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PREFACE

This report summarizes the Columbia River pathway results of Phase I of
the Hanford Environmental Dose Reconstruction (HEDR) Project. The report
describes the releases of radioactivity that occurred in the past at the
Hanford Site, the computer models used by researchers to estimate how radio-
active material was transported away from the site and how, by various river
pathways, it resulted in populations being exposed to radioactivity. The
report also provides estimates of the doses that individuals may have
received and the uncertainty surrounding them.

This is one of three reports that summarize Phase I work. It is
directed to the general technical reader, as is the Air Pathway Report.
The Summary Report, which presents results from the air and river exposure
pathwvays, is intended for a general audience. Additional information is
included in the appendices of this report in tables and figures, and still
more detail can be found in the supporting documents listed in Appendix A.
It is anticipated that future technical reports and other publications will
be subjected to formal scientific review so that the work will satisfy the
rigorous criteria for acceptability by the scientific community.

PROJECT OBJECTIVES

The river pathway portion of Phase I had several objectives. Foremost
among these was to determine whether sufficient information exists or could
be reconstructed from incomplete records to enable a dose reconstrdction
study to proceed. A second objective was to design conceptual and compu-
tational models specifically to deal with uncertainties in the dozens of
variables needed to estimate doses to offsite populations. The final objec-
tives were to determine whether the data and models were sufficient to
enable credible doses to be estimated and to compare HEDR doses with pre-
viously published dose estimates. In summary, Phase I was a pilot or
demonstration phase. The Phase I preliminary dose estimates, which were
calculated to demonstrate the feasibility of reconstructing doses, will
definitely change as input and model structures are refined in later phases.
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The reader must recognize the preliminary nature of the dose estimates
that are presented and discussed in this and the two companion reports. As
the HEDR Project continues, the averages, ranges, and distributions of dose
estimates will change, for at least three reasons: refinement of input to
models, refinement of models, and changes in the extent of the final study

aread.

It is also important to note. that the objectives of the HEDR Project do
not include estimating risk or extrapolating to health effects that might
have resulted from radiation exposures. A related epidemiological study, the
Hanford Thyroid Disease Study, is being conducted for the Centers of Disease
Control (CDC) by the Fred Hutchinson Cancer Research Center. This study will

'seek to determine whether there is a correlation between thyroid disease and

estimated thyroid doses near the Hanford Site from exposures to iodine-131
releases during the early years of operation. The thyroid study does not
address the Phase I period for the river pathway, 1964-1966, which is the
subject of this report.

OBJECTIVES OF THIS REPORT

This report was prepared to describe the results of searching for,
evaluating, processing, and/or reconstructing the data needed for the feas-
ibility study. The report was also prepared to show the results of the
evaluation of existing models and computer codes. From the results, the
conclusion is that existing codes can be adapted for estimating doses and
for analyzing uncertainties of these estimates. The report is intended as a
demonstration of feasibility and not as a definitive, technical treatise on
Hanford data; cbmputer models; or regional demographic, agricultural, or
7ffesty7e patterns. Only enough information to demonstrate feasibility was
developed, analyzed, and documented in this report.

SUBSEQUENT-YEAR OBJECTIVES

In the remainder of the project, scientists'wfll identify and minimize
errors and shortcomings of Phase I work, including the work reported herein.
Scientists will evaluate and enhance the Phase I data and apply improved
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computer models; evaluate uncertainties in data and models; establish
geographic areas, radionuclides, and pathways of interest; support the
Hanford Thyroid Disease Study; and carry out activities that will result in
better dose estimates for specified populations and for individuals.

The term "Phase I" is used in this report to refer to the first of four
phases originally planned for the project. Phase I ended in July 1990. In
February 1991, the TSP decided to shift the project planning approach away
from phases--which were centered around completion of major portions of
technical activities--to individual fiscal years, which span October of one
year through September of the next. Therefore, activities that were pre-
viously planned for one of the three remaining phases are now designated to
occur in one or more of the next several fiscal years.

FUTURE DOCUMENTATION

Much of the HEDR documentation is yet to be produced. The scope, level
of detail, level of peer review, and mode of publication for each document
will be defined during task planning. It is expected that documents will
fall into one of four categories:

e summary documents intended primarily for the non-technical lay
reader

e summary documents intended primarily for the general technical
‘reader

e detailed topical documents intended primarily for the technical
peer reviewer (e.g., refereed technical journals)

e Jetter reports to transfer information among HEDR tasks or related
projects or to provide information to the TSP or its
subcommittees.

The intention is to provide information for readers with all levels of
interest.

PROJECT DIRECTION, QUALITY ASSURANCE. AND COMMENT INCORPORATION

The HEDR Project is directed by an independent Technical Steering Panel
(TSP) of scientists and representatives of the states of Oregon and
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Washington, of regional Native American Tribes, and of the public. The TSP’s
charter is to direct, review, evaluate, and approve all HEDR Project work.
The work described here was conducted by Battelle staff at the Pacific
Northwest Laboratory. The U.S. Department of Energy funded Phase‘I of the
project, but provided no technical direction, oversight, or review. Begin-
ning in FY 1992, Battelle will continue dose reconstruction activities under
contract to the Centers for Disease Control, which will fund HEDR and TSP
work. The TSP will continue to provide technical direction for the project.

The work described in this report was conducted in accordance with the
requirements of ANSI/ASME NQA-1 1986 Edition, Quality Assurance Program
Requirements for Nuclear Facilities, as interpreted by the PNL Quality
‘Assurance (QA) program.

Appendix D is a record of TSP comments and Battelle’s responses to those
comments; the TSP has reviewed and approved Battelle’s responses. The com-
ment numbers appear in this document in the left margin next to the para-
graphs in which the corresponding comments are addressed. Any text that has

" been changed is shown in italics. In addition to changes to address TSP
comments, some text has been changed for correction of errors and for further
clarification.

Vi
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ABSTRACT

This report summarizes the river-pathway portion of the first phase of
the Hanford Environmental Dose Reconstruction (HEDR) Project. The HEDR Pro-
ject is estimating radiation doses thaf could have been received by the pub-
1ic from the Department of Energy’s Hanford Site, in southeastern Washington
State.

Phase I of the river-pathway dose reconstruction effort sought to
determine whether dose estimates could be calculated for populations in the
area from above the Hanford Site at Priest Rapids Dam to below the site at
McNary Dam from January 1964 to December 1966. Of the potential sources of
radionuclides from the river, fish consumption was the most important. Doses
from drinking water were lower at Pasco than at Richland and iower at
Kennewick than at Pasco.

The median values of preliminary dose estimates calculated by HEDR are
similar to independent, previously published estimates of average doses to
Richland residents.

Later phases of the HEDR Project will address dose estimates for periods
other than 1964-1966 and for populations downstream of McNary Dam.
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SUMMARY

This is one of three reports that summarizes Phase I of a multi-year
radiation dose assessment, the Hanford Environmental Dose Reconstruction
(HEDR) Project. Pre]imiﬁary dose estimates were calculated to demonstrate
the feasibility of reconstructing doses. These estimates will definitely
change as input and model structures are refined in later phases. Detailed
descriptions of all aspects of the HEDR Project and the dose reconstruction
process are available in more than 20 supporting documents.

BACKGROUND

The HEDR Project was prompted by mounting concern about possible health
effects to the public from more than 40 years of nuclear operations at the
Hanford Site, in southeastern Washington State. The Hanford Site was
selected in 1943 (Figure 1) as the Tocation for the facilities used to pro-
duce plutonium for atomic bombs used in World War II. The first three
nuclear reactors--B, D, and F--began operating in 1944 and 1945. After World
War II ended in 1945, the reactors continued to irradiate uranium fuel and to
produce plutonium. From 1949 through 1963, six new reactors--H, DR, C, KW,
KE, and N--began operating. From 1964-1988, as the government needed less
plutonium, it eventually closed its production reactors. The largest
releases of radionuclides to the Columbia River resulted from the direct
cooling of the reactors (except N Reactor) with river water. Naturally
occurring elements in the cooling water and chemicals added in the water-
treatment process underwent nuclear transformation while passing through the
reactors and while adhering to cooling-system tubing in the reactors. Lesser
releases of radioactivity to the river resulted from ruptures in fuel ele-
ments and the subsequent loss of fission products.

The release of radioactive materials from Hanford was controlled through
several steps, including process controls, effiuent and environmental moni-
toring, and personnel monitoring.

ix
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FIGURE 1. Hanford Site and Key Operating Facilities, 1964-1966
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Effluent monitoring, which began with the startup of Hanford facilities
in 1944, consisted of measuring or estimating the amounts of radioactive
materials vented to the atmosphere and released to soils and to the Columbia
River. Daily measurements of materials released to the river continued
throughout the operation of the reactors.

Environmental monitoring began before facilities were completed and
eventually included measurements of radioactivity in the air, on the ground,
on vegetation, in food, and in Columbia River water, drinking water, sedi-
ment, fish, and other aquatic and marine life.

Onsite personnel monitoring of radiation exposure began when Hanford
employees first began working at the site (Wilson 1987). In addition to
measuring external exposure using pencil dosimeters, hand and foot counters,
and scans of clothing and extremities with Geiger counters, a bioassay pro-
gram and whole-body counts were conducted; beginning in 1959. These latter
measurements provide useful comparisons to the dose estimates of the HEDR
Project.

Offsite monitoring of people began in 1965. Over 5,000 schoolchildren
in the Tri-Cities area were monitored with the whole-body counters from 1965
to 1968. These monitoring data provide valuable comparisons with previously
published dose estimates for the same period and with the estimates calcu-
lated by the HEDR Project.

Potential radiation doses to the general population near the Hanford
Site were estimated and reported for the first time in 1957. Estimates of
these doses have been included in annual environmental monitoring reports
ever since. As technology has improved, dose calculation methods have
evolved and improved. Through 1973, dose estimates were based on measure-
ments of radionuclides in the environment and in foods. By 1974 (Fix 1975;
Fix and Blumer 1975), concentrations of radionuclides in the environment
decreased to the point where dose estimates had to be based on modeling from
measured or estimated releases. The decreases in environmental concentra-
tions of radionuclides originating from Hanford resulted from improved con-
trol technology, the closing of the original reactors, and the closing of
major chemical-processing operations.

