regulations or requirements. Conditions that meet regu-
latory or other requirements, where such do exist, are generally considered
not to constitute a potential hazard and are not identified as an environ-
mental problem in the Survey. Environmental problems may also result when a
nonregulated material is present at a concentration that results in suffi-
cient potential hazard to the local human popu1ation or environment.

Figure 1.1 shows the progression of efforts associated with the Survey
and how this report fits in that progression; only major Survey efforts and
product categories are shown. The first major Survey activity included a
review of all existing environmental information concerning the 36 DOE sites,
followed by site visits of 1 to 3 weeks by DOE Survey Teams. During the site
visits, team members reviewed additional documents pertaining to current and
past site operations and environmental status, inspécted facilities and
operations, interviewed personnel, and observed environmental sampling and
‘monitoring. Following the site visits, preliminary reports containing the
initial Survey findings (i.e., known and potential environmental problems)
were prepared for each site. ‘

On completion of the initial site visit, limited sampling and analyses
were conducted to confirm the existence of contamination and to provide
additional information concerning the nature of environmental problems. In

L
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Environmental Sufvey
Review of Existing Data Site

I

Initial Visits to 36
DOE Sites

SURVEY PRELIMINARY REPORTS
Survey Findings for Each
of 36 DOE Sites

[ |

SAMPLING AND
ANALYSIS PROGRAM

i TECHNICAL
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Provided by

Each Site

Sampling and
Analysis Reports

._.>__.
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Findings as Grouped into
Ranking Units (16 sites)

Emphasis on Single Risk Para-
meter from MEPAS Simulations

|

I

Environmental Survey,
Preliminary Summary
Report, DOE(1988)

N

Analysis of Health
Impact Inputs to the
U.S. Department of
Energy’s Risk

Information System
(This Report)

FIGURE 1.1.

R MEPAS Modeling of Survey Findings
I Grouped into Ranking Units
S
I
A DATA ACCURACY REVIEW (DAR)
P + Update of Survey Findings
P « Incorporate New Site Data
: [
C Final MEPAS Modeiing
2 |
I INTEGRATION PHASE ,
0 Use of Ranking Criteria Including
N MEPAS Public Health Parameters
Environmental Survey Summary Report
1990 (Planned Release)

Efforts and Reports.

Relationship of this Report with Major Environmental Survey
(Survey efforts are enclosed with a

single 1ine and survey report products with a double line.)
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addition, DOE management at each of the sites reviewed the preliminary

report for each site and provided commenté, 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 brob]ems based on the find-
ings reported in the Survey’s preliminary reports for each of DOE’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 UP sites. The prioritization of these environmental
problems in the Preliminary Summary Report (DOE'1988) relied mainly on out-
puts from MEPAS. Additional detéi] on the preliminary assessment effort is

given below as background for the analysis 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 Survey 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 future risks.

‘The Survey Teams revisited the sites in 1989 to identify and 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
haa been corrected). In addition, a significant amount of new information
concerning the findings was provided to and evaluated by the Survey.

The updated findings for the 36 sites were remodeled as appropriate
using MEPAS. These modeling efforts incorporate revised information from
the original sites visits, as updated by the sampling and analysis program,
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.

1.4
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This overall ranking generated in the RIS applicatioh 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 (listed
in Table 1.1), 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 chemicé]s, and noncarcinogenic chemicals. These
~ environmantal 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 Targest 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 Tack of
precision inherent in the HPI, these scores for ranking units wére‘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). New release, transport, and exposure components were added, and
existing components were improved. Also, in addition to this output, MEPAS



- TABLE 1.1. ‘Name and Locat1on of DOE Defense Production Sites
Included in the Pre11m1nary Summary Report

_Site Name - ' ‘ Locat1on

" Feed Materials Production Center ‘ Fernald, Ohio
Hanford Site ‘ Richland, Washington
Idaho National Engineering Laboratory Idaho Falls, Idaho
Kansas City Plant ‘ ‘Kansas City, Missouri
Lawrence Livermore National Laboratory - Livermore, California
Los Alamos National Laboratory Los Alamos, New Mexico
Mound Facility ‘ K Miamisburg, Ohio
Nevada Test Site : - Nye County, Nevada

~ Pantex Facility ‘ ' Amarillo. Texas
Pinellas Plant _ ‘ Largo, Florida
Portsmouth Uranium Enrichment Complex Piketon, Ohio
Rocky Flats Plant . ‘ Golden, Colorado
Sandia National Laboratory o Albuquerque, New Mexico

. Sandia National Laboratory, L1vermore Livermore, California
Savannah River Plant ‘ Aiken, South Carolina

Y-12 Plant O0ak 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 provided a DOE-
~specific database for the analysis of MEPAS risk-related output parameters.

1.3 SCOPE AND ORGANIZATION OF THIS_REPORT

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 contains 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 Section 5.0, app]ication uncertainty issues are discussed.
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Level

TABLE 1.2. ‘DOE Scoring of Hazard Significance of HPI Groups(a)

Group(b) | Potential Hazard Siqnificance(c)

I B

17

I11

v

100 These groups include the environmental problems of

9 most concern in terms of the potential hazard to the

8 public. The scores are based on the sizes of the
potential receptor populations and the toxicity and
concentration of the contaminants.

These groups include environmental problems that
represent a secondary level 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 contaminants. However, a few problems in
these groups include small receptor populations with
high toxicity or concentrations.

o~

These groups include environmental problems that
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, Tow doses, or low-toxicity contaminants.

S o

These groups include environmental problems that are
characterized as generally reaching receptors at
levels well below those used in regulatory decisions.

- DN W

0 This group includes environmental problems that are
not projected to reach receptors.

i

Table was taken from DOE (1988).

“An HPI group is defined in terms of a HPI range. The "0" group

represents ranking units with a HPI less 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 less 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.

Significance is based on the size of the potential receptor
population most frequently encountered.
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2.0 RISK INFORMATION SYSTEM

The DOE’s RIS is é methodology for organizing information on various

aspects of pub]ic health and envirbnmental 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 based on
‘internal and external reviewers’ comments on the ranking methodo}ogy used in

the Preliminary Summary Report.
problems that will be presented in the final Summary Report, the RIS is
The DOE currently

In addition to being the ranking methodo]dgy for the environmental
designed as a possible prototype of the method by which risk to public health

and environment can be integrated into DOE clean-up plans.
anticipates conducting external and internal reviews of the final Summary
The

Report and the methodology underlying the RIS. - These technical reviews of
the RIS, including the under]ying risk-based modeling (MEPAS), are planned to
be undertaken by the National Academy of Sciences and DOE laboratories. ‘
DOE also plans to have a formal pubiic review of the RIS (and MEPAS) A

methodologies.
As illustrated in Figure 2.1, the RIS consists of two distinct sequen-

2.1 QVERVIEW OF THE RIS
.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‘thé 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 th's pathway-based

(a) Also referred to as the "integration phaSe."
2.1
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DOE RISK INFORMATION SYSTEM (RIS)

Mechanistic Phase —> || Judgmental Phase (Integration Phase)
SCORES FOR

PUBLIC HEALTH CRITERIA

Site and regional WEIGHTS FOR

information/data used EACH CRITERIA

to generate information

on various aspects of Relative

risk using MEPAS —>1 significance

~—>1 of each criteria

‘ - weighted by
SCORES FOR ENVIRONMENTAL expert panel ‘ GENERATE RANKINGS
DEGRADATION CRITERIA

, T Weights applied
Scored using HRS ‘ > to scores to rank
concepts of sensitive problems

environment

FIGURE 2.1. Elements of DOE’s Risk Information System

computational approach for generating public health criteria inputs allows
DOE to take advantage of the monitoring and exposure data available at most
major DOE sites. Environmental degradation criteria are generated using a
qualitative approach based on the sensitive eavironment concept within the
proposed revised HRS developed by the EPA (40 CFR 300). This qualitative
approach allows scores for the environmental degradation criteria to be
developed based on the limited information available.

