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PREFACE

Environmental monitoring at Hanford is conducted by the Battelle Memorial Institute, Pacific North-
west Division, as part of its contract to operate the Pacific Northwest Laboratory (PNL) for the
Department of Energy (DOE). The data collected provide a historical record of the levels of radionu-
clides and radiation attributable to natural causes, worldwide fallout, and Hanford operations. Data
are also collected to provide a record of the status of nonradioactive materials onsite and in the
Columbia River. Included within this report are initial results from hazardous materials monitoring
activities, which began in 1985.

This report represents a single, comprehensive source of environmental monitoring data collected in
the offsite, onsite, and subsurface environments. Appendix A contains data and data summaries for
results obtained during 1985 that include statistical estimates of errors. Information in Appendix A is
intended for readers with a scientific interest or for those who wish to evaluate results in a manner not
included here.
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SUMMARY

Environmental monitoring activities performed
by the Pacific Northwest Laboratory for the
Department of Energy on the Hanford Site for
1985 are discussed in this report. Samples of
environmental media were collected to estimate
radionuclide and chemical concentrations in
the Hanford environment. Radiological impacts
during 1985 in terms of radiation dose equiva-
lents as a result of Hanford operations are also
discussed. Applicable standards and concentra-
tion guides are given in Appendix C. As an aid to
the reader, a glossary and conversion tables are
given in Appendix B. The results provided in this
report are summarized in the following
sections.

RADIOLOGICAL IMPACT FROM
1985 HANFORD OPERATIONS

Measured and calculated radiation doses to the
public from Hanford operations were well
below applicable regulatory limits throughout
1985. The calculated 50-year, whole-body dose
potentially received by a hypothetical maximally
exposed individual was about 3 mrem during
1985. This is an increase of 1 mrem over the
potential whole-body dose reported in 1984 and
was attributed primarily to increased *Sr
releases from N Reactor to the Columbia River.
The calculated 50-year whole-body dose to the
population living within 80 km of the Site was 7
man-rem as compared to 5 man-rem in 1984.
These doses are much less than doses poten-
tially received from other common sources of
radiation. They can also be compared to the
approximate 100 mrem and 34,000 man-rem
received annually by an average individual and
the surrounding population, respectively, as a
result of naturally occurring and worldwide fall-
out radiation in the Hanford environs. The caicu-
lated effective dose equivalent using the new
DOE Radiation Standards for Protection of the
"Public was 0.1 mrem, compared to the new
limits of 100 mrem/yr for prolonged exposure
and 500 mrem/yr for occasional annual expo-
sures to a maximally exposed individual. (See
”Radiological Impacts from Hanford Opera-
tions.”)

RADIOLOGICAL MONITORING RESULTS

Air—Radioactive materials in air were sampled
continuously on the Hanford Site, at the Site
perimeter, and in nearby and distant communi-
ties in the Columbia Basin at a total of 48 loca-
tions. Air was sampled and analyzed for several
gaseous radionuclides at selected locations.
Dust particles filtered from the air at all locations
were analyzed for radionuclides in solid form.
No sample collected at the Site perimeter or in
communities exceeded more than 0.3% of the
applicable DOE Derived Concentration Guide.

The 1985 annual average Site perimeter concen-
trations of *Kr, ®Sr, "I and ?***Pu and uranium
were greater than concentrations measured at
monitoring stations in distant Columbia Basin
communities. Tritium (H), *C, ™I, "’Cs, and
%Py concentrations at the Site perimeter were

" similar to those in nearby communities, as well

as distant communities where concentrations
aspproached background levels. Increases in
Bgr, ®sr, 2*?py, and uranium were observed at
the Siteperimeter compared to 1984.

Onsite measured concentrations of abKr, 90Sr,

), B9Mpy, 3H, and Cs were greater than

levels at the distant monitoring stations.
Tritium, *Sr, and uranium concentrations

~increased onsite compared to 1984. (See ”Air

Monitoring .")

Ground Water—During 1985, ground water was
collected from wells that sample both the
confined and unconfined aquifers beneath the
Hanford Site. Radionuclides detected in various
samples included H, ®Co, *sr, ™1, ¥Cs,
uranium, gross alpha, and gross beta. The major
’H plume continued to move eastward, resulting
in seepage into the Columbia River. In addition,
monitoring data from wells directly southeast of
the 200E Area showed increasing tritium concen-
trations, reflecting current Hanford operations,
specifically the restart of the PUREX Plant. The
highest concentrations of *Sr, ®Co, and ™’Cs
were found in samEIes from the 100N Area.
Concentrations of "l were elevated in samples
collected from wells located in or adjacent to the

~ 200 Areas, while the highest concentrations of



gross alpha, gross beta, and uranium were
found in well water from the 100H Area. (See
” Ground-water Monitoring .”)

Surface Water—Very low levels of radionuclides
were detected -in samples of Columbia River
water collected immediately upstream and
downstream of the Hanford Site during 1985.
Concentrations of all radionuclides observed in
river water were well below applicable EPA and
State of Washington drinking-water concentra-
tion guides. As in past years, radionuclides
consistently observed in measurable quantities
in the river water included *H, *sr, "1, "Cs,
uranium, and B92%py. Tritium, 129l, and uranium
concentrations were consistently higher at the
downstream sample site than at the upstream
site. Strontium-90, "’Cs, and 2***Pu concentra-
tions were similar at the upstream and down-
stream sampling sites, indicating no measurable
contribution as a result of Hanford operations.
The major sources of radionuclides entering the
river were from N Reactor liquid- disposal facili-
ties and from the ground water moving beneath
the Hanford Site and into the river.

Concentrations of radionuclides observed in
samples of water from onsite ponds collected
during 1985 were similar to those observed in
previous years. (See ”Surface Water Monitor-
ing ."”)

Foodstuffs—Low levels of radionuclides
attributable to worldwide fallout were observed
in most foodstuff samples. In addition, ™'l was
detected at very low levels in a small percentage
(6%) of the individual milk samples. Foodstuffs
irrigated with Columbia River water taken
downstream of the Site were sampled in 1985 to
determine if elevated concentrations of
radionuclides were present. All results were
similar to the low concentrations found in food-
stuffs grown in other adjacent sampling areas,
indicating no measurable impact as a result of
Hanford operations. (See ” Foodstuffs Monitor-
ing.”)

wildlife—Samples of deer, rabbits, game birds,
waterfowl, and fish were collected where the
potential for radionuclide uptake was consid-
ered most likely, or at the nearest locations
where wildlife samples were available. Game
birds, waterfowl, fish, and deer showed low
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levels of ™Cs attributable to Hanford opera-
tions. Other radionuclide concentrations in
wildlife were typical of levels attributable to
worldwide fallout. (See” Wildlife Monitoring.”)

Soil and Vegetation—Low concentrations of
radionuclides were measured in onsite and
offsite samples of soil and vegetation during
1985. Levels were similar to those observed in
previous years. Evaluations of 1985 sample
results provided no indication of any discernible
increases in the concentrations of radionuclides
that could be attributable to current Hanford
operations. Results of a special study, however,
noted the presence of Hanford-derived pluto-
nium mixed with fallout plutonium in onsite and
some offsite soil samples. (See ” Soil and Vegeta-
tion Monitoring .”) :

Penetrating Radiation—Dose rates from exter-
nal penetrating radiation measured in the vicin-
ity of local residential areas were similar to those
observed in previous years, and no contribution
from Hanford activities could be identified.
Measurements made in the vicinity of onsite
operating areas and along the Hanford reach of
the Columbia River continued to indicate
several locations where dose rates were some-
what higher than those attributable to back-
ground sources but still well below applicable
DOE radiation protection standards. (See
”Penetrating Radiation Monitoring .”)

NONRADIOLOGICAL MONITORING
RESULTS

Air Quality—Continuous monitoring of nitro-
gen dioxide by the Hanford Environmental
Health Foundation (HEHF) at seven locations
demonstrated that concentrations were gener-
ally higher than in 1984, but well.below national
and Washington State ambient air quality stan-
dards. (See ”Air Quality Monitoring -”)

Ground Water—Ground-water monitoring for
chemical constituents included both routine
sampling and a special new effort involving
hazardous materials. Samples collected under
the routine effort were analyzed for a variety of
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nonradiological  constituents.  Chromium,
sodium, and the water quality parameters of
conductivity and total dissolved solids were
found in elevated levels in samples collected in
the 100H Area compared to the rest of the Site.

Monitoring for hazardous materials in the
ground water consisted of an initial effort to
collect a single set of samples from 75 wells.
Samples were analyzed for 35 to 40 constituents.
Constituents detected included several metals,
anions, coliform bacteria, and total organic
carbon. Low concentrations of many of the
constituents detected would be expected in the
natural ground water, and additional sampling
is needed to determine any effects from
Hanford operations. (See ”Nonradiological
Ground-Water Monitoring .”)

Columbia River—Nonradiological water quality
parameters for the Hanford reach of the Colum-
bia River were within Washington State Water
Quality Standards, with a few isolated excep-
tions in the case of pH and fecal coliform bacte-
ria. Based on 1985 river-monitoring data (PNL
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and USGS) and National Pollution Discharge
Elimination System (NPDES) discharge reports,
there was no apparent association of these devi-
ations with Hanford operations, or any indica-
tion of reduced river water quality during 1985
as a result of Hanford operations. (See
”Columbia River Water Quality Monitoring.”)

QUALITY ASSURANCE

Comprehensive quality assurance programs
were maintained to ensure that the data
collected were representative of actual concen-
trations in the environment. These programs
covered surface monitoring, hazardous materi-
als monitoring, and ground-water monitoring.
Standard quality assurance-quality control tech-
niques were employed in conduct of the sample
collection, laboratory analysis, data manage-
ment, and dose calculation activities. (See
”Quality Assurance .”)
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INTRODUCTION

A variety of nuclear and non-nuclear activities have been conducted at the Hanford Site since 1943.
The most environmentally significant activities have been the production of nuclear materials for
national defense and the associated chemical processing and management of waste products. The
U.S. Department of Energy (DOE) conducts effluent control, effluent monitoring, and environmental
monitoring at the Hanford Site through contractor organizations to ensure compliance with applica-
ble rules and regulations. An environmental monitoring program has been conducted at the Hanford
Site for the past 42 years. Environmental monitoring has been conducted since 1965 by the Pacific
Northwest Laboratory (PNL), which is operated for the DOE by the Battelle Memorial Institute.