Xi
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The first phase of the river pathway portion of the study, a pilot or
demonstration phase, was purposely limited to the area from Priest Rapids Dam
above the Hanford Site to the first downstream dam, McNary; to January 1964
through December 1966; and to radionuclides that were estimated to account
for more than 80% of the doses (Napier 1991). The unit of months was
selected as the level of temporal resolution for Phase I. This limited scope
influenced the selection of models and parameters and resulted in some
conservatism in the designation of the ranges and forms of distributions.

Later in the project, a review and testing wil] take place, during which
sensitivity analyses will be used to identify key parameters and the effects
of model structure. In subseguent years, scientists will refine parameters,
modify models, expand areas, extend time periods, and ensure that all key
emissions of radioactive materials from Hanford will have been addressed.

APPROACH

Figure 2 shows a simplified project conceptual diagram for calculating
doses from the river pathway. Pathways considered in Phase I are consumption
of contaminated fish, drinking treated or raw river water, and recreational
exposure to the river. Input to the HEDR model consists of distributions,
rather than point estimates, for each of the parameters and results in dis-
tributions of dose estimates. This approach incorporates estimates of
uncertainties resulting from spatial and temporal variability, incomplete
historical information, and estimates of historical analytical and sampling
errors.

The period 1964-1966 was selected because it provides an optimum combi-
nation of extensive monitoring information, independent measurements, rela-
tively high river concentrations, and a population newly exposed to drinking
water having relatively higher concentrations of radionuclides than other
downstream communities, that of Richland. Because of the extensive monitor-
ing data available for Phase I analysis, modeling was conducted only when
data for specific radionuclides were insufficient. Phase I used a simple
model that uses effluent measurements and river discharge as input and

Xii
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FIGURE 2. Conceptual Diagram of the HEDR Columbia River Pathway Model
uses only radioactive decay and dilution to provide radionuclide concentra-
tions at specific downstream locations.

Monthly concentrations of radionuclides in effluent, Columbia River
water, Columbia River fish, and in drinking water for 1964-1966 were taken
directly from previously published documents. The radionuclides addressed in
Phase I were selected based on analyses of the sources and estimates of their

contributions to dose (Napier 1991).
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RESULTS

Preliminary estimates of median drinking water doses for Richland,
Kennewick, and Pasco are depicted in Figure 3. Doses from drinking water
were Jower at Pasco than at Richland and lower at Kennewick than at Pasco.

For those individuals who drank treated river water and ate Columbia
River fish, the most important river pathway was consumption of fish,
especially resident fish, from areas above Richland where concentrations of
radionuclides in fish were at the highest levels (Figure 4).

The Phase 1 results demonstrate that this phase attained its key objec-
tives. First, sufficient historical information was retrieved and recon-
structed. Second, preliminary conceptual and computational models were
constructed to deal with uncertainties and to establish the foundation for
extensive sensitivity analyses to be conducted Tater in the project.

0.04

8

0.02

o
o
-

Effective Dose Equivalent (rem)

Richland Pasco Kennewick
$9006024.89
FIGURE 3. Preliminary Dose Estimates from the

Drinking-Water Pathway for Tri-Cities
Residents, 1964-1966 (median values)

Xiv
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FIGURE 4. Relative Importance of Fish, Drinking-Water,
and External Exposure Pathways (Richland

residents, 1964-1966)

Finally, the data and modeling approach were sufficient to produce credible,
although clearly preliminary, dose distributions. These objectives were
attained by demonstrating that the range of preliminary dose estimates
includes independent, previously published estimates of doses to average,
typical, and maximally exposed individuals and that the range includes doses
estimated on the basis of previously published whole-body counts of workers

and schoolchildren.

The previously published estimates for 1964-1966 are compared with HEDR
Phase I preliminary dose estimates in Figure 5 [historical dose, converted to
current dosimetry, Effective Dose Equivalent (EDE)]. The previously pub-
lished "average" or "typical" exposure of a Richland resident, summed from

XV
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FIGURE 5. Previously Published Drinking-Water Pathway (average
values) Doses Compared with HEDR Preliminary Dose
Estimates (median values) (Richland adults)

1964-1966 was 0.03 rem(2) (0.0003 Sv). Approximately 50% of the Richland
population was likely to have received doses greater than 0.035 rem
(0.00035 Sv).

About 4,700 records of whole-body counts of workers are available for
1964-1966. These measurements show the amount of one radionuclide, zinc-65,
that had been absorbed by the body from drinking treated Columbia River
water, eating Columbia River fish, or eating produce that had been irrigated
with Columbia River water downstream of the reactors. This radionuclide
could be readily detected with the whole-body counter. Dose estimates based
on'previously published whole-body measurements of zinc-65 in Hanford workers
are slightiy lower than HEDR-calculated doses attributable to zinc-65.
Historical whole-body measurements of schoolchildren are also slightly lower
than HEDR calculated body burdens of zinc-65. These comparisons indicate

that the HEDR model results are consistent with actual measurements from the
1960s.

(a) A1l doses in this report are Effective Dose Equivalent.

xvi
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The preliminary Phase I dose estimates for the river pathway‘indicate
that essentially none of the Richland population might have received cumula-
tive doses (1964-1966) from the drinking-water pathway higher than the
national, annual, average background.

Later phases will address dose estimates for periods other than
1964-1966 and for populations downstream of the Phase I study area. Rough
dose estimates for the drinking-water pathway can be extrapolated to earlier
and later periods and to downstream Tocations. Estimates of doses for the
period 1957-1972, when the last of the original eight production reactors had
been shut down, are available in published reports and, as shown in this
report for the period 1964-1966, provide a reasonable estimate of doses to
average and maximally exposed individuals in Richland. Doses for 1944-1956
can be estimated from power levels and from environmental measurements.
Power levels were>considerab]y Tower in the early years of operation when
fewer reactors were operating, resulting in much lower releases of radio-
nuclides to the Columbia River (Nelson 1960).

Extrapolations of dose estimates for the few downstream locations where
communities used treated Columbia River water for drinking can be based on
previously published measurements of radionuclide concentrations at
Bonneville Dam or Vancouver, Washington. In general, the concentrations of
radionuclides in the Columbia River at these downstream locations were about
10% or less of the concentrations at Richland (Foster and Wilson 1965).

xvii
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1.0 INTRODUCTION

1.1 PROJECT OBJECTIVES

The primary objective of the Hanford Environmental Dose Reconstruction
(HEDR) Project is to estimate the radiation doses that people could have
received from nuclear operations at the Hanford Site. The secondary objec-
tive is to make project records available to the public. Copies of project
records are maintained in the Department of Energy-Richland Operations (DOE-
RL) Public Reading Room in the Federal Building, Richland, Washington.

1.2 PROJECT HISTORY

» The HEDR Project was prompted by mounting concern about possible health
‘effects to the public resulting from more than 40 years of nuclear operations
at the Hanford Site (Figure 1.1). In 1986, the Hanford Health Effects Review
Panel--convened by the Centers for Disease Control at the request of the
Washington State Nuclear Waste Board and the Indian Health Service--
recommended as a top priority that potential doses from radioactive releases
at the Hanford Site be reconstructed. The Panel also recommended that a
thyroid disease study be initiated.

Representatives from the states of Washington and Oregon, from three
regional Native American tribes, and from the DOE agreed that a dose recon-
struction study should be funded by the DOE, be conducted by Battelle,
Pacific Northwest Laboratories, and be directed by an independent panel of
scientists and state and Native American representatives. A Technical
Steering Panel (TSP) was deemed necessary to provide credible, independent
scientific direction and to provide a forum for participation by the states,
Native American tribes, and the public.

Representatives from four Northwest universities selected technical
members of an independent TSP to direct the dose-reconstruction work. The
TSP includes members with technical expertise in environmental pathways,
epidemiology, surface-water transport, groundwater transport, statistics,
demography, agriculture, meteorology, nuclear engineering, radiation

1.1
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dosimetry, and cultural anthropology. The TSP also includes individuals
appointed to represent the states of Washington and Oregon, cultural and
technical experts nominated by the Native American tribes in the region, and
an individual represénting the public. The TSP reviews, evaluates, and
approves all technical decisions and reports.

1.3 HANFORD SITE

The Hanford Site in southeastern Washington State (Figure 1.2) was
selected in 1943 as the location for the facilities used to produce plutonium
for .atomic bombs used in World War II. The Hanford fuel cycle is illustrated
in Figure 1.3. The first three nuclear reactors--B, D, and F--began operat-
ing in 1944 and 1945. After World War II ended in 1945, the reactors contin-
ued to irradiate uranium fuel and to produce plutonium. From 1949 through
1963, six new reactors--H, DR, C, KW, KE, and N--began operating. In addi-
tion to producing piutonium, N Reactor produced steam to generate electric-
ity. This reactor also differed from earlier reactors in that cooling-water
discharges of radionuclides were much smaller than those from earlier reac-
tors. From 1964-1988, as the government needed less plutonium, it eventually
closed all of its production reactors on the Hanford Site.

The use of river water to cool the reactors resulted in the greatest
releases of radionuclides to the Columbia River. Releases of radionuclides
to the ground from nuclear facilities resulted in the movement of some radio-
nuclides to the groundwater and from the groundwater to the Columbia River.

1.4 MONITORING OF RADIOACTIVE MATERIALS FROM HANFORD

The release of radioactive materials from Hanford was controlled through
several steps, including process controls, effluent and environmental moni-
toring, and personnel monitoring. Effluent monitoring, which began with the
startup of Hanford facilities in 1944, consisted of measuring the amounts of
radioactive materials vented to the atmosphere and released to soils and to
the Columbia River. Measurements of materials released to the river began
with startup and continued throughout the operation of the reactors.