Data and assumptions used in the mechanistic phase are reviewed with
each DOE site. The information derived from MEPAS and from environmental
degradation.scoring describes various aspects of risks to public health and
the environment. The output from this mechanistic phase is nct a single
score, but rather a set of scores describing various aspects of the risks
posed by each ranking unit.
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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 population) and assign weights to develop an integrated
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 separation helps prevent policy decisions from obscuring the
analyses that take place in the mechanistic phase. For exanple, 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 independeht of the subjective and policy decisions
in the integration phase where these risk criteria may be used to derive the
final rankings.

2.2 MECHANISTIC PHASE

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

2.2.1 Public Health Risk 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 parameter (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 Tifetimes (7000 years) in the future.
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The RIS includes measures of potential population impacts with and

without time weighting. These HPIs use the risk computed for a single con-
taminant as being representative of the pr6b1em; These HPIs are supplemented
with HPI parameters based on total risk from multiple contaminants to provide
a fuller characterization. Thus, the four population impact parameters used
in RIS are

Single Contaminant Population Risk - Discounted A composite popu-
lation risk score that referred to as the HPI in this report is
computed for each constituent. This index is based on the time-
weighted total population risk resulting from exposure to a parti-

‘cular contaminant. The time weighting involves an exponential

discounting of the magnitude of future impacts. The constituent
with the largest HPI value is used to define the HPI score for
each ranking unit.

Single Contaminant Population Risk - Undiscounted Identical to the
HPI except the health impacts to future generaticns are not dis-
counted. This index is referred to as the undiscounted HPI in

this report. The lack of discounting makes the time period length
more important for the undiscounted HPI than for the HPI.

Multiple Contaminant Population Risk - Discounted A composite
score referred to as the combined contaminant HPI that is similar
to the HPI except the time-weighted population risks for all con-
stituents are added before converting the risk to an HPI score.

Multiple Contaminant Population Risk - Undiscounted Same as com-
bined contaminant HPI except the impacts to future generations are
not discounted.

The three measures of potential individual impact from MEPAS revolve

around the question of Jocations of current and future receptors. These
measures of individual impact are

Maximum Individual Risk to Modeled Receptor - An estimate of the

highest potential individual risk projected to the receptors
modeled based on current receptor locations. As unweighted risk,
this information provides an indication of the potential current
risk to an individual. ‘

Hypothetical Maximum Individual Risk at Site Boundary - An estimate
of the potential risk posed by contamination concentrations com-
puted at the site boundaries. This value represents a worst-case
future risk presuming access restrictions are maintained for

onsite activities. This component represents DOE’s current
radiation management approach.
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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 Category - 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.

o Time_of 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 _Tlevel of 107/, representing one-
tenth of the commonly used 1076 action risk level is used. For
noncarcinogens, the level is one-tenth of the reference dose. If
the designated risk level is not exceeded, time of arrival defaults
to the time that the maximum individual risk occurs.

o 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
control:

o Loss of Institutional Control - The significance of potential con-
tamination 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
hundred years from the present, the time when institutional control
is assumed to be relinquished.

For input to the RIS ;judgmental phase, these parameters are converted to
scores representing 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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2.2.2 Environmental Degradgtjon‘Scbres

~ For environmental degradatioh, the RIS focuses on potential harm to
"sensitive environments," as identified by EPA in the proposed revised HRS
(40 CFR 300). The RIS relies on the judgment of Survey Teams -- experts with
direct knowledge of the sites -- to evaluate the three environmental degrada-
tion criteria: 1) the type of sensitive environment affected, 2) the
Tikelihood that contaminants will reach that environment, 3) and the time of
contaminant arrival. In this subjective process, experts make broad but
important distinctions based on all available information. The method does
not include any measure of severity or possible consequences of potential
exposure at sensitive environments because of a lack of sufficient
~scientific information to categorize these consequences.

2.3 JUDGMENTAL PHASE

In the judgmental phase, the scores from each criteria from the mecha-
nistic phase are used as a basis for ranking the environmental problems. An
expert panel defines weights for the different criteria reflecting public
health and environmental risks. A revised Analytical Hierarchy Process (AHP)
is used in the RIS to derive these weights. The application of AHP in the
RIS judgmental phase is based on an adaption of EPA’s Risk Based Decision
Making (RBDM) project (EPA 1989a).

Priority setting, either formal or ihfbrmal, has always been a component
of most decision-making processes. Generally, decision makers have been
forced to use available information to set priorities in an informal manner.
This sort of system worked well when only a small number of sites was
involved. However, as the number of sites increases, the decision maker is
not able to make such evaluations with the same Tevel of confidence. With a
Targe number of sites, the decision maker will be unable to make consistent
comparisons among sites because of the extent of the information that must be
integrated and the range of criteria that must be weighted for each site.

The Jjudgmental phase of the RIS is intended to address this problem.
The expertise of the panel is incorporated directly into the prioritizing
process. Furthermore, the method of assigning‘weights to the ranking
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criteria forma1izes the decision makers’ informal ranking process, a1low1ng
the corsistent application 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 pane] may decide ‘that a large immediate risk to a relatively small popu-
lation should be ranked higher than a sma®ler risk to a much larger popula-
tion. The use of expert judgments provides a Togical, experience-based
method to make such decisions. The RIS, however, makes these underlying
Judgments clear both to those makirg and those reviewing the rankings. The
RIS 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 ensuhés that the decision makers are aware of any
inconsistencies, thereby allowing them to either adjust the weights or
justify the apbarent inconsistency.
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3.0 MULTIMEDIA ENVIRONMENTAL POLLUTANT ASSESSMENT SYSTEM

All the‘pub11c health scores ﬁsed in the RIS are derived from, or rels..

“to, MEPAS output parameters. Hence, to understand these public health scé oy

used in RIS, a knowledge {s needed of the process used to compute these out-
put parameters

This section provides a brief description of the MEPAS methodolagy. The

| | objective of this section is to present the reader with sufficient detail to

understand the overall process by which health impact parameters are computed
using MEPAS. More detailed descriptions of the MEPAS formulations are given
in Drouppo et al. (1989c). and Whelan et al. (1987). The detailed guidance
used in applying MEPAS in the Survey is given in Droppo et al. (1989,

©1989b).

3.1 BACKGROUND

MEPAS, which is an enhanced version of the Remedial Action Priority
System (RAPS) (Whelan et al. 1987), is a multimedia environmenta] 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 include 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 algorithms in MEPAS «re based on standard approaches for model-
ing releases, transport and dispersion,‘and health impacts in atmospheric,
groundwater, surface water, and 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 réquired inputs‘and‘standardiZe the values used
for certain non-site-specific parameters, a MEPAS‘constituent database was
~developed ‘(Strenge and Peterson 1989). This MEPAS database contains toxicity
data, transfer factors, chemical and physiral constants, and other relevant
~constituent data. | o '

f For additioné] 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). | ~ o

3.2 HUMAN HEALTH IMPACTS

The human health impacts are computed by MEPAS and expressed in terms of
risk factors. For‘app11Catidns 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 and exposure scenario for computation of potential human
~ health impacts. ‘

3.2.1 Constituerts and Associated Potential Impacts

MEPAS considers three types of constituent impacts: radioactive car-
cinogenic, chemical carcincgenic, 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 the pertinent
constituent toxicity properties for each pathway, population group, and
exposure time.