Environmental monitoring activities provided
for the measurement, interpretation, and evalu-
ation of samples and other types of measure-
ments to assess current onsite and offsite
environmental impact, to determine compli-
ance with pertinent regulations, and to evaluate
the adequacy of onsite waste management prac-
tices. Results were not intended to characterize
the Hanford environs. Monitoring data were
aimed at assessing the radiation exposures from
current effluent releases in terms of potential
radiation dose and at determining compliance
with state and federal regulations. Pathways of
potential environmental impact were evaluated,
with emphasis on the most important pathways.

The monitoring results have been recorded

since 1946 in quarterly reports. Since 1958, the

results have been publicly available as annual

reports. Results in recent years have been

published as separate reports under the titles:

* Envi rvei r
(monitoring results for the offsite environs)

* Environmental Status of the Hanford Site for
CY (monitoring results for the onsite
environs)

o Gr -Water
(monitoring results for the onsite subsurface
environs).

These three reports were combined into this
report to summarize the data collected for calen-
dar year 1985. This report includes information
on all samples and measurements made in the
offsite, onsite, and subsurface environment. A
brief description of the Hanford Site and ongo-
ing operations, the nature of environmental

monitoring activities, and the results and inter-
pretation of environmental monitoring data for
1985 are included. The radiological impact of
Hanford operations was assessed by calculating
the potential radiation dose to people living in
the vicinity of the Hanford Site.

This report emphasizes the radiological status of
the Hanford environment and vicinity. In
general, the data were compared to both back-
ground or control measurements taken at
distant locations during 1985 and to data
obtained during the past five years. The
”Radiological Impact from Hanford Opera-
tions” section discusses an assessment of radio-
logical impacts at the Hanford Site and on the
surrounding environment. Potential doses are
calculated for a hypothetical maximally exposed
individual and for the local population. The dose
rates at publicly accessible areas are also
discussed.

Radionuclide data are expressed in terms of
curies, picocuries, or attocuries. The curie (Ci) is
the fundamental unit used to express radioactiv-
ity and defines the amount of a substance
present based on its rate of radioactive disinte-
gration. A microcurie (uCi) is one millionth (10°)
of a curie. A picocurie (pCi) is one millionth-
millionth (10™) of a curie. An attocurie (aCi) is
one millionth-millionth-millionth (10™) of a
curie. Environmental monitoring results are
often very small numbers that are best
expressed as picocuries or attocuries. As an
additional aid in expressing small and variable
environmental results, data are graphed using
either linear or logarithmic (compressed) scales.
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The radionuclides and corresponding symbols
commonly used in this report are listed in Table
1. The radionuclides addressed by environmen-
tal monitoring are listed in Tables F.18 and F.20,
Appendix F. Gross alpha and gross beta results
are from screening-type analyses that measure
all alpha or beta radiations in the sample, regard-
less of the radionuclide present.

TABLE 1. Radionuclide Nomenclature

Radionuclide Symbol
Tritium 3H
Carbon-14 C
Cobalt-60 ®Co
Krypton-85 BKr
Strontium-90 0sr
Technetium-99 *Tc
Ruthenium-106 05Ru
lodine-129 )
Cesium-137 s
Plutonium-238 B3py
Plutonium-239,240 239.240py,

Uranium (total) U or uranium

Chemical data are expressed as parts per billion
(ppb) or the equivalent measure, micrograms
per liter pg/2). Occasionally, they are expressed
in parts per million (ppm) or the equivalent milli-
grams per liter (mg/). Because concentrations of

chemicals in environmental media are often
very small numbers, they are best expressed in
these units.

Environmental monitoring data for 1985 are
listed in Appendix A, and a glossary and list of
acronyms and abbreviations are presented in
Appendix B. Applicable standards and special
permits are presented in Appendix C. Sample
analysis procedures are described in Appendix
D, and data analysis methods are summarized in
Appendix E. Dose calculation methods. and
details including effluent data used in the calcu-
lations for 1985 are given in Appendix F.
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I. BACKGROUND INFORMATION

DESCRIPTION OF THE HANFORD SITE

The U.S. Department of Energy’s Hanford Site is located in a rural region of southeastern Washington
and occupies an area of 1,500 km’. The Site, shown in Figure 1, lies about 320 km northeast of
Portland, Oregon, 270 km southeast of Seattle, Washington, and 200 km southwest of Spokane,
Washington. The Columbia River flows through the northern edge of the Hanford Site and forms part

of its eastern boundary.

SURFACE CHARACTERISTICS OF THE SITE

The semiarid land on which the Hanford Site is
located has a sparse covering of desert shrubs
and drought-resistant grasses. The most broadly
distributed type of vegetation on the site is the
sagebrush/cheatgrass/bluegrass  community.
The most abundant mammal is the Great Basin
pocket mouse. The mule deer is the most abun-
dant big-game animal on the Site, and the most
prolific small-game animal is the cottontail
rabbit. The coyote is the most abundant furbear-
ing animal. The bald eagle is a regular winter

) Hanford
Site
Boundary

visitor to the relatively large areas of uninhab-
ited land comprising the Hanford Site.

The Hanford reach of the Columbia River
extends from Priest Rapids Dam to the head of
Lake Wallula, which is created by McNary Dam
downstream of the Site. It is the last free-flowing
reach of the Columbia River in eastern Washing-
ton. Water quality for the Hanford reach is desig-
nated as Class A by the State of Washington. This
means the water is suitable for all uses, includ-
ing raw drinking water, recreation, and wildlife.
Monthly average river-water temperatures

@ Seattle LJ
Spokane

Washington

Portland

0 4 8
[ e S oy
0 6 12

Kilometers

i

Kennewick

FIGURE 1. DOE’s Hanford Site



range from about 3°C (37°F) in February to 19°C
(67°F) in August. Other surface water on the Site
consists of West Lake (a small, natural pond), a
number of ditches, and three artificial ponds
created for routine disposal of cooling water.

Hanford’s climate is dry and mild; the area
receives approximately 16 cm of precipitation
annually. About 40% of the total precipitation
occurs during November, December, and
January; only 10% falls in July, August, and
September. Approximately 45% of all precipita-
tion from December through February is snow.
The average maximum and minimum tempera-
turesin July are 32°C(90°F) and 16°C (61°F). For
January, the averages are 3°C (37°F) and -6°C
(22°F). ‘

Monthly average wind speeds range from about
10 km/h in the summer to 14 km/h in the winter.
The prevailing regional winds are from the
northwest, with occasional strong drainage and
crosswinds. The region is a typical desert area
with frequent strong inversions that occur at
night and break during the day, resulting in
unstable and turbulent conditions.

Land near the Hanford Site is principally used
for agriculture and for livestock grazing. Agricul-
tural lands occur north and east of the Columbia
River and south of the Yakima River and include
orchards, vineyards, and fields of alfaifa, wheat,
and vegetables. Use of the Hanford Site north of
the Columbia River is shared between a state
wildlife management area and a federal wildlife
refuge. The northeast slope of the Rattlesnake
Hills is designated as the Arid Lands Ecology
Reserve and is used for ecological research by
DOE.

The major population center nearest to the
Hanford Site is the Tri-Cities area (Richland,
Pasco, and Kennewick), which is situated on the
Columbia River downstream from the Site and
has a population of approximately 90,000.
Approximately 340,000 people live within an 80-
km radius of the Hanford Site in the Tri-Cities,
the Yakima area, several small communities, and
the surrounding agricultural area. Considerably
more detail on site characteristics and activities
is available in the Final Environmental State-
ment, Waste Management Operations, Hanford
Reservation (ERDA 1975).

SUBSURFACE CHARACTERISTICS OF THE SITE

The DOE operations onsite have resulted in the
production of large volumes of waste water,
which have historically been discharged to the
ground through cribs, ditches, and ponds. Over
10 billion gallons of liquid effluent were
disposed in the ground in 1985, including
process cooling water and water containing low-
level radioactive wastes. The discharge of waste
water to the ground at the Hanford Site began in
the mid-forties and reached a peak in 1955. After
1955, discharge to cribs declined because of
improved treatment of waste streams and the
deactivation of various facilities (Graham et al.
1981). Since the restart of the PUREX Plant and
related facilities in late 1983, discharge of
PUREX-related effluents has resumed.

Subsurface structures, such as cribs, have been
used for the disposal of water containing
radioactive wastes, while surface ponds and
ditches have been used for the disposal of
uncontaminated cooling water (Graham et al.
1981). Liquid disposal facilities occur at each of
the operating areas (100, 200, 300, 400) shown in
Figure 1. The majority of the waste water has
been released in the 200 Areas located on a
plateau near the center of the Site. Smaller
amounts of waste water have been released
through disposal facilities in the 100 and 300
Areas, while discharges of waste water in the 400
Area have been minimal.

Geologic and hydrologic properties of the Site’s
subsurface, including stratigraphy and physical
and chemical properties of the host rock all
influence the movement of the liquid effluents.
Generally, ground-water movement has been in
a west-to-east direction toward the Columbia
River. The geology and hydrology of the Site’s
subsurface and the physical nature of liquid
effluent movement are described in more detail
in the following sections.