1.3

pgaL3Ld



=)
1
1
)
)
1
t
1
1
1
'

=1
-

Chemical
Separations

200-wW

N Lr-=9

« Seattie Spokane'
Washington

« Vancouver

Hanford Site
Bounacary

Chemical
Separations

200-E

300 Area -

Fuel
Fabrication

Benton City

$9006024.18

FIGURE 1.2. Hanford Site and Key Operating Facilities, 1964-1966

108390

1.4




Incoming Uranium

S

Fuel Preparation

N

Irradiation

7

Storage

>

Separations

\

Plutonium Processing

S9006024.100
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Environmental monitoring started before facilities began operating and
eventually included measurements of radioactivity in the air, on the ground,
on vegetation, in food, and in Columbia River water, drinking water, sedi-
ment, fish, and other aquatic and marine life.

Radiation monitoring of Hanford workers began in 1944 (Wilson 1987).
In addition to measuring external exposures using pencil dosimeters, hand and
foot counters, and scans of clothing and extremities with Geiger counters, a
bioassay program and limited scans of the thyroid glands of specific workers
were also begun. Beginning in 1959, whole-body counts were also conducted.
These later measurements provide useful comparisons with the dose estimates
of the HEDR Project.

Offsite monitoring of people was initiated in 1965. Over 5000 school-
children in the Tri-Cities area were monitored with whole-body counters from
1965-1968. These monitoring data provide valuable comparisons with previ-
ously published dose estimates for the same period and with the estimates
calculated by the HEDR Project.
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Radiation doses to the general population near the Hanford Site were
estimated and reported for the first time in 1957. Estimates of these doses
have been included in annual environmental monitoring reports ever since. As
technology has improved, dose calculation methods have evolved and improved.
Tﬁrough 1973, dose estimates were based on measurements of radionuclides in
the environment and in foods. By 1974 (Fix 1975; Fix and Blumer 1975),
concentrations of radionuclides in the environment decreased to the point
where dose estimates had to be based on modeling from measured or estimated
releases. The decreases in environmental concentrations of radionuclides
originating from Hanford resulted from improved control technology, the clos-
ing of the original reactors, and the closing of major chemical-processing
operations.
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2.0 METHODS

This section describes the conceptual and computational approaches used
during Phase I to reconstruct potential radiation doses to offsite popula-
tions from releases of radionuclides to the Columbia River and to soils (and
groundwater). Detailed descriptions of all aspects of the HEDR Project and
the dose reconstruction process are available in the more than 20 supporting
documents in Appendix A. Table 2.1 references the HEDR reports that contain
information about models and parameters used in Phase I. Appendix B contains
the models and information used in the surface-water code. '

2.1 PHASE 1 AREA, TIME PERIODS, AND RADIONUCLIDES

The HEDR Project consists of Phase I followed by Subsequent activities
(Figure 2.1). Phase I, a pilot or demonstration phase, was purposely limited
in geographic coverage, time, radionuclides, and pathways. This limited
scope influenced the selection of models and parameters and resulted in some
conservatism in the designation of the forms and‘ranges of distributions.

In later years, review and testing will occur, during which sensitivity
analyses will be used to identify key parameters and the influences of model
structure. In subsequent years, scientists will refine parameters, modify
models, expand areas, extend time periods, and ensure that all key emissions
of radioactive materials from Hanford will have been addressed.

2.1.1 Area

~The Phase I study area for the river pathway was selected to include the
communities immediately downstream of the Hanford Site, which are most Tlikely
to have received the highest doses from drinking treated Columbia River water
or from eating fish caught in this area (Figure 2.2). Any individuals from
outside the Phase I study area who fished this section of the Columbia River
might have received higher doses from this pathway. '

The area between Priest Rapids Dam and McNary Dam was also selected
because up to 80% of the people who drank treated Columbia River water
between Hanford and the river’s mouth lived along this stretch of the river
during the Phase I period, 1964-1966. In addition, the most extensive and
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TABLE 2.1. Applicable HEDR Reports - Columbia River Exposure Pathway
- Topic Title Author, Date

Source Terms Radionuclide Sources and Radio- Heeb, CM, 1991
active Decay Figures Pertinent to
the HEDR Project, PNL-7177 HEDR

Uncertainties in Source Term Heeb, CM, 1991
Calculations Generated by the

ORIGEN2 Computer Code for Hanford

Production Reactors, PNL-7223 HEDR

Selection of Dominant Radio- Napier, BA, 1991
nuclides for Phase I of the HEDR
Project, PNL-7231 HEDR

Drinking Water and Preliminary Summaries for Vege- Woodruff, RK, 1989
Fish Concentrations tation, River and Drinking Water

and Fish Radionuclide Concentration

Data, PNL-SA-17641 HEDR

Estimates of Columbia River Radio- Richmond, MC, and
nuclide Concentrations: Dose for Walters, WH, 1991
Phase I Dose Calculations,

PNL-7248 HEDR

Ground Water Response to TSP Directive 88-4, Freshiey, MD, 1989
Ground-Water Contamination Data,
PNL-6847 HEDR

Demography Demographic, Agricultural, Food Beck, DM, et al.,
Consumption, and Lifestyle 1989
Research for the Hanford Environ-
mental Dose Reconstruction Project,
PNL-6834 HEDR

Facility Operations A History of Major Hanford Ballinger, MY, and
Operations Invoiving Radioactive Hall, RA, 1991
Material, PNL-6964 HEDR
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Phase [

Mode1 Deve lopment and Testing

SUBSEQUENT_YEARS

Sensitivity/Uncertainty
Analysis Activities

Expansion and Refining
Activities

e Select limited scope:
geographical area, time
period, radionuclides,
popu lations

e Find, evaluate, and summarize
historical data

¢ Develop conceptual and
mathematical models and
incorporate uncertainty

e Apply models/data to limited
scope to test the model

Evaluate Phase | model results
Identify key parameters for
dose calculation via sensi-
tivity analyses

Determine feasibi]ify/va]ue of
reduc ing uncertainty in
parameters

Propose to expand scope
{geographic area, time period,
populations) in context of
established dose threshold

Recommend action to reduce
uncertainties and recommend
changes in conceptual/math
mode 1s

Expand scope as warranted by
Phase I[ work

Reduce uncertainty in key
parameters per Phase [I
recommendat ions

Modify models per Phase 1l

recommendat ions

Dose Caleculation

Calculate final estimated dose

FIGURE 2.1. HEDR Project Activities
continuous monitoring data and the only direct, continuous monitoring of
drinking water are available from this area.

2.1.2 Time Period

The Phase I time period for water exposure, 1964-1966, was selected for
several reasons. Richland, the community closest to Hanford and therefore
the most 1ikely to have received the highest doses from drinking treated
Columbia River water, did not use Columbia River water until 1964. Doses at
Pasco and Kennewick, where residents used Columbia River water before 1964,
were known to be lower because they are farther downstream, because they are
downstream of the confluence of the Yakima River, and, in the case of
Kennewick, because residents obtained water from river shore wells, which
helped to filter some radioactive materials from the water before it reached

the treatment plant.

The Phase I time period of 1964-1966 also was selected for the following
reasons:
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e Extensive monitoring data were available.

« Continuous monitoring (or cumulative monitoring) began in 1964 to
suppiement "grab" sampling. This monitoring provided better
estimates of average concentrations of longer-lived radionuclides.

e A1l reactors were still in operation in 1964, and were operating at
the highest historical power levels.

o« Data from independent sources such as the State of Oregon and the

U.S. Geological Survey are available for this period.

Finally, the middle 1960s were selected because during earlier periods,
such as 1944 to 1947, which was selected for the river pathway, only two or
three reactors were operating and reactor power levels, and consequently
radioactive discharges to the river, were much lower.

. 2.1.3 Radionuclides

Not all radionuclides that were discharged from the reactors in cooling
water (or that moved from soils to groundwater and thereby to the Columbia
River) contributed significantly to dose. Several radionuclides (phos-
phorus-32, zinc-65, arsenic-76, neptunium-239, sodium-24, manganese-56,
copper-64, chromium-51) were identified as key radionuclides for Phase I
because HEDR estimated that they accounted for more than 80% of the dose to
maximally exposed individuals (Napier 1991). The relative importance of
these radionuclides in contributing to dose depended on the pathway, the
stretch of the river from which drinking water was withdrawn or where fish
were caught, the species of fish, and fluctuations in radionuclide concen-
trations with time. Nevertheless, these radionuclides accounted for most of
the river pathway doses to populations in the Tri-Cities during 1964-1966.

2.1.4 Pathways

The drinking-water pathway exposed more people in the Phase I study area
than did the fish pathway, but people who ate large quantities of non-
migratory species of fish could have received the higher doses, because sev-
eral species of fish eat aquatic life that concentrate radionuclides from
the river. Migratory species such as salmon and steelhead trout, on the
other hand, eat Tittie or nothing while migrating from the ocean to their
spawning grounds, and therefore have lower radionuclide loads. Other

2.5
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pathways, such as swimming or boating or walking along the river shore,
resulted in exposures that were, on average, considerably lower than expo-
sures from the drinking- water and fish pathways. (The irrigation pathway
will be addressed in later phases.) '

From the time Hanford facilities first began operating, highly radio-

-active liquids were routed to underground storage tanks and less radioactive
liquids were discharged directly to ponds, ditches, and engineered structures
called cribs. Some of the radioactive liquids moved through the soils into
groundwater and some traveled in the groundwater to be discharged into the
Columbia River. These radioactive liquids contributed very 1ittle to the
much larger amounts of radioactive Tiquids that were routinely discharged '
into the Columbia River as part of the cooling water from the original reac-
tors. In any case, since Phase ] dose calculations for the Columbia River '
pathway are based on environmental monitoring data, radionuclides that might
have entered the Columbia River from groundwater in detectable amounts are
included in the Phase I dose calculations.

