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ABSTRACT

Historicalmeasurementsandcurrentassessmenttechniquesare beingcombined
to estimate potential radiation doses to people from radioactive releases to the
air, the Columbia River, soils,and groundwater at the Hanford Site since 1944.
Environmentalcontaminationfrom these releaseshas been monitored,at varying
levels of detail, for 45 yr. Phase I of the Hanford Environmental Reconstruction

O Project will estimate the magnitude of potentialdoses, their areal extents, andtheir associated uncertainties.The Phase I studyarea comprises 10 counties
in eastern Washingtonand northern Oregon, withina 100-mi radius of the site,
includinga stretch of the Columbia River that was most significantlyaffected.
These countiescontaina range of projected and measured contaminant levels,
environmentalexposure pathways,and populationgroups.Phase I dose estimates
are being developed for the periods 1944 through 1947 for air pathways and
1964 through 1966 for river pathways. Important radionuclide/pathway
combinationsincludefission products,such as 1311,in milk for early atmospheric
releases and activation products,such as _P and _Zn, in fish for releases to
the river.Potentialdoses range over severalorders of magnitudewithinthe study
area. We willexpand the time periods andstudyarea in threesuccessive phases,
as warrantedby resultsof Phase I.

INTRODUCTION

An overview c,f the Hanford Environmental Dose Reconstruction

(HEDR) Project was given by Haerer et al. (these proceedings). We
discuss here the technical approach designed to estimate radiation
dose, with associated variability and uncertainty, for various
populations that may have been exposed to emissions from past site
operations. For hypothetical reference individuals, dose-related

information is being developed, based on geographic location, age,
lifestyle, ethnic group, and dietary habits. At a later time, we will ask
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specific individuals (real people) to help us ref'me this information
specifically for them, so that we may more precisely estimate their
doses.

The project is being conducted in phases whereby time, space, and
level of detail progressively increase. Phase I focuses on the 10 countieS
surrounding Hanford, from 1.944 through 1947 (for atmospheric
releases) and 1964 through 1966 (for surface-water releases). The time
periods and study area will be expanded in three successive phases
as warranted by results of Phase I.

The lal"ge number of variables and potential permutations inherent
in a study of this complexity, combined with the fine level of detail
required to generate useful numbers, make control and manipulation
of this much information a major undertaking. We describe here
development of various components of the calculation, and the
mathematical structure of the models.

SPATIAL AND TEMPORAL RESOLUTION

O A critical task involved selecting appropriate units of spatial and
temporal resolution for the calculational scheme. The census
subdivisions (Figure 1), which reflect trade and service areas, principal
settlements, major land uses, and physiographic differences, were
selected as the grid framework. Month was selected as the unit for
temporal resolution, based on the continuous nature of historical
releases and tile availability of atmospheric, census, dietary.,, and
lifestyle data (Napier and Beck, 1989).

COMPUTATIONAL APPROACH

Overall radiation dose is the sum of parallel pathway calculations.
A simplified conceptual logic diagram for calculating doses from
atmospheric releases is shown in Figure 2 (Napier, 1990). Exposure
pathways include submersion in and inhalation of contaminated air,
exposure to surfaces contaminated from atmospheric deposition, and
consumption of contaminated crops and animals.

Figure 3 shows a similar diagram for surface-water releases (Napier,
1990). Pathways include immersion in contaminated water, consump-
tion of aquatic foods, and consumption of foods irrigated with
contaminated water.

Sensitivity studies, conducted with increasingly :ophisticated
conceptual models of pathways and types of individual e):posures, have
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been used throughout the project to focus appropriate submodels for
the calculational scheme. These studies have helped identify dominant

radionuclides, important parameters for calculating doses from
atmospheric release of '3!I, and important portions of the traditional

Native American die_ (Napier, 1989).

Umalilla

Morrow

Figure 1. Censussubdivisionsused as grid frameworkfor estimatinghistoricaldosesto
populationssurroundingthe HanfordSite.
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Figure 2. Generalized data flow for calculating historical doses to people near the Hanford
Site from exposure via the air pathway.
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Sitefromexposureviathesurface-waterpathway.

SOURCE-TERM DERIVATION

In Phase I, _I accounts for more than 90% of the dose from air in
most cases. Atmospheric releases in the 1940s were from the two
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chemical separations facilities that dissolved irradiated fuel and
extracted plutonium (Ballinger and Hall, 1989).

Because technology in the early years did not permit monitoring of
specific radionuclides, we modeled emissions. Source-term data for
atmospheric releases, including fuel irradiation history and cooling
time, were prepared as vectors of total activity (per month) released
for several dominant radionuclides. A triangular distribution bounded

by upper and lower estimates of potential releases was used. Available
effluent data for production reactors from 1964 through 1966 and
measured river concentrations were used as source-term input to
calculate surface-water transport.