Geology

The main geologic units beneath the Hanford
Site include, in ascending order, the Columbia
River Basalt Group, the Ringold Formation, and
a series of glaciofluvial sediments. A generalized
geologic cross section of the Site is shown in
Figure 2.
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FIGURE 2. Geologic Cross Section of the Site (from Tallman et al. 1979)

The Columbia River Basalt Group is a thick
series of lava flows that were extruded from
fissures. The basalts have been warped and
folded, producing anticlines that, in some
places, crop out at the land surface. The Ringoid
Formation overlies the basalts except in some
localized areas. This formation, consisting of
fluvial and lacustrine sediments, is separated
into four lithologic units: basal, lower, middle,
and upper. The basal and middle units consist
mostly of semiconsolidated gravels and sands,
whereas the lower and upper units consist
mainly of bedded silts and sands. Beneath the
200 West (200W) Area, sediments of the upper
Ringold Formation have been reworked by the
wind and redeposited as a silt layer called the
Palouse soil. The glaciofluvial sediments rest
atop the Ringold Formation or Palouse soil, and,
in places where the Ringold has been removed,
the basalts. These sediments were deposited by

the ancestral Columbia River when it was swol-
len by glacial meltwater. The glaciofluvial sedi-
ments are composed primarily of gravels, sands,
and some silts (Newcomb, Strand and Frank
1972).

Hydrology

Both confined and unconfined aquifers are
present beneath the Hanford Site. The confined
aquifers, in which the ground water is under
pressure greater than that of the atmosphere,
are found primarily within the Columbia River
basalts. In general, the unconfined or water-
table aquifer consists of the Ringold Formation
and glacioffuvial sediments, as well as some
more recent alluvial sediments in areas adjacent
to the Columbia River (Gephart et al. 1979). This
relatively shallow aquifer has been affected
more than the uppermost confined aquifer by



waste-water disposal at Hanford. Therefore, the
unconfined aquifer is the most thoroughly
monitored aquifer beneath the Site.

The unconfined aquifer is bounded below by
either the basalt surface or, in places, the rela-
tively impervious clays and silts of the lower unit
of the Ringold Formation. Laterally, the uncon-
fined aquifer is bounded by the anticlinal basalt
ridges that ring the basin, and by the Columbia
River, where it eventually discharges. The satu-
rated portion of the unconfined aquifer reaches
a thickness of over 61 m in some areas and
pinches out along the flanks of the basalt anti-
clines. With their low permeability, the basalt
ridges above the water table act as a barrier to
lateral flow of the ground water (Gephart et al.
1979). On the Hanford Site, the depth from the
surface to the water table ranges from less than
0.3 m near the Columbia River to over 106 m in
the center of the Site (Figure 3).

Recharge to the unconfined system comes from
several sources. Natural recharge from precipi-
tation and runoff occurs principally to the west
from the Cold Creek and Dry Creek areas. The
Yakima River recharges the unconfined aquifer
as it flows along the southwest boundary of the
Hanford Site. The Columbia River recharges the
unconfined aquifer during its high stages when
river water is transferred to bank storage. The
unconfined system receives little, if any,
recharge from precipitation within the perime-
ters of the Hanford Site, although present stud-
ies, such as those described by Gee and Heller
(1985), suggest that precipitation may contribute
more recharge to the ground water than was
originally thought.

Artificial recharge occurs predominantly from
liquid-waste disposal operations in or adjacent
to the 200W and 200E Areas. It has been esti-
mated that recharge to the ground water from
the Separations Area (which includes B Pond
and Gable Mountain Pond, as well as the various
cribs and trenches in the 200W and 200E Areas)
adds ten times as great an annual volume of
water to the unconfined aquifer as is
contributed by natural inflow to the area from
precipitation and irrigation waters to the west
(Graham et al. 1981). The discharge of water has
created ground-water mounds near each of the
major waste-water disposal facilities in the Sepa-
rations Area, and the 100 and 300 Areas (Figure

3). These mounds alter the general flow pattern
in the aquifer, from the recharge areas in the
west to the discharge areas (primarily the
Columbia River) in the east. Ground-water levels
have changed continuously over the years
because of variations in the volume of waste
water discharged. Consequently, the movement
of the ground water and its associated
constituents has also changed with time.
Although ground-water mounding occurs in the

- 100 and 300 Areas, the volume of liquid

1.4

discharged to the ground is less. The mounding
is also affected by the proximity of these areas to
the Columbia River, where river stage may play a
part. Therefore, ground-water mounding in
these areas may not be as significant as in the
Separations Area. The effect on the quality of the
ground water that enters the Columbia River
from the 100 and 300 Areas may be more
pronounced because of the short travel times
involved, compared to the longer travel times
required to move possible contaminants from
the 200 Areas.

Liquid Effluent Movement

Liquid effluents discharged to the ground at the
Hanford Site waste disposal facilities percolate
downward through the soil and may reach the
water table. As the wastes move through the
soil, adsorption, chemical precipitation, and ion
exchange may delay the movement of some
radionuclides, such as *Sr, "’Cs, and ****Pu.
Other materials, including nitrate and such
radionuclides as *H, I, and *Tc, are not
retained by the soil as readily because of their
chemical form. These soluble chemicals move
through the soil column at varying rates and
eventually enter the ground water. Subse-
quently, they move down-gradient in the same
direction as and at a rate nearly or often equal to
the flow of ground water. As the waste materials
move with the ground water, concentrations are
reduced by radioactive decay, dilution, molecu-
lar diffusion, and mechanical dispersion.

MAJOR ACTIVITIES

Established in 1943, the Hanford project was
originally designed, built, and operated to
produce plutonium for nuclear weapons. Atone
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time, nine production reactors were in opera-
tion, including eight with once-through cooling
by treated river water. Between December 1964
and January 1971, all eight reactors with once-
through cooling were deactivated. The
N Reactor, the production reactor remaining in
operation, has a closed primary cooling loop.

Four major DOE operating areas exist at the
Hanford Site (see Figure 1). The 100 Areas
include facilities for the N Reactor and the eight
deactivated production reactors along the
Columbia River. The reactor fuel reprocessing
plant (PUREX Plant), Plutonium Finishing Plant
(Z Plant), and waste-management facilities are
on a plateau about 11.3 km from the river, in the
200 Areas. The 300 Area, just north of the city of
Richland, contains the reactor fuel manufactur-
ing facilities and research and development
laboratories. The Fast Flux Test Facility (FFTF) is
located in the 400 Area, approximately 8.8 km
northwest of the 300 Area.

Privately owned facilities located within the
Hanford Site boundaries include the Washing-
ton Public Power Supply System (WPPSS) gener-
ating station adjacent to N Reactor, the WPPSS
power reactor and office buildings, and a low-
level radioactive-waste burial site operated by
U.S. Ecology. The Exxon fuel fabrication facility
is immediately adjacent to the Hanford Site.

Principal DOE operating contractors at Hanford
during 1985 were:

Rockwell Hanford . Operations (Rockwell)—
responsible for fuel reprocessing, waste
management, and site support services such as
plant security, fire protection, central stores,
and electrical power distribution.

Battelle Memorial Institute—responsible for
operating Pacific Northwest Laboratory (PNL)
for the Department of Energy (DOE). This
includes research and development in the phys-
ical, life, and environmental sciences, chem-
istry, and advanced methods of nuclear-waste
management. Environmental monitoring also is
a part of PNL activities.

UNC Nuclear Industries (UNC)—responsible for
fabricating N Reactor fuel, operating the N Reac-
tor, and decommissioning formerly used DOE
facilities, including deactivated production
reactors.
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Westinghouse Hanford Company (WHC)—
responsible for operating the Hanford Engineer-
ing Development Laboratory (HEDL), including
advanced reactor developments and the FFTF
test reactor.

Hanford Environmental Health Foundation
(HEHF)—responsible for occupational medicine
and environmental health support services.

Operational Highlights

Highlights of operational activities at Hanford
during 1985 were:

e The N Reactor operated for 164 days, during
which time it supplied steam used by WPPSS
to generate 860 megawatts of electrical power.
Since its startup, the N Reactor has supplied
steam for the production of over 50 billion
kilowatt-hours of electric power, which has
been supplied to the Bonneville Power
Administration grid covering the Pacific
Northwest.

¢ The PUREX Plant fuel reprocessing facility in
200E Area completed a second year
of operation since restart of operations in
1983. The uranium processing facility (UO;
Plant) operated as needed through 1985. The
Plutonium Reclamation Facility at Z Plant
operated throughout the year as well.

e The FFTF completed two 100-day fuil-power
operating campaigns and achieved a 71%
annual capacity factor. An FFTF fuel assembly
achieved an exposure of 152,000 megawatt
days per metric ton of metal, the highest
exposure of an oxide fuel assembly to date.

e Various 100 Area retired facilities underwent
initial stages of decommissioning. The 1088
Tritium Facility was dismantled and water was
removed from the 1058, C, D, and DR fuel
storage basins.

Work at Hanford during 1985 also included
Hanford National Environmental Research Park
studies, Arid Land Ecology studies, and Basalt
Waste Isolation Project activities, as well as
continued operation of a variety of national
research and laboratory facilities.

“r



ENVIRONMENTAL MONITORING

All DOE sites are required to conduct environmental monitoring and to report results on an annual
basis according to DOE Order 5480.1A. The policy of the DOE is to ensure that radiation doses to
members of the public are maintained as low as reasonably achievable (ALARA) consistent with
technology and associated cost and applicable dose standards. A primary purpose of environmental
monitoring is to estimate and assess radiation doses to individuals and groups of individuals (a
population) that have a potential for being exposed to radioactive materials and radiation in the
environment from present and past operations of Hanford facilities. The risk to people is evaluated by
comparing calculated potential doses received from Hanford sources to established standards and to
doses received from natural background and fallout radiation. Another purpose is to determine
concentrations and to assess potential impacts of nonradiological materials in the Hanford environ-
ment. A third purpose is to detect and clarify any increasing trends in environmental radiation dose
rates and in radioactive and nonradioactive material concentrations found in various kinds of envi-
ronmental samples that may result from Hanford operations. The final purpose is to inform the public
as well as federal, state, and local regulatory agencies of changes in the radiological and nonradiolog-
ical status of the environment.

impacts and identifying noteworthy changes
in the radiological and nonradiological status
of the environment.