2.2 EXPLICIT INCORPORATION OF UNCERTAINTY

Previously published doses from the river pathway for 1964-1966 were
based on average measured concentrations of radionuclides in food (Columbia
River fish, marine organisms, vegetables) and drinking water and on average
measurements of external radiation along the river shoreline. These pre-
viously published doses were point estimates for average and hypothetical
maximum individuals in 1964 and for typical and hypothetical maximum indi-
viduals in 1965 and 1966 (Foster and Wilson 1965; Foster et al. 1966a,
1966b; Honstead et al. 1967). There is no information about what proportion
of the population in the Phase I area might have received doses within some
specified percent of the average. Similarly, the dose estimate for a hypo-
thetical maximum individual cannot be interpreted to be representative of any
number of individuals.

To obtain information about the degree to which dose estimates might
apply to certain proportions of the population in the Phase 1 study area and
to deal with uncertainties in previously published data, the HEDR model uses
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distributions, rather than point estimates, as input to all submodels, and it
generates distributions as outputs. The distributions are presented as com-
plementary cumulative-distribution functions that provide immediate infor-
mation concerning median values, the likelihood of exceeding any specified
dose value, and the p}oportion of values between any two selected values,
etc. Consequently, average, maximum, or minimum values can be defined by the
reader according to his or her own definitions of maximum, minimum, or
average.

By incorporating uncertainty in the dose calculation process, sensi-
tivity analyses can readily be used to identify key parameters and their
relative influence on uncertainties in dose estimates. This approach enables
resources to be allocated to reduce uncertainties in those parameters (and
those aspects of model structure) that contribute the most to uncertainties
in the dose results.

2.3 SELECTION OF MODELS. PARAMETERS, AND DISTRIBUTIONS

The period 1964-1966 was selected because it.provides an optimum com-
bination of extensive monitoring information, independent measurements, rel-
atively high river concentrations, and a population newly exposed to treated
drinking water having the highest concentrations of radionuclides, that of
Richland (Foster and Wilson 1965). Because of the extensive monitoring data,
modeling was conducted only when data for specific radionuclides were
insufficient.

The project selected a simple routing model that uses effluent measure-
ments and river discharge as input and uses only radioactive decay and mixing
to prbvide radionuclide concentrations at specific downstream locations
(Richmond and Walters 1990). Because factors such as radionuclide interac-
tions with sediment and aquatic biota during transport to downstream loca-
tions were ignored, this simple routing model is likely to overestimate
concentrations of those radionuclides that are known to be selectively
removed by physical and chemical processes between the effluent discharge
point and various downstream locations. To what degree exclusion of these
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parameters from the model structure influenced Phase I preliminary dose
estimates will be assessed later in the project.

Monthly concentrations of radionuclides in effluents, Columbia River
water, Columbia River fish, and drinking water for the period 1964-1966 were
taken directly from historical documents (Foster and Wilson 1965; Foster
et al. 1966a, 1966b; Honstead et al. 1967). The radionuclides of interest
were selected based on analyses of the source inventories and estimates of
their contribution to dose (Napier 1991). The radionuclides and their
half-lives are phosphorus-32 (14.3 days), neptunium-239 (2.36 days), zinc-65
(244 days), arsenic-76 (1.10 days), manganese-56 (0.11 days), copper-64
(0.53 days), sodium-24 (0.62 days), and chromium-51 (27.7 days).

Gaps in monthly data made it necessary to calculate concentrations of -
some radionuclides. As a first approximation, radionuclide concentrations in
the Columbia River water column were calculated assuming that dilution and
decay were the primary processes controlling the fate of radionuclides
released to the river. Calculations were performed using the following

-equation:

Cj(1) = (ri/Q3) exp (-Kj Tj) (1)

where Cj(i) concentration of the i-th radiongc]ide at the j-th

downstream river location (Ci/ft?),

ri = reactor-effluent mass-fiow rate (Ci/month)
Q; = Columbia River discharge at location j (ft3/month)
Ky = decay constant (1/day) |

Tj = travel time from the reactor areas to location j (day).

In Equation (1), the concentration of a radionuclide in the river is
equal to dilution times decay. Equation (1) is used only to calculate
radionuclide concentrations in water; concentrations in the river bed
sediments were not calculated for Phase I. The assumptions implicit in using
Equation (1) and the limitations in calculating radionuclide concentrations
in the Columbia River are the following:

2.8



e On a monthly time scale, the flow and radionuclide transport in the
Columbia River reach between Priest Rapids Dam and McNary Dam and
in each subreach can be represented as a succession of steady-state
time periods.

e The reactor effluent discharge rates are constant within each
month. The effects of longitudinal dispersion (mixing) are
neglected, and complete mixing of effluent at the discharge point
is assumed.

e Radionuclides are completely mixed, or uniformly distributed in a cross
section of the river, at any location in the reach between Priest Rapids
Dam and McNary Dam. Under actual conditions, this assumption is not
realistic near the reactor-effiuent outfalls and for a number of miles
downstream, depending on flow conditions in the river. In addition,
this assumption does not apply at locations downstream from where
tributaries, such as the Yakima, Snake, and Walla Walla Rivers, enter
the Columbia.

e The effluent spent a relatively short time in retention basins
prior to discharge to the river, compared with the half-life of the
individual radionuclides. The retention time of the effluent was
typically 4 hours (Honstead 1967).

o Radionuclide sources and sinks in the river are neglected. Sorp-
tion to sediment and subsequent deposition or resuspension of con-
taminated bed sediment are assumed to be small compared with the
concentrations of radionuclides dissolved in the water column.
Despite these assumptions, Equation (1) is a useful tool for prelim-
inarily estimating radionuclide concentrations for Phase I and for comparing
these estimates with measured concentrations to evaluate the consistency of

the available data.

Five subreaches of the river between Priest Rapids Dam and McNary Dam
were selected for estimating the radionuclide concentrations in the river
water for Phase I. These five subreaches, designated Ringold, Richland,
Pasco, Finley, and McNary (Figure 2.3), were selected because they correspond
to geographic locations of interest, such as population centers and conflu-
ences of the tributaries of the Columbia River. Each tributary enters the
Columbia River in a different subreach.

The calculations for dilution and decay of radionuclides downstream of
the reactors used hydrographs for the Columbia River and its tributaries in
the reach between Priest Rapids Dam and McNary Dam. The monthly average -
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Phase | Study Area
for Water Pathway

FIGURE 2.3. Columbia River Subreaches for Phase I of the Water Pathway
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discharges or flow rates for the Columbia River and its tributaries are pro-
vided in Richmond and Walters (1990). These authors also 1ist the average
monthly discharges of the Columbia River in each subreach for 1964 through
1966. The discharges for each subreach were calculated by summing the dis-
charge for the Columbia River and any tributaries entering the subreach.

Travel times for radionuclides suspended in the water column were esti-
mated. Using a set of flow-time curves calculated by the U.S. Army Corps of
Engineers, Richmond and Walters (1990) estimated approximate travel times
for each subreach. These travel-time estimates are used to account for
radioactive decay in the various subreaches of the river, based on the half-
lives of key radionuclides. More accurate estimates of travel times for the
wide range of flow conditions in the Columbia River could be determined '
using unsteady river-flow calculations. However, the approach of eStimating
travel times based on the backwater curves was judged to bé adequate for |
Phase I.

Monthly averaged radionuclide mass-fiow rates and daily measurements of
radionuclide concentrations in reactor effluent used in the Phase I calcula-
tions are from Owen (1967). The samples were collected before the effluent

entered the retention basins, but the values recorded were corrected for

4 hours of decay and therefore reflect the concentrations of radionuclides
discharged to the river. Richmond and Walters (1990) summed the monthly
average mass flow rates for the dominant radionuclides for all of the oper-
ating reactors.

Sensitivity analyses will be conducted later in the project to determine
if additional modeling is needed to provide data missing from earlier periods
or from specific locations of interest along the river.

The general logic of the HEDR model is shown in Figure 2.4. The model
uses two large data bases for input: the output of the river water modeling
discussed above, and a collection of available monitored fish concentrations.

The fish concentration data base is derived from the reported individual
samples taken from each stretch of the Columbia during the years 1964-1966.
Sufficient detail was available to develop seasonal distributions of data for
phosphorus-32 and zinc-65 for three types of fish:
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Generalized Data Flow: Surface Water

River Water Measured Fish
Concentrations Concentrations
Database Database

No / Fish Data

Available?

Input: Bioaccumulation 3 *

Calculate Fish
\oput: ‘ | Concentrations
" Water i
Cleanup | Drinking Water
Treatment
Y \ \
Water Concentration Water Fish
for Recreation Concentration Concentrations
for Drinking

Input:

- Fish Consumption

- Water Consumgption

- Hours Swimming/ —1 I I
Boating

Calculate Intake and Exposure
Input: Dose Factors-v ‘

Caiculate Dose
S9006031.13

FIGURE 2.4. Conceptual Diagram of the HEDR Columbia River Pathway Model
omnivores (whitefish, carp, catfish, etc.), primary predators (bluegill,
perch, etc.), and secondary predators (such as bass and trout). Data from
the Columbia River from earlier years were used to develop water-to-fish
concentration ratios for the radionuclides arsenic-76 and neptunium-239, for
which few samples were taken in the Phase I period. Finally, generic concen-

tration ratios were used for short-lived or low-uptake radionuclides.

Drinking-water concentrations are provided for three types of treatment:
none, alum-flocculation used in Richland and Pasco, and well-filtration used



in Kennewick. Transmission factors for these processes were derived from
monitoring data at the various water treatment plants during the Phase |

period.

Doses from recreation (swimming and boating) are calculated as a func-
tion of the raw river water concentration. Doses from shoreline exposure
while fishing were not addressed in Phase I. Drinking doses for each stretch
of the river are provided for each of the cleanup Systems available on that
stretch. Doses from fish consumption are calculated for generic diets--three
are provided. The first is simply no fish consumptioh, which applied to
between 75% and 85% of the Tri-Cities population. The second is a "low"
consumption diet of between 1 and 20 meals of fish per year (200 grams per
meal). The third is a "high" consumption diet ranging from 20 to 200 fish
meals per year.

ndditional pathways, such as consumption of irrigated crops, have been
omitted from the Phase I model, because relatively few peopie were affected.
The need for inclusion of these other pathways will be investigated later in

the Project.