The computation of risk factors uses regulatory levels based on protec-
tion of public health from harmful exposures to a constituent. Carcinogenic
risk factors are based on increased cancer incidences. Noncafcinogenic 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 Tifetime of an individual and is
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‘equal to the product of the computed individual lifetime dose and the health
effects conversion factor. The dose factors are based on dosimetry of ICRP"
(1979 - 1982). The health effects conversion factor, expressed as risk per
unitfdose, was the value derived by Buhl and Hansen (1984) from NAS (1980).

Chemical carcinogenic risk factors are defined for ingestion and inhala-
tion exposure routes estimated from cancer potency factors (piimarily devel-
-~ oped by the EPA). These cancer potency factors relate the daily intake per-
unit body mass averaged over an individual’s lifetime to the risk of
developing cancer. ' |

For noncarcinogenic impacts, EPA (1989b) defines the chronic reference
dose (RfD) as an eStimate "of an exposure level for the human population,
including sensitive subpopulations, that is Tikely to be without an appre-
ciable risk of deleterious effects during a lifetime." The EPA includes in
their definition the fact that the uncertainties of the RfD span perhaps an
order of magnitude or greater. The MEPAS risk factors for noncarcinogenic
impacts, which are based on the RfD Tevels as established by the EPA for
intake via inhalation and ingestion, are the ratio of the estimated dose
divided by the RfD.

ATthoUgh normally one type of impact is associated with a constituent, a
constituent can have different types of impacts. A few constituents are
carcinogenic for one exposure:route and noncarcinogenic for another expoéure
route. Constituents also may be of concern both as a result of their radio-
active and chemical properties.

Risk factors are computed using information in the MEPAS constituent |
database. Strenge and Peterson (1989) document the source of each data
value. The toxicity data are based on EPA values whenever possible with
other references and estimation methods used only to supplement EPA data.

3.2.2 Environmental Releases

Each of the four primary transport pathways considered by MEPAS (ground-
‘water, surface water, overland, and atmospheric) has several associated
environmental release types. Detailed information on these release types may
be found in Droppo et al. (1989a). For the groundwater, surface water, and
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overland pathways, the release types are precipitation-driven release rate,
known contaminant release rate, or known water concentration at the receptor.

The atmospheric transport pathwéy in MEPAS has three major release

types: 1) stack/vent releases, 2) suspension of contaminated soil, and
3) gaseous releases through~vo1ati1ization} The stack/vent is treated as a
point source and the latter two releases as area sources. Stack/vent
releases are either modeled with known emission rates or environmental air
concentrations. Suspension and volatilization have three different release
types: 1) known emission rate, 2) emission rate internally computed by MEPAS
based on release andysite‘tharacteristics, 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 Scenarios

The transport scenarios designate how the contaminant may move through
the environment. Table 3.1 shows the transport scenarios currently included
“in MEPAS. Multiple layers 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 peak concen-
tration, and peak‘concentration vaiue 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,
v 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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TABLE 3.1. MEPAS Transport Pathways and Transport Scenarios

Gaseous or particulate emissions to air from ranking units that have
uncontaminated surface soil or nonsoil-type releases:

Ranking unit - Air/Surface soi1{a) | L

Ranking unit - Air - Surface soil - QLF/Surface soi1(a)(b)

Ranking unit - Air - Surface s0i1{28){P) - Groundwater

Ranking unit - Air - Surface s0i1(28)(b) . Groundwater - Surface water
Ranking unit -+ Air - Surface soil\d (b) - Overland - Surface water
Air as a source\C :

Gaseous or particulate contaminants in the surface soil with emissions from
1) Tandfills, to the atmospheric or overland environments, or 2) nonlandfill,
to the groundwater environment (SS = surface soil):

Surface soil =+ Air/Surface 3?11(d)
Surface soil ~ Groundwater(

Surface soil = Groundwater — Surface wa%gy(d)
Surface soil - Overland - Surface water

Releases to groundwater from ranking units, including Tandfills
(GW = groundwater): :

- Ranking unit - Groundwater
Ranking unit - Groundwater - Surface water
Groundwater as a source\C

Starts with releases to surface water (SW = surface water):

Ranking unit - Surface water

Surface water as a source(C)

Surface water as a source - Air(2)

Surface water as a source - Air - Surface soi](a)

A direct exposure to contaminants at receptor (DE = direct exposure):
Direct soil ingestion at receptor

Measured food concentrations at receptor
Measured radiation doses at receptor

(a) This transport scenario currently involves a two-step modeling process.
Eventually, this two-step process will be internally handled by the model.

(b) The second surface soil location is the result of atmospheric deposition of

‘ materials transported from the first surface soil location.

(c) The source is characterized by measured environmental concentrations that
take precedence over any modeling effort and that are used in the exposure
and health effects assessment.

(d) Measured contaminant concentrations are available to compute emissions
(gaseous and particulate) from contaminated surface soils.

3.6
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TABLE_3.2. MEPAS Exposure Pathways and Exposure Scenarios
Exposure‘to contaminated air: |

A1r/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 - Ingest1on

“Groundwater - Bathing -»Ingest1on/1nha1at1on
Groundwater - Irrigation - Crops «~ Animals - Ingest1on
Groundwater - Animals - Ingestion

Exposure to contaminated - ‘'rface 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 concentratioys
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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3.2.4 Hazard Potential Index (HPI)

The HPI is an index that reflects long-term average population, impacts
and contains an option for discounting impacts that do not occur in the next
70 years. In the RIS version of MEPAS, HPI values are reported with and
without a time-discount factor. The time-discount factor is an exponential

factor with a half-life of 70 years (assumed to be one human 1ifetime).

Table 3.3 shows how this factor varies with 70-year time periods. The dis-
counting factor only applies to waterborne exposures as‘yaterborne exposures
are computed out to 7000 years while airborne exposures occur in the first
70-year period. HPIs with a time discbunting were reported in the Prelimi-
nary Summary Report (DOE 1988).

The HPI is computed using a mu]tistep process. First, a preliminary
Hazérd Index (PI) is computed for each constituent. The PI is equal to the

product of the risk factor, the population, and the time factor summed for

each exposure pathway, receptor, time step, and transport pathway. This PI
is based on total human population exposure from a single constituent. The

PI is converted into the final HPI value by multiplying the base-10 Togarithm

of the PI by 10.0.

The HPI is scaled such that exposures to a single person will correspond
to a given constituent’s reference level of protection (10“6 for carcinogens
and RfD for noncarcinogens) will give the same magnitude of HPI. Thus the
HPI scales for carcinogens and noncarcinogens use the reference level of
protection as a common point for comparison. This formulation is not meant

to imply any equivalence of effects for these two classes of materials.