SCOPE

The scope of environmental monitoring activi-
ties encompasses all potential effluents, with
emphasis on radioactive materials. Activities are
selected to be responsive to both routine and
potential releases of effluents according to the
severity of possible impact. Activities also
provide a feedback system to evaluate the
adequacy and effectiveness of containment and
effluent control systems. The appropriate facil-
ity manager is notified if off-standard conditions
or adverse trends are detected in the environ-
ment near operating areas.

CRITERIA

The criteria for environmental monitoring
derived from requirements set forth in applica-
ble federal, state, and local regulations and
recommendations are given in the monitoring
guide published for use at DOE sites (Corley et
al. 1981). These criteria have been applied
through the identification of critical radionu-
clides, exposure pathways, and exposure rates.
Experience gained from environmental monitor-
ing activities conducted at the Hanford Site for
over 40 years also has provided significant
support for program planning and data evalua-

OBJECTIVES

The objectives of the program include:

¢ assessing dose impacts to the offsite public
from Hanford Site operations

e verifying in-plant controls for the
containment of radioactive and non-
radioactive materials within controlled

areas (onsite)

® monitoring to determine buildup of long-
lived radionuclides in uncontrolled areas
(offsite)

¢ providing reassurance to the public that the
program is capable of adequately assessing

tion.

The primary pathways available for the move-
ment of significant quantities of radioactive
material from Hanford operations to the public
are the atmosphere, surface water, and ground
water. Figure 4 illustrates these potential routes
and the subsequent network of possible expo-
sure pathways to man. The significance of each
pathway is determined from data and models
estimating the amount of radioactive material
potentially available to be transported along the
pathway and its resultant radiation dose. To
ensure that radiological analyses of samples are
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sufficiently sensitive, minimum detectable
concentrations of critical radionuclides in air,
water, and food have been calculated and are
given in Table D.1, Appendix D. The minimum
detectable concentrations for other types of
samples also are listed in the table.

ENVIRONMENTAL PROTECTION STANDARDS
AND PERMITS

Operations at the Hanford Site are controlled to
conform to a variety of federal and state stan-
dards and permits. Radiological releases are
regulated by DOE orders pursuant to the Atomic
Energy Act and the Clean Air Act. Nonradiologi-
cal releases at the Site are subject to the same
state and federal laws and regulations as at any
civilian facility.

Environmental radiation protection standards
are published in DOE ORDER 5480.1A
“Environmental Protection, Safety, and Health
Protection Program of DOE Operations”
(USDOE 1981a). In 1985 DOE issued a revision to
this order that incorporates a system for evaluat-
ing and controlling radiation exposures to
members of the public in uncontrolled areas.
The revision is based on recommendations of
the International Commission on Radiation
Protection (ICRP 1977, 1979-1982). These revi-
sions are contained in a DOE directive,
”Radiation Standards for Protection of the
Public in the Vicinity of DOE Facilities,” Revision
1, September 3, 1985. (See Table C.4, Appendix
C.) The standards limit exposure to members of
the public to 100 mrem per year for prolonged
periods of exposure, and to 500 mrem per year
for maximum occasional exposure. They also
limit whole-body dose to 25 mrem per year for
air pathways, in compliance with 40 CFR 61,
Subpart H. Dose calculations reflecting the
revised standards are now to be performed with
a table of 50-year Committed Dose Equivalent
Factors. The radionuclide concentration guides
for air and water in DOE ORDER 5480.1A are no
longer current. Instead, DOE has prepared draft
tables of Derived Concentration Guides (DCG)
that are similar in form to the tables in DOE
ORDER 5480.1A but reflect the new standard.

Water quality standards for the Columbia River
are implemented by the State of Washington
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(WDOE 1982). Of importance to Hanford opera-
tions is the designation of the Hanford reach of
the Columbia River as Class A Excellent. This
designation requires that the water be usable for
substantially all needs, including raw drinking
water, recreation, and wildlife. Class A water
standards are summarized in Appendix C. The
Clean Water Act requires the issuance of
permits for liquid discharges to the Columbia
River under the National Pollutant Discharge
Elimination System (NPDES). Eight Hanford
discharge points were covered under an NPDES
permit issued to DOE by EPA. This permit
controls the release of nonradiological liquid
discharges to the river and requires sampling,
monitoring, and reporting each discharge.

Applicable ambient air quality standards are
enforced by the Benton-Franklin-Walla Walla
Counties Air Pollution Control Authority. The
Clean Air Act of 1977 requires facilities emitting
pollutants that may affect air quality to have
Prevention of Significant Deterioration (PSD)
permits. A PSD permit was issued to Rockwell by
EPA in 1980 and legally limits the amount of NO,
released annually from the PUREX Plant and the
UQ; Plant.

PROGRAM DESCRIPTION

Environmental monitoring provides for the
measurement and interpretation of the impact
of Hanford operations on the public and on
both the onsite and the offsite environment. The
concentrations of measured radioactive materi-
als are compared to applicable standards,
concentration guides, and natural levels of radi-
ation and radioactive materials (including world-
wide fallout). The program is designed to
examine all significant exposure pathways
including direct radiation exposure from operat-
ing facilities. Radiological impacts are expressed
in terms of radiation exposures. Numerous
samples were collected and analyzed according
to a published schedule (Blumer et al. 1984).

In response to increasing DOE and public inter-
est in hazardous materials, a new project was
initiated in 1985 to assess the potential environ-
mental impacts from the release of hazardous
materials from operations at the Hanford Site.
Monitoring of some materials has been



conducted since 1983 in conjunction with
ground-water ~ monitoring.  Ground-water
sampling for hazardous materials was expanded
in 1985 to identify locations onsite that needed
further study.

Table 2 summarizes the geographic distribution
of environmental sampling and measurement
locations. Schedules, records, and data were
maintained in a computer system. Unscheduled
work also was conducted in response to specific
needs (see ” Public Information Activities .”)

Analyses for radioactivity and hazardous materi-
als were conducted by U.S. Testing Company,
Inc. (UST), Richland, Washington. Analyses of
environmental dosimeters for penetrating radia-
tion were performed by PNL. Ground-water
analyses were performed by PNL’s analytical
laboratories and the Hanford Environmental
Health Foundation (HEHF). Water quality
measurements, temperature, and flow rates for
the Columbia River were taken by the U.S.
Geological Survey (USGS). Quality assurance
(QA) was an integral part of the program. Details

TABLE 2. Geographical Distribution of Environmental
Sample and Measurement Locations

Sample Locations

/e /E/E/§
Sample o”% c‘; é\é‘ 0@6 .\o',@
Types N o/ /G /Q
Air 48| 23|15 | 5 5
Ground Water 339|339
Columbia River 3 2 11
Ponds 4 4
Foodstuffs 71 - 4 11 2
Wildlife 1] 1] - |-
Soil & Vegetation 331 1613 | 1 3
Dose Rate 79| 2643 | 6
Waste Site Surveys 721 72
Roadway Surveys 16| 16| -
Shoreline Survey M| -1 {j—-1—-
Hazardous Materials { 75| 76 [ — [ — | —

1.10

on sampling, analysis, measurement, dose
assessments, and QA are discussed in the
sections that follow.

RELATED PROGRAMS AND SPECIAL STUDIES

There are a number of other programs and
special studies related to sitewide environmen-
tal monitoring.

Operating Areas Monitoring

Each of the major contractors (i.e., UNC, Rock-
well, WHC, and PNL) measure and record the
amounts of liquids, gases, and solids released to
the environment. Effluent releases reported by
the operating contractors are summarized in
Appendix F. Operating contractors take envi-
ronmental measurements near their facilities to
audit the control of environmental releases and
the general conditions of the local environment
around their operations. These measurements
supplement the extensive onsite and offsite
monitoring done by PNL for DOE. Annual envi-
ronmental reports are published by UNC and
Rockwell.

Drinking-Water Monitoring

Drinking water was supplied to DOE-operated
facilities on the Hanford Site during 1985 by
seventeen separate systems. Twelve of the
systems used Columbia River water as a raw
water source, four systems used ground water,
and one system (Richland municipal) used a
combination of the two. Monitoring of the
drinking water on the Hanford Site was a joint
effort between HEHF and PNL, with HEHF
specializing in the areas of chemical and micro-
biological quality and PNL focusing on radiolog-
ical quality. The primary purpose for the
surveillance of Hanford Site drinking water was
to ensure that the quality of the water complied
with federal and state drinking-water standards.
The 400 Area (FFTF) drinking-water supply is
discussed briefly in this report in the
”Radiological Impact from Hanford Opera-
tions” section. The results of the drinking-water
surveillance program are reported annually by
HEHF with contributions from PNL (Maas 1986).



Resource Conservation and Recovery Act
(RCRA) Monitoring

Established by the U.S. Congress in 1976, RCRA
is a comprehensive program to regulate and
monitor the movement of hazardous wastes
from generation to final disposal. One aspect of
RCRA involves ground-water monitoring at
hazardous-waste facilities. During 1985, ground-
water monitoring efforts were initiated at the
183H solar evaporation basins and the 300-Area
process trenches, to address RCRA concerns.

Nonradiological Air Monitoring

Nonradiological pollutants in atmospheric
releases from chemical-processing plants and
fossil-fueled steam plants at Hanford consisted
primarily of the oxides of nitrogen (NO,). The
Hanford Environmental Health Foundation
operated a seven-station network to sample
ambient air nitrogen dioxide (NO) in 1985.
Those results are summarized in the ” Air Qual-
ity Monitoring” section.