Equations describing the calculations are presented in Appendix B. All
calculations are performed in a Monte Carlo fashion, with realizations drawn
from the distributions for each parameter for each simulation (Appendix B).
The resultant output is a distribution of doses for each type of individual

investigated.

2.3.1 Drinking-Water Concentrations

Phase I drinking water doses are based on the estimated river concen-
trations and estimates of water treatment plant transmission factors. The
distributions of transmission factors are based on monitoring of water
entering and leaving the treatment plants, as reported in Foster and Wilson
(1965), Foster et al. (1966a, 1966b), and Essig (1967).

Previously published measurements of selected radionuclides in the

- drinking water supplies of Richland, Kennewick, and Pasco show that con-
centrations were lower than in untreated river water sampled at the water-
withdrawal sites. These lower concentrations are due to water treatment, in
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EELELE



the case of Richland and Pasco, and in addition to water treatment, to fil-
tering of river water by soil, in the case of Kennewick, which withdrew
water with river shore wells.

2.3.2 Fish Concentrations

Estimates of doses to individuals exposed to radionuclides from the
Columbia River have been published historically. These historical estimates
indicate that the largest dose may result from consumption of fresh fish,
especially certain types of fish caught at certain times of year from
particular locations. Whitefish had the highest average concentrations among
seQera] fish species, and highest concentrations were found in fish at
Ringold (see, for example, Foster and Wilson 1965). Fish not eaten fresh
would contain reduced concentrations of shorter-lived radionuclides such as
phosphorus-32.

In summary, doses from the fish pathway are expected to be highly sen-
sitive to amounts consumed, season in which caught, storage time, species,
and location where caught.

2.3.3 Population Distributions

The .communities of Richland, Kennewick, and Pasco accounted for up to
80% of the use of the treated Columbia River water for drinking between
Hanford and the river mouth. Previously published estimates of the numbers
of individuals in the Phase I study area who ate Columbia River fish exist;
however, the geographic distributions of these individuals were not available
for the Phase I calculations. Historical data will be sought and reviewed
during later phases.

2.14
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3.0 PRELIMINARY DOSE ESTIMATES

The preliminary dose distributions can be understood in the context of
the factors that resulted in some individuals having relatively higher and
others relatively lower doses. Dose distributions were calculated for "ref-
erence individuals," individuals who shared certain characteristics, as
illustrated with the following example.

8 By "walking" through Figure 3.1, individuals who lived in the Phase I
area during 1964-1966 can estimate the range of dose values that might apply
to them and how likely these doses were. For example, if one ate less than
20 meals of Columbia River fish per year, fished upstream of Richland, and
lived in Richland, then one’s estimated dose is in the range identified by

number 12 in Figure 3.2. The doses for this category range from about 0.04
to approximately 0.07 rem (0.0007 Sv). The distribution in Figure 3.3 pro-
vides additional information about doses to Richland populations. This
figure shows the median, percentage of doses between two values, and the
percentage of doses greater than a specific value. The entire range of doses
'by river reach, organ, year, and exposure pathway are shown in Appendix C.

As is clear from Figures 3.1 and 3.2, the highest doses were received by
individuals who consumed large quantities of fish from areas above Richland
and who drank untreated, or raw, river water. (Some individuals might have
used Columbia River water not treated by municipal treatment plants.) Doses
from drinking water are lower at Pasco than at Richland and lower at
Kennewick than at Pasco (Figure 3.4); this reflects dilution and travel time.
The Tower doses in Kennewick reflect the use of a well field along the
Columbia. Several radionuclides are filtered by the soils through which they
travel from the river to the adjacent wells.

Figure 3.5 depicts the relative importance of the various river pathways
for people in the Tri-Cities who consumed fish from the Columbia River, drank
treated river water, or boated and swam in the river. ’
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The vertical lines in the bars are the medians. The median is the
dividing point showing where half the people in that category
received a larger dose than the median dose and haif the people
received a smaller dose.

$9006024.85

FIGURE 3.2. Preliminary Dose Estimates for Columbia River Exposure Pathway

(Each bar shows the range of doses that people in the category
opposite the bar could have received. Each bar covers 90% of"
the people in that category. Estimated radiation doses for
people in both the lowest and highest 5% of each category are
not included because the numbers are much less accurate.)

3.1 COMPARISON OF DOSES

The Phase I results demonstrate that this phase attained its key‘objec-
tives. First, sufficient historical information was retrieved and recon-
structed. Second, preliminary conceptual and computational models were
constructed to deal with uncertainties and to establish the foundation
for extensive sensitivity analyses to be conducted later in the project.
Finally, the data and modeling approach were sufficient to produce credible,
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FIGURE 3.3. Preliminary Estimated Doses from Columbia River
Exposure Pathway, 1964-1966 (Richland residents)(2)

although clearly preliminary, dose distributions. These objectives were
attained by demonstrating that the range of preliminary.dose estimates
includes independent, previously published estimates of doses to average,
typical, and maximally exposed individuals and that the range includes doses
estimated from previously published whole-body counts of workers and

schoolchildren.

3.1.1 Previously Published Dose Estimates

Dose estimates for offsite populations, first published in 1957, have
continued to be published annually in monitoring reports. Figure 3.6 com-
pares the previously published estimates for 1964-1966 with HEDR Phase I

(a) The axis in Figure 3.3 is labeled "Percent of Study Population Whose
Doses Exceed Values on Dose Axis." This label is not strictly correct.
The dose curve actually shows the average fraction (mean percent) of
study population that received a dose greater than the dose on the dose
axis, where the average is taken over uncertain parameters. The curve
represents only the average, or mean, values of the population/dose
relationship. All values could be represented by a band that would show
the uncertainties of the values.

3.4

1084310



0.04

0.02r

0.01

Efteclive Dose Equivalent (rem)

Richiand Pasco Kennewick

$9006024.89

FIGURE 3.4. Phase I Dose Estimates from the Drinking-Water
Pathway for Richland, Kennewick, and Pasco
Residents, 1964-1966 (median values)

preliminary dose estimates (median values) (Foster and Wilson 1965; Foster
et al. 1966a,b; Honstead and Essig 1967; and Honstead et al. 1967). The
historical "average" or "typical" cumulative exposure (1964-1966) of a
Richland resident was 0.03 rem (0.0003 Sv). Approximately 50% of the
Richland population was likely to have received doses greater than 0.035 rem
for the period 1964-1966. Additional detail is attached in Appendix C.

3.1.2 Whole-Body Counts

Approximately 4,700 records of whole-body counts of workers are avail-
able for the period 1964-1966. These records show the amount of one radio-
nuclide, zinc-65, that had been absorbed by the body from drinking treated
Columbia River water, eating Columbia River fish, or eating produce that had
been irrigated with Columbia River water downstream of the reactors. (Irri-
gation was not considered as a pathway in Phase I.) Many records also show
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FIGURE 3.5. Relative Importance of Fish, Drinking-Water,
and External Exposure Pathways (Richland
residents, 1964-1966)

short-1ived sodium-24 from the same sources. The radionuclides were among
several that could be readily detected with the whole-body counter.

Dose estimates based on previously published whole-body measurements of
zinc-65 in Hanford workers are slightly lower than the fraction of HEDR-
calculated doses attributable to zinc-65 (Figure 3.7). Previously published
whole-body measurements of zinc-65 in schooichildren are also slightly lower
than HEDR-calculated body burdens of zinc-65 (Endres et al. 1972). These
comparisons indicate that the HEDR model appears to produce dose estimates
consistent with actual measurements from the 1960s.

3.2 BACKGROUND RADIATION

One way of placing the preliminary Phase I doses in perspective is to
compare them with doses from background radiation.
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Previously Published Dose Estimates for
1964-1966 (values for historically
defined "average individual”) Compared
with HEDR Dose Estimates (Richland adults,
drinking-water pathway, median values)
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Comparison of Doses to Hanford Workers
from Zinc-65 Measured by the Whole-Body

Counter with HEDR Estimates for Richland
Residents, 1964-1966
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Annual background doses (including radon) in the Richland area are
about 0.36 rem (0.0036 Sv) per year (National Council on Radiation Protection
and Measurements 1987; Jaquish and Bryce 1989). The 99th percentile dose
(1964-1966) for an individual who drank untreated river water and ate up to
200 meals of fish caught in areas of highest radioﬁuc11de concentrations
above Richland was 0.23 rem (0.0023 Sv). It is therefore likely that few, if
any, people in the Tri-Cities received cumulative (1964-1966) doses from the
river pathway that were higher than the annual average background.
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APPENDIX A

PHASE I HEDR PUBLICATIONS

Many of the documents in Table A.1 provided the basis for this report
and many are cited in this report. These documents are available through the
DOE-RL Public Reading Room in Richland, Washington.