The HPI ranges from -250 to greater than 100 with the range of interest
from 0 to 100. An HPI computed for the exposure of a single person at a risk
level of 10°6 has a value of 0. Higher HPIs indicate greater impacts. HPIs
less than 0 are generated for low-level exposures down to an arbitrary small
value of -250. HPIs are computed for each constituent identified for a
ranking unit, and the ranking unit scores are based on the constituent with

the greatest computed total potential health impacts.
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TABLE 3.3. HPI Discount Factor as a Function of Time

70-year Start Fractional
Time Time Discount
Period year Factor
] 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 1075
20 1330 1.9 x 106
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
1.6 x 10-30

1100 6931

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-
Tation. The same time weighting that is used for the HPI is also applied to
the 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
(Dhij, Dgij)‘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§ = El RFy3 (maximum)
n =4 ‘

where MII is the maximum individual index for constituent i, Jj, is the num-
bered exposure pathways, and RF{j is the maximum risk factor for constituent
i and exposure pathway j for all usage locations and time periods based un
daily average individual intake rates.

The MIT used in the analysis in this report is a version of a maximun
exposed individual parameter. The maxiwum exposed individual parameter is an
index parameter representing the maximum risk that occurs in the affected
population. The MII is hased 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 highest risk
value generally defines the magnitude of the summed rick.

The MII selected for this analysis represents only one method of using
MEPAS outputs to define maximum exposed individual impact. For the RIS, the
maximum 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 using the final Summary Report version of MEPAS. Following the efforts
for the Preliminary Summary Report (DOE 1988), MEPAS was updated 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 methodolngy that
can be used to compute various human health impact parameters. In the pre-
Timinary rar' g 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 parameters are
discussed below in terms of comparisons between the HPI and alternative
parameters to describe human health impacts. The range of concerns addressed
in this analysis arose mainly as the result of experience and comments
related to the pre11m1nary ranking effort. For the sake of discussion, these
concerns are stated in terms of a series of issues related to use of the HPI



alone (as was done in the preliminary ranking). The discussion of each issue
includes background, analysis results, and conclusions.

4.1 MAXIMUM EXPOSED INDIVIDUAL

An 1ssue being considered is whether to include a health impact parame-
ter that reflects maximum individual exposure in addition to the HPI, which
is bused on population exposures, This {ssue was evaluated by comparing
rankings of problems based on the HPI with those based on individual health
impact parameters.

4.1,1 Discussion

If a population-impact-based parameter alone is used, the resulting
ranking may not adequately characterize risk for those individuals with the
- highest computed exposure. Certain individuals within a population will
either have 1ifestyles or locations that qualify them as maximally exposed
individuals (e.g., avid fisherman for a situation where consumption of con-
taminated fish is the primary exposure pathway). Furthermore, the population
ranking parameter may yield the same value for a case with lTow exposures in a
highly populated area as a case with high exposures in a sparsely populated
area, In an extreme case, an area with significant individual exposures
could score lower than a more populated site that has minimal individual
exposures, In contrast, for two environmental problems with identical maxi-
mum individual impacts, one centered in an urban area and another in a rural
area, the population risk parameters for these two problems will reflect
differences in the size of the affected populations whereas the individual
risk parameters will not.

4.1.2 Analysis

The MII, which reflects risk to an individual with the highest expos-
ures, was used to represent the individual impact parameter. The HPI, which
reflects the average risk to a population, was used to represent the popula-
tion risk parameter. To eliminate the effect of time discounting in compar-
ing of MIIs and HPIs, the MII included the same time-discounting factor as
the HPI. The influence of the time-discounting factor is considered
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separately in Section 4.4. Furthermore, because the HPI is expressed as a
Togarithm 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 HP: 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 Figure 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.
Although the scatter appears to decrease with increasing HPI, this decrease
could be the result of fewer data points used to compute the larger HPI
values,

A Tline corresponding to regulatory decision levels for exposures of
individuals 1s 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 Tine 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 Travis et al.
(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)
for the waterborne cases (Figure 4.2) is +0.91; for the atmospheric cases,
+0.92 (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 %o 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 majority of constituents with an MII under 1.0 are assigned to
groups denoting a Tow level of concern because of potential health impacts.

Although these graphs show a consistency with the HPI definitions in
Table 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 defined that attempts to represent Loih 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 equal to the population risk (HPI) for cases where individual
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- exposures either exceed or are within an order of magnitude of a regulatory

exposure limit. For lower exposures, the index is equa1‘t6 the maximum
individual exposure (MII).

To compare HPI and MIX parameters, the constituent pathways in the
Preliminary Summary Report were ranked using the numerical values of both the
HPI and MIX - the highest value had the number one ranking, the second high-
est the second ranking; etc. Each constituent pathway'was thus assigned
both an HPI ranking number and an MIX ranking‘number. These rankings'are
shown in‘Figure 4.4 where a low ranking number indicates a high HPI and a
high ranking number indicates a Tow HPI. The correlation coefficient between
HPI and MIX for all pathways (groundwater, overland, surface water, and
atmospheric) in Figure 4.4 is +0.95.

The high correlation for the HPI and Log(MII) is due in part to the fact
that MIX values are equal to HPI values for those cases that represent the |
worst human health impacts and have the highest ranking (i.e., approximate]y
the first 100 cases). After the 100th-ranked constituent pathway, scatter
beginS‘tb appear in the correlation between the two rankings. This is
equivalent to the transition zone between using HPIs and MIIs to define the
MIX parameter value (approximately the next 30 points). This scatter repre-
sents the difference between using the population-based HPI and using the
population/individual MII combination parameters for ranking. After the
450th-ranked constituent the agreement between the HPI ranking parameter
value and the MIX ranking value again becomes very close. This region of the
plot represents cases with large populations and relatively low contaminant
exposures where the MIX is nearly equal to the HPI.

The waterborne constituent pathways include both groundwater and surface
water cases. Figure 4.5 is a graph of the HPI ranking versus MIX ranking for
the groundwater constituent pathways. This plot shows a one-to-one correla-
tion between the HPI and MIX rankings for the first 95 constituent pathways,
which reflects the fact that the MIX parameter is defined by the HPI for
these constituents. The MII is greater than 10% of the regulatory level of
concern for these 95 constituent pathways. These 95 constituent pathways
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represeht épproximate]y 70% of the groundwater cases. A similar relationship

~occurred for the surface water cases.

‘ Figure 4.6 is a graph of the HPI ranking versus MIX ranking fdr only the
airborne constituent pathways. s noted for the groundwater pathway, there
‘is a .one-to-one correlation between the MIX ranking and the HPI ranking until
near the 30th-ranked constituent. This plot indicates that only 30% of the

constituents aSSOciated with the airborne pathways have MIIs greater than 10%

of the regulatory level where the MIX is defined by the HPI. More scatter in

the ranking occurs after this transition point than in the waterborne case in
Figure 4.5. From the definition of MIX, the greater scatter for airborne
than groundwater indicates that the airborne constituent:pathways have a
greater fraction of cases where the MIXs are defined by MIIs.

4.1.3 Conclusions

The analysis results show that maximum individual exposure information
should be included in the RIS health impact ranking barameters. Rankings of
constituent pathways based on the MII and HPI have similar overall trends,
especially for the constituent pathways with Targer computed human health
impacts. The aVerage‘Yesu1ts are equivalent, even when the data points are
sorted by transport pathway‘ However, the scatter in the MII and HPI com-
parisons is large enough that rénkings based on each of these individual
parameters can be expected to show considerable variation on a problem-to-
problem basis. ‘

The analysis using the MIX parameter shows how the individual and popu-
Tation risk considerations interact. The MIX parameter resulted in a one-to-
one correlation between MIX rankings and HPI rankings for about 25% of the
constituent‘pathways. Thus, 25% of the constituent pathways in this data set
have MIXs defined by MIIs. Nearly 70% of the ranked groundwater constituents
had MIXs defined by MIIs, though only 30% of the airborne constituents had
MIIs of this magnitude. This means that most of the groundwater pathways
with high HPIs (greater than 40) are probably also above regulatory limits.
In the case of the airborne constituent pathways, most of the cases with high
HPIs tend to have a mixture of MIIs above and below the presumed regulatory
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limits. The combined information generated by using both the HPI and the MII
appears to affect the airborne rankings more than the waterborne rankings.