Wildlife Census

The purpose of the wildlife census was to deter-
mine the population status of a few key wildlife
and fish species that inhabit the Hanford Site.
Information on changing populations of spawn-
ing chinook salmon and nesting Canada geese
has been obtained for thirty consecutive years.
The American bald eagle is a “threatened”
species in the State of Washington (Fish and
Wildlife Service 1986). Aerial censuses of bald
eagles have been obtained since the 1960s. In
recent years, the status of nesting hawks, long-
billed curlews, and great blue herons has been
added to the wildlife census. In general, the

conservative use of the land and water resources
of the Hanford Site has benefited indigenous
wildlife species. Results of the wildlife census
were reported in a scientific journal (Rickard and
Watson 1985).
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Public Information Activities

Environmental monitoring personnel partici-
pated in several public meetings throughout
Washington and Oregon in 1985 to provide an
overview of the program and to discuss results
from the previous year’s environmental moni-
toring effort. Meetings were held with a variety
of public interest groups. Special concerns of
the public were identified and plans for nonrou-
tine sampling were established. '

A cooperative effort among the DOE, the states
of Washington and Oregon, and Greenpeace
Northwest was established to collect and
analyze water samples from the Columbia River
and riverbank springs. A sufficient quantity of
water was collected from each location to
provide an aliquot each to Greenpeace, PNL (for
the DOE), the Washington Department of Social
and Health Services, and the Oregon Depart-
ment of Human Resources. Results from this
special sampling effort are discussed in the
” Quality Assurance” section.

A public meeting in the fall of 1985 for people
living downwind of the Hanford Site resulted in
local residents being given the opportunity to
have the current levels of radionuclides in their
bodies evaluated by the use of bioassay tech-
niques. A total of 89 persons were provided
whole-body counts, and 32 individuals submit-
ted samples for urine analyses. The bioassay
measurements gave no evidence of the pres-
ence of radioactivity of potential Hanford origin
in any individual (Sula and Bihl 1986).

A request was received from the White Bluffs
Water Association in Franklin County to sample
wells that supplied drinking water and to
analyze the water for the presence of radionu-
clides. The results showed that no Hanford-
derived radioactive materials were present, and
the wells met all applicable State of Washington
drinking-water standards.



Il. RADIOLOGICAL IMPACTS AND DOSE CALCULATIONS

EFFLUENTS, WASTE DISPOSAL, AND UNUSUAL OCCURRENCES

The operating contractors at Hanford have the responsibility to control, monitor, sample, and report
effluents released into the environment from their facilities. This section briefly summarizes the
planned and unplanned releases of effluents that occurred at Hanford during 1985 as reported by the

contractors.

EFFLUENTS AND WASTE DISPOSAL

Radioactive and nonradioactive materials were
released to the environment during operations
at Hanford. These releases consisted of airborne
effluents (gases or particles), liquid effluents,
and solid wastes. Both anticipated and unantici-
pated releases occurred. The formal reporting of
effluent release data was the responsibility of
the operating contractors. Radioactive dis-
charges to the environment were reported to
the DOE. Nonradioactive discharges to the Co-
lumbia River were reported to EPA through the
National Pollutant Discharge Elimination Sys-
tem (NPDES).

Airborne Releases

Radioactive and nonradioactive effluents dis-
charged to the atmosphere during 1985 are sum-
marized in Tables F.18 and F.19, Appendix F.
These tables are subdivided according to the
major operating areas and include all releases
reported by the contractors. Radioactive materi-
als discharged to the atmosphere consisted
mainly of fission and activation products, ura-
nium, and some transuranics normaily associ-
ated with Hanford operations. Nonradioactive
airborne releases consisted primarily of emis-
sions from fossil-fueled steam plants, organic
liquids evaporated from scientific laboratories,
and nitrogen oxides released from the fuel-fabri-
cation plant, the UO; Plant, and the PUREX
Plant.

Liquid Releases

Liquid wastes generated at Hanford were han-
dled in several ways. They were stored, con-
verted to solids, discharged to the ground
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through cribs, ditches, ponds, or septic systems,
or discharged directly into the Columbia River.
Radioactive and nonradioactive effluents (ex-
cept sanitary wastes) discharged to ground dis-
posal facilities during 1985 are summarized in
Tables F.20 and F.21, Appendix F.

Radioactive liquids discharged into the Colum-
bia River from operating facilities during 1985
are listed in Table F.22, Appendix F. The reported
discharges are from liquid effluent systems in
the 100 Area and include seepage into the river
from the 1301N/1325N Liquid Waste Disposal
Facilities. The >H and '?I that may have entered
the Columbia River through springs from the
unconfined aquifer are not included in the re-
leases listed in Table F.22. Nonradioactive lig-
uids released to the Columbia River were
monitored according to the individual require-
ments of each NPDES-permitted discharge
point.

Solid-Waste Burial

Solid radioactive wastes were buried in trenches
or special retrievable storage facilities within the
200 Area. Radioactive materials in solid wastes
included fission and activation products, ura-
nium, and transuranics. Solid wastes containing
23U or transuranic radionuclides were packaged
and buried separately from other wastes for
planned retrieval at a future date. Table F.23,
Appendix F, lists the quantities of radionuclides
buried during 1985.

Nonradioactive solid wastes were buried in a
sanitary landfill, and chemicals were buried in a
separate nonradioactive dangerous waste land-
fill. The buried waste included general refuse,



asbestos, and waste chemicals. These burial
sites were located near the 200 Area. The quanti-
ties of nonradioactive solid wastes buried dur-
ing 1985 are also included in Table F.23,
Appendix F.

ENVIRONMENTALLY RELATED UNUSUAL
OCCURRENCES

Unusual occurrences were reported to DOE
during 1985 by onsite contractors. Several of
these occurrences involved the inadvertent re-
lease of radioactive or nonradioactive pollutants
to the environment. Generally, the polilutants
were dispersed naturally, stabilized in existing
waste disposal sites, or controiled and cleaned
up with no permanent environmental impact
noted. In some cases, particularly where the
contaminants may have reached the ground wa-
ter, the environmental impact is under continu-
ing observation and evaluation. Complete
summaries, including event descriptions and
corrective actions, are available for review in the
Public Reading Room at the Hanford Science
Center, Richland, Washington. The occurrences
with the most significant environmental impacts
are summarized below.

Release from Diversion Box in 200E-Area C Tank
Farm (UOR No. RHO-85-02)"

An atmospheric release was detected on January
11, 1985, from a diversion box (liquid transfer
system) in the 200E-Area C Tank Farm. Air sam-
pling and ground- contamination surveys were
performed by PNL and Rockwell during and af-
ter the time that efforts were made to control
and contain the release.

The PNL response included field surveys of air
filters and ground contamination in the immedi-
ate area outside of the 200E-Area fence and rapid
analyses of filter and snow samples. Air filters
and snow samples were provided to the Wash-
ington State Environmental Radiation and Emer-
gency Response Unit of the Department of
Social and Health Services for theirindependent
analysis.

(@) Unusual Occurrence Report Number.
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PNL’s air sampling results showed elevated lev-
els of Sr, relative to typical environmental lev-
els, and barely detectable levels of 7Cs. For the
filters collected and analyzed during the release
period from locations immediately surrounding
the 200E Area, *Sr concentrations ranged from
0.015 pCi/m’ to 0.287 pCi/m’. The wind shifted
and carried the release in two predominant di-
rections: southeast and northwest. This effect
was seen in the *Sr data for the first calendar
quarter, which showed *Sr levels above the typi-
cal range of environmental concentrations for
the areas southeast and northwest of the 200E
Area.

Consistent with this pattern, the highest annual
average “Sr concentration (0.00079 pCi/m3)
along the Site perimeter was measured in the
northwest composite sample. This annual aver-
age value is the appropriate quantity to compare
to the applicable DOE Derived Concentration
Guide, and it represents only 0.01% of the guide
value.

Uranium Contamination of Ground Water
(UOR No. RHO-85-17)

A ground-water sample taken on January 23,
1985, from a well near the inactive 216-U-1 and
U-2 cribs in the 200W Area showed an abrupt
increase in uranium concentration. Water flow
to the nearby 216-U-16 crib was stopped, and
existing wells near the U-1 and U-2 cribs were
grouted to preclude direct pathways between
the contaminated sediments and the ground wa-
ter. It was determined that a virtually impervi-
ous, thin sediment layer located above the water
table in the vicinity of the cribs had caused a
zone of perched water to build up beneath the
U-16 crib, resulting in the horizontal movement
of the perched water toward the U-1 and U-2
cribs. Exploratory drilling confirmed that the
perched water beneath the U-1 and U-2 cribs
was contaminated with uranium. Efforts to re-
move the uranium by pumping the contami-
nated ground water through an ion exchange
system were initiated. Pumping began in June



1985 and continued until November 1985. Eight
million gallons of ground water were pumped
and treated in the ion exchange system. Ura-
nium concentrations in the samples taken dur-
ing the pumping operations decreased from
0.085 4Ci/? to less than 0.020 #Ci/%. Isotopic
analysis showed the contamination to consist of
depleted uranium. Follow-up sampling is con-
tinuing, and further remedial action will be de-
termined by the findings of detailed evaluations
of hydrogeological data.

Leak from Underground Radioactive Drain Line
(UOR No. UNC-85-11)

Data from routine well samples collected by
UNC personnel on April 29, 1985, indicated that
on or shortly before that date, primary coolant
water from the N Reactor had leaked to the
ground between the reactor building and the
Columbia River shoreline. An investigation dis-
covered the source of the leak to be a 25—cm
drain line carrying radioactive liquid. A small
hole had developed in the line from external
corrosion caused by a leaking raw water line
located above the drain line. The lines were re-
paired. No detectable radioactivity was mea-
sured in Columbia River water samples taken
near the shoreline in the vicinity of the leak.
Analysis of river samples routinely collected
downstream of the Site for environmental moni-
toring also showed no increased ¢oncentrations
of radioactivity.
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Release of ""Ru in Flakes from the PUREX Plant
(UOR No. RHO-85-11 and RHO-85-36)

On four occasions during 1985, small amounts
of ammonium nitrate particles contaminated
with "®Ru were released from the PUREX facil-
ity’s main stack. The first release occurred on
February 17, 1985, followed by similar dis-
charges on April 16, April 25, and May 30, 1985. In
all cases, ground contamination was limited to
an area within the PUREX facility boundary. Fol-
lowing each release, the PUREX stack was
flushed with water to remove the buildup of
water-soluble amonium nitrate-"Ru. Environ-
mental monitoring conducted downwind of the
PUREX Plant indicated that no measurable ra-
dioactivity was released to the environment as a
result of the stack flush. Monitoring teams from
PNL performed radioactive particle surveys
around the 200 Area. No "®Ru-contaminated par-
ticles were found outside of the operating area.
All routine air monitoring results were checked
to determine if low- levels of "Ru were present;
none were observed.