TABLE A.1. Phase I Supporting Documents

Publication

Title Author No.
Hanford Environmental Dose Reconstruc- Haerer, HA PNL-6450 HEDR
tion Project Monthly Report
Work Plan for the Hanford Environ- Haerer, HA PNL-6696 HEDR
mental Dose Reconstruction Project REV 1
Proposed Approach for Developing Rhoads, RE, and PNL-6803 HEDR
Information on Population, Food Bruneau, CL

Consumption and Lifestyles of Native
Americans in the HEDR Study Area

Summary Report of HEDR Workshop on Sagar, B., and  PNL-SA-16804
Sensitivity and Uncertainty Analysis Liebetrau, AM HEDR
Demographic, Agricultural, Food Beck, DM, et al PNL-6834 HEDR

Consumption, and Lifestyle Research
for the Hanford Environmental Dose
Reconstruction Project

Response to TSP Directive 88-4, Freshley, MD PNL-6847 HEDR
Ground-Water Contamination Data

A History of Major Hanford Opera- Ballinger, MY, and PNL-6964 HEDR
tions Involving Radioactive Material Hall, RA

Summary of Workshop on Milk Production Beck, DM, et al PNL-6975 HEDR
and Distribution, November 30, 1988 -

HEDR Project

Feasibility of Using 1291 Concentra-  McCormack, WD PNL-6889 HEDR

tions in Human Tissu? }o Estimate
Radiation Dose From 1317 '

A.l
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TABLE A.1. (contd)
Publication
Title Author No.
Hanford Environmental Dose Reconstruc- Bruneau, CL PNWD-1323

tion (brochure)

Radionuclide Sources and Radicactive
Decay Figures Pertinent to the HEDR
Project

Uncertainties in Source Term Calcula-
tions Generated by the ORIGENZ Com-
puter Code for Hanford Production
Reactors

Atmospheric Transport and Dispersion
Modeling for the Hanford Environ-
mental Dose Reconstruction Project

Preliminary Summaries for Vegetation,
River and Drinking Water and Fish
Radionuclide Concentration Data

Atmospheric Transport Modeling and
Input Data for Phase I of the Hanford
Environmental Dose Reconstruction
Project

Fission-Product Iodine During Early
Hanford-Site Operations: Its Produc-
tion and Behavior During Fuel Proces-
sing, Off-Gas Treatment, and Release
to the Atmosphere

The Hanford Environmental Dose Recon-
struction Project: Background Infor-
mation (flier)

Summary of Literature Review of Risk
Communication

Milk Cow Feed Intake and Milk Produc-
tion and Distribution Estimates for
Phase I

Estimations of Traditional Native
American Diets in the Columbia Platea

10Bu31iT

u
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Heeb, CM

Heeb, CM

Ramsdell, JV
Woodruff, RK

Ramsdell, JV, and
Burk, KW

Burger, LL

Byram, SJ

Byram, SJ

Beck, DM

Hunn, ES and
Bruneau, CL

HEDR
PNL-7177 HEDR

PNL-7223 HEDR

PNL-7198 HEDR

PNL-SA-17641 HEDR

PNL-7199 HEDR

PNL-7210 HEDR

PNL-SA-17658 HEDR

PNL-7226 HEDR

PNL-7227 HEDR

PNL-SA-17296



TABLE A.1. (contd)

Publication

Title Author No.
Estimates of Columbia River Radio- Walters, WH and PNL-7248 HEDR
nuclide Concentrations: Data for Richmond, MC

Phase I Dose Calculations

Evaluation of Thyroid Radioactivity Ikenberry, TA PNL-7254 HEDR
Measurement Data From Hanford
Workers, 1944-1946

1-131 in Irradiated Fuel at Time of Morgan, LG PNL-7253 HEDR
Processing From December 1944
Through December 1947

Population Estimates for Phase I Beck, DM PNL-7263 HEDR

Estimates of Food Consumption Callaway PNL-7260 HEDR
Soil Ingestion by Dairy Cattle Darwin, RF PNL-SA-17918 HEDR
Computational Model Design Specifi- Napier, BA PNL-7274 HEDR

cation for Phase 1 of the Hanford
Environmental Dose Reconstruction
Project

Selection of Dominant Radijonuclides Napier, BA PNL-7231 HEDR
for Phase 1 of the HEDR Project

A Preliminary Examination of Audience- Holmes, CW PNL-7321 HEDR
Related Communications Issues: Hanford
Environmental Dose Reconstruction

Project

MESOILT2, A Lagrangian Trajectory Ramsdell, JV° PNL-7340 HEDR

Climatological Dispersion Model

Summary Report HEDR Staff PNL-7410 HEDR Rev. 1

Air Pathway Report HEDR Staff PNL-7412 HEDR Rev. 1

Columbia River Pathway Report HEDR Staff  PNL-7411 HEbR Rev. 1
A.3
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APPENDIX B

MODELS AND INFORMATION USED IN HEDR SURFACE-WATER CODE

CONTENTS
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HANDLING CORRELATIONS IN COMPLEMENTARY FRACTIONS . . . . . . . . . ..

CORRESPONDENCE BETWEEN COLUMBIA RIVER LOCATION AND HEDR CENSUS
SUBDIVISION. . . . . . . . . o o v o ot et e e e e e e e e e
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MODELS USED
1. Fish Concentration (used if monitoring data are unavailable)

CFm,],s,n + B = W

= concentration in fish during month m, at Toca-
tion 1, for species type s, for radionuclide n

(Ci/kg)

bioaccumulation factor for month m and fish species
type s for radionuclide n (dimensionless)

where CFm,],s,n

(oo
n

3
i

mlon = water concentration of radionuclide n during month m at
* location 1 (Ci/1).

2. ODrinking-Water Concentration

- - L] _A t
CDm,1,c,n - Tc,n wm,],n e nw
where CDm loen = concentration of radionuclide n in drinking water at
R Jocation 1 when adjusted by cleanup process ¢, during
month m (Ci/1)
TC n = water treatment plant transmission factor for cleanup

type ¢, for radionuclide n (dimensionless)
A= radiological decay constant for radionuclide n (days'l)

t, = time water spends in distribution system (days).

3. Dose From Swimming

= = . .
DSa,],m n wm,],n ESa,m Fs,n,a
where DSa 1om = dose from swimming to age group a at location 1 for month m
» (rem)
ESa m = exposure time spent swimming for age group a during month m

(hours)

B.1



Fs,n,a

dose rate factor for swimming for radionuclide n and age
group a (rem/hour per Ci/1)

4. Dose from Boating

DB

where DBa,],m

5. Dose from
DW

where Dwa,]’m

6. Dose from

DF

1084383

a,l,m

= Z . .
=5 W EB F. /2

m$],n a,m S,TI

dose rate for boating for age group a at location 1 during
month m (rem)

exposure time spent boating for age group a at location m
(hours) . :

assumption that dose rate boating is 1/2 dose rate
swimming.

Drinking Water

a,l,m

= = . .
n CD1,m,c,n Ewa,m FI,n,a

dose from drinking water at location 1 to age group a
during month m (rem)

consumption rate of drinking water for age group a during
month n (i1/month)

ingestion dose factor for radionuclide n for age group a
(rem/Ci)

Fish Consumption

a,l,m

]

dose to age group a at location 1 during month m from
consumption of fish (rem)

number of radionuclides
number of fish species types

consumption rate of fish of species type s during month m
by age group a (kg/month)
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Parameter Distribution Type Used in the Surface-Water Mode

Parameter Distribution Type

CF 1.s.n - calculated distribution for radionuciides phosphorus-32
My 1S, and zinc-65

- uniform for zinc-65
- log uniform for phosphorus-32
B - normal for arsenic-76, neptunium-239

- fixed for sodium-24, manganese-56, copper-64, chromium-5]

wm,],n - triangular

CDm,1,c,n - calculated distribution
Tc,n - triangular

ATsn - fixed

tw - censored normal

Dsa,],m - calculated distribution
Esa,m - censored normal

Fs,n,a - log normal

DBa,],m - calculated distribution
EBa,m - censored normal

Dwa,]’m - calculated distribution
Ewa,m - censored normal

FI,n,a - log normal

DFa,T,m - calculated distribution
EFa,n,s - triangular

B.3
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TECHNIQUZS FOR SELECTING REALIZATIONS
ROM ARBITRARY DISTRIBUTIONS -
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A. M. Ljebetrau
January 15, 19¢0
Hanford Snvironmental Dose Reconsiruction Project
Pacific Northwest Laboratory.

Richlana, WA 983%82

1.0 SUMMARY IND INTRODUCSTIS

The purpose of this rerort is to document zlgorithms for generating sam-
ples from the probability distributions that are be1ng, or may be, used in
+he calculation of dose estimates and uncertainties. Algorithms are pre-
sented for generating realizations cf random variaples with the following
distributions:

o U{a,b) -- a uniform distribution over the interval (a,b), a < b
e LU(e,3) -- a loguniform distribution over the interval (g,8), a < 8
e T(a,b,c) =-- 2 triangular distribution over the interval (a,c) with mode

at b, agbsc

o N(m,e?) -- a normal (Gaussian) distribution with mean - and
variance c*

+ LN(&,73) -- a lognormal distribution with mean © and variance <.

Zach algoritnm requires the generaiion of random nuzmders or vaiues Trom
z U(0.]) distribution. It is anticipated that (pseudo) rzndom numders will
be generated using currently availabie system routines. Seczuse random
numpers are cruciz] to the generation of realizations from any distribution,
an alternative a]gor1thm is presented in Section 4.0 for generating (pseudo)
rzncom numbers in case the system rzndom number uenerator proves unaccentabie
for some reason.

B.5
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2.0 CEINCRAL METHODS FOR UNTVARTATE DISTRIBUTIONS

A funczmensz) method that theoretically works for any univariate distri-
busion is the Inversion Methoc. This metnod, which requires the inversion ¢f
the cumulative distribution function (cc¥), is based on the following theorszm
0f prcbability (see Mood, Graybill, and Soes 1874, p. 202):

1¥£ X ic & rancom variable with cumulative distribution function F, then
+he rancom varizsle U, defined by U = F(X), has a uniform distribution
over the interval (0,1).

In nractsca, rezliZations are obtained by generating 2 pseudo-rancom number u
(¢ realizasion ¢ a U(0.1) random variable). setting thic numper ecual to U
in tne apove thecram, and solving for X. For each realization u, this pro-
cadure yielid: the realization x = F~i{u) of the random variable X. The '
Inversion Method i35 shown schematically in Figure 1. The utility ¢f the

A

»

x = F ()

R8SI2158.8
FIGURE 1. The Inversion Method of Generating Realizations from <he

Cumulative Distribution Function F: x is the realization
that corresponds to the random number u.
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Inversion Methog is limited by the difficulty of cStaining F.l; conseguentiy,
alternative methods are preferable for many distributions whose cdfs are
difficult to invert. The inversion Method is used to generztie realizations

from uniform and triangular c¢istributions.

Tachnicz] Neze: IF F is not.continyous, then there exist values cf
u for which F'l(u) is not well defined. In this case. x snouid be
tzken as the largest value to X5 such that F(x) cu. i.e.,

Xg = SUPX F(X) S u.