TRANSPORT AND DEPOSiTiON OF RADIONUCLIDES
IN THE ENVIRONMENT

No reliable monitoring data exist for areas outside the Hanford Site
for 1944-1947; thus, radionuclide transport in air was modeled. The
HEDR atmospheric model; adapted from a Lagrangian puff model, uses

O historic hourly meteorological data to provide time-integrated airconcentrations, monthly averaged deposition rates, and month-end
accumulations of nondepositing, chemically reactive, particulate
materials (Ramsdell and Burk, 1989). Initially, data from 1983 through
1987 are being used as surroga_.e input. Variability is estimated as
variance from individual grid point estimates. Selection of census
subdivisions and atmospheric grid are interdependent and influence
ali other calculations.

Estimating surface-water concentrations from Hanford releases in the
mid-1960s was more straightforward because site data for effluents
to the river al'td radionuclide concentrations are available. A simple
routing model was applied to effluent data, accounting for dilution
in the time-varying flow ()f the river and decay for various travel times
to locations of interest. Variability is derived from tapper and lower
values for each radionuclide at each sampling location and time.

To reconstruct radionuclide concentrations irtvegetation, two sources
are used: calculations based on source term, transport, and deposition,
and environmental measurements. Variability in calculated values is
accounted for in the interception fraction of the model, which varies
as a function of plant biomass and moisture content (crop type and
time of year). Variability in mea_surements is reflected using a time-
and-space averaging technique (Woodruff, 1989).
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RADIONUCLIDES IN FOOD PRODUCTS

Concentrations of radionuclides in animal products depend on

concentrations in feed and amount of feed consumed. Four potential
feeding regimes are considered for milk cows, ranging in complexity
from a diet of only pasture grass to diets supplemented with hay,
grain, and silage; these supplements may be from areas other than

where the cow is maintained. Uncertainty in the use of feeding regimes
is addressed by using distributions of possible quantities of feed
consumed by the animals. Variability of the transfer of contaminants
from feed to milk or other animal products is addressed using a range
of transfer factors.

Some food products in the study area were purchased by distributors
(most significantly, milk). Average radionuclide concentration of a
distributor's product is calculated via accumulation fraction arrays,
which define the traction of product at each distribution center that

originated in each census subdivision by month. Average concentration
in products available from retail outlets is calculated using distribution

O fraction arrays, which define the fraction of product that originated
at each distributor in each census subdivision. Uncertainty in
reconstruction of distribution patterns is accounted for using
triangular distributions of these fractions (Beck, 1989).

HUMAN FACTORS THAT INFLUENCE EXPOSURE

The model considers demographics of each census subdivision by

providing estimates for individuals differentiated by age, sex, diet, and
general lifestyle (Callaway, 1990). Seven age groups, divided in two
sexes, will eventually be used; only adult and infant categories were
investigated in Phase I (Napier and Beck, 1989).

Groups under study include the general population, Native American
tribes, U.S. Army personnel stationed at Hanford, Hanford construction
workers, and migrant workers. Phase I emphasizes the first two

categories. Each category is subdivided into urban and rural "lifestyles."

For each subpopulation/age/lifestyle category, distributions were
prepared on consumption rates of locally produced foods. Native
American diets, categorized as traditional or nontraditional, were
characterized after consultation with tribal members and

anthropologists.

O
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MODEL STRUCTURE

Logic diagrams (Figures 2 and 3) show module breaks for individual
portions of the calculation, representing individual portions of the

computer code that can be run in a stochastic simulation (also called
a Monte Carlo analysis), Because of the interconnected nature of the
cow-feed/milk distribution model, no doses can be calculated for

individuals in a particular census subdivision without knowledge of
environmental conditions in other locations. The model minimizes

repetitive calculations, and accumulates information on _rlL_tributions

of environmental parameters for each time period (Napier, 1990).

The model structure also allows input of calculated or measured data

at each step. In addition, the structure supports dose calculations
for specific as well as reference individuals. This is important because
we will provide doses for specific individuals to U.S. Public Health

Service Center for Disease Control staff, who are conducting a parallel
study on thyroid morbidity.

CONCLUSIONS

Environmental monitoring data and modeling results can be effectively
combined to reconstruct historical radiation doses. Preliminary results
indicate that in the early years of Hanford operations the largest, doses
were from 13_Iin milk. As effluent control technology improved and

more production reactors began operating, Columbia River fish became
an important exposure pathway.
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