RADIOLOGICAL IMPACT FROM 1985 HANFORD OPERATIONS

An assessment of potential radiological impact from Hanford operations during 1985 indicated that
radiation doses to the public were well below all applicable regulatory limits and were substantially
less than doses normally received from common sources of background radiation. The calculated
50-year whole-body cumulative dose received by a hypothetical maximally exposed individual was
about 3 mrem. This was an increase of 1 mrem over the gotential whole-body dose reported in 1984
and was attributed primarily to increased releases of ~ Sr to the Columbia River. The calculated
50-year whole-body cumulative dose to the surrounding population was about 7 man-rem, compared
with 5 man-rem in 1984. This was attributed to increased releases of several radionuclides in both air
and water effluents. The average per capita whole-body dose was estimated to be 0.02 mrem. For
comparison, the average resident of the Tri-Cities received about 100 mrem of radiation exposure
during 1985 from natural background and worldwide fallout sources. For the population within 80 km
of the Hanford Site, total exposure to natural background and fallout radiation was about 34,000
man-rem. Thus, the Hanford operations contributed only a small fraction of the total radiation dose to
the surrounding population. Assessments of potential radiation doses from radionuclides present in
the Columbia River as a result of past Hanford operations and potential doses from 1985 operations at
the PUREX plant also showed no significant impacts on the public. The calculated effective dose
equivalent using the new DOE Radiation Standards for Protection of the Public was 0.1 mrem,
compared to the new limits of 100 mrem/yr for prolonged exposure and 500 mrem/yr for occasional
annual exposures to a maximally exposed individual. All measured and calculated radiation doses
were well below the applicable standards for radiation protection.

Radioactive materials were released into the en- ¢ the 50-year cumulative dose equivalent and,
vironment as air and water effluents from Han- beginning this year, the 50-year ”effective
ford operations during 1985. The radiological dose equivalent” to the population residing
impacts of these releases were evaluated in de- within an 80-km radius of one or more of the
tail, as required by DOE Order 5484.1 (USDOE onsite operating areas.

1981b), to determine compliance with pertinent

regulations and standards. To the extent possible, these radiological impact

assessments were based on direct measure-

The potential radiological impacts of 1985 Han- ments of dose rates or radionuclide concentra-
ford operations were assessed in terms of the tions in the surrounding environment.
following: However, the amounts of radioactive materials

released during 1985 operations were usually
too small to be measured directly once they
‘were dispersed in the offsite environment. For
most radionuclides in environmental media, it
was not possible to distinguish between con-
e the dose to a hypothetical, maximally exposed centrations contributed by either worldwide

individual at an offsite location, expressed as fallout or effluent releases during 1985 Hanford

¢ the maximum dose rate at a publicly accessi-
ble location on or within the Site boundary
“(this quantity is also termed the " fence-post”
dose rate)

the cumulative 50-year dose equivalent® and, operations. Some radionuclides could be de-
beginning in 1985, the 50-year " effective dose tected in the Columbia River and in the air at
equivalent” sampling locations on the Site perimeter. In

(@ In accordance with common practice, the term
»dose,”when applied to individuals and populations,
isused in this report instead of the more precise term
“dose equivalent” as defined by the International
Commission on Radiation Units and Measurements
(ICRU).
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most cases, the potential offsite radiation doses
were estimated using computer models that
predicted concentrations of radioactive materi-
als in the environment from effluent releases.
These models are described in Appendix F, and
the reported Hanford effluents for 1985 are
shown in Tables F.18 through F.23. The mea-
sured and estimated concentrations of selected
radionuclides are compared in the
”Comparison of Measured and Calculated Re-
sults” section.

The estimated potential offsite radiation doses
to the public were very small and well below the
sensitivity of direct measurement using modern
measurement techniques. Although the uncer-
tainty associated with the computer calculations
is not specified, it could be relatively large be-
cause maximum values for uptake and con-
sumption factors were selected for use in the
models. Thus, the doses calculated using these
models should be viewed as overestimates of
the potential doses resulting from 1985 Hanford
operations.

MAXIMUM " FENCE-POST” DOSE RATE

The ”fence-post” dose rate is a measure of the
maximum potential external radiation dose rate
to publicly accessible locations on or near the
Site during 1985. The " fence-post” dose rate was
determined from radiation measurements using
fixed environmental dosimeters placed at loca-
tions of expected maximum dose rates. It does
not represent the dose actually received by any
member of the public. The reporting of maxi-
mum “fence-post” dose rates is required by
DOE Order 5484.1.

”Fence-post” dose rates were measured in the
vicinity of the 100N, 300, and 400 (FFTF) operating
areas, as described in the ”Penetrating Radia-
tion Monitoring” section of this report. The 200
Area was not included because it was not acces-
sible to the general public.

The Columbia River provides public access to an
area within a few hundred meters of the 100-
Area N Reactor and supporting facilities. Mea-
surements made at the 100N Area shoreline
(Table A.38, Appendix A) were consistently
above background. The highest average dose
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rate observed along the shoreline during 1985
was 0.025 mrem/h, or about four times the dose
rate normally observed at offsite locations (0.007
mrem/h).

The FFTF Reactor Visitors Information Center,
located southeast of the FFTF Reactor building,
provides public access to the 400 Area. Dose rate
measurements during 1985 at this location
(Table A.38, Appendix A) showed only normal
background radiation levels (0.007 mrem/hr).

Dose rates along the perimeter of the 300 Area
were above background at some locations ac-
cessible to the general public. The highest aver-
age dose rate measured was 0.017 mrem/h. The
average dose rate for all other 300 Area perime-
ter locations accessible to the public was 0.012
mrem/h.

The environmental impact of reported ”fence-
post” dose rates was negligible. Measured dose
rates should not be interpreted as actual expo-
sure rates to any member of the general public
because there is no basis for assuming that any
member of the public frequented these ”fence-
post” locations for sufficient periods of time to
have received anything but negligible doses.

MAXIMALLY EXPOSED INDIVIDUAL DOSE

The maximally exposed individual is a hypothet-
ical person who receives the maximum calcu-
lated radiation exposure using the most
conservative (i.e., worst- case) assumptions with
regard to location, inhalation of radioactive ef-
fluents, consumption of contaminated foods
and water, and direct exposure to contaminants.
This individual’s characteristics were chosen to

“maximize the potential combined doses from all

realistic, available exposure pathways from envi-
ronmental releases at Hanford. The particular
characteristics of the maximally exposed indi-
vidual were based on factors such as the total
amount and composition of effluents and the
dispersion of effluents released to the air or the
Columbia River.

Based on 1985 environmental data, the following
exposure pathways were included in the calcula-
tion of the hypothetical maximally exposed indi-
vidual: inhalation and submersion in airborne



effluents, consumption of foods contaminated
by effluents deposited on the ground from air-
borne materials and by irrigation with Columbia
River water, direct exposure to radionuclides
deposited on the ground, use of drinking water
obtained from the Columbia River, consump-
tion of fish taken from the Columbia River, and
direct exposure to radionuclides while using the
Columbia River for recreation. The hypothetical
maximally exposed individual for 1985 was pos-
tulated to be an individual who

e was a long-term resident in an area approxi-
mately 13 km south- southeast of the 300 Area

¢ consumed foodstuffs grown in the northwest-
ern part of the Riverview district using Colum-
bia River water for irrigation

e ingested drinking water obtained from the
Columbia River

e used the Columbia River extensively for boat-
ing, swimming, and fishing, and consumed
the fish that were caught.

The doses to the hypothetical maximally ex-
posed individual were calculated using the efflu-
ents shown in Tables F.18 and F.22, Appendix F.

The maximally exposed individual was assumed
to be a long-term resident because a small quan-
tity of long-lived radionuclide effluents persists
in the environment for many years. However,
thyroid doses were calculated for a one-year-old
infant as well as for an adult because the poten-
tial thyroid dose to an infant is known to be
slightly higher than to an adult. Other organ
doses were calculated only for an adult maxi-
mally exposed individual.

Calculated 50-year cumulative doses for the
maximally exposed individual are summarized
in Table 3. These values include the doses re-
ceived from exposure to liquid and airborne
effluents during 1985 as well as potential expo-
sure beyond 1985 to that fraction of the 1985
effluents estimated to be deposited on the
ground from airborne deposition and irrigation
with Columbia River water. For parent/daughter
radionuclide combinations, it was assumed that
the activity stated was for the parent, and that
the radioactive daughter grew into radioactive
equilibrium with time. Appendix F provides de-
tailed information about the computer models
and parameters used to calculate the doses
given in Table 3.

TABLE 3. Calculated Doses to the Hypothetical Maximally Exposed Individual from 1985 Hanford Operations

50-Year Cumulative Doses (mrem)

Thyroid

Pathway Whole Body Gi® Bone Lung Adult Infant
Direct Airborne ® <0.01 < 0.01 0.03 0.03 0.01 0.01
Foodstuffs®© 3 0.2 9 <0.01 2 3
Drinking Water 0.01 <0.01 0.05 <0.01 0.06 0.2
River Recreation® 0.1 0.1 0.5 0.01 0.06 —
Total 3 0.3 10 0.04 2 3

(a) Gastrointestinal tract (lower large intestine)

(b) Includes inhalation, submersion, and direct exposure to ground deposition.
(¢) Includes consumption of all foodstuffs contaminated via irrigation water and dry deposition.
(d) Includes consumption of fish taken from the Columbia River. See Appendix F for additional description of exposure

pathways.
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All potential maximally exposed individual cu-
mulative doses that were calculated for 1985
were well below the applicable Radiation Pro-
tection Standards in DOE Order 5480.7A. The
organ receiving the largest fraction of the annual
dose standard was the bone (10 mrem). The ap-
plicable radiation protection standard for bone
was 1500 mrem. The calculated whole-body
dose in 1985 was 3 mrem, as compared to 2
mrem in 1984 and 1 mrem in 1983. These levels
are well below the DOE Radiation Protection
Standard of 500 mrem per year. The whole-body
and bone doses in 1985 were due almost entirely
to the ¥Sr effluent released to the Columbia
River at the 100N Area. The increase in the thy-
roid dose resulted from an increase in the
gaseous emission of | from the 200 Area.