A second method for generating realizations of specified distributions
is by means c¢f iransformaticns. I¥ Y is ottainec by transiormziior From the
veriadle X, say Y = ¢(X), then realizaticns of Y czn be ctizined by zppiving
ths transformation ¢ to realizations of X. Transformations are uses 15
generzte joguniform variatas from uniform variates and logncrmal variaz:tes
‘»om normal variates. Transformations may also be used to generate U(:.b)
veriates from U(0,]) variates and N(u,c*) variztes from N(Q0,1) variates.

In addition to the two general methods identified above, special methods
exist that are efficient for specific distributions. The Box-Muller
algorithm given in Section 3.4 is a special method Tor tne generation of
standard normal variables [e.g., N(0,1) variabdies].

The algorithms obtained by applying the methods in this section %o the
distributions listed in Section 1.0 are given in Seztion 3.0. A good
overview of methods For generation of realizations from univariate distri-
butions is given in Chapter 2 cf Johnson (1987); a more extensive discussion
is found in Chapter 5 of Bratley, Fox, and Schrage (1983).

B.7
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3.0 ALGORITHMS FQR _SELECTED DISTRISUTIONS

3.1 The Unifowrm Dis*ribyticn

The Invercion Method is used to obtain U(a.b) variatas from pseudo-
rzngom varizies. 1€ X has a U{a,b) distribution, then the c27 of X is
0, X sa
Fu(x) = ¢ (x - a)/(b-3), asxss

1, x2b
In the interval a < x < b, Fy(x) = (x - a)/(b - &), so Fal is given by
x = Fy(x) (b -a)+a

Therefore, we obtain the following algorithm for generating z rezlization x
from a U(a,b) distribution.

Alag=ithm
S

tep 1. Generate a pseudo-random number u from the U(0,1) distribution.
Step 2. Compute x = u (b - a) + a.

Refarences
Iman znd Shortencarier (19284, p. 18)

Mood, Graybill, and Boes (1874, p. 105)
Any standard statistics textbook.

3.2 The Loouyniform Distribytion

Log uniform variates are obtained by transforming uniform variates. By
definition, the random variable Y has a loguniform distribution aver the
interval (g, B), e < 8, e> 0, 8> 0, if, and only if, the rzndom variable X
= in Y has a uniform distribution over the interval (a,b), where a = In ¢ and
b =1n g. From this definition, it follows that

ful(x) = (x - in a)/{in 8 - In a)

or

B.8
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x = Fu(x)(1n 8- Ine) = Inc

in 5. Therefore,
1 -
6

we o=tad
stion x from a Lule

n the following algorithm for
)

for In & < i
c £} distribution.

generztin

Alegrisnm
Step 1. (Canerzte a pseudo-random numoer u from a U(0,1) distribution.

Step 2. Compute v wex> {u (1n £ - 1ne) e lnc].

Reference

Iman and Shortzncariar (1584, »n. 18)

3.3 The Trigngylsr Dissribytion

The Iaversion Method is used to obtain realizations from a triangulzr
distribution. If X has a triangular distribution over the interval (a,c)
with mode b, then the cdf of X is

Q, X <
(x -"a)} / [{e-a)b-a)], asxs
Fr(x) = b -3 _ [x<b-2c)({x-h), bgsxcgce
c-a {(c - a)(c - b)
1, X 2¢

Note that at x = b, Fr(x ) = rr{b) = (b - &)/(c - &) inverting Fe{x) yields
the Foilowing aicorithm for generating a resliZation x from a triangular
distribution wisth parametars 2, b, and ¢, a £ b g ¢c.

Alcorishm

Step 1. Generate a pseudo-random number u from a U(0,1) distribution.
Step 2. Ifug (b-a)/(c-a)
Set u = Fy(x) = (x - a)2/[(c - a)(b - a))

Compute x = a+ [ulec - a)(b-a)jre

B.9
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Sten 3. (Ctherwise,

)-n-i_lx‘b'ZCMX'b)

Setu-FT(X P (c - a){c - b)

Comoute: x = ¢ - [{b-¢)? + (b -a)(c-b)-ulc-a)lc-nDbr]2

Referonces

Iman and Shortencarier (1984, p. 20)
Jonnson and Kotz (1870)

2.4 The Ncrmal Dist=ibutign

The inverse of the c2f of a2 normally distributed rzncom variacie X
canot be expressed in closed form, so the .inversion method is not the method
of choice for generating normal variates. The method used to generate normal
variates, wnich is due to Box and Muller (1958), involves transformaticn of a
pair of pseudo-random numbers to cbtain a p2ir of standard normal variaztes.
These are further transformed to obtain a pair of realizations from a normal
distribution with mean u and variance ¢2.

The Box-Muller algorithm is an efficient method for generating simple
random samples of normal variates, but it may not be as efficient for Lz%in
Hypercube Sampling, which involves partitioning the range of the simulated
variables. To generate normal variates using Latin Hypercube Sampiing, it is
desirable to use an algorithm that generates specifiec percantac: points of a
normal distribution. The algorithm cited below, due to Beasley znd Sprinaer
(1877), is used for this purpose.

The Sox-Myiier= Aagrithm

tep 1. Generate independent pseugo-random numbers uj ind uz from the
U(0,1) distribution.

Step 2. Compute g, = (-2 1n u,)"/2 cos(27 u,)
g, = (-2 In y,)?/2 sin(éﬂ u, )
+ep 3. Compute X, = 09y ¥4
Xz = 0% * &

The quantities x, and x, are independent realizations from a normal
distribution with mean g and variance &2

B.10
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Ster 4. (optional) if
Yi = G

pg. = (1-2)2 g,

<
™~
.

ire comoutec ‘or some o, -1 < 2 s ), then y, an¢ v, zre realizations from &

ki . . .
stzngarc bivariate (s = 0. W = 0, ¢, 2 =1, c,% = 1) normal distrisution
with correlation coefficient p

re<ovan~ac
. pnoec

Eox anc Muller (1€
Abramowitz znd Ste
Johnson (1987, p.

Algorithm for Compuiinc Pergentage Points of the Normal Distribution

Ajcorithm AS III, due to Beasley and Springer (1877%, is used to cal-
culate percentace points of the normal distribution in connection with Latin
Hypercube Samopling methods. The algorithm is fast, numerically accurate, znd
portable without modification. FORTRAN coce for implementing Algorithm
AS III is given in the reference cited.

3.5 The Loongwmal Distribution

Log normal variztes are obtained by transforming normal varistes. By
definition, the random variable Y has a loonormal distribution with mean e
and variance < if, and onty if, the random variable X = In Y has z normal
distribution with mean g and variance ¢, where

- - -

Z=1n f & / J & + J and ¢ = In L (6 + %) /& J ()

This definition yields the Tollowing algorithm for generating a rezlization v
from a lognormal distribution with mean © and variance 2.

Alcorithm

Step 1. Generate & realization x from 2 normal distribution with
mean u and variance ¢, where u and ¢ are computed using
Equaticn (1) above. (See 2igorithms in Section 3.4 for
generzting normal rezlizations.)

tep 2. Compute v = exp (x). Then y is a realization from a
lognormal distribution with mean & and variance 72,

B.11
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Fe-’arnn—a;

Iman anc Shortencarier (1584 p. 17)
Crow and Shimizu (1SE8)
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& o Teg gTNTSATTON OF DCTYNC L RINDCH NUMT TS

Cach 2lgorithm in Section 3.0 requires the generation of values from ¢
U(C.1) cistripution. Is is anticipated that the pseugo-rancom number gener-
ator availasie on the FhL VAX network wiil prove agequate Tor HIDR Project
dcse czlecuiations anc relazad uncert ainty analvses. In cas2 the sysiem
generzior proves inadgzuate Tor come reason. and for the sake of
camzletanecs. 2 psa2udo-rancdom numoer generator is given here. The selected

generztor is due to Wicnmann and Hill (1982) and procuces U(0,1) realizaticns
by combining the results of three multiplicative congruential generztors.

The algorithm xs snhort. reasonably fast. statistically sound, anc¢ machine
1nc=pe dent. A FORTRAN .mpce:entat1on is given below. On nqc"ncs that us:
cnly 23 bits for reprasentaticn of the Fraciional part of & real number. iz
is ocesible for this algovithm to produce exaci Zeros becaute cf rouncing
grror; see Mcisod (18S35) Tor & aiscussion of this prodbiem ang possidie
modifications. An extansive discussion of uniform random number cenerztors,
inciucing the azlgorithm presentec here, is found in Chapter & of Bratley.
Fox, and Schrage (18EZ).

Alggrithm AS 183 (Wichmann 2nd Hill)

REAL FUNCTION RANDOM(L)

ALGORITHM AS 1Z3 APPL. STATIST. (1982) voL.31, P. 38

NnonNnnNn

RETURMS A PSELDO-RANDON MUMBER RETTANGULARLY DISTRIRITED
FETWESN O ANDY.

IX, 1T AND 12 SHOULD 3Z SET TO INTEGER VALUES SETWERN
1 AND 30000 SEFORE FIRST ENTRY.

INTSGER ARITMMETIC UP 0 3035 [S RECUIRED.

NnMNannn

-COMON /RAND/ IX, 1Y, 12

X m 1TV Y oMODCIX, 177 -2 CTIX /AT
1Y = $7T2 v MC2IY, STE) - 35 % (1Y / 178)
13 = 170 C MOO(1Z, TR - &3 ¢ (12 /TR

o

(X ..T. Q) IX = X - 30240
1Y LT, ) v e 1Y - 30307
(22 JLT. 0) 12 = 1T 3053

e e o
™

IF INTEGER ARITHWETIC UP TO 5272432 IS AVAILASLE,
THE PRECEDING & STATEMENTS MAY BZ REPLACTD 8Y

1X = MDCIT » IX, 30269)
1Y = MCD(IT2 ~ 1Y, 3T3C7)
12 = MO(70 * i2, 3B3)

ON SOME MACHINES, TMIS MAY SLIGHTLY INCREASE
THE SPEED. THE RESILTS WILL BE IDENTICAL.