The HPI and MII are thus related but are different measures of potential
impacts. Based on external review guidance to provide whenever possible
actual statistics on different aspects of risk, a combination parameter 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
individual impacts to a modeled receptor and hypothetical maximum individual
impacts defined at the facility boundary. The former provides an indication
of current maximum individual impact, and the latter provides an indication
of the maximum possible individual impact.

4.2 TYPE OF CONSTITUENT 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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principal concern is comparisons of carcinogenic and noﬁcarcinogenic impacts.
A secondary concern is the variation of effects within each constituent type -
(e.g., radioactive and chemical carcinogens). Analysis of the DOE ranking
units in the Preliminary Summary Report provided information on the d1str1-

~bution of HPIs in the d1fferent constituent categor1es

4.2.1 Discussion

The issue of comparing impacts from different types of constituents
arises because carcinogens and noncarcinogens cause different types of health
effects. Carcinogens are of concern because they cause cancer. Radioactive
carcinogenic constituent risk parameters are based on cancer fatalities (NAS

1980, 1990). Human health risk parameters for chemical carcinogenic con-

stituents are based on cancer incidences or fatalities depending on the
database used by the EPA in determining the dose response function for each
constituent. Effects of noncarcinogenic constituents are general measures of
human health impacts, with emphasis on health impacts that may be considered
1ife threatening.

In MEPAS, the effects of carcinogenic chemicals are based on cancer
potency factors and dose. The risk resulting from exposures to carcinogenic
chemicals are then compared to a risk limit set in EPA guidance. A standard
Jevel of protection of public health is about one cancer per million people
(EPA 1988b) or a 10-6 risk Timit. An initial review of the recently proposed
revisions of toxicity assessment for radioactive materials (NAS 1990) sug-
gests that these revisions would increase the estimate of the number of fatal
cancers per unit exposuke. This change, which involves less than an order of
magnitude, will result in a relative increase in importance of radioactive
carcinogens compared to chemical carcinogens. This shift is not expected to
significantly affect overall comparisons of problems with differences in
computed risk spanning many orders of magnitude.

The potential for health effects from a noncarcinogenic chemical is
based on a comparison of the actual dose with the acceptable exposure limit,
RfD (EPA 1989b). Noncarcinogenic health effects are assumed to only occur
above this RfD. The RfD is thus a threshold limit for exposure above which
health effects may occur. It represents a standard Tevel of protection for



‘noncarcinogéns. The question of how to include threshold information for

noncarcinogens 1in 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 HPI definition makes the HPI proportional to the logarithm
of the number of effects. For exposures to noncarcinogens that exceed the
RfD, the number of health effects are expected to increase with Tlarger HPI
values. However, for noncarcinogens, wne HPI is not expected to be neces-
sarily proportional to thé‘1ogarithm of the number of effects. For expusures
less 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 unhits. The percentage of the constituents
in each HPI group (with each group 10 HPI points wide) for carcinogens is
generally greater than for noncarcinogens. Figure 4.7 shows HPIs for all
constituents modeled for the ranking units (as opposed to the highest scoring
constituent), and therefore does not show the 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 larger 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 valtues (see discussion in Section 4.3).
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4.2.3 Conclusions

The discussion and‘ana1ysis clearly indicate the care that must be
taken in using the HPI as- a single ranking index to compare different types
of health impacts. Although the HPI formulation results in a convenient
continuous index for all cases where contamination reaches the receptors,
additional information on type of impact‘(carcinogenic or noncarcinogenic) is
needed to interpret HPI values in terms of expected effgcts.

The comparison of HPI values based on different types of health impacts
is addressed in the RIS by providing a health effect category. This category
defines the type of effect (radionuclide carcinogen, chemical carcinogen, or
noncarcinogen) represented by the constituent with the largest component
impact in the HPI for a ranking unit. The carcinogenic types are divided
into chemical and radiological because historically these two typés have been
treated independently. ‘



4.3 THRESHOLD LIMIT FOR NONCARCINOGENIC CONSTITULNTS

How the threshold Timit 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 Discussion

In risk assessment ana]yées,'effects from noncarcinogenic chemicals are
based on a comparison of the actual dose with the acceptable Tlimit, RfD (EPA
1989b). According to EPA’s definition, noncarcinogenic effects only occur
above a threshold Timit that is equal to the RfD.

For the HPI parameter, a Tinear model is used to represent noncarcino-
genic constituents such that for all exposures the HPI is based on fractional
values 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
Jogical 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
less.

4.3.2 Analysis

To analyze use of a threshold 1limit, the Log(MII) is plotted versus the
HPI for noncarcinogenic constituent pathways in Figure 4.8. This graph can
be compared to Figure 4.1, which includes evaluation of aill constituents.
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The noncarcinogenic constituent pathways account for 31% (131 out of 427) of
all the constituent pathways analyzed that had HPIs greater than -10.0. The
horizontal Tine at Log(MII) equal to 0.0 corresponds to exposure at the RfD
value for the noncarcinogenic constituents.

The use of a cutoff 1imit below which the noncarcinogens are not
included in the rankings was considered in this analysis. If only noncar-
cinogenic constituents with their intake rates greater than or equal to the
RfD (threshold 1imit model) were used for ranking, only 15% of these con-
stituents would be ranked. In Figure 4.8, all noncarcinogens have been
ranked and their scores reported. Figure 4.9 shows the percentage of non-
carcinogenic constituents that would be ranked based on different cutoff
lTevels referred to the threshold 1imit. The cutoff values plotted on the
logarithmic x-axis correspond to the minimum MII values for constituents that
are considered in the ranking. A cutoff equal to the RfD has a value of
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1 (1 x 100). A]though 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 107, When the MII cutoff is set equal to the reference dose (1 x 100),
all but the highest 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 fimit for noncarcinogens is addressed in the
RIS by providing additional information to interpret the HPI (as opposed to
computing the HPI with a threshold level for noncarcinogens). A health
effect category from MEPAS is supplied to provide a definition of the 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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tndividual risk input parameters for the RIS define how close the computed
maximum individual risk is to a regulatory level of concern for each type of
constituent,

For noncarcinogenic constituent exposures below the Rfd, the HPI pro-
vides useful ranking information on the proximity of the exposures to effects
levels. However, the analysis shows that information on the maximum indi-
vidual exposure needs to be included in the ranking process. Although the
magnitudes of these HPIs generally correspond to a relatively low level of
concern, considerable scatter occurs in the relationship between the Log(MII)
and HPI. Ranking units with HPIs indicating impacts of secondary concern
have exposures both greater than and less than the RfD (Figure 4.8). The
maximum individual exposure provides additional information for case-by-
case interpretation of the HPI.

‘ The results show that the rankings obtained are consistent with the
definitions of HPI groups used in the preliminary rankings (see Table 1.2).
No noncarcinogenic constituents ranked as Group I, and only a few that ranked
as Groups II and III were above or near the RfD value. A7l noncarcinogenic
constituents well below the Rfd were assigned to appropriate groups repre-
senting a Tow level of concern for potential health impacts.

4.4 TIME OF IMPACT

The 1ssue of whether to include the time of impact in the set of health
impact parameters in the RIS was studied by comparing rankings based on time-
discounted and undiscounted risks.