A comparison of the cumulative whole-body
dose for the maximally exposed individual from
1985 Hanford operations and estimates for the
previous 5 years are shown in Figure 5. The cal-
culated 50-year comulative doses for whole
body, gastrointestinal tract, bone, lung, and thy-
roid for 1985 and the previous 5 years are shown
in Table 4.

DOE Radiation Protection
Standard 500 mrem/yr

50-Year Cumulative Dose (mrem)

1980 1981 1982 1983 1984 1985

FIGURE 5. Calculated Whole-Body Doses
to the Maximally Exposed
Individual, 1980 to 1985

Iz

POPULATION DOSE

The regional dose impact from 1985 Hanford
operations was estimated by calculating the col-
lective radiation dose to the population residing
within an 80-km radius of any of the onsite oper-
ating areas. Collective population doses are ex-
pressed in units of man-rem. Average individual
doses for all radionuclide pathways to man were
added together and multiplied by the number of
people living in the area. The results are shown
in Table 5. Site-specific population distribution
characteristics, food pathway and dietary
parameters, residency parameters, and recre-
ational activity parameters assumed for these
calculations are given in Appendix F, Tables F.1
toF.4and F.9toF.12.

A comparison of the 80-km population doses
attributed to 1985 Hanford operations and esti-
mated population doses for the five previous
years are given in Table 6 and Figure 6.

The primary pathways contributing to the 1985
whole-body population dose were

* air immersion in the short-lived noble gases
from the N Reactor

¢ consumption of foodstuffs irrigated with wa-
ter obtained from the Columbia River.

The irrigation pathway for *Sr was the primary
source of radiation dose to the bone. The popu-
lation dose to the thyroid resulted primarily
from the consumption of foods containing the
long-lived radionuclide 1.

The average per capita whole-body cumulative
dose from 1985 Hanford operations, based on
the population of 340,000 within 80 km, was 0.02
mrem. This dose estimate may be compared
with doses from other routinely encountered
sources of radiation, such as natural terrestrial
and cosmic background radiation, medical
treatment and x-rays, natural internal body ra-
dioactivity, worldwide fallout, and a round-trip
coast-to-coast airline trip.

The average radiation doses from these sources
and the dose equivalent to the average and hy-
pothetical maximally exposed individuals from
Hanford emissions are compared in Figure 7.
The potential radiation dose estimated for the
maximally exposed individual is about 300 times
greater than the estimated average per capita
dose for individual members of the public



TABLE 4. Calculated Doses to the Hypothetical Maximally Exposed Individual from Hanford Operations, 1980 to 1985

50-Year Cumulative Doses (mrem)®

Organ 1980 1981 1982 1983 1984 1985
- Whole Body 0.6 0.5 0.7 1 2 3
GI® 0.1 0.06 0.07 0.2 0.3 0.3
Bone 2 2 2 4 8 10
. Lung <0.01 0.01 0.02 0.01 0.02 0.04
B Thyroid 0.2 0.2 0.2 0.2¢ 0.8 2

(a) Total dose to each organ from exposure to all available pathways.
(b) Gastrointestinal tract (lower large intestine).
(c) Reported as 0.09 mrem in Price et al. 1984a, corrected to 0.2 mrem in Price et al. 1984b.

TABLE 5. Calculated Doses to the 80-km Population from 1985 Hanford Operations

50-Year Cumulative Doses (man-rem)

Pathway Whole Body GI® Bone Lung Thyroid
Direct Airborne® 4 3.5 8 8 5
Foodstuffs'® 3 0.4 9 0.1 190
Drinking Water 0.6 0.1 2 <0.01 3
River Recreation' 0.08 0.07 0.2 0.04 0.06
Total 7€ 4 19 8 200

(a) Gastrointestinal tract (lower large intestine).

{b) Includes inhalation, submersion, and direct exposure to ground deposition.

(c) Includes consumption of all foodstuffs contaminated via irrigation water and dry deposition..
(d) Includes consumption of fish taken from the Columbia River. '

(e) Total does not add correctly due to rounding error.

TABLE 6. Calculated Doses to the 80-km Population from Hanford Operations, 1980 to 1985

. 50-Year Cumulative Doses (man-rem)®
<
Organ 1980 1981 1982 1983 1984 1985
Whole Body 2 3 4 4 5 7
* GI® 1 3 3 3 3 4
- Bone 5 5 7 7 13 19
Lung 1 3 4 3 4 8
Thyroid 4 5 7 179 43 200

(a) Total dose to each organ from exposure to all available pathways.
(b) Gastrointestinal tract (lower large intestine).
(c) Reported as 7 man-rem in Price et al. 1984a; corrected to 17 man-rem in Price et al. 1984b.
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50-Year Cumulative Dose (man-rem)

1980 1981 1982 1983 1984 1985

FIGURE 6. Calculated 80-km Whole-Body
Population Dose

. Natural External Background - Denver (Oakley 1972)

° Average Washington State External Background
(Oakley 1972)

. U.S. Average Natural External Background (Oakley 1972) i

. Measured Hanford Area External Background *

. Average Per Capita Genetic Medical Dose in U.S.
(Klement 1972)

. Average U.S. Internal Dose (Klement 1972)
From Natural Radioactivity

. Global Weapons Fallout {Klement 1972)

. Consumer Product Radiation (TV, Smoke Detector etc.)
{(Klement 1972)

® Estimted Average Per Capita Dose From 1985 Hanford
Operations (Internal and External)

*TLD Measurements, does not include neutron component

within an 80-km radius of the major operating
areas (100N, 200, and 300 Areas). This potential
”additional” radiation exposure is only a small
fraction of the average per capita whole-body
dose from natural background and medical
sources of radiation (about 100 mrem/yr in the
Tri-Cities area of Washington State).

RADIOLOGICAL
OPERATIONS

IMPACT FROM  PAST

Columbia River

Measured levels of certain radionuclides in the
Columbia River have been attributed to past op-
erations at Hanford (see the ”Surface Water
Monitoring” section). The primary environmen-
tal impacts resulting from past operations were
residual radionuclides deposited along the Co-
lumbia River shoreline in river sediments and
the seepage of ground water into the river from
the unconfined aquifer.

Environmental radiation dose rates resulting
from residual radionuclides deposited along the
Columbia River shoreline and islands were stud-
ied by Sula (1980). Dose rates along the river
were found to be slightly above normal back-
ground levels except at a few locations where

™1 165

]88

{84

|

100 200

Dose mrem/yr

FIGURE 7. Annual Radiation Doses from Various Sources
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dose rates were observed to be several times
background levels (see the ”Penetrating Radia-
tion Monitoring” section).

For the purpose of evaluating the potential im-
pact of these elevated dose rates on the regional
population, a survey of Columbia River recre-
ation was conducted during 1980. The survey
area extended from the Vernita Bridge to Co-
lumbia Point at the confluence of the Yakima
River. Through aerial and ground observations,
the survey estimated annual man-hours spentin
recreational activities along the Columbia River.
By multiplying the shoreline man-hours per year
by the measured net dose rates (in excess of
background), an estimate of collective popula-
tion whole-body annual dose was obtained. The
potential population dose from exposure to
residual radionuclides, derived by this method,
was estimated to be approximately 1 man-rem/

yr.

Concentrations of *H detected in the river in
1985 compared to 1984 were essentially un-
changed. lodine-129 was detected by using ex-
tremely sensitive sampling and analytical
techniques, and concentrations were essentially
unchanged from 1984. The dose impact from
these nuclides entering the river, based on mea-
sured differences in river concentrations up-
stream and downstream of the Site for 1985 (see
the ”Surface Water Monitoring” section), was
calculated to be only 0.014 mrem whole-body
dose to a maximally exposed individual and 2.2
man-rem of bone dose to the population of
340,000 people within 80 km. The per capita
bone dose was calculated to be 0.006 mrem.

Local Residents

A public meeting in the fall of 1985 for people
living downwind of the Hanford Site resulted in
local residents being given the opportunity to
have the current levels of radionuclides in their
bodies evaluated by the use of bioassay tech-
niques. A total of 89 persons were provided
whole-body counts, and 32 individuals submit-
ted samples for urine analyses. The radioactive
materials tested for included *H, *Mn, ®Co,
87n, 9°Sr, %Ru, 131I, 37Cs and 2***Pu. These
radionuclides were associated with 1985 efflu-
ent releases as well as historical operations at
Hanford. The bioassay measurements gave no
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evidence of the presence of radioactivity of po-
tential Hanford origin in any individual (Sula and
Bihl 1986).

RADIOLOGICAL IMPACT FROM PUREX PLANT
OPERATIONS

The PUREX Plant restarted operations in Novem-
ber 1983 and continued operations throughout
1985. The major airborne emission from the
PUREX Plant in 1985 was 700,000 Ci of *Kr. Kryp-
ton-85 is an inert gas and is not retained in envi-
ronmental media or the human body. The dose
from inhaling *Kr is small compared with doses
from other radionuclides. Even though the curie
quantity of this radionuclide was large, it was a
minor contributor to the radiation dose. The
average concentration of ¥Kr measured in 1985
at the perimeter monitoring stations was 150
pCi/m?, which was calculated to produce a po-
tential whole-body dose of 0.003 mrem and a
skin dose of 0.2 mrem to an individual who was
at that location 100% of the time. In 1985, there
was 0.01 Ci of »***Pu in airborne emissions from
the PUREX Plant. A summary of the maximally
exposed individual and population doses from
2920py js shown in Table 7. Plutonium-239,240
was a minor contributor to the dose from 1985
Hanford operations, with a maximum potential
cumulative dose to the whole-body of 0.0007
mrem and a bone dose of 0.02 mrem. There were
also 0.001 Ci ®*Pu and 0.01 Ci of **'Pu in the 1985
PUREX Plant emissions. These radionuclides
contributed an additional 30% to the lung doses
and 20% to the whole-body doses noted in Table
7 for #***Pu. The additional contribution to the
bone doses was only 10% from these other Pu
isotopes.