(AN R AN AN Na RN R NaNal

RAKDOM = CD(FLEAT(IX) / 30269.0 « FLOAT(IYY / 3C3CT.0 -
3 FLOAT(ID) s 3C3ZB3.D, .9

RETURN

END

B.13
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METHODS OF STORING AMD RETRIEVING DATA FROM HISTOGRAMS
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%< Batelle o e

Pacilic ~orthwest Laporatones Internai Destribution

BS Dennis
RO Gilbers
Date June 2§, 1539 HA Haerer
BA MNapier
o 27 Caplinger 3 Seger
. File/LR
irom AM Lienetrau ;‘V// /

!

sucieer Alcaristhm for Insut of anc Generation of
RE&.IT3TISRS Trom Lumyiative p1STIriution
runcsicns

timation ¢¥ dose estimate uncerz2inties will involve simulating

iizzzions of oropapility distridbuzions. The distridutions may be thesretical

.e., exoressed in a functional form) cr empirical (estimated from real gazta or

nerzze2 by simuiation from a hypcthetical distribution). The distributicns '
be used o describe the distritbution of input parameters to the dose medel

r tne var<apility of submodel output variablets).

The following algorithm can be used to approximate a given distribution Tunction
regardless of whether it is theoretical or empirical. The notation used in Ig.
{1) beiow is illustrated in the attacnhed Tigure.

tep (a): Divide the range of the distribution into k intervals. For Phase I
calculations, a maximum of k = 20 intervals will be used.

tep (b): The interval boundaries (denoted by x's) and the cumuiative proba-
bilities (denoted by h's) associated with the rignt-nana endpoints
af the k intervals are:

(xau ho - o)o (xlt hl)c (xZI hz)v see, (xk-ll hk_l)l (xk' hk = 1) (1)

Whers %4 is the minimum value of the variabie and Xy, is the maximum vaiue.

The intervals defined by Eg. (1) defined a k-secment piecewise linear appreoxi-
mation to the actual input distribution. A maximum of k = 20 intervals will be
used for Phase [ calculation. A smalier value of k may be used in cases where

an adeguate approximation to the actual input distribution does not require 20
intervals. Note that when the distribution is expressed in cumulative form,

both tne x's and the h's are nondecreasing sequences of numbers. It is coenven-
ient to choose the representation in Eg. (1) so that either the x's or the h's
are equally spaced. For the Phase I study, we will use equal spacing of the x's.

After a distribution such as that in Step (b) has been assigned to a particular
input variaple, then realization of the variable may be generated from the
assigned distribution as follows:

tep 1: Generate a pseudo-random number, from the uniform distribution over

the interval (0,1)). Denots the value of this number by h, where
0<h«<l.

t0g1397



J7 Canlinger
June 25, 1989
Page 2

Step 2: Determine the ingex i, i = 1, 2, ..., &, such thas hi-l

Sten I: Ccmputez x = Xi| Y (x, - x,

o ¥
)
—
-
1
s

‘<h<h..
i

The cuantity x cotzained by (2) is the realizztien of a r2acem variable x whesa
cz? is given by (l1). Steos i-3 can be repezzed, as n
cesired numper of reaziizations from the given distributicn.

MU/sTe
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HANDLING CORRELATICNS IN COMPLEMERTARY FRACTICNS
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b Protect Numger HZ_P

s Battelle

Paciiic Noftnwest Laporatornes internal Dustnoution

Jw Srcehers

RC Gilners

Oate Aucust 18, 18a¢ Ha Haerer
AM Liebeirau
o Sistritutien 3 Sagar
— = CL Strenge
From Sruce Napier | ::&-“="”—— Proiezs (ffige
- FilesLs

sobrec:  Handiing Correlations in Compiementarv Fracticms

Irn several g7 *ne caiculaticns $¢ be ne~formed for the HIZR Phase ! amaivees,
¢ series of fracticns must be selectec From input Sistrizutions. Iacn of
tnese sracticns has iss own cis:ribution. The resu.ts ¢t tne seiection

orocess of the fractions must, however, sum to one, wnigh implies &
correiation structure. A tachnique is neeced to handie the correiaticns
between the varicus fractions.

DISCUSSION

Severz] cpticns are avaiiable. We could use a simple ruie to adjust the

ranccmiy drawn fractions, or we could draw the fracticns from & multivariate
distribution with an assumed correiaticn structure.

In general, the fractions are being generated via expert opinion. There is
considerable uncertainty about many of them. No information is currently
available on correlations between the constituent parts of the sum desired,
other than that it is constrained to add to umity. The structure of tne
proposed computer implementaticn also does not lend itself to incorporating
large correlation matrices.

The question of how to handle these correlations was discussed bv Bruce
Neoier, Al Liebetrau, Dick Gilber:z, and Budhi Sagar at a meeting on July ZIl,
lcge.

CONCLUSIONS

t was concluded that for Phase 1, at least, a simple adjustment rule wouid
be adeguate, given the lack of streng information on correlations. The
various {ractions should be drawn ingependently from their distributicns, and

then the sum of *he results should be used to normalize each value so that
the total then adds to one.

BAN:c
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CORRESPONDENCE SETWEEN COLUMBIA RIVER LOCATION
AND HEDR CENSUS SUBDIVISION
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2.« Battell
RTNS Ei 63 62 »
Pacilic Noftnwest Laboratories internai Cistribution
Aa Heerer
T™ rFosteon
Date August 17, 1%E9 MC Rigcmmonc
Prcject Qffice
Te oM Zeck — Fiie/L3
. [ —/
From 3A Naoier, ,C’L"'
'’
Sumec: ~ (o-esctencence =°‘~e°" Columpie River Lccatien anc
HILA _eMSuS SUSZIVISISN Grog #sints
INTEORUCTICH
Muzn of the Phaze § effsrt has gene into defining paramezers 10 use fgr tne
2tmoscneric cisdersion porticns of the HEDR caiculatiens. Preporticnaily
less effcrt has been expences on tne syrtace water pathways. However,
definiticn of the variocus locaticns of potentiai exposure to the river ¢or 0
river-reizted preoucts (water, fish, irrigated foocs) is alsc necessary.
DISCUSSION

Ted Poston, who was asked
concentrat

trations o7 Tish in

+o accumulate and evajuate data
<he Columdia River vor 1904-1968

WEn

~
‘e
-

Protect Ssumoer

on racdionuclide
, devisad a
These areas

data based on sampling locations.

conventicn for collecting h = T2,
June 12, 193¢, “"Location e7 Fish

are (memo, T. M. Poston to Dictribution,
Sampling Sites"):

Site Acoroximate River Mile
Priest Rapias 390
KHanford 383
Coyote Rapids 283
Ringold 354
Richland 345
Island View 335
Burbank 322
McNary 204

three of these locaticns are inside of +the Hantord Site, and *hus
Tor public exposure consideraticns. The cthers,
czess is availaple.

-

The firs:
of minimal impor:ance
however, are strstiches of the river for which public 2

CONCLUSIONS

T

S

have compared Ted's river stretches +o our HEDR census subdivisions on the

map. There is a very convenient correspondence for the publicly available
locations, as follows:
Site HEPR Census Subcivision

Kingoia rré

Richiand BE7, FRS

Island View BEZ, FR3

SBurbank WA3, BE&

Mchary nE., UMé&

B.21
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tiote that each strezch of the river touches two suboivisions, cne cn either
sice, i{ scme minor overiaps are ignores. (The Benton County side of <he
rRingzld strezzh is still Hantorg Site). Given the inexact nature ¢T tne
seieczions, his wculd seem i be rezscnabie.

These divisions should be used fcr the transport, demog-aphyv, and 4cse
caiculations required for Phase !l.

B.22

|ggue03



APPENDIX C

DOSES BY RIVER STRETCH, ORGAN, YEAR, AND EXPOSURE PATHWAY
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APPENDIX C

DOSES BY RIVER STRETCH, ORGAN, YEAR, AND EXPOSURE PATHWAY

The following five tables present summaries of the radiation doses
calculated for Phase I of the HEDR Project. The doses presented in these
tables are in units of rad (or rem) for the lower large intestine (labelled
GI Tract) and bone marrow and are in rem for the effective whole-body dose
equivalent (labelled EDE). Each table presents the results for a single
stretch of the Columbia River, as described in the main report. These five
stfetches are Ringold, Richland, Pasco/Kennewick, Burbank, and McNary, -as
illustrated in Figure 2.3. For each stretch, the results are presented as
annual summaries for 1964, 1965, and 1966 and as the cumulative dose that
would have been received had an individual who lived as defined for the
entire three years.

Doses are presented by exposure pathway. Those labelled "External"
include exposures from swimming in and boating on the Columbia River. The
doses presented for drinking water are given in three potential formats:

Drinking 1: Consumption of raw Columbia River water, no drinking-water
treatment.

Drinking 2: Consumption of Columbia River water treated with the alum-
floc process used in the Richland and Pasco water treatment plants.

Drinking 3: Consumption of Columbia River water obtained through near-

river wells before treatment.

Only the types of drinking water applicable to a given stretch of the
river are included in the tables (e.g., the Richland stretch has only type 1
and type 2).

Although most residents of the Tri-City area do not fish from the
Columbia River, however, two groups of fish consumers were identified. The
doses to individuals labelled "Low Fish" are assumed to eat between 1 and 20
meals per year of fish taken from the Columbia River. Those labeled "High
Fish" are assumed to eat between 21 and 200 meals per year. The fish are
assumed to come from the given river stretch. (The doses presented in the

€.1
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main report are combinations of the doses from drinking water in Richland and
eating fish from either the Ringold or Burbank stretches of-the river, but
the values presented in this appendix are for each pathway independently).

Although doses are presented for only one age group--adults--this
appendix presents, for this group, committed doses for two organs and the
effective dose equivalent.

The complete calculations performed for Phase I generated distributions
of dose for each of the categories described above. The fifth percentile,
median (fiftieth percentile), and ninety-fifth percentile doses from each
distribution are presented in the tables. Because of the nature of the Monte
Carlo calculation process, the uncertainty in doses outside of these ranges
"is large enough to invalidate their usefulness. The fifth and ninety-fifth
percentiles define a range in which ninety percent of the potentially exposed
population would fall, and are best used for comparative purposes.
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