4.4.1 Discussion

The time at which impacts occur can be an important aspect of the poten-
tial health impacts for an environmental problem. The time of impact pro-
vides information that can be used to assign different weights to predicted
impacts based on when they occur. Normally, a major impact that will occur
tomorrow is of more concern than an equal impact that will occur 7000 years
from now.
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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 location. MEPAS &lso 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 1ifetime of an
individual. A time weighting factor reduces the magnitude of the health
impact exponentially with a half 1ife of 70 years for every 70-year time
interval beyond the first 70-year period. Table 3.3 1ists the time weighting
factors for selected times during the 100 70-year T1ifetime 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 1s 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 1s 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 Tess important near-term problems. A related argument against
discounting future impacts is that now i1s the best time to remedy certain
long-term impacts.

Related to the time-of-impact issue 1s 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 1mbacts is often referred to as a "snap-
shot" approach. Morris and Meinhold (1988), in their discussion of time
considerations for MEPAS, point out that not only are populations, rivers,
lakes, and land formations subject to change, but advances in medical science
might also make exposures to carcinogens or other toxic materials unimpor-
tant. Morris and Meinhold (1988) suggest that major changes in rankings can
result from 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 resultant rankings do
reflect the relative hazard presented by different waste sites. They also
note that the time diccounting factor reduces the importance of Tong-term
effects, which are much more uncertain compared to near-term effects.

4.4.2 Analysis
Although compiete 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 constituent in 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 and the latter
represents cases with impacts in the distant future., The near-term impacts
reflect relatively short groundwater travel times normally resulting from
some combination of small distribution coefficients (Kqs) for constituents,
high groundwater velocities, and/or short travel distances.
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Figure 4.10 is a plot of discounted HPI versus undiscounted HPI for
cases With impacts starting during the first 70 years. The high correlation
reflects the small effect of the discounting factor for impacts starting in
the first 70 years (but perhaps extending out over several lifetimes). Cases
falling on the one-to-one 1ine represent cases in which all the significant
- impacts occurred in the first 70 years. Cases above the 1ine 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 with impacts starting in the distant future (i.e. after the first
70-year time period). The effect of discounting on the ranking parameter for
future impacts 1s 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.

100
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FIGURE 4.10. Undiscounted HPIs as a Function of Discounted HPIs
for Waterborne Constituent Pathways with Impacts
Starting in the First 70 Years
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4.4.3 Conclusions

This analysis shows that the time-discount factor does significantly
reduce the magnitude of the ranking parameter for future impacts (Fig-
ures 4.10 and 4.11). The ranking parameter without the time discounting
factor provides valuable additional information for interpreting the ranking
parameter with the time-discount factor.

The effect of time of impact is incorporéted two ways in the RIS. For

near-term impacts (those predicted to occur in the first 70 years), the time

of arrival is used as a measure of the immediacy of the probTem. A RIS
parameter is provided that designates the arrival time in one of five time

period groups covering the first 70 years. For impacts of concern beyond the

first 70 years, the time when impacts are predicted to occur is accounted for
in the HPI by the time discounting factor.
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4.5 PEAK VERSUS INTEGRATED EXPOSURES

‘Also considered is whether the ranking should be based on exposures
calculated from‘peak or average concentrations. This issue was addressed by
comparing rank1ng parameters based on peak concentration with the HPI, which

“is based on 1ntegrated exposures

4,5.1 Discussion

Transport scenarios involving the groundwater pathway often have impacts
extending far into the future. HPIs are based on the sum of time series of
70-year-average contaminant impacts at the receptor for the next 7000 years.
A time discounting factor is used to discount future impacts (see Sec-
tion 4.4). These concentrations may take hundreds or even thousands of years
" to arrive at a receptor because of slow groundwater flow rates or attenuation
in the soil. Thus for groundwater transport, the water concentrations may
first arrive at the receptor far in the future. In addition to arriving in
the future, the arrival distribution may also be spread over hundreds or even
thousands of years depending on source characteristics, groundwater flow, and
attenuation. Thus, the distribution of effects for contaminants in the
groundwater pathway at a particular site may be spread over quite different
periods of time. ' |

4.5.2 Analysis

The distribution of environmental concentrations at the receptor influ-
ences the determination of human health impacts over time. An approach
other than using average concentrations is to base the ranking parameter on
‘the peak concentrations. The approach for analyzing peak versus integrated
9xpo$ures was to examine the relationship between ranking with HPIs and a new
parameter, Npeak, which is based on normalized peak concentrations. Npeak
for a constituent pathway is defined as the peak water concentration at the
receptor divided by the water concentration corresponding to a regulatory
level for that constituent. The objective is to see how similar or dissimi-
~lar the ranking results are based on these two parameters.
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 Npeak differs»fkom the HPI in two ways. " First, Npeak is based on a
single peak exposufe rather than an exposure integrated over time. Second,
Npeak does not include a time discounting factor. Npeak differs from the

undiscounted HPI only in the concentration used to ;haracterize the exposure.

To evaluate the relationship between Npeak and an equivé1ent'HPI puiame-
ter, Npeak was b]otted as a function of undiscounted HPI (Figure 4.12). The
results indicate a relationship exists between this HPI and Npeak parameters,
a]thdugh considerable scatter occurs in the relative raukings indicated by
the two harameters.

'4.5.3 Conclusions

The comparison between rankings generated with ihtegrated concentrations
and rankings based on peak concentrations shows that although a relationship
exists between the HPI and Npeak parameters, they provide rankings with
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significant differences. The scatter may represent differences in the
distribution of how impacts are prédicted to occur and not necessarily
~differences in total impacts.

A]thdugh 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.,

“first 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 CONSTITUENTS

An issue being considered is whether to characterize impacts of a rank-
ing 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 1mpact 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), s1mp1e addition of 1QVe1 of-concern indexes
may be 1nappropr1ate

To understand the difference between the two methods tested for ranking
environmental problems, one must understand how the last step of the HPI is
calculated. The HPI is based on a 1ogarithmic‘sca1e; an HPI is defined for
each constituent pathway at a ranking unit. The equation for an HPI is

HPI = 10 * LOG(PI)
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where PI is the Pre]imjnary 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 1ogér1thm1c scale, the sum of impacts from

‘multiple constituents must be much larger than the maximum impact from a sin-

gle constituent (i.e., the basis of the HPI) for the multiple constituent HPI
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 in this

example would be 27. Basing the ranking on the sum of PIs for these two con-
stituents, the resulting HPI for the ranking unit is 27.8. Even if these two
constituents, A and B, each had equal Hmpacts that gave HPIs of 27.0, the HPI

‘based on the sum of PIs for these constituents would be 30.0 showing that the

magnitudes of HPIs are relatively insensitive to whether impacts are based on
one or multiple constituents. The argument for the use of total constituent
impacts is mainly that this approach provides a more comprehensive character-
ization of impacts. In the extreme case, use of a single constituent could
result in a site with multiple constituents being ranked Tower 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 constituent.

4.6.2 Analysis

In the preliminary rankings, the HPI score fer 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 anaiysis 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 differences
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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 maximum impact and basing the HPI on the sum of impacts for all
constituents. The Togarithmic 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 IMPACT PARAMETERS

Uncertainties associated with the exposure assessment process include
input parameter uncertainty, model uncertainty, scenario uncertainty and risk
factor uncertainty (EPA 1988). The EPA notes that estimatihg uncertainty
from all the above sources quantitétive]y 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 describes the
physical processes being represented in an application. Aspects of model
limitations 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 Timitations (DOE 1988). The final Summary Report will also
discuss model application Timitations.