RADIOLOGICAL IMPACT ON DRINKING
WATER FROM WELLS

During 1985, drinking water at the FFTF (well
#499-50-7 and #499-S0-8), the Yakima Barricade
Guardhouse (well #699-49-100C), the Arid Land
Ecology (ALE) site (spring and well #699-518-57),
and the Hanford Patrol Firing Range (well #699-
S28-E0) was obtained from the unconfined
aquifer, or in the case of the spring at the ALE
site, the confined aquifer. The locations of these
wells are identified in the section on ” Ground-
Water Monitoring.” Drinking water samples



TABLE 7. Calculated 50-Year Cumulative Doses from 2*?*Pu Released to the Atmosphere from the PUREX Plant in 1985

Maximally Exposed Individual Dose (mrem)

Pathway Whole Body Lung Bone
Inhalation 7x107* 1x107? 2x107?
Foodstuffs 2x107° - 3x107®
Direct Exposure 2x1078 2x107? 2x1078
Total 0.0007 0.01 0.02
80-km Population Dose (man-rem)
Pathway Whole Body Lung Bone
inhalation 1x107" 2x10° 3x10°
Foodstuffs 2x107* - 3x1073
Direct Exposure 2x107° 2x107° 2x10°°
Total 1x107" 2x10° 3x10°
) Per Capita Dose (mrem) 0.0003 0.006 0.009

were collected quarterly from taps at the various
sites and analyzed to determine the concentra-
tions of radioactive materials. Results for sam-
ples collected at the Patrol Firing Range, ALE,
and the Yakima Barricade were at or below the
detection limits. At the FFTF, only tritium was
detected at concentrations that required a dose
calculation. Tritium concentrations ranged from
19,900 to 23,600 pCi/% Based on an occupational
consumption of one ¥/d for 250 d/yr, at the aver-
age concentration of 21,900 pCi/¢, the whole-
body dose to the worker would be 0.34 mrem.
This calculated dose is less than 9% of the Wash-
ington State Drinking Water Standard of 4
mrem/yr. Additional monitoring of all DOE
drinking-water systems at Hanford was reported
by HEHF (Maas 1986).

REVISED DOE
CALCULATIONS

Beginning in 1985, the Department of Energy
required estimates of radiation exposure to the
general public be in terms of the ” effective dose
equivalent.” The effective dose equivalent is
based on a measure of the total risk of potential
health effects from radiation exposure. The
adoption and use of the effective dose equiva-
lent was previously recommended by the Inter-
national Commission on  Radiological
Protection (ICRP 1979-1982).

GUIDANCE FOR DOSE
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Estimated radiological impacts from DOE opera-
tions have previously been reported in terms of
the ”50-year cumulative dose equivalent” (or
simply, radiation dose), which is a measure of
the energy (rads) absorbed by tissue muitiplied
by a quality factor and any other necessary mod-
ifying factors. Under this system, standards for
radiation protection were presented in terms of
the critical organ dose limits and were ex-
pressed in rem. The dose equivalent is still used
for controlling the exposure to individual or-
gans and the whole body and for comparing the
organ doses resulting from variable exposure
conditions.

The new ” effective dose equivalent” is the sum
of individual committed organ dose equivalents
multiplied by weighting factors that represent
the proportion of the total random risk that each
organ would receive from uniform irradiation of
the whole body. The organ committed dose
equivalent may result from irradiation by either
internal or external sources, and the two are to
be summed. The new effective dose equivalent
is also expressed in rem. The reader should keep
in mind that the older dose equivalent is a mea-
sure of potential radiation risk to individual or-
gans, whereas the new effective dose equivalent
is a measure of potential radiation risk to the
individual as a whole.



In addition to implementing the effective dose
equivalent requirement for offsite population
dose calculations, the DOE has also adopted the
revised biokinetic models and metabolic
parameters for radionuclides given by the ICRP
(1979-1982) for estimating radiological impacts.

The calculation of the new effective dose equiva-
lent takes into account the long-term internal
exposure from radionuclides taken into the
body during the current year, but not the poten-
tial exposure from future intake of radionu-
clides remaining in the environment from the
current year’s release. For these reasons, the
older 50-year cumulative dose and the newer
50-year effective dose equivalent represent dif-
ferent calculated estimates, and they cannot be
compared directly. The effective dose equiva-
lent is expressed in rem (or millirem), with the
corresponding value in sievert (or millisievert) in
parentheses.”

Eifective Dose Equivalent for the Maximally
Exposed Individual

The 50-year effective dose equivalent was calcu-
lated for the maximally exposed individual. The
same effluent release data, meteorology, and
pathway parameters (as described in Appendix
F) used to calculate the older 50-year cumulative
dose were also used to calculate the new 50-year
committed dose equivalents. The results are
summarized in Table 8, which shows the path-
way contributions, the 50-year committed dose
equivalents, and the effective dose equivalents.
The total 50-year effective dose equivalent for
the hypothetical maximally exposed individual
was calculated to be 0.1 mrem (0.001 mSv).

The effective dose equivalent limits for any
member of the general public from all routine
DOE operations are 500 mrem/yr (5 mSv/yr) for

(a) 1rem (or 1000 mrem) = 0.01 Sv (or 10 mSv).
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occasional exposures and 100 mrem/yr (1 mSv)
for prolonged exposure periods. The calculated
effective dose equivalent for the hypothetical
maximally exposed individual was 0.1% of the
prolonged exposure limit. The annual dose
equivalent limit for any individual organ is 5000
mrem/yr (50 mSv/yr). In the maximally exposed
individual, the organ calculated to receive the
highest annual dose equivalent was the thyroid
(0.02% of the limit).

Additional limits for the air pathway are pro-
vided in 40 CFR 61, Subpart H of the Clean Air
Act: 25 mrem/yr whole-body committed dose
equivalent and 75 mrem/yr committed dose
equivalent to any organ for any member of the
public. The 1985 emissions resulted in doses of
0.2% of the whole-body dose equivalent limit
and 0.9% of the organ dose limit. Thus, the cal-
culated maximum hypothetical annual dose
equivalents for 1985 Hanford releases were well
below all applicable standards.

Collective Dose Equivalent for the Population

The 50-year effective dose equivalent was calcu-
lated for the population residing within an 80-
km radius of any of the onsite operating areas.
The effluent release data, meteorology and path-
way parameters described in Appendix F were
also used for this calculation. The resuits are
summarized in Table 9, which shows the path-
way contributions, 50-year committed dose
equivalents, and effective dose equivalents. The
50-year collective effective dose equivalent for
the population was calculated to be 9 man-rem
(0.09 man-Sv). This corresponds to an average
per capita effective dose equivalent commit-
ment of 0.03 mrem (0.0003 mSv) for individuals
living in the 80-km radius of Hanford.



TABLE 8. Calculated Committed Dose Equivalents and the Effective Dose Equivalent to the Hypothetical Maximally

Exposed Individual from 1985 Hanford Operations (mrem)

Effective
Dose
50-Year Committed Dose Equivalent Equivalent
Red Bone
Pathway Marrow Surfaces Lung c@ Thyroid
Direct Airborne® 0.01 0.1 0.05 0.004 0.01 0.02
Foodstuffs® 0.2 0.4 0.003 0.01 0.8 0.06
Drinking Water 0.01 0.02 0.0002 0.003 0.06 0.004
River Recreation'” 0.09 0.2 0.01 0.07 0.07 0.03
Total 0.3 0.7 0.07 0.09 1.0 0.1
(a) Gastrointestinal tract (lower large intestine).
(b) Includes inhalation, submersion, and direct exposure to ground deposition.
(c) Includes consumption of all foodstuffs contaminated via irrigation water and dry deposition.
(d) Includes consumption of fish taken from the Columbia River.
TABLE 9. Calculated Committed Dose Equivalents and the Effective Dose Equivalent for the
80-km Population from 1985 Hanford Operations (man-rem)
Effective
Dose
50-Year Committed Dose Equivalent Equivalent
Red Bone
Pathway Marrow Surfaces Lung GI¥ Thyroid ‘
Direct Airborne® 5 29 13 3 4 6
Foodstuffs®® 0.5 0.8 03 0.5 91 3
Drinking Water 0.4 0.9 0.009 0.1 3 0.2
River Recreation'®’ 0.04 0.07 0.009 0.03 0.03 0.02
Total 6 31 13 4 98 9

(a) Gastrointestinal tract (lower large intestine).

(b) Includes inhalation, submersion, and direct exposure to ground deposition.

(c) Includes consumption of all foodstuffs contaminated via irrigation water and dry deposition.
(d) Includes consumption of fish taken from the Columbia River.
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I1l. RADIOLOGICAL MONITORING RESULTS
AIR MONITORING

The transport of atmospheric releases from Hanford to the surrounding region by wind represents a
direct pathway for human exposure. The radioactive materials in air were sampled continuously
onsite, at the Site perimeter, and in nearby and distant communities for a total of 48 locations. Air was
sampled and analyzed for selected gaseous radionuclides at selected locations. Particulates filtered
from the air at all locations were analyzed for radionuclides in solid form.

Many of the radionuclides released to the environment at Hanford also are found worldwide from
two other sources: natural nuclear processes and worldwide nuclear weapons testing fallout. The
samples collected onsite contained contributions from all three sources. Those collected at distant
community locations within the region essentially contained contributions from only natural and
fallout sources, as evidenced by comparison with data obtained prior to restart of the PUREX Plant or
comparison with locations outside the region. Therefore, an indicator of the influence of Hanford
emissions on local radionuclide levels was the difference between concentratio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>