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 1n‘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 direct result of uncertainty in input parameters. Because problems
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~ with larger input uncertainties will tend to be ranked higher rather than

Tower as the result of the use of conservative assumptions for those cases,
the process will tend not to exclude potential problems as a result of the
uncertainty in the computed risk parameters.

5.1 EVALUATION OF UNCERTAINTY FOR THE ENVIRONMENTAL SURVEY

N

Uncertainties in the health impact parameters generated by MEPAS can
arise from data, model, and application uncertainties. Data uncertainties
occur for application-specific data (i.e., input parameters) and for fixed-
value data (i.e., constants) associated with the computer code or its asso-
ciated databases. A sensitivity analysis for the MEPAS application to the
Environmental Survey (Doctor et al. 1990) was conducted to determine the
minimal variability in HPI values associated with the various transport and
exposure components of the MEPAS methodology. The variability in user-
defined input parameters was chosen to be the smallest ‘expected for each
parameter at an ideal well-characterized site. The sensitivity analyses were
nerformed for a set of environmental pathways and exposure scenarios repre-
sentative of those associated with the DOE ranking units described in the
Preliminary Summary Report (DOE 1988).

- The sensitivity study did not address uncertainties in constants used in
the model. The uncertainty of constants in the moedel can vary depending on
the nature of the constants. For example, most of the physical and chemical
parameters treated as constants have accepted fixed values, and uncertainty
for those parameters is therefore small. However, many of the toxicological
parameters that were also treated as constants are known to have large
uncertainties associated with them. This uncertainty in the toxicological
parameters is known to be a major source of uncertainty in computed health
impacts (EPA 1988). An initial analysis of the uncertainty from toxico-
logical parameters was conducted and is reported in Appendix B. This analy-
sis was developed for assessing uncertainties associated with these
parameters based on the source and quality of information.

The uncertainty for MEPAS application to the Environmental Survey was
evaluated with respect to application-specific data. The baseline HPI
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uncertainty for a we]]-charactérized 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 Baseline 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 analysis (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 (DOE 1988).

The baseline HPI variability for four categories of constituents and the
groundwater and overland flow pathways from Doctor et al. (1990) is given in
~Table 5.1. The four categories, based on combinations of constituent
half-lives and constituent distribution coefficient (K4), in Tables 5.1
though 5.4 are 1) radionuclides with short half-lives (<140 years) and Tow K¢
(<1.0 mL/g)(a) 2) rad1onuc11des with short half-lives and high Ky, repre-
sented by 905y and 90v; 3) either organic or, inorganic constituents, or
radionuclides with long half-lives and low K4, represented by perchloroethy-
lene (PCE) and toluene; and 4) either organic or inorganic constituents, or
radionucTides with Tong half-lives and high K4y, 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 baseline 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) releases.

(a) In the application of these results to the implementation of RIS,
the criteria for application of the "low K4" results were expanded
to include Kq less than or equal to 3 mL/g.



TABLE 5.1. Base HPI Ranges for Waterborne Transport Scenarlo§

and Constituent Types for the MEPAS Methodology\®

Radioactive constituent| Radioactive, organic,
Transport with a short half-1ife| or inorganic constituent
scenario
Tinkage Tow Ky high K4 Tow K4 high Kq
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

(a) "RU" = ranking unit, "GW" = groundwater, "SW" = surface
water, "OL" = overland, "precip" = release by precipita-
tion-driven flux, "known flux" = known flux, and "Kq4" is
distribution coefficient with lTow defined as being less
than 1 mL/g.

TABLE 5.2. Baseline HPI Ranges for Airborne Transport Scen?rios

and Constituent Types for the MEPAS Methodologyl@
Transport Constituent with Radioactive, organic,
&1nkage a short half-life or inorganic constituent
RU->AIR
stack(DW) 1 ]
RU->AIR
stack(NDW) 2 3
RU->AIR |
resusp 3 2
RU->AIR
volatil not modeled 17

(a) "RU" = ranking unit, "AIR" = airborre, "DW" = case with
building downwash, "NDW" = case without building
downwash, "resusp" = area suspension particles and
"volatil" = area volatilization of gases.
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BLE 5.3. Estimated HPI Ranges as a Function of Transport Scenarios
and Constituent Types for ?

the MEPAS Methodo

ogy (2

Transport
scenario
{Tinkage

Radioactive constituent
with a short half-1ife

Radioactive, inorganic,
or inorganic constituent

Tow Ky

high Kqg

Tow K¢

high K¢

-

RU->GW
precip

28

28

RU~>GW
known flux

32

18

RU->GW->SW
precip

28

28

RU=>GW->SW
known flux

32

.18

RU->0L->SW
precip

30

33

RU->0L~>SW
known fTux

RU->SW
direct

RU->AIR
stack(DW)

RU->AIR
stack (NDW)

RU->AIR
resusp

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 "Kq" is
distribution coefficient with "Tow" defined as being less

than 1

mL/g.
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TABLE 5.4. Baseline HPI Variability Groups for MEPAS a?d
Constituent Types for the MEPAS Methodology(a)

Transport
scenario
11inkage

Radioactive constituent
with a short half-11ife

Radioactive, inorganic,
or inorganic constituent

Tow Ky high Ky

Tow Ky

high K¢

RU->GW
precip

3

RU->GY
known flux

RU->GW->SW
precip

RU->CGW->SW
known flux

RU->0L->SW
precip

RU->0L->SH
known flux

RU->SW
direct

RU->AIR
stack(DW)

RU->AIR
stack(NDW)

RU->AIR
resusp

RU->AIR
volatil

not modeled

(a) See footnote in Table 5.3 for definition of terms.
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Given that only 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 extrapolatéd to additional pathways
(Table 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 Jonger
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
{5 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-Tife for groundwater travel times is considered to be Tess
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 Ky (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
Tower 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 contribute to a small
fraction of the variability in these cases. Assuming a known flux source
term for an ideal well characterized site, an HPI range of approximately

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

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

The known flux RU -> OL -> SW pathway (row 6 of Table 5.3) 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 Table 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 RIS, 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 except for
the precipitation-driven RU -> OL -> SW pathway. In this transport pathway,
it was felt that the differences in computed variabilities were Tikely mainly
reflecting differences in transport computations not related to differences
in constituent properties. Hence although one constituent type (radio-
nuclides with short 1ife with Tow Kq) had slightly lower variability, all
constifuent types for this pathway were assigned to Group 3, based on the
average variability.



5.1.2 Data Quality Categories

The baseline variability discussed in the previous section represents
only a minimum level of HPI uncertainty based on input paraméter ranges for a

| We11—characterized site. The RIS also includes a categorization of the

untertainty in the input parameters for each problem.

The Survey found a range in_the qua]ity 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 data that most influence the rankings. The data quality categories for
each ranking unit are defined in Table 5.5.

Figure 5.1 shows DOE’s pre]imiﬁary 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 shown. 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

likely reflects the fact that characterization efforts have focused on the

~ envirenmental problems with the greatest potential impacts.

TABLE 5.5. Definition of Data Qua]ﬁty Categories(a)

Category Definition
A Good data qua]ity; mainly monitoring data
and sampling data
B Average data quality; a few assumptions
¢ ‘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 popu]ationfimpact, 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‘ranking
criteria. | |

An important factor in generating ranking parameters is shown to be the
time weighting factor used to prbgressive]y discount'future impact. The
discounfed HPI 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 impovtant 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 impacté include
population risk, maximum individual risk, and timing of impadtsQ 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 Targer 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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constituent pathway

environmental problem

Environmental Suryey

exposure

exposure pathway

exposure route

8.0 GLOSSARY

the fransport 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.

for DOE’s Environmental 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.

effort cdnducted by DOE to identify and
prioritize their environmental problems.

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.g.,

-skin, lungs, gut) and available for

absorption (EPA 1989b).

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.

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 (HPT)

intake

1ifetime average daily intake

Maximum Individual Index (MII)

one or more exposure pathways associated
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 re-
lease units considered as a single entity.
The elements of a facility may be defined
in terms of political, economic, or geo-
graphical divisions.

a composite index risk parameter that is
computed by MEPAS to evaluate the relative
importance of environmental problems. An
HPI is generated for each constituent that
is being evaluated for each identified
transport and exposure scenario. The HPI
is population based and varies with the

~environmental concentration at the receptor

and toxicity of the constituent. Whelan
et al. (1987) provide a detailed mathe-
matical description of the HPI.

a term used as a measure of exposure ex-
pressed as the mass of a substance in con-
tact with the exchange boundary per unit
body weight per unit time (e.g., mg
chemical/kg/day). Also termed the 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
Tifetime (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 all
70-year time periods.

An MII of 1.0 represents exposure at the
Reference Dose (RfD) level for noncarcino-
genic constituents and exposure giving a

Tifetime individual cancer risk of 107®

for radionuclides and carcinogenic
constituents.

8.2



MEPAS

~ MIX combination parameter

normalized peak concentration

ranking unit

receptor or usage location

Reference Dose (RfD) Level

[N

the Multimedia 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 designed to
illustrate an approach to combining the

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 calculated 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
landfi1l 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 poirt 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, this is
an estimate of a daily exposure of a non-
carcinogenic compound to a human popula-
tion, including sensitive subpopulations,
that is 1ikely to be without an appreciable
risk of deleterious effects during a 1ife-
time (EPA 1989b).
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release unit

RIS

risk

source term

Time OF Arrival (TOA)

transport pathway

With an uncertainty spanning perhaps an

‘order of magnitude or greater, this chronic
RfD was specifically developed by EPA to be

protective for long-term exposure to a
compound.

a place where a specific type of release
occurs, or may occur, to the environment
(air, groundwater, and/or surface water).

- Release units are components of a ranking

unit. For example, a ranking unit may be
underground storage tanks, and the release
unit could be a specific tank. At Teast
one transport and exposure scenario is
assaciated 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-1-S, this system was used by 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 of release of a contaminant to the
environment. For active operations, 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
Tevel of concern at a specific location for
that constituent.

the environmental medium (groundwater, sur-
face water, overland, or atmosphere)
through which a contaminant can migrate. A
source term links with the transport path-
way, which then Tinks with an exposure
pathway. A transport pathway is equivalent
to the EPA (1989b) definition of an
environmental pathway.
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tfansport scenario ‘ one or several 1inked transport pathways.
, i An example of a transport scenario would be
ranking unit to groundwater to surface
water.
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APPENDIX A

MASS BUDGETS UNCERTAINTY

A possible source of uncertainty in any simulation of environmental
transport 1s 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 burdgets within a waterborne or
airborne pathway when the total mass {s defined for a pathway. In cases
where mass 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 i1ts design as a screening tool, MEPAS does not allocate mass
between transport scenarios. This approach 1s taken to 1) allow for evalua-
tion of multiple transport scenarios in the same media where mass depletion
between 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 depieting the mass potentially
available for a transport scenario in a different media (e.g., a conservative
alr 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 refiected in
compiled health impact parameters in cases where the releases rates, or total
release, 1s dependent on this inventory estimate. -

A.l
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APPENDIX B

HEALTH IMPACT PARAMETER UNCERTAINTY

The MEPAS constituent database contains physical, chemical, and health
impact data for each constituent (Strehge and Petersen 1989). The health
impact evaluation parameters are in the constituent database and thus are not
input 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
based on a consistent set of information. There are 393 constituents in this
MEPAS database, which includes the most appropriafe 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’ physical properties.

Of these health impact parameters, the toxicity parameters are con-
sidered the most critical parameters contributing to uncertainty in the HPI
values. Sources for toxicity data are EPA’s Integrated Risk Information
System (IRIS) database, Threshold Limit Values (TLVs), Registry of Toxic
Effects of Chemical Substances (RTECS); and the toxicity values from other |
constituents of similar structure and properties. The primary source of
constituent toxicity parameters is EPA’s IRIS, which is an on-1ine 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
Tevel to relative risk. For chemical constituents, the toxicity factors are
the 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

B.1
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genera] hierarchy in evaluating tox1c1ty parameters is given by the fo110w1ng

cr1ter1a

1. Use values from IRIS if available for inhalation and ingestion '

2. If IRIS values are on]y available for one intake route (1nha1at1on
" or ingestion), use the IRIS value for both routes.

3. When IRIS values are not available, use TLVs, if available, to
estimate an effective inhalation reference dose. Use of TLVs to
estimate inhalation reference doses is discussed below. Use the .

~inhalation reference dose for ingestion also.

4. When IRIS and TLV values are not available, use acute exposure
data for small animals from RTECS. Use of RTECS data is discussed
below. Data from Sax and Lewis (1989) may also be used in the same
manner as RTECS data.

5. If these sources of'data do not provide estimates of toxicity
parameters, then base toxicity est1mates on constituents of similar
structure and properties.

The toxicity parameters for radionuclides are the internal and external

dose factors. Radiation dosimetry factors are defined for radionuclides to
relate intake to dose, which is then converted to relative risk using a con-

stant factor for all radionuclides. Dose factors for radionuclides are
based on models and methods of the International Commission on Rad101og1ca1
Protection (ICRP) and are all of comparable accuracy.

A "toxicity 1nd1cator“ can be defined for each constituent in the MEPAS
database. The purpose of the toxicity indicator is to provide a semi-
quantitati-e indication of the accuracy of the toxicity parameter contained
in the constituent database based on the source of toxicity data. Toxicity

“indicators are provided for both inhalation and ingestion exposure routes.

The indicator represents the approximate rarn«:» of HPI points (about the
reported HFI value) within which the true HPI may be contained, considering
the uncertainty in the various methods for estimating the toxicity
parameters. :

General criteria presented in Table B.1 is used to establish the toxi-
city indices in the constituent database. The main information that these

Semdl am 5oV 2Ad~A e
HnuiLcs pi tuc 1o

These index values hav

- 2 Smadlam ~L -
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na o
e been scaled only to reflect greatervuncerta1nty for
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Jess certain sources. The values generated for speCific constituents, are
not meant to represent ‘absolute estxmates of actual tox1c1ty uncertainty -
values.

Radionuclide constituent pathways are aséumed to have 1éss uncertainty
in the predicted HPI value than chemica1‘pathways as a result of the larger .
body of health-effects data available for rad1onuc11des Noncarcinogenic.
constituents with tox1c1ty data based on LDgg have the greatest uncertainty.
Data from EPA studies are considered the best source of information and
therefore are thus assumed to have the Towest 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 Tabie B.1 provides an
index based on approximate ranges of uncertainty for the HPI parameter.

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

Toxicity j
Index Value . Application
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 1nformat1on (e.g., LDgg
* values) as provided
. 5 for carcinogenic and noncarcinogenic constituents that have

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

; | B.